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SUMMARY

Leflunomide is an antirheumatic drug com-
monly used by females, as this disease is common
in females and there are chances of pregnancy
while taking this medication in initial months of
pregnancy this commonly prescribed drug lacks
studies related to its teratogenic potential. Pres-
ent study was conducted to know about its tera-
togenicity in mice embryos. Pregnant mice were
exposed to Leflunomide by oral route on gesta-
tional days 6 to 11 either as single dose in one of
the gestational days or continuous doses. The em-
bryos were collected on day 19 of gestation, were
measured and examined for external anomalies.
Findings suggested that Leflunomide was embryo
lethal when given as continuous dose as there
were 100% resorption of embryos. In the single
dose group, maximum resorptions were found
when was given in early pregnancy. Other anom-
alies included malrotated limbs, open eyes, kink-
ing of tails, defect in anterior abdominal wall and
visceroptosis and anencephaly. these anomalies
were noted in embryos exposed to leflunomide
only on gestational days 7 and 8.

The above findings suggest that leflunomide in-
terferes with embryonic growth It also interferes
with neural tube closure leading to anencephaly.
Findings of open eyes and kinking tails suggest

that the drug may affect epithelial and mesoder-
mal growth. Leflunomide perhaps interferes with
the lateral folding of the embryo leading to defect
in the anterior abdominal wall and visceroptosis.
The present study concludes that Leflunomide is
teratogenic and embryolethal in mice and should
be avoided in human pregnancy.

Key words: Leflunomide — Teratology — Gesta-
tion age — Malformation — Resorption

INTRODUCTION

Leflunomide is a disease modifying antirheu-
matic drug that has been approved by food and
drug administration for the treatment of rheuma-
toid arthritis, approval was based on data from
a double-blind, multicentre trials in the United
States in which leflunomide was superior to pla-
cebo and similar to methotrexate (Strand et al.,
1999). Leflunomide is a novel isoxazole immu-
nomodulatory agent that inhibits de novo pyrim-
idine synthesis and is also having anti prolifera-
tive activity. After oral administration, it is rapidly
metabolized to an active metabolite (A77 1726),
possibly in the gut wall, plasma and in the liver,
which is presumed to be the active drug in vivo.
No epidemiological studies have been complet-
ed with regard to the teratogenicity of lefluno-
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mide, since the drug was introduced in 1998. Of
the few women who have been exposed during
pregnancy, most have decided to interrupt their
pregnancies. The pharmacokinetic level of the ac-
tive metabolite of leflunomide reached clinically
in humans is in the range of exposure that results
in teratogenesis in the rat and rabbit. It is evident
that leflunomide effects vary with species and it
appears that the rat and rabbit are more sensitive
to leflunomide inhibition of pyrimidine synthesis.
But it is difficult to predict that metabolic differ-
ence into differences in teratogenic potential, be-
cause studies related to leflunomide’s effect on the
human embryo is lacking. Therefore, the conser-
vative approach is to be considered and it is pre-
sumed that therapeutic blood levels of the active
metabolite of leflunomide represent a teratogenic
risk (Brent, 2001). Approximately 500 and 1500
patients in New Zealand have been prescribed le-
flunomide, up to the end of 2003 (Aventis Pharma
Pvt Ltd, 2004). The adverse reactions reported
in New Zealand for this medicine are similar to
those seen internationally. Examples of the more
serious local cases include:

- Elevated hepatic enzymes, along with neutro-
penia, thrombocytopenia and diarrhoea.

- Sepsis leading to multi-organ failure and
death; concomitant medicines were metho-
trexate, ketoprofen and triamcinolone.

- Hypersensitivity pneumonitis, resulting in
life-threatening respiratory compromise. The
patient was taking leflunomide and metho-
trexate but did not relapse when methotrexate
was re-introduced.

- Multiple bullous eruptions occurring within
three weeks of starting leflunomide, and re-
solving upon discontinuation.

- In spite of the clear warning that the drug
should not be prescribed for pregnant wom-
en, approximately 30% women have become
pregnant while taking leflunomide as of De-
cember 1999 (Brent, 1999).

- In reproduction studies with pregnant rats
during organogenesis, Leflunomide was re-
ported to be teratogenic (anophthalmia or
microphthalmia and internal hydrocephalus).
This also resulted in an increase in embryo
death and a decrease in maternal and surviv-

ing embryo body weight. However, the reports
are only few. The present study aims to elu-
cidate the different teratological outcome of
leflunomide, its mechanism of teratogenesis
in the developing organs exposed to Lefluno-
mide in pregnant mice.

MATERIAL AND METHODS

Forty-eight female albino mice of an average
weight of 25-30 g and an average age of 80-100
days weeks were used in this study. Institutional
Ethical committee approval was obtained before
starting this study. Animals were housed in sepa-
rate plastic cages in animal house on a light dark
cycle of 12:12 hours. Mice were fed on diet pellets
(Hindustan Liver Ltd, Mumbai, India) and tap wa-
ter ad libitum and were treated with utmost asep-
tic care. Female mice were kept overnight with the
males of same stock (female: male 3:1) at 16 hrs.
In the next morning the vaginal smear was exam-
ined and if the presence of sperms was found in
the smear it was considered as day “Zero” of preg-
nancy. The pregnant mice were weighed and kept
individually in separate cages, date of pregnancy
and weight of the pregnant mice was worked on
the cage.

The leflunomide was administered orally with
the help of sterile syringe either as single or con-
tinuous dose. The single dose was 50 mg/ kg body
weight/day and continuous dose was 15 mg/ kg
body weight/day from day 6-11 of gestation. Con-
trol mice were given equal volumes of normal
saline. The pregnant mice were sacrificed with
an overdose of ether anaesthesia on day 19 of
pregnancy. The uterine horns were exteriorized
after opening the abdomen by midline incision.
The sacs were inspected for sites of resorption
and viable embryos. The embryos were removed
from the uterus and blotted on blotting paper.
The weight and CRL of the embryo were recorded.
These were examined for external abnormalities
like cleft palate, limb and tail abnormalities. Em-
bryo were fixed in 10% formalin solution and were
preserved for histological examination. Controls
were given equal volumes of normal saline. Ante-
rior abdominal wall of the embryos was opened.
The liver, lungs, kidney, heart and brain were dis-
sected out and were examined for external mal-



formations. All the organs were washed and fixed
in buffered formalin for tissue processing.

Experimental groups

Each group were having 6 pregnant mice, total
48 pregnant albino mice were taken for study.

Group A: (Control) received equal volume of
normal saline.

Group B: 50 mg/kg single dose on gestational
day 6 (GD 6).

Group C:50 mg/kg single dose on gestational
day 7 (GD 7).

Group D: 50 mg/kg single dose on gestational
day 8 (GD 8).

Group E: 50 mg/kg single dose on gestational
day 9 (GD 9).

Group F: 50 mg/kg single dose on gestational
day 10 (GD 10).

Group G: 50 mg/kg single dose on gestational
day 11 (GD 11).

Group H: 15 mg/kg/ once a day as continuous
dose from GD-6 to GD-11.

Statistical analyses

Data has been entered into an excel spread
sheet. Mean, standard deviation and standard er-
ror were calculated.

RESULTS

Various gross congenital abnormalities were re-
ported in our study.

Resorption of embryos

Therate of resorption in different treated groups
are depicted in Table 1, Fig. 1. The resorption rate
was around 67% when the pregnant mice were
exposed to leflunomide on GD6. The resorption
rate decreased to 50% on GD7 and 25% on GD8.
However, there was no resorption when the mice
were exposed to leflunomide on GD9, GD 10 and
GD11 and in the control group. On the contrary,
all the embryos were resorbed when the pregnant
mice were exposed continuously from GD6 to
GD11. Total implantation sites including resorp-
tions (Table 1) were counted on pregnant mice in

every group. Uterine implantations were ranging
from minimum of 3 to maximum of 11 sites in dif-
ferent groups.

Table 1. Total implantation sites including rate of resorptions
in the different groups.

Total number of

implantations/ Resorption/
Group Numbe.r uld m- Implantations
plantations in (Resorption %)
()

each pregnant
mice

41

Group A - Control 0%
7,6,7,5,7,9
24

Group B - GD-6 16 (66.6%)
3,5,4,4,3,5
30

Group C - GD-7 15(50%)
4,3,7,8,4,4
32

Group D - GD-8 8(25)
6,5,5,8,5,3
35

Group E - GD-9 35 (0%)
7,4,3,8,9,4
40

Group F - GD-10 40 (0%)
11,9,8,5,5,2
40

Group G - GD-11 40 (0%)
10,7,8,5,6,4

Group H-GD-6-11 O 0 (100%)

Fig. 1.- Fetal resorption Sac (red arrow - fetal resorption, blue
arrow- placental site).
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Fetal parameters (length & weight)

The mean embryonal weight in various treated
groups ranged between 1.33 to 1.69 g, while the
mean weight in control group was 2.11 g. There
was significant reduction in weight of the treated
embryos (p value<0.001). The treated embryos
were also markedly reduced in size, as compared
to the control group (p<0.001). Mean CR length
in control group was 1.02 cm. while it ranged be-
tween 0.63 to 0.86 cm in different treated groups.

Gross malformations (Table 2)

- Large number of embryos showed haemor-
rhages either on forepaw or hind paw. About
52% embryos showed haemorrhages over
forepaw while 58% showed haemorrhages
over hind paw, when the pregnant mice were
exposed to leflunomide on different gestation-
al days. The forepaw haemorrhage rate ranged
between 100% on GD6 to 40% on GD7. Simi-
larly, the hind paw haemorrhage rates ranged
from 75% on GD6 to 46.6% on GD7 (Table 2).

- Malrotated hindlimbs were found in 4.9 %
embryos (Table 2). However, the findings were
only confined to GD7 (20%) and GDS8 (20.8%)
groups.

- Open eye has been found in 3.7% embryos
(Table 2) and confined to GD8 group.

- Kinking of tail was found in 2.4% embryos and
only found in GD8 group (16.6%).

- Anterior abdominal wall defect and viscer-
optosis was found in 1.2% embryos and was
limited to GD7 group (13.3%) (Table 2) (Fig. 1).

- Similarly, anencephaly was noted in 1.2% em-
bryos and limited to GD7 group (13.3%). (Ta-
ble 2, Fig. 1).

Gross examination of viscera

Brain, lung, kidney and liver were markedly re-
duced in size as compared to that of control group.

DISCUSSION

Fetal parameters (weight & length)

Growth retardation has been widely accepted as
an expression of maldevelopment in both human
beings (Grovenwald, 1961) and experimental
animals (Mc Laren and Michie, 1960; Jensh and
Brent, 1967; Wilson, 1973).

We reported significant reduction in the weight
of exposed embryos. Fukushima et al. (2007,
2009) reported reduction in maternal as well as
embryonic weight in leflunomide exposed mice.
The embryonic weights were especially low when
exposed on gestational day 7 and 9. The authors
(Fukushima et al., 2009) demonstrated that the
single administration of leflunomide on GD?7,
GD8 or GD9 caused severe embryo toxicity and
reduced intrauterine growth. In our study, there
were significant body weight reductions which
suggests that leflunomide has a potential to affect
the embryonic growth.

Skeletal malformations

Fukushima et al. (2009) reported 100% skeletal
malformations in leflunomide treated embryos,
and multiple malformations were reported such

Table 2. Various external malformations observed in leflunomide exposed mice fetuses.

GroupB  GroupC GroupD Group E Group F  Group G Total malformed
MALFORMATION GD-6 GD-7 GD-8 GD-9 GD-10 GD-11 fetuses / Total no.

8 15 24 35 40 40 of fetuses examined
Haemorrhage on forepaw  8(100%) @ 6(40%) 10(41.6%) 18(51.4%) 22(55%) 20(50%) 84/162(51.8)
Haemorrhage on hindpaw | 6(75%) 7(46.6%)  12(50%) 19(54.2%) 20(50%) 30(75%) 94/162(58%)
Malrotated hind limbs 3(20%) 5(20.8%) 8(4.9%)
Kinking of tail 4(16.6) 42.46%)
Aot sdomnat vl 203 2029
Anencephaly 2(13.3) 2(1.23%)
Open eye 6(25%) 6(3.70%)
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as absent palatine bone and deformities of the
skull bone, cervical to lumbar vertebrae, forelimb,
ischium/pubis, and hindlimb were seen at sig-
nificantly higher frequencies than in the control
group. However, in the present study, no skeletal
malformations were noted observed after aliza-
rin staining to colour bones and cartilages. Only
2 embryos showed anencephaly when exposed to
leflunomide on GD7. Absence of significant skel-
etal anomalies is difficult to explain in our study.
It could be due to different doses used or due to
species difference. Cleft lip and cleft palate were
not observed in the present study but it has been
reported by Fukushima et al. (2009).

In the present study, all the embryos were re-
sorbed when the pregnant mice were exposed
to leflunomide continuously from GD 6 to GD11.
Fukushima et al. (2007), observed that at 70 mg/
kg, all embryos were resorbed, and at 30 mg/Kg,
leflunomide reduced embryonic viability and in-
creased the incidence of multiple external mal-
formations. These observations suggests that le-
flunomide has potential to affect growth and in
continuous dosing it can completely stop embry-
onal development resulting in resorptions.

Visceral malformations

In previous study by Fukushima et al. (2009) the
incidence of embryos with visceral malformations
in the groups treated with leflunomide was signifi-
cantly higher than that in control group. The mal-
formations included membranous ventricular
septal defects, overriding of aorta and diaphrag-
matic hernia. Other malformations included hy-
drocephaly, absent rhinencephalon, mishappen
retina, right sided aortic arch, persistent truncus
arteriosus, small thymus, absent accessory lobe
of the lung, hydronephrosis and retrocaval ureter.
In our study, small sized kidney, Liver, Lung and
brain were observed.

External malformations

In the present study, majority of embryos
showed malformations, predominantly haemor-
rhages on forelimb and hindlimbs, followed by
malrotated limbs, open eye, kinking of tail, ante-
rior abdominal wall defect along with visceropto-
sis and anencephaly. However, the haemorrhage
rate was much higher in our study as compared
to those observed by Fukushima et al. (2009). Ob-

Fig. 2.- Anencephaly (blue arrow) with visceroptosis (red arrow).
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served haemorrhages on forepaw and hindpaw in
maximum number of mice embryos from GD6-
11 (84 and 94 respectively). In previous study by
Fukushima et al. (2009) hematoma was observed
in 2/40 embryos on GD9,15/84 embryos on GD10
and 5/104 embryos on GD11. Since this drug in-
hibits de novo pyrimidine synthesis producing
toxicities in organs where rapidly proliferating
cells are located such as haematopoietic system,
immune system, pancreas and developing em-
bryos. Observed haemorrhages in embryos could
be due to toxic effects on bone marrow.

Malrotated hind limbs were observed on GD7
& GD8 in 3 & 5 embryos respectively. In previous
study by Fukushima et al. (2009) anomalies of
hind limb were reported on GD6 & GD10 in 1 &
10 embryos respectively. These results show that
this drug affects skeletal development also.

We observed open eye in 6 embryos on GD8
treated group. In previous study by Fukushima et
al. (2009) it was observed in 7 embryos on GD11.
This defect shows that leflunomide has a potential
to affect developing epithelium.

Kinking of tail was observed in 4 embryos on
GD8, in previous study by Fukushima et al. (2009)
it was observed in 5, 48 and 63 embryos on GD9,
GD10 & GD11 respectively. In another study by
Fukushima et al. (2009) its overall incidence was
63.3+28.5(38/62). Kinking of tail may be due to
defect in musculature of tail, which is mesoder-
mal in origin so it is hypothesized that this drug
has effect on development of mesoderm also.

Anencephaly was observed in 2 embryos on
GD7 (Fig. 2) treated group. In previous study by
Fukushima et al. (2009) incidence of exencephaly
was (12.5+25.0) reported on GD7 (1 out of total 12
examined). These results show that this drug has
effect on embryonic neural tube closure during
early embryonic stages.

Anterior abdominal wall defect along with vis-
ceroptosis was observed in 2 cases on GD7 (Fig. 2)
this has not been reported previously in literature.
Probable mechanism of action of leflunomide
producing this defect may be due to producing
disturbance in the lateral folding of embryo re-
sulting in defective closure of anterior abdominal
wall. Fukushima et al. (2009) stated that leflun-

omide is a proven teratogen in rats, rabbits and
mice, it inhibits de novo pyrimidine nucleotide
synthesis by inhibiting enzymes tyrosine kinase
and dihydroorotate dehydrogenase (DHODH)
leading to its embryotoxic and teratogenic influ-
ences. Its immunosuppressive effect also occurs
via inhibition of these enzymes. Inhibition of de
novo pyrimidine synthesis can be attributed to
teratogenicity via the anti-proliferative activity of
Leflunomide on embryonic cells. It is evident that
leflunomide effects vary with the species, and it
appears that the rat and rabbit are more sensitive
to leflunomide inhibition of pyrimidine synthe-
sis (Brent, 2001). Women who become pregnant
while taking leflunomide are at risk of reproduc-
tive effects based on studies on rats and rabbit,
because pharmacokinetic level of the active me-
tabolite (A77 1726) of leflunomide reach clinically
in humans in the range of exposure that results in
teratogenesis in rat and rabbit.
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SUMMARY

This study aimed to reveal differences in the
mandibular corpus and ramus measurements,
volume (VOM), and gross weight of the mandible
(GWOM) between the low and high gonial angles
(L-GA and H-GA, respectively) in adult mandibles,
and to evaluate the correlations between GAs and
the measurement variables. Twenty-nine dried
adult human complete dentate mandibles (L-GA
< 120°: 13 mandibles; H-GA: 125° > GA: 16 man-
dibles) were measured using a lateral radiograph
image-processing system, digital Vernier cali-
pers, and an electric balance. The total length of
the mandible (TLOM), corpus length (mental fo-
ramen—gonion [MeF’-Go’], mental foramen—man-
dibular foramen [MeF’-MaF’], and mandibular
foramen—gonion [MaF’-Go’]), inter-ramus (bicon-
dylar, bicoronion, and bigonion) widths (BiCoW,
BiCorW, and BiGoW), GA width (GAW), condylar
perpendicular height (CPH), the VOM, and GWOM
were measured. Data were assessed using the
exact binomial test, Mann-Whitney U test and
Pearson’s correlation coefficient test. The MeF’-
Go’ and MaF’-Go’, three inter-ramus widths, GAW,

CPH, VOM, and GWOM in the L-GA group were
significantly larger than those in the H-GA group.
Significant negative correlations were found be-
tween GA size and multiple variables other than
TLOM and BiCorW. Therefore, GA size was close-
ly related to the enlarged morphometric dimen-
sions of both the GA and the mandibular ramus
in the posterior region of the mandibular corpus,
as well as the volume and weight of the mandible,
but it was not related to TLOM. These results in-
dicate that the evaluation of GA size is useful for
strategic dental treatment.

Key words: Forensic anthropology — Gonial an-
gle — Lateral mandibular radiograph — Mandibular
measurement — Mandibular volume and weight

INTRODUCTION

Over a person’s lifetime, each area of the max-
illofacial complex undergoes numerous changes.
The morphological variations of the gonial angle
(GA) depend on tooth growth (Larrazabal-Moron
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and Sanchis-Gimeno, 2018), aging (Leversha et
al., 2016; Larrazabal-Moron and Sanchis-Gimeno,
2018), loss of teeth (Xie and Ainamo, 2004), pres-
ence or absence of dentures, and period of den-
ture installation (Yanikoglu and Yilmaz, 2008).

The size of GA of the mandible is larger in wom-
en than in men (Huumonen et al., 2010; Joo et
al., 2013; Fouda et al., 2019) and is more obtuse
in edentulous patients than in dentulous patients
(Xie and Ainamo, 2004; Huumonen et al., 2010;
Joo et al.,, 2013). GA size is closely related to the
functions of the masseter and internal pterygoid
muscles, and is also affected by occlusal force
(Kiliaridis et al., 1995; Sondang et al., 2003; Miwa
etal., 2019). Notably, dentate patients with a small
GA have well-developed masseter muscles. In ad-
dition, patients with a small GA have large man-
dibular cortical widths below the mandibular
mental foramen (MeF) (Osato et al., 2012). Recent-
ly, the correlation of GA size with the prevalence of
impacted lower third molars (Barone et al., 2021),
frequency of mandibular and dental implant ap-
pliance fractures (Dhara et al., 2019; Murakami et
al., 2020), and apnea syndrome severity (Gurgel et
al., 2022) have been reported.

Many studies on GA size have been performed
using lateral cephaloradiography (Sondang et al.,
2003), dental panoramic radiography (DPR), and
anatomohistological examination (Kingsmill and
Boyde, 1998). Furthermore, a three-dimensional
morphometric study using cone-beam comput-
ed tomography (CBCT) has been reported (Fou-
da et al., 2019). However, an electronic literature
search did not find any studies on morphological
changes in the body and mandibular ramus of the
complete adult dentate mandible based on GA
size. Therefore, this study was designed to iden-
tify areas in which morphological differences
between the low and high GA groups (L-GA and
H-GA, respectively) occur.

The purpose of this study was to investigate the
GA-related morphometric differences in the man-
dibular corpus and ramus, bone weight, and the
density of the adult complete dentate mandibles,
as well as to evaluate correlations between the GA
size and measurement variables.

MATERIALS AND METHODS

Twenty-nine dried adult human complete den-
tate mandibles that met the selection criteria for
this investigation were used. The mandibles were
selected and separated from several adult skull
specimens of Indian origin. Indian adult spec-
imens were used, because it was difficult to find
Japanese specimens that met similar selection
criteria. The upper and lower dentitions of these
skull specimens had normal eruption of 32 per-
manent teeth, and normal dentition and occlu-
sion. The skulls were collected in and around
Kolkata from the early 1970s to the late 1980s,
and were imported legitimately from India for ac-
ademic research and education. As the identity of
the specimens were not known; sex and age were
estimated using forensic anthropological meth-
ods: sex, according to Krogman and Iscan (1986)
and Singh et al. (2015), and age, according to
Gazge et al. (2018). The GAs of these mandibular
specimens were measured using a mandibulom-
eter (GPM Anthropological Instruments, Zurich,
Switzerland) and categorized into two groups: the
L-GA group, where GA < 120° (n = 13 mandibles),
and the H-GA group, where GA > 125° (n = 16
mandibles).

X-ray imaging and measurement methods

Lateral radiography

Two intra-oral X-ray films (DF-50 occlusal size,
Kodak, Rochester, NY, USA) were used as a single
sheet film. The two films were placed closely to-
gether and were attached with mending tape on
the reverse side. After the X-ray film was tempo-
rarily adhered to a vertical plate, it was fixed so
that the inside of the mandible was in contact with
the film surface. Lateral radiography was per-
formed on the right and left sides of the mandi-
bles using a portable dental X-ray device (CK6105,
Asahi Roentgen, Kyoto, Japan) with a tube voltage,
tube current, and an exposure time of 65 kVp,
1.2-2.7s, and 10 mA, respectively. The focal film
distance was 1 m. The X-ray films were processed
using an automatic developing device (Max-Rhe-
in, NIX, Tokyo, Japan).

The X-ray film image was converted to a JPG
format using a scanner (GT-9800F, EPSON, To-



kyo, Japan). The image was pasted into Microsoft
Office PowerPoint (Microsoft Corp, Redmond,
WA, USA) on a Macintosh PC. Reference points
and lines were drawn on the digital radiographs,

Fig. 1.- Lateral radiograph imaging and linear measurements
of the adult human complete dentate mandible. Abbreviation:
GL, gray line: border line of films a and b; MP, mandibular
plane: the tangential line tied between the two most projected
points on the mandibular inferior border; RL, ramus line: the
tangential line connecting the two most projected points in the
posterior margin of the ramus; MeF, mental foramen: the point
at the middle of the lower border of the mental foramen; MaF,
mandibular foramen: the point at the middle of the lower bor-
der of the mandibular foramen; Go, gonion: the point where
the bisector of the angle formed by the mandibular plane and
ramus line intersects the contour of the angle of the mandible;
Cd, Condylion: the most superior point of the condyle of the
mandible; Inf: the point where the perpendicular line passing
through the Cd intersects the MP; MeF’: the point where the
perpendicular line passing through the MeF intersects the MP;
MaF’: the point where the perpendicular line passing through
the MaF intersects the MP; Go’: the point where the perpen-
dicular line passing through the Go intersects the MP; CPH,
condylar perpendicular height: the perpendicular distance
from the Cd to the Inf; MaF’-MeF’, the distance from MaF’ to
MeF’; MaF’-Go’, the distance from MaF’ to Go’; GAW, gonial an-
gle width; the distance between the point where the bisector of
the GA intersects the anterior margin of the ramus (Ant) and
the Go. Measured in mm.

which were then saved in TIFF format. The image
was then transferred to a Windows PC.

The mandibular corpus length (horizontal dis-
tances from the mental foramen to gonion, MeF’-
Go’; from the mental foramen to the mandibular
foramen, MeF’-MaF’; and from the mandibular fo-
ramen to the gonion, MaF’-Go’), GA width (GAW),
and condylar perpendicular height (CPH) were
measured on TIFF images using Image-Pro Plus
software (NIPPON ROPER, Tokyo, Japan) on a
Windows PC (Fig. 1).

Compared to lateral cephalometric radiogra-
phy, this method produces clearer and more re-
producible projection images without overlap of
left and right images. The horizontal distortion is
smaller than that in the digital dental panoramic
radiography (DPR), and metrology can be accu-
rately measured. Moreover, it is a small and easy-
to-carry device that is cost-effective compared
to large and costly counterparts. Furthermore,
the MeF, mandibular foramen (MaF), condylion
(Cd, the most superior point of the condyle of the
mandible), and the gonion (Go), which were used
as anatomical landmarks, can be precisely po-
sitioned, and the measurement error of the dis-
tance between two points is very small.

Dental panoramic radiography

After fixing the dried mandible on a plastic
structure, digital DPRs were taken on the chin rest
of the X-ray equipment (Veraview epoc 3Df, MOR-
ITA, Kyoto, Japan) with the mandibular plane set
at approximately 25°. The image was saved as a
JPG file (Fig. 2).

Digital caliper measurements

The total length of the mandible (TLOM) and the
inter-ramus widths (bicondylar width, BiCoW; bi-
coronion width, BiCorW; bimandibular foramen
width, BiMaFW; and bigonion width, BiGoW) were
measured by using digital Vernier calipers with
1/100 mm precision (CD-20AX, MITSUTOYO, Ka-
wasaki, Japan) (Fig. 3).

Mandibular volume and weight measurements

The volume of the mandible (VOM; g/cm?®) was
measured by hanging the mandible on a hook
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Fig. 2.- Measurement of tooth number #34 for the age estimation. a: A digital dental panoramic radiographic (digital DPR) image of
mandible with a low gonial angle (L-GA; GA < 120°). b: Enlarged view of #34 measured using DPR image and Photoshop’s measure-
ment tool. ¢: Drawing of tooth measurement (#34) and line measurement locations. MTL: Maximum tooth length; MPCL: Maximum
pulp chamber length; RL: Root length on mesial surface. d: Multiple regression equations of Gazge et al. (2018) according to Kvaal’s
method (1995). Age = (81.1 x X1) + (180 x X2) - (69.6 x X4) - (1.7 x X3) + (3.7 x X5) - 36.6 [X1 = PWA/RWA, X2 = MPCL/MTL, X3 = RL,
X4 = MPCL/RL, X5 = RW(]. A: Root and pulp width (RWA and PWA, green and red arrows) at the cement-enamel junction (CEJ); C:
Root width (RW¢, green arrow) at the midpoint between the root apex and level A.

of a digital hanging weight scale (SANKO, Tokyo,
Japan) in a 15-cm square plastic case filled with
water. The VOM was obtained by subtracting the
value at the time of mandibular immersion from
the gross weight of the mandible (GWOM). GWOM
was measured using an electronic balance (ED-
200, Shimadzu Corp, Kyoto, Japan).

Sex and age estimation

Sex was tentatively determined by observing
the degree of development of the neurocranium
and facial skeleton according to Krogman and Is-
can (1986). Subsequently, sex was determined ac-
cording to the criteria of Singh et al. (2015) for In-
dian mandibular evaluation using measurement
parameters (BiCoW, male > 110 mm and female
< 110 mm; BiGoW, male > 91 mm and female <
91 mm), and morphological parameters: the sym-
physis menti angle shape (square in males, and
rounded in females), gonion flaring (everted in
males, and inverted in females), muscular mark-

ings (more prominent in males, and less prom-
inent in females) (Mobin and Vathsalya, 2018;
Kanwar et al., 2021).

In this study, after the above thresholds were set,
metric variables (BiCoW and BiGoW) were con-
verted into nominal variables. Estimates for males
and females were determined by sex, with at least
three of the five geometrical characteristics. As a
result of estimation, the sex of the 29 mandibles
were 17 male and 12 female, with no significant
difference in sex distribution (P = 0.2291).

Figure 2 shows the linear measurement sites for
age estimation. The length and width of FDI #34
teeth and pulp chambers were measured using
digital DPR images (in JPG format) and Photoshop
(Adobe, Lehi, UT, USA) on a Mac PC. The measure-
ment was performed by enlarging the image to
200-300%.

Age estimation was performed according to
Gazge et al. (2018) concerning the methods of



Fig. 3.- Measurements of the length and inter-ramus width of the complete dentate mandible using digital Vernier calipers. This
photograph excluded a hand-fabricated mandibular fixation device (K.H.) and X-ray film. Abbreviations: TLOM, the total length of
the mandibles: the distance from Pog to the posterior margin of the condylar of the mandible; Col, Condylion lateralis: the most lat-
eral pole of the condyle of the mandible; Cor, Coronion: the tip of the coronoid processes of the mandible; MaF, mandibular foramen:
point at the middle of the lower border of the mandibular foramen; GoLat, gonion: the lowest posterior and most lateral point of the
angle of the mandible; Pog, pogonion: the most forward- projecting point on the anterior surface of the chin.

Gustafson (1950), Kvaal et al. (1995) and Camer-
iere et al. (2012). That is, the age evaluation was
performed from the multiple regression equation
of tooth #34 using the six-site measurements,
which are considered optimal for age estimation.
The 29 mandibles were estimated to be between
37 and 54 years. The mean age based on sex was
46.47 + 4.27 years (37-54 years) for males and
46.43 + 3.60 years (38-50 years) for females, and
there was no significant difference between the
sexes (P =0.9294).

Reproducibility of measurement and morpho-
logical evaluation

Five lateral radiograph images and five man-
dibular specimens were randomly selected, and
linear measurements (MeF’-Go’, MeF’-MaF’, CPH)
on the images and actual measurements (BiCoW,
BiGoM, BiCorW, BiMaFW) with digital Vernier
calipers were performed by a research assistant
(T.S.) with more than 10 years of experience. The
measurement reliability was evaluated from the

intraclass correlation coefficient (ICC; 1, 1). The
ICC (1, 1) for lateral radiographic imaging and dig-
ital caliper measurements of the mandibles was
0.99 and 0.99, respectively. Reliability results ap-
proximated studies with other Indian populations
(Mobin and Vathsalya, 2018; Kanwar et al., 2021).

Sex was determined by two dentists (K.H. and
S.0.) for the five geometrical features described
above, after 12 mandibles were selected at random,
and inter-rater reproducibility was evaluated from
Cohen’s kappa (x) coefficient. The k coefficient was
0.83. This result was comparable to that of another
study (Mello-Gentil and Souza-Mello, 2022).

For age estimation, 12 digital DPR images were
randomly selected. Two dentists (K.H. and S.0.)
measured the six locations for #34 on the dig-
ital DPR images, and inter-rater reliability was
confirmed from the ICC (2, 1). The ICC (2, 1) for
#34 on digital DPR images was 0.99. The result
was similar to results of other studies (Mobin and
Vathsalya, 2018; Kanwar et al., 2021).

Ken Hiratsuka, Shigeo Osato

387



Mandibular morphometry based on gonial angle

388

Statistical analysis

The average values of the right and left param-
eters were used for the linear measurement of
mandibular corpus length (MeF’-Go’, MeF’-MaF’,
MaF’-Go’) and GAW. The linear and actual mea-
sured values obtained from the lateral radiograph
images and dried mandibles were inputted into
a Microsoft Excel Spread-sheet. The significant
differences in the distribution of mandibular
specimens between L-GA and H-GA groups and
between males and females were evaluated with
the exact binomial test, respectively. Similarly,
the Mann-Whitney U test was used to analyze sig-
nificant differences in the mean age between the
two GA groups and between both sexes. The sig-
nificance of the correlation between GA and each
variable was determined using Pearson’s cor-
relation test. Statistical analyses were performed
using Stat View 4.02 (Abacus, Berkeley, CA USA),
open free js-STAR XR+ software, and the Microsoft
Excel analysis tool.

RESULTS

Table 1 shows the mean values and standard
deviations for the mandibular morphometric,
VOM, and GWOM parameters in the L-GA and
H-GA groups. There was no significant differ-
ence between the distribution of the number of
mandibular specimens (13 vs. 16) and mean age
in the L-GA and H-GA groups (P = 0.3555 and P =
0.2635, respectively). The GA was 12.14° and was
significantly smaller in the L-GA group than that
in the H-GA group (P < 0.01). When comparing
the mean values of the parameters for mandibu-
lar corpus lengths, the MeF’-Go’ and MaF’-Go’ in
the L-GA group were significantly larger, by 7.02
mm and 3.82 mm, respectively, than those in
the H-GA group (P < 0.01). Similarly, the param-
eters for BiCoW, BiCorW, and BiMaFW were sig-
nificantly larger in the L-GA group than those in
the H-GA group by 4.03 mm, 2.96 mm, and 2.57
mm, respectively (all P < 0.05). BiGoW, GAW, CPH,
and VOM were also significantly larger in the L-GA
group than that in the H-GA group by 5.08 mm,
7.48 mm, 8.84 mm, and 9.62 cm?, respectively
(all P < 0.01). VOM and GWOM were significantly
greater in the L-GA group than that in the H-GA
group by 9.62 cm?®and 13.02 g (P < 0.05 and P <

0.01, respectively). No significant differences in
the parameters TLOM and MeF’-MaF’ were ob-
served between the groups.

Table 2 shows the correlations between the GA
and each variable, and their statistical signifi-
cance. Significant negative correlations were ob-
served between the GA and mandibular corpus
length variables (MeF’-Go’ and MaF’-Go’: r = -0.63
and r=-0.65, respectively).

Furthermore, significant moderate negative cor-
relations of the GA with the BiCoW, BiGoW, VOM,
and GWOM were observed (r = -0.40 and r = -0.44,
r=-0.53, and r = -0.44, respectively) (all P < 0.05).
Significant strong negative correlations of the GA
with the GAW (r=-0.79) and CPH (r = -0.61) were
observed (both P < 0.01). In contrast, no signifi-
cant correlations of the GA with the TLOM, MeF’-
MaF, BiCorW, and BiMaFW were observed.

DISCUSSION

To achieve the objectives of this study, we ana-
lyzed the relationship between GA and morpho-
metric changes in the mandible by examining
adult mandibles with 32 fully erupted teeth, a
normal dental arch, and a normal occlusion. The
mandibular specimens used in this study were cat-
egorized into the L-GA (GA < 120°) and H-GA (GA >
125°) groups, and comparisons were subsequently
made between the two groups. It revealed that the
three-dimensional morphology of the posterior
mandibular corpus and ramus, as well as the man-
dibular volume and weight, was greater in the L-GA
group than in the H-GA group. Based on the esti-
mated age range (37-59 years) of the mandibles
investigated and analyzed, these morphological
changes are considered to be the effects of masti-
cation and bite force in daily life during aging, rath-
er than heredity, growth and development, time in
which they lived or geographical influences.

The present study was one of a series of inves-
tigations on the differences in mandibular struc-
ture between the two GA groups. No statistically
significant difference was observed in the number
and mean ages between the 13 L-GA group (mean:
47.51 years) and the 16 H-GA group (mean: 45.43
years). Thus, the sample numbers and the mean
ages were similar.



Table 1. Comparison of morphometric, bone volume, weight, and density measurements between L-GA and H-GA groups of the

mandible.
L-GA (n = 13) [#] H-GA (n = 16) [#]
Parameters P-value
mean * SD (95%CI) mean * SD (95%CI) Differences %

Age, yr Age 47.51+5.83 (36.53, 58.49) 45.43£3.60  (38.59,52.27) 2.08 4.38 0.2635
Gonial angle, degree

GA 115.73 £ 2.41 (112101'2179)’ 127.88+2.00 (124.07,131.68) -12.14 11049 <0.0001%
Mandibular length, mm

TLOM 101.23+5.71 (90.47,111.99) 101.03+5.82 (89.98,112.08) 0.20 0.20 0.8953
Mandibular corpus length, mm

MeF’-Go’ 62.74 £ 3.29 (56.55, 68.93) 55.72+3.74 (48.61, 62.82) 7.02 11.19 0.0001**

MeF’-MaF’ 56.41+3.88 (49.10, 63.72) 54.79 + 3.68 (47.81, 61.76) 1.62 2.87 0.2452

MaF’-Go’ 6.41 £2.07 (2.52,10.31) 2.60+£1.32 (0.08,5.11) 3.82 59.50 <0.0001%**
Inter-ramus width, mm

BiCoW 113.81 +4.33 (112015'967?;' 109.78 +3.90 (102.37,117.19) 4.03 3.54 0.0159*

BiCorW 94.73£3.76  (87.65,101.82) 91.77+3.71  (84.73,98.82) 2.96 3.12 0.0353*

BiMaFW 79.39+2.48  (74.71, 84.07) 76.82 + 3.97 (69.28, 84.35) 2.57 3.24 0.0226*

BiGow 96.29 £4.37  (85.50,106.16) 91.21+4.03  (83.56,98.86) 5.08 5.28 0.0075%*
Width of the angle, mm

GAW 39.70£1.85 (36.22,43.17) 32.22+3.06  (26.40, 38.03) 7.48 18.85  <0.0001%*
Ramus height, mm

CPH 60.61 + 3.77 (53.52, 67.70) 51.77 £ 6.50 (39.44, 64.10) 8.84 14.59  0.0006%**
Bone volume, cm?

VOM 56.23+7.78  (41.58,70.88) 46.61+7.3 (32.71, 60.52) 9.62 17.11  0.0044%**
Bone weight, g

GWOM 90.64 +13.33 (65.54,115.74) 77.62+11.17 (56.42,98.82) 13.02 14.36  0.0124*

L-GA and H-GA, low and high gonial angles; SD, standard deviation; CI, confidential interval; Significance: Exact binomial test and
Mann-Whitney U test, *P < 0.05 and **P < 0.01 (bold text). Abbreviations: TLOM, the total length of the mandible; MeF’-Go’, the dis-
tance from the mental foramen to the gonion on the mandibular plane (MP); MeF’-MaF’, the distance from the mental foramen to
the mandibular foramen on the MP; MaF’-Go’, the distance from the mandibular foramen to the gonion on the MP; BiCoW, bicondy-
lar width (Col-Col); BiCorW, bicoronoid width (Cor-Cor); BiMaFW (MaF-MaF), bimandibular foramen width; BiGoW, bigonion width
(GoLat-GoLat); GAW, gonial angle width (Go-Ant); CPH, condylar perpendicular height: the perpendicular distance from the Cd to
the Inf; VOM, the volume of the mandible; GWOM, gross weight of the mandible (See reference Figs. 1 and 3).

#: Testing significance using exact binomial test for distribution of number of L-GA (13) and H-GA group mandibles (16) (P = 0.3555).

In addition, no abnormalities were observed in the
teeth and periodontal tissues in the mandibles,
suggesting that they belonged to a population group
with similar social activities, sociocultural levels,
regions, habit, customs, and economics. Conse-
quently, it was not necessary to adjust the results.

Cho et al. (2014) classified face configurations
into brachyfacial and mesofacial groups, with a GA
threshold of 120°. In this study, a gap of 5° was set

to distinguish the L-GA and H-GA groups clearly
(Osato et al., 2012). The result showed a significant
difference (12.14°) in the mean GA between the
groups (P < 0.01). Compared to the H-GA group, the
L-GA group showed a significantly larger MeF’-Go’,
MaF’-Go’, GAW, inter-ramus widths, CPH, VOM,
and GWOM. Changes in the GA had a significant
negative correlation with multiple variables, but
did not correlate with TLOM and BiCroWw.
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Table 2. Pearson’s correlation analysis between the gonial an-
gles (GA) and variables of the mandible, as well as statistical
assessments (n = 29).

Variables r P-value
Age, yr

Age -0.235 0.2218
Mandibular length, mm

TLOM 0.113 0.5603
Mandibular corpus length, mm

MeF’-Go’ -0.626 0.0003**

MeF’-MaF’ -0.127 0.5121

MaF’-Go’ -0.651 0.0001**
Inter-ramus width, mm

BiCoW -0.400 0.0313%*

BiCorW -0.296 0.1196

BiMaFW -0.267 0.1616

BiGoW -0.436 0.018*
Width of the angle, mm

GAW -0.791 <0.0001**
Ramus height, mm

CPH -0.611 0.0004%**
Bone volume, cm?

VOM -0.531 0.0026**
Bone weight, g

GWOM -0.439 0.0171%*

r: Pearson’s correlation coefficients; Significance: Pearson’s
correlation test, *P < 0.05, **P < 0.01 (bold text). Abbreviations:
TLOM, the total length of the mandible; MeF’-Go’, the distance
from the mental foramen to the gonion on the mandibular
plane (MP); MeF’-MaF’, the distance from the mental foramen
to the mandibular foramen on the MP; MaF’-Go’, the distance
from the mandibular foramen to the gonion on the MP; BiCoW,
bicondylar width (Col-Col); BiCorW, bicoronoid width (Cor-Cor);
BiMaFW, bimandibular foramen width (MaF-MaF); BiGoW, bi-
gonion width (Go, -Go, ); GAW, gonial angle width (Go-Ant);

Lat Lat’

CPH, condylar perpendicular height (Cd-Int); VOM, the volume
of the mandible; GWOM, gross weight of the mandible.

Corpus and ramus dimensions of the mandible

The biomechanical load of mastication affects
mandibular morphology (Mays, 2015). Occlu-
sal force strongly depends on the relative size of
jaw-closing muscles and is associated with man-
dibular morphological changes (Custodio et al.,
2011). The GA in a mandible with multiple teeth
was significantly smaller, while the mandibular
ramus was larger, than that in a mandible with
few teeth. Furthermore, the mandibular length of
mandibles with few teeth was larger than that of
mandibles with multiple teeth (Vinter et al., 1997).

It has also been suggested that functional hyper-
activity of the masticatory system may affect bony
structures through increased stress (Kiliaridis et
al., 1995).

This study revealed that the complete dentate
mandibular corpus lengths (MeF’-Go’ and MaF’-
Go’) in the L-GA group were significantly larger
than those in the H-GA group. On the other hand,
there was no significant difference in dimensions
from the MeF’ to the MaF’ with the central corpus
area in the L-GA group as compared to the H-GA
group, indicating that this region was less suscep-
tible to occlusal force. This interesting finding in-
dicates that the influence of occlusal forces on the
midcorpus is small.

Adult patients with a sharp GA, as compared to
those with an obtuse GA, have a flaring Go and a
significantly larger BiGoW (Hong et al., 2009). A
reduced masticatory function is associated with
decreased BiCoW and BiGoW (Rando et al., 2014).
Based on these reports, it is considered that the
occlusal force of the L-GA group was strongly ap-
plied to the lower (BiGoW), middle (BiMaFW), and
upper (BiCoW and BiCorW) areas of the inter-ra-
mus, which consequently expanded laterally.

A study on the relationship between the ramus
width of the mandible around the MaF and GA
size revealed that the ramus width in adult den-
tate patients was larger in the L-GA group than in
the H-GA group (Ogawa et al., 2012). The ramus
width measured using CBCT was 2.0 mm larger in
the L-GA group (118.5°) than in the H-GA group
(128.6°) in a previous study (Barone et al., 2021).
Strong sexual dimorphism was also observed in
these ramus widths (Leversha et al., 2016; Mehta
et al.,, 2020). In this study, the GAW around the GA
was also significantly greater in the L-GA group
(by 7.48 mm [18.85%]) than in the H-GA group
(Table 1). Thus, it is indicated that individuals
with narrow GA may have increased masticatory
muscle activity, greater occlusal force, and vigor-
ous bone addition in a wide area from the Go to
the retromolar triangle of the anterior margin of
the mandibular ramus.

According to previous lateral cephalogram anal-
yses regarding the ramus height of the mandible,
patients with a small GA had a short face with a



shorter anterior (distance between nasion and
menton, N-Me), and vertically larger posterior
(sella to gonion, S-Go) facial heights, and a larg-
er facial height ratio (S-Go/N-Me) (Karlsen, 1997).
CBCT analysis also showed that the ramus height
of a small GA was higher than that of a large GA
(Barone et al., 2021). Furthermore, ramus height
was higher in dentate patients than in completely
edentulous patients (Oksayan et al., 2014) and was
also higher in men than in women (Lopez-Capp et
al., 2018). This investigation showed that the CPH
was 8.84 mm (14.59%), which was significantly
larger in the L-GA group than in the H-GA group
(Table 1). Therefore, the skeletal facial configura-
tion of individuals with a L-GA may involve a large
posterior facial height (Tsai, 2000). Although it is
clear from previous reports that masticatory mus-
cle function and occlusal force are closely related
to the difference in GAW and the mandibular ra-
mus widths value between the two GA groups, it is
necessary to investigate the relationship between
GA and bite force in the same subject.

Mandibular volume and weight

There have been few reports on the volume
of completely dentate mandibles. Based on the
analysis using MRI, it has been reported that the
volume of the mandible increased by 6,530 mm?
(18.6%) during the growth period (age 7-13 years)
(Maeda, 2018). Additionally, an investigation of
maxillofacial morphology and mandibular vol-
ume used lateral cephalometry and CBCT, respec-
tively. The mean volume of mandibles was 63.23
cm?® in males and 53.92 cm? in females. No signif-
icant differences were observed in mandibular
volumes among cases with Angle classes I, II, and
ITI maxillofacial morphology. On the other hand,
an inverse relationship between the mandibu-
lar plane angle (MPA) and mandibular volume
was observed, and the hypodivergent (short face
height, MPA: < 23°) group was larger than the hy-
perdivergent (long face height, MPA: > 30°) group
(Nakawaki et al., 2016).

In this study, the Archimedes method was used
to determine volume, revealing that the volume
in the L-GA group (566.23 cm?) was significantly
larger (by 9.62 cm3,17.11%) than that in the H-GA
group (46.61 cm?), indicating that the decrease in

GA size affected not only an increase in three-di-
mensional dimensions, but also in mandibular
volume (Table 1). This change is thought to be
the effect of bone remodeling associated with in-
creased masticatory muscle function and occlu-
sal force. The results of this study supported those
of Nakawaki et al. (2016) mentioned above.

From a conventional report on the weight of the
mandible, in patients with developed masticato-
ry muscles, the mandibular weight was greater
while the GA was smaller than in those with less
muscle mass (Jensen and Palling, 1954). On the
other hand, no studies have reported on the rela-
tionship between mandibular angle and mandib-
ular weight. It has been reported that the man-
dibular weight and morphology in Indians are
divided into three types, and the heavy and large
group (30.0%) was most common in males, while
the light and small group (12.5%) was most com-
mon in females. Bone weights were not described
in that paper (Mobin and Vathsalya, 2018). The
GWOM of dried, completely dentate adult mandi-
bles in the L-GA group (90.64 g) was significantly
heavier than that of the H-GA group (77.62 g), by
13.02 g (14.36%), in this study (Table 1). There-
fore, it was conceivable that a decrease in GA size
was associated with an increase in mandibular
morphometric dimensions.

Correlations between GA and measured variables

In correlations between GA and craniofacial
radiomorphometry, increasing GA changes the
facial features from a brachyofacial to a dolicofa-
cial pattern (Custodio et al., 2011). It is associated
with a decreased ramus width and posterior ra-
mus notch depth (Ogawa et al., 2012). Moreover,
a smaller GA is associated with maximum oc-
clusal force from the second premolars and first
molars (Miwa et al., 2019). Notably, a reduced GA
size is associated with a higher incidence of im-
pacted lower third molars (Barone et al., 2021).
GA also has a negative correlation with the growth
of permanent teeth (Ashkenazi et al., 2011; Lar-
razabal-Moron et al., 2018), and positive correla-
tions with tooth loss and aging (Vinter et al., 1997;
Xie and Ainamo, 2004; Joo et al., 2013; Oksayan
et al., 2014). In this study, the GA negatively and
significantly contributed to bone apposition with
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bone remodeling of the posterior mandibular
area, MeF’-Go’ and MaF’-Go’. Thus, changes in the
GA size were considered to be closely associated
with remodeling of the posterior region of the cor-
pus length, while maintaining TLOM and corpus
length from MeF’ to MaF’.

Regarding the association between the dimen-
sions of the right and left mandibular ramus and
masticatory function, a previous study reported
that BiGoW in patients with a small GA was posi-
tively correlated with masseter muscle volume (r
= 0.37) (Hong et al., 2009), and that the occlusal
force was strong (Kiliaridis et al., 1995; Sondang
et al., 2003; Miwa et al., 2019). Generally, the Bi-
GoW decreases with aging (Leversha et al., 2016).
This study revealed negative moderate linear re-
lationships between the GA size and the inter-ra-
mus width variables of BiCoW and BiGoW (r =
- 0.40 and r = -0.43, respectively) (Table 2), sug-
gesting that occlusal force and mandibular bone
morphology are related. Specifically, it was indi-
cated that, when the masticatory muscle activity
and occlusal force increased, the GA decreased,
and the inter-ramus width spread laterally.

In a digital DPR analysis, the ramus width
around the mandibular foramen was closely as-
sociated with a decreased GA, and an increase in
GA contributed to reduced ramus width on lateral
radiograph imaging (Ogawa et al., 2012; Cho et al.,
2014). It was found that GA size had a significant-
ly strong negative linear relationship with GAW (r
= -0.79). In addition, the GA size strongly affect-
ed the MaF region, including the gonion process
and anterior margin of the retromolar triangle,
through bone apposition. Similar reports on the
negative association between GA size and ramus
width (BiGoW; r = -0.44) have been reported using
CBCT analysis (Kronseder et al., 2020). The ac-
tivities of the jaw-closing muscles and increased
occlusal force are closely associated with enlarge-
ment of the GAW.

The ramus height generally decreases with age
(Leversha et al., 2016). GA size showed signifi-
cant negative correlations with the coronoid and
ramus heights of the mandible (Huumonen et al.,
2010; Joo et al., 2013). Therefore, as the occlusal
force increases, the posterior facial height gradu-
ally increases, while GA size decreases (Sondang

et al., 2003). This investigation observed a signifi-
cantly negative moderate linear relationship be-
tween the GA and CPH (r = -0.61), which was sim-
ilar to the previously reported results (Huumonen
et al., 2010; Joo et al., 2013). The occlusal force of
patients with a small GA is strong (Kiliaridis et al.,
1995; Miwa et al., 2019), and contributes to bone
apposition around the GA. In addition, a 10-year
follow-up study also reported that the fracture
risk of abutments in implant treatment was high-
er in male patients with a GA size less than 120°
on digital DPR images (Murakami et al., 2020).
These results indicate that careful consideration
should be given to the strong occlusal force of pa-
tients with a GA < 120° when designing and fabri-
cating a prosthesis and that the evaluation of the
GA is an important checkpoint for reducing oral
rehabilitation risk (Osato et al., 2012). Further
investigation into the relationship between the
complications of implant-supported prosthetic
treatment and GA size is warranted.

The volume of the mandibles increased in pro-
portion to body weight in Norwegian schoolchil-
dren (Maeda, 2018). In addition, a cephalometric
investigation on the association between max-
illofacial morphology (ANB, SNB, or MPA) and
mandibular bone volume in patients with skeletal
malocclusion reported that a significant weak lin-
ear relationship was found between GA and man-
dibular bone volume (Katayama et al., 2014). On
the other hand, a significant correlation (r = 0.44)
was observed with the length index (condylion to
gonion; Cd-Go) (Katayama et al., 2014).

From this result, significant negative moder-
ate correlations (r = -0.53 and r = -0.44) were ob-
served between GA size with mandibular volume
and weight, indicating that the two variables were
closely related to the GA in adult mandibles.

Hence, these results suggest that the mandib-
ular morphology (external trait) in a wide range
from the mandibular posterior corpus to the
mandibular ramus, centered on the attachment
of the mouth-closing muscle, and the mandibular
volume increased; the stimulus caused by masti-
cation was also active. These may be associated
with increased bone strength (endomorphic bone
quality and bone mass) through bone remodeling.



CONCLUSIONS

In this study, morphometric measurements of
sex- and age-estimated completely dentate man-
dibles of Indian revealed that the MeF’-Go’ and
MaF’-Go’ of the posterior corpus, the inter-ra-
mus widths, GAW, CPH, VOM and GWOM were
significantly larger in the L-GA group compared
to the H-GA group. GA size had a negative linear
relationship with those variables, whereas no sig-
nificant association found in TLOM and BiCorW.
Hence, the results could reveal that the L-GA group
compared to the H-GA group occurred in vigorous
bone apposition in the three-dimensional direc-
tions around the Go and also had larger VOM and
GWOM without changing the TLOM. These results
suggest that the evaluation of GA size is helpful in
the field of prospective dental medicine. Future
studies should focus on the relationship between
GA size and mandibular morphometry and oc-
clusal forces in a large population of dentate and
edentate individuals.
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SUMMARY

The buccal fat pad (BFP), is an adipose tissue
located in the cheek, with complex morphology.
Oral bichatectomy is a frequent aesthetic proce-
dure with possible complications. Our objective
was to determine the volume and its relationship
with the upper 2™ molar and the facial artery (FA).
A cross-sectional, observational study was per-
formed. Computed tomography was used to ob-
tain 3D images to determine volume, length, and
width. Distances from the 2" molar to each exten-
sion, and the nearest distance to the FA were mea-
sured. A total of 106 BFP (70 male) were includ-
ed. The mean age was 51+21. The mean volume,
length, and width were 13.8+5.4 ml, 72.9+10.7
mm, and 21.4+5.6 mm, respectively. The BFP ex-
tends mainly cephalically and caudally from the
second molar, reaching upto 8.5 cm and 32 ml.
The mean distance between the second molar and
FA was 12.9 mm, but as close as 3 mm. The FA

had a mean distance of 2.1mm to the nearest BFP
extension, with 42.5% in intimate contact, and
another 9.4% crossing the center of the masseter
extension. There were no statistically significant
differences between sexes. The BFP has a dynam-
ic shape with highly variable size and volume. The
FA is often at risk of damage during procedures
due to proximity.

Key words: Buccal fat pad — Bichatectomy —
Anatomy - Facial artery

INTRODUCTION

The buccal fat pad (BFP) or Bichat bag, was
first described by Marie Francois Xavier Bichat
as a trigone-shaped adipose tissue located on the
cheek. It has a complex morphology and is made
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up of amain pad or body (that is crossed by the pa-
rotid gland duct), from which several extensions
arise (Kahn et al., 2000). It is wrapped within a
thin fascia that is located in the masticatory space
between the buccinator and the masseter muscles
(Bither et al., 2013). It differs from subcutaneous
fat, as it is made up of univacuolar, white fat adult
adipose cells with very few fibrous trabeculae
through which the vessels pass. It is not subject to
lipid metabolism, making it independent of total
body weight. It has an approximate mean volume
of 10 ml (Kahn et al., 2000; Bither et al., 2013).

BFP constitutes an important point of reference
in the aesthetics of the face through its shape, lo-
cation, and right-left symmetry. A prominent BFP
causing a rounded or wide face has been a com-
mon indication for a bichatectomy (bichectomy
or facial lipectomy) which involves its excision
(De La Lima Stevaeo, 2015; Moura et al., 2018; Ro-
man-Torres et al., 2020). This provides a mascu-
linization of the face, reducing the prominence of
the cheeks, with improved facial aesthetic results
(Lee and Park, 2017; De La Lima Stevaeo, 2015;
Matarasso, 1991; Rohrich et al., 2009). Clinical
evaluation has been the primary method to indi-
cate the surgical procedure (Dubin et al., 1989; De
LaLima Stevaeo, 2015; Matarasso, 1991). The pro-
cedure may be done with local anesthetics and an
intraoral incision near the level of the second su-
perior molar, identifying the Stensen’s duct (De La
Lima Stevaeo, 2015; Moura et al., 2018), or during
more complex procedures such as facelift surgery
(Surek et al., 2021). However, the procedure is not
without risk. Complications include damage to the
buccal branch of the facial nerve, to the parotid
ducts, uncontrolled bleeding, pathological scar-
ring, among others (Hwang et al., 2005; Pimentel
etal.,, 2021; Racz et al., 1989). In some cases, sur-
geons may overestimate the amount of buccal fat,
due to alack of parameters and indications for the
procedure (Jaeger et al., 2016). Anatomical knowl-
edge of the area, familiarity with BFP morphology,
and adequate surgical training are fundamental
for safer patient management (Fernandez-Reyes
et al., 2022; Kahn et al., 2000; Quiroga-Garza et
al., 2020; Tapia-Nanez et al., 2022; Yousuf et al.,
2010). Our objective was to determine the volume
parameters in different age groups, the size of ex-

tensions of the BFP, as well as its relation to the
second superior molar and facial artery.

MATERIALS AND METHODS

A descriptive cross-sectional, observational,
and retrospective study was designed. Imaging
studies (computed tomography (CT)) were ob-
tained from the database of the Radiology and
Diagnostic Imaging Department of the University
Hospital “Dr. José Eleuterio Gonzalez”, Monter-
rey, Mexico. All studies were performed using a
64-slice CT scanner (General Electric CT99 Light
Speed VCT, Software 2978195VCT). CT parame-
ters were: rotation 0.4s helicoidal acquisition, 20
mm detector covering, 120 Kv, 400+, 0.625 mm
width slices, 0.53:1 mm/rot Pitch, and 22 to 23 cm
FOV.

Measurements were made using the Volume
Viewer program to process DICOM images (Gen-
eral Electric Healthcare V8.7.4a). Through multi-
planar sections and with the selection of specific
densities, a 3D image of each BFP was obtained
(Fig. 1) and distances of points located in the same
plane were measured. The maximum volume (ml),
length (mm), and width (mm), were registered,
as well as the distance from the second molar to
each of its extensions, and the distance between
the segment of the facial artery that was closest
to an extension of each BFP. Measurements were
performed by two observers with a kappa coeffi-
cient of 0.83 for intra-observer, and 0.78 for in-
terobserver comparison. Each study was evaluat-
ed by 2 non-blinded observers with experience in
radiology and anatomy.

Inclusion criteria were CTs from adult patients
(agerange 18 to 75 years), without gender distinc-
tion, and with adequate BFP visualization. Those
with a history of surgical procedures on the facial
or neck regions, structural alterations, tumors, or
artifacts, were excluded. Those with low image
quality or unidentifiable BFP were eliminated.

Statistical analysis

Descriptive statistics were performed, report-
ing the quantitative variables with measures of
central tendency and dispersion, and absolute
and relative frequencies for qualitative variables.
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Fig. 1.- Frontal, oblique, and lateral 3D reconstruction views of the buccal fat pad. The reconstruction allows adequate visualization
for plane selection for measurements in relation to structures such as the 2" molar and the facial artery.

Quantitative variables are presented in means
and standard deviations or median. Inferential
statistics were also carried out by performing a
normality test, resulting in a normal distribution
with specific parametric tests for each variable;
this was done with the SPSS IBM 24.0 program
for Windows 10. The sample size was previously
calculated based on the variability reported in the
literature and a confidence of 95%. This resulted
in a sample size of 106 BFP.

Ethical considerations

This study was previously reviewed and ap-
proved by the University’s Ethics and Research
Committees with the registration number AH18-
00010, certifying it adheres to the guidelines of
the General Health Law on Health Research in
Human Beings of our country and the Declaration
of Helsinki.

RESULTS

A total of 106 BFP (53 CT) were measured (66%
males and 34% females). The mean age was
51+20.6 years. The morphometry measurements
are shown in Table 1. The BFP extends primarily
superiorly and inferiorly from the second molar,
reaching ranges of up to 8.5cm and volumes of up
to 32 ml. The mean distance between the 2 molar
and the facial artery was 12.9 mm but was report-
ed as close as 3 mm. Anterior-inferior extensions
of the BFP had a mean distance of 2.1 mm from

the facial artery. Almost half (42.5%, n=45) of BFP
were in intimate contact (less than 2 mm) with the
facial artery, and another 9.4% (n=10) crossed the
center of the masseteric extension. It was found
at a distance from the closest portion of the BFP,
a minimum of 1.6 mm, a maximum of 27.0 mm,
and a mean of 10.4 (SD 5.9). The difference be-
tween genders was not statistically significant.
Variables are stratified by age groups in Table 2.
BFP volume did not change with age, although the
age group 15 to 18 years of age had a significantly
smaller size and standard deviation. There was a
tendency to have a statistically longer BFP length
with age, most notable in the masseteric, deep
temporal, and pterygopalatine extensions.

DISCUSSION

With a mean volume of 14 ml, but ranging be-
tween 4.4 and 32.3 ml, the BFP is frequently close
to or in contact with the facial artery. The FA is
also 0.3 to 3 cm away from the second molar, the
anatomical reference used to make the incision
of the aesthetic procedure, BFP resection. This
leaves the FA at risk of bleeding during surgical
excision, when not considered.

Face and head aesthetic procedures are the
most frequent (35.7%) worldwide, followed by
breast (32.0%), and the body/extremities (32.2%)
according to the 2019 survey by the Internation-
al Society of Aesthetic Plastic Surgery (ISAPS,
2020). In Mexico, 580,659 aesthetic procedures
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Table 1. Morphometric variables of the buccal fat pad.

Mean (+ SD) Range
Volume (ml) 13.8+5.4 4.4-32.3
Length (mm) 72.9+10.7 46.7 -96.3
Width (mm) 21.4+5.6 6.0-37.4
Distance (mm)
BFP Extension
Masseteric 32.3+6.0 20.7-47.6
o Superficial temporal | 59.3+8.8 43.1-84.9
_ch‘ Deep temporal 46.2+7.3 17.6-76.9
;E Pterygomandibular | 30.9 + 6.3 16.2-42.4
o Pterygopalatine 439+7.8 25.7-62.6
Lower orbital 39.4+4.2 24.1-51.2
Facial artery (FA) 12.9+7.7 3.3-32.9
= Nearest 21+1.0 1.0-3.0

Males Females P
145+59 12.4+3.8 0.533
74.0+10.4 70.4+£11.2 0.481
21.2+55 21.7+£5.2 0.881
32.5+6.0 31.6£3.9 0.888
59.9+8.9 56.4+6.2 0.384
46.5+7.7 45.0+7.5 0.228
31.6+5.9 285+6.4 0.127
43.8+7.15 43.0+9.4 0.767
39.8+3.7 37.3+£3.6 0.051
14.6 £+ 8.5 11.9+6.5 0.241
1.84+1.0 25+0.8

SD: standard deviation; FA: Facial artery; ml: milliliter; mm: millimeter. Statistical analysis was performed with the Kruskal-Wallis

test for independent variables. *: statistical significance (p < 0.05).

were registered of which 38.9% were in the face
and head area. A common procedure includes
the bichatectomy, to improve facial contour. The
procedure may be well under-reported, as it is

managed as out-patient, should be performed by
trained personnel, as it can present important
complications (Moura et al., 2018; Quiroga-Garza
et al., 2020; Roman-Torres et al., 2020).

performed by different surgical professionals
ranging from dentists, maxilo-facial surgeons,
and aesthetic plastic surgeons (Quiroga-Garza et
al., 2022). The procedure, although simple and

Hemorrhage is the most feared complication,
due to the risk of hemorrhagic shock from lesions
to the facial artery or other vessels derived from

Table 2. Variables measured by categorical age group division.

Mean (+ SD)
Age Group 15-18 19-30 31-40 41-50 51-60 61-70 >71 p
Volume (ml) 111425 14.0%29 13.2+34 138+51 157+7.4 123+25 146%6.6 0273
Length (mm) 65.5+12.0 71.6+183 66.8+9.3 742+7.4 762%92 73.8+72 756+10.1 0.028*
Width (mm) 21.3+5.4 232%81 19.9+51 231+35 21.5+72 21.7+62 20.8+4.0  0.800
Distance (mm)
BFP Extension
Masseteric 32.9+4.1 337100 28.7+4.8 28.0+51 33.7+59 322+60 341+49  0.019*
o Superficial temporal  55.0£9.6 53.8+51 57.9+7.0 63.6+12.6 60.0+10.8 583+4.0 61.4+7.0  0.092
E Deep temporal 436+3.3 51.1+135 484+40 44.0+54 451+7.2 42684 487+62  0.024*
;E Pterygomandibular | 27.6+4.6 33.2+3.3 29.5+9.1 30.1+6.7 30.8+7.4 31.7+57  32.6%47  0.282
" Pterygopalatine 453+85 45.0%50 | 462+86 458%79 389+7.6 41.8+83 46.3+59  0.016*
Lower orbital 36.1+6.3 39914 39.0£3.7 409+46 39.6+3.6 40.0+£3.7 40.0+3.9  0.109
Facial artery (FA) 12.7+71 9.8+3.6 188%9.6 162+81 14.9+89 94+72  9.9x40 0.003*
£ Nearest 23109 125+05 1.92+1.0 20+1.04 21+10 20+09 21%1.0

All values are expressed as mean + standard deviation. Statistical analysis was performed with a one-way ANOVA test with Turkey
adjustment. SD: standard deviation; ml: milliliter; mm: millimeter; *: statistical significance (p < 0.05).
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the external carotid artery (Cepeda et al., 2019;
Herrera-Nunez et al., 2020; Roman-Torres et al.,
2020; Vieira et al., 2019). Other complications in-
clude infection (Pimentel et al., 2021), lesions to
the salivary parotid duct or fistula (De La Lima
Stevao, 2015; Vieira et al.,, 2019), loss of nerve
function (De La Lima Stevao, 2015), and incom-
plete removal (Dubin et al., 1989).

A pre-surgical imaging assessment of the BFP
size should be recommended. With important
anatomical structures in close proximity, a pa-
tient with a 34 ml BFP may be at risk of lesion,
or incomplete removal. Procedures should be
performed by highly trained medical profession-
als with an anatomical understanding of its mor-
phometry and variability.

Jaeger et al. (2016) suggest the use of ultra-
sound to evaluate the BFP volume, although this
method is operator-dependent, and may be diffi-
cult for untrained personnel. CT provided an ob-
jective and reproducible method of evaluating the
BFP. This is also helpful not only in aesthetic pro-
cedure safety, but also in reconstructive surgery.

Knowledge of morphometric characteristics of
the BFP is also useful in reconstructive proce-
dures. Its vascularization and easy access make
it a reliable tissue graft/flap for reconstruction of
maxillofacial and oral defects (congenital, patho-
logical, or neoplasic), as well as interpositioning
material for temporomandibular joint recon-
struction (Baumann and Ewers, 2000; Colella et
al., 2004; Kim et al., 2017; Lucchetti et al., 2019;
Mohan et al., 2012; Yang et al., 2018).

Limitations

The imaging technique selected allowed for pre-
cise morphometric measurements, but did not
allow identification of nerve structures, so these
could not be evaluated for risk of damage. Due to
the retrospective design, BMI and patient charac-
teristics can not be correlated with BFP.

CONCLUSIONS

The BFP has a dynamic shape with highly vari-
able size and volume, extending primarily superi-
orly and inferiorly from the second molar, without
statistical difference between sexes. The facial ar-

Andrea Moreno-Salinas, José Luis Trevifio-Gonzalez et al.

tery is frequently at risk of being damaged during
the procedures due to its proximity as close as 3
mm.
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SUMMARY

The aim of this experimental study was to eval-
uate micro- and ultrastructural changes of the
carotid sinus wall during oral consumption of low
doses of monosodium glutamate (MG) and follow-
ing its withdrawal. Adult male albino rats (n=39)
were enrolled into the study. Carotid sinus wall
morphology was assessed by light and electron
microscopy at the end of week 4 and week 8 of
MG oral consumption, as well as 2 weeks after its
withdrawal; the results were compared with the
control group. After 8 weeks of MG consumption,
the wall of the carotid sinus was disorganized, en-
dothelial layer of intima deformed, often without
clearmargins, the mediaedematous and dissected
with thickened elastic membranes, and the cells
of the vascular wall were showing signs of apop-
tosis while extra fat was present in the adventitia.
Upon discontinuation of MG after 4 weeks of its
consumption, the structural organization of ca-
rotid sinus wall was partially preserved, whereas
no compensatory processes were registered after
8 weeks of MG administration followed by 2 week-

long withdrawal. Therefore, 8-week-long low-
dose MG consumption resulted in pronounced
changes of the micro- and ultra-structure of the
carotid sinus wall of albino rats. Discontinuation
of MG following 4 weeks of its administration par-
tially improved the morphologic characteristics of
the carotid sinus wall within 2 weeks. Withdrawal
of MG after 8 weeks of its administration did not
result in any improvement of the micro- and ul-
tra-structure of the carotid sinus wall within 2
weeks.

Key words: Carotid sinus — Structural changes
— Monosodium glutamate — Experimental study

INTRODUCTION

Widespread use of food additives, particular-
ly MG, for the purpose of taste enhancement re-
quires thorough morphological investigation of
their possible effects on the structure of organs.
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According to EFSA European Food Safety Author-
ity Panel on Food Additives and Nutrient Sources
added to Food, an acceptable daily intake (ADI) for
MG was established at 30 mg/kg of body weight
per day, expressed as glutamic acid, for glutamic
acid and glutamates (E 620-625). The Panel noted
that the exposure to glutamic acid and glutamates
(E 620-625) exceeded not only the proposed ADI
for all population groups at the high level (95th
percentile) and at the mean level (except for the
elderly), but also that these doses are associated
with adverse effects in humans for some popula-
tion groups. In the past, the Scientific Committee
on Food established a group ADI for glutamic acid
and its salts as ‘not specified’ in 1990; and the
Joint FAO/WHO Expert Committee on Food Ad-
ditives in 2006 maintained the previously estab-
lished group ADI as ‘not specified’. The European
Commission considers revising the maximum
permitted levels (Mortensen et al., 2017).

Despite the prevalence of the additives in food
worldwide, scientific works dedicated to their ef-
fects on vascular morphology are scarce. Given
the role of vascular pathology in the disability and
mortality rates among patients of different ages,
it continues to be an important medical and so-
cial problem in Ukraine and worldwide (Kyyak et
al., 2019). Stroke is the fifth leading cause of death
and is a leading cause of disability (Virani et al.,
2020). Approximately 85% of strokes are isch-
aemic, they are predominantly caused by large
artery disease (atherosclerosis), cardioembolism
and cerebral small vessel disease. Extracranial
internal carotid artery stenosis is a major cause
of ischaemic stroke, as it is estimated to cause
about 20% of all ischaemic strokes (Murphy et al.,
2020). Atherosclerotic plaque occurs frequently
at the carotid artery bifurcation and especially
in the area of the carotid sinus — a slightly dilated
zone in the internal carotid artery usually locat-
ed cranially to carotid bifurcation and involved
in hemodynamics regulation. Changes in carotid
sinus size and position result in blood flow distur-
bances and can facilitate atherosclerotic plaque
formation (Nagargoje, Gupta 2020), which is rec-
ognized as a leading cause of stroke in patients
without other known cardiovascular risk factors
(Cautinho et all., 2017).

MG consumption has been previously linked to
obesity and arterial hypertension (Thongsepee
et al., 2022), thus contributing to elevated risk of
stroke, Alzheimer’s disease (Fuchsberger et al.,
2019; Saski-Hamada et al., 2021), developmen-
tal anomalies of the nervous system (Abdou at
al., 2020), erosions of stomach wall (Chakraborty,
2019), as well as body weight increase (Konopelni-
uk at al., 2016). At the same time, data on the level
of endogenous intoxication during long-standing
MG consumption is not definitive (Bevzo, 2016).
It was established that MG has toxic effects on the
tissues of lymphatic nodes (Harapko et al., 2021),
colon (Kolenchenko et al., 2017), and liver (Ban-
ergee et al.,, 2021); and it can also cause damage
to the reproductive system (Mondal et al., 2018).
Previous data show the ability of MG to induce
oxidative stress in myocardial cells with the in-
crease of marker enzymes, particularly lactate
dehydrogenase, aspartate transaminase and al-
anine aminotransferase (Banergee et al., 2021).
Additionally, in case of MG-induced obesity, extra
fat is accumulated in the fatty tissue due to cho-
lesterol level increase that leads to cardiovascular
pathology (Airaodion et al., 2019). In recent stud-
ies, it was shown that low and moderate doses
of MG increased serum levels of cholesterol, tri-
glycerides and low density lipoproteins, as well as
atherogenic index within one month of consump-
tion (Hazzaa et al., 2020). Nevertheless, further
studies are required to clarify the mechanisms of
MG consumption effects on the morphology and
function of blood vessels, particularly carotid ar-
teries, when it comes to its role in development
and progress of atherosclerosis as well as its di-
rect effects on vascular walls.

MATERIALS AND METHODS

The materials constituted histologic and ultra-
microscopic slides of the carotid sinus wall sam-
ples of 39 adult male albino rats, 3.5-5 months old,
with initial body weight of 180-200 g, which were
divided into experimental and control groups. The
experimental group was further divided into three
subgroups. Subgroup 1 (10 animals) received oral
MG (10 mg/kg) daily for the duration of 8 weeks
and had unrestricted access to standard vivari-
um food; subgroup 2 (10 animals) had the same
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dose of MG discontinued after 4 weeks of the ex-
periment, switching the animals to the standard
vivarium diet for the next 2 weeks; subgroup 3 (10
animals) had MG withdrawn following 8 weeks of
the experiment and their carotid sinuses studied
2 weeks later. The animals from the control group
(9 animals) were on the standard vivarium diet
for the entire duration of the experiment. MG was
diluted in distilled water and 1 ml of the solution
was administered orally by a syringe once daily
(at 9 am) with subsequent unrestricted access to
food and water. The dose of MG applied was se-
lected on the basis of the utility patent for MG-in-
duced obesity experimental model (Harapko et
al., 2020), with the main focus on the dose to be
low enough to create the possibility of results ex-
trapolation on human population with regularly
mild to moderate MG consumption. The animals
from the control group were administered 1 ml of
distilled water orally by a syringe once daily at ap-
proximately the same time.

All experimental animals were kept at the vi-
varium of Danylo Halitskiy Lviv National Medical
University. The research was conducted in strict
accordance with the European Convention for
the Protection of Vertebrate Animals Used for Ex-
perimental and Other Scientific Purposes (Stras-
bourg, 1986), Council of Europe Directive 86/609/
EEC (1986), the Law of Ukraine No. 3447-IV “On
the Protection of Animals from Cruel Behavior”
(2006), the General Ethical Principles on Animal
Experimentation, approved by the First National
Congress of Ukraine on Bioethics (2001).

The carotid sinuses of the experimental animals
were harvested at the level of carotid bifurcation
with cuts made 5 mm below and above it, with
subsequent preparation of histological slides or
paraffin blocks. While cutting the material, care
was taken for cuts to be horizontal, i.e., perpen-
dicular to the vascular axis.

For histologic studies, the specimens were
stained with hematoxylin and eosin. The slides
were studied using 400x and 1000x magnification
of optic microscope, and computer system “Aver
Media” was used for photographing the specimens.

Electron microscopy was also used for assess-
ment of the specimens. Ultrathin slices of the ca-

rotid sinus wall were prepared with ultra-micro-
tome using glass knives. Slices of silver or lemon
color were selected for the study. The specimens
were first contrasted in 2% solution of uranyl ac-
etate, and then in lead citrate. The material was
studied and photographed using electron micro-
scope YEMV-100 K with acceleration voltage of 75
kV and magnification of 2000x-6000x.

RESULTS

After 8 weeks of continuous MG oral consump-
tion (subgroup 1), the carotid sinus wall was noted
to be disorganized, endothelial layer deformed,
often without clear margins, sometimes inter-
rupted; endothelial protrusions as well as endo-
thelial proliferation were seen, and some endo-
theliocytes were dislodged into the carotid sinus
lumen (Fig. 1a), while the endothelial layer of the
carotid sinus wall in the control group did not
show the aforementioned abnormalities (Fig. 1Db).
Subgroup 1 was remarkable for muscular bundles
in the media layer that were separated with wide
bands - thickened and sometimes deformed elas-
tic membranes; some perivascular edema was
present; occasional thrombi were noted in the
vascular lumen (Fig. 1a).

Electron microscopy of the carotid sinus wall
samples confirmed the presence of micro- and
macroangiopathy following MG consumption.
After 8 weeks of the experiment, considerable
structural changes of the hemomicrocirculato-
ry vessels of the carotid sinus wall were seen on
the ultramicroscopic level (Fig .2a) compared to
the control group (Fig. 2b). The endotheliocytes
of the microcirculatory vessels were edematous
with numerous mitochondria and free ribosomes
in the cytoplasm. Chromatin blebs were seen on
the periphery of the nuclei of endotheliocytes and
pericytes, and their nucleoli were atrophied or
disappearing. Apical plasmolemma was protrud-
ing in occasional places into the vessel’s lumen
and formed microvilli. The granular endoplas-
mic reticulum was fragmented; the Golgi complex
contained vesicles that often proceeded to be-
come microcysts, and mitochondria were noted
to have clear matrix and scarce cristae, dissection
and perforations.

Olha Sodomora et al.
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Fig. 1a.- A fragment of carotid sinus wall of an albino rat after 8 weeks of MG oral consumption. Staining with hematoxylin and eo-
sin. Microphotograph. Magnification 400x. 1 — deformed layer of intima endotheliocytes; 2 — endothelial protrusion; 3 — thickened
elastic membrane; 4 — perivascular edema; 5 — thickened arteriole wall; 6 — thrombus being formed next to the vascular wall.

Fig. 1b.- A fragment of carotid sinus wall of an albino of the control group. Staining with hematoxylin and eosin. Microphotograph.
Magnification 1000x. 1 — intact layer of intima endotheliocytes; 2 — smooth intact elastic membrane.
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Fig. 2a.- An arteriole of the carotid sinus wall of an albino rat after 8 weeks of MG oral consumption. Magnification 6000x. 1 — vacu-
olated mitochondria in an endotheliocyte; 2 — chromatin accumulation at the periphery of the nucleus of an endotheliocyte (a) and
pericyte (b); 3 — atrophied nucleolus; 4 — microcyst; 5 — protrusions inside the vascular lumen (microvilli) of apical plasmalemma;
6 — thickened, swollen, deformed basal membrane.

Fig. 2b.- A capillary of the carotid sinus wall of an albino rat of the control group. Magnification 4000x. 1 — intact mitochondria
of an endotheliocyte; 2 — intact nucleus of a regular shape of an endotheliocyte; 3 — condensed chromatin within the nucleus; 4 -
structured nucleolus within the nucleus; 5 — pericytes; 6 — structured nucleoli within the pericytes nuclei; 7 — erythrocyte in the
microvascular lumen.
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Regarding the structure of the carotid sinus
intima after 8 weeks of the experiment, its en-
dotheliocytes were considerably damaged, with
their contours distorted and their shape bizarre-
ly changed. The cytoplasm was edematous, with
vacuoles and fused pinocytic vesicles seen within
the endothelial cells, their mitochondria swollen
with impaired cristae; the granular endoplasmic
reticulum was damaged, and some nuclei con-
tained condensed chromatin located peripheral-
ly, while other ones were translucent, their nucle-
ar membrane featuring deep invaginations. Many
nuclei showed signs of apoptosis and karyopyc-
nosis. The media layer was also disorganized.
Most nuclei of the smooth myocytes had irregu-
lar shape and their chromatin was represented
by heterochromatin mostly located peripherally,
perinuclear and pericellular spaces enlarged, mi-
tochondria swollen, their cristae homogenized
for the most part. Structureless areas of the cyto-
plasm were observed in the majority of the myo-
cytes. Elastic membranes were thickened, fuzzy

and without clear margins (Fig. 3a). The control
group, however, showed no pathological changes
in the morphology of intima or media structures
(Fig. 3b). Hence, in the control group, micro- and
ultra-structural organization of the carotid sinus
wall was preserved and within the species norm if
compared to subgroup 1, which that was subject-
ed to oral consumption of MG and unrestricted
access to food for the duration of 8 weeks, result-
ing in some morphological changes as described
above.

In case of MG withdrawal and switching of the
animals to the standard vivarium diet with eval-
uation of carotid sinus wall morphology 2 weeks
upon MG discontinuation following the preceding
period of 4 weeks (subgroup 2) and 8 weeks (sub-
group 3) of MG oral consumption and unrestricted
access to food, partial preservation of the carotid
sinus wall structure was observed on assessment
with light microscopy in subgroup 2 (Fig. 4a),
while almost no improvement was noted in sub-

Fig. 3a.- A fragment of carotid sinus wall of an albino rat after 8 weeks of MG oral consumption. Magnification 2000x. 1 — translu-
cent cytoplasm of an endotheliocyte of the carotid sinus wall intima; 2 — vacuole; 3 — swollen mitochondria with damaged cristae;
4 —translucent nucleus of an endotheliocyte with condensed chromatin located on the periphery of the nucleus; 5 — a smooth myo-
cyte nucleus of irregular shape; 6 — dilated pericellular space; 7 — swollen mitochondria with homogenized cristae; 8 — thickened,

disorganized elastic membrane lacking clear margins.



Fig. 3b.- A fragment of carotid sinus wall of an albino rat of the control group. Magnification 2000x. 1- intact endothelial layer; 2 —
intact nucleus of an endotheliocyte featuring condensed chromatin; 3 —intact mitochondria of an endotheliocyte; 4 — intact nucleus
of a myocyte; - intact mitochondria of a myocyte; 6 — intercellular space.

group 3 (Fig. 4b). For subgroup 2, signs of carotid
sinus wall edema, fibrosis, hyperemia of adventi-
tial capillaries, many of them with damaged walls,
and additionally some diapedesis bleedings were
noted (Fig. 4a), while in subgroup 3 destructive
changes of the endothelium, as well as signs of
connective tissue and perivascular edema, were
seen along with microcirculatory vessels hyper-
emia (Fig. 4b).

While assessing the aforementioned experi-
mental material with electron microscopy, ca-
rotid sinus morphology as well as vasa vasorum
were found to be in satisfactory state in subgroup
2. However, some endotheliocytes were remark-
able for karyopyknosis. Additionally, fibrosis of
vascular walls was noted, as well as occasional cy-
toplasmic protrusions of endothelial cells into the
lumen of micro- and macro-vessels. (Figs. 5, 6, 7).

In case of MG withdrawal after 8 weeks of oral
consumption combined with unrestricted access
to food, no compensatory processes were seen in

the wall of carotid sinus of the experimental ani-
mals of subgroup 3 on electron microscopy (Fig.
8a) compared to the control group (Fig. 8b). Ca-
rotid sinus wall was notably thickened, intima
showed signs of exudative-proliferative inflam-
matory processes, media was remarkable for the
presence of vacuole-type dystrophy of myocytes,
fibrotic and sclerotic changes and elastic mem-
branes deformation. Adventitia showed structur-
al changes of all hemomicrocirculatory vessels:
hyperemia of capillaries and arterioles, formation
of thrombi adjacent to vascular walls, dilation and
thinning of venules’ walls, perivascular edema as
well as marked poikilocytosis of erythrocytes —
fragmented cells, basket cells, degmacytes were
seen in the microvascular lumen (Fig. 9a), while
no significant changes in vascular or cellular mor-
phology were observed in the control group (Fig.
9b, 9c), suggesting that structural impairment
was less likely to regress over time in case of more
prolonged exposure to MG and excessive food in-
take.
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Fig. 4a.- A fragment of carotid sinus wall of an albino rat 2 weeks after withdrawal of MG following 4-week-long oral consumption.
Hematoxylin & Eosin staining. Magnification 400x. 1 — signs of swelling in the carotid sinus wall; 2 — hyperemia of an adventitia
capillary, damaged walls of the capillary and diapedesis bleeding.

Fig. 4b.- A fragment of carotid sinus wall of an albino rat after 8 weeks of MG oral consumption and 2 week-long withdrawal. He-
matoxylin & Eosin staining. Magnification 400x. 1 — de-structured endothelial layer; 2 — edematous connective tissue layers in the
carotid sinus wall; 3 — widened connective tissue area in the carotid glomus; 4 — perivascular edema; 5 — hyperemia in a capillary
of the carotid sinus wall.
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Fig. 5.- An arteriole of carotid sinus wall of an albino rat following 4 weeks of MG oral consumption and 2 week-long withdrawal.
Magnification 4000x. 1 — karyopyknosis in an endotheliosyte; 2 — intact perycite nucleus; 3 — endothelium; 4 — neurocyte nucleus,
5 —vascular lumen.

Fig. 6.- A fragment of carotid sinus wall of an albino rat following 4 weeks of MG oral consumption and 2 week-long withdrawal.
Magnification 4000x. 1 — cytoplasmic protrusion of an endothelial cell into the macrovascular lumen; 2 — elastic membrane of me-
dia; 3 — macrovascular lumen; 4 — intact endotheliocyte nucleus; 5 — intact myocyte nucleus.
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Fig. 7.- An arteriole of the carotid sinus wall of an albino rat following 4 weeks of MG consumption and 2 week-long withdrawal.
Magnification 4000x. 1 — cytoplasmic protrusion; 2 — intact endotheliocyte nucleus; 3 — structured basal membrane; 4 — microvas-
cular lumen.

Fig. 8a.- A fragment of the carotid sinus wall of an albino rat after 8 weeks of MG oral consumption and 2 week-long withdrawal.
Magnification 2000x. 1 — vacuolated dystrophy of a myocyte; 2 — deformed elastic membrane; 3— fragmented nucleus of a de-struc-
tured endotheliocyte.
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Fig. 8b.- A capillary of the carotid sinus wall of an albino rat of the control group. Magnification 3800x. 1 — lumen of the vessel; 2 —
vascular wall; 3 — endotheliocyte; 4 — intact nucleus of the endotheliocyte; 5 — erythrocyte in the vascular lumen.

Fig. 9a.- A venule of the carotid sinus wall of an albino rat after 8 weeks of MG oral consumption and 2 week-long withdrawal. Mag-
nification 3000x. 1 — dilated lumen of a venule in the carotid sinus wall; 2 — basket cells in the lumen of a venule; 3 — degmacyte in
the lumen of a venule; 4 — perivascular edema; 5 — de-structured wall of a venule.
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Fig. 9b.- A venule of the carotid sinus wall of an albino rat from the control group. Magnification 3800x. 1 — lumen of the venule;
2 —erythrocyte in the lumen; 3 — wall of the venule; 4 — endotheliocyte; 5 — intact nucleus of the endotheliocyte.

Fig. 9c.- A venule of the carotid sinus wall of an albino rat from the control group. Magnification 4000x. 1 — lumen of the venule;
2 —erythrocytes in the lumen; 3 — wall of the venule; 4 — endotheliocyte; 5 — platelet in the lumen.
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DISCUSSION

Mechanisms of MG toxic action on humans
and animals have been triggering interest in re-
searches worldwide for quite some time (Umbu-
zeiro et al., 2017; Bevzo, 2017). During decades,
MG has been allowed for consumption, consid-
ered relatively safe and widely used in many
countries. At the same time, it was shown in nu-
merous scientific studies that prolonged and
systematic MG consumption may be associated
with a number of pathological conditions, such
as metabolic syndrome (Banerjee et al., 2021a, b),
diabetes mellitus, dyslipidemia and obesity (Bau-
tista et al., 2019), hypertension and other cardio-
vascular disorders (Malik, Sabahelkhier, 2019),
neuroendocrine disturbances, depression and
anxiety (Kumar et al., 2021; Kraal at al., 2020),
reproductive and urinary disorders (Pongking at
al., 2020), liver disease (Albrahim et al., 2018) and
others. MG was also reported to cause increase in
food intake (Onaolapo, 2019), which we also ob-
served in our study. This fact might have contrib-
uted to the accumulation of excessive fat in the
tissues surrounding the carotid sinus and within
its wall in our study. A link between extracrani-
al carotid pathology and covert brain infarctions
has previously been established (Baradaran et al.,
2022). Notably, large artery atherosclerosis has
been also associated with cerebral small vessel
disease (Ding et al., 2017). These considerations
point towards possible pathogenetic implications
of morphological changes of the carotid arteries,
particularly the carotid sinus wall, in the context
of cerebral circulation impairment with subse-
quent cerebrovascular disturbances and events.
Moreover, in our study, impairment of endothe-
liocytes’ nuclei was noted, which indicates MG’s
ability to cause nuclear damage, potentially lead-
ing to genotoxicity. Gene mutations can lead to
development of different pathologies, including
neurologic defects, metabolic disturbances and
neoplasia that may manifest in the next genera-
tions (Syed Imam at al., 2019). Therefore, further
research is needed to clarify the role of MG in cells
apoptosis induction, as well as its possible abili-
ty to interfere with structural integrity of cellular
genetic material. MG was shown to have a role in
metabolic disturbances, namely increase in pros-

tanoid synthesis, together with hypersensitivity to
thromboxane A2 combined with potassium chan-
nels inhibition, and decrease in nitric oxide levels
were shown to have the ability to lead to arterial
hypertension in the setting of MG-induced obesi-
ty (Majewski at al., 2018). MG consumption com-
bined with high-fat diet causes rise in nitric oxide
levels and oxidative stress, hence increasing the
affected area in myocardial infarction in experi-
mental setting (Aghajani at al., 2017). Structural
changes of myocytes of carotid sinus media ob-
served by us were similar to the damage of car-
diomyocytes described in the setting of ischemia
and diabetes mellitus (Nadraga at al., 2020; Vlasi-
uk at al., 2018). Besides changes in the intima and
media layers of the carotid sinus wall seen in our
study, adventitia was also remarkable for struc-
tural changes, with microvasculature impairment
and fatty deposits being the most notable ones.
Our results are supported by a previous study of
MG consumption effects on the aortic wall (Heil
et al., 2020). Our research suggests that MG con-
sumption in the experimental setting affects each
layer of the vascular wall. This can potentially
result in cerebral perfusion compromise due to
impairment of the morphology of the carotid ar-
teries.

In our study, some of the structural changes of
the carotid sinus that occurred as a result of MG
consumption and high food intake were revers-
ible, following MG discontinuation and switching
to standard diet, provided that this occurred ear-
ly enough, suggesting that diet composition and
food intake modifications can alter the unfavor-
able effects of MG consumption, especially at ear-
ly stages.

The original results of our study are related to
identification of specific morphological changes
of the carotid sinus wall of albino rats under the
influence of MG, and after its withdrawal at differ-
ent stages of the experiment using light and elec-
tron microscopy.

Prospects for further development

Further investigation of possible ways of correc-
tion of micro- and ultra-structural changes of the
carotid sinus wall in the setting of MG influence is
a promising direction for research, opening pos-
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sibilities of minimization of its unfavorable action
and prevention of vascular disorders associated
with structural damage of the carotid sinus wall
and adjacent structures.

CONCLUSIONS

Eight week-long MG consumption causes pro-
nounced micro- and ultrastructural changes of
the carotid sinus wall in experimental albino rats.

Withdrawal of MG within 4 weeks of its con-
sumption and switching the experimental ani-
mals to standard diet considerably improves the
morphology of the carotid sinus wall.

Withdrawal of MG within 8 weeks of consump-
tion does not result in restoration of micro- or ul-
tra-structure of the carotid sinus wall.
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SUMMARY

The deep femoral artery and its branches are
vital for the arterial circulation of the lower ex-
tremity. The aim of the current study is to obtain
morphometric and morphological data on the
deep femoral artery and its branches and to in-
vestigate their clinical importance in the Turkish
population. Morphometric measurements of the
deep femoral artery and femoral artery were per-
formed. The diameters of the femoral artery and
deep femoral artery were measured in the axial
plane. Classification was made according to the
size of these diameters. A morphological classifi-
cation was obtained by examining the variations
of the deep femoral artery branches.

The distance from the origin of the deep femo-
ral artery to the midpoint of the inguinal ligament
was 39.56 + 8.52 mm, and the distances from the
origin of the lateral circumflex femoral artery to
the medial circumflex femoral artery were 17.15
+ 4.79 mm and 12.52 + 4.58 mm, respectively.
The study results show that there was a sig-
nificant difference between genders in terms
of the diameters measured. In the classification
made by using the diameters, Type D (39%) had

the highest rate, whereas Type C had the lowest
rate (7.3%). According to the morphological clas-
sification, Type I (52.1%) was the most common
in all individuals, and Type V and Type VII (2.3%)
were the least common. Our study includes both
morphometric and morphological information
about the femoral artery and deep femoral ar-
tery of the Turkish population. We consider that
the current study will be useful for cardiologists,
interventional radiologists, orthopedists, and re-
gional surgeons in clinical practice.

Key words: Femoral artery — Lateral circumflex
femoral artery — Medial circumflex femoral artery
— Classification — Computed tomography

INTRODUCTION

The external iliac artery continues as the fem-
oral artery (FA) after the inguinal ligament (IL).
The FA is the main artery responsible for supply-
ing the lower extremity. The thickest branch of
the FA is the deep femoral artery (DFA). Several
variations can be seen in the morphology of the
FA and its branches. The course and anatomical
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variations of the vessels of the lower extremities
have attracted the attention of anatomists and
surgeons for a long time (Prakash et al., 2010;
Nasr et al., 2014; Manjappa and Prasanna, 2014;
Rajani et al., 2015; Labetowicz et al., 2019). The
cause of these variations, which are based on the
formation of unusual channels from the primary
capillary plexuses, is usually embryological. Arte-
rial patterns may occur as appropriate channels
develop and others recede and disappear (Sanudo
et al.,, 1993; Labetowicz et al., 2019).

As treatment with endovascular techniques has
increased, precise knowledge of vascular anatomy
and its variations has become crucial. Due to its
wide diameter, the FA is preferred as the prima-
ry access site by angiographers performing inva-
sive cardiac and peripheral vascular procedures
(Schnyder et al., 2001; Yu et al., 2020). Informa-
tion about the anatomical variants of the FA and
its branches is important for clinicians in proce-
dures such as transluminal stenting, angioplasty
and embolectomy in peripheral occlusive arterial
diseases, evaluation of arterial status in trauma,
imaging of vascular malignancies and identifica-
tion of arterial diseases. Also, this information is
valuable for orthopedists performing total hip re-
placements and trochanteric or intertrochanteric
osteotomy (Labetowicz et al., 2019; Sudarshana
and Chaudhary, 2020).

The DFA, medial circumflex femoral artery
(MCFA), and lateral circumflex femoral artery
(LCFA) are used in vascular, orthopedic, plastic
and reconstructive surgery (Choy et al., 2013;
Tzouma et al., 2020). The LCFA and its branches
are used for anterolateral thigh flaps, aortopop-
liteal bypass, coronary artery bypass graft,
and extracranial-intracranial bypass surgeries.
The MCFA may be exposed to iatrogenic injuries
during hip joint surgery and flap plastic surgery,
resulting in femoral head necrosis. Therefore,
knowledge of variation about the length and ori-
gin of the DFA and its branches can help prevent
complications during or after surgical procedures
(Fukuda et al., 2005; Uzel et al., 2008; Tomasze-
wski et al., 2016; Vuksanovi¢-Bozari¢ et al., 2018;
Tzouma et al., 2020).

In line with all this information, it is seen that
both morphological and morphometric data of

the FA and its branches are clinically very im-
portant. Therefore, in our study, the aims were to
obtain data on the FA and to reveal the morpho-
logical and morphometric differences by gender
and/or side.

MATERIAL AND METHODS

In this study, the files of 630 patients were ret-
rospectively scanned: these patients had been
admitted to the Department of Radiology in Nec-
mettin Erbakan University, Meram Faculty of
Medicine, between August 2008 and March 2021,
and the data of 130 (70 male, 60 female) individ-
uals were included in the study. The study was
approved by the Institutional Ethics Committee.
In the study, images obtained by a Multidetector
Computed Tomography (MDCT) device (Sensation
64, Siemens, Erlangen, Germany) with the param-
eters of KV: 120, Effective MaS: 50-170, MAS: 86,
Pitch 1.4, Rotation speed: 0.5 sec, Detector area:
1.2 mm, Slice thickness: 1.5 mm were used. The
images obtained from MDCT were reconstructed
and analyzed on a MacBook Air (13-inch, 2017)
laptop computer running macOS Big Sur (Ver-
sion 11.2.3) and using the OsiriX Lite (V. 12.01.1)
software. Images were transferred from MDCT in
DICOM format to a folder on the computer via an
external disk. Then, the measurements were tak-
en on axial and 3D images in the OsiriX Lite soft-
ware. All measurements were made by the same
person and the results were given in millimeters
(mm). Poor image quality, lack of contrast material
and arterial aneurysm were our exclusion criteria.
In addition, double DFA was detected on the right
side of a female individual, and that extremity was
excluded from the study. Because if we had includ-
ed both DFAs in both distance and diameters, we
could have obtained erroneous results by not fol-
lowing our methodology. In our study, the mean
age was found as 50.33 + 20.90 years (18-88) in
males and 60.17 + 17.76 years (18-86) in females.

The distances between the origin of the DFA
from the midpoint of the anterior superior iliac
spine and the pubic tubercle (midpoint of the IL)
(Fig. 1a), between the origin of the LCFA originat-
ing the DFA and the origin of the DFA (Fig. 1b) and
between theorigin ofthe MCFA originating the DFA
and the origin of the DFA (Fig. 1¢) were measured.
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Fig. 1.- Three-dimensional volume-rendering CT reconstruction showing the length measurements: a. A left lower limb showing
the distance between the origin of the DFA from the midpoint of the anterior superior iliac spine and the pubic tubercle (The dis-
tance between points C-D) (Observed from the anterior). b. A right lower limb showing the distance between the origin of the LCFA
originating the DFA and the origin of the DFA (The distance between points A-B) (Observed from the lateral). ¢. A right lower limb
showing the distance between the origin of the MCFA originating the DFA and the origin of the DFA (The distance between points
A-B) (Observed from the lateral). (FA: Femoral artery, DFA: Deep femoral artery, MCFA: Medial circumflex femoral artery, LCFA:

Lateral circumflex femoral artery).

The FA diameter at the level of the IL in the
axial plane was noted (Fig. 2a). The FA diam-
eters in the axial plane just before and after the
separation of the DFA from the FA were measured
(Figs. 2b,2c). The origin of the DFA in the axial
plane was recorded.

Morphometric classification of femoral artery

In our study, the classification proposed by
Kawashima et al., (2021) according to the size of
the FA and DFA diameters and the presence or
absence of an ectopic side branch (ESB) deviating
from the FA was used. Morphometric types ac-
cording to Kawashima et al., (2021) are as follows:

Type A: DFA diameter > FA Diameter just after
the separation of the DFA from the FA.

Type B: DFA diameter < FA Diameter just after
the separation of the DFA from the FA and the
presence of originating ESB before originating the
DFA from the FA.

Type C: DFA diameter < FA Diameter just after
the separation of the DFA from the FA and the
presence of an ESB originate the FA bifurcation.

Type D: DFA diameter < FA Diameter just after
the separation of the DFA from the FA and the ab-
sence of ESB.

Fig. 2.- Showing the diameters in the axial plane: a. A right lower limb showing the diameter of the proximal FA (at the level of the
IL). b. A right lower limb showing the diameter of the FA just before the separation of the DFA from the FA. c. A right lower limb
showing the diameter of the DFA and the diameter of the FA just after the separation of the DFA from the FA. (IL: Inguinal ligament,
FA: Femoral artery, DFA: Deep femoral artery, MCFA: Medial circumflex femoral artery, LCFA: Lateral circumflex femoral artery).
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Morphological classification of femoral artery

In our study, a modified classification given be-
low was obtained using Adachi’s (1928) classifica-
tion:

Type I: The DFA originates from the FA. The
MCFA and LCFA originate separately from DFA.

Type II: The DFA originates from the FA. The
MCFA originates from the FA, and the LCFA
originates from the DFA.

Type III: The DFA originates from the FA. The
LCFA originates from the FA, and the MCFA orig-
inates from the DFA.

Type IV: The DFA, MCFA, and LCFA originate
from the FA separately.

Type V: The DFA and the descending branch of
the LCFA originate from the FA separately. The
MCFA and the ascending branch of the LCFA
originate from the DFA.

Type VI: The DFA originates from the FA. The
MCFA and LCFA originate from a common trunk
originating from the FA.

Type VII: The DFA, MCFA and the descending
branch of the LCFA originate from the FA sepa-
rately. The ascending branch of the LCFA origi-
nates from the DFA.

Type VIII: The DFA and LCFA separately origi-
nate from the FA. There is no MCFA.

In our study, the side of origin from the FA
of the DFA was also examined. DFAs originating
from the posterolateral (P-L), posterior (P), later-
al (Lat), posteromedial (P-M), medial (Med), and
anterolateral (A-L) aspects of the FA were record-
ed. In addition, the artery from which the MCFA
and LCFA originate (FA or DFA) was examined.

In our study, descriptive statistical analysis was
performed with IBM SPSS Statistics 21.0. The in-
dependent-samples t-test was used to compare all
measured values by gender, and the paired-sam-
ples t-test was employed to compare the individu-
als’ right and left values.

RESULTS

The mean * SD values of the measurement
scores of all, male and female individuals in our
study are given in Table 1 and Table 2. Although
the data obtained from males were higher than
those of females in terms of all measurement pa-
rameters, only the differences in diameters were
significant between males and females (Table
2). Besides, there was no significant difference
between the right and left side values (Table 1)
(p<0.05).

Table 1. Total and gender and right-left values of length measurements (mm).

Total Male

Measurements
N Mean*SD N Mean+SD

Distance be-

tween the ori-

gin of the DFA 259
from the mid-

point of the IL

39,56 =
8,52

40,13 =

140 8.58

119

Distance be-

tween the ori-

gin of the LCFA
originating the = 214
DFA and the

origin of the

DFA

17,15+
4,79

17,55

84 5,48

Distance be-

tween the ori-

gin of the MCFA
originating the = 167
DFA and the

origin of the

DFA

12,52
4,58

12,85+

140 397

Female

N MeantSD

38,89 =

16,69 £

12,19 +

Right Left

N Mean*SD N Mean*SD

39,58 =
8,71

39,53 =

0,245 129 837

130 0,960

8,44

17,01 =
4,28

17,28 £

0,188 107 528

386 0,684

12,65 +
4,41

12,41 +

88 4,75

0,350 @ 79 0,732

5,13

FA: Femoral artery, DFA: Deep femoral artery, IL: Inguinal ligament, N: Number of samples measured, SD: Standart deviation,

(p<0,05).
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Table 2. Total and gender and right-left values of diameters (mm).

Total Male Female Right Left
Measurements P
N MeantSD N Mean*SD N Mean*SD N MeantSD N Mean*SD
FA Diameter
7,78 + 8,11+ 7,04 + 7,78 + 7,79 +
(at the level of = 259 121 114 1,04 119 1,28 <0,001 129 119 130 1,22 0,972
the IL)
FA Diameter
(just before
the separation 259 °°7* 140  707F 499 021F 001 129 O067F q43q 668% 4 ggq
1,26 1,11 1,27 1,21 1,31
of the DFA
from the FA)
FA Diameter
(just after the
separationof 259 2*8F q49 287 qq9 501 001 129 2ABEqgq 0 BB0E oo
1,19 1,08 1,15 1,13 1,26
the DFA from
the FA)
. 5,18 5,46 + 4,85 + 5,20 + 5,16 +
DFA Diameter 259 +1.31 140 195 119 1,31 <0,001 129 1,28 130 1.35 0,849

FA: Femoral artery, DFA: Deep femoral artery, IL: Inguinal ligament, N: Number of samples measured, SD: Standart deviation,

(p<0,05).

In our study, four morphometric types were ob-
served according to the classification suggested
by Kawashima et al. (2021). Among these types,
the most common one was Type D (39%). In type
D, the diameter of the DFA was smaller than the
diameter of the FA (below DFA), and there was no
ESB. Type B (29%) was the second most common
type, in which the diameter of the DFA was small-
er than the diameter of the FA (below DFA), and
there was ESB originating from the FA. In Type A
(24.7%), the third most common type, the diame-
ter of the DFA was larger than the diameter of the
FA (below DFA). The least detected type was Type
C (7.3%) in which, the diameter of the DFA was
smaller than the diameter of the FA (below DFA),
and there was ESB originating from the FA bifur-
cation (Table 3) (Figs. 3-6).

In addition, in this study, eight types were ex-
amined according to the morphological classifi-
cation made according to Adachi (1928), but six

types were found. Type VI was not observed in the
study, because the MCFA and LCFA did not origi-
nate from a common trunk. Besides, since there
were no individuals without MCFA in our study,
we did not encounter Type VIII. Type I (52.1%)
was the most common one among the types ob-
tained in the morphological classification. In this
type, the LCFA and MCFA originated from the
DFA. Type II (29.8%) was the second most com-
mon type in which the MCFA originated from the
FA, while the LCFA originated from the DFA. The
third most common type was observed to be Type
I1I (10.4%) in which, the LCFA originated from the
FA, while the MCFA originated from the DFA. The
incidence of Type IV was found to be 3.1%. In this
type, the DFA, LCFA, and MCFA were separately
originated from the FA. The least detected types
were Type V (2.3%) and Type VII (2.3%). In Type
V, the descending branch of the LCFA originated
from the FA, while the ascending branch of the

Table 3. Total and gender and right-left values according to morphometric classification (%).

Study Type Male % (N)
Type A 21,4 (30)
Type B 33,6 (47)
Morphometric classification
Type C 7,9 (11)
Type D 37,1 (52)

Female % (N)  Right % (N) Left % (N) Total % (N)
28,6 (34) 24 (31) 25,4 (33) 24,7 (64)
23,5 (28) 31,8 (41) 26,1 (34) 29 (75)

6,7 (8) 6,2 (8) 8,5(11) 7,3(19)
41,2 (49) 38 (49) 40 (52) 39 (101)
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Fig. 3.- Aright lower limb showing the image of Type A (Observed from the anterolateral). a: Three-dimensional volume-rendering
CT reconstruction showing the image of Type A. b: The schema showing the image of Type A (DFA diameter > diameter of FA just
after the separation of DFA from FA) (FA: Femoral artery, DFA: Deep femoral artery).

Fig. 4.- A left lower limb showing the image of Type B (Observed from the anterolateral). a: Three-dimensional volume-rendering
CT reconstruction showing the image of Type B. b: The schema showing the image of Type B (DFA diameter < diameter of FA just
after the separation of DFA from FA and presence of originating ESB before originating DFA from FA) (FA: Femoral artery, DFA: Deep
femoral artery, ESB: Ectopic side branch).
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Fig. 5.- Aright lower limb showing the image of Type C (Observed from the anterolateral). a: Three-dimensional volume-rendering
CT reconstruction showing the image of Type C. b: The schema showing the image of Type C (DFA diameter < diameter of FA just
after the separation of DFA from FA and presence of an ESB originating the FA bifurcation) (FA: Femoral artery, DFA: Deep femoral
artery, ESB: Ectopic side branch).

Fig. 6.- A left lower limb showing the image of Type D (Observed from the anterolateral). a: Three-dimensional volume-rendering
CT reconstruction showing the image of Type D. b: The schema showing the image of Type D (DFA diameter < diameter of FA just
after the separation of DFA from FA and absence of ESB) (FA: Femoral artery, DFA: Deep femoral artery, ESB: Ectopic side branch).
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MCFA and LCFA originated from the DFA. In Type
V, the descending branch of the LCFA and MCFA
originated from the FA separately, while the as-
cending branch of the LCFA originated from the
DFA (Table 4) (Figs. 7-12).

In all individuals, it was observed that the DFA
branched from the FA the most from the postero-
lateral side (72.6%) and the least from the antero-

lateral side (0.4%) (Table 5). It was determined
that 64.9% of the MCFA originated from the DFA,
while 85.8% of the LCFA originated from the DFA
(Table 6). In our study, it was observed that all L.C-
FAs and MCFAs branching from the FA originat-
ed from under the inguinal ligament. In addition,
circumflex arteries were not observed to originate
from any artery other than the FA and DFA.

Table 4. Total and gender and right-left values according to morphological classification (%).

Study Type Male % (N) Female % (N)  Right % (N) Left % (N) Total % (N)
Typel 47,2 (66) 58 (69) 50,4 (65) 53,9 (70) 52,1 (135)
Type I 33,5 (47) 25,2 (30) 32,6 (42) 26,9 (35) 29,8 (77)
Type 11 11,4 (16) 9,2(11) 9,3(12) 11,5 (15) 10,4 (27)
Type IV 2,9 (4) 3,44 2,3(3) 3,9 (5) 3,1(8)
Morphological classification
Type V 1,4 (2) 3,44 2,3(3) 2,3(3) 2,3(6)
Type VI 0 0 0 0 0
Type VII 3,6 (5) 0,8(1) 3,1(4) 1,5(2) 2,3 (6)
Type VIII 0 0 0 0 0

Fig. 7.- A left lower limb showing the image of Type I (Observed from the anterolateral). a: Three-dimensional volume-rendering CT
reconstruction showing the image of Type I. b: The schema showing the image of Type I (MCFA and LCFA originate separately from
DFA) (DFA: Deep femoral artery, MCFA: Medial circumflex femoral artery, LCFA: Lateral circumflex femoral artery).
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Fig. 8.- A left lower limb showing the image of Type II (Observed from the anterolateral). a: Three-dimensional volume-rendering
CT reconstruction showing the image of Type II. b: The schema showing the image of Type II (MCFA originates from FA and LCFA
originates from DFA) (FA: Femoral artery, DFA: Deep femoral artery, MCFA: Medial circumflex femoral artery, LCFA: Lateral cir-
cumflex femoral artery).

Fig. 9.- A left lower limb showing the image of Type III (Observed from the lateral). a: Three-dimensional volume-rendering CT
reconstruction showing the image of Type III. b: The schema showing the image of Type III (LCFA originates from FA, MCFA origi-
nates from DFA) (FA: Femoral artery, DFA: Deep femoral artery, MCFA: Medial circumflex femoral artery, LCFA: Lateral circumflex
femoral artery).
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Fig. 10.- A left lower limb showing the image of Type IV (Observed from the anterolateral). a: Three-dimensional volume-rendering
CT reconstruction showing the image of Type IV. b: The schema showing the image of Type IV (DFA, MCFA, and LCFA originate from
FA separately) (FA: Femoral artery, DFA: Deep femoral artery, MCFA: Medial circumflex femoral artery, LCFA: Lateral circumflex
femoral artery).

Fig. 11.- A left lower limb showing the image of Type V (Observed from the lateral). a: Three-dimensional volume-rendering CT
reconstruction showing the image of Type V. b: The schema showing the image of Type V (DFA and the descending branch of LCFA
originate from FA separately. MCFA and the ascending branch of LCFA originate from DFA) (FA: Femoral artery, DFA: Deep femoral
artery, MCFA: Medial circumflex femoral artery, LCFA: Lateral circumflex femoral artery).
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Fig. 12.- A left lower limb showing the image of Type VII (Observed from the anterolateral). a: Three-dimensional volume-rendering
CT reconstruction showing the image of Type VIIL. b: The schema showing the image of Type VII (DFA, MCFA, and the descending
branch of LCFA originate from FA separately. The ascending branch of LCFA leaves DFA) (FA: Femoral artery, DFA: Deep femoral
artery, MCFA: Medial circumflex femoral artery, LCFA: Lateral circumflex femoral artery).

Table 5. Ratios of various positions where the DFA originates from the FA (%).

Position of DFA origin = Male % (N) Female % (N) Right % (N) Left % (N) Total % (N)

P-L 75,7 (106) 68,9 (82) 72(93) 73,1 (95) 72,6 (188)

P 17,2 (24) 21 (25) 18,6 (24) 19,2 (25) 18,9 (49)

Lat 1,4(2) 5,9 (7) 4,7 (6) 2,3(3) 3,4(9)

P-M 4,3 (6) 3,4(4) 3,9(5) 3,8(5) 3,9 (10)

Med 0,7 (1) 0,8 (1) 0,8(1) 0,8(1) 0,8 (2)

A-L 0,7(@) 0 0 0,8 (1) 0,4 (1)

}\I: Nu{nber of samples measured, P-L: Posterolateral, P: Posterior, Lat: Lateral, P-M: Posteromedial, Med: Medial, A-L: Antero-
ateral.

Table 6. Findings on which artery originates MCFA and LCFA (%).

Direct origins of the MCFA without of a common trunk  Direct origins of the LCFA without of a common trunk

FA DFA FA DFA
Male 40 60 15 85
Female 29,4 70,6 13,2 86,8
Right 38 62 13,9 86,1
Left 32,3 67,7 14,4 85,6
Total 35,1 64,9 14,2 85,8

N: Number of samples measured, FA: Femoral artery, DFA: Deep femoral artery, MCFA: Medial circumflex femoral artery,
LCFA: Lateral circumflex femoral artery.
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DISCUSSION

The FA is the main artery supplying blood to the
lower extremities. The DFA, on the other hand, is
the most important branch of the FA and supplies
the femur, hip joint and thigh muscles (Zlotoro-
wicz et al., 2018). Comprehensive knowledge re-
garding the normal anatomy and variations of the
origin and course of the DFA and its circumflex
branches is of paramount importance during di-
agnostic vascular interventions and surgeries.
In addition, detailed anatomy knowledge helps
reduce the possibility of intraoperative secondary
bleeding and postoperative complications (Dixit
etal., 2011).

In a study conducted on cadavers, Manjappa
and Prasanna (2014) observed that the lowest
distance from the origin of the DFA to the mid-
point of the IL (31.95 mm) was on the left side. As
shown in Table 7, the mean distance from the ori-
gin of the DFA to the midpoint of the IL. was deter-
mined to be 39.56 + 8.52 mm in our study, which
was very close to the result (39.55 mm) reported
by Verma et al. (2016). The data of the Sri Lankan
(Samarawickrama et al., 2009), Greek (Panagouli
etal.,2011), Arabian (Nasr et al., 2014), and Polish
(Labetowicz et al., 2019) populations, which were
shown in Table 7, were higher than those found in
the current study. It was thought that this variabil-
ity among the results might be due to racial dif-
ferences.

The data for the Indian populations were ob-
served to be both lower (Sabnis, 2013; Manjap-
pa and Prasanna, 2014; Murthy et al., 2022) and
higher (Sudarshana and Chaudhary, 2020; George
and Santhakumary, 2021) than ours (Table 7).
This can be explained by the use of different
measurement methods. Vuksanovi¢-BoZaric et al.
(2007) emphasized that the distance from the or-
igin of the DFA to the midpoint of the IL should
be known to prevent flap necrosis and to perform
safe cardiac catheterizations in plastic and recon-
structive surgery practices.

In our study, the distances between the origin of
the LCFA originating from the DFA and the origin
of the DFA and between the origin of the MCFA
originating from the DFA and the origin of the
DFA were measured, and the data obtained were

compared with the results reported by other re-
searchers (Table 7). The data for the British pop-
ulation (Vazquez et al., 2007) were found to be
lower than ours. However, the data of the Arabian
(Nasr etal., 2014) and Indian (Prakash et al., 2010)
populations were observed to be higher than ours.
We think that the reason for this variability may
be due to racial differences and the use of differ-
ent measurement methods. Knowing the original
locations and distances of the DFA, MCFA, and
LCFA allows the surgeon to identify the vascular
pattern and avoid unexpected iatrogenic injuries
before performing any invasive procedure (Nasr
etal., 2014).

As listed in Table 8, both data of Sabnis (2013)
and Chauhan et al. (2015) were larger than our
data. This difference may be attributed to the dif-
ferent measurement methodologies employed.
The external diameters of the arteries were mea-
sured in those studies, whereas the internal (lu-
men) diameters of the arteries were measured in
our study. Kashyap and Kasote (2018) measured
the lumen diameter of the FA in their study on ca-
davers. The results obtained by these research-
ers were similar to our data. Kawashima et al.
(2021) performed diameter measurements with
CT before the invasive procedure in the Japanese
population in 2021. The comparison revealed that
the results obtained in our study were lower than
those of the Japanese population (Table 8). We
think that this may be linked to racial differences.
Kaur et al. (2019) emphasized the importance of
knowledge of the mean diameter and location of
the FA and its branches when performing clinical
interventions in the femoral region and hip joint
replacement. We are of the opinion that it would be
more accurate to know the lumen diameters rath-
er than external diameters in arterial interven-
tional procedures.

Kawashima et al. (2021) analyzed CT images of
82 patients and classified the FA morphometri-
cally and reported that they mostly detected Type
A (55%). They also stated that during FA cannu-
lation for minimally invasive cardiac surgery, the
prolongation of cardiopulmonary bypass time and
the presence of Type D are factors predisposing to
the development of asymptomatic limb ischemia.
In addition to the fact that Type D was the most
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Table 7. Comparison of distance measurements related to DFA origin with other studies (mm).

T The distance betwe- The distance between The distance between the
Author Country KS N R/L N the origin of ’fhe the (.)rigin of the LCFA  origin of the MCFA.le-aving
M/F DFA from the midpo- leaving the DFA and the DFA and the origin of
int of the IL the origin of the DFA  the DFA
Vazquez et
al. (2007) England Ca 346 T 14,8 9
50
Sama-
rawickrama SriLanka Ca 26 R 55
et al. (2009)
45
Prakash et .
al. (2010) India Ca 64 T 25 20
. R 48 £15,5
Panagouli et Greece Ca 123
al. (2011) L 43:154
Sabnis .
(2013) India Ca 60 T 32
M 50,6 +1,3 21,3+1,6 19,1+1,4
1\;’511'4“ al. Arabia Ca 90
(2014) F 48,8+1,5 21,3+1,8 18,9+1,7
Manjap- R 35,6
paand India Ca 40
Prasanna L 31,95
(2014)
39,55
Verma et al. .
(2016) India Ca 38 R 37,55
41,55
Labetowicz
etal. (2019) Poland Ca 80 T 43,15
Sudarshana
and Chaud-  India Ca 50 T 41,1
hary (2020)
T 38,9
Mogale etal. South
(2021) Africa Ca |90 |R 44
L 36,8
T 52,2
George and
Santhaku- India Ca 60 R 56,4
mary (2021
v ( ) L 48
T 36+1,3
Murthy et al. .
(2022) India Ca 70 R 35,8+1,2
L 35,7+1,3
T 39,56 + 8,52 17,15+ 4,79 12,52 + 4,58
R 39,58 £8,71 17,01 £ 4,28 12,65 + 4,41
Our study Tirkiye CT 259 | L 39,53 £ 8,37 17,28 £5,28 12,41 +4,75
M 40,13 £ 8,58 17,55+ 5,48 12,85 + 3,97
F 38,89 + 8,44 12,19 +£5,13 16,69 + 3,86

N: Number of samples measured, KS: Kind of study, Ca: cadaver, MA: Meta-analysis, CT: Computed Tomography, T: Total, R:
Right, L: Left, M: Male, F: Female, DFA: Deep femoral artery, MCFA: Medial circumflex femoral artery, LCFA: Lateral circumflex
femoral artery, mm: millimeter.
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Table 8. Comparison of diameter lengths of FA and DFA with other studies (mm).

T
Diameter of FA (at Diameter of FA (just Diameter of FA (just .

N 113,1//11; the level of the IL) before DFA leaves FA) = after DFA leaves FA) e S
Sabnis (2013) T 10 6

R 10,6
Anjankar et al. (2014)

L 10,9

R 7,31 +0,21

L 7,12 +0,32
Chauhan et al. (2015)

M 7,19 + 0,23

F 7,28 £ 0,32

T 6,69
Verma et al. (2016) R 6,88

L 6,5

R | 7,46 +0,97

M
Kashyap and Kasote L1743+0,93
(2018) R 6,33%0,68

F

L 6,29+0,69

M 12,11 +1,24 10,91+1,49 8,23 +1,42 7,11 +1,31
Labetowicz et al. (2019)

F 9,94 +1,65 9,08 +1,74 6,35+1,32 6,42 +1,39

T 8,9+1,5 6,4+1,2 6,4+1,3
Kawashima et al. (2021) R 8,9+1,5 6,5+1,3 6,6 +1,2

L 88+1,4 6,3+1,1 6,3+1,3

T 7,78 1,21 6,67 +1,26 5,48 +1,19 5,18 +1,31

R 7,78 +1,19 6,67 +1,21 5,45+1,13 5,20+1,28
Our study L 7,79 1,22 6,68 +1,31 5,50+1,26 5,16 +1,35

M 8,11 +1,04 7,07 +1,11 5,87 £1,08 5,46 +1,25

F 7,04 +1,28 6,21 +1,27 5,01 +1,15 4,85+1,31

T: Total, R: Right, L: Left, M: Male, F: Female, FA: Femoral artery, DFA: Deep femoral artery, IL: Inguinal ligament, mm: millimeter.

common (39%) in our study, it is also noteworthy
to mention that the rate of Type D (41.2%) was es-
pecially high in females. Considering the results
obtained in the current study based on the classi-
fication of Kawashima et al. (2021), in the Turkish
population, more attention should be paid to the
risk of the development of lower extremity isch-
emia in patients (especially in females) with Type
D who will undergo FA cannulation.

The morphological types obtained in our study
are presented in Table 9 together with the classifi-
cations made by various researchers. As listed in
Table 9, Type I was the most common type both in
the literature and in our study. In addition, Type
VI and Type VIII were not detected in our study.
Troupis et al. (2013) emphasized the importance

of knowing the branching pattern and anatomical
variations of the FA according to both its origin
and course, since a large number of procedures
such as general surgery, orthopedic surgery, vas-
cular surgery, plastic surgery, and invasive cardi-
ology are performed in the femoral region.

In our study, the origin direction of the DFA from
the FA was examined. As listed in Table 10, it has
been reported in the literature that the DFA orig-
inates mostly from the posterolateral direction. It
was also observed in our study that the DFA most-
ly originated from the posterolateral aspect of the
FA (72.6%) in line with the literature.

The CT images examined in our study showed
that the MCFA originated directly from the FA
or DFA. As presented in Table 11, the literature
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Table 9. Comparison of the obtained types with the corresponding types in other studies (%).

Author ;/L Typel Typell Typelll TypelV TypeV TypeVI TypeVIlI Type VIII
M/F
Adachi B (1928) T 63,2 15 14,4 3,6 2,2 0,8 0,5 0,3
Massoud and Fletcher (1997) T 81 6,4 2,8 5,9 0 0,7
T 78,8 15,95 4,55 0,5
R 82,11 12,84 5,04 0
Vazquez et al. (2007) L 75,9 19,09 4,09 0,9
M 75,6 18,53 4,87 0,97
F 81,97 13,73 4,29 0
Labetowicz et al. (2019) T 40 15 16,25 3,75
Vuksanovi¢-BoZari¢ et al. (2018) T 66,7 10 5 5
Zlotorowicz et al. (2018) T 50 31 15 2 1 1
Tomaszewski et al. (2016) T 64,6 32,2 0,4 0,4
T 52,1 29,8 10,4 3,1 2,3 0 2,3 0
R 50,4 32,6 9,3 2,3 2,3 0 3,1 0
Our study L 53,9 26,9 11,5 3,9 2,3 0 1,5 0
M 47,2 33,5 11,4 2,9 1,4 0 3,6 0
F 58 25,2 9,3 3,4 3,4 0 0,8 0

T: Total, R: Right, L: Left, M: Male, F: Female.

Table 10. Comparison of various positions where the DFA originates from the FA with other studies (%).

T
Author Country KS N R/L. P-L(%) P(%) Lat(%) P-M(%) Med (%) A-L (%)
M/F
Prakash et al. (2010) India Ca 64 T 50 46,9 3,1
M 42 24 20 14
Nasr et al. (2014) Arabia Ca 90
F 42,5 27,5 20 10
R 50 40 5
Manjappa and Prasanna (2014) India Ca 40
L 70 10 15 5
R 48,33 20 18,33 13,33
Anjankar et al. (2014) India Ca 120
L 46,67 23,33 15 15
Rajani et al. (2015) India Ca 66 T 53,03 10,61 18,17 13,63 3,03 1,51
Sudarshana and Chaudhary .
(2020) India Ca 50 T 64 12 22 2
George and Santhakumary . R 60 6,67 | 233 3,33 3,33 3,33
(2021) India Ca 60
L 66,7 6,67 20 3,33 3,33 0
T 72,6 18,9 3,4 3,9 0,8 0,4
R 72 18,6 4,7 3,9 0,8 0
Our Study Tiirkiye CT 259 L 73,1 19,2 2,3 3,8 0,8 0,8
M 75,7 17,2 1,4 4,3 0,7 0,7
68,9 21 5,9 3,4 0,8 0

N: Number of samples measured, P-L: Posterolateral, P: Posterior, Lat: Lateral, P-M: Posteromedial, Med: Medial, A-L: Anterola-
teral, KS: Kind of study, Ca: Cadaver, MA: Meta-analysis, CT: Computed Tomography, T: Total, R: Right, L: Left, M: Male, F: Female.
(Rates for MCFAs that directly originate (without a common trunk) are compared)
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Table 11. Comparison of arteries from which MCFA originates with other studies (%).

Author Country KS
Massoud and Fletcher (1997) USA Ta
Vazquez et al. (2007) England Ca
Prakash et al. (2010) India Ca
Nasr et al. (2014) Arabia Ca
Manjappa and Prasanna (2014) India Ca
Anjankar et al. (2014) India Ca

Al-Talalwah (2015) Scotland ' Ca

Ogeng’o et al. (2015) Kenya Ca
Tomaszewski et al. (2016) World MA
Verma et al. 82016) India Ca
.2 o ez Monte-
Vuksanovic¢-Bozari¢ et al. (2018) Ca
negro
Zlotorowicz et al. 82018) Poland CT
Kaur et al. 2019) India Ca
Labetowicz et al. (2019) Polonya @ Ca
Our study Turkiye CT

T
N R/L From DFA (directly) From FA (directly)

M/F
188 T 76 22
438 T 83,4 16,4
64 T 67,2 32,8

M 60 22
90

F 57,5 27,5

R 40 50
40

L 60 35

R 65 20
120

L 60 23,33
342 T 57 15,6
104 T 79,6 4,1
4351 T 64,6 33,2

T 73,68 26,32
38 R 66,67 33,33

L 80 20
60 T 78,3 16,7
100 T 65 34

R 85 15
40

L 75 25
80 T 62,5 18,75

T 64,9 35,1

R 62 38
259 L 67,7 32,3

M 60 40

F 70,6 29,4

N: Number of samples measured, KS: Kind of study, Ta: Transfemoral aortogram, Ca: Cadaver, MA: Meta-analysis, CT: Comput-
ed Tomography, T: Total, R: Right, L: Left, M: Male, F: Female, FA: Femoral artery, DFA: Deep femoral artery.
(Rates for LCFAs that directly originate (without a common trunk) are compared)

data similarly indicate that the MCFA direct-
ly originates from the FA or DFA. Manjappa and
Prasanna (2014) stated that the right-side MCFA
mostly originates from the FA, while all other re-
searchers reported that it originates mostly from
the DFA. In our study, it was found that the MCFA
mostly originated from the DFA and the results of
the current study show similarities with previous
studies. Accurate anatomy knowledge of the MCFA
isimportant to prevent femoral head necrosis and
iatrogenic injuries to this artery during hip joint

surgery and flap plastic surgery (Tomaszewski et
al., 2016; Tzouma et al., 2020).

In the current study, it was detected that the
LCFA originated directly from the FA or DFA. As
listed in Table 12, the data obtained in previous
studies reveal that the LCFA directly originates
from the FA or DFA. Although most researchers
have stated that the LCFA directly originates from
the DFA, Kaur et al. (2019) reported that the
right of the LCFA originates equally both from the
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Table 12. Comparison of arteries from which LCFA originates with other studies (%).

T
Author Country KS N R/L From DFA (directly) From FA (directly)

M/F
Massoud and Fletcher (1997) USA Ta 188 T 80 19
Fukuda et al. (2005) Japan Fa 262 T 81,7 17,2
Vazquez et al. (2007) England Ka 438 T 94,8 5,02
Uzel et al. (2008) Tirkiye Ka 110 T 77,3 20,9
Prakash et al. (2010) India Ka 64 T 81,25 18,75
Sinkeet et al. (2012) Kenya Ka 84 T 65,55 2,4
Sabnis (2013) India Ka 60 T 80 16,6

M 74 12
Nasr et al. (2014) Arabia Ka 90

F 65 20

R 80 20
Manjappa and Prasanna (2014) India Ka 40

L 70 25

R 70 13,33
Anjankar et al. (2014) India Ka 120

L 66,67 15
Ogeng’o et al. (2015) Kenya Ka 104 T 66,7 33,5

T 84,21 15,79
Verma et al. (2016) India Ka 38 R 77,77 22,23

L 90 10
Vuksanovié¢-Bozarié¢ et al. (2018) Montenegro Ka 60 T 83,3 8,4

R 50 50
Kaur et al. (2019) India Ka 40

L 60 40
Labetowicz et al. (2019) Poland Ka 80 T 78,75 21,25

T 78,9 21,1
Mogale et al. (2021) South Africa Ka 90 R 82,2 17,8

L 75,6 24,4

T 85,8 14,2

R 86,1 13,9
Our study Tiirkiye CT 247 L 85,6 14,4

M 85 15

F 86,8 13,2

N: Number of samples measured, KS: Kind of study, Ta: Transfemoral aortogram, Fa: Femoral angiography, Ca: Cadaver, MA: Me-
ta-analysis, CT: Computed Tomography, T: Total, R: Right, L: Left, M: Male, F: Female, FA: Femoral artery, DFA: Deep femoral artery.

DFA and FA. In our study, it was observed that the
LCFA mostly originated from the DFA (85.8%). It is
important to have information about the anatomi-
cal variations of the LCFA and its branches, as they
are used in aortopopliteal bypass, coronary artery
bypass graft, extracranial-intracranial bypass
surgeries, and anterolateral thigh flaps (Fukuda et
al., 2005; Uzel et al., 2008; Olasinska-Wisniewska
etal.,, 2017).

Prakash et al. (2010), in their study on cadavers,
reported that if the MCFA and LCFA originate di-
rectly from the FA, the level of separation of the
DFA from the FA would be more distal. For this
reason, they emphasized that these anatomical
facts should be taken into account before plan-
ning different diagnostic and therapeutic inter-
ventions for the FA and its branches.
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Our study has two limitations. The first is the
small sample size included in the study. The sec-
ond is that the study was conducted in a popula-
tion in a limited region.

CONCLUSION

It is necessary to know the morphometric in-
formation of the FA and its branches, especially
to perform intravenous applications more safely.
Information about the branching model and vas-
cular system of the FA and DFA is very important
in terms of cardiology, radiology, general surgery,
plastic surgery and orthopedic surgery. Our study
includes morphological information, as well as
morphometric information. Therefore, we believe
that it will be of significant use to both clinicians
and the literature in this regard.
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Long-term supplementation with young
coconut juice help prevent bone loss
of orchidectomized rats by increasing
connectivity density, percentage bone
volume and osteoblast-/osteocyte-(ERa-/
ERp-) immunoreactive cells of the L5
vertebra and femur
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SUMMARY

Adult male rats were orchidectomized (ORX)
and treated with 17B-estradiol or young coconut
juice (YCJ) for ten weeks. Their femur and L5 ver-
tebra were dissected, and the percentage of bone
volume was measured using a Micro-CT scan. Im-
munohistochemistry was used to detect ERa and
ERP to determine if the osteoporotic protective
effects of YCJ were due to the attachment of the
YCJ active component(s) to estrogen receptors. It
was found that both ERa and ERp were found in
osteocytes and osteoblasts, but not osteoclasts.
Compared to normal rats, the percentage of bone
volume and number of osteoblast- and osteo-
cyte-reactive cells of both femur and L5 were sig-
nificantly reduced in ORX rats. Those numbers in
the ORX rats were restored to normal by injecting
estradiol benzoate or by feeding YCJ to the rats,

which was not dose-related. Significant correla-
tions were detected between osteoblast-/osteo-
cyte- (ERa-/ERp)-reactive cells vs. serum E2 level.
The optimal dose of this study was 10 mL/kg BW/
day for ERa-of both osteoblasts and osteocytes
and 40 mL/kg BW/day for ERB-of both osteoblasts
and osteocytes. The results suggest that YCJ may
be as efficient as estradiol benzoate in attenuating
osteoporosis, probably by being a selective estro-
gen receptor moderator.
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porosis
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EB Estradiol benzoate

EDTA Ethylenediaminetetraacetic acid
ER Estrogen receptor

ERa Estrogen receptor-o

ERp Estrogen receptor-p
GI Gastrointestinal
OPG  Osteoprotegerin
ORX  Orchidectomized

RANKL Receptor activator of nuclear factor kB ligand

SERM Selective estrogen receptor modulator

T Testosterone

VDR  Vitamin D receptor
YCJ Young coconut juice
INTRODUCTION

Being one of the commonest human metabolic
bone maladies, osteoporosis has been a growing
health concern in both women and men (Sozen et
al., 2017). Numerous studies reported that estro-
gens exert a vital role in human bone homeostasis
(Noirrit-Esclassan et al., 2021). Bone loss in aging
men is due to androgen deficiency (Shigehara et al.,
2021). Several studies, however, reported the effect
of estrogen in maintaining men’s bone mass (Noir-
rit-Esclassan et al., 2021). Although testosterone,
one of the androgenic hormones, can be convert-
ed to estrogen in peripheral tissue, its level is not
as high as in women. Effective prevention of bone
loss has been proven by estrogen replacement
treatment. However, this therapy also causes gyne-
comastia (Chen et al., 2015), increasing the risk for
benign prostate cancer and prostatic hyperplasia
(Capogrosso et al., 2021). Therefore, a better choice
than estrogens is the plant-derived nonsteroidal
compounds phytoestrogens, with biological activ-
ities like estrogen, maybe. Various phytoestrogens
inhibit bone loss with limited consequences on
reproduction organ tissues that function as selec-
tive estrogen receptor modulators (SERMs) (Zhou
et al., 2021). Recently, the discovery of SERMs has
pointed to the fact that estrogenic substances that
positively affect bone but do not affect the gonads
and the mammary glands available. Our previous
studies for the past ten years strongly indicated
that YCJ could act as a kind of SERMs (Balit et al.,
2018; Payanglee et al., 2021; Radenahmad et al.,
2009, 2010, 2012, 2015; Suwanpal et al., 2011).

Our team has gradually accumulated prelimi-
nary studies to investigate the anti-osteoporot-
ic effects of YCJ for many years. We first started
with relevant cells involved with gastrointestinal
(GI) functions in the GI tract (Radenahmad et al.,
2014). Those studies indicated that the reduction
of the GI argyrophil cells density might influence
osteoporosis among orchidectomized (ORX) rats.
In turn, this phenomenon would add to the mo-
tility, calcium absorption activities, hormone pro-
duction, and secretion processes in the GI tract
that is often evident in osteoporotic andropause
and elderly patients. Diminishing absorption of
calcium, and perhaps of other minerals in the GI
tract in the ORX rats, may have caused osteoporo-
sis that can be treated with exogenous estrogen,
e.g., estradiol benzoate (EB) and phytoestrogen, or
YCJ feeding (Yusuh et al., 2010). The study then
moved to the next step, investigating cartilage
and bone of temporomandibular joint of ORX rats.
We found that YCJ with a high dose of YCJ at 100
mL/kg BW/day could increase the thickness of the
cartilage and mandibular cancellous bone in cell
layer ORX rats (Suwanpal et al., 2011; Yusuh et
al., 2010). We found that ORX rats that were giv-
en a dose of 100 mL/kg BW/day YCJ produced an
unfavorable glycogen deposition in the liver (Ra-
denahmad et al., 2012, unpublished data). As an
established model of osteoporosis, castrated rats
(Blouin et al., 2008) develop substantial osteopo-
rosis with a decrease to about 35% in bone mass
(Mohamad et al., 2018; Chin and Ima-Nirwana,
2015). In addition, we have proven that YCJ at
three lower doses (10, 20, and 40 mL/kg BW) had
no feminizing nor adverse effects on male gonads
(Balit et al., 2018). Therefore, in the present study,
these three lower doses were used to investigate
whether it effectively prevents osteoporosis with-
out adverse effects in ORX rats.

Bone cell phytoestrogen therapy has been re-
ported by many studies. Kim (2021) found that
isoflavones are structurally similar to 17-B-es-
tradiol and bind to estrogen o and B receptors
(Kim, 2021). Domazetovic et al. (2020) reported
that blueberry juice can prevent the inhibition
of osteogenic differentiation and mineralization
induced by oxidative stress and triggered by glu-
tathione depletion using human osteoblast-like
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Sa0S-2 cells (Domazetovic et al., 2020). Icariside
I and icariside II of Epimedii Folium were reported
by Liu et al. (2017) as two active compounds that
greatly enhanced cell proliferation and osteo-
blast development. Estrogen is crucial for male
bone health, acting through ERa (Noirrit-Esclas-
san et al.,, 2021). Characteristically, phytoestro-
gens show affinity to a and B estrogen receptors,
like 17p-estradiol (E2) (Dominguez-Lépez et al.,
2020; Rietjens et al., 2017), and these two estro-
gen receptors are found in both mice and human
bones (Khalid and Krum, 2016). It was found that
ERa of osteocytes has an essential function in
male mice trabecular bone formation (Farman,
2019). Panche et al., (2016) reported that fla-
vonoids found in most phytoestrogens possess
wound-healing properties. Our previous studies
showed that YCJ accelerated wound healing (Ra-
denahmad et al., 2012; 2015). Therefore, YCJ was
presumably considered as one of the flavonoid
groups that could have anti-osteoporotic effects.

Altogether, the present study aimed to explore
the functioning properties of YCJ (Cocos nucifera,
L) in preventing bone loss in the femur and the L5
vertebra, a proper model of osteoporosis among
ORX rats. This study used immunohistochemis-
try of estrogen receptor (ER) of both ERo and ERp
in osteoblasts and osteocytes to explore wheth-
er YCJ could act through these receptors. As an
established method, the micro-CT is popularly
used to quantify in vivo anti-osteoporotic agents
(Effendy et al., 2013), and microradiographs of
post-mortem undecalcified histological sections
provide higher resolution. Thus, this study used
a micro-CT scan to investigate microarchitec-
tural changes of the bones in detail, i.e., number,
length, width, and localization.

MATERIAL AND METHODS

YCJ preparation

Substantial volume of YCJ was obtained from
Khlong Hoi Khong district, Hat Yai, Songkhla,
Thailand, which was then processed to become
powder. The YCJ powder was maintained at -30°C
temperature until used. Solution of the powder
was freshly prepared before being given to the
rats. Our previous publication provides the com-

plete preparation and administration of the YCJ
(Radenahmad et al., 2006).

Animals

The study used 8-month-old, 250-300 g BW
adult male Wistar rats obtained from Mahidol
University (Salaya, Thailand). The animals were
then maintained at our animal House laborato-
ry facilities, given standard food pellets, housed
in contamination-free room that was artificially
lighted with a 12h dark/light cycle, with25 + 1°C
temperature, and 50 + 5% humidity. All animals
were given normal care complying with Animal
Care and Use Committee of Prince of Songkla
University and the National Institutes of Health
guidelines (NTH publication 86-23 revised 1985).
The research protocol was approved under li-
cense number 01/59.

Experimental design

At the end of a one-week acclimatization period,
the animals were divided into seven groups, each
consisting of ten rats, then treated for ten weeks.
First group, the baseline control (NC) animals
without any treatment, sacrificed on the first day
of the experiment. This first group was used as an
initial baseline value in determining skeletal tis-
sue changes resulting from aging and surgery op-
erations (Kalu, 1991). Second group, sham-oper-
ated rats (SC). Third group, orchidectomized rats
(OC). Fourth group (OE), ORX rats injected estra-
diol benzoate intraperitoneally with a dose of (2.5
ug/kg BW/day) for three days per week, as in our
previous studies (Radenahmad et al., 2009; 2012),
Fifth, sixth and seventh groups each consisted of
ORX rats with YCJ gavage dose of 10 (0J10), 20
(0J20), and 40 ml/kg BW/day (0J40), respectively
(Table 1a). The EB injection and the feeding with
YCJ began a week after orchidectomy. SC and OC
rats were forced-fed with reverse osmosis water,
the injection vehicles. The feeding with YCJ was
done once daily, a week after the orchidectomy.
The rats were sacrificed at the end of the ten-week
feeding and injection treatment. The L5 vertebral
body and the femur were removed, fixated using
neutral formalin (10%), then decalcified. This was
then followed by paraffin sectioning and immuno-
histochemical staining processes (Radenahmad
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Table 1. Animal grouping, antibodies, concentration, and manufacturer used for bone sections of each rat.

1a. Animal grouping (10 rats per group).

Groups Treatments

NC Normal (normal control)

SC Sham-operated, received reverse-osmosis water (sham control)

ocC Orchidectomized, received reverse-osmosis water (orchidectomized control)

OE Orchidectomized, and injected with estradiol benzoate (EB, 2.5 nug/kg BW) 3 days a week, for 10 wks
0J10 Orchidectomized, received YCJ at 10 mL/kg BW/d for 10 wks

0J20 Orchidectomized, received YCJ at 20mL/kg BW/d for 10 wks

0J40 Orchidectomized, received YCJ at 40mL/kg BW/d for 10 wks

1b. Immunostaining for each rat bone sections.

Section No. Staining

1-2 H & E staining, for histological orientation

3-4 Immunostaining for mouse anti-estrogen receptor a (aa-120-170) antibody (MAB447, Millipore, CA, USA)
5-6 Immunostaining for rabbit anti-estrogen receptor p antibody (PA1-310B, Thermo Fisher Scientific, IL, USA)
7-8 Immunostaining, omitting primary antibodies (negative control), one for each antibody

1c. Dilutions of each antibody.

Bones
Femur

Lumbar (L5)

etal., 2009). Serum estradiol and testosterone was
measured using the chemiluminescent immuno-
assay (CIA) technique (ECLIA, Modular E 170C,
Estradiol I 03000079 122, Roche, Germany and
ECLIA, Modular E 170C, testosterone 11776061
122, Roche, Germany, respectively). The CIA tech-
nique details have been explained in our previous
publication (Radenahmad et al., 2009).

Bone decalcification

Muscles were removed as much as possible
from the bones, then fixed in 10% neutral buf-
fer formalin for seven days. All well-fixed speci-
mens were decalcified with 10% EDTA (ethylene-
diaminetetraacetic acid) chelating agent twenty
times their volume changed once a week for ten
weeks. The endpoint of decalcification was ad-
justed by X-ray (the most accurate method).

Bone morphology assessment

The excised L5 and femur were thawed at room
temperature for twohours before scanning pro-

Antibodies
ER-alpha ER-beta
1:400 1:100
1:200 1:100

cess using the micro-computed tomography
method (Scanco Medical, Bassersdorf, Switzer-
land), and evaluation using Scanco program (ver-
sion 6.5-1, Scanco Medical). The optical micro-
scope (Axioskop 40) was used to measure %bone
volume with a digital video camera (NOPL-A662,
Media Cybernetics, Silver Spring, MD, USA) and
the imaging software (CellSense version 1.6, Ger-
many). The Bone volume/total volume (BV/TV),
bone mineral density (BMD), trabecular thickness
(Th.Th), trabecular separations (Th.Sp), trabec-
ular numbers (Th.N.), and connectivity density
(Conn.D) are the structural parameters mea-
sured. The collected data were compared between
groups and different levels of vertebra or femur
within the group.

1.1. Percentage prevention calculation

BMD values from micro-CT scan of the control
and the experimental groups were calculated for
% prevention using a formula as follows (Uraso-
pon et al., 2007):



- N
average value of treatment
groups - average value
of the OC group x 100

% prevention =
average value of the SC group
- average value of the OC group

-

-

1.2. Percentage change calculation

BMD values from micro-CT scan of the control and
the experimental groups were calculated for % change
using a formula as follows (Urasopon et al., 2007):

average value of treatment groups-
average value of the OC group x100

% change =
average value of the OC group

1.3. Percentage Bone volume (H&E staining)

Histomorphometric analysis was done on ran-
domly five areas of three separate 60 um trabecu-
lar bone areas. Analysis of the bone area (%) was
done using the formula described by Parfitt et al.
(1987) and Suwanpal et al. (2011):

area of trabeculae x100

Bone volume (%) =
area of trabeculae+
marrow space

Immunohistochemistry

Each block was sliced with microtome to eight
5 um-thick sections, stained with Hematoxylin
and Eosin (H&E), and prepared for ERa and ERB
antibody immunostaining (Table 1b and 1c). The
glass slides were coated with a poly-L-lysine solu-
tion for immunostaining. The positive controls

for ERa and ERB immunostaining from normal
female rats were done on the uterus and ovary
sections, respectively. The whole preparation pro-
cess was guided according to our method previ-
ously reported (Radenahmad et al., 2009; 2012).
The details of all antibodies, concentrations, and
manufacturers used for bone sections of each rat
described in Table 1b and 1c.

Quantitative analysis of ER¢ and ERp immuno-
reactive cells

The immunoreactive cells from the L5 vertebral
body and the femur were counted using light mi-
croscopy (LM) at 40x magnification power. Using an
image analysis system (Samba Technologies, Mey-
lan, France), two double-blind observers analyzed
ten random fields of each slide. The mean number
of immunoreactive cells/mm? was obtained by aver-
aging the three antibody readings in each section.

Statistical analysis

The calculations of the sample size used Alt-
man’s nomogram. The microscopic fields were
randomized for selection using Excel version 5.0.
Results were expressed as mean + SEM. The confi-
dence interval used was p<0.05. Shapiro-Wilk test
was used to test the normal distribution, one-way
ANOVA followed by the LSD test was performed us-
ing SPSS version 16.0 (SPSS, Inc., Chicago, IL, USA).

RESULTS

Body weight

After the ORX rats were treated with EB or YCJ
for ten weeks, the body weight of the OE group
on the day of termination was significantly low-
er than that on the day of onset (Table 2). Com-

Table 2. Body weight (g) (mean + SEM) of the 7 groups of rats examined, NC = baseline normal control group, SC = sham-operated
group, OC = orchidectomized rats, OE = orchidectomized rats + estradiol benzoate (EB), 0J10 = orchidectomized rats receiving
YCJ 10 mL/kgBW, 0J20 = orchidectomized rats receiving YCJ 20 mL/kgBW, 0J40 = orchidectomized rats receiving YCJ 40 mL/
kgBW. "p<0.05 comparison between the body weight at the commencement of the study and the day that the rats were terminated.

Groups  nen=10)  SC (n=10) 0C (n=10)
BW
BW
552.60+32.69 540.70+28.82  530.00+27.33

Started
BW

. 552.60+32.69 528.20+17.53 493.80+17.69
finished

OE (n=10)

571.70 + 32.50

489.30+£19.94*

0J10 (n=10) 0J20 (n=10) 0J40 (n=10)

520.50+22.14 504.70+21.58 | 485.30+21.06

511.70+21.12  485.10+16.95 | 473.40+15.04
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pared between the initiation day and the last day
of the experiment after force feeding with YCJ for
10 weeks, the body weight of all the 3 OJ groups
(0J10,0J20 and 0J40) was lower, even though sta-
tistically significant was not exhibited.

Bone Parameters

Bone volume percentage. The results present-
ed in Figs. 1A and 1B demonstrates 3D images
of micro-CT measurements of the L5 vertebra
and femur, respectively. Following orchidecto-

Fig. 1A.- The 3D image of micro-CT measurement of the ver-
tebral body of 5th lumbar (L5). NC = baseline control group;
SC = sham-operated group; OC = orchidectomized group; OE =
orchidectomized rat receiving estradiol benzoate (EB) 2.5 ug/
kgBW/day; OJ10 = orchidectomized rat receiving YCJ 10 mL/
kgBW/day; 0J20 = orchidectomized rat receiving YCJ 20 mL/
kgBW/day; 0J40 = orchidectomized rat receiving YCJ 40 mL/
kgBW/day.

my (OC group), the percentage of bone volume
(Figs. 2A, a-b) was significantly lower in L5 (Fig.
2A, a) but not in the femur (Fig 2A, b) compared
with the control groups (NC and SC groups). That
percentage of bone volume increased when the
ORX rats were treated with EB (OE group) or YCJ
treatments. With YCJ treatments (0J10, 0J20, and
0J40 groups), the bone volume percentage in-
creased but was not dose-related. The 0J20 was
the best dose for both the L5 vertebra (Fig. 24, a)
and femur (Fig. 2A, b). Nevertheless, the bone vol-

Fig. 1B.- The 3D image of micro-CT measurement of the left
femur. NC = baseline control group; SC = sham-operated
group; OC = orchidectomized group; OE = orchidectomized
rat receiving estradiol benzoate (EB) 2.5 ng/kgBW/day; 0J10
= orchidectomized rat receiving YCJ 10 mL/kgBW/day; 0J20 =
orchidectomized rat receiving YCJ 20 mL/kgBW/day; 0J40 =
orchidectomized rat receiving YCJ 40 mL/kgBW/day.



Fig. 2A.- The percentage of bone volume of the lumbar (L5) vertebra and the femur of 7 groups examined. Data expressed as mean
+ SEM. Columns superscript with different letters are significantly different at p < 0.05. NC = baseline control group; SC = sham-op-
erated group; OC = orchidectomized group; OE = orchidectomized rat receiving estradiol benzoate (EB) 2.5 ug/kgBW/day; 0J10 =
orchidectomized rat receiving YCJ 10 mL/kgBW/day; OJ20 = orchidectomized rat receiving YCJ 20 mL/kgBW/day; 0J40 = orchidec-

tomized rat receiving YCJ 40 mL/kgBW/day.

ume percentage of 0J10 and 0J20 groups in both
the L5 vertebra and femur were not significantly
different from each other (Figs. 2A, a-b). Among
three doses of YCJ treatments, that of the 0J40
group was the lowest (Figs. 2A, a-b), even though
in the femur, the significant difference was not
detected when compared with the 0J10 and 0J20
groups (Fig. 2A, b).

Bone density connectivity. The micro-CT scan
image of the femur indicated that Conn.D of the
ORX group (OC group) was significantly less than
the baseline group (NC group), while the ORX
groups fed with YCJ were not different signifi-
cantly from either the sham (SC) or baseline (NC)
groups. BV/TV of the ORX groups fed with YCJ (OJ
groups) was significantly less than the baseline
group, but the difference was not significant from
the ORX group (Fig. 2C, e). Other bone parameters
of the OJ groups, e.g., BMD% prevention, BMD%
change, Th.Th., Th.N., Th.Sp. was not significantly
different from the sham or ORX groups (Figs. 2C,
¢, d, f, g, and h). In contrast, all bone parameters
in the micro-CT scans of the L5 of the OJ groups

were not significantly different when compared to
the control groups (Figs. 2B, a-h). Unexpectedly,
the Conn.D of the L5 of the 0J40 group was higher
than that of the NC, OC, OE, 0J10, and 0J20 groups.
Interestingly, the Conn.D. of both 0J40 and the SC
groups was not significantly different (Fig. 2B, b).

Estrogen Receptors

Fig. 3 demonstrates ERa-ir and ERp-ir reactive
cells of both femur and the L5 vertebra compared
between the ORX+YCJ (OJ) groups and the control
(SC, OC, and OE) groups. Reactivity of both ERa
and ERB were detected in osteocytes and osteo-
blasts in femur bone and L5 vertebrae (Fig. 3).

ERa-ir cells. Fig 4A depicts the number of ERa-ir
cells of osteoblasts and osteocytes of the L5 ver-
tebra (Figs. 4A, a, b) and the femur (Figs. 4A, c, d).
In the NC and SC groups, the reactive cells were
observed at high frequency. Following orchidec-
tomy (OC group), the numbers of ERa -ir cells sig-
nificantly dropped, particularly osteoblasts of L5
(Fig. 4A, a). The values of ERa-osteoblasts (Figs.
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Fig. 2B.- The results of histomorphometric analyses of the 5th lumbar vertebra (L5). Data expressed as mean + SEM. Columns su-
perscript with different letters are significantly different at p < 0.05. BMD = bone mineral density; Conn.D = Connectivity density;
BMD % Prevention = percentage prevention of the experimental/control groups; BMD % Change = percentage changes of the exper-
imental/control groups; BV/TV = trabecular bone volume fraction; Th.N = trabecular number; Th.Th = trabecular thickness; Th.Sp =
trabecular separation of lumbar (L5).Data expressed as mean + SEM. NC = baseline control group; SC = sham-operated group; OC =
orchidectomized group; OE = orchidectomized rat receiving estradiol benzoate (EB) 2.5 ug/kgBW/day; 0J10 = orchidectomized rat
receiving YCJ 10 mL/kgBW/day; 0OJ20 = orchidectomized rat receiving YCJ 20 mL/kgBW/day; 0J40 = orchidectomized rat receiving

YCJ 40 mL/kgBW/day.

4A, a, c), but not of osteocytes (Figs. 4A, b, d), of
both L5 and femur, significantly increased when
the ORX rats were treated with EB (OE group).
When ORX rats were treated with YCJ (0J10, 0J20,
and 0J40 groups), the numbers of the osteoblast-

and osteocyte-reactive cells increased but were
not dose-related (Figs. 4A, a-d). When compared
to each other, the difference in the number of
ERa—ir cells in all three OJ groups were not signif-
icant from each other. Similarly, the osteoblasts
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Fig. 2C.- The results of histomorphometric analyses of the femur. Data expressed as mean + SEM. Columns superscript with different
letters are significantly different at p < 0.05. BMD = bone mineral density; Conn.D = Connectivity density; BMD % Prevention = per-
centage prevention of the experimental/control groups; BMD % Change = percentage changes of the experimental/control groups;
BV/TV = trabecular bone volume fraction; Th.N = trabecular number; Th.Th = trabecular thickness; Th.Sp = trabecular separation of
femur. Data expressed as mean + SEM. NC = baseline control group; SC = sham-operated group; OC = orchidectomized group; OE =
orchidectomized rat receiving estradiol benzoate (EB) 2.5 ug/kgBW/day; 0J10 = orchidectomized rat receiving YCJ 10 mL/kgBW/day;
0J20 = orchidectomized rat receiving YCJ 20 mL/kgBW/day; 0J40 = orchidectomized rat receiving YCJ 40 mL/kgBW/day.

and osteocytes in all these three OJ groups and bra and the femur. In the NC and SC groups, these
the control (NC, SC, OC, and OE) groups were not reactive cells were observed at high frequency.
significantly different (Figs. 4A, a-d). Following orchidectomy (OC group), the number
of ERB—ir in osteoblasts of L5 (Fig. 4B, a) but not

ERp-ir cells. Fig. 4B depicts the number of ERB-ir
the femur (Fig. 4B, ¢) significantly decreased. That

cells of osteoblasts and osteocytes of the L5 verte-
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Fig. 3.- Immunohistochemical staining of ERa and ERR cells of the femur (F-ERa and F-ERB) and the lumbar vertebra (L5) (L-ERa
and F-ERB) at 40x magnification. Both ERa-ir and ERB-ircells were detected on 2 kinds of bone cells: osteoblasts and osteocytes of
both femur and lumbar (L5). SC = sham-operated group; OC = orchidectomized group; OE = orchidectomized rat receiving estradiol
benzoate (EB) 2.5 ng/kgBW/day; 0J10 = orchidectomized rat receiving YCJ 10 mL/kgBW/day; 0J20 = orchidectomized rat receiving

YCJ 20 mL/kgBW/day; Scale bar = 20 um.

values increased when the ORX rats were treated
with EB (OE group) (Fig. 4B, a-d). With YCJ treat-
ments (0J10, 0J20, and 0J40 groups), the num-
bers of the osteoblast- and osteocyte-reactive cells
increased but not in a dose-related manner (Figs.
4B, b, ¢, d), except in osteoblasts of L5 (Fig. 4B, a).
There was no significant difference in the number
of ERB—ir cells of the three OJ groups when com-
pared to each other nor when compared with the
control (NC, SC, OC, and OE) groups (Fig. 4B, a-d).

To find out if the numbers of ERa-, ERB- osteo-
blasts and osteocytes correlated with serum E2 or
serum testosterone (T), the number of ERa-, ERB-
cells were plotted against those of these serum sex
hormone levels in the same animals, regardless of
groups (Fig. 5, a-h).

DISCUSSION

The 3D reconstructions of the femur and L5 are
presented in Figs. 1A and 1B. The Micro-CT scan
image of the femur showed that the BMD of the OC
group was less than the NC and SC groups, while

those of the ORX groups given YCJ were not sig-
nificantly different from the OC group. Compari-
son of other parameters of the femur e.g., BMD:
% prevention and % change, Th.N, Th.Th, Th.Sp
of the YCJ and the controls (NC, SC, OE) groups
showed no significant difference, except for the
Conn.D and BV/TV parameters. The OC group
showed significantly less Conn.D than the NC
group, while the Conn.D of all YCJ treated groups
showed no significant difference from the SC, NC
or OE groups (Fig. 2C, b). These results agree with
the results of the previous studies (Bouxsein et al.,
2010; Kleerekoper et al., 1985; Parfitt, 1987) that
trabecular bone Conn.D value is a better indica-
tor of osteoporosis than bone density. The femur’s
BV/TV parameter of the OE group was signifi-
cantly higher than that of the three OJ and the SC
groups (Fig. 2C, e). This also agrees with Lindberg
(2002), who found that the proximal tibia of sev-
en-month-old ORX mice given 17pB-estradiol ben-
zoate 0.7 pg/day five days/week for three weeks
has a significantly higher BV/TV value than that
of the vehicle group. In addition, except for the
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Fig. 4A.- The number of ERa-ir osteoblasts and osteocytes of the lumbar vertebra (L5) and the femur. Data expressed as mean +
SEM. Columns superscript with different letters are significantly different at p < 0.05. NC = baseline control group; SC = sham-op-
erated group; OC = orchidectomized group; OE = orchidectomized rat receiving estradiol benzoate (EB) 2.5 ug/kgBW/day; 0J10 =
orchidectomized rat receiving YCJ 10 mL/kgBW/day; 0J20 = orchidectomized rat receiving YCJ 20 mL/kgBW/day; OJ40 = orchidec-
tomized rat receiving YCJ 40 mL/kgBW/day.

Fig. 4B.- The number of ERB-ir osteoblasts and osteocytes of the lumbar vertebra(L5) and the femur. Data expressed as mean + SEM.
Columns superscript with different letters are significantly different at p < 0.05. NC = baseline control group; SC = sham-operated
group; OC = orchidectomized group; OE = orchidectomized rat receiving estradiol benzoate (EB) 2.5 ug/kgBW/day; 0J10 = orchidec-
tomized rat receiving YCJ 10 mL/kgBW/day; 0J20 = orchidectomized rat receiving YCJ 20 mL/kgBW/day; OJ40 = orchidectomized
rat receiving YCJ 40 mL/kgBW/day.
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Fig. 5.- Plot of numbers of serum E2 level against ERa-ir osteoblast cells (a), ERB-ir osteoblast cells (b), ERa-ir osteocyte cells (c), and
ERB-ir osteocyte cells (d); serum testosterone (T) level against ERa-ir osteoblast cells (e), ERB-ir osteoblast cells (f), ERa-ir osteocyte
cells (g), ERB-ir osteocyte cells (h) from the same rats and from all animal groups.
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0J40 group, the percentage bone volume of ORX
receiving YCJ, was not significantly different from
all control (NC, SC, OE, and OC) groups. This result
agrees with Ramli et al. (2012) that treated 10-12
months old Sprague Dawley rats with Eurycoma
longifolia containing quassinoids phytoestrogen
90 mg/kg for six days. The treatment helped pre-
vent bone density and volume loss at metaphysis
of the distal femur of the ORX group, as shown by
the insignificant difference in bone density from
the sham group (Ramli et al., 2012).

In contrast, results from the Micro-CT scan of
L5 indicated that there was no significant dif-
ference in all bone parameters, when the ORX
groups given YCJ were compared with the control
groups (Fig. 2B, a-h). Furthermore, femur % bone
volume of 0J40 was significantly lower than that
of the control (NC, SC, and OE) groups, but that of
the 0J10 and 0J20 groups showed no significantly
difference when compared with the same control
groups. This indicated that YCJ is not a dose-relat-
ed effect and is likely to have a SERM activity.

Several studies suggested that the Conn.D may
be the parameter most affected by osteoporosis
(Ramli et al., 2012). The present study demon-
strated the ability of YCJ to help prevent volume
loss of the femur by increasing its trabecular
bone Conn.D, but not of the L5 vertebra. This is
in agreement with Shaltiel et al. (2013), that re-
ported estrogen deficiency triggering bone mass
loss, causing osteoporosis by influencing vertebra
less than femur and tibia. In addition, it was found
that testosterone alone prevented the decline
of the trabecular bone mass but not the cortical
bone mass by dwindling osteoclastogenesis (Mo-
hamad et al., 2016). Estrogen mediates androgen’s
bone-sparing effects only after its aromatization
process. The gene expression and activity of aro-
matase have been indicated in male rodents and
humans (Noirrit-Esclassan et al., 2021). Osteopo-
rosis occurred in estrogen receptor-o knock-out
and aromatase knock-out mice indicating that
in bone, estrogen works through ERo (Noirrit-Es-
classan et al., 2021). These previous studies sup-
port our current work. Furthermore, it was con-
firmed by immunohistochemistry study showing
YCJ affecting cell number of ERa-osteoblasts in
ORX+YCJ groups rather than ERa-osteocytes, and

these results are obviously seen in femur rather
than L5 (Fig. 4A, a-d). In contrast, either in femur
or L5, immunoreactivity of ERp-osteoblasts or os-
teocytes was not affected by YCJ treatments (Fig.
4B, a-d).

The regression correlation graphs (Fig. 5, a-h)
between the numbers of ERa-osteoblasts and
ERa-osteocytes with serum E2, or serum testos-
terone (T) indicated that the number of ERa-0s-
teoblasts correlated with serum E2 and serum
testosterone much more than ERa-osteocytes,
and much more than ERB-osteoblasts and osteo-
cytes. Altogether, immunohistochemistry results
and the regression correlation graphs confirmed
that YCJ action was produced via ERa rather than
ERp and via osteoblasts rather than osteocytes. It
is of interest to note that our result indicated that
in bone tissue sections ERs staining occurred in
cytoplasm and nucleus, consistent with ER mode
of action, indicating the possibility of a non-geno-
tropic pathway (Sonavane, 2022).

Estrogen plays a crucial part in male skeletal
growth (Rochira et al., 2015). In this study, a dose
of 2.5 ng/kg BW/day estradiol benzoate (EB) (OE
group) that was intraperitoneally injected for
three days a week preserved the trabecular bone.
Even though some are not significantly different,
the dose also countered ORX effects for all mea-
sured parameters, more than YCJ treatments. Pre-
vious studies showed that E2 is pro-osteoblastic
that generate a net increase in bone-building pro-
cess (Khalid and Krum, 2016), has an anti-apop-
totic property in osteoblast, where ovariectomy
prompts an increase in apoptosis of osteocyte and
osteoblast (Rochira et al., 2015), and E2 also reg-
ulates the osteoblast anti-apoptotic protein Bcl2
(Komori, 2015; Pantschenko et al., 2005). Con-
trariwise, Kousteni et al. (2001) reported that E2
may inhibit dexamethasone, TNFa-induced apop-
tosis, or etoposide in osteoblasts. E2 also stimu-
lates the transcription of alkaline phosphatase, a
marker of osteoblast differentiation (Krum et al.,
2008b). There are not many known direct targets
of E2 in normal osteoblasts, and much less is re-
ported on the targets of estrogen receptors, par-
ticularly ERB (Farman, 2019; Khalid and Krum,
2016). Even at the physiological level of testoster-
one, low estrogen levels are associated with an in-
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crease fracture risk in men. Therefore, although
the mechanisms of osteoporotic fractures are
multifactorial, estrogen deficiency plays crucial
roles in the pathogenesis of osteoporosis in men
and women (Khosla and Pacifici, 2021).

This study carried out immunohistochemical
analyses to examine the part of estrogen recep-
tors that facilitate osteogenic response to estro-
gen. The results revealed that osteoblasts and
osteocytes expressed ERa and ERp at significant
quantities in the cancellous bone. These results
agree with previous reports by (Khalid and Krum,
2016). These findings indicate a direct osteoblast
ERa-dependent activation which contributes to
bone formation induced by estrogen, was consis-
tent with a report that estrogen has a direct ac-
tion on osteoblasts in inhibiting their apoptosis
(Rochira et al., 2015).

Several mechanisms contribute to the protective
effects of E2 in bone. In the present study, specu-
latively, YCJ may induce osteoblast transcription
of Fas Ligand (FasL) via ERa activation. FasL sep-
arates from the cell surface by MMP3, and this
soluble FasL then stimulates osteoclast apoptosis
(Garcia et al., 2013, Krum et al., 2008a). Another
action is mediated by the suppression of osteo-
clasts involving the RANKL/(OPG) ratio regula-
tion. Receptor activator of nuclear factor kB ligand
(RANKL) is a crucial cytokine in osteoclast forma-
tion and differentiation processes, and in bone re-
sorption activation and enhancement. Conversely,
osteoprotegerin (OPG), a decoy receptor produced
by osteoblastic lineage cells, counteracts RANKL
thus, prevents bone loss. Therefore, the RANKL-
OPG ratio is crucial for osteoclastogenesis. E2 has
beenindicated to escalate the transcription of OPG
(Farman, 2019) and to influence RANKL position-
ing at the osteoblast surface (Martin et al., 2015).
It was reported that in a human osteoblastic cell
line, 17p-estradiol activates the ERa which in turn
increases OPG mRNA levels and protein secretion
(Jia et al., 2017). Windahl et al. (2013) found that
in male mice osteocyte, ERa is essential for tra-
becular bone formation and therefore, trabecular
bone volume. In the present study, however, it was
found that YCJ affects the parameters tested with
ERa-osteocytes were less than ERa-osteoblasts,
either in femur or L5.

Our previous studies have shown that YCJ is
likely to have acted as SERM. For example, fla-
vonoids exist in most of the phytoestrogens with
healing properties (Panche et al.,, 2016), and
our previous studies found that YCJ accelerated
wound healing (Radenahmad et al., 2012; 2015).
Previous studies with the SERM and raloxifene
prevented both postmenopausal and andropaus-
al osteoporosis (Farman, 2019; Pankova and Tsv-
etkova, 2015; Zhou et al., 2021).

The results of body weights of rats in the same
rat experiment groups were published by Balit et
al. (2018). We found that after 10 weeks of ORX,
the OE group’s body weight on the day of termi-
nation was considerably lower than on the day of
initiation (Table 2). These findings suggest that
in the OE group, testosterone shortage after ORX
and estrogen supplementation by injection with
EB contributed to the weight loss. Pratchayasakul
et al. (2011) reported that the body weight of both
normal and high fat diet male mice treated with
estrogen was considerably lower than the vehicle
treatment group.

The body weight of all three OJ groups (0J10,
0J20, and 0J40) was lower at the end of the ex-
periment after force feeding with YCJ for 10 weeks
compared with the onset albeit not statistically
significant. YCJ might not influence the accumu-
lation of fat in ORX rats, even though YCJ contains
a high proportion of 44.9 percent glucose and
43.9 percent fructose (Santoso et al., 1995), these
monosaccharides might have been converted to
glycogen in the liver or fat in the body.

YCJ had no effects on male accessory organs,
e.g., seminal vesicle, prostate gland, and have
positive effects on serum cholesterol and min-
eral levels e.g., phosphorus, sodium, calcium,
potassium, and magnesium; blood sugar, renal
and liver function tests (Balit et al., 2018). There-
fore, YCJ may also be a good selection for male
osteoporosis therapy. In this study, however, YCJ
mimicked the estrogen conserving effects but
could not achieve the estrogenic level in all pa-
rameters. YCJ significantly preserved the micro-
structure of the osteoporotic bones, but this effect
is not dose-related. It is interesting to see whether
higher doses of YCJ would produce the same re-
sults as EB treatment.



YCJ contains various phytoestrogens, but has
B-sitosterolis as its main component (58%). It
also contains other sterols i.e., stigmastatrienol,
stigmasterol, a-spinasterol, and fucosterol (Pung-
matharith, 1988). As plant-derived estrogen,
phytoestrogens possess different characteristics
from estrogen but is like SERMs, having higher
binding for ERB (Pankova and Tsvetkova, 2015).
The ERa is found predominantly in cortical bone,
whereas ERp in cancellous bone. In our study,
preserving the effects of YCJ acts predominantly
on ERa-osteoblasts. Therefore, the preventive ef-
fects for osteoporosis are not as straightforward
as they should be. In addition, the lower doses
(10, 20, 40 mL/kg BW) used in this study as well
as in another study (Matsushita et al, 2017) using
15 mL/kg BW dose might account for the slight
results compared with the apparent results of
our previous studies at 100 mL/kg BW/day (Mat-
sushita et al., 2017; Sayoh et al., 2008; Suwanpal
et al,, 2011). In bone, the function of ERB in males
is less than ERa, while in female ERB controls ERa
functions (Farman, 2019). Supplementation may
prevent the periosteal apposition of cortical bone
but not trabecular bone. Therefore, we speculate
that YCJ supplementation reversed bone loss,
possibly via ERa, not via ERB, as speculated by
Matsushita (2017). ERa is definitely the major
core of estrogen osteoprotective actions, and ERp
is insufficient to compensate for ERo (Noirrit-Es-
calssan et al., 2021)

There have been many research works on mo-
lecular mechanisms of phytoestrogens in pre-
venting osteoporosis. For example, Domazetovic
et al. (2020) found that in humans, blueberry
juice (BJ) protects osteoblast-like Sa0OS-2 cells
from Runt-related transcription factor 2 and al-
kaline phosphatase as oxidative damage com-
ponents associated with bone formation and re-
modeling. It did so by stimulating the expression
a potential molecular target for anti-osteoporotic
medicines, the sirtuin type 1 deacetylase. It has
been suggested that blueberry polyphenols may
be advantageous for bone regeneration because,
TSP (total soluble polyphenols) quantitative stud-
ies revealed that BJ contains high bioavailability
of anthocyanins having exceptional antioxidant
properties (Domazetovic et al, 2020). Genistein,

a type of isoflavone, enhances osteoprotegerin
protein expression in bone-forming osteoblasts.
This isoflavone facilitates osteoblastic differenti-
ation and proliferation by inhibiting the transfor-
mation of a receptor activator of the nuclear fac-
tor-«xB ligand (RANKL) into an osteoclast in bone
marrow stem cells via the Wnt3a/beta-catenin
signaling pathway (Hsiao et al., 2020; Kim, 2021;
Yu et al., 2015). Astragalin (AG), also known as
kaempferol-3-0O-glucoside, enhances osteoblas-
tic differentiation and bone formation through
synergistic interactions that involve both BMP
and MAPK pathways. BMP (bone morphogenetic
protein) is a significant member of the TGF (trans-
forming growth factor) family of proteins. MAPKs
(mitogen-activated protein kinases) are a type of
serine/threonine kinase that are involved in a va-
riety of cellular processes include differentiation,
proliferation, and inflammation (Liu et al. (2019).
Whether YCJ action is the same as phytoestro-
gens’ action mentioned above needs further veri-
fication in future studies. Further investigation is
vital for a full comprehension on the impact of YCJ
on osteogenic cells.

Since calcium is an essential mineral in bones,
absorption of calcium in the intestine performs a
significant part in calcium uptake into the body
as facilitated by the essential function of vitamin
D and by the work of calbindin, a calcium-binding
protein (Wongdee et al., 2019). Our parallel work
in the same rats with the same model and exper-
imental design investigated CB, VDR, ERa and ERp
using immunohistochemistry techniques. We have
found that exogenous estrogen (EB) and YCJ pre-
vent osteoporosis by increasing CB-, VDR-, ERo-
and ERp-reactive cells in the gastrointestinal tract
of orchidectomized rats (Hayeelateh et al., 2022).
Therefore, estrogen/phytoestrogen-YCJ may influ-
ence calcium-binding protein, CB, and VDR cell
production, resulting in bone calcium deposition
by increasing ERa- and ERB-reactive cell numbers,
%bone volume, and other factors Micro-CT param-
eters in the femur and L5 vertebra as occurred in
this study.

In summary, long-term YCJ consumption slight-
ly improved indices of bone mass or bone histo-
morphometry in ORX rats, contending suggestion
of the full benefits of YCJ for the prevention of os-
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teoporosis in andropausal or aging men. Consid-
ering, however, the results of our previous stud-
ies (Suwanpal et al., 2011; Yusuh et al., 2010), YCJ
may be beneficial in lessening bone loss in men
at early andropause at a young age, which we hy-
pothesize may delay the need and lessen the time
duration of anti-apoptotic treatment as reported
by Morii et al. (2015) and Matsushita et al. (2017)
who worked on osteoporotic female rats.

CONCLUSION

YCJ had a noticeable effect and delayed the bone
loss at trabecular structures associated with oste-
oporosis. Its effects, however, did not achieve the
level of the estrogen-protective effect on the mi-
crofracture incidence, the basis of osteoporotic
fractures. YCJ, nevertheless, may provide a poten-
tial male osteoporosis treatment, considering that
the feminizing effects of estrogen do not counsel
its use in males.

This study revealed that (1) EB injection at 2.5
ng/kg BW/day for three days per week is enough to
restore all reactive cells as detected by anti-ERa-
and anti-ERpB-ir antibodies and all parameters
detected by Micro-CT scans. (2) YCJ treatment at
various doses restored the declined numbers of
ERa- and ER-ir cells caused by orchidectomy to
normal in either L5 vertebra or femur. (3) Immuno-
histochemistry technique revealed that the effects
of YCJ were comparable to EB treatment effects. In
most cases, the optimal dose was 10 mL/kg BW/day
for ERa- of both osteoblasts and osteocytes and 40
mlL/kg BW/day for ERB-of both osteoblasts and os-
teocytes. (4) YCJ action influenced via ERa rather
than ERB and osteoblasts rather than osteocytes.
(5) Using Micro-CT scan, YCJ treatment, at the dos-
es tested in this study, rebuilt the connectivity den-
sity and % bone volume of L5 vertebra and femur.
These findings indicate that feeding YCJ might
account for, at least in part, for a partial protective
role of estrogen replacement in preventing or re-
ducing the risk of osteoporosis in male rats.
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SUMMARY

This study aimed to determine the anatomical
features of the carpal tunnel (CT) in fetal cadavers
and understand the role of etiology in the devel-
opment of carpal tunnel syndrome (CTS). Seven-
ty hand-wrist regions (35 right, 35 left) of 35 fetal
cadavers (24 females; 11 males) that were not ex-
posed to environmental factors and handedness
were examined. The contents and cross-section-
al area (CSA) of the CT were measured using Im-
ageJ©. The CSA consisting of the flexor tendons
and median nerve (MN) in the CT were calculat-
ed as a percentage. The results showed that the
area covered by the MN and flexor tendons in
the CT was significantly smaller in female fetus-
es (P<0.05). There was no significant difference
in other ratios between male and female fetuses
(P>0.05). There was no significant difference in
the ratios regarding the CT and contents between
the right and left-hand sides (P>0.05). It was con-
cluded that the difference in CT anatomy may
help explain the variations in the prevalence of
CTS among genders. The lack of a difference be-
tween the right- and left-hand sides supports the
theory that repetitive hand activities, hand dom-
inance, and functional factors play a key role in
the development of CTS by causing morphologi-

cal changes in the CT, MN, and flexor tendons. In
our opinion, the examination of CTs that have not
been exposed to any environmental effects may
provide guidance in understanding the effect of
anatomical and morphometric features on the
etiology of CTS.

Key words: Carpal tunnel syndrome — Hand —
Median nerve — Mononeuropathy — Wrist

INTRODUCTION

The carpal tunnel (CT) is an osteofibrous tun-
nel which is located between the transverse car-
pal ligament and the carpal bones. Ten structures
pass through the CT. These structures are the me-
dian nerve (MN), four tendons of the flexor digito-
rum superficialis (FDS), four tendons of the flex-
or digitorum profundus (FDP) and the tendon of
the flexor pollicis longus (FPL) (Chammas et al.,
2014; Rotman and Donovan, 2002). Carpal tunnel
syndrome (CTS) develops due to the compression
of the MN under the transverse carpal ligament
while passing through the CT (Kim et al., 2013).
The etiology of CTS is essentially idiopathic. It
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is also associated with abnormalities in the CT
structures (carpal bone deformities, subluxation,
distal radius fractures, wrist arthrosis, inflamma-
tory arthritis, acromegaly, etc.). Other factors in
the etiology are gender (female), obesity, diabetes
mellitus, infection, vibration tools, burns, and he-
mophilia (Chammas et al., 2014; Newington et al.,
2016).

The best-known parameters regarding CT mor-
phometry relate to the cross-sectional area (CSA)
of the CT and its contents. It has been shown
that morphological changes in the CSA of the CT
associated with overuse, profoundly affect the
dominant hand (Dec and Zyluck, 2018; Lakshm-
inarayanan et al., 2020; Newington et al., 2016).
However, only a few studies have compared CT
anatomy and morphometry by hand side. Earli-
er research has investigated the relationship be-
tween CT morphometry and gender. It has been
reported that the CSA of the CT and its contents
are smaller in women when compared to men
(Bower et al., 2006; Pacek et al., 2010; Peterson et
al., 2013).

When literature is examined, it can be seen that
only a few studies have investigated the CT region
in fetal cadavers. Some researchers have focused
on the anatomy of the CT in adult cadavers. Adults
are more likely to develop CTS as a result of mor-
phological changes that occur in the CT, MN, and
FTs due to exposure of environmental factors and
overuse of the dominant hand (Bland, 2005; Loh
etal., 2019; Marquardt et al., 2016). In the present
study, the anatomy of the CT was examined more
objectively, because it focused on fetal cadavers
that were not exposed to environmental risk fac-
tors and handedness. The aim of this study was to
determine the anatomical features of CT in fetal
cadavers and clarify the role of CT anatomy in the
development of CTS. Furthermore, it was planned
to establish a basis for future studies by investi-
gating the structure of the CT in the fetal period.

MATERIALS AND METHODS

The sample group consisted of 35 fetal cadav-
ers (24 females; 11 males). The ages of the sample
groupwere determined using the footlength meth-
od (Mercer et al., 1987), and it was determined

that the fetal cadavers had an intrauterine age of
21.2 to 39.2 weeks. The cadavers were examined
in the Anatomy Department of Karadeniz Techni-
cal University. The study was approved by a local
ethics committee (Protocol number: 2018/72, De-
cision date: May 25, 2018) and was conducted in
accordance with the ethical principles outlined by
the Declaration of Helsinki. All cadavers had been
embalmed in 10% formaldehyde solution. The
upper extremities of the cadavers had no exter-
nal pathology or anomaly. Gender was identified
based on the external morphology of gonads. The
cadavers were grouped according to their gender.
Each cadaver was assigned a number.

The palmar faces of the wrist and hand were
dissected using classical anatomical dissection
methods. A consensus was reached on the dis-
section protocol. The same researcher performed
all the dissection and subsequent procedures.
All dissections were performed under a surgical
microscope (Kaps [SOM]® 62, Asslar, Wetzlar, Ger-
many). After removing the skin and subcutaneous
adipose tissue, the transverse carpal ligament
forming the roof of the CT was identified.

Following the dissection process, the wrists were
cut proximal to the distal wrist fold and separated
from the forearm. The hand samples were frozen
at -18 °C. The proximal and distal borders of the
transverse carpal ligament were determined by
the insertions of the transverse fibers at the tra-
pezium, hamate, scaphoid and pisiform. A single
section, perpendicular to the CT short axis was
obtained with a guillotine mechanism from the
determined level. In each hand specimen, a sin-
gle cut was made concerning a line parallel and
equidistant from the proximal and distal borders
of the transverse carpal ligament. Thus, all sam-
ples were equivalent (Fig. 1). All exposed sections
were photographed at a 90° angle to the center of
the CT. The images were recorded as the right and
left-hand sides for each fetal cadaver.

The images were analyzed using Imagel®, an
image analysis program developed by US NIH
Image. The program is Java-based, open-source,
enables free ImageJ© software edits and analyzes
images and measures area, distance, and angles.
It can read many image formats, such as TIFF, GIF,
JPEG, and DICOM (Schneider et al., 2012). The im-



Fig. 1.- Transverse section of the carpal tunnel in a 38.4-week-old male fetus (t: trapezium, tz: trapezoid, c: capitate, h: hamate,

mn: median nerve).

ages used in this study were in JPEG format. All
measurements were repeated three times by the
same researcher.

The arithmetic mean was calculated and re-
corded as right and left-hand sides for each fetal
cadaver.

First, the “Polygon Selection” tool was used to
determine the boundaries of CT and MN. Second,

Fig. 2.- Determining the borders and measuring the CSA of the
carpal tunnel by Imagel.

the cross-sectional areas of CT and MN were cal-
culated using the “Measure” tool (Fig. 2, Fig. 3).

The areas covered by the tendons were deter-
mined using the “Threshold” method to measure
the CSAs of the flexor tendons. Calculations were
made using the “Measure” tool. Thus, the CSAs of
the FPL, FDS, and FDP tendons, and the total flex-
or tendons were determined (Fig. 4).

Fig. 3.- Determining the borders and measuring the CSA of the
median nerve by ImagelJ.
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Fig. 4.- Determining and measuring the CSA covered by the all flexor tendons with ImagelJ.

The height of the tunnel (CTH) was measured as
the maximum length between the dorsal bound-
ary of the transverse carpal ligament and the vo-
lar boundary of the capitate bone. The distance
between these two points was calculated using the
“Measure” tool. The maximum distance between
the medial and lateral borders of the tunnel was
calculated using the “Measure” tool to obtain the
width of the tunnel (CTW).

Ratio calculations were made regarding the
CSAs of the CT, MN, and flexor tendons. Thus, the
percentage value of the area covered by the nerve
and flexor tendons in the tunnel was obtained.

The ratio of the area covered by the MN in the CT
(MN/CT) was calculated as follows:

MN /CT = CSAMN/ CSAcTX 100

The following equation was used to determine
the ratio of the area covered by the FPL tendon
(FPL/CT), FDS and FDP tendons (FDS.FDP/CT),
and all flexor tendons (TFT/CT) in the CT:

TFT /CT = CSArT/ CSAcTX 100

The ratio of the total area covered by the MN and
all flexor tendons in the carpal tunnel (MN.TFT/
CT) was calculated as follows:

MN.TFT/CT=MN/CT+TFT/CT

The ratio of the empty area outside the CT con-
tent (EA/CT) was calculated as follows:

EA/CT=100-MNTFT/CT

The following equation was used to calculate the
CT ratio (CTR):

CTR=CTH/CTW

The data were analyzed using the Statistical
Package for Social Sciences (SPSS 23.0, IBM, Ar-
monk, NY, United States of America) at a signifi-
cance level of 0.05. Mean and standard deviation
(SD) values were used for numerical variables.
The Shapiro Wilk test was used for normality test-
ing. The results showed that the data were nor-
mally distributed. The data were analyzed using
a student’s t-test.



RESULTS

This study examined 70 hand-wrist regions (35
right and 35 left) of 35 fetal cadavers. The ratios
of the CSAs of the CT, MN and flexor tendons were
calculated. The data were compared based on
hand side and gender.

Table 1. Comparison of mean intrauterine ages by gender.

Gender

n
Female 24
Male 11
Total 35

Table 2. Comparison of ratio calculations by gender.

DISCUSSION

Research shows that the CSA is an important
morphological factor due to the area allocated to
the contents of the carpal tunnel (Michelsen and
Posner, 2002; Mitchell et al., 2009). It has been
shown that the CSAs of the MN and flexor tendons

Intrauterine age (week)

Ratio Right Side (Mean+SD)
Female (n=24) Male (n=11)
MN/CT 7.401+1.775 8.100+1.938
FPL/CT 5.600+1.474 6.148+9.205
FDS.FDP/CT 37.761+6.558 42.627+9.205
TFT/CT 43.361+6.779 48.754+8.757
NM.TFT/CT 50.762+7.557 56.855+8.482
EA/CT 49.237+7.557 43.145+8.481
CTR 0.392+0.074 0.372+0.063

Min Max Mean+SD
21.2 39.2 27.68+4.59
22.7 38.4 28.83+4.88
21.2 39.2 28.04+4.64
Left Side (Mean+SD)
p F (n=24) M (n=11) p
0.301 7.470+1.756 7.500+1.759 0.963
0.281 5.417+1.727 6.098+1.492 0.268
0.082 39.030+6.315 39.196+7.673 0.946
0.055 44.451+6.262 45.296%8.720 0.746
0.041* 52.461+7.471 53.451+9.509 0.741
0.041* 47.517+7.503 47.414+9.332 0.972
0.440 0.419+0.083 0.412+0.097 0.838

CT Carpal tunnel, CSA Cross-sectional area, MN Median nerve, FDS Flexor digitorum superficialis muscle, FDP Flexor digitorum
profundus muscle, FPL Flexor pollicis longus muscle, TFT Total flexor tendons, MN/CT The proportional value of the CSA covered by
the median nerve in the carpal tunnel FPL/CT: The proportional value of the CSA covered by the FPL tendon in the carpal tunnel,
FDS.FDF/CT The proportional value of the CSA covered by the FDS and FDP tendons in the carpal tunnel, TFT/CT The proportional
value of the total area covered by all flexor tendons in the carpal tunnel, NM.TFT/CT The proportional value of the total area covered
by the carpal tunnel contents, EA/CT The proportional value of the empty area outside the carpal tunnel contents, CTR Carpal tunnel

ratio. *p<0.05

There was no difference between intrauterine
ages according to gender (p> 0.05) (Table 1). Male
fetal cadavers had a significantly higher right
MN.TFT/CT ratio than their female counterparts
(p<0.05). Female fetal cadavers had a significant-
ly higher right EA/CT ratio than their male coun-
terparts (p<0.05). There was no significant differ-
ence in the other parameters between male and
female fetal cadavers (p>0.05) (Table 2).

There were no significant differences in the ra-
tios regarding the CT and its content between the
right and left-hand sides (p>0.05) (Table 3).

(FTs) are greater larger in people with CTS and that
the CSA of the CT, MN, and FTs is are associated
with the compression of the MN in the tunnel (Lee
etal., 2005; Lietal.,2011; Monagle et al., 1999). In
this study the cross-sectional areas of the CT and
its contents were measured. The cross-sectional
areas covered by the flexor tendons and MN in the
CT were calculated as a percentage. The data were
compared according to hand side and gender.

Research shows that women are more likely to
develop CTS due to smaller hand dimensions and
CTs, hormonal factors, and pregnancy (Ablove
and Ablove, 2009; Becker et al., 2002; Sassi and
Giddins, 2016). Peterson et al. (2013) found that
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Table 3. Comparison of ratio calculations by right and left-hand sides.

Ratio Right Side (n=35)
Mean+SD

MN/CT 7.621+1.829
FPL/CT 5.772+1.376
FDS.FDP/CT 39.290+7.698
TFT/CT 45.056+7.752
NM.TFT/CT 52.677+8.248
EA/CT 47.322+8.247
CTR 0.386+0.071

Left Side (n=35)

Mean*SD P

7.479+1.731 0.740
5.631+1.666 0.701
39.082+6.665 0.904
44.717+7.003 0.848
52.772+8.035 0.961
47.485+7.981 0.933
0.417+0.087 0.111

CT Carpal tunnel, CSA Cross-sectional area, MN Median nerve, FDS Flexor digitorum superficialis muscle, FDP Flexor digitorum pro-
fundus muscle, FPL Flexor pollicis longus muscle, TFT Total flexor tendons, MN/CT The proportional value of the CSA covered by the
median nerve in the carpal tunnel FPL/CT: The proportional value of the CSA covered by the FPL tendon in the carpal tunnel, FDS.FDF/
CT The proportional value of the CSA covered by the FDS and FDP tendons in the carpal tunnel, TFT/CT The proportional value of the
total area covered by all flexor tendons in the carpal tunnel, NM.TFT/CT The proportional value of the total area covered by the carpal t

female cadavers had smaller CSA of the CT than
male cadavers, whereas the latter had smaller
CTR than the former. Lakshminarayanan et al.
(2019) reported that the height of the carpal arch,
and the CSA of the CT were smaller in women at
both distal and proximal levels. They concluded
that women had a smaller CTR distally, but there
were no differences in CTR between men and
women proximally. Pacek et al. (2010) examined
fresh-frozen hand samples and determined that
females had narrower and smaller CTs than their
male counterparts. Bower et al. (2006) examined
the CSAs of the CT and its contents in healthy indi-
viduals. They reported that compared to females,
both the CT and its contents were larger in males.
However, they found that there was no difference
in the ratios between content and tunnel size. Our
results showed that the area covered by the struc-
tures forming the contents of the CT (MN.TFT/CT)
was significantly smaller in female fetuses than in
male fetuses (p<0.05) (Table 2). This difference in
the CT anatomy of fetal cadavers may help explain
the variations in the prevalence of CTS among
genders.

Zambelis et al. (2010) argue that hand domi-
nance affects the risk for developing CTS and state
that right-hand-dominant patients are five times
as likely to develop CTS in their right hands, while
left-hand-dominant patients are thirteen times as
likely to develop CTS in their left hands. Further-
more, Thomsen et al. (2008) showed that CTS had
a higher prevalence in the dominant hand. Cobb

et al. (1997) calculated the ratio of the volume of
the contents of the CT to the volume of the car-
pal tunnel. They found that this rate was higher in
CTS. In another study examining CT and its con-
tent, it was seen that the CSA of the CT was not
significantly different in individuals with CTS and
healthy individuals. However, it was observed that
the area covered by the content in the carpal tun-
nelincreased in CTS patients (Oge et al., 2012). Ta-
gliafico and Martinoli (2013) compared the CSA of
the MN according to hand side in healthy individ-
uals. They found that there were no differences in
CSA of the MN between dominant and non-domi-
nant hands. Asghar et al. (2022) reported that the
CSA of the MN in healthy adults was not different
according to hand side and hand dominance. Our
results showed that the CSAs of the CT and its con-
tents did not differ significantly between the right
and left- hand sides (p>0.05) (Table 3). Although
carpal tunnel syndrome is rarely seen in children,
there is no fetal-period evidence that explains the
presence of CTS in the dominant hand in adult-
hood. Druzhinin et al. (2019) examined the CSA
of the MN in children. They found that there was
no statistically significant difference between
right and left sides. In another study measuring
the CSA of the MN in children, it was reported
that the CSA of the MN increased with age, but no
comparison was made according to the hand side.
(Cartwright et al., 2012). Given that intrauterine
handedness does not affect the morphology of the
tunnel, the present study examined the structure
of the CT by eliminating the hand dominance fac-



tor. The lack of difference between the right and
left-hand sides supports the theory that repetitive
hand activities, hand dominance, and functional
factors play a key role in the development of CTS
by causing morphological changes in the CT, MN,
and flexor tendons (Lakshminarayanan et al.,
2020; Newington et al., 2016). The present study
examined the morphometry of CT in the wrists of
fetal cadavers, in relation to CTS which is associat-
ed with overuse in adulthood. In our opinion, the
examination of CTs that have not been exposed to
any environmental effects may provide guidance
in understanding the effect of anatomical and
morphometric features on the etiology of CTS.
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on the epidermal, renal, and hepatic tissue
with repeated application: a histological and
morphometrical study
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SUMMARY

Ground leaves of Lawsonia inermis (LI) made into
a paste has been used from the Bronze Age as cos-
metic application. Para-Phenylenediamine (PPD)
is an organic compound that is added to LI to in-
crease its aesthetic appearance and longevity. Ad-
dition of PPD increases the possibility of allergic
contact dermatitis from LI tattoo combinations,
and may be absorbed through the skin, affecting
body organs. The current study was conducted to
determine the effect of this mixture on the histol-
ogy of skin, liver and kidney tissue. Thirty albino
rats were grouped into five groups. The treatment
protocol included a control group (I), application
of LI paste alone for a period of two weeks (II), and
four weeks (I1II), and a combination of LI and PPD for
two weeks (IV), and four weeks (V). All rats in each
group had an area on the lumbar region shaved
and marked, and the paste was applied to this re-
gion. The rats were sacrificed after the experimen-
tal period and the tissues of interest removed for
further histological and morphometric analysis.

Application of LI alone caused no observable
histological changes, however, in combination
with PPD, LI caused thinning of the epidermis,
reduction in the quantity of collagen fibers in the
dermis, distorted the arrangement of hepatocytes,
caused infiltration of inflammatory cells into the
liver tissue and distortion in the arrangement of
renal tubular epithelial cells. The longer the ex-
posure to LI and PPD, the more alteration to the
normal histology of tissues.

Key words: Lawsonia inermis — Renal — Dye —
Henna — Epidermis — Hepatic

INTRODUCTION

Lawsonia inermis L. (LI) is a shrub from the family
Lythraceae, also known with the following names:
henna tree, Inai, hina, mignonette tree and Egyp-
tian privet. It is used as a dye for coloring the epi-
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dermis of the hands, feet, hair, and fingernails, as
well as fabrics—silk, wool, and leather (Ezzat et al.,
2021). LI is one of the most important medicinal
plants in use because of its medicinal and cos-
metic properties. The plant has been present and
used for several decades as drug, cosmetic and
preservative in many cultures and tribes across
the globe especially India and Africa (Ezzat et al.,
2021; Aremu and Oridupa, 2022).

LIhasbeen found to contain carbohydrates, phe-
nolic, flavonoids, saponins, proteins, alkaloids,
terpenoids, quinones, xanthones,
fat, resin and tannins (Aremu and Oridupa, 2022;
Al-Snafi, 2019). Many phytochemicals including
alkaloids, naphthoquinone derivatives, phenolics
and flavonoids have been isolated from different
components of LI. Pharmacological studies of
the plant show that LI possesses antifungal (Rah-
moun et al.,, 2013), antibacterial (Habbal et al.,
2013), antiparasitic, molluscicidal, antioxidant,
hepatoprotective, central nervous, analgesic, an-
ti-inflammatory (Manuja et al., 2021), antipyret-
ic, burn and wound healing, immunomodulatory,
antiurolithiatic, antidiabetic, hypolipidemic, anti-
ulcer, it is used as an antidiarrhoeal agent, diuret-
ic, has been used as anticancer and has many oth-
er pharmacological effects (Aremu and Oridupa,
2022; Al-Snafi, 2019; Badoni et al., 2014). The an-
tioxidant and anti-inflammatory properties of LI
has been attributed to its phenolic and flavonoid
contents (Rahmoun et al., 2013).

coumarins,

LI has been nominated in African alternate
therapy and ayurvedic medicine as a purgative,
abortifacient agent and astringent (Badoni et al.,
2014). LI has also been reportedly used for some
pharmacologic potentials, including its usage as
pain reliever, anti-diabetic, hepatoprotective, im-
mune booster, antioxidant, anticancer, anti-in-
flammatory and inhibitory action against several
microbes (fungal, viral, trypanosome and plasmo-
dium) (Al-Snafi, 2019; Manuja et al., 2021; Badoni
et al., 2014; Khantamat et al., 2021). Biologically,
itis also beneficial in the management of hair and
scalp issues as well as in eye syndromes and hair
loss (Ezzat et al., 2021).

The use of LI has been depicted in literary
pieces and artwork indicating that LI has always
played an important atomistic role in the every-

day activities of many ancient cultures, supplying
psychological and medicinal benefits, as well
as being used for personal ornamentation and
decoration (Habbal et al., 2013; Manuja et al.,
2021). Although LI was historically applied to the
hands and feet to protect against fungal patho-
gens and to hair to combat lice and dandruff, oth-
er traditional uses soon included the treatment of
liver and digestive disorders, reduction of tissue
loss in leprous individuals, and conditions like
diabetic foot disorders and ulcers (Badoni et al.,
2014). As indicated above, as many as 70 pheno-
lic compounds were distilled and separated from
various parts of the plant. Naphthaquinones,
which include the dyeing component lawsone,
have been connected to many of its pharmacolog-
ical activities (Badoni et al., 2014; Khantamat et
al., 2021).

The paste, decoction or infusion made from the
leaves of LI has been used from the Bronze Age
to dye skin, hairs and fingernails, especially at
the times of festivals as a cosmetic application
(Pradhan, 2012). In recent times, henna paste has
been used for body art paintings and designs in
many western countries. Henna application for
cosmetic purposes is customary in the culture of
Northern Nigeria, especially during celebratory
occasions like weddings, naming ceremonies and
religious festivals. Despite such widespread use
in dyeing and body art painting, there has been
many concerns about the use of the dye in com-
bination with other substances, which makes the
dye more pronounced with exposure to air. Pa-
ra-phenylenediamine is one of such substances
used in the manner described above.

Para-Phenylenediamine (PPD) is an organic
compound, which appears as a white to purple
crystalline solidified matter that turns purple-to-
black color when exposed to air. When mixed with
an oxidizer (typically hydrogen peroxide) and ap-
plied, it penetrates shafts of hair and changes into
an oxidized form whose molecules are too large
to ‘escape’, thus creating long-lasting color very
effectively. There is no better chemical for the job.

On the flip side, is is highly allergenic, and po-
tentially dangerous to those who have developed
a sensitivity to it. There are ‘milder’ chemicals
similar to PPD (other phenylenediamines or tol-



uenediamines), which are a little less allergenic,
but these are not quite as effective. It is also toxic
by skin absorption, inhalation or ingestion, and
used for production of aramid fiber, antioxidants,
as a laboratory reagent, in photographic develop-
ing, and as a dye for hair and furs (National Center
for Biotechnology Information, 2022). Very often,
PPD is added to LI paste to make the color appear
darker and to speed up the dyeing process (Kang
and Lee, 2006).

The addition of PPD to LI, which is a common
practice, may produce a more aesthetic appear-
ance, but it may also increase the risk of allergic
contact dermatitis from LI tattoo combinations,
and a number of cases have been reported (Kang
and Lee, 2006; Calogiuri et al., 2010; Uzuner et
al., 2009; Turan et al., 2003). Given the increasing
popularity with use of IL for cosmetic purposes
among teenagers and older individuals, coupled
with dearth of information of the effect of these
substances on the tissues of interest, this study
was undertaken to determine the effect of this
mixture on the histology of the skin, as well as the
liver and kidney tissue.

The ensuring information obtained will serve as
information on the effect of the paste on these tis-
sues over a period of time.

MATERIALS AND METHODS

Collection and identification of plant

The leaves of LI and PPD were obtained from the
central (Monday) market, Maiduguri Borno State,
Nigeria. The plant was identified and authenticat-
ed by a Taxonomist at the Department of Biolog-
ical Sciences, Faculty of Sciences, University of
Maiduguri, Borno state, Nigeria. The leaves were
identified and authenticated by a taxonomist
from the Department of Biological Science. The
plant sample was deposited at the herbarium of
the Department of Human Anatomy with a vouch-
er number UM/HAH/2021/006.

Preparation of plant extract

The powdered extract of the plant was obtained
by shade-drying the leaves of LI, and then me-
chanically pulverizing the dried leaves to obtain

the powdered product. This was then sieved by
passing through a fine sifter to remove the larger
particles. The fine powder was then weighed and
collected into a dry container, and refrigerated
prior to use.

Experimental animals and animal husbandry

Thirty (30) male albino rats weighing between
91 and 160 g were purchased from the Depart-
of Human Physiology, University of
Maiduguri for the experimental study. They were
4-to-5 months old at the period of the experimen-
tal study. The animals were kept in the animal
house for a period of one week to acclimatize.

ment

Their accommodation was well ventilated, and
room temperature was maintained according to
laboratory guidelines (20-26°C/68-78.8°F); the
cages were kept in hygienic conditions and un-
der a natural light (13 hours) and dark (11 hours)
schedule. The rats were fed with standard rat
chow and water ad libitum.

Experimental design

The thirty (30) male Wistar albino rats were as-
signed into five groups with six (6) animals each,
using the block method to ensure an average
weight of 135 g across each group.

Group I: Control group; nothing was applied to
the skin of rats. Group II: 100 mg LI paste was ap-
plied once weekly for two weeks. Group I1I: 100 mg
LI paste was applied once weekly for four weeks.
Group IV: 100 mg LI paste + PPD was applied once
weekly for two weeks. Group V: 100 mg LI paste +
PPD was applied once weekly for four weeks.

Experimental procedure

Alltheratsin each group had an area on the lum-
bar region of the back shaved to expose the skin in
this region. This was done using a pair of scissors
to remove the surface hair. The hair that was not
removed was cleared using shaving cream (Veet,
Reckitt, Canada). This was removed by cleaning
the surface of the shaved region repeatedly with
alcohol solution to remove the residue shaving
cream and also to sterilize the skin over this re-
gion. The shaved skin was closely observed for a
period of two days to examine for inflammation
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or rashes which would indicate a reaction to the
shaving cream. None of these were observed on
any of the shaved skin. The exposed skin was then
marked to obtain a region with an area of 2x4 cm?.
This area was marked for application of the pow-
dered extract as determined by the experimental
design. Topical application of the extract was re-
peated every 7 days for rats in groups II and IV for
two weeks, and every 7 days for 4 weeks for rats in
groups Il and V.

Animal sacrifice

The animals were humanely sacrificed after two
weeks and four weeks respectively, by adminis-
trating ketamine hydrochloride injection (0.1 mg/
kg) as anesthesia. This was given as an intramus-
cular injection on the left thigh of the rats in all
groups. The shaved skin over the marked region
to which the extract was applied was carefully dis-
sected out by separating the epidermis from the
subcutaneous tissue. A median incision along the
abdomen of the rats provided access to the liver
and the kidney tissue, which were quickly dissect-
ed, fixed and histologically processed for further
observation to determine the effect of the extract
on these tissues.

Tissue preparation

The skin, liver and kidney tissues were fixed for
24 hours to prevent autolysis and putrefaction.
Thereafter, the tissues were trimmed and con-
veyed through a series of solvents as per schedule
for dehydration, clearing and paraffin infiltration.
The tissues underwent normal histological proce-
dures, which included dehydration in ascending
grades of alcohol (50, 70, 80, 95 and 100%), clear-
ing using pure xylene, followed by impregnation
in molten paraffin wax, and sectioning with a
rotatory microtome. 5 um sections were obtained
and fixed on a clean albumenized surface of the
slide of glass for Haematoxylin and Eosin staining.

Morphological studies and histological observation

The micrographs of the liver, kidney and skin
tissues were observed under the microscope and
areas of interest were measured using morpho-
metric methods described by Attah et al., (2022).
Images from the histological sections were pro-

duced using an Amscope light microscope (MB-
JX-ISCOPE, Los Angeles, USA), to which a digital
camera was attached (M500, X64, version 3.7).
The images were photographed at using a magni-
fication of X100 and X200. An ocular micrometer
was previously standardized, and was also used to
measure areas of interest in the histological slides
for morphometric analyses also based on estab-
lished methods described by Omar (2018; Zaki,
(2015), and Attah et al.,, (2019). Morphometric
analysis was performed using the computerized
image analysis system, ImageJ 1.53a (Wayne Ras-
band, National Institutes of Health, USA).

The micrometer was used to calibrate the Im-
agel application to establish the unit of measure-
ment in micrometers (um) instead of pixels. The
micrometer used was the same objective and pix-
el resolution as that of the micrograph being ex-
amined.

The skin tissue was examined, and parts of the
epidermis measured by using the free hand tool
of imageJ application to determine the length of
the various strata. Strata granulosum and basale
were measured as a single unit, as they were not
distinguishable in the micrograph. Stratum cor-
neum and granulosa were measured as the dis-
tances form where the skin tissue originated to
where each strata terminated. In the liver tissue,
the width of the hepatocytes and sinusoidal spac-
es were measured for rats in each group. Each
length was represented in um.

Data from the above measurements were statis-
tically analyzed using GraphPad Prism 8 software
by using One-way Analysis of Variance (ANOVA)
and expressed as mean * SEM and percentage
followed by Tukey Multiple Comparisons Test.
p<0.05 was considered to be statistically signifi-
cant.

Ethical considerations

The current research study was conducted in
accordance with the University of Maiduguri Re-
search and Ethical Committee guidelines, the AR-
RIVE guidelines (reporting of in vivo experiment),
and the National Institutes of Health (NIH) guide
for the CARE and use of laboratory animals (NIH
Publications No. 8023, revised 1978). It was ap-



proved by the Ethical Committee of the Depart-
ment of Human Anatomy, University of Maidu-
guri, on 215" March, 2021 with code number UM/
HA/UGP 19.20-007.

RESULTS

The layers of the epidermis were individually
measured starting with stratum corneum. The
strata were found to be thickest in group I, with
a mean length of 16.5 ym, which was statistical-
ly thicker when compared to other groups. The
group with the thinnest stratum corneum was
group V, with a mean thickness of 2.5 pym (Fig. 1).
The length of stratum granulosum in all groups
was significantly thicker in rats in group III, which
had a mean thickness of 3.8 ym compared to the
other groups. The mean thinnest stratum granu-
losum was also found in the rats in group V (0.7
um) (Fig. 2).

Stratum spinosum and basale were measured
together in all groups, as these strata were not
distinguishable in all groups. Rats in group III had
the thickest of these combined layers (14.5 pm),
and this value was statistically significant when
compared to the other groups (Fig. 3). The thin-
nest strata basale and spinosum were found in
rats in group V (2.7 um).

The hepatic sinusoids were widest in livers of
rats in group II and this value was statistically sig-

nificant when compared to the width of sinusoids
in group V (Fig. 4). The thickness of the hepato-
cytes in all group was not significantly significant,
however, the hepatocytes of the rats in group II
showed the greatest thickness (6.7 pym) whereas
the thickness in group IV was 5.4 um (Fig. 5).

The skin in the control group showed the typi-
cal features present in skin tissue with the basal
layer resting on the dermis, composed of simple
columnar epithelium with their numerous nu-
clei, which appeared basophilic with prominent
nucleoli. Stratum spinosum was eosinophilic and
the cells were not easy to distinguish. Their nuclei
were lighter in color compared to the nuclei found
in stratum basale. Stratum granulosum was thick
and compact across the skin tissue and stratum
corneum was observed as sheets of tissue that
sloughed from the surface of the skin. The dermis
of the rats in this group was composed of numer-
ous robust collagen fibers within which blood ves-
sels could be observed (Fig. 6A).

The cells in stratum basale were not as promi-
nent as observed in group I, and stratum spino-
sum consisted of cells with round and clear nu-
clei, and some cells had one or more nucleoli. The
cytoplasm of the keratinocytes in this layer were
eosinophilic. Stratum granulosum was broader
and more distributed when compared to the stra-
tain group I. Stratum corneum was sparse and the
dermis had less robust collagen fibers (Fig. 6B).

Fig. 1.- Length of stratum corneum in all groups (* - p<0.05, **p<0.01, ***-p<0.001, um - micrometers, n=6, N=30).
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Fig. 2.- Length of stratum granulosum in all groups (* - p<0.05, **p<0.01, ***-p<0.001, um - micrometers, n=6, N=30).

Fig. 3.- Length of strata spinosum and basale (* - p<0.05, **p<0.01, ***-p<0.001, pm - micrometers, n=6, N=30).

Fig. 4.- Width of sinusoids in all groups (* - p<0.05, **p<0.01, ***-p<0.001, pm - micrometers, n=6, N=30).
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Fig. 5.- Width of hepatocytes in all groups (* - p<0.05, **p<0.01, ***-p<0.001, um - micrometers, n=6, N=30).

Fig. 6.- A-E: skin of the rats in the experimental groups (I-V) showing the epidermal layers and dermis: Stratum corneum SC (yellow
arrow) which is mostly eroded in groups IV and V. Stratum granulosum (red arrow) is unaltered in all groups and stratum spinosum
(blue arrow) was thinnest in group V. The dermis D (green arrow) in all experimental groups had blood vessels and collagen fibers.
BV - blood vessel. H & E staining. Magnification = x200; Scale bar A-E = 160 pm.

The skin of the rats in group III showed sim-
ilar appearance with rats in group II. However,
stratum basale appeared sparser, stratum gran-
ulosum was more compact and continuous, and
stratum corneum was relatively thicker. The
blood vessels were more abundant in the dermis,
and collagen fibers were sparsely arranged (Fig.
6C). Figure 6D represents the skin in rats in group
IV, showing very thin strata spinosa and basale

with very few keratinocytes present in these lay-
ers. Stratum granulosum was continuous over
the surface of the skin, and stratum corneum was
equally sparse. The dermis showed collagen fiber
bundles which were loosely arranged.

The micrograph representing the skin of rats in
group V showed a thinner epithelium with little
defined stratum basale. Stratum spinosum was
easier to distinguish and the keratinocyte nuclei
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Fig. 7.- A-E: micrographs of the liver in groups I-V showing the central vein (navy arrow) surrounded by flat endothelial cells, the he-
patocytes (red arrow) form columnar cords that radiate towards the central vein. This arrangement is more disorganized in group
V. Sinusoids (yellow arrow) are found between the columnar cords. Kupffer cells (purple arrow) were more abundant in group IV
and an aggregation of lymphocytes were found in the space surrounding the central vein in group II. H & E staining. Magnification

=x200; Scale bar A-E =160 um.

were more clearly defined by their round and
clear nuclei. Stratum granulosum was continuous
and stratum corneum was barely observed. Nu-
merous blood vessels were however found in the
dermis, and very few collagen fibers were loosely
arranged in the dermis (Fig. 6E).

Figures 7A-E show the liver tissue in all groups.
Figure 7A showed the liver tissue in group I. The
hepatocytes radiated towards the central vein sep-
arated by sinusoids. The cells had eosinophilic cy-
toplasm and prominent dark-staining, centrally
located nuclei with 2-4 nucleoli (Fig. 7A). The liver
tissue of rats in group II showed an aggregation of
lymphoid/inflammatory cells around the central
vein and pericentral regions, and several Kupffer
cells located in the sinusoidal spaces. Lympho-
cytes are distinguished from the hepatocytes us-
ing H & E stains by observing their deep staining,
prominent nucleus and a relatively small amount
of agranular and poorly stained basophilic cyto-
plasm. These cells are easily differentiated from
the histological appearance of hepatocytes, which

are polygonal cells with abundant granular eosino-
philic cytoplasm, centrally placed round/ovoid nu-
clei, and prominent nucleoli. The hepatocytes are
also arranged in plates that are a single cell thick.

The hepatocytes were wider when compared
to that in the rats in group I (Fig. 7B). The liver of
rats in groups III and IV had identical histological
structures with radiating hepatocytes and several
ameboid-shaped Kupffer cells, which were easily
identified by their ovoid, indented and/lobulated
nuclei, and inflammatory cells found in the si-
nusoidal spaces attached to the sinusoidal endo-
thelial cells (Figs. 7C and D). Figure 6E shows the
liver tissue in group V. The hepatocytes appeared
disorganized and the cytoplasm was granular in
appearance, and the sinusoids appeared narrow
and closely spaced compared to the other groups
as was also observed in Fig. 4. The width of the
sinusoid in groups II and VII appeared slightly
wider when compared to the rats in groups IIT and
V, who were exposed to the extract for a longer pe-
riod of time.



Fig. 8.- A-E: kidney tissue in groups I-V. The glomerulus in all groups were surrounded by Bowman’s space and membrane (blue
arrow). The renal tubules (red arrow) were dilated and distended in group V when compared to the other groups. There was a little
interstitial bleeding (mustard arrow) in the renal parenchyma in group VI. H & E staining. Magnification = x200; Scale bar A-E =

160 pm.

Figures 8 A-E show the kidney tissue in all
groups. Figure 8A shows the normal renal archi-
tecture showing the glomerulus surrounded by
Bowman’s capsule and space. The renal tubules
contained simple cuboidal cells, and these had
clear luminal spaces (Fig. 8A). The kidney tissue
in groups II was similar to that found in the con-
trol group and the renal tissue showed similar
histological arrangement (Fig. 8B). The kidney tis-
sue in group III has dilated renal tubules (Fig. 8C),
and in group IV there was some interstitial bleed-
ing found in the renal parenchyma (Fig. 8D). The
renal histology in group V showed slightly dilated
renal tubules, which showed slight distortion in
the arrangement of tubular lining cells (Fig. 8E).

DISCUSSION

Henna (LI) has been used aesthetically and as a
medicament for more than 9,000 years, as doc-
umented by archaeological and anthropological
evidence. These records indicate that henna tra-
ditions originated from early times in the Medi-
terranean, Nubia, Libya, Tunisia, Arabia, Assyria,

Mesopotamia, Persia, and India (Othman et al.,
2020).

A paste made of LI leaves is usually used for col-
oring the skin, hair and fingernails for cosmetic
purposes. Henna body art is presently popular as
adornment for weddings and other celebrations
in India, South Asia, the Middle East and Africa
(Aremu and Oridupa, 2022; Othman et al., 2020).
The traditional use of LI as a natural dye seems
not to exert toxic effects and appears biosecure
(Khantamat et al., 2021). However, many times,
the dye is mixed with PPD before use, and even
though allergy to natural henna is not usual, the
addition of PPD to the natural henna increases
the risk of allergic contact dermatitis (Othman et
al., 2020; Al-Suwaidi and Ahmed, 2010).

Hair removal in the current study was achieved
by chemical methods by using creams also called
depilatories, which are cosmetic preparations
used to remove hair from the skin. They work by
breaking down the sulphur bonds in the hair’s
keratin that are sensitive to strong alkaline and
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deoxidation agents. The active ingredient for
deoxidizing the sulphur bonds is a salt of
thioglycolic acid (Tsai et al., 2021). Chemical
depilation generally does not destroy the dermal
papilla, and hair is able to grow back afterwards,
because relatively small amounts of chemicals
are used (Pohl et al, 2013). In the current study,
the depilatory cream did not appear to affect the
dermis and epidermis, as the cream was applied
to the surface of the skin in all groups and the con-
trol group showed no adverse effect and the histo-
logical structures appeared intact.

Effect of LI paste on the histology of the skin

The use of LI paste in the current experimental
study presented very little changes on the skin tis-
sue when used alone. The strata of the skin showed
similar appearance with the control group when
only henna was used, and this is in agreement
with many studies previously conducted (Aremu
and Oridupa, 2022; Al-Snafi, 2019; Othman et al.,
2020; Al-Suwaidi and Ahmed, 2010). However, the
skin tissue that was treated with LI and PT showed
a change in the skin architecture, as the thickness
of the epidermal layer and quantity of collagen in
the dermis was reduced in group V. In the current
experimental study, no signs of allergy were ob-
served with the use of LI and PPD over a period
of time. Other researchers have reported allergic
reactions on the skin following the use of LI and
PPD (Kang and Lee, 2006; Calogiuri et al., 2010;
Uzuner et al., 2009; Turan et al., 2003).

The effect of LI on the histology of the liver

There is adequate literature available to support
the fact that substances applied to the epidermis
can be easily absorbed through blood vessels in
the dermis, which consequently affects other or-
gans in the body, including the liver and kidney
tissue (Feldmann and Maibachk, 1970; Franz,
1978). The liver tissue in the group treated with
LI and PPD showed disorganization of the hepat-
ic tissue. This result is similar to studies carried
out by Eissa et al. (2021), and Lee et al. (2015),
where it is discovered that PPD induced allergic
activity and increased the probability of tumors
in the kidney, liver, thyroid gland and urinary
bladder, although its effect on dermal papilla cells

remained to be clarified. PPD was also found to
induce several cytotoxic effects through modifica-
tion of miRNA expression levels (Lee et al., 2015).

The effect of LI on the histology of the kidney

The kidney tissue showed slight distortion of the
arrangement of renal tubular cuboidal epithelium
in the group that was exposed to LI and PPD for a
period of 4 weeks. This agrees with studies car-
ried out by Eissa et al. (2021), Lee et al. (2015), and
Devecioglu et al. (2001), which found that kidney
parts of the PPD-poisoned victims had regions
exhibiting extreme tubular necrosis. In addition,
there were cellular ghosts that had lost cellular
information and sloughed into the luminal cavi-
ty, which was not observed in the same study. In
addition, Ibrahim et al. (2006) demonstrated a
distortion of the lobular structure of the kidney,
accompanied with the thickening of the Bowman
capsule of the kidney.

In the current study, the period of exposure to
LI and PPD was proportional to the alteration of
tissue, as most changes to skin, hepatic and re-
nal tissue were observed in rats in group V. This
also agrees with research carried out by Eissa et
al. (2021), who determined that, with time, more
absorption through the skin occurs, and PPD ap-
peared in the urine samples of subjects exposed
to PPD and LI, and the quantities found were di-
rectly proportional to the period of use and der-
mal exposure, which led to noticeable effects in
the morphology and number of blood cells and
extended to renal and liver functions.

CONCLUSION

In the current study, LI and PPD were applied
topically to the skin over a period of time to de-
termine its effect on the epidermal, dermal, renal,
and hepatic tissues. LI was first applied alone be-
fore a mixture of LI and PPD were applied. At the
end of the experimental period, the authors deter-
mined that application of LI alone did not cause a
lot of changes to the histological architecture
of the organs listed. However, in combination
with PPD, LI caused a thinning of the epidermis,
and reduction in the quantity of collagen fibers
in the dermis. It also caused distortion in the ar-
rangement of hepatocytes and caused infiltration



of inflammatory cells in the liver tissue, as well
as distortion in the arrangement of renal tubular
epithelial cells. More study is recommended to
test the effect of the combination of LI and PPD on
these tissues over a longer period of time and on
other tissues. Also, serum markers of liver func-
tion and urinalysis should be tested to observe the
effect of the extract on the function of the kidney
and liver. Other staining techniques aside from H
and E should be performed to confirm an increase
in collagen fibre and immune cell infiltration.
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SUMMARY

The dissection course plays a central role in
teaching anatomy and body donors are also need-
ed in clinical-anatomical courses. In order to re-
duce formaldehyde exposure of students, partici-
pants and staff during these courses, we employed
fixation solutions with low formaldehyde content.
In this study, we present two ethanol-based proto-
cols, and elucidate their suitability for the dissec-
tion process and compliance with occupational
exposure limits for formaldehyde and other haz-
ardous substances.

Body donors were fixed according to an eth-
anol-based fixation protocol for the dissection
course or an ethanol-glycerin-based fixation pro-
tocol for specialist training courses. The quality
of fixation was determined during the dissec-
tion process. Exposure to hazardous substances
(formaldehyde, ethanol, 2-phenoxyethanol) was
measured in a regular dissection course setting at
different locations (room-related and person-re-
lated measurements), and exposure indices were
calculated.

The quality of fixation of both methods was good
and fulfilled all requirements of the student dis-
section course and the specialist training cours-
es, respectively. Exposure to all hazardous sub-
stances remained well below the exposure limits.
Room-related air concentration measurements
were 0.073/0.058 mg/m? (2016/2017) for formal-
dehyde and 65/107 mg/m? (2016/2017) for etha-
nol. Person-related measurements amounted to
0.107-0.229 mg/m? for formaldehyde and 268-
388 mg/m? for ethanol. Room-related and per-
son-related concentrations of 2-phenoxyethanol
remained below the detection limit.

The ethanol-based embalming protocols pre-
sented here offer a good alternative for the differ-
ent applications. The protocols are discussed re-
garding current regulations and further measures
to reduce formaldehyde exposure.
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INTRODUCTION

Teaching anatomy to medical students is based
on a combination of theoretical and practical
lessons to which the dissection course is cen-
tral (Gunderman and Wilson, 2005; Rizzolo and
Stewart, 2006; Korf et al., 2008; Bockers et al.,
2010; Ochs et al., 2012; Vorstenbosch et al., 2013;
Schmiedl, 2017; Bogomolova et al., 2020). Learn-
ing from a body teaches the complete intricacy of
reality, which has a much higher level of complex-
ity than models, whether digital or physical (Ochs
etal., 2012). So it is not surprising that the major-
ity of final-year medical students asked at the end
of their curriculum about the relevance of gross
anatomy classified the dissection course with in-
tegrated clinical problems as an important pre-
requisite and basis for their clinical courses and
are interested in additional specialized dissection
courses (Pabst, 1993). Also, the relevance of gross
anatomy in respect to everyday work was ranked
second of all medical subjects by physicians asked
some years after graduation at their specialist ex-
amination (Pabst and Rothkotter, 1997).

In addition to the classical dissection course for
undergraduate medical students, dissection of
specific body regions is also conducted in post-
graduate education and medical specialist train-
ing (Grechenig et al., 1999; Schwarz et al., 2002;
Feigl et al., 2007; Schmiedl, 2017; Wedel et al.,
2019; Shichinohe et al., 2022; Suzuki et al., 2022).

The dissection course relies on donors who
bequeath their body to a specific anatomical in-
stitute. This bequest must be made personally
in written form during the donor’s lifetime (in-
formed consent). After death, the bodies are fixed
and conserved chemically to allow storage and
preparation for long periods and to preclude in-
fection risks (Brenner, 2014). At Hannover Med-
ical School, ethanol-based fixation techniques
have been used since its foundation in 1965, and
were chosen as an alternative to formalin-based
fixation in order to reduce occupational health
hazards for employees and students (Pabst, 1987).
Since then, ethanol-based fixation techniques
have evolved continuously.

Occupational exposure to formaldehyde has re-
ceived renewed attention due to a reassessment

of its carcinogenicity. In its 2012 review on hu-
man carcinogens, the International Agency for Re-
search on Cancer (IARC) saw sufficient evidence
that formaldehyde causes cancer of the naso-
pharynx and leukemia in humans, and thus grad-
ed formaldehyde as a group-1 carcinogen (IARC,
2012). Based on the United Nations’ Globally Har-
monized System of Classification and Labelling of
Chemicals (GHS) classification, the carcinogenicity
of formaldehyde was subsequently graded as cate-
gory 1B by the European Union (EU), resulting in a
reduction of European occupational exposure lim-
its to air concentrations of 0.37 mg/m? (0.3 ppm)
(Commisssion Regulation (EU) 605/2014, 2014;
United Nations, 2021). Likewise, legal regulations
or recommendations were also adapted in other
countries. Current occupational exposure limits
for long-term/time-weighted average of exposure
vary between countries, and range from 0.12 to 2.5
mg/m? (0.1-2.0 ppm). Additionally, many countries
have imposed short-term and/or ceiling limits. All
values are listed in Table 1.

Reduction or replacement of formaldehyde in
fixatives requires alternative chemicals, which
could also incorporate health hazards. Apart
from formaldehyde, our fixatives contain ethanol,
2-phenoxyethanol and thymol, which are regu-
lated as hazardous chemicals in the EU and oth-
er countries (Regulation (EC) 1272/2008, 2008;
Commission Regulation (EU) 2018/669, 2018;
Commission Delegated Regulation (EU) 2021/849,
2021). The main hazard associated with ethanol
is flammability. Further hazards of the four sub-
stances include several acute hazards, which are
listed in Table 2.

The aim of this study was to present two differ-
ent ethanol-based fixation methods used at our
institute for the dissection course or for clinical
anatomy courses, and to assess occupational ex-
posure to hazardous substances in a regular dis-
section course setting.

MATERIALS AND METHODS

Body donors

All body donors voluntarily bequeathed their
body during lifetime and after informed consent
for medical education and research to the Insti-



Table 1. International occupational exposure limits for formaldehyde, ethanol and 2-phenoxyethanol [mg/m?].

Formaldehyde

Long- term/

TWA? Short- term? Ceiling?
Europe
EU* © 1%—307 37) © 25474) -
Switzerland 0.37 0.74 _
UK 25 25 -
Asia
Japan 0.12 0.18° 0.24°
Singapore - 0.37 -
South Korea 0.37 - _
Australia/Ozeania
Australia 1.2(0.36°) 2.5(0.72) -
New Zealand 0.37 0.74 -
America
Canada’ 0.9 to— 1.23 to— 1.85to—
Mexico - 0.37 -
USA® 0.93 (0.02%) 2.47(0.12%) -

Ethanol 2-Phenoxyethanol

Long- term/
TWA!

Long- term/

TWA? Short- term?

Short- term?

1900 1900 - -
(260-1900) (1520-9500) (5.7t0-) (5.7t0-)

960 1920 110 110
1920 - - -

1880 - - -

1880 - - -
1880 - - -
1880 to — 1900 to — 141 to — -
1900 - - -

1900 - - -

Occupational exposure limits according to national regulations and legal requirements

—Alegal limit has not been imposed

! Long-term: General exposure limit during a working shift. It may be exceeded for short time periods. Or: TWA: Limit of time

weighted average of exposures during a working shift

2 Exposure limit for short time periods, defined by most countries as a 15 min interval

3 Concentration should not be exceeded at any time

4 National exposure limits can vary between countries: Listed is the limit valid in most EU countries and () range of national expo-

sure limits

5 Recommended by the Japan Society for Occupational Health (JSOH)
¢ Recommended by the National Industrial Chemicals Notification and Assessment Scheme (NICNAS)

7 Exposure limits vary between Provinces
8 Some states have different exposure limits

° Recommended by The National Institute for Occupational Safety and Health (NIOSH)

tute of Functional and Applied Anatomy, Han-
nover Medical School, where the study was per-
formed. The authors state that every effort was
made to follow all local and international ethical
guidelines and laws that pertain to the use of hu-
man cadaveric donors in anatomical research
(Iwanaga et al., 2022). Due to logistic reasons,
most body donors come from the region of Han-
nover. Before conservation started, an additional
second post-mortem examination by a coroner
was carried out.

Ethanol-based standard fixation

Our standard fixation protocol was applied to
bodies to be used in our student dissection cours-
es. Conservation started preferably within 24 h af-

ter death of the body donor by perfusion fixation
via the femoral artery. On average, 151 of standard
fixative (Table 3) were infused slowly (over several
hours) at a low-pressure gradient (max. 100 kPa
(1 bar)). The exact volume infused varied with
the size of the body donor (approx. 0.18 1/kg body
weight) and also depended on the vessel quality of
the corpse (visual control of arrival of fixative in all
body regions). Additionally, if necessary, fixation
solution was applied s.c. and i.m. in body regions
like, e.g., subcutaneous tissue of the neck, which
are sometimes not reached well by perfusion.

Subsequently, perfusion-fixed bodies were im-
mersed in 70% ethanol for additional external fix-
ation of skin and subcutaneous tissue and storage.
The storage period lasted for at least 6-12 months

Anke Schnapper-Isl et al.
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Table 2. Hazard statements for formaldehyde, ethanol, 2-phenoxyethanol and thymol according to CLP regulation (Commis-
sion Delegated Regulation (EU) 2021/849, 2021; Commission Regulation (EU) 2018/669, 2018; Commisssion Regulation (EU)
605/2014, 2014; Regulation (EC) 1272/2008, 2008) and Safety Data Sheets (Carl Roth GmbH 2021a, b, 2022).

Hazard statement Formaldehyde Ethanol 2-Phenoxy-ethanol Thymol
H255: Flammable liquid 2 X

H301: Acute toxicity 3 (oral) X

H302: Acute toxicity 4 (oral) X X
H311: Acute toxicity 3 (dermal) X

H314: Skin corrosion 1B X X
H317: Skin sensitisation 1 X

H318: Eye damage 1 X X

H319: Eye irritation 2 X

H331: Acute toxicity 3 (inhalation) X

H335: STOT SE1 3 (respiratory tract irritation) X X

H341: Mutagenicity 2 X

H350: Carcinogenicity 1B X

H370: STOT SE11 X

H411: Aquatic chronic 2 X

! Specific target organ toxicity, single exposure

Table 3. Composition of fixation solution for standard fixation and soft fixation.

Standard fixation Soft fixation
Volume Effective concentration? Volume Effective concentration
Ethanol (99%) 8750 ml 86.63% 5000 ml 43,61%
Formalin (Formaldehyde 37.5%) 750 ml 2.83% 125 ml 0,41%
2-Phenoxyethanol 250 ml 2.50% 125 ml 1,10%
Glycerin (85%) 250 ml 2.13% 4250 ml 31,83%
Thymol solution - - 100 ml 0,88%
Nitrite curing salt - - 100 /1750 ml 0,88%
aqua dest.

1 Effective concentration: water free concentration of chemical substance

during which the ethanol concentration of the Ethanol-glycerin-based soft fixation
storage solution was tested regularly. During the
dissection course, the bodies were sprayed regu-
larly with 20% ethanol when uncovered to prevent
drying out. After the end of the course, the corpses
were covered with a cloth, which was sprayed with
an ethanol/thymol solution and a plastic cover to
prevent evaporation.

Bodies conserved by soft fixation were used
in our specialist training courses. These include
courses for hip surgery and hip joint injection,
courses for shoulder, hip and knee joint prosthe-
sis surgery, courses for implantation of hand and
foot endoprostheses, flap surgery courses, pelvic
floor courses, and courses for implantation of left
ventricular assist systems. Donated bodies were
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perfusion-fixed using fixation solution for soft
fixation. The concentration of formaldehyde has
been further reduced from 1% to 0.41% (Table 3)
compared to previous years to increase the flex-
ibility of the corpses. The perfusion process was
similar to standard fixation; perfusion volume av-
eraged 12-15 1. For subsequent storage, the bod-
ies were immersed in 30% ethanol. Storage time
was on average about 6 months. It could vary be-
tween 4 weeks and 1.5 years, depending on the
time schedule and frequency of our specialist
training courses.

Evaluation of conservation quality

Throughout the dissection course, feedback of
students participating in the dissection courses
during the last 10 years was obtained orally re-
garding the visibility and haptic properties of an-
atomical structures, dissectability and handling.
For ethanol-glycerin-based soft fixation used in
specialist training courses, oral feedback was ob-
tained from participants and external instructors.
For both fixation methods, visual appearance of
donated bodies was documented photographical-
ly. Haptic properties were determined descrip-
tively by palpation.

Exposure measurements

Exposure measurements were taken during the
regular dissection course for medical students.
All students were working with body donors fixed
with Hannover standard fixation. The dissection
course is held in two dissection halls (area 220 m2,
air volume 840 m?, each), which are ventilated and
air conditioned (supply air: 6800 m?/h, extract air:
6900 m3/h, air exchange rate 8x, negative pres-
sure ventilation; per dissection hall). Room tem-
perature (set point: 17°C) and relative humidity
were recorded during exposure measurements.
Incoming air was delivered via 15 ducts located in
the ceiling, and for exit air 4 suction ducts were lo-
cated close to the floor. Table suction devices were
not installed. Twelve bodies were placed in each
dissection hall on stainless steel tables. Six bodies
were dissected simultaneously while the other 6
remained covered. Covered and uncovered tables
were arranged alternately, with always one cov-
ered table in between. Thus, the distance between

uncovered tables amounted to 5 m and 3.5 m in
longitudinal and transverse direction, respective-
ly. Minimum diagonal distance between corners
of uncovered tables was 2 m. Alternately 2 groups
of 6 students worked on one body in a time-stag-
gered manner. The students sprayed the bodies
with ethanol solution (20%) regularly during the
dissection course. Outside course hours, the bod-
ies were covered and remained in the dissection
hall.

Measurements of exposure to hazardous sub-
stances were conducted according to EU and
German legal regulations (DIN EN 689, 1995;
Regulation (EC) 1272/2008, 2008; Commisssion
Regulation (EU) 605/2014, 2014; DIN EN 482,
2015; TRGS 900, 2015; TRGS 402, 2016; Chemi-
kaliengesetz, 2021; Gefahrstoffverordnung, 2021;
Arbeitsschutzgesetz, 2022) They included ex-
posure measurements regarding formaldehyde,
ethanol and 2-phenoxyethanol.

Sampling was performed during regular course
hours by an accredited laboratory (TUV Nord
Umweltschutz GmbH, Hannover, Germany) on
two days (18.2.2016 and 6.2.2017), and includ-
ed room-related and person-related samples
(TUV NORD Umweltschutz Gmbh & Co. KG, 2016,
2017). Room-related samples were obtained
in a central position in the dissection hall. Per-
son-related samples were collected from one
person (18.2.2016)/two persons (6.2.2017) di-
rectly involved in the preparation process and
at inspiration height. These person-related sam-
ples were taken as long-term-exposure samples
to determine mean exposure levels during the
course (collection period 102-122 min). Sample
collection started at the beginning of the course,
including uncovering of body donors. Additional-
ly, short-term-exposure samples were obtained
from the two persons (2017) in maximum-expo-
sure situations (collection period 15 min) (TUV
NORD Umweltschutz Gmbh & Co. KG, 2017). The
sampling device (Personal Air Sampler, Type SKC
224PCEX8, ANALYT-MTC GmbH, Millheim, Ger-
many) comprised a pump sucking a defined air
volume through substance-specific sample car-
riers (formaldehyde: 2,4-dinitrophenylhydrazin
cartridge (Waters Sep-Pak Cartridge Type XPo-
Sure Aldehyde Sampler); 2-phenoxyethanol and
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ethanol: activated carbon tube (Type B, SKC Ana-
sorb CSV) (TUV NORD Umweltschutz Gmbh & Co.
KG, 2016, 2017)).

The samples were analyzed by accredited lab-
oratories. Formaldehyde analysis was performed
by TUV NORD Umweltschutz GmbH (Hamburg,
Germany), using high pressure liquid chromatog-
raphy (HPLC; LaChrom Ultra, VWR, Darmstadst,
Germany). 2-phenoxyethanol and ethanol anal-
ysis was performed by ANECO Institut fir Um-
weltschutz GmbH&Co. (Ménchengladbach, Ger-
many), using capillary gas chromatography and a
flame ionization detector (Capillary-GC-FID) (TUV
NORD Umweltschutz Gmbh & Co. KG, 2016, 2017).

Based on room air concentrations and occu-
pational exposure limits according to TRGS 900,
exposure indices were calculated according to
TRGS 402 (TRGS, 900, 2015; TRGS 402, 2016). A
substance index (I) was determined for formal-
dehyde, 2-phenoxythanol and ethanol, added to
yield a total exposure index (BI) and time weight-
ed to calculate the shift exposure index (I,)). Final-
ly, hazards and safety precautions were evaluated
according to TRGS 402 (TUV NORD Umweltschutz
Gmbh & Co. KG, 2017).

RESULTS

Conservation quality

Ethanol-based standard fixation was employed
for donor bodies intended to be used in the dissec-
tion course. The condition of the corpses can be
seen in Fig. 1. Muscles and internal organs were
moderately decolored, although they retained
enough color contrast for tissue differentiation.
Shape and size of internal organs were not altered
significantly. Tissues and organs of embalmed
bodies were firm but not hard or brittle. The bod-
ies remained in good condition during the whole
dissection course (October to June). Mold infes-
tation and tissue decompensation did not occur.
Student feedback revealed that they could discern
and dissect anatomical structures well, and that
they were satisfied with the conservation quality.

Ethanol-glycerin-based soft fixation was per-
formed in bodies used for specialist training
courses. Figure 2 shows the conservation quality

of bodies subjected to soft fixation. Organ and tis-
sue colours were quite vivid, and exposed struc-
tures could be differentiated well. Participants and
instructors of specialist training courses found
it particularly helpful that extremities and trunk
were flexible and most internal organs were quite
soft. Thus, tissues and organs gave a realistic im-
pression for the conduction of clinical procedures.

Exposure measurements

Ventilation and air conditioning kept the room
temperature and the relative humidity at low
comfortable levels during the dissection course
(room temperature 18.7-20.5°C, relative humidi-
ty 30-32%, air pressure 1016 hPa).

Room related exposure measurements:

In a central position of the dissection hall a
formaldehyde concentration of 0.073 and 0.058
mg/m? was measured in 2016 and 2017, respec-
tively. The concentration amounted to 19.7%
and 15.7% of the occupational exposure limit in
2016/2017 (substance index 0.197 and 0.157;
Table 4). Air concentration of ethanol was 65 and
107 mg/m?, i.e., 6.8% and 11.1% of the exposure
limit in 2016 and 2017, respectively (Table 4).
The exposure to 2-phenoxyethanol was below the
detection threshold. The sum of all measured air
concentrations resulted in a total exposure index
of 0.27 in both years.

Person-related measurements:

Person-related long-term values, i.e., mean
air concentrations at inspiration height direct-
ly above the corpses, were approximately twice
as high as the room related values for formalde-
hyde and ethanol (Table 4). Air concentrations of
2-phenoxyethanol were still below the detection
limit. All concentrations remained well below the
exposure limit (I, and BI < 1) (Table 4). Additional-
ly, short-term exposure measurements were con-
ducted for the two persons in 2017 (Table 4) when
opening the abdominal cavity. This was regarded
as the maximum exposure situation, not only of
the course day but of the whole dissection course.
From long-term and short-term exposure indices
a time-weighted shift exposure index (1) was de-
termined, which amounted to 0.35 for both per-
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Fig. 1.- Ethanol-based standard fixation. Fixation quality was very good. Structures could be dissected easily and were well conserved.
a: Right upper extremity. Mss Musculus (M.) subscapularis, Mbb M. biceps brachii, M. flexor carpi radialis, Mfds M. flexor digitorum
superficialis, Rfc Retinaculum flexorium carpi, Ap Aponeurosis palmaris, Nm Nervus (N.) medianus, Nu N. ulnaris, Ab Arteria (a.)
brachialis, ANt A. radialis and N. radialis ramus superficialis. b: Abdominal cavity opened and greater omentum flapped cranially.
Om Omentum majus, Ct Colon transversum, Mt Mesocolon transversum, AVms A. and V. mesenterica superior, AVic A. and V. ileo-
colica, AVcd A. and V. colica dextra, AVem A. and V. colica media. c: Right gluteal region. Mma M. gluteus maximus, Mme M. gluteus
medius, Mp M. piriformis, Lst Ligamentum sacrotuberale, Ags A. glutea superior, Agi A. glutea inferior, Ni N. ischiadicus, NAVp N.
pudendus, A. and A. pudenda interna.

Table 4. Air concentrations, substance indices, total exposure indices and shift exposure indices.

Location Time interval Formaldehyde Ethanol 2-Phenoxyethanol BI I,
C, [mg/m?] I C, [mg/m?] I C, [mg/m?] I,

18.2.2016

Room Long- term 0.073 0.197 65 0.068 <0.238 <0.005 0.27

Person Long- term 0.229 0.619 268 0.279 <0.268 <0.005 0.90 0.45

6.2.2017

Room Long- term 0.058 0.157 107 0.111 <0.365*% <0.003 0.27

Person 1 Long- term 0.118 0.319 278 0.290 <0.376* <0.003 0.61

Person 1 Short- term 0.405 1.090 862 0.898 <2.760* <0.025 035

Person 2 Long- term 0.107 0.289 388 0.404 <0.336* <0.003 0.70

Person 2 Short- term 0.135 0.365 352 0.367 <2.550* <0.023 035

Indices were determined according to TRGS 402 and TRGS 900 (TRGS 900 2015; TRGS 402 2016). According to TRGS 402, Bl was
not determined for short-term measurements. C Air concentration, I Substance index for formaldehyde (F), 2-phenoxyethanol (P)
and ethanol (E), BI Total exposure index, IM Shift exposure index, * Detection limit with respect to sampling time and flow rate.
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Fig. 2.- Ethanol-glycerin-based soft fixation. a: Right upper extremity; b: Thoracic and abdominal cavity opened; c¢: Abdominal cav-
ity opened and greater omentum flapped cranially. Fixation quality is good. Organ and tissue colors were quite vivid and exposed

structures could be differentiated well.

Mbb Musculus (M.) biceps brachii, Mtb M. triceps brachii, Mbr M. brachiioradialis, Mfds, M. flexor digitorum superficialis, Ab Arteria
(A.) brachialis, Nm nervus (N.) medianus, Nu N. ulnaris, ANt A. radialis and N. radialis ramus superficialis, ANu A. and N. ulnaris,
RL right lung, LL left lung, P Pericardium, D diaphragm, L liver, S stomach, J Jejunum, Ct Colon transversum, Cd Colon descendens,
Lgc Ligamentum gastrocolicum, Om Omentum majus, M Mesenterium, Mt Mesocolon transversum.

sons in 2017. I, was 0.45 in 2016. For both years,
the final evaluation according to TRGS 402 was
“Safety precautions are sufficient”.

DISCUSSION

Using donated bodies in dissection courses re-
quires fixation and conservation to inactivate pos-
sible pathogens and to provide sufficient tissue

stability for storage and course times (Brenner,
2014; Balta et al., 2015; Schmiedl, 2017; Waschke
etal., 2019).

Anatomical requirements for a fixative comprise
fast and homogeneous diffusion through tissue,
protein denaturation to prevent autolysis, rapid
inhibition of bacterial and non-bacterial degra-
dation processes, fast inactivation of pathogenic
microorganisms and structural solidification of



tissues and organs as close to their natural state
as possible. However, tissues should not become
too rigid and organic tissue components should
not be dissolved. Long preservation stability is
favorable, as well as a contribution to deperson-
alization of the body donor by a modest change of
complexion and haptic properties (Coleman and
Kogan, 1998; Brenner, 2014; Schmiedl, 2017).

The main components of classical fixation solu-
tions contribute to these requirements (Tables 5
and 6). In particular, formaldehyde is a constit-
uent of almost all conservation solutions for do-
nated bodies to be used in dissection courses due
to its strong bactericidal, fungicidal and antiviral
properties, as well as for its excellent tissue-fix-
ation qualities (Brenner, 2014). The final con-
centration in fixatives usually varies between 3
and 10% (Waschke et al., 2019). However, health
hazards and subsequent legislation continue to
restrict utilization of formaldehyde (see below).
Alternative fixation protocols with reduction or re-
placement of formaldehyde must meet the above
demands while involving less health hazards.

Fixation techniques

Ethanol-based standard fixation for student
dissection courses:

Our protocol used an arterial perfusion solution
(Table 3) based on ethanol (86.6%) and containing
formaldehyde (2.8%), 2-phenoxyethanol (2.5%)

and glycerin (2.1%) as additional components, fol-
lowed by immersion fixation in 70% ethanol and
resulted in a good fixation quality as described in
the result chapter. During intraarterial applica-
tion the fixation solution diffused through tissue
over several hours depending on vessel quality
and condition of the corpse, i.e., fast enough to
stop degradation processes successfully. The vol-
ume of fixation solution that can be infused var-
ied with regard to body size but also vessel quali-
ty. Application of high volumes improved fixation
quality. Subsequent immersion fixation in 70%
ethanol postfixed skin and subcutaneous tissue. A
storage time of at least 6-12 months assured re-
liable inactivation of possible pathogenic micro-
organisms, including a sufficient safety margin
(Lischka et al., 1979).

In order to reduce formaldehyde exposure,
several anatomical institutes have decreased
the formaldehyde concentration of their arterial
perfusion solutions to 1.6-4% during the recent
past (Rissler and Hauke, 2021). Classical formal-
dehyde-based fixation (4-8%) yielded specimens
with long-lasting stability for dissection, good tis-
sue fixation and antimicrobial effectivity, but tis-
sues became hard and discolored (Hayashi et al.,
2016). Areduction of formaldehyde concentration
may result not only in reduced health hazards, but
also in improved specimen suitability for dissec-
tion courses. Requirements for student dissection
courses differ to some extent from those for clin-

Table 5. Air concentrations, substance indices, total exposure indices and shift exposure indices.
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Location Time interval Formaldehyde Ethanol 2-Phenoxyethanol BI I,
C, [mg/m?] I C, [mg/m?] I C, [mg/m?] I,

18.2.2016

Room Long term 0.073 0.197 65 0.068 <0.238 <0.005 0.27

Person Long term 0.229 0.619 268 0.279 <0.268 <0.005 0.90 0.45

6.2.2017

Room Long term 0.058 0.157 107 0.111 <0.365*% <0.003 0.27

Person 1 Long term 0.118 0.319 278 0.290 <0.376* <0.003 0.61

Person 1 Short term 0.405 1.090 862 0.898 <2.760* <0.025 035

Person 2 Long term 0.107 0.289 388 0.404 <0.336* <0.003 0.70

Person 2 Short term 0.135 0.365 352 0.367 <2.550% <0.023 035

Indices were determined according to TRGS 402 and TRGS 900 (TRGS 900 2015; TRGS 402 2016). According to TRGS 402, Bl was
not determined for short term measurements. C Air concentration, I Substance index for formaldehyde (F), 2-phenoxyethanol (P)
and ethanol (E), BI Total exposure index, IM Shift exposure index, * Detection limit with respect to sampling time and flow rate.
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Table 6. Main components of fixatives and their characteristics.

Chemical agent Main characteristics

Formaldehyde very good tissue fixation
Ethanol

Phenol

Phenoxyethanol bactericidal

Glycerin

strongly bactericidal, fungicidal, insecticidal, antiviral, reversible crosslinking of proteins,

bactericidal, fungicidal, antiviral, protein coagulation

bacteriostatic, bactericidal, fungicidal, denaturation of proteins

hydrophilic (moisturizing, emollient, softening agent)

From: Lischka et al., 1979; Lowe and Southern, 1994; Block, 2001; McDonnell, 2007; Koller et al., 2012; Brenner, 2014; Robert

Koch-Institut, 2017; Schmiedl, 2017.

ical-anatomical courses. In particular, long-term
usability is of importance. In this regard, antibac-
terial, antifungal, antiviral and anti-insecticidal
properties of fixation and storage must be con-
sidered, and may limit reduction of formaldehyde
concentration much below 2%, or even formalde-
hyde-free solutions (Waschke et al., 2019).

Using a formaldehyde-free nitrite pickling
salt-ethanol-glycol solution for veterinary spec-
imens (dog), tissue and organ consistency, and
color remained invivo-like. But conservation of
the abdominal organs was only sufficient when
the abdominal cavity was opened, and thus the
abdominal organs were post-fixed by immersion
in the identical storage solution, and storage re-
quired cooling (Janczyk et al., 2011).

Ethanol-glycerin-based soft fixation for specialist
training courses:

Apart from adverse health effects, forma-
lin-based fixation also has some further disadvan-
tages for specialist training courses, e.g., rigidity
of the body, reduced joint flexibility, tissue decol-
oration, and change in the haptic properties of tis-
sue. This has resulted in the introduction of sever-
al alternative conservation protocols, specifically
designed for clinical-anatomical courses. They
include Thiel solution, ethanol-glycerin-form-
aldehyde solution, Imperial College London soft
preservation solution and saturated saline and
nitrite pickling salt solution (Thiel, 1992; Cole-
man and Kogan, 1998; Thiel, 2002; Hayashi et al.,
2016; Balta et al., 2019; Wedel et al., 2019; Shich-
inohe et al., 2022; Shirai et al., 2022; Suzuki et al.,
2022). Also unfixed, thawed, fresh-frozen bodies

are used (Hayashi et al., 2016; Shichinohe et al.,
2022; Suzuki et al., 2022).

To meet the specific demands of our special-
ist training courses, an ethanol-glycerin-based
soft fixation protocol was devised (Table 3). In
contrast with the standard protocol, the soft fix-
ation solution contained less formaldehyde (ef-
fective concentration 0.41%), ethanol (43.6%)
and 2-phenoxyethanol (1.1%), but more glycerin
(31.8%). Addition of thymol and nitrite curing salt
provided sufficient conservation properties to the
solution. High amounts of glycerin resulted in a
softer consistency. The bodies retained sufficient
flexibility, and internal organs were less rigid than
after our standard fixation. The consistency was
suitable to allow realistic procedures in training
of surgical intervention techniques, as needed in
our specialist training courses. On the other hand,
the infection risk inherent in thawed, fresh-fro-
zen corpses was reduced, but not eliminated (Ha-
yashi et al. 2016; Schmiedl 2017). After perfusion
with the ethanol-glycerin-based soft fixation solu-
tion, the bodies were stored in 30% ethanol, since
higher ethanol concentrations (e.g., 70%) result-
ed in progressive tissue hardening not compati-
ble with soft fixation purposes. Maximum storage
times are about 1.5 years; after longer periods, the
conservation quality declines.

Wedel et al. (2019) devised an ethanol-glycer-
ol-lysoformin (70%-30%-0.3%) solution for lap-
aroscopic gynecological surgery training, which
comes closest to our solution with regard to glyc-
erin content. The authors stated that they could
obtain similar results, as with fresh-frozen or
Thiel fixed body donors (Wedel et al., 2019). Thiel



fixation and its modifications produced a highly in
vivo-like appearance of the fixed bodies and their
organs at a macroscopic level, which included
coloring, haptic and joint flexibility (Thiel, 1992;
Thiel, 2002; Hayashi et al., 2016). However, some
of the components are toxic or harmful (Janczyk
et al., 2011). Yet another alternative is conserva-
tion with saturated saline solution (Coleman and
Kogan, 1998; Hayashi et al., 2016). The formal-
dehyde content was slightly higher compared to
our protocol, and the saturated saline solution
contained phenol, one other critical chemical,
which, however, might be replaced. The authors
stated that bodies fixed by this method had a
natural color, and that consistency was between
Thiel and formalin-fixed specimens and imaging
(ultrasound, x-ray), and that histological quality
were good (Coleman and Kogan, 1998; Hayashi et
al., 2016).

Health hazards of fixatives and exposure limits

Within the EU, occupational exposure to hazard-
ous substances is regulated at EU level (Regulation
(EC) 1272/2008, 2008; Commisssion Regulation
(EU) 605/2014, 2014; Commission Regulation
(EU) 2018/669, 2018; Commission Delegated Reg-
ulation (EU) 2021/849, 2021). Subsequent trans-
lation into national law is executed in Germany
through a cascade of acts, ordinances and techni-
cal regulations (DIN EN 689, 1995; DIN EN 482,
2015; TRGS 900, 2015; TRGS 402, 2016; Chemi-
kaliengesetz, 2021; Gefahrstoffverordnung, 2021;
Arbeitsschutzgesetz, 2022). Specifically, TRGS
900 assigns occupational exposure limit values.
Likewise, occupational exposure to hazardous
substances is regulated in many other countries
in Europe, Asia, Australia/Oceania and America
(NORMA Oficial Mexicana NOM-010-STPS-2014,
2014; Industrial Safety and Health Act, 2018; Safe
Work Australia, 2019; Ontario Regulation 833,
2019; Control of Substances Hazardous to Health
Regulations 2002, 2020; Health and Safety Execu-
tive, 2020; Ministry of Employment and Labor No-
tice No. 2020-48, 2020; Occupational Safety and
Health Act, 2020; Alberta Regulation 191/2021,
2021; Suva, 2021; Hygieniska grinsvérden, 2021;
Industrial Chemicals Act, 2021; BEK nr 1054,
2022; Part 1910 - Occupational Safety and Health

Standards, 2022; Regulation S-2.1 r.13, 2022; So-
ciaal Economische Raad, 2022; Workplace Safety
and Health Act 2006, 2022; Worksafe, 2022)

Our standard fixation solution contains three
chemical agents that are considered hazardous:
formaldehyde, ethanol and 2-phenoxyethanol.
The soft fixation solution additionally contains
thymol as a regulated chemical (Regulation (EC)
1272/2008, 2008; Commission Regulation (EU)
2018/669, 2018; Chemikaliengesetz, 2021; Com-
mission Delegated Regulation (EU) 2021/849,
2021; Gefahrstoffverordnung, 2021). Health haz-
ards associated with those four substances are
summarized in Table 2. To determine the health
hazards of a fixation solution, all of its compo-
nents have to be taken into account. If there is no
reliable evidence to the contrary, risks of mixtures
of chemical substances are assumed to be addi-
tive in many countries (TRGS 402, 2016; Ministy
of Employment and Labor Notice No. 2020-48,
2020; Hygieniska griansviarden, 2021; The Japan
Society of Occupational Health, 2021; BEK nr
1054, 2022; Part 1910 - Occupational Safety and
Health Standards, 2022).

Among the chemicals in our solutions, both
number and severity of adverse health effects
associated with formaldehyde clearly rank first.
This applies in particular to the hazards mu-
tagenicity and carcinogenicity, which are only
found in formaldehyde. Carcinogenicity of form-
aldehyde in humans has long been suspected
(Pabst, 1987), but in 2012 the IARC saw sufficient
evidence of carcinogenicity in humans to reclas-
sify formaldehyde from group 2A (probably car-
cinogenic to humans) to group 1 (carcinogenic
to humans) (IARC, 2012). “Sufficient evidence of
carcinogenicity in humans” means that a causal
association between exposure to the agent and
human cancer has been established (IARC, 2019).
According to the body of evidence, the IARC con-
cluded that formaldehyde causes nasopharyngeal
cancer and leukemia in humans. Furthermore,
the IARC Working Group reported a positive asso-
ciation between formaldehyde exposure and sin-
onasal cancer in humans, sufficient evidence for
carcinogenicity of formaldehyde in experimen-
tal animals, and mechanistic evidence of cancer
induction by formaldehyde in vitro and in vivo in
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humans and experimental animals (IARC, 2012).
The IARC, a research agency under the auspices of
the World Health Organization (WHO), evaluates
the carcinogenic risks of numerous agents, clas-
sifying substances on the strength of evidence for
carcinogenicity (IARC, 2019). It does not quanti-
fy the amount of risk increase due to exposure or
threshold levels. IARC classifications are solely
based on scientific grounds and have no direct
consequences for using the chemical in a specific
country or setting.

However, subsequent legislative bodies in sev-
eral countries adapted their hazard categoriza-
tion and exposure limits for formaldehyde. In
2014, the EU adapted the hazard category from
cat. 2 (suspected human carcinogen) to cat. 1B
(“presumed to have carcinogenic potential for hu-
mans, classification is largely based on animal ev-
idence”), but did not go as far as to classify form-
aldehyde as a cat. 1A carcinogen (“known to have
carcinogenic potential in humans, classification
is largely based on human evidence”) (Regulation
(EC) 1272/2008, 2008; Commisssion Regulation
(EU) 605/2014, 2014).

Besides the strength of evidence for carcinoge-
nicity, EU CLP categorization takes into account
additional considerations, including, e.g., the
level of concern for human carcinogenicity (Reg-
ulation (EC) 1272/2008, 2008). As a legislative
body, the EU classification directly and indirect-
ly (through national legislation) regulates usage,
safety measures and occupational exposure lim-
its, and thus it is relevant for individual institu-
tions (Regulation (EC) 1272/2008, 2008; TRGS
900, 2015). All countries screened (Table 1) have
imposed occupational exposure limits for formal-
dehyde. However, permissible concentration lev-
els vary substantially among countries. Presently,
the strictest legal regulations are found in Japan,
with an exposure limit of 0.12 mg/m?, which is
only one third of the EU exposure limit (0.37 mg/
m?; both values for long-term/time weighted av-
erage) (Industrial Safety and Health Act, 2018;
Directive 2004/37/EC, 2022). Even much lower is
the recommendation of the American National In-
stitute for Occupational Safety and Health of 0.02
mg/m? (The National Institute for Occupational
Safety and Health, 2022). Should a level like that

become a legal standard, it would be very diffi-
cult to continue with fixation solutions containing
formaldehyde.

The main hazard of ethanol is its physical prop-
erty of high flammability. Its flash point is at 12°C.
Ethanol vapors form explosive mixtures with
air at concentrations between 2.5 and 13.5 vol%
(Carl Roth GmbH, 2022). Since ethanol-based fix-
ation, and in particular storage of whole bodies,
requires large volumes of concentrated ethanol
solutions, precautions regarding fire and explo-
sion protection are necessary. These include suf-
ficient ventilation and precautions against elec-
trostatic discharge (Carl Roth GmbH, 2022) in all
relevant rooms, but in particular in the mortuary.
To ensure vapor concentrations remaining safely
below the lower explosion limit, measurements
of ethanol vapor concentrations and alarms sig-
naling ventilation failure are expedient and intact
good quality electric installations and leak-tight
cuvettes should be standard. The legal require-
ments might vary according to local regulations.

Further health hazards of the four regulated
chemical agents of our fixatives include several
forms of acute toxicity, organ damage and/or ir-
ritation; further skin sensitization for formalde-
hyde and environmental toxicity for thymol (Ta-
ble 2). In contrast to formaldehyde, not even all of
the screened countries have long-term/TWA lim-
its for ethanol, and only few assigned short-term
values. To date, occupational exposure limits for
2-phenoxyethanol exist only in some EU coun-
tries, Switzerland and some Canadian provinces,
and they vary greatly.

Exposure measurements

To evaluate occupational exposure in a regu-
lar dissection course setting, exposure measure-
ments were conducted during normal dissection
course hours. Exposure during the dissection
course can vary, depending on the precise dis-
section situation. In particular, opening the body
cavities is likely to result in greater exposure due
to evaporation of fixation fluid which has accu-
mulated inside the cavities and the exposure of
large surface areas of organs and tissues saturat-
ed with fixative. Therefore, short-term exposure
measurements were made on the opening of the



body cavities (15 min) and long-term exposure
measurements were obtained on the same course
day, i.e., working on corpses with newly opened
body cavities.

Occupational exposure to hazardous substanc-
es is regulated at several levels. Firstly, limits of
air concentrations [mg/m?] are imposed for each
substance, and measured exposure is related to
these limits (C, I) (TRGS 900, 2015; TRGS 402,
2016). Secondly, if exposure to a mixture of haz-
ardous substances occurs during a working shift,
hazards are considered additive; thus a total ex-
posure index (BI) is determined, which must not
exceed 1 (TRGS 402, 2016). Finally, time periods
with varying exposure during a working shift are
computed in a time-weighted manner, resulting
in a shift exposure index (I) (TUOV NORD Um-
weltschutz Gmbh & Co. KG, 2017). Comparable
procedures for calculating a time-weighted aver-
age of exposures and/or considering exposure to
multiple substances exist also in other countries
(Ministry of Employment and Labor Notice No.
2020-48, 2020; Grenzwerteverordnung, 2021;
Hygieniska grinsvirden, 2021; Suva, 2021; The
Japan Society of Occupational Health, 2021; BEK
nr 1054, 2022; Part 1910 - Occupational Safety
and Health Standards, 2022; Worksafe, 2022).

Both room-related and person-related (long-
term) exposure measurements remained well be-
low the limits for all three regulated substances of
our fixation solution, i.e., I, < 1 (Table 4). Also, BI
and I, remained below the limits (< 1). Exposure
limits may be exceeded for short time periods by a
substance-specific exceedance factor, which was
two for all of our substances, and thus all short-
term exposure limits were met (TRGS 900, 2015).
Exposure measurements and deducted indices
are the bases for the final evaluation according to
TRGS 402, which relates to sufficiency of safety
precautions (TRGS 402, 2016). For our dissection
course situation, the final evaluation was “Safety
precautions are sufficient” (TUV NORD Umwelt-
schutz Gmbh & Co. KG, 2017).

Looking in particular at formaldehyde exposure,
room-related measurements were 0.073 mg/m?
(2016) and 0.058 mg/m? (2017), person-related
(long-term) measurements amounted to 0.229
(2016), 0.118 and 0.107 mg/m?3 (2017). The oc-

cupational exposure limit of formaldehyde has
been 0.37 mg/m? since 2015, and has remained
unchanged since then (TRGS 900, 2015, 2022).
Thullner et al. (Thullner et al., 2015) conducted
exposure measurements at five anatomical insti-
tutes using different fixation protocols and with
different course settings. They found air concen-
trations of formaldehyde varying between 0.16-
0.79 mg/m? for room related and 0.41-1.14 mg/
m? for person-related measurements. As in our
course situation, person-related measurements
were higher than room related measurements
(average approx. x2). Formaldehyde air concen-
trations after our standard fixation were lower
than those determined by Thullner et al. (2015).
This is probably mainly due to alow formaldehyde
concentration in our standard fixation solution
and storage of fixated body donors in 70% etha-
nol without formaldehyde addition, leading to a
diffusion of formaldehyde into the alcohol solu-
tion. Formaldehyde concentration and/or abso-
lute formaldehyde content in fixation and storage
solution constitute the primary determinant for
the magnitude of formaldehyde evaporation from
the body donors during the dissection course
(Thullner et al., 2015; Waschke et al., 2019). It
may be easier to reduce or completely omit form-
aldehyde in preservation/storage solution than in
fixation solution. In a survey, 8 of 23 anatomical
institutes stated that they use formaldehyde-free
storage solutions, and most of them abandoned
the formaldehyde component recently (Rissler
and Hauke, 2021). In order to reduce formal-
dehyde exposure, Waschke et al. ( 2019) recom-
mended considering the protocols for perfusion
fixation, storage and body humidification during
the dissection course separately, and reducing
the amount of formaldehyde in all phases of the
embalming and dissection process. Additionally,
some institutes have successfully applied neu-
tralizing chemicals, e.g., monoethanolamine and
urea solution, to decrease formaldehyde evapo-
ration from the corpses (Coskey and Gest, 2015;
Kawata et al., 2019; Otsuka et al., 2022).

Further, technical and structural measures can
reduce exposure very effectively. These include
basic constructional aspects of the dissection hall
(e.g. size and height in relation to the number of
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corpses), ventilation (e.g. room vs./plus single ta-
ble extraction systems, air vent skirting, air flow,
air extraction volumes) and temperature regula-
tion (e.g. air conditioning/cooling/heating, illu-
mination) (Thullner et al., 2015; Waschke et al.,
2019). At our facility, size and height of the dis-
section halls are quite large, and an effective ven-
tilation and air conditioning system is installed,
allowing high air extraction volumes at low room
temperature even in summer. Therefore, single
table suction devices are not necessary.

Additional recommendations for exposure re-
duction are, e.g., small number of donated bod-
ies per room, exclusion of very overweight body
donations from the dissection course, uncover-
ing of bodies prior to course start, small number
of students per dissection table, and reduction of
thermal loads in the room (Thullner et al., 2015;
Waschke et al., 2019).

Limitations of the study

Exposure measurements were undertaken on
two days, which were chosen as days with max-
imum exposure situations, since it was our in-
tention to find out if we could conduct the course
safely with the present precautions. To map the
complete exposure situation during a whole dis-
section course longitudinally, it would be neces-
sary to perform more measurements throughout
the course year and during different dissection
situations. Additionally, air concentrations in re-
lationship with fixed bodies of different size and
body condition would be interesting to monitor.
Our present study focused on occupational ex-
posure of teaching staff and students during the
dissection course. Future studies focusing on
technical staff should be carried out to measure
exposure in the fixation laboratory, in the stor-
age hall and during preparatory works for the
dissection course. Exposure during specialist
training courses is lower compared to the dissec-
tion course, because of the lower concentrations
of formaldehyde, ethanol and 2-phenoxyethanol
in our soft fixation solution, of a smaller number
of corpses in the room — and often only selected
body parts are used. Nevertheless, it would be in-
teresting to establish measurements for different
clinical anatomy courses.

CONCLUSION

The two different ethanol-based fixation proto-
cols presented here offer suitable alternatives for
student dissection courses and specialist training
courses, respectively. Fixative properties of the
solutions were sufficient for long-term usability
during the dissection course (ethanol-based stan-
dard protocol) or the specific demands of the spe-
cialist training courses (ethanol-glycerin-based
soft fixation). Dissectability of the bodies was good
with respect to the requirements of student and
specialist training courses, respectively. Expo-
sure to formaldehyde and other hazardous sub-
stances in the dissection course was compatible
with current legislation and health protection re-
quirements.
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Congenital cervical teratoma — an
amalgamation of embryology with clinical
findings

Fariha Sabeen

Mahatma Gandhi Memorial Medical College, Jamshedpur, Jharkhand, India

SUMMARY

Teratoma means “A malformed body part of a
monster” in Greek. A cervical teratoma is a very
rare congenital tumor in the neck. These tumors
tend to be large, disfiguring masses — partly sol-
id and partly fluid. They make it impossible for a
newborn to breathe upon birth. Knowledge of ba-
sic embryology of the brachial apparatus is neces-
sary to understand neck malformations and con-
genital abnormalities. Here, a recent observation
of this exceptional case is described. A pregnant
woman, gravida 2, presented with pain abdomen
in the 37" week of gestation. A male, living baby
was delivered by caesarean section. Awell-defined
mass was present in the anterior neck region. A
diagnosis of giant congenital cervical teratoma
with airway compromise was made. The baby was
intubated but could not survive. The objective of
this study is the significance of a thorough knowl-
edge of anatomy and embryology to prevent any
late diagnosis or misdiagnosis. This report aims
to create awareness about embryological develop-
ment of a fetus to enhance the clinical recognition
of this rare disorder, to highlight their occurrence
in our locale, and to reiterate the associated man-
agement challenges in resource-limited settings.
The present case highlights the importance of reg-

ular antenatal checkups, with timely ultrasounds,
so that such congenital defects can be diagnosed
prenatally and their management can be planned
accordingly.

Key words: Teratoma — Neck — Embryology —
Fetus — Brachial cleft — Congenital anomaly

INTRODUCTION

Congenital cervical teratomas are extremely
rare germ cell tumors of the neck, composed of tis-
sues derived from at least two of the three embry-
onic germ layers, but foreign to the anatomic site
of occurrence (Benhoummad et al., 2021). These
tumors are benign but may lead to serious con-
sequences. Congenital cervical teratomas of the
neck region compress the structures in the neck
region and make breathing difficult for the baby
(Benhoummad et al., 2021). Teratoma of the head
and neck are interesting because of their obscure
origin, unpredictable behavior and often dramatic
clinical presentation. Teratomas are embryologi-
cal neoplasms that arise when totipotent germ
cells give rise to more or less organoid masses in
which tissues are derived from all the three blas-
tomeric layers (ectoderm, endoderm and meso-
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derm) (Alharbi et al., 2017). Cervical teratomas
are rare benign tumors consisting of 3% of all ter-
atomas and occur one in every 20,000-40,000 live
births (Mohammed et al., 2021). These neoplasms
are asymmetrical with both cystic and solid areas.

Knowledge of basic embryology of the brachial
apparatus helps to understand neck malforma-
tions and congenital abnormalities. During the
third week of development, the flat trilaminar
embryo undergoes a series of complex folds that
result in the formation of a cylindrical embryo.
During this time, the laterally placed clefts, known
as branchial clefts appear. These clefts are due to
flexion folds of the fetus within the amniotic cav-
ity. The basic tissues of development within the
head and neck (ectoderm, endoderm, mesoderm,
neuroepithelium) become organized into the pha-
ryngeal apparatus, also known as the branchial

apparatus, which is the forerunner of the head
and neck structures.

Cervical teratomas often occur on the anterolat-
eral surface of the neck, extending midline from
the thyroid gland, as far as 12 cm in their longest
axis; hence, unsuspected obstructive fetal giant
neck masses often prove fatal, because of an in-
ability to secure the airway and ventilate the baby
upon delivery, which leads to hypoxia and acido-
sis (Mohammed et al., 2021).

Current evidence suggests that most teratomas
are due to abnormal differentiation of fetal germ
cells that arise from the fetal yolk sac. Normal
migration of these germ cells may cause gonad-
al tumors, while abnormal migration produces
extra gonadal tumors. Chromosomal abnormali-
ties that have been reported are trisomy 13, ring
X chromosome mosaicism with inactive ring X

Fig. 1.- A male baby with congenital cervical teratoma.



chromosome, gene mutation or abnormalities in
early embryonic development (Mohammed et al.,
2021). The etiology can be also aberrant fertiliza-
tion, abnormal meiotic division, or even asexual
development of an unfertilized ovum (Azam et al.,
2021). Giant neck masses can obstruct the airway
and cause serious ill effects, which are not com-
patible with life after delivery.

CASE REPORT

A pregnant woman of gravida 2, aged 28 years,
presented with severe pain abdomen in the 37t
week of gestation. On examination, the abdo-
men was over-distended, with fundal height of
40 weeks. As she came from a rural background,
there was no history of any previous ultrasounds.
There was history of a previous abortion. An ul-
trasound examination was done immediately.
Her ultrasound report revealed a single, viable,
cephalic fetus with a cystic and solid mass in the
neck region. The length and breadth of the neck
mass were 9.2 cm and 6.9 cm respectively. Both
solid and cystic portions containing blood vessels
were present. Moderate polyhydramnios was de-
tected. No other congenital abnormality was de-
tected. The parents were counseled about the out-
comes, their consent was received and a decision
was taken to proceed further with the EXIT (Extra
Uterine Intrapartum Treatment) procedure.

A multidisciplinary team was formed which in-
cluded anaesthetic, obstetricians, pediatric sur-
geon and a radiologist. A male, living baby weigh-
ing 1.8 Kg was delivered by caesarean section. A
well-defined, predominantly solid lesion was
present in the anterior neck region (Fig. 1). The
baby was apneic, centrally cyanosed with a heart
rate (HR) of 50 beats per minute. Apgar scores
were 1 and 2 at 1 and 2 minutes. A diagnosis of
giant congenital cervical teratoma with airway
compromise was made. The baby was shifted to
NICU (Neonatal Intensive Care Unit) and intubat-
ed immediately with much difficulty. The mass
was irregularly-shaped with visible superficial
vessels and spread to the lower half of face, in-
cluding the mandible and both temporomandib-
ular joints. A Cervicofacial Computerised Tomog-
raphy (CT) scan was planned to enquire about any
infiltrations, but unfortunately, he only survived

for a few hours and then died. The parents were
referred for Genetic Counseling.

DISCUSSION

Perinatal mortality is very high in cases of cer-
vical teratoma. A large cervical teratoma usually
causes airway obstruction, and any delay in treat-
ment can cause 80% to 100% mortality (Azam et
al., 2021). A congenital cervical teratoma is diffi-
cult to diagnose in utero, because of the similar-
ities with other fetal neck masses such as cystic
hygroma., branchial cyst, hemangioma or lymph-
angioma (Azam et al., 2021). To prevent such mis-
diagnosis, thorough knowledge of anatomy and
embryology is crucial. Embryologically, brachial
cleft cysts are developed by incomplete involu-
tion of brachial cleft structures; hence, they are
present more posterior and lateral in position.
Similarly, cystic hygroma, lymphangioma and
hemangioma are also present laterally. On the
other hand, cervical teratomas are usually found
in mid-line structures such as anterior neck re-
gion, pineal body and supra-sellar space (Uchiya-
ma et al., 1995).

CONCLUSION

The present case study is a compelling amalga-
mation of knowledge of embryology with radiolo-
gy, obstetrics and pediatrics. Although rare, cer-
vical teratomas can be diagnosed in utero. This
particular case study highlights the importance
of antenatal checkups along with anatomical
anomaly scan. The importance of a skilled multi-
disciplinary team with complete understanding
of the anatomical relations of the neoplasm is
also emphasized. To ensure a successful man-
agement, careful planning and coordination is
the key. The majority of these tumors are benign
and cured by complete resection of the mass
during neonatal period (Peiro et al., 2016). The
author recommends a comprehensive prenatal
evaluation including conventional ultrasounds,
doppler, and echocardiography along with an-
atomical anomaly scan to be made compulsory
before 20 weeks of gestation. Antenatal counsel-
ing helps the parents to better understand the
natural history, fetal intervention and perinatal
management®. Late diagnosis, lack of pre-plan-
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ning and ignorance can lead to both physical and
mental turmoil. Counseling, serial imaging, and
well-planned deliveries with EXIT procedure are
the mainstay of management (Mohammed et al.,
2021; Azam et al., 2021; Uchiyama et al., 1995).
Favorable prognosis depends on prenatal diag-
nosis by radiological examinations and proper
management.
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SUMMARY

The celiac trunk is a main splanchnic artery
that supplies the intra-abdominal organs of the
upper gastrointestinal system. Anatomic vari-
ations of the celiac trunk are encountered in
10% of the population, but can pose challenges
to many surgical and interventional procedures.
We present here a case of hexafurcation of the
celiac trunk discovered preoperatively after
image staging for gastric cancer. The branches
of the celiac trunk were: left and right inferior
phrenic artery, arc of Buhler along with the com-
mon pattern of common hepatic, left gastric and
splenic artery. The highlight of the case is the
rarity of this specific pattern, which is seen in
less than 1% of the population, and also the pres-
ence of an anastomotic path, the arc of Biihler, as
a branch of the celiac trunk. It is evident that the
variations of the celiac trunk play a major role in
operations of the upper abdomen, radiological
interventional procedures and other uncommon
cases. Thus, the surgeon must be aware of these
variations and their frequency to avoid compli-
cations. Also, any physician should report any
variation discovered, accidentally or not, to help
the literature to be updated.

Key words: Computed tomography — Arc of
Biihler — Inferior phrenic arteries variations — Ce-
liac trunk variations — Celiac trunk hexafurcation

INTRODUCTION

The celiac artery, most commonly known as ce-
liac trunk (CT), is one of the main branches of the
abdominal aorta, which originates at the level of
T12. It is surgically significant as a main splanch-
nic artery; thus, it has been studied thoroughly
(Lipshutz, 1917; Adachi, 1928; Panagouli et al.,
2013; Santos et al., 2018; Whitley et al., 2020). The
common branching pattern of the celiac artery is
the tripus Halleri, which is comprised of the com-
mon hepatic, the left gastric and the splenic artery
(Panagouli et al.,, 2013). Anatomical variations
of the celiac trunk include variants of the tripod
(total absence, bifurcation), aberrant branches
(more than three branches of CT), and a common
origin with the superior mesenteric artery (celia-
comesenteric trunk), or together with the inferior
mesenteric artery (celiaco-bimesenteric trunk)
(Adachi, 1928; Panagouli et al., 2013). Herein, we
present an extremely rare case of hexafurcation of
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the CT, where two parietal branches of the abdom-
inal aorta derived from the CT and also an arch of
Buhler (AOB), which is a significant anastomotic
pathway, was detected.

CASE REPORT

An 82 years-old male patient was diagnosed with
a distal (antrum) gastric cancer. He had a comput-
ed tomography (C/T) of the abdomen as part of the
staging procedure. The C/T scan revealed a celiac
trunk with six branches: common hepatic artery,
left gastric artery, splenic artery, left and right
inferior phrenic arteries and arc of Biihler (Figs.
1-4). The patient underwent an open subtotal gas-
trectomy with D2 lymph node dissection and a
Roux-en-Y reconstruction. The left gastric artery
was ligated for oncologic purposes during lymph
node dissection. However, the aberrant branches
of the CT were recognized and preserved. There
was no intraoperative complication.

His postoperative period was uneventful.

COMMENTS

The variations of the CT are encountered in
approximately 10% of the population according
to the latest systematic reviews (Panagouli et al.,
2013; Whitley et al., 2020). Many different classi-
fication systems of the configuration and branch-
ing patterns of the CT have been reported, the one
by Adachi (1928) being the most frequently used.
However, it seems that no existing system covers
all the variations discovered, and there is an on-
going effort to create a universal classification of
CT variations (Panagouli et al., 2013). In previous
century, many large cadaveric studies established
the common human vascular anatomy and start-
ed to mention variations unknown until then, de-
spite the wide range of the percentages of these
variations (Biihler, 1904; Tandler, 1904; Lipshutz,
1917; Adachi, 1928). Nowadays, the study meth-
od of the variations has shifted from cadaveric
studies to studies via the multi-detector comput-
ed tomography (MDCT). Notwithstanding that a
few studies comparing these two methods exist,
it seems that MDCT has allowed for much larg-

Fig. 1.- MDCT coronal view showing the right inferior phrenic artery (RIPA) (yellow arrow) and the left inferior phrenic artery (LIPA)

(blue arrow) arise from the celiac trunk.
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er study populations in fewer time and perhaps age quality and the selection bias of the computer
more accurate percentages, with the downside tomography’s study (Marco-Clement et al., 2016;
of the omission of variations beyond MDCT’s im- Whitley et al., 2020).

Fig. 2.- MDCT coronal view showing the arc of Biihler (AOB) derived from the celiac trunk (CT) and its anatomical correlations with
the common hepatic artery (CHA) and the superior mesenteric artery (SMA).

Fig. 3.- MDCT sagittal view showing the arc of Bithler (AOB) with its correlation with the splenic vein (SV). SMA: superior mesenteric
artery.
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Fig. 4.- MDCT coronal view showing the arc of Biihler (AOB) (blue arrow) with its correlations with the common hepatic artery
(CHA), the proper hepatic (PHA) and the gastroduodenal artery (GDA).

The anatomical variations of the CT include an in-
complete celiac trunk (missing one of the branch-
es of the tripod, following different patterns), the
absence of the tripod, additional branches and a
common trunk with other major arteries such as
the superior mesenteric artery and the inferior
mesenteric artery (Panagouli et al., 2013).

Additional branches of the celiac trunk may
be parietal and visceral. The parietal branches
include the inferior phrenic arteries (Lipshutz,
1917; Adachi, 1928; Whitley et al., 2020). The
inferior phrenic artery may arise as a common
trunk, the common inferior phrenic artery (CIPA),
or as two individual arteries, the right and left in-
ferior phrenic arteries (RIPA and IPA) (Whitley et
al., 2021). They mainly supply the diaphragm, but
may also contribute to the arterial supply of the
esophagus, stomach, spleen, suprarenal glands,
liver, inferior vena cava and adjacent structures
(Whitley et al., 2020). The CIPA, according to the
latest systematic reviews, is present in approxi-
mately 25-29% and most commonly originated
from the aorta (57%) (Whitley et al., 2021). Two

individual phrenic arteries are seen in about 70-
75% of the cases. The origin of the RIPA is primar-
ily the aorta (50%) and the CT (35%), and second-
arily the right renal artery and the left gastric,
whereas the origin of the LIPA is the aorta and the
celiac trunk (appr. 46% each) (Marco-Clement et
al., 2016). The concurrent origin of RIPA and LIPA
from the celiac trunk is seen in 14%.

The variation of the inferior phrenic arteries
can play a major role in some cases of an upper
gastrointestinal bleeding due to its contribution
to the arterial supply to the esophagogastric junc-
tion (Whitley et al., 2021). Also, these arteries
could be the cause of extra-bronchial massive he-
moptysis, and the lack of awareness could lead to
rebleeding after bronchial embolization (Yoon et
al., 2002). Also, this may be of great clinical signif-
icance in cases of transcatheter arterial chemo-
embolization (TACE) for inoperable hepatic ma-
lignancy (HCC), as the inferior phrenic arteries
could be among the tumor-feeding arteries and
thus should be embolized for palliative reasons
(Whitley et al., 2021).



The arc of Biihler is a rare variation, which
was first described from Buhler in 1904 (Buhler,
1904). It anastomoses the CT with the superior
mesenteric artery and is encountered in less than
3% of the population, although its exact incidence
is still unknown (Saad et al., 2005; Michalinos et
al., 2018). The usual anastomoses between the ce-
liac trunk (CT) and the superior mesenteric artery
(SMA) are via pancreaticoduodenal arcades and
dorsal pancreatic artery (Michalinos et al., 2018).
The arc of Biihler (AOB) is an alternative arterial
connection of these major arteries, and two major
theories have been used to explain its origin. The
Mac Kay arc theory suggested that in a 5 mm em-
bryo the distribution of aorta branches is meta-
meric, with each metamere giving rise to 3 pairs
of branches, uniting in an arch: the posterior (ver-
tebroparietal), the lateral (genitourinary) arch
and the anterior (visceral) arch. During embryon-
ic development variant processes such as fusion
and obliteration of branches and development of
the digestive tube result in the adult’s common
anatomy (celiac trunk, superior and inferior mes-
enteric arteries) (Saad et al., 2005; Douard et al.,
2006; Michalinos et al., 2018). The Tandler’s lon-
gitudinal anastomosis theory, first described by
Tandler (1904), is generally used to explain the
most of the celiac-mesenteric an intermesenteric
anastomoses between splanchnic branches (Lip-
shutz, 1917; Michalinos et al., 2018). So, AOB is
usually thought to be an embryonic remnant due
to the failure of regression of the ventral anasto-
mosis between the anlages of the celiac trunk and
the superior mesenteric artery (Saad et al., 2005;
Douard et al., 2006; Michalinos et al., 2018).

The arc of Bithler is of significant clinical impor-
tance as it forms a collateral pathway for arterial
perfusion in case of mesenteric or liver ischemia
and could be a life-saving variation (Michalinos et
al., 2018). Especially, during pancreatic oncologic
operations where the ligation of the gastroduode-
nal artery is mandatory, the presence of the arc
acts as an alternative arterial supply to the liver
especially if celiac stenosis coexists (McNulty et
al.,, 2001; Manta et al., 2022b; Schumacher et al.,
2022). Liver transplantation could also benefit
from this arc in the presence of stenosis in the
major splanchnic arteries (Incarbone et al., 2021).

Also, even mesenteric ischemia due to an aortic
dissection could be prevented due to the presence
of the Arc of Biihler (Schizas et al., 2020). This
arc, augmenting the anastomotic channels be-
tween the two arteries, is a positive predictor of
adequate blood supply to organs (McNulty et al.,
2001; Saad et al., 2005; Douard et al., 2006; Mi-
chalinos et al., 2018; Schizas et al., 2020). In in-
terventional radiology it can provide direct access
to SMA through the CT and vice versa for diagnos-
tic and even therapeutic reasons (Michalinos et
al., 2018).

The clinical significance of the hexafurcation
of the CT is evident, during liver, pancreatic,
esophagogastric surgery, liver transplantations,
organ procurements for transplantation such
as liver, pancreas, small bowel or multivisceral
ones, lymph node dissection for oncological pro-
cedures and vascular surgery (abdominal aortic
aneurysm, or even aortic dissection) (McNulty et
al., 2001; Saad et al., 2005; Douard et al., 2006;
Michalinos et al., 2018; Schizas et al., 2020; Man-
ta et al., 2022b; Schumacher et al., 2022). These
variations could complicate the aforementioned
procedures with bleeding because of inadvertent
injury if the surgical team is not aware of them.
Moreover, the effort to avoid any injury to them,
may prolong any surgical procedure. In addition,
these variations could pose a challenge during
the angiographic evaluation of a gastrointestinal
bleeding or hemoptysis and the embolism of a tu-
mor or a bleeding lesion (Michalinos et al., 2018).

The importance of this case report relies on the
fact that the hexafurcation of the celiac trunk is
a rare variant. According to the latest literature,
the six-branch pattern of celiac trunk is seen in
less than 1% (Panagouli et al., 2013; Manta et al.,
2022a). Moreover, this case has a specific clinical
impact as, additionally to the two inferior phren-
ic arteries, the sixth branch of the celiac trunk is
not a splanchnic branch but an anastomotic path.
The celiac trunk and the superior mesenteric ar-
tery have regularly anastomotic channels, but
the uniqueness of this case is found in the direct
connection of these large arteries with the arc of
Biihler. To the best of our knowledge, this specif-
ic pattern has been reported only once before in
literature with the arc of Biihler inserting into the
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first jejunal artery, and not into the trunk of the
superior mesenteric artery as we have mentioned
here (Manta et al., 2022a).

Despite the well-established importance of AOB,
there is still no mention of it in the current text-
books of anatomy (McNulty et al., 2001). Further-
more, the embryological hypothesis has not been
proved yet (Michalinos et al., 2018). Surgeons and
radiologists around the world have not conclud-
ed a commonly agreed system of classification
of vascular variations (Panagouli et al., 2013).
Pre-operative staging even for the most obscure
areas of upper abdomen such as pancreas does
not universally include MDCT angiography for es-
tablishment of vascular pattern. So, there is still
work to be done and this case underline this fact.

CONCLUSION

It is obvious that the variations of the celiac
trunk have an important clinical impact especial-
ly on the operative approach of the upper abdo-
men, and the surgeon should be aware of them.
Thus, it is crucial to establish a pre-operative in-
vestigation which may include evaluation of the
celiac trunk, in order to map out a better intra-op-
erative plan. It is important and extremely useful
to report any new variants discovered, accidental-
ly or not, because the knowledge of CT branching
pattern could improve the therapeutic results for
a wide range of surgical and radiological, abdomi-
nal and vascular procedures.
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SUMMARY

Human components have been used as teach-
ing resources for centuries. This study aimed to
investigate the ethics and practicality surround-
ing this resource by analysing the opinions of stu-
dents and professionals with exposure to human
remains. Three questions were posed relating to
the use of synthetic cadavers, the use of replicated
bones, and the overall opinion regarding the ethics
of using human material in teaching. These ques-
tions were disseminated through a survey aimed
at students and professionals working with/study-
ing using human remains in the UK, with 477 re-
spondents. Kruskal-Wallis, Jonckheere Terpstra
and Mann-Whitney U tests were used to identify
any differences within the participants according
to age and gender. Overall, all groups lent towards
supporting the use of human remains in teach-
ing. However, significant differences were noted
between gender groupings and age categories, in
particular between the 21-40 and 61+ age cate-
gories regarding the use of cadavers in teaching,
and between male and female groups regarding
the use of synthetic cadavers and replica bone.

Even though multiple differences were noted,
there was a consensus that use of human remains
in teaching is ethical. The differences related
to the degree to which materials should be used
across different fields, with medical students and
professionals believing that they should have sole
access to real materials, whilst both archaeology
and heritage professionals and non-professionals
believed that all subjects should have access if it
will help with students’ education.

Key words: Anatomy — Bone — Body Donors —
Ethics — Human Remains — Pedagogy

INTRODUCTION

The use of human remains used as a pedagog-
ical aid is not a recent concept, with the earliest
documentation dating to 5,000 years ago (Loukas
etal., 2011). With human remains once belonging
to the living, they hold a clear “significance within
all human societies” (Mays, 2010). It has been fur-
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ther stated that “British attitudes to dead bodies
are ambivalent, contradictory and volatile” (Park-
er Pearson, 2003), whereas people are more able
to detach themselves from the sight of skeletons,
perhaps forgetting they were living people (Swain,
2002; Parker Pearson, 2003). This could lead to
skeletal remains being viewed as components
rather than an individual’s remains, whilst fleshed
bodies are easier to regard as human and are less
likely to be seen as a series of components, and
so, pedagogical aids. This potentially creates a di-
vide in opinion on the use of human remains as
learning resources between the public and those
who interact with the dead on a daily basis. Even
though attitudes vary towards different forms of
human remains, their utility in teaching is clear.

While a pedagogical analysis has clear value,
ethics must also be considered. In the present
day, many countries have legislation for the care
and treatment of human remains, including the
United States, New Zealand, Australia and the
United Kingdom (Gazi, 2014). It is worth noting
that, although the United Kingdom still has a large
Christian population, it is now a multi-faith envi-
ronment, and unlike other countries, it is no lon-
ger deemed to have a “native” population (Coates,
2021). Whilst other countries have specific laws
relating to the handling and display of the remains
of native peoples — such as the Native American
Graves Protection and Repatriation Act in the
United States (White and Folkens, 2005; NAGPRA,
2021) — no such laws exist in the United Kingdom.
However, the Honouring the Ancient Dead or-
ganisation introduced an initiative to protect re-
mains determined to be from ancient British and
non-Christian cultures (HAD, 2021). It also seeks
to promote ethical and respectful interaction with
human remains of any age. This national, as well
as global, move towards more legislative support
of ethical practice when handling human remains
highlights the need for a review of where ethical
opinion lies within the British community of those
working with such remains.

The history of human remains as teaching
materials

The study of human anatomy was first under-
taken in the 3" century BC in Alexandria, but was

only permitted briefly under the Ptolemaic pha-
raohs (Standring, 2016). It was later, in Renais-
sance Italy, that the study of human anatomy, and
thus dissection, became more widely acceptable
(Papa and Vaccarezza, 2013). Legalised in the
United Kingdom in the 16™ century to continue on
the same footing as European counterparts, the
Barber-Surgeon Act of 1540 allowed for the bod-
ies of four criminals to be given to medical schools
for dissection each year (Thomas, 2006). How-
ever, with the introduction of more institutions,
there was a greater demand for cadavers; thus,
in 1752 the Murder Act was passed, stating that
executed murderers could be used for public dis-
section (Cain, 2017; Tarlow and Battell Lowman,
2018). Again, there was an increased requirement
for bodies leading to body-snatchers, or Resurrec-
tionists, removing freshly interred corpses and
selling them to anatomy schools (Cain, 2017). One
famous case is that of Burke and Hare in Edin-
burgh, who murdered 16 people in order to profit
from the sale of their bodies (Mitchell et al., 2011;
Tarlow and Battell Lowman, 2018). This led to the
introduction of the Anatomy Act in 1832, which
allowed the bodies of unclaimed individuals to be
anatomised, thus increasing the number of cadav-
ers received legally by anatomy theatres. Moving
into the late 20™ century, this practice — although
not abolished — was superseded by donation pro-
grammes, where individuals can choose to donate
their bodies for teaching after death.

During the late 1990s, it was revealed that sev-
eral hospitals in the United Kingdom had re-
moved and retained tissue without consent (HTA
2021). Known as the Alder Hey Affair (Bauchner
and Vinci, 2001), this instance led to the intro-
duction of the Human Tissue Act in 2004, which
oversees the regulation and storage of human tis-
sues of individuals who have died within the last
century (HTA, 2020), and the subsequent intro-
duction of the Human Tissue Authority in 2005,
which regulates the guidelines for the removal,
storage and use of human tissue (HTA, 2021).
The last public dissection in the United Kingdom
succumbed to much scrutiny because of this. In
2002, Dr Gunther von Hagens, the creator of the
Body Worlds exhibition, which uses plastinated
human remains (von Hagens, 2014; Jones, 2016),



sold tickets for a public dissection undertaken in
an abandoned building in London (MacDonald,
2005; Cain, 2017). This dissection, which was
also televised, proved extremely controversial as,
like his later exhibition, it appeared to be more of
a performance piece than an educational event
(MacDonald, 2005). This brings to the fore the eth-
ics of both using and storing human remains. The
clear progression of both public and professional
opinion of the use of human remains in univer-
sity teaching, and wider educational engagement,
highlights the need for a direct analysis of where
the opinion of related practitioners lies in regard
to teaching with different forms of human re-
mains.

Ethics Policies

Following on from the Human Tissue Act, the
Department for Culture, Media and Sport pub-
lished a generalised set of guidelines for human
remains in museum collections within England,
Wales, and Northern Ireland (DCMS, 2004) and
provided detailed information concerning stor-
age and display. Information is also provided on
acquisition, conservation and deaccession should
it be necessary (Jenkins, 2008). Within this doc-
ument, the DCMS also encouraged institutions
to think about and compile their own guidelines
pertaining to the storage and display of human
remains (DCMS, 2004; LaPorte, 2014). This has
been undertaken by numerous institutions (i.e.
Lohman and Goodnow, 2006; Wellcome Collec-
tion, 2018; British Museum, 2021). Even though
the DCMS guidelines touch on the “use, access
and education” purposes of human remains, the
section is rather short, and mainly relates to the
prospect of visitors handling remains whilst in a
museum (DCMS, 2004). However, teaching insti-
tutions — universities and medical schools — tend
to have their own ethics policies. In any instance
where students have access to human remains,
they must first become acquainted with the ethics
policies of the institution that they belong to. This
highlights the potential need for a more universal
stance on ethics and, as a result, ethical policies —
this itself requiring research into what is consid-
ered ethical by those currently learning from and/
or working with human remains.

Dissection

Until recently, dissection was the primary meth-
od for studying human anatomy, with the addition
of textbooks and photographs (Trelease, 2016).
Only in the last thirty years have advances in tech-
nology and variations in teaching allowed for a
different approach to studying anatomy. Multiple
surveys have considered the use of dissection in
teaching. Many of these studies broach the sub-
ject of whether cadavers, henceforth referred to as
donor bodies, are necessary within teaching pro-
grammes when there are alternatives available,
such as body painting, 3D printing (McMenamin
et al., 2018), medical imaging and three-dimen-
sional simulation (Trelease, 2016). In one study, as
documented by Papa and Vaccarezza (2013), first-
and second-year London medical students were
asked whether they believed practical dissection
classes aided in their knowledge and understand-
ing of anatomy. Seventy-five percent of the 174
students surveyed stated that dissection was the
“single most useful method of learning anatomy”.
Another study, undertaken over a twelve-month
period at the University of Sheffield, interviewed
thirteen students as part of a qualitative review,
two of which were postgraduates from the De-
partment of Archaeology (Burr et al., 2019). The
overall conclusion was that the students gained a
“unique and valuable learning experience”, which
enhanced their understanding of anatomy (Burr
etal., 2019).

Although most studies relate to the use of donor
bodies purely as teaching materials for medical
and biomedical subjects, the consensus is that
dissection is the best way for learning human
anatomy, but that it should be also accompanied
by other methods, including 3D models, software,
and atlases (Davis et al., 2013). Students them-
selves have noted a better anatomical under-
standing through hands-on learning (Papa and
Vaccarezza, 2013); in which case, as long as stu-
dents are able to have an interactive experience,
it could be possible to substitute a real human
body for a replica composed of synthetic materi-
als. However, it should be noted that these studies
have been universally from within medical or bio-
medical schools, with a lack of analyses regarding
wider fields that commonly teach using human
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remains, including bioarchaeology and forensic
anthropology.

Human Bones

Unlike complete human bodies, human skeletal
remains are widely used outside of medical and
biomedical subjects (i.e. archaeology and anthro-
pology), and act as a useful reference for teaching
(Hillier and Bell, 2007). Remains held on display
and in storage have come up against scrutiny
within recent years, due to the Human Tissue Act
and the related changes in public opinion. Even
though museums have on occasion surveyed the
public, since the guidelines from the DCMS were
published in 2005 there have been a greater num-
ber of surveys focused on human remains. A sur-
vey undertaken at the Museum of London in 2007
determined that 53% of respondents expected to
seeremains ondisplay, and that,in total, 92% of re-
spondents approved of human remains being dis-
played within collections (Roberts, 2009). Another
survey, conducted at the Manchester Museum in
2008, showed that 91% of the 375 respondents
were in favour of the display of human remains
(Sayer, 2010). Further to this, a study undertaken
by the English Heritage in 2009 determined that
87% of respondents felt that the display of human
remains helped them to “understand how people
have lived in the past” (English Heritage, 2009).
These results suggest that the majority of muse-
um goers are happy to view humans remains and
for them to be held within collections.

It has been suggested that, instead of display-
ing human remains, alternative methods could be
employed, such as using photographs or replica
bones (Levitt, 2016). However, these surveys and
alternative ideas relate to storage and display
within museum collections (i.e., Bonney, Bekvalac
& Phillips 2020; MDU, 2021), not to the use of hu-
man bones as a hands-on teaching material. Un-
like engagement studies undertaken on dissec-
tion as mentioned above, there is less published
material for skeletal engagement. In both cases,
it is important that opinions be sought not sole-
ly from the students or professionals involved in
the handling of material, but also by the general
public in order to gain a larger picture of what is
and is not considered ethical. Also worthy of note

is the use of archaeological remains in teaching
collections. With a donor system now in place, it
could be possible for certain teaching units to re-
place archaeological skeletal material with donor
skeletal material, for which consent has been giv-
en. However, this relies on other factors such as
whether universities have medical teaching units
to gain access to donor bones, and the licensing to
hold them.

Aims of this Study

These studies mentioned previously have clear
utility for helping develop anatomical education,
but suffer from relatively small sample sizes. A
larger study, and one which also considers the
opinions of graduates now working in the field,
alongside those of the public, would further this
work. The research presented here thus aims to
determine whether there are any differences in
opinion regarding the type of remains used for
teaching according to the type of remains and
conditions of education. Moreover, in review we
aim to place in a pedagogical analysis at the fore-
front of any analyses so that the conclusion may
eventually advise on the development of teaching
with, and thereby the handling of, human remains
within a higher education setting.

MATERIALS AND METHODS

Survey Compilation and Distribution

For this study, a series of questions regarding
the use of human remains as teaching materials
was compiled into a survey, which was subse-
quently granted ethical approval by the Universi-
ty of Sheffield ethics board. The survey questions
began with individual specific categories, includ-
ing age, gender, and profession. These questions
were necessary to set the demographic parame-
ters of the respondents and had predetermined
answer categories: for example, age was set with-
in 20-year stages; <20, 21-40, 41-60 and 61+ to
support subsequent statistical analyses. For this
study, the responses to four specific questions,
one yes/no question, and three graded questions,
were analysed.

The first of these questions was a split-second
decision about whether the use of human re-



mains as teaching materials is ethical, answered
as yes or no. The graded questions were graded
on a five-point Likert scale answering system:
1 — least strongly, 2 — less strongly, 3 — neither
agree nor disagree, 4 — strongly, 5 — most strong-
ly. The first graded question was whether it is
acceptable for a range of subjects to use dissec-
tion as a resource, or if it should only be used by
medical and biomedical students. This range of
subjects, henceforth referred to as relevant sub-
jects, comprises any discipline which may pro-
vide additional teaching regarding human anat-
omy, for example archaeology and forensics. The
second question asked if synthetic bodies, such
as those made from plastics and animal compo-
nents, should be used for all non-medical and
biomedical subjects. The third graded question
asked whether replicated bones should be used
for teaching instead of real human bones. The
full list of survey questions can be found in the
supplementary material.

The completed questions were uploaded and
formatted within Google Forms, chosen because
of its security and encryption software, in order
to comply with GDPR requirements and ethi-
cal standards. The survey was then distributed
through various professional platforms, includ-
ing social media, relevant organisational email
listings, and similarly relevant online forums.
Distribution was also encouraged by profession-
als on said platforms to disseminate further, for
example by the British Association for Biological
Anthropology and Osteological Anthropology, the
Sheffield Medical Teaching Unit and the British
Archaeological Jobs Resource. Archaeological fo-
rums and university emailing lists allowed for a
professional and student base, whilst social me-
dia was also used to target a non-professional
audience. The survey was initially distributed in
May 2020 with no official deadline set. Most re-
sponses came within the first two weeks, but the
link was left live until early July of the same year,
when data processing began. A comments sec-
tion was added to the survey following requests
from a number of correspondents on one social
media group, which allowed additional partici-
pants to provide reasoning(s) as to why they had
given some of their answers.

Statistical Analysis

Kruskal-Wallis (with pairwise comparisons)
and Jonckheere-Terpstra tests were run to test
differences between age groups and trends across
ages respectively. Mann-Whitney U tests were
conducted to test for differences between male
and female groups. Non-parametric tests were
selected due to the variation in sample sizes and
to strengthen the project’s statistical analyses.
To limit any errors incurred by running multiple
tests, Dunn-Bonferroni corrections were applied
to adjust all p-values. Statistical analyses were
run using SPSS v.26.

Demographic breakdown of respondents

In total, 477 people took part in the survey. A full
breakdown of respondents can be seen in Table 1,
outlining profession, gender, and age.

RESULTS

Variation between genders

Table 2 gives the results of the Mann-Whitney U
tests between the male and female respondents.
The results show a trend regarding the mean val-
ues provided for males and females, and also for
the questions asked. Female respondents opted
for lower scores in the scaled answers on average
than males, with the mean value provided in each
category for females being consistently lower than
that for males (between 0.20 and 0.33 difference
across the three questions). Interestingly, the or-
der in which the questions were presented in the
survey seems to be their order of importance re-
garding the scaled answers provided, with the use
of donor bodies for all subjects scoring a higher
mean value, whilst the use of bone casts instead of
real bones has the lowest mean value.

When addressing whether donor bodies should
only be used for medical and biomedical stu-
dents, the Mann-Whitney U test determined that
there was no statistical significance between the
responses of male and female genders (seen in
Table 2). However, statistical significances were
noted for the two further questions. A p-value of
0.03 was obtained for the question of whether
synthetic bodies should be used for non-medical/
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Table 1. Demographic breakdown of respondents, showing gender, age, and profession.

Career
Male
<20 3
21-40 18
Age
Student 41-60 1
61+ 1
Total 23
21-40 10
41-60 12
Arch/Heritage Age
. 61+ 4
Professional
Prefer not to say
Total 26
21-40 3
Age 41-60 1
Med/Bio Professional
61+ 2
Total 6
21-40 10
41-60 21
Age
Non- professional 61+ 26
Prefer not to say
Total 57
<20 3
21-40 41
Total Age 41-60 35
61+ 33
Prefer not to say
Total 112

biomedical teaching, determining a difference of
opinion between male and female respondents.
Similarly, a significant p-value of 0.01 was ob-
tained for the use of real bones versus casts. The
mean value obtained for male respondents was
2.42 and 2.16 respectively to the two questions,
whilst that for females was 2.14 and 1.83 respec-
tively. These outcomes show a significantly higher
score in the male group, but with groups on av-
erage giving scores supportive of the use of bone
casts and synthetic bodies.

Variation between age groups

Table 3 displays the results of the Kruskal-Wal-
lis and Jonckheere-Terpstra tests undertaken be-
tween age categories. Kruskal-Wallis and post-hoc

Gender
Total
Female Gender Fluid Prefer not to say
14 2 19
73 7 98
14 1 16
1 2
102 10 135
81 2 1 94
23 1 36
2 6
1 1
107 3 1 137
12 15
6 7
3 1 6
21 1 28
40 1 51
38 59
39 1 66
1 1
118 1 1 177
14 2 19
206 10 1 258
81 2 118
45 1 1 80
2 2
348 15 2 477

tests were then run to determine if any statistical
significances were noted between age categories.
Interestingly, they seem to have the opposite re-
sult, with a statistical significance noted for the
first question (the use of donor bodies for only
medical/biomedical teaching), but not for the
further two questions. The Kruskal-Wallis deter-
mined a p-value of 0.01 for the use of donor bod-
ies for medical/biomedical versus non-medical/
biomedical teaching. Associated pairwise analy-
sis showed that specifically the 41-60 and 61+ age
categories were significantly different (p=0.04). In
addition, the results of the Jonckheere Terpstra
test (p=0.01) allude to a significant trend towards
increased scores to the use of donor bodies ques-
tion with age. All mean scores, however, suggested
positive responses to the three questions.
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Table 2. Results of the Mann-Whitney U test comparing responses between male and female genders. P-values have been adjust-
ed according to Dunn-Bonferroni corrections. Significant results are marked in bold. Note: Gender Fluid data was not included in
the statistical analysis due to the differences in sample size compared to male and female groups, but was considered important

and is thus reported in the table.

Mann-Whitney U

Question Gender N Mean SD sig
.19
Donor bodies for medical/biomedical vs non- medical/ Male 112 2.50 1.36
biomedical teaching Female 348 2.30 1.33
GenderFluid @ 15 2.40 1.40
.03
Male 112 2.42 1.16
Synthetic bodies for non- medical/biomedical teaching
Female 348 2.14 1.05
GenderFluid @ 15 2.20 1.26
.01
Male 112 2.16 1.18
Bone casts instead of real bones
Female 348 1.83 1.01
Gender Fluid @ 15 2.40 1.54

Table 3. Results of the Kruskal-Wallis test comparing responses between ages, with pairwise analysis between age group and Jon-
ckheere Terpstra tests for significant Kruskal-Wallis tests. P-values have been adjusted according to Dunn-Bonferroni corrections.
Significant results are marked in bold. Note: Gender Fluid data was not included in the statistical analysis due to the differences
in sample size compared to male and female groups but was considered important and is thus reported in the table.

q N Jonckheere
Question AgeCategory N Mean SD Kruskal- Wallis sig. 21-40 41-60 61+ Terpstra sig.
<20 19 2.73 | 1.40 .01 71 1.00 @ 1.00 .01
Donor bodies for medical/
biomedical vs non- 21-40 258 216 124 55 .04
medi(lzal/biomedical 41-60 118  2.48 | 1.41 1.00
teaching
61+ 80 2.68 143
<20 19 2.52 | 1.17 .38
Synthetic bodies for 21-40 258 215 1.08
non-medical/biomedical
teaching 41-60 118 224 110
61+ 80 2.30 1.08
<20 19 2.36 | 1.01 A1
Bone casts instead of real 21-40 258 186 1.07
bones 41-60 118 2.00  1.10
61+ 80 1.85 1.05
DISCUSSION conservative in terms of which groups should be

taught using human remains, but within the con-
text that human remains should be used.

While several statistically significant differences
were identified between select groups, there was

an overwhelming majority of responses showing The statistical results were supported and en-
participants that believed that the use of teaching hanced by the addition of respondents’ com-
with human remains is both practical and ethi- ments, several of whom provided useful insights
cal. Moreover, these differences at no point allud- into the profession of the individual, and their
ed to one group being against the use of human personal experiences. In some cases, respondents
remains as pedagogical aids. Instead, the results have given reasoning for why specific answers

rather showed that some groups were simply more
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were chosen and outline their personal thoughts
and feelings regarding the subjects of ethics and
consent. These provide a valuable context to the
more quantitative statistical results.

Is the use of human remains ethical as a teach-
ing material?

Analysis of both the survey data and respondent
comments point to a consensus among partici-
pants that it is ethical to use human remains as
teaching materials, with 89.7% of participants
(428/477) giving a “Yes” response. This has been
also confirmed by analysis of the Likert scale
questions (supplementary material — Tables A, B,
and C), which opt for the use of donor bodies in
education rather than replications. Even though
limited access to donor bodies and replicated ma-
terials have been suggested for use outside of the
medical and biomedical teaching spheres (dis-
cussed in detail later), it seems that the majority
of respondents would prefer for everyone to have
access to actual human remains in order to obtain
a better understanding of anatomy, regardless of
specialisation as seen by the mean values docu-
mented in Tables 2 and 3.

Overall, the most frequently raised point was
of consent (mentioned by 43 individuals). Most
respondents appear to approve of the use of do-
nor bodies for teaching, whether for medical and
biomedical students or for a broader subject base,
because donors consented to give their body as
a teaching material. The same, however, cannot
be said of archaeological remains. Even though
in most cases provenance and a general histo-
ry of skeletal remains might be known, there
is no knowledge of how individuals would have
felt knowing their final resting place was no lon-
ger so. On this topic, Respondent 306 points out
that many skeletons are excavated from funer-
ary contexts, backed up by Respondent 390, who
states that people in the past “went to their death
with a reasonable expectation of remaining un-
disturbed”. For many individuals in the past, it
seems highly unlikely that they could ever imag-
ine themselves being used to educate students. In
this context, it is interesting that so many respon-
dents supported the use of archaeological bone to
be used in teaching.

As a counter-argument to this, allowing stu-
dents to handle human remains, in both the form
of donor bodies and as skeletal remains, provides
them with the opportunity to learn about the eth-
ics of what they are doing and ensures that they
understand how to show respect to remains. As
stated by Ghosh (2017), “as fellow human beings
it is our responsibility to reciprocate the anatom-
ical gift with respect, compassion, care and digni-
ty”. This is regardless of how human remains are
used, whether they are complete donor bodies,
prosections or skeletal material, they were still
once living, breathing individuals and so must
be treated with the utmost care and respect. Re-
spondent 176 noted that using real bones allowed
her to remember that they were once part of a liv-
ing human — a feeling that might be lost with the
use of casts. The best way to promote the respect
of people who lived before us is to use them and
learn from them, in as ethical and respectful a
way as possible.

Use of cadavers for only medical and biomedi-
cal teaching

The results of the statistical analyses show no
statistical significance between male and female
groups; however, differences have been noted
between certain age categories. In particular,
significant differences were noted between 21-
40 and 61+ age categories, along with increases
in mean response scores with the increasing age
groups analysed. This highlights a differing opin-
ion between ages on the usage of donor bodies for
the purposes of medical and biomedical versus
non-medical and biomedical teaching.

Alongside the statistical significances, it is of val-
ue to note that over half the data — 57.4% — lies in
categories 1 (least strongly — all relevant subjects
should have access to cadavers) and 2 (less strong-
ly), whilst only 21.8% of the data lies in categories
4 (strongly) and 5 (most strongly — donor bodies
should only be used to teach medical and biomed-
ical students). This can be seen broken down by
gender in a crosstabulation in the supplementary
material (Table A). The answers given by respon-
dents could stem from the issue of consent, with
19 respondents agreeing that, if individuals have
consented to dissection after death, it is ethical



Table A. A breakdown of scaled answers for the use of cadavers for biomedical vs non-biomedical teaching against gender.

Use of cadavers for only medical and biomedical teaching

Total
1.00 2.00 3.00 4.00 5.00
Male 39 17 29 15 12 112
Female 139 66 69 45 29 348
Sex
Gender Fluid 3 9 0 0 3 15
Prefer not to say 1 0 1 0 0 2
Total 182 92 99 60 44 477
Table B. A breakdown of scaled answers for the use of synthetic cadavers for non-biomedical teaching against gender.
Use of synthetic cadavers for non-medical or biomedical teaching
Total
1.00 2.00 3.00 4.00 5.00
Male 32 23 40 11 6 112
Female 134 62 125 21 6 348
Sex
Gender Fluid 5 6 1 2 1 15
Prefer not to say 0 0 2 0 0 2
Total 171 91 168 34 13 477
Table C. A breakdown of scaled answers for the use of replica human bones instead of real ones against gender.
Use of replica bone instead of real human bones
Total
1.00 2.00 3.00 4.00 5.00
Male 47 19 31 11 4 112
Female 186 57 84 18 3 348
Sex
Gender Fluid 5 6 0 1 3 15
Prefer not to say 2 0 0 0 0 2
Total 240 82 115 30 10 477

for any relevant subject to use them. Yet this is not
an overall opinion, and alongside the statistical
results two respondents specifically commented
that donor bodies should only be used by medi-
cal and biomedical students. Respondent 152 be-
lieved that it is primarily medical and biomedical
students who should have access to donor bodies,
although within the context of their use in differ-
ent subjects, they would not “be against their use
if it adds value to the course”. This was seconded
by Respondent 291, who believed that donor bod-
ies should be “prioritised for medical teaching”,
but had access through their own archaeological

course and said that it had aided in their educa-
tion and understanding.

Overall, with a mean value of 2.35 for the com-
bined dataset, there is a general acceptance for all
relevant subjects having access to dissection as a
resource, rather than solely medical and biomed-
ical subjects. There are a few counter-arguments,
stating that donor bodies should be prioritised,
but, on the whole, the respondents of this study
appear to be of agreement that any relevant sub-
ject which would benefit from the use of dissec-
tion should have access to the resource.

Georgina A. Goodison, Christopher Aris
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Synthetic bodies for non-medical and
biomedical teaching

The results of the statistical analyses revealed
that the male group to have significantly higher
mean response scores than the female group, but
with no additional significances discovered be-
tween age categories. Again, the majority of data
collected — 54.9% — was held in categories 1 (least
strongly — all relevant subjects should have access
to real donor bodies) and 2 (less strongly), whilst
only 9.8% of the data was allocated as categories
4 (strongly) and 5 (most strongly — anyone not
studying medical or biomedical subjects should
use synthetic bodies). The mean score for male
respondents was calculated at 2.42, for gender
fluid at 2.20 and for females 2.14. The results of
the statistical analysis show that, although males
agree that access should be provided to real donor
bodies, female respondents were more inclined
towards this. Further information can be seen
broken down by gender in a crosstabulation in the
supplementary material (Table B).

There were also notable comments on this ques-
tion from respondents. For example, Respondent
85 suggested that synthetic bodies would be highly
useful for teaching if there was no access to real do-
nor bodies, whilst Respondent 83 said they should
be considered as an option, but if people had cho-
sen to donate their bodies for teaching, their wish-
es should be adhered to. Perhaps this could suggest
acompromise: if institutions have sufficient access
to donor bodies for a variety of subjects, then this
facility should be used, but if not, there is now an
alternative. This can be seen in a study undertak-
en in 2019 using a SynDaver model (Richardson et
al., 2021), which introduced a synthetic body into
an anatomy module. Even though this experiment
did not test whether students learnt more from a
synthetic body than a real one, it concluded that
students who had access to a synthetic body gained
more skills than those who had no access, show-
ing this as an invaluable teaching resource. This
in part concurs with the results of this project and
respondent comments, most notably the potential
for using synthetic resources where donor bodies
are unavailable.

However, all individuals are anatomically differ-
ent and so may present different traits during dis-

section, including blood vessels in irregular plac-
es and additional growths (Mazhar et al., 2014):
traits such as these could be easily missed if using
a standard synthetic body. Also, the textures and
densities of real human remains cannot be fully
replicated in synthetic models. A study undertak-
en at a university in Poland asked students if they
would prefer to use real donor bodies, synthetic
bodies, or a combination of both. Over 70% of stu-
dents opted for real donor bodies due to variance
and degradation of the living body, seeing how it
changes over time, whilst only 21.8% would rath-
er have a replication in order to see how anato-
my should look if it was without flaw (Wilk et al.,
2020).

Although not asked to participants, there is a
clear issue with the synthetic body relating to
purchasing cost. The starting price of SynDav-
er organs is reasonable: for example, a synthetic
spleen costs $139 (SynDaver, 2021), but a high-
end, full body can cost around $350,000 (Hans-
man, 2015). However, synthetic bodies like these
conversely have a relatively low upkeep, in both a
physical and monetary sense. They do not have to
be stored in the same environment as real donor
bodies, allowing for easier and cheaper storage
facilities and, most importantly, they can be used
multiple times (Richardson et al., 2021). Whilst a
real donor body can be classed as a “single use”
material which can be dissected only once (al-
though it can be used furtherin the form of prosec-
tions, etc), a synthetic body can be used over con-
secutive seasons with multiple groups, because
it can be reassembled after each use. Potentially,
this could link in with the findings from the pre-
vious question: medical and biomedical students
should have priority over real donor bodies, but
other relevant subjects could use synthetic bodies
as a useful study aid if access to a donor body is
not possible. However, this relies on non-medical
and biomedical fields having the funds available
to purchase a synthetic body.

Another issue, raised by five respondents, was
the use of animal components in the creation of
semi synthetic bodies, which use animal organs
inside a synthetic structure. The recurring com-
ment was that human individuals had consented
to be used for educational purposes after death,



whilst animals had not. For example, respondent
195 commented that the use of animal compo-
nents in semi synthetic bodies is “morally wrong”.
Unlike humans, other animals, both living and
dead, are classed as a “tradeable commodity”
(Kaw et al., 2016), and in the case of semi synthet-
ic bodies it could be fairly argued that a student is
dissecting an animal merely housed inside a dif-
ferent shell.

Alongside the ethical issues of using donor bod-
ies in teaching, there are also practical issues,
including transportation, chemical preservation,
and storage (Brenner et al., 2003; Brenner, 2014).
Additionally, substances hazardous to the health
of living individuals (Brenner, 2014; Wilk et al.,
2020) must be used to preserve donor bodies,
thus requiring a specific environment for their
processing, storage, and dissection. For example,
an open and well-ventilated area is essential when
dissecting a donor body due to the overpowering
odour omitted by cutting into the preserved flesh
(Bhat et al.,, 2019). Fully synthetic bodies such
as the SynDaver (SynDaver, 2021), comprised of
plant and polymer fibres, produced without the
use of hazardous or toxic material, could be a
counter to this.

Overall, the results presented here, as well as in
literature, suggest that professionals and students
working with human remains see value in the use
of synthetic and semi synthetic bodies for the pur-
poses of teaching. However, there are obvious eth-
ical and educational issues with using semi syn-
thetic alternatives. This suggests that whilst there
are financial and variational limitations to using
synthetic bodies, they may present a viable and
more ethical alternative to semi synthetic versions
and, in some cases, real donor bodies, according
to the resources available in each case. That being
considered, as the response seen by the majority
of respondents still suggests that if there is access
to a real donor body, then this should be used.

Replacement of human bones with replicas

The final question provided similar results to
the previous, with a significant difference between
the responses of the male and female groups, but
with no significant variation between age catego-
ries. The difference noted between gender catego-

ries saw a mean score for males of 1.18, females
of 1.01, and for gender fluid of 1.54. Even within
the context of significant variation between male
and female response, the consensus is that real
human bones should be used for teaching, rath-
er than replicated material with the majority of
data — 67.5% — held in categories 1 (least strongly
— skills would be lost by only using casts) and 2
(Less strongly) whilst only 8.3% was held in cat-
egories 4 (Strongly) and 5 (Most strongly — casts
should be used instead of real bones).

This has also been noted in the additional com-
ments. In total, 47 comments referred to the im-
portance of using real bones over replicas for
study, with 38 made by students and archaeolo-
gy or heritage professionals who have experience
of handling human bone. However, within these
comments there was a further consensus that
replica bone should be used initially to build an
understanding of skeletal anatomy (i.e., identify-
ing bones and their features). This applies mainly
at a non-specialised, undergraduate level. How-
ever, with more advanced students, studying to-
wards a specialisation, respondent comments
suggested that casts are not always appropriate.
Unfortunately, this could mean that some ar-
chaeologists without post-graduate qualifications
could have little to no experience of handling real
human bones before they first begin fieldwork,
suggesting that real bones should still play a part
to some degree within undergraduate study.

One of the repeated comments was of tapho-
nomic damage — the alteration of bone over
time depending on both environmental and hu-
man-based factors (Sorg, 2019). For example,
Respondent 337 believed that students should
become accustomed to studying real bones in or-
der to understand any fragmentation and/or deg-
radation that they may experience. The bones of
an individual can alter dramatically depending on
the environment of internment and any post-dep-
ositional interaction. This should be considered
in teaching, and cannot be reflected effectively
through replicas. Similarly, Respondent 62 be-
lieved that it was essential to have experience
of handling human bones before beginning any
fieldwork as an archaeologist in order to under-
stand types of damage. Respondent 70 concurred,
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believing that students need to handle human
bones in order to be able to distinguish them from
animal bones and to understand their fragility
during excavation — something noted in past liter-
ature (Johnson, 1994).

Eighteen respondents also commented on the
variation of human bones, which are specific to
each individual. There are numerous metric and,
more importantly in this instance, non-metric or
discrete traits, seen in some individuals as singu-
lar or multiple characteristics (White and Folkens,
2005; Mays, 2010). The worries projected by these
respondents were unanimous; when replacing
real bones with polyresin copies, instances of in-
dividual variation could be lost. In particular, Re-
spondent 313 focused on paleopathology (bone
disease), and stated that real bones should be
used for teaching, so students can understand
normal variation before attempting to “identify
pathological or atypical changes”. It is vital to un-
derstand whether a characteristic is a non-metric
trait, taphonomic damage or evidence of patholo-
gy as this is a core component of biological profil-
ing across all anatomical, archaeological, and fo-
rensic fields (e.g. Roberts and Manchester, 1995;
Mays, 2010).

Interestingly, Respondent 321 believed that rep-
licated bones should be substituted for real ones
within a public display setting; but, for teaching
individuals who want to specialise in human re-
mains, they should have access to real bones.
This respondent also pointed out that the use of
real human bone as a teaching material can help
strengthen the protocols of ethical practice by
thoroughly informing students about the material
with which they are working. In fact, several insti-
tutions have begun to replace human skeletal ma-
terial with replica bones. For example, when the
remains of Richard III were uncovered in 2012, it
was always the intention to re-inter them. Howev-
er, his bones were scanned using CT equipment
and then 3D printed, allowing for a copy to be put
on display whilst his actual remains were interred
in Leicester cathedral (Levitt, 2016). Technology
has now advanced to the point that it is possible
to 3D print bone to act as a graft in a living person
(Xilloc, 2021). Given that this type of printing has
to be precise in order to serve a living individual,

it seems the use of 3D printed bones for the pur-
poses of teaching could provide more than just a
basic understanding of skeletal anatomy.

Replicated bones are now more readily avail-
able, with numerous online outlets selling them,
from low quality plastic items to high quality 3D
printed replicas. High end replications, such as
those created by Bone Clones (2021) are much
more detailed, encompassing a range of individ-
ual and pathological features. These are created
using real human bones and are cast with enough
precision to preserve fine details such as muscle
attachment sites and nutrient foramina (Bone
Clones, 2021). Created from polyurethane resin
and hand stained to appear more realistic, these
replicas have been cast from a number of individ-
uals in order to demonstrate differing non-metric
traits and pathologies. In fact, the page dedicated
to replica skulls showcases multiple types or trau-
ma from human impact as well as various dis-
eases and ailments. One survey respondent liked
the idea of casts to show trauma: Respondent 188
focussed heavily on different types of traumas
which might not be readily available within skel-
etal collections, but which could be substituted
with the use of casts. The most economic set-back
of highly detailed items such as Bone Clones is
the cost. Whilst institutions may obtain human
remains from excavation work or from other such
facilities, replicated bones must be purchased.

Limitations

Several limitations have been noted within this
study. One of the methods of distribution was a
female-led social media group, accounting for a
greater number of female respondents. Also, the
survey was sent out through several professional
email lists and social media groups, but also dis-
tributed through a personal social media account.
This accounts for the greater number of profes-
sional respondents as opposed to public. Were
this study to be undertaken again, having greater
access to the public could allow for a more even
split in the data.

CONCLUSION

Despite some variations between groups, the
results of the survey and subsequent statistical



analysis show a clear opinion that the use of hu-
man remains as a teaching resource is ethical.
Whether in the form of a donor body or skeletal
material, there is the overwhelming opinion that
it is ethical to use real human remains to enhance
the education of students, with the majority of
respondents feeling more at ease with the use of
real material as opposed to synthetic, and espe-
cially semi synthetic in regard to created materi-
al. However, while these seemed to be a general
ethical consensus there was some contention
regarding the issue of consent. Moreover, it must
be remembered that the analysis conducted here
focussed on the British population. The findings
presented here may thus not apply within differ-
ent cultures and societal groups. Future research
would thus be well served conducting similar
surveys amongst different groups, considering
different factors such as nationality, ethnic back-
ground, and religion.
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SUMMARY

While anatomy has been taught by means of tra-
ditional methods for centuries, today anatomy ed-
ucation methods are developing with various digi-
tal educational resources. Therefore, determining
the trends of publications on the use of technolo-
gy in anatomy education can provide a roadmap
for future studies on this topic. This study aims to
conduct a bibliometric analysis of the documents
about technology in anatomy education. Using the
bibliometric analysis method, 437 documents be-
tween 1987 and 2021 were included in the study.
Publications in journals indexed in Web of Sci-
ence were reviewed in terms of the country, jour-
nal, citation, year, author, keywords, co-author-
ship, co-occurrence, and co-citation. The H-index
value of the publications was 47, and the total
number of citations was 8501. The publications
highlight an exponential increase in the last few
years, as well as the prominence of a particular
journal and countries such as the USA, England
or Australia. Wilson TD was the most prolific au-
thor in the field. According to the co-occurrence
analysis, it is observed that the terms “gross anat-

omy education”, and “medical education” are fre-
quently used by the authors. In the last few years,
3D printing, virtual reality, augmented reality and
social media were selected in anatomy education.
This study identified the main research hotspots
related to the use of technology in anatomy edu-
cation. The findings can also help provide new di-
rections and ideas for future research.

Key words: Anatomy education — Bibliometric
study — Technology

INTRODUCTION

Anatomy is an important branch of basic med-
ical sciences. It is also of great importance, as it
includes the scientific and terminological foun-
dations of medicine and other health disciplines
(Moxham and Plaisant, 2014). It is possible to en-
counter anatomy education at almost all levels of
the health education system (Estai and Bunt, 2016;
Schaefer et al., 2019; Zargaran et al., 2020). In or-
der to teach anatomy effectively, many research-
ers, especially anatomy educators, have been
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developing various theories and contributing to
the literature by introducing new evidence-based
applications for many years (Scott, 1993; Singh et
al., 2019). In the Web of Science (WoS) alone, there
are 4356 documents between 1975 and2019 that
contain the keyword “anatomy education” (Petek-
kaya et al,. 2021).

Many alternative education methods are used
in the presentation of anatomy education. Meth-
ods such as face-to-face learning, books, atlas,
dissection, prosection, plastination, video, online
resources, social media, 3D models, augmented
reality and virtual reality are among the methods
used to teach anatomy effectively (Iwanaga et al.,
2021). Comparative research on the advantages
and disadvantages between traditional methods
and newer and more technological methods tends
to increase. Anatomy teaching methods and re-
sources used to help provide educational material
have evolved significantly in recent years (Hulme
and Strkalj, 2017). Today, more innovative and
interactive teaching strategies and techniques
which sare student-centred rather than cadav-
er-based are becoming popular. These techniques
are problem-based, self- or team-based learning,
as well as computer-assisted learning, videos,
simulations and 3D images in anatomy educa-
tion (Singh et al., 2019; Turney, 2007). Due to the
rapid progress of technology and the increasing
need for e-learning, it is important to explore the
potential of technology in anatomy education.
All technologically realized innovations provide
medical students with accessible and standard-
ized anatomy teaching (Zargaran et al., 2020).

The first and most important basis for acquiring
adequate knowledge and skills in anatomy is for
students to concentrate and engage in learning
anatomy (Kumar and Singh, 2020). At this point,
studies show that educational approaches made
using active and engaging learning strategies in
anatomy education can improve student partic-
ipation and interaction are highlighted (Eleazer
and Scopa, 2018; Singh et al., 2019). In recent
years, with the increasing ease of access to inno-
vations such as 3-D printers, virtual reality and
augmented reality, innovative anatomy education
models have been developed. In anatomy labora-
tories, materials consisting of 2D plastic and atlas

models are replaced by 3D virtual reality models
that provide a deeper understanding of anatomy
with today’s technology (Falah et al., 2014). How-
ever, there is still uncertainty about the various
materials and techniques used for anatomy edu-
cation and the methods to provide optimal teach-
ing (Zargaran et al., 2020).

Bibliometric analysis provide a different per-
spective in reflecting developments in various
fields of scientific research (Petekkaya et al.,
2021). This analysis is a useful method to objec-
tively measure the current status and internation-
al scientific impact of a particular topic (Van Raan,
2003). At the same time, it succinctly and intelli-
gibly presents to researchers and readers the gen-
eral trends in their field of research. Visualization
of Similarities viewer (VOSviewer) is a specially
designed software tool that creates and visual-
izes bibliometric maps, thereby demonstrating
the structural and dynamic aspects of scientific
research areas (Mas-Tur et al., 2021). The accu-
mulated knowledge of most scientists during the
historical development of anatomy has led to a de-
tailed anatomy database (Bahsi and Bahsi, 2019).
Advances in anatomy education are the topic of
many research articles, reviews, scientific meet-
ings (Estai and Bunt, 2016; Iwanaga et al., 2021;
Singh et al., 2019). For this reason, bibliometric,
scientometric and altmetric analyses related to
this current issue may also be useful (Petekkaya
et al., 2021). Currently, there is a lack of research
on the current situation, trends, hotspots and
evaluation of the future appearance regarding
the innovations brought by technology in anat-
omy education. With the innovations offered by
technological developments, new evidence-based
approaches to learning and teaching are being
designed for students in the field of medicine and
health sciences. Studies on anatomy education
and technology are increasing in order to reveal
effective learning methods.

This study aims to conduct a bibliometric anal-
ysis of documents related to anatomy education
and technology using the WoS database. Until
2021, we present the trends of current publica-
tions on the subject in areas such as authors, key-
words and countries to relevant researchers.



MATERIALS AND METHODS

Study design

This bibliometric study was conducted using
documents published in indexed in the Web of
Science (https:/www.webofscience.com/). The
datasets collected via WoS were obtained on De-
cember 20, 2021. All bibliometric analyses were
completed by conducting them through the files
downloaded on this date.

Data search and collection

In this study, data were collected through the
Web of Science Core Collection database. The sci-
ence of anatomy can potentially be covered by
many journals in the fields of medicine, health,
biology and biomedicine. Therefore, data collec-
tion was not attributed to the scope of any particu-
lar journal, and interdisciplinary research cutting
across multiple fields and extending to related ar-
eas were also included in the analyses. All docu-
ment types (article, proceeding paper, book chap-
ter, etc.), countries, languages, data categories
were included without going to any exclusion. We
selected the words to search as TS = (technology
OR virtual reality OR augmented reality OR 3D OR
video OR social media OR internet) AND anatomy
education. The first publication in the WoS data-
baseis obtained in 1987. A total of 438 documents
were obtained by December 20, 2021, without re-
stricted time parameters. Since the publication
date of a document is 2022, a total of 437 docu-
ments were included in the research between
1987 and 2021. In addition, the authors checked
for duplication in the documents. The accuracy of
data such as titles, countries, journals, or authors
were confirmed by the researchers, and the anal-
yses were performed.

Data analysis and visualization

The datasets were downloaded from the da-
tabase in “plain text file” format and Microsoft
Excel program was used for descriptive results.
Bibliometric analysis were performed, and net-
work visualization maps were created using the
VoSviewer package program (Van Eck and Walt-
man, 2010). The analyses were made on the ba-
sis of the number of publications and citations by

year, the most prolific authors and journals, fre-
quently used keywords, bibliographic coupling
including co-citations of the authors, and co-au-
thorship (Mas-Tur et al., 2021).

Bibliometric Analysis

With bibliometric analysis, it is possible to
profile the relevant publications on a particular
scientific research topic. Qualitative and quanti-
tative changes of the subject can be determined,
and trends within a discipline can be determined.
This analysis consists of the application of some
kind of statistical methods (De Bakker et al.,
2005). Mas-tur et al. (2021) reported that anal-
yses by using this method can rely on a variety
of calculations (number of citations or number
of publications by author, institution or country,
keyword occurrence or co-occurrence, or co-au-
thorship). Whether it is regarding a publication,
author collaborations, a journal, or popularity on
a topic, researchers can benefit from such sys-
tematic methods of revealing the influence of lit-
erature and scientific trends. Thus, bibliometric
studies provide an opportunity to evaluate nation-
al and international cooperation on leading issues
(De Bakker et al., 2005; Duque Oliva et al., 2006).

Visualization of Similarities viewer (VOSviewer)

VOSviewer is a software tool for creating and
visualizing bibliometric networks such as jour-
nals, researchers or publications (LIUPost, 2021).
VOSviewer uses the VOS mapping method. De-
pending on the matching method, images with
citation, bibliographic matching, co-citation, or
co-authoring relationships can be created. In this
study, VOSviewer’s network visualization and
overlay visualization map type method were ap-
plied (Hebebci, 2021).

The VOSviewer clustering algorithm uses the
smart local moving algorithm. This algorithm
works based on clustering topics, marking and
classifying each cluster with a different colour.
A cluster consists of closely related nodes. Each
node in a network is assigned to a cluster. The
number of clusters is determined by a resolution
parameter. The higher its value, the greater the
number of clusters. VOSviewer uses colours to
indicate the cluster to which a node is assigned.
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Items are indicated by a label and, by default, a
circle. The size of the circles and the size of the
number of font occurrences of the label, and the
colours represent the clusters. The distance be-
tween the two circles reveals the similarity and
relationship between them (Van Eck and Walt-
man, 2010; Van Eck and Waltman, 2014).

In order to empirically determine the matches
with the highest frequency in the data set exam-
ined in this study, some threshold values were
determined for the terms that should be includ-
ed in the cluster numbers (such as minimum 2
documents for network map including country,
at least twenty citations for author co-authorship

and co-citation analyses, author keywords used at

least ten times, etc.).

Table 1. Top 20 most cited documents in Web of Science.

Authors
Sugand et al. (2010)°

McMenamin et al.
(2014)2

Nicholson et al.
(2006)

Estai and Bunt
(2016)°

Moro et al. (2017)2

Preece et al. (2013)?

Lim et al. (2016)2

Jaffar (2012)2

Petersson et al.
(2009)2

Pereira et. ak
(2007)2

Barry et al. (2016)*

Yammine and Violato
(2015)2

Ghosh (2017)b

Khor et al. (2016)°

Khot et al. (2013)

Kucuk et al. (2016)2

Trelease (2016)°

Davis et al. (2014)?

Codd and Choudhury
(2011)?

McBrid and Drake
(2018)2

Article Title
The Anatomy of Anatomy: A Review for Its Modernization®

The Production of Anatomical Teaching Resources Using Three-Di-
mensional (3D) Printing Technology®

Can virtual reality improve anatomy education? A randomised
controlled study of a computer-generated three-dimensional ana-
tomical ear model?

Best teaching practices in anatomy education: A critical review?®
The Effectiveness of Virtual and Augmented Reality in Health Sci-

ences and Medical Anatomy*

“Let’s Get Physical”: Advantages of a physical model over 3D com-
puter models and textbooks in learning imaging anatomy*

Use of 3D printed models in medical education: A randomized
control trial comparing 3D prints versus cadaveric materials for
learning external cardiac anatomy*

YouTube: An emerging tool in anatomy education*

Web-Based Interactive 3D Visualization as a Tool for Improved
Anatomy Learning?®

Effectiveness of using blended learning strategies for teaching and
learning human anatomy?

Anatomy Education for the YouTube Generation!

A meta-analysis of the educational effectiveness of three-dimen-
sional visualization technologies in teaching anatomy?

Cadaveric Dissection as an Educational Tool for Anatomical Sci-
ences in the 21st Century*

Augmented and virtual reality in surgery-the digital surgical envi-
ronment: applications, limitations and legal pitfalls*

The relative effectiveness of computer-based and traditional re-
sources for education in anatomy*

Learning Anatomy via Mobile Augmented Reality: Effects on
Achievement and Cognitive Load*

From Chalkboard, Slides, and Paper to e-Learning: How Computing
Technologies Have Transformed Anatomical Sciences Education®

Human Anatomy: Let the Students Tell Us How to Teach®

Virtual Reality Anatomy: Is it Comparable with Traditional Methods
in the Teaching of Human Forearm Musculoskeletal Anatomy?*

National survey on anatomical sciences in medical education?®

Document Type:?Article; ?Review.
Journal: * Anatomical Sciences Education; 2Medical Education; ® Annals of Anatomy; * Annals of Translational Medicine.
* Number of citations in the Web of Science database.

** Total link strength calculated by selecting a minimum number of 2 citations in VoSviewer.
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RESULTS

Overview of Publications on Anatomy educa-
tion and technology

This study included 437 documents in total.
It was determined that the majority of the doc-
uments were published in journals within the
scope of Science Citation Index Expanded (366,
83.75%). According to Web of Science Categories,
the top 5 categories were listed as follows: Educa-
tion Scientific Disciplines (262, 59.95%), Anato-
my Morphology (57, 13.04%), Radiology Nuclear
Medicine Medical Imaging (24, 5.49%), Imaging
Science Photographic Technology (21, 4.81%),
and Surgery (21, 4.81%). The H-index of the doc-
uments was 47, the total number of citations was
8501 (6279 without self-citations). The majori-
ty of document types were articles (326; 74.6%).
The first 20 documents with the most citations
are shown in Table 1. The network map contain-
ing these documents (having minimum of 90 ci-
tations) was presented in Fig. 1. The documents
with the highest number of citations and total link
strength, respectively, included: “The Anatomy
of Anatomy: A Review for Its Modernization” and
“From Chalkboard, Slides, and Paper to e-Learn-
ing: How Computing Technologies Have Trans-
formed Anatomical Sciences Education”.

Publication Year

In the WoS database, the years 1987,1994,1999,
2000, 2005 and 2006 included a document. The
years 2003 and 2004 included two documents.
The majority of documents were published in the
last 3 years: 2021 (78; 17.85%), 2020 (70, 16.02%)
and 2019 (62; 14.19%). Top 3 citing years were
as follows: 2021 (2025; 23.82%), 2020 (1934,
22.75%) and 2019 (1321; 15.54%) (Fig. 2).

Publication Countries

It was determined that a total of 60 countries
contributed to the literature on anatomy educa-
tion and technology. The first 10 of these are list-
ed in Table 2. The United States was the country
with the highest production with 125 (28.60%)
documents followed by UK and Australia with 61
(13.96%) and 53 (12.13%), respectively. The forty
countries with more than two publications linked
to other countries and six clusters are shown in
Fig. 3. The United States (35577) and England
(25157) were the countries with the highest total
link strength.

Publication Authors and Journals

There were a total of 1556 authors in documents
on anatomy education and technology. The aver-
age number of documents per author was 0.28.
Wilson TD was the author with the highest pro-
duction, with 13 (2.98%) documents followed by
Seo JH and Chytas D, with 9 (2.59%) and 8 (1.83%),
respectively. The network map of the co-author-
ship analysis with authors with a minimum of 20

Fig. 1.- Network maps by citation and total link strength of the top 20 publications. 20 publications in 3 clusters. On the left, as the
number of citations increases, the size of the circle increases. On the right, the total link strength increases as the size of the circles

increases.

Yunus E. Kundakci, Emre Atay

521



Trends in anatomy education and technology

522

Fig. 2.- Change in the number of publications and citations of documents on “anatomy education and technology” in WoS by year.

Table 2. Top 10 countries of documents on anatomy education and technology.

Rank Country Frequency % of 437
1 United States 125 28.60
2 England 61 13.96
3 Australia 53 12.13
4 Canada 42 9.61
5 Germany 22 5.03
6 China 17 3.89
7 Turkey 17 3.89
8 Netherlands 16 3.66
9 Scotland 14 3.20

10  Ireland 13 2.98

* Minimum number of documents of country: 2

citations are shown in Fig. 4A. Accordingly, 31 au-
thors who met the threshold were distributed in 6
different clusters.

Co-citation analysis was also performed to re-
veal the most cited authors. When the minimum
number of citations for an author was set to 20,
104 authors met this threshold and 3 clusters
were distributed. Drake RL, Trelease RB, and May-
er RE were the authors with the highest total link
strength, with 2776, 2157, and 1849, respectively
(Fig. 4B).

The top ten journals with the highest number
of documents are shown in Table 3. Anatomical

Citations / Documents

(up 2021) H-Index | Total link strength®
17.66 25 35577
28.87 20 25157
29.72 17 19859
27.95 18 19455
18.50 11 7059
9.94 6 4122
9.82 6 4288
10.44 9 9297
8.57 5 4260
18.23 6 3856

Sciences Education (208, 47.6%) was the journal
with the most publications.

Author keywords

Co-occurrence of keywords in 437 documents
on anatomy education and technology was sent
to VOSviewer for analysis and visualization, and
1190 keywords were formed. Twenty-seven key-
words used at least ten times by the authors are
in Table 4; the co-occurrence overlay and net-
work visualization maps of these keywords are
presented in Figures 4C and 4D, respectively. In
the last few years, “COVID-19”, “social media”,
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Fig. 3.- Network map with 40 countries in 6 clusters by setting the threshold to minimum 2 documents. As the size of the circles increases,
the total number of links increases. More connections between different nodes indicate more cooperation between different countries.

Fig 4.- A and B include maps of author co-authorship and co-citation analysis with VOSviewer. The size of each circle indicates the
citations of articles produced by the author. The distance between any two circles indicates the relationship of co-authoring links, and
the thickness of the link line indicates the strength of the link. A. Author co-authorship analysis. 442 authors met minimum of twenty
citations threshold criteria and 31 of them are connected. Red cluster (7 items); green cluster (6 items); blue cluster (5 items); yellow
cluster (5 items); purple cluster (4 items); turquoise cluster (4 items). B. Author co-cited analysis. 104 authors met minimum of twen-
ty citations threshold criteria and are connected. Red cluster (39 items); green cluster (36 items); blue cluster (29 items). C. VOSviewer
co-occurrence overlay visualization mapping of most frequent author keywords (minimum of 10 occurrences) in Anatomy education
and Technology research from 1987 to 2021. Keywords in blue appeared earlier than that in yellow. D. VOSviewer co-occurrence net-
work visualization mapping of most frequent author keywords (minimum of 10 occurrences) in Anatomy education and Technology.
Twenty seven keywords were collected in 5 clusters. The large circles represent keywords with high link strength.
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Table 3. Journals with publication titles on the topic.

Rank  Journals Frequency % of 437
1 Anatomical Sciences Education 208 47.6
2 Advances in Experimental Medicine and Biology 18 4.11
3 Clinical Anatomy 15 3.43
4 Faseb Journal 13 2.98
5 Medical Sciences Educator 11 2.52
6 International Journal of Morphology 9 2.06
7 Journal of Anatomy 8 1.83
8 Surgical and Radiologic Anatomy 7 1.60
9 Annals of Anatomy 6 1.37

10 BMC Medical Education 6 1.37
Table 4. Author keywords used at least ten times

Rank Keywords Occurrences Total link strength
1 Gross anatomy education 176 322
2 Medical education 143 301
3 Anatomy education 88 103
4 Undergraduate education 60 141
5 Anatomy 54 92
6 Virtual reality 44 81
7 Education 34 56
8 3d printing 32 52
9 E-learning 27 74
10 Augmented reality 24 52
11 Cadaver dissection 14 29
12 Anatomy teaching 13 26
13 Dissection 13 33
14 Social media 13 25
15 Assessment 12 32
16 COVID-19 12 28
17 Technology 12 28
18 Technology-enhanced learning 12 30
19 Computer-assisted learning 11 31
20 Gross anatomy 11 16
21 Learning 11 31
22 Mobile learning 11 30
23 Neuroanatomy education 11 28
24 Radiology education 11 33
25 Undergraduate medical education 11 21
26 Digital anatomy 10 30
27 Spatial ability 10 21
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“technology-enhanced learning”,” undergradu-
ate education”, “3d printing” and “augmented re-
ality” were the frequently used keywords by the
authors (Fig. 4C). In Fig. 4D, these keywords that
appeared more than ten times are included and
classified into five clusters in the map: cluster 1
(gross anatomy education, medical education,
undergraduate education, e-learning, cadaver
dissection, social media, technology-enhanced
learning, mobile learning and neuroanatomy ed-
ucation, in red); cluster 2 (anatomy, virtual re-
ality, education, augmented reality, COVID-19,
technology and digital anatomy, in green); cluster
3 (anatomy education, anatomy teaching, dis-
section, gross anatomy and undergraduate med-
ical education, in blue); cluster 4 (assessment,
computer-assisted learning, learning and spatial
ability, in yellow), cluster 5 (3d printing and ra-
diology education, in purple).

DISCUSSION

The rapid growth of the scientific community in
recent years has made it necessary to show the re-
search habits, trends and effects of a topic through
scientific data in many respects (Ji et al., 2021).
In this study, anatomy education and technology
studies were analysed based on bibliometric and
visualization methods to reveal the current state
of technology use in anatomy education world-
wide. The top publications, the researchers, pub-
lishers, countries and keywords were presented
in order to examine the best teaching practices
in the field of anatomy and to show the change of
these practices with the developing technology.

The inclusion of modern and alternative ap-
proaches in the education process is an indis-
pensable element of the education sector (Kurt
et al., 2013). A number of developments were
observed in the teaching resources used in anat-
omy education in the world at the beginning of
the 21st century. The methods of teaching and
learning anatomy have been extended with new
tools and supports (Duparc et al., 2019). In this
study, it was clearly observed that the popularity
of publications related to technology in anatomy
education has increased in recent years. These
results suggest that anatomy education continues
to be improved with technology-based materials.

In fact, it was confirmed in our study that about
half of the publications on the topic were pub-
lished in the last three years and the number of
citations made in these years constituted approx-
imately 60% of all years. The increasing need for
online education during the pandemic may also
have had an impact on the increase in publica-
tions. The COVID-19 pandemic, which caused the
interruption of face-to-face education in all forms
of education, has also had tremendous effects on
anatomy education (Iwanaga et al., 2021). In this
process, as technology allows for students, ed-
ucators added educational dissection videos to
distance learning, students were encouraged to
watch videos from social media such as YouTube,
and universities acquired digital resources that
support online learning (Franchi, 2020; Pather
et al., 2020). The fact that the keywords used by
the authors in our study in recent years are words
such as COVID-19 and social media supports this
situation.

Many years ago, many famous anatomists and
practitioners in history, such as Vesalius, trav-
elled along Europe’s largest universities and con-
tributed to the exchange of anatomical knowledge
(Duparcetal.,2019). Today, information exchange
can be monitored between authors, institutions
and countries through simple software. A previ-
ous study reported the most influential countries
in the world in the field of anatomy education as
the United States, England and Australia, respec-
tively. In this previous study, it was stated that
these three countries have 70% of anatomy edu-
cation publications (Kurt et al., 2013). The results
in our study were similar to the findings of this
previous study. Moreover, our study showed that
these productive countries often cooperate with
different countries. It can be predicted that these
countries will come to the fore more than other
countries in shaping the future of anatomy edu-
cation. Another study, examining the publications
of countries in the field of educational technolo-
gy, reported the ten most productive countries
as the United States, England, Taiwan, Australia,
Netherlands, Canada, Turkey, Greece, Singapore
and Germany, respectively (Hsu et al., 2013). As
a matter of fact, as seen in the previous study, it is
seen that the leading countries in the field of edu-
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cational technologies were among the most effec-
tive and productive countries in our study (United
States, England, Australia, Netherlands, Canada,
Turkey and Germany). Advances in educational
technologies of countries may have also affected
publications about technology in anatomy edu-
cation. We also emphasize that due to the educa-
tional policies and practices of each country or re-
lated industry developments, technology in terms
of anatomy education between countries can be
applied to different research programs and the
current study results have a general perspective.

One of the most interesting publications on
anatomy education is “The Anatomy of Anatomy: A
Review for Its Modernization” (Sugand et al., 2010).
Since its publication, it has been cited many times
by other researchers. Despite frequent citations
from this study, it was not in the first place in the
current study in terms of total link strength. This
indicates that the high number of citations may
not always contain high links to other studies. A
time effect occurring in terms of citation and link
data may also have affected the findings. It might
be more helpful to look at the download number
when some kind of time effect maths added. Re-
spectively by Trelease (2016) and Ghosh (2017),
“From Chalkboard, Slides, and Paper to e-Learning:
How Computing Technologies Have Transformed An-
atomical Sciences Education” and “Cadaveric Dissec-
tion as an Educational Tool for Anatomical Sciences
in the 21% Century” showed higher links with other
work (Ghosh, 2017; Trelease, 2016). These 3 pub-
lications were published in Anatomical Sciences
Education, which is one of the respected journals
in the field of anatomy, as well as about half of the
publications on anatomy education and technol-
ogy in the current study. The main explanation
for this situation can be explained by the content
of the journal, the compatibility relationship be-
tween the publication, the author and the journal.
Researchers will follow a significant part of the
publications that will shape the future about anat-
omy education, which probably includes techno-
logical materials, through these current journals.

The publications on technology in anatomy ed-
ucation have increased due to the use of digital
technologies in the field of education as in every
field and the limitation of face-to-face education
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due to pandemic conditions. However, educators
should pay attention to the use of technology in
anatomy education. It is too early to accept that
technology will be useful in anatomy education.
Randomized controlled studies are still needed
to show which method or methods are effective
(Singh et al., 2019). Quality and bias-free stud-
ies can enable anatomy educators to understand
which technology to use and when to use them.
It may be beneficial to match such emerging and
developing digital technologies with the learning
characteristics of individuals in anatomy educa-
tion (Pringle and Rea, 2018).

The author keywords are an important part of
the literature and can be used to reflect research
points in a particular field (Qin et al., 2020). At
this point, in a previous study investigating dig-
ital technologies in anatomy education by creat-
ing various keywords, it was determined that 3D
virtual reality models were the most common and
effective digital technology used, followed by in-
ternet-based resources and computer-assisted
learning (Pringle and Rea, 2018). In the recent
past, videos, computer aided teaching methods,
multimedia media resources, plastic anatomical
models and the use of plastination were frequent-
ly used in the past in terms of anatomy education
(Estai and Bunt, 2016; Hulme and Strkalj, 2017;
Ogunranti, 1987). In our study, besides the key-
words containing education, keywords such as
virtual reality, 3D printing and E-learning were
the keywords at the forefront of technology. The
keywords suggest that the technologies of anato-
my education were becoming increasingly wide-
spread and important.

In our study, it was seen that the authors who
focus on anatomy education continue to use key-
words such as “technological” and “cadaver dis-
section” or just “dissection”. This indicates that
an effective anatomy learning and teaching meth-
odologies are still discussed in the literature. Al-
though new trends in anatomical education are
introduced, not all universities or training centres
can meet these approaches. A curriculum plan
that includes different combinations of anatomy
teaching approaches is highly institution-specif-
ic. The cost of any method to be chosen may be
much more important at this point. In a recent



study, dissection, plastinated specimens, simula-
tion, virtual dissection tables, plastic models and
computer-aided teaching/learning methods were
ranked from expensive to economical, respec-
tively (Chumbley et al., 2020). In fact, it is a fact
that, besides the high cost of using cadavers, there
are many disadvantages such as cadaver supply,
transportation, storage, short-term usability and
psychological stress (Sahin and Cavus, 2019). At
this point, perhaps computers will be preferred
more by students and educators because they are
advantageous in terms of both time and cost.

Contrary to studies stating that cadaver-based
approaches are losing their effectiveness in anat-
omy education today (Singh et al., 2019; Turney,
2007), one of the keywords frequently used in our
study is “cadaver dissection”. Our findings were in
line with a previous study. The top-ten keywords
featured in our current study reflect the link be-
tween technology and anatomy teaching. Imme-
diately after these came “cadaver dissection”. This
situation still points to the importance of tradi-
tional cadaver-based methods. Kurt et al. (2013)
reported similar findings. Although the use of all
these new and technologically developed meth-
ods has reduced both the time required for educa-
tion and the cost of education, traditional cadaver
teaching continues to be the preferred learning
resource for medical students today. In addition,
teaching based on prosection and plastination is
more suitable for students of dentistry, pharma-
cy and related health sciences (Estai and Bunt,
2016). Anatomy knowledge is necessary in all in-
vasive or non-invasive evaluation and treatment
applications, especially in human surgical inter-
ventions (Turney, 2007). Therefore, it requires the
best design of the anatomy curriculum in medical
education. In our study, the keywords “cadaver
dissection” and “dissection” had links with medi-
cal anatomy education in particular. These results
suggest that the technological methods researched
in anatomy education reflect the increasing search
for alternatives due to the problems experienced
with cadavers all over the world. As a matter of
fact, recent research has emphasized that techno-
logical interventions and modern teaching meth-
ods should be preferred as an adjunct to or com-
plementary to cadaver teaching in standardized

medical curriculum (Kurt et al., 2013, Kumar and
Singh, 2020; Zargaran et al., 2020).

The present study has some limitations. Since
the study included results from only one data-
base, publications related to the topic in other da-
tabases could not be evaluated. In addition, bib-
liometric indicators are limited to assessing the
impact of research within the scientific commu-
nity, and newer studies are disadvantaged here
due to limited interaction. On the other hand,
this study reveals the relationships between pre-
vious studies on anatomy education and tech-
nology, and provides an opportunity to identify
common relationships in themes such as authors,
countries, keywords of some frequently cited re-
search and compilation publications. It also adds
a different perspective to researchers by present-
ing a bibliometric methodology about studies on
anatomy education and technology (Pringle and
Rea, 2018; Zargaran et al., 2020) and the general
trends of publications in recent years. It has been
found that the publications on technology in anat-
omy have increased, especially the anatomy cur-
riculum in medical faculties, and 3D printing, vir-
tual reality, augmented reality and social media
content are included. Reviewing this study while
planning new studies on this specific topic may
provide convenience to researchers, especially in
terms of quickly evaluating cooperation between
authors, publications and countries. For all these
reasons, we think that the results of this study
contain information that will guide researchers
who are interested in anatomy education.
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