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ORIGINAL ARTICLE Eur J Anat, 27 (6): 655-661 (2023)

The role of thymus graft on the onset of 
puberty in juvenile male rats

Satya Prasad V.

Department of Anatomy, Dr. B.C. Roy Multi-Specialty Medical Research Centre, IIT Kharagpur, Kharagpur -721302, West Bengal, India

SUMMARY
There exists a bidirectional relation between 

the thymus gland and the hypothalamo- hypoph-
ysial-gonadal axis. The thymus secretes various 
hormones, some of which can regulate the repro-
ductive axis. So, it is worth to explore the possible 
role of an additional thymus on the onset of pu-
berty in male albino rats.

Two groups of male rats aged 5 and 10 days 
were used for the study. Each subgroup consisted 
of 4 pups each in control and experimental group. 
Thymus glands for graft were obtained from new-
born male rat pups. Depending on the age group, 
5 day or 10-day-old male rat pup were anaesthe-
tized, 2-3 mm incision was made, and a thymus 
gland was grafted to the axilla. Sham operations 
were performed to the control pups. Without han-
dling, animals were observed daily for the onset 
of puberty. On the day of descent of testes, body 
weight of the animal was noted, blood was collect-
ed and used for radio immunoassay. All morpho-
metric measurements were done using an occu-
lar micrometer. Volume fraction of seminiferous 
tubules, intertubular connective tissue of testes, 
cortex and medulla of the thymus were estimated 
by point count method.

In both the age groups thymus graft advanced 
the age of descent of testes, and increased body 

weight and organ weight. It also increased the se-
rum hormone levels.

In conclusion, this study indicates that an ad-
ditional thymus gland has a positive effect on the 
male reproductive system towards pro-gonadal 
action, and this effect is more pronounced in old-
er-age groups of rats.

Key words: Descent of testes – Hormones – On-
set of puberty – Thymus graft 

INTRODUCTION
The relation between the thymus gland and the 

hypothalamo-hypophysial-gonadal axis is bidi-
rectional. Several soluble factors produced by the 
thymus gland and the cells it regulates can mod-
ulate the immune system through reproductive 
neuroendocrine circuits indirectly.

Many studies have been conducted to evaluate 
the effects of partially purified thymic extracts in 
treating various reproductive disorders, as well as 
changes in gonadal tissue weights. Also, studies 
have focused on the chemical nature of the factors 
responsible for regulating reproductive function. 
The thymus secretes various hormones, some of 
which can regulate the reproductive axis. The hy-
pothalamic-pituitary function is affected by the 
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peptides derived from the thymus. In program-
ming the hypothalamic-pituitary axis in the pre-
pubertal period in rodents, the thymic hormones 
may play a vital role (Strich et al., 1985).

Thymosin beta 4, one of the thymosin hormones 
secreted by the tymus is a potent inducer of Lu-
teinizing hormone-releasing hormone (LHRH) 
release, which in turn stimulates pituitary Lutein-
izing hormone (LH) release. Other factors like in-
terleukin-1 (IL-1) have been found to inhibit the 
release of luteinizing hormone-releasing hormone 
and luteinizing hormone (LH). Further, it has been 
also found that IL-1 alters the expression of rat 
granulosa cells LH receptors. Also, the estrogen 
and progesterone release are suppressed by cer-
tain interferons (Hall et al., 1992). Despite of the 
many studies on the various aspects of interrela-
tionship between the thymus gland and the repro-
ductive axis, there is a lacuna on the role of an ad-
ditional thymus gland in the reproductive system.

With the abovementioned facts in mind, the 
present study is designed to evaluate the role of 
allogeneic thymus gland graft on the onset of pu-
berty in male juvenile rats.

MATERIALS AND METHODS
Inbred strains of Albino rats bred under con-

trolled lighting using 12 hours of light and 12 
hours of dark (12L: 12D) cycle were used as per 
ethical guidelines.

Animal groups

Two groups of male rats aged 5 and 10 days were 
used for the study. Each subgroup consisted of 4 
pups in the control group and 4 corresponding 
pups in the experimental group. Newborn male 
pups were used as donors for allogeneic thymus 
graft.

Allogeneic thymus graft

Thymus glands for graft were obtained from 
new-born male rat pups. These pups were anaes-
thetized by ether, thoracic cavity was opened from 
sternum, intact thymus gland was removed care-
fully by dissecting, and then transferred immedi-
ately into Tyrode’s solution. The entire procedure 
was carried out under sterile conditions.

Depending on the age group, 5-day-old or 
10-day-old male rat pups were anaesthetized: 2-3 
mm incision was made in the region of the axilla 
after sterilizing the region with absolute alcohol. 
The thymus gland from the Tyrode’s solution was 
blotted on filter paper and grafted to the axilla of 
the recipient rat pup. The incision was closed by 
approximating and smearing with solution con-
taining persplex dissolved in chloroform. Animals 
were monitored carefully and post-operative care 
was taken during their recovery period from an-
esthesia. They were placed in separate cages for 
1-2 hours to avoid cannibalism, and finally trans-
ferred back to the cage with their mother.

Sham operations were performed to the con-
trol pups, except for the placement of the thymus 
gland: the entire procedure was carried out in the 
same way as with the experimental pups.

Observation on Descent of Testes and Blood 
collection

Without handling, animals were observed dai-
ly for the onset of puberty in male rats which is 
judged by descent of testes and is a conventional-
ly accepted sign for the event (Relkin, 1971; Satya 
Prasad, 2019). On the day of the descent of testes, 
the body weight of the animal was noted andan-
aesthetized with ether; then blood was collected, 
and serum was separated and used for radio im-
munoassay.

Evaluation of graft acceptance

The acceptance of the graft was confirmed by the 
presence of neovascular network in and around 
the area of the grafted site in the experimental an-
imals.

Collection of tissues

After collecting the blood, animals were sacri-
ficed as per the international ethical guidelines 
(for animals); the organs, testes, epididymides 
and thymus were dissected and weighed. The 
testes and thymus were fixed in Bouin’s fluid for 
histological studies. Tissues were processed and 
paraffin blocks were prepared. Sections of 5mm 
thickness were cut as described by Drury et al. 
(1967). For every 20 serial sections, only 5 were 
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selected and the remaining was discarded. The 
sections were later stained with Ehrlich’s Haema-
toxylin and Eosin (Drury et al., 1967).

Histological parameters

For morphometric analysis, the cross section of 
the tubules that showed clear and well demarcated 
boundaries was selected. All morphometric mea-
surements were done using an ocular microme-
ter. The volume fraction of seminiferous tubules, 
the intertubular connective tissue of testes, the 
cortex and medulla of the thymus were estimated 
by point count method (Karapetrovic 1995) using 
the eyepiece graticule. Further, cortico-medullary 
volume fraction ratio was calculated.

Radioimmune assay

Radioimmune assay for Luteinizing Hormone 
(LH) and testosterone was done using the kits pro-
cured from the Diagnostic Systems Laboratories, 
Inc., Texas, USA, while growth hormone (GH) was 
estimated by using the kit from ICN pharmaceuti-
cals, inc., Costamesa CA 92626.

Statistical analysis

All data were entered, and Student’s unpaired 
t-test was applied to assess the significant differ-
ences between the mean of the experimental and 
of the control group animals for each characteris-
tic under study.

RESULTS

Gross parameters

Thymus graft (TG) advanced the age of de-
scent of testes, which was statistically significant. 

Body weight in 10-day-old rats showed signifi-
cant increase in TG compared to control group. 
TG increased the testes’ weight in 5-day-old and 
10-day-old rats, and it was statistically significant 
in both age groups. TG produced an increase in 
epididymides’ weight, which was statistically 
significant in 10-day-old rats. TG increased the 
weight of in-situ thymus in both 5 and 10-day-old 
rats, and it was statistically significant in 10-day-
old rats. TG significantly increased the tail length 
in both age rats (Table 1).

Histological parameters 

Testis

TG increased the tubule diameter in both age 
groups, which was statistically significant. TG 
resulted in significant increase in tubule volume 
and significant decrease in intertubular connec-
tive tissue volume in both age groups (Table 2) 
(Fig. 1).

Thymus Gland

The in-situ thymus gland exhibited well-de-
veloped cortex and medulla. The in-situ thy-
mus gland’s cortical volume in the experimental 
groups was significantly higher when compared 
to the control group of rats. Similarly, TG resulted 
in significant reduction in medulla volume in all 
the experimental groups. Cortico-medullary vol-
ume ratio was significantly higher in all the exper-
imental groups of rats (Table 3) (Fig. 2).

Radioimmune assay

TG had increased higher serum LH levels; it was 
statistically significant in both age groups (Fig. 3). 
TG resulted in significant increase in the levels 

Table 1. Effect of thymus graft on descent of testes and body, testes, epididymis, thymus weight and tail length in 5-day-old and 
10-day-old rats. Cont, Control; Expt, Experimental; *P<0.05, **P<0.01

5-day-old 10-day-old

Cont Expt Cont Expt

Age on Descent of testes (Day) 30.75±0.48 26.25*±0.48 29.25±0.85 26.50*±0.87

Body weight (g) 43.75±1.03 44.75±1.84 40.00±0.83 44.00*±1.01

Testes weight (mg) 117.00±3.88 136.50*±8.19 129.10±0.77 146.90*±5.57

Epidydimides weight (mg) 19.38±0.38 20.13±0.43 15.75±0.78 19.50*±1.06

Thymus gland weight (mg) 139.00±4.73 146.75±4.73 123.75±5.21 142.75*±3.31

Tail length (cm) 7.88±0.09 8.45**±0.13 7.60±0.07 8.30**±0.12



Thymus graft on the onset of puberty

658

of testosterone in both age groups (Fig. 4). TG in-
creased serum GH concentration that was found 
to be statistically significant in 10-day-old rats 
(Fig. 5).

DISCUSSION
Descent of testes normally occurs around 40 

days of postnatal life in male rats (Bergh et al., 

1978). The event is considered as the signal for 
the onset of puberty. The gain in tbody weight of 
the rat also directs for earlier sexual maturity. The 
result of the present study indicates that TG was 
able to advance the onset of puberty in experi-
mental animals. The classical studies of Kennedy 
and Mitra established that the weight and compo-
sition of the body is well associated with the tim-
ing of sexual maturation (Kennedy et al., 1963). 

Table 2. Effect of thymus graft on histomorphometry of testes in 5-day-old and 10-day-old rats. Cont, Control; Expt, Experiment; 
*P<0.05, **P<0.01, ***P<0.001

5-day-old 10-day-old

Cont Expt Cont Expt

Seminiferous tubule diameter (µm) 130.60±4.33 151.90**±1.58 136.0±1.03 146.40**±1.72

Seminiferous tubule volume fraction (mm3/ mm3) 0.81±0.01 0.87***±0.01 0.80±0.01 0.86**±0.01

Intertubular connective tissue volume fraction 
(mm3/ mm3) 0.19±0.01 0.13***±0.01 0.20±0.01 0.14*±0.01

Fig. 1.- (1) Control rat testis showing normal tubule diameter, less compactness of tubules and normal interstitial connective tissue 
(H&E stain, X 100). (2) Experimental rat testis showing increased tubular diameter, compactness of tubules and reduced interstitial 
connective tissue (H&E stain, X 100).

Table 3. Effect of thymus graft on histomorphometry of in-situ thymus gland in 5-day-old and 10-day-old rats. Cont, Control; 
Expt, Experiment; *P<0.05

5-day-old 10-day-old

Cont Expt Cont Expt

Cortex volume fraction (mm3/ mm3) 0.77±0.01 0.85*±0.03 0.79±0.01 0.88*±0.03

Medulla volume fraction (mm3/ mm3) 0.23±0.01 0.15*±0.03 0.21±0.01 0.12*±0.02

Cortico-medullary volume fraction ratio (mm3/ mm3) 3.31±0.09 6.55*±0.53 3.68±0.20 8.98*±0.41
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Fig. 2.- (1) In situ thymus gland of control rats (H&E stain, X 125) showing normal central medulla and peripheral cortex. (2) In situ 
thymus gland of experimental rats showing increased, dense, wider cortex and lesser medulla (H&E stain, X 125).

Fig. 3.- Effect of thymus graft on luteinizing hormone in 5-day-old rats and 10-day-old rats. P < 0.05 - *

Fig. 4.- Effect of thymus graft on testosterone in 5-day-old rats and 10-day-old rats. P < 0.05 - *
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In the present study, TG increased body weight. 
Increase in body weight is more evident when the 
age of descent is taken into consideration, which 
is earlier compared to the control group. Also, it 
was found that TG increased tail length signifi-
cantly, indicating the positive effect and sup-
porting the studies of Kennedy and Mitra (1963). 
Interestingly, TG increased the testes’ weight sig-
nificantly, thus revealing that TG may be capable 
of exerting pro-gonadal effect, but the action may 
be local. TG also increased epidydimes’ weight, 
which was statistically significant in 10-day-old 
rats, indicating the probable pro-gonadal effect 
at the individual organ level. TG increased in-situ 
thymus gland weight; the increased thymus may 
further exert a stimulatory effect on the hypothal-
amus and have results in the pro-gonadal effect. 
But, in the present study, the increase was signif-
icant in 10-day-old rats, substantiating the fact 
that TG was able to advance the onset of puberty 
by acting individually at the different organ levels, 
especially more effective in older-age groups.

Histological Parameters

TG resulted in significant increase in tubule di-
ameter in both age groups, which corresponded 
with the weight of the testes. This may be due to 
the stimulatory action of TG. The increased tubule 
diameter of the testes in the experimental rats is 
indicative of the action of TG on higher centers, es-

pecially on the pituitary gland, which through its 
secretions brings about the changes in the histo-
morphometric aspects of the testes, which further 
accounts for the gross changes. The action at the 
organ level cannot be ruled out with the fact that 
testicular morphometry depends on the local se-
cretions too. Increased seminiferous tubule vol-
ume and decreased intertubular connective tissue 
volume in corresponding groups supported the in-
creased testes’ weight in experimental groups.

The volume fraction of in-situ thymus gland 
cortex was significantly increased, and medullary 
volume fraction was decreased in experimental 
rats when compared to control rats. These chang-
es possibly reflect the increased weight of in-situ 
thymus. The increased cortical volume fraction 
observed in the present study may account for 
the increased activity of the cortical cells, thereby 
increasing the secretions of the same, which may 
be responsible for bringing about the pro-gonadal 
action by acting at the higher centers as well as at 
the organ level. The results of cortico-medullary 
volume fraction ratio account for the increased 
thymus weight in the respective experimental 
groups. The thymus secretes various hormones, 
some of which can regulate the reproductive axis. 
The hypothalamic-pituitary function is affected 
by the peptides derived from the thymus. In pro-
gramming the hypothalamic-pituitary axis in the 
prepubertal period in rodents, the thymic hor-

Fig. 5.- Effect of thymus graft on growth hormone in 5-day-old rats and 10-day-old rats. P < 0.05 - *
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mones may play a vital role (Strich et al., 1985). 
Also, there is an influence of age on the release 
of the active fraction of the thymus. During the 
neonatal period the inhibitory effect is high, and 
it is declined as the onset of puberty approaches 
(Reyes-Esparza et al., 1989). This is substantiated 
by the results of the present study, which indicate 
the higher pro-gonadal action in the older-age 
group of rats.

Radioimmuno Assay

Stimulatory action of TG on LH release goes 
well with the report of Hall et al., who stated that 
the thymus secretes thymosin beta-4, a potent 
inducer of LHRH release from the hypothalamus, 
thus stimulating the pituitary for LH release (Hall 
et al., 1992). TG had influenced LH levels signifi-
cantly, which may be due to additional thymosin 
beta-4 secretion. Correspondingly TG was able to 
alter the testosterone concentration significantly, 
which resulted in the advancement of cytoarchi-
tecture of testis, and was probably responsible for 
the pro-gonadal action when compared with con-
trol rats.

TG increased GH levels. The GH concentrations 
may probably result in the increased secretion of 
IGF-1. This is hypothesized with the background 
of the report stating that the deficiency of GH 
results in a low state of IGF-1, thereby affecting 
translational efficiency and secretory responses 
of both the hormones (Jevdjovic et al., 2005). The 
increase in GH levels seen in the present study 
may be connected to the increase in body weight 
and other histological parameters of reproductive 
organs concerned partially, which was stated to be 
associated with the sexual maturity as described 
by Kennedy and Mitra (1963), accounting for the 
pro-gonadal form of action. It can be concluded 
from the present study that an additional thymus 
gland has a positive effect on the male reproduc-
tive system towards the advancement of the on-
set of puberty, indicating probable pro-gonadal 
effect; and this was more pronounced in older 
groups of rats.
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SUMMARY
Accurate sex determination is a critical aspect 

of individual identification in various fields, in-
cluding anthropology, forensic science, and ar-
chaeology. Various parameters from the skull, 
mandible, pelvis, and long bones are commonly 
utilized for this purpose. Recently, the poten-
tial of the maxillary sinus as a sex-discriminato-
ry parameter has been studied by Khaitan et al. 
through the analysis of lateral cephalometric ra-
diography. This study aimed to evaluate the fea-
sibility of implementing the sex determination 
formula devised by Khaitan et al. for the adult 
population of Surabaya, Indonesia. For this pur-
pose, 130 digital cephalometric radiographs of 
outpatients in the DHDC Dental Office in Sura-
baya, Indonesia, were assessed. The maxillary 
sinus height and width were measured to derive 
the maxillary sinus index (MSI) and calculate the 
discriminant score (D) for sex identification. This 
study revealed that the maxillary sinus’s average 
height in males was 37.111+5.13 mm, while in fe-
males, it was 34.538+4.36 mm. Males had an av-
erage maxillary sinus width of 44.152+4.11 mm, 

while in females it was of 38.849+3.33 mm. The 
MSI values for males (1.204±0.14) were higher 
than for females (1.135±0.10). The discriminant 
scores showed notable variations between males 
and females, with an 86% success rate for females 
and 27.8% for males. The present study provides 
evidence that the Khaitan formula can serve as a 
valuable complementary approach for sex deter-
mination in females. Sex determination based on 
the MSI is thought to be a population-dependent 
parameter in forensic sciences and requires care-
ful interpretation in its application.

Key words: Forensic identification – Legal iden-
tity – Maxillary sinus index – Sex determination 

INTRODUCTION
Sex estimation is a critical aspect of forensic 

sciences, anthropology, and archaeology, involv-
ing assessing a set of physical features and char-
acteristics to identify a specific individual. Foren-
sic medicine uses medical sciences to support 
criminal investigations, while forensic dentistry 
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involves examining dental evidence and provid-
ing accurate dental findings (Marini et al., 2020). 
Among the various factors involved in human 
identification, sex determination is essential, 
with bones such as the pelvis and skull proving 
to be valuable sources of information in cases 
where the body is skeletonized or burnt (Steyn 
and İşcan, 1998; Kurniawan et al., 2023). A range 
of indices can be examined for sex determination, 
including skull circumference, mandibular bone, 
palate shape and height, mastoid process, tooth 
size, dental pulp, and sinuses (e.g., frontal and 
maxillary sinuses). The maxillary sinus, the most 
prominent paranasal sinus, starts developing 
during the 10th week of fetal life and is the first 
to develop after birth (Lorkiewicz-Muszyńska et 
al., 2015). Available reports and research indicate 
that the maxillary sinus remains mostly unaffect-
ed after severe injuries or burns. The maxillary si-
nuses are two cavities in the maxillary bone, with 
their apex extending to the zygomatic process and 
their floor reaching the alveolar bone (Sidhu et al., 
2014).

A radiographic image of the sinus is a valuable 
tool for forensic anthropology, facilitating the 
identification of skeletal remains and sex deter-
mination. Several imaging modalities are avail-
able, including conventional techniques such as 
water’s view and lateral cephalogram, as well as 
advanced technologies such as computed tomog-
raphy (CT) and cone beam computed tomography 
(CBCT). Among these, the lateral cephalogram is 
highly regarded for its ability to provide detailed 
architectural and morphological information 
about the skull, enabling supplementary charac-
teristics and multiple points of comparison to be 
identified. Moreover, this radiograph is cost-ef-
fective, easily accessible, and reliable for medi-
cal diagnoses, treatment planning, and forensic 
and anthropology studies (Devang Divakar et al., 
2016; Abasi et al., 2019).

Khaitan et al. (2017) introduced a novel dis-
criminant function formula for sex determina-
tion using the maxillary sinus index (MSI) based 
on lateral cephalometric radiographs. The study 
involved 50 healthy subjects (25 males and 25 
females) aged 25-55 from the Indian population 
(Khaitan et al., 2017). However, there are limita-

tions to the established method, as it is not always 
reliable, and other factors such as age and ethnic-
ity must be taken into account (Tambawala et al., 
2016). Therefore, further validation studies are 
required in different populations, such as the In-
donesian population, with a high-risk disaster po-
tential. This study aimed to assess the feasibility 
of the sex determination formula by Khaitan et al. 
for the adult population in Surabaya, Indonesia.

MATERIALS AND METHODS
One hundred and thirty (36 males and 94 fe-

males, aged 20-40) digital lateral cephalometric 
radiographs were retrospectively collected from 
the database of the DHDC Dental Office in Suraba-
ya, Indonesia, between 2019 and 2022. This study 
involves good quality lateral cephalometric radio-
graph without abnormalities (such as congenital 
development and fractures) appearing on the ra-
diograph. Ethical clearance approval of the pres-
ent study was obtained from the Health Research 
Ethical Clearance Commission at the Faculty of 
Dental Medicine, Universitas Airlangga (number: 
365/HRECC.FODM/VI/2022).

The lateral cephalometric data, including sub-
ject sex and age, were compiled in Microsoft Excel. 
Maxillary sinus height and width were measured 
using the SIDEXIS neXT Generation software, 
and the MSI was calculated based on the width-
to-height ratio. The maxillary sinus height is de-
fined as the distance between the highest and low-
est points of the sinus, while the maxillary sinus 
width is the distance between the most anterior 
and posterior points (Fig. 1). The measurement of 
maxillary sinus height and width was conducted 
twice by a single observer, with a two-week time 
span between measurements to assess intra-ob-
server reliability. Sex determination for each sub-
ject was predicted using the formula developed by 
Khaitan et al.: D=11.509 – (8.871*MSI). A subject 
was predicted as male if the D score was negative 
and predicted as female if the D score was posi-
tive. 

The resulting data were tabulated in Microsoft 
Excel and analyzed using SPSS version 23.0 soft-
ware. Descriptive analyses of maxillary sinus 
width, height, and MSI were performed, and the 
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significance of the difference between males and 
females was analyzed using an independent t-test. 
The correct sex prediction based on the D score was 
calculated in percentages for males and females.

Fig. 1- Illustration of the maxillary sinus height and width on a 
lateral cephalometric radiograph.

RESULTS
This retrospective study analyzed 130 lateral 

cephalometric radiographs of patients aged from 
20 to 40. The measurements of each parameter 
were found to have good reliability, with a Cron-
bach’s Alpha value of 0.994 (>0.06). The study found 
that the parameters measured were significantly 
greater in males than in females. Table 1 presents 
the descriptive analysis and independent t-test re-
sults for maxillary sinus height, width, and MSI.

Maxillary Sinus Height

The maximum maxillary sinus height for males 
was 48.86 mm, while the minimum was 29.42 mm, 
with a mean of 37.112 ± 5.135 mm. On the other 
hand, the maximum sinus height for females was 
49.27 mm, and the minimum was 23.91 mm, with 
a mean of 34.539 ± 4.362 mm. Our findings indi-
cate that males have a significantly greater maxil-
lary sinus height than females (p < 0.05).

Maxillary Sinus Width

The maxillary sinus width in males ranged 
from 37.06 mm to 52.67 mm, with a mean value 
of 44.153+4.114 mm. In females, the maximum 
maxillary sinus width was 46.83 mm, and the 
minimum width was 31.63 mm, with a mean of 
38.849+3.335 mm. The independent t-test re-
vealed a statistically significant difference in max-
illary sinus width between males and females, 
with p<0.05.

Maxillary Sinus Index (MSI)

The MSI is calculated using the width-to-height 
ratio. The highest MSI value observed in males 
was 1.45, while the lowest was 0.91. Females had 
the highest MSI value of 1.49, and the lowest was 
0.84. This study found a statistically significant 
difference in MSI values between males and fe-
males, with p<0.05. Furthermore, this study con-
ducted the Pearson correlation test to analyze the 
correlation between the maxillary sinus index 
and sex determination. The results revealed a sig-
nificant correlation between MSI and sex, with a 
coefficient of -0.256. 

Table 1. Descriptive analysis and independent t-test of the maxillary sinus height, width, and MSI.

Parameters
Male Female

Mean difference p-value
Mean SD SE Mean SD SE

Sinus height 37.112 5.135 0.856 34.539 4.362 0.452 2.573 0.005*

Sinus width 44.153 4.114 0.686 38.849 3.335 0.346 5.304 <0.001*

MSI 1.204 0.142 0.024 1.135 0.108 0.011 0.069 0.003*

MSI: Maxillary sinus index; SD: standards deviation; SE: standards error
*Indicates a significant difference between males and females; measurement unit for sinus height and width: mm
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Discriminant Value for Sex Determination

In this study, the discriminant function formula 
developed by Khaitan et al. was utilized to predict 
the sex of the cephalometric radiographs based on 
the MSI value as follows: D= 11.509 – (8.871*MSI). 
Results showed that the Khaitan et al. formula ac-
curately predicted the sex of 99 of 130 subjects 
(76.15%). Notably, the formula performed bet-
ter in females, with a correct prediction rate of 
94.68%, compared to males at 27.78% (Table 2).

Table 2. The performance of the sex determination formula 
by Khaitan for the Indonesian adult population.

Sex N
Correct Incorrect

N % N %

Male 36 10 27.78% 26 72.22%

Female 94 89 94.68% 5 5.32%

Overall 130 99 76.15% 31 23.85%

DISCUSSION
Sex identification is crucial in establishing an 

individual identity for the living and the deceased. 
Previous studies have reported a 100% accuracy 
rate of sexual dimorphism in the complete skel-
eton. When utilizing a combination of the pelvis 
and cranium, the accuracy rate was 98%, followed 
by a combination of the pelvis and long bones 
(95%) (Teke et al., 2007; Tambawala et al., 2016). 
The pelvis and cranium are considered the most 
reliable anatomical sites for determining sex due 
to their accessibility and distinct sexual dimor-
phism. However, the reliability of sex determina-
tion from the skull appears to be lower before pu-
berty. Several methodologies have been studied 
for sex determination, including DNA, morpho-
logical, and morphometric analyses (Sidhu et al., 
2014; Prakoeswa et al., 2022).

Paranasal sinuses are essential in establishing 
an individual’s identity (Leao de Queiroz et al., 
2016). Among these sinuses, the maxillary sinus 
is the largest and the first to develop at approx-
imately ten weeks of gestation. Subsequently, it 
continues to pneumatize until the eruption of the 
third molars (around 20 years of age) and even-
tually reaches a distance of 5 mm inferior to the 
nasal floor. After the maximum growth period, the 

volume of the maxillary sinus decreases due to 
mineral loss in the bone matrix. The maxillary si-
nus dimension tends to stabilize after the second 
decade of human life (Sahlstrand-Johnson et al., 
2011; Gupta et al., 2014). Therefore, only subjects 
aged 20 years and above were considered in this 
study to ensure accurate measurements.

The present study revealed a significant dif-
ference between males and females in the aver-
age height and width of the maxillary sinus, with 
p<0.05. This finding is consistent with previous 
studies by Teke et al. (2007) and Queiroz et al. 
(2016), which also reported a greater mean height 
of the maxillary sinus in males than in females 
(Teke et al., 2007; Leao de Queiroz et al., 2016). 
Mathew et al. (2020) found significantly higher 
maxillary sinus dimensions in males than fe-
males, except for intermaxillary distance (Mathew 
and Jacob, 2020). A study by Uthman et al. (2011) 
and Tambawala et al. (2016) reported that max-
illary sinus height was the best-discriminating 
parameter for studying sexual dimorphism, with 
an overall accuracy of 71.6% (Uthman et al., 2011; 
Tambawala et al., 2016).

In a study by Sharma et al. (2014), the measure-
ment of maxillary sinus volume and dimension 
was analyzed using CT scans. The study yielded 
noteworthy findings, particularly concerning sex-
ual dimorphism. Specifically, significant differ-
ences in maxillary sinus length and volume were 
observed between male and female subjects. Of 
the parameters analyzed, maxillary sinus length 
proved to be the most effective discriminator, with 
an accuracy rate of 69.81% (Sharma et al., 2014). 
The present study’s findings are consistent with 
previous research, which suggests that the dif-
ferences in observed parameters are more pro-
nounced in the anteroposterior dimension of the 
maxillary sinus, with p<0.001.

A study conducted on 33 CT images of the max-
illary sinus in a Korean population classified the 
maxillary sinuses into six categories based on 
their lateral aspects and the shapes of their inferi-
or walls. The study found that all measurements, 
including the anteroposterior length, height, 
width, and volume of the sinuses, were more sig-
nificant in males than in females, consistent with 
our findings (Kim et al., 2002).
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Fernandes (2004) elucidated the role of the max-
illary sinus in ethnic classification through their 
investigation. Their findings revealed that Europe-
an crania had significantly larger antral volumes 
than Zulu. Moreover, males exhibited larger vol-
umes compared to females. In contrast, Zulu male 
sinuses were narrower than Zulu female sinuses. 
The study showed that population group was a sig-
nificant factor, with European sinuses being wider 
than Zulu sinuses (Fernandes, 2004).

The variations observed in the results of maxil-
lary air sinus dimensions across various studies 
can be attributed to various factors. These include 
differences in ethnicity and population group, 
affecting body stature, skeletal size, height, and 
physique. Genetic and environmental factors may 
also play a role, as can anatomical variations of 
the sinus. Additionally, alterations in osteoclastic 
and osteoblastic activity, as well as the pneuma-
tization process of the sinus, may contribute to 
these variations. These factors highlight the need 
to carefully consider the various influences on 
maxillary air sinus dimensions in research and 
clinical practice (Abu El-Dahab and Dakhli, 2023).

While the dimensions of the maxillary sinus 
can help support sex determination, there are 
limitations to this method. The maxillary sinus 
exhibits anatomical variability between the sex-
es, but there is also an overlap in measurements 
between males and females. Additionally, factors 
such as tooth loss, age, and ethnicity can affect 
the dimension of the maxillary sinus, which may 
impact its usefulness in sex determination (Tam-
bawala et al., 2016; Leao de Queiroz et al., 2016; 
Velasco-Torres et al., 2017; Mathew and Jacob, 
2020). Other factors affecting the maxillary sinus 
dimensions include cephalometric parameters 
and certain medical conditions such as chronic 
rhinosinusitis (Akay et al., 2020; Pérez Sayáns et 
al., 2020; Abate et al., 2023). 

This study’s limitations include a small sam-
ple size due to the strict inclusion and exclusion 
criteria. This study highlights the importance of 
conducting similar analyses on a more extensive 
and diverse population. Additionally, measuring 
the maxillary sinus on lateral cephalograms has 
limitations related to the two-dimensional view 
of the sinus, which can result in inaccurate mea-

surements (Abate et al., 2023). Nonetheless, some 
studies have demonstrated that maxillary sinus 
measurements on lateral cephalograms are reli-
able and can assess the relationships between dif-
ferent skeletal classes (Dhiman et al., 2015).

CONCLUSIONS
The findings of this study provide evidence that 

the Khaitan formula can be a valuable supplemen-
tary method for sex determination in females. It is 
important to note that sex determination based 
on the MSI is a parameter influenced by the pop-
ulation in forensic science studies and requires 
careful interpretation during application.
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SUMMARY
Many studies on individual pesticide risk as-

sessments are available, but the toxicity of com-
bined usage is still to estimate. So, the current 
study investigated reproductive toxicity induced 
by exposure to cyfluthrin (CYF) and pestban (PES) 
and their mixture in adult male albino rats. For-
ty adult male albino rats were randomized into 
four groups. All treatments were given daily by 
oral gavage for 60 days. Group I (control group): 
this group included 16 rats, divided into two 
equal subgroups: subgroup Ia (negative control) 
and subgroup Ib (a vehicle control), in which each 
rat received 2 ml of corn oil. Group II: CYF group 
(15.6 mg/kg). Group III; PES group (7.45 mg/kg). 
Group IV: CYF + PES. Individual CYF and PES ex-
posure significantly decreased testicular weight, 
serum testosterone level, and epididymal sperm 
count when compared to the control group. These 
biochemical changes were confirmed by histolog-
ical and ultra-structural disarray and reduced im-
munoreactions of Melan-A (also known as MART-
1, Melanoma Antigen Recognized by T-cells), but 
mutual exposure to both pesticides resulted in a 
highly significant difference compared to other 

treated groups. Co-administration of CYF and PES 
aggravated testicular toxicity, exhausting the en-
dogenous antioxidant status, and down-regulat-
ing the immune expression of Melan-A. So, mix-
ing both components can intensify the damaging 
effects of each compound on testes.

Keywords: Cyfluthrin – Pestban – Testicular 
toxicity – Rats 

INTRODUCTION
Nowadays, farming activities are highly con-

tingent on pesticide use. The pesticide’s use play 
has brought considerable benefits in increasing 
the availability and food quality by playing an 
essential role in the expansion of agriculture by 
decreasing the loss of crops and promoting yield, 
in addition to enhancing public health in gen-
eral. Nevertheless, either overuse or misuse of 
pesticides leads to a great range of negative con-
sequences to species diversity, the environment, 
and the health of both animals and humans, as is 
well reported in numerous toxicological studies 
(Silva et al., 2022).
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The improper application of these pesticides 
can produce health problems, neurodegenera-
tive diseases, reproductive toxicity, carcinoge-
nicity, and perturbation of the endocrine system 
(Mohammadi et al., 2021). The widespread resis-
tance and toxicological influence of hazardous 
pesticides pose unreceptive results on different 
environmental species and humans, straightfor-
wardly by bioaccumulation or indirectly through 
the food chain.  

Pesticide residues constantly present above 
permissible legal levels in diversified forms, so 
much attention has happened likely to regulate 
their usage without maleficence or negatively 
affecting the environment (Parra-Arroyo et al., 
2022). 

Following the World Health Organization re-
ports, the intoxication of pesticides presents a 
foremost community and public health question; 
about 3 million cases of pesticide toxicity happen 
yearly, killing almost 250-370,000 individuals 
(Kamande et al., 2022).

β-Cyfluthrin (CYF), a class II Pyrethroid (PYR), 
is an insecticide used worldwide in farming, gar-
dening, and household applications. Repeatedly 
it is used in veterinary medicine, farming against 
various pests, and residential and industrial set-
tings. Studies explaining mechanisms of repro-
ductive toxicity regarding this insecticide are lim-
ited (Wang et al., 2022).

Pestban (PES) is an organophosphorus (OP) 
insecticide containing 48% chlorpyrifos (CPF). 
It is used widely in many agricultural practices; 
against plants and pests to control animal ecto-
parasites, although CPF is known as a neurotox-
icant through cholinesterase inhibition. Inclu-
sive data assessing pestban effects on gestational 
length, reproduction, and fertility parameters of 
males and females are still not clear enough and 
limited (Morgan and El-Aty, 2008). 

The marketing of PYR and OP mixes propagates 
widely in developing countries and has increased 
toxicity predominance. Trials to prophesy toxic-
ity related to mixtures depending on individual 
chemicals’ acquaintance commonly led to false 
and deficient conclusions. The interaction due 
to mixing two or more pesticides is not always 

expected, because this combination may have 
summative, potentiating collusive, or inhibitory 
effects (Alaa El-Din et al., 2022). Therefore, this 
study assessed testicular toxicity caused by in-
dividual and mutual exposure to cyfluthrin and 
pestban in adult albino rats. 

MATERIALS AND METHODS

Chemicals

β-Cyfluthrin: it was manufactured by Sigma-Al-
drich Company, Louis St., USA, and bought from 
Sigma Egypt.

Pestban: it was obtained from Indora (Italian 
company).

Corn oil: it was bought from Sekem Co. in Cairo, 
Egypt, (a vehicle for both insecticides)

Animals

This study was acted upon at the animal house 
of the Faculty of Medicine, Suez Canal Universi-
ty, Egypt. Forty adult male albino rats aged two 
months and ranging in weight from 150 to 170 
grams, were used in the present study. The rats 
were purchased from the Faculty of Veterinary 
Medicine Animal House, Suez Canal University, 
Egypt. Rat food and water were freely available to 
the rodents in the breeding facility. The rats were 
kept in filter-top plastic cages in a room with arti-
ficial lighting and temperature control (23 ±1 °C). 
The procedure of the experiment was done ac-
cording to the National Institute of Health Guide-
lines for the Care and Use of Laboratory Animals 
(NIH Publications No. 8023, revised 1978). The 
protocol of the study was confirmed by the Suez 
Canal University Faculty of Medicine’s Research 
Ethics Committee. (Egypt) (Research Number: 
5072#) on Oct 18, 2022.

Experimental design

The total male rats were randomly divided into 
four groups. The experiment lasted sixty days, 
and all groups received supplements by oral ga-
vage each day.

Group I (control group): This group included 16 
rats, and was divided into two equal subgroups:
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Subgroup Ia (negative control): Each rat in this 
group received a regular diet and water for 60 
days. These groups were used as reference com-
parable values.

Subgroup Ib (positive control): Each rat received 2 
ml of corn oil (vehicle of CYF and PES).

Group II (β-Cyfluthrin group) (eight rats): Each rat 
was treated with CYF at a daily dose of 15.6 mg/
kg b.w./day (1/20 of oral LD50) (LD 50 = 380 mg/
kg b.w./day) according to Mohafrash et al. (2017).

Group III (Pestban group) (eight rats): Each rat re-
ceived PES at a daily dose of 7.45 mg/kg b.w./day 
(1/20 of the oral LD50) (Morgan and El-Aty, 2008), 
(Abd-Elhakim et al., 2021). 

Group IV (Cyfluthrin + Pestban) (eight rats): Each 
rat received CYF+PES for 60 days (using the same 
previously mentioned doses and same exposure 
time).

After exposure to CYF and PES for 60 days, an 
intraperitoneal injection of thiopental (50 mg/
kg) was used to anaesthetize the rats of all groups 
(Nagaya et al., 2004). In accordance with Nemzek 
et al. (2001), samples of blood were taken from 
the retroorbital venous plexus; then scarification 
of rats was performed. In order to preserve blood 
samples for hormonal examination, they were 
kept at -80 °C. Physiological saline was used to 
swiftly remove the testes, remove any adhering 
tissue, wash them, and dry them.

Body and testis weight measuring

A digital balance was used to weigh the rats 
before they were anaesthetized and sacrificed. 
Testes were removed and weighed, and organ/
somatic index were calculated. The relative tes-
tes weight = Absolute testes weight/ Whole body 
weight ×100 (Hamoud, 2019).

Hormonal study

Solid phase radioimmunoassay method was 
used to measure serum testosterone levels (Kim 
et al., 2012), while enzyme-linked immunosor-
bent assay (ELISA) was used to measure serum 
rat luteinizing hormone (LH) and follicular stim-
ulating hormone (FSH) levels (Chen et al., 2015). 

Measurement of blood levels of oxidative stress 
biomarkers:

Total antioxidant capacity (TAC) was evaluated 
by using the colorimetric technique following the 
method described by (Koracevic, 2001). Glutathione 
peroxidase (GPx), reduced glutathione (GSH), and 
malondialdehyde (MDA) were measured according 
to the methods described by Zhang et al. (2018), En-
safi et al. (2008) and Aini et al. (2022), respectively.

Epididymal spermatozoan examination:

Spermatozoa were collected according to Mo-
stafa et al. (2016), epididymal content of every rat 
was obtained immediately by cutting the tail of 
the epididymis and squeezing it gently to gain the 
sparkling of freshly undiluted semen in a clean 
Petri dish and incubated at 37 °C for half of an 
hour for liquefaction then we started to proceed 
the following examinations; sperm count, motility 
of sperms, and epididymal sperm viability  were 
studied and estimated according to the method 
reported by Adamkovicova et al. (2016). Then, 
the percentage of epididymal sperm abnormal-
ities (abnormal forms) was calculated following 
Vasan (2011), and the sperm abnormal forms 
were described according to Mori’s classification, 
who classified abnormal sperms into deformed 
heads and tails (tailless and deformed) (Mori et 
al., 1991).

Histopathological examination

Testes were preserved in 10% formalin solu-
tion, then dehydrated, cleared in xylene, fixed, 
and blocked-in paraffin using an automatic tissue 
processor. Five micrometers thick sections were 
cut by a rotary microtome and stained by the he-
matoxylin & eosin (H&E) and PAS stains (Hsu, 
2015).

Ultrastructural study

Specimens from the testes for electron micros-
copy examination were promptly fixed in 2.5% 
phosphate-buffered glutaraldehyde (pH 7.4), 
post-fixed in 1% osmium tetroxide in the same 
buffer at 4°C, dehydrated and fixed in epoxy res-
in. Leica Ultracut UCT was used to create ultrathin 
slices that were then stained with uranyl acetate, 
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and lead citrate (Van der Horst et al., 2019), seen 
using a JEOL JEM 1010 electron microscope and 
captured on camera (Jeol Ltd, Tokyo, Japan) in the 
Histology and Cell Biology Department, Faculty of 
Medicine, Al-Azhar University (Egypt).

Immunohistochemical examination

The sections of testis were stained with mono-
clonal antibodies targeting Melan-A by the avi-
din-biotin-peroxidase complex (ABC) kit. The 
sections were then deparaffinized, rehydrated, 
trypsinized (1 mg pronase/mL Tris-buffered sa-
line), treated with 3% H2O2 for 30 minutes at room 
temperature, and then washed three times. After 
then, the slices were exposed to primary antibod-
ies for an additional hour. ABC was incubated for 
30 minutes following the second antibody infu-
sion. Complete cleaning with Tris-buffered saline 
(pH: 7.4) was performed on the sections (Shojaee-
pour et al., 2021).

Statistical analysis

The mean and standard deviation of the data for 
all groups were displayed (X ± SD). The collected 
data were handled and analyzed using the SPSS 
program (SPSS Inc., 2007). One-way analysis of 
variance was used to find statistically significant 
differences (ANOVA), followed by the LSD test 
for multiple comparisons between the different 
groups. The percentage was assessed by the chi-
square test. The test results were considered sig-
nificant when p value <0.05. P-value <0.01, and 
<0.001 were considered highly significant.

RESULTS

Effects on body weight and testis weight

The present study showed that mean values of 
the final body weight and testicular weight (abso-
lute and relative) in CYF (II) and PES (III) treated 
groups had significantly decreased compared to 
the control group, but they showed high signifi-
cant decreases (p-value <0.01) in combined (CY-
F+PES) treated group (group IV) compared to oth-
er studied groups (Table 1).

Hormonal study

Table 2 showed that serum testosterone was 
significantly reduced in rats individually exposed 
to CYF and PES, and highly significantly reduced 
in combined CYF+PES-treated group (group IV). 
Serum levels of both LH &FSH were significantly 
decreased in CYF and PES groups; p-value <0.05, 
where more decrease was noticed in the com-
bined group IV; p-value <0.01 compared with con-
trol groups.

Blood levels of oxidative stress biomarkers

Total antioxidant capacity (TAC), glutathione 
peroxidase (GPx), and reduced glutathione (GSH) 
were reduced in group-II and group-III treat-
ed rats, and were highly significantly reduced in 
combined treated groups. While Malondialdehyde 
(MDA) was significantly increased in rats individ-
ually exposed to CYF, PES was highly significantly 
increased in the mutually treated group (Table 3). 

Table 1. Initial body weight, final body weight, absolute testis weight and relative testis weight in the study groups.

Control groups CYF PES CYF + PES

Ia Ib

Initial body weight (g) 189.17± 6.61 188.67± 5.23 189.53± 3.71 190.75 ±8.27 190.23± 6.81

Final body weight (g) 217.83± 5.11 217.59± 7.44 184.83± 4.34* 183.96± 5.62* 160.17± 4.83**#

Absolute testis weight (g/100 g final 
body weight) 1.77± 0.06 1.76± 0.076 0.95 ±0.052* 0.89± 0.065* 0.660± 0.032**#

Relative testis weight (g) 0.721± 0.03 0.730± 0.05 0.524 ±0.07* 0.500± 0.09* 0.314± 0.08**#

The relative testis weight of each animal is calculated according to the formula:
Relative testis weight = Absolute weight (g) * 100 
Final body weight
* p < 0.05 vs control groups
** p < 0.01 vs control groups 
#  p < 0.05 vs groups II & III
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Epididymal spermatozoa 

Normal sperm morphology by Giemsa staining 
showed a normal head, normal mid-piece, and 
normal straight tail (Fig. 1a).  Sperms of Cyfluth-
rin treated group showed abnormally polygonal 
heads, a missing middle piece with a very thin 
tail (Fig. 1b), while sperms of the Pestban treat-

ed group showed different shapes of heads either 
small oval, bent shape heads or absences of heads, 
with a detached tail (Fig. 1c). Sperms of combined 
Cyfluthrin & Pestban treated group showed ab-
sent heads, eroded midpiece, and irregular tail 
(Fig. 1d). Abnormal morphology of sperms in the 
study groups were described in Chart 1.

Table 2. Serum testosterone (ng/ml), FSH (ng/ml), and LH (mIU) of adult albino rats among the studied groups. 

Control groups CYF PES CYF + PES

Ia Ib

Testosterone (ng/ml) 1.67 ± 0.49 1.69 ± 0.35 0.86 ± 0.35* 0.90 ± 0.37* 0.25 ± 0.04**#

FSH (ng/ml) 5.96 ± 1.99 6.12 ± 0.32 3.76 ± 2.32* 4.12 ± 1.01* 3.00 ± 0.23**#

LH (mIU) 9.42 ± 1.79 9.37 ± 1.43 6.001 ± 1.62* 5.98 ± 1.39* 3.11 ± 0.89**#

* p < 0.05 vs control groups
** p < 0.01 vs control groups 
#  p < 0.05 vs groups II & III

Table 3. Oxidative stress and apoptosis biomarkers in the testis homogenates of the study groups: Total antioxidant capacity 
(TAC), Glutathione peroxidase (GPx), Reduced glutathione (GSH) and Malondialdehyde (MDA).

Control group CYF PES CYF + PES

Ia Ib

TAC
(mmol/g protein) 0.99 ± 0.005 0.97 ± 0.005 0.68 ± 0.003* 0.65 ± 0.012* 0.38 ± 0.016**

GPx
(ng/mg protein) 144.17 ± 4.37 144.06 ± 5.46 130.23 ± 3.09* 131.21 ± 2.07* 115.23 ± 3.09**#

GSH
(mmol/ g protein) 3.89 ± 0.01 3.99 ± 0.04 2.39 ± 0.02* 2.46 ± 0.03*  1.77 ± 0.01**#

MDA
(nmol/g protein) 11.31 ± 0.04 10.99 ± 0.07 14.1 ± 0.21* 15.3 ± 0.45* 18.4 ± 0.57**#

* p < 0.05 vs control groups
** p < 0.01 vs control groups 
#  p < 0.05 vs groups II & III

Fig. 1.- Sperm morphology in Giemsa staining (a): Normal sperm with normal head (arrowhead), normal midpiece (short head), 
and normal straight tail (long arrow). (b): Sperms of Cyfluthrin-treated group show abnormally polygonal heads (arrowheads), 
missing middle piece (short arrow) with very thin tail (long arrow). (c): Sperms of Pestban-treated group show different shapes 
of heads either small oval (black arrowhead), bent shape head (blue arrowhead), or absences of the head (red arrow head), with a 
detached tail (long arrow). (d): Sperms of combined Cyfluthrin-and-Pestba- treated group show absent heads (arrowheads), eroded 
midpiece (short arrow), and irregular tail (long arrow). Giemsa ×400. Scale bars = 40 µm.
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The mean value of sperm motility, viability, and 
count of the CYF group (II), PES group (III), and com-
bined treated group (IV) showed a highly significant 
reduction when compared to those in the control 
group. Additionally, rats treated with pesticides 
(groups II and III) substantially (p 0.05) had higher 
mean values of sperm head abnormalities than rats 
in the control group. While rats in the CYF + PES 
group (IV) showed the highest significant difference 
(p < 0.01) when compared to those of control and in-
dividual CYF- and PES-treated groups (II and III). All 
data were expressed in (Table 4) and (Chart 2). 

Histopathological results

H&E staining 

The testicular tissue of the control group showed 
normal-shaped seminiferous tubules, some with 
patent lumina, but others showed aggregation of 
sperms. They were separated by narrow intersti-
tial cells containing Leydig cells and blood vessels 
(Fig. 2a). Myoid cells and all spermatogenic cell 
phases were present in the majority of the semi-
niferous tubules (Fig. 2b).

The testicular parenchyma of the Cyfluth-
rin-treated  group (II) showed irregularly shaped 
seminiferous tubules, mostly showing a separa-
tion of germinal epithelium, irregularly arranged 
germinal cells, or empty seminiferous tubules. 
Thickened & edematous interstitial tissues with 
very dilated and congested blood vessels were 
noted (Fig. 3a). The primary spermatocytes were 
either destructed or collected near the center. The 
secondary spermatocytes were found near the 
center, and some spermatids were noticed near 
the basement membrane or irregularly distribut-
ed (Fig. 3b).

Table 4. Sperm count, motility, viability, and abnormal forms.

Control 
CYF PES CYF + PES

Ia IIa 

Sperm count (/ml) 92.55 ±3.55 91.73± 4.57 53.02 ± 7.4* 55.00 ± 6.1* 40.66± 11.83**a

Sperm motility % 73.65 ± 22.4 73.46 ± 51.1 57.74 ± 13.3# 56.99 ± 27.2# 32.42 ± 14.9*a

Sperm viability % 79.12 ± 23.4 78.32 ± 22.5 47.77 ± 12.1# 47.54 ± 23.5# 30.56 ± 15.4**a

Sperm abnormal forms (%) 9.98 ± 1.79 10.15 ± 2.33 22.50 ± 2.15* 23.21 ± 1.33* 40.10 ± 4.21** b

* p < 0.01 vs control groups
** p < 0.001 vs control groups 
#  p < 0.05 vs control groups
a p < 0.05 vs groups II & III
b p < 0.001 vs groups II & III



Heba El Sayed Mostafa et al.

675

The testicular parenchyma of Pestban-treated 
group (III) showed a loss of interstitial spaces. Var-
ious components of seminiferous tubules were 
either normal, irregularly distributed tissues or 
destructed with linear germinal cells inning the 
basement membrane (Fig. 4a). Some tubules 
showed separation of germinal cells and were 
lined by thick capsule with subscapular separa-
tion of tissues and very dilated subscapular blood 
vessels. Some seminiferous tubules showed a col-
lection of germinal cells at the center and sper-
matids near the center. The interstitial tissues 
showed infiltration and exudation (Fig. 4b).

The testicular parenchyma of the combined 
Pestban- and Cyfluthrin-treated group (IV) were 

lined by a very thick capsule with subscapular 
separation, exudation, and congested blood ves-
sels. The interstitial tissues showed exudation and 
congested and dilated blood vessels (Fig. 5a). The 
seminiferous tubules showed separation of ger-
minal cells from the basement membrane with a 
central collection of different germ cells (Fig. 5b). 
Some tubules showed intralaminar hemorrhages 
and necrotic areas (Fig. 5c). The Spermatogonia 
were condensed and enlarged. The primary sper-
matocytes were enlarged with pericellular space 
and few in number. Secondary spermatocytes 
were irregular in shape, linearly arranged, or col-
lected in rows. Most of the spermatids were small 
(Fig. 5d).

Fig. 3.- Testicular tissue of a rat from the Cyfluthrin-treated group showing (a): The testicular parenchyma contains irregularly 
shaped seminiferous tubules, mostly showing the separation of germinal epithelium (star) or irregularly arranged germinal cells 
(arrow). Thickened and congested interstitial tissues (arrowheads) with very dilated and congested blood vessels (BV). (b): The 
seminiferous tubules show great irregularity in the arrangement of germinal cells. The primary spermatocytes either destructed 
(arrow) or (pS) near the center, the secondary spermatocytes (Ss) near the center, and some spermatids (St) lie near the basement 
membrane or are irregularly distributed. Some tubules show normal spermatozoa (Sz) in their lumen. Others show empty spaces (*). 
Notice dilated interstitial tissues (IS) or destructed (short arrows).  H&E staining. Scale bars: a = 40 µm (x200) and b = 20 µm (x400).

Fig. 2.- Testicular tissue of a rat from the control group showing (a): The testicular parenchyma contains seminiferous tubules (ST), 
some of their lumina were patent, but some showed aggregation of sperms (star). Seminiferous tubules are separated by narrow 
interstitial cells (IS). (b): Each seminiferous tubule contains the myoid cells (M), spermatogonia (SG), Sertoli cells (Se), primary sper-
matocytes (pS), secondary spermatocyte (sS), and elongated spermatids (St) and spermatozoa (SZ). Leydig cells in the interstitial 
tissues (LC). H&E staining. Scale bars: a = 40 µm (x200) and b = 20 µm (x400).
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Fig. 4.- Testicular tissue of a rat from the Pestban-treated group showing (a): The testicular parenchyma shows loss of interstitial 
spaces (IS). Varied components of seminiferous tubules; either normal (N), irregularly distributed tissues (Ir), or empty (E) with 
linear germinal cells inning the basement membrane (short arrow). Some show the separation of germinal cells (star). (b): The 
testicular parenchyma is lined by a thick capsule (C), subscapular separation (detached arrow), and very dilated subscapular blood 
vessels (BV). The seminiferous tubules show destruction of their basement membranes (arrowheads), empty space (star), collected 
germinal cells at the center (short arrow), and spermatids near the center (St). notice infiltration (In) and exudation (EX) in the in-
terstitial tissues.  H&E staining. Scale bars: a = 40 µm (x200) and b = 20 µm (x400).

Fig. 5.- Testicular tissue of a rat from the combined Pestban-and-Cyfluthrin-treated group showing (a): The testicular parenchy-
ma lined by a very thick capsule (short arrows), subscapular separation (detached arrow) with exudation(ex) and congested blood 
vessels (BV) of subcapsular area. The interstitial tissues showed exudation (ex), congested and dilated blood vessels (BV) with 
Leydig cells (LC). The seminiferous tubules show the separation of the germinal cell (star). The seminiferous tubule (ST1) shows 
condensed spermatogonia (SG), irregular secondary spermatocytes (sS), and exudation(ex). (ST2) shows enlarged primary sper-
matocytes (Ps) with pericellular space (arrow), linear arranged secondary spermatocytes (sS), small spermatid (arrowheads), sper-
matozoa (sz) with a central collection of different germ cells (long arrow). (ST3) appears normal. (b): Varied seminiferous tubules. 
(ST1) shows condensed rows of secondary spermatocytes (sS), linear & little spermatozoa (sz) with centrally located germinal cells 
(*). (ST2) shows enlarged spermatogonia (SG) and primary spermatocytes (pS) with little secondary spermatocytes (sS). (ST3) shows 
enlarged spermatogonia (SG). Notice enlarged blood vessels (BV). (c): The seminiferous tubules show intralaminar hemorrhages 
(Hg), separation of germinal cells away from the basement membrane (star), and necrotic areas (arrows). (d): the section shows 
thickened capsule (arrow) with subscapular hemorrhage (Hg), dilated blood vessels (BV) and exudation of interstitial tissues. The 
subscapular seminiferous tubule shows a separation of the germinal cell (star) with condensed spermatozoa in the center (SZ). The 
seminiferous tubule (ST1) shows intraluminal exudation (ex), and enlarged spermatogonia (SG) with few and enlarged primary 
spermatocytes (pS).  (ST2) shows enlarged & widespread spermatogonia (SG). H&E staining. Scale bars = 20 µm (x400).



Heba El Sayed Mostafa et al.

677

PAS staining 

The control-group rats showed normal testicu-
lar morphology with PAS-positive germ cells and 
basement membranes of all seminiferous tubules 
(Fig. 6a). The CYF-treated group showed dense 
PAS stain of interstitial tissues with destructed 
basement membrane and separated germ cells 
(Fig. 6b). The PES-treated group showed mild 
positive PAS stain in the basement membrane of 
tubules, and some parts showed destruction (Fig. 
6c). The combined PES- and CYF-treated groups 
showed a very light PAS stain and loss of greater 
parts of the basement membrane of seminiferous 
tubules, with few and irregularly distributed ger-
minal cells (Fig. 6d).

Immunohistochemical results 

The control groups showed strong positive cyto-
plasmic brown stains with Melan-A mainly in the 
interstitial cells of Leydig and in some myoid cells 
(Fig. 7a). The Cyfluthrin-treated group showed 
moderate brown stain in some intact interstitial 

cells of Leydig, but abnormally collected cells Ley-
dig cells showed a negative stain (Fig. 7b). The 
Pestban-treated group showed a faint brown stain 
in the interstitial cells of Leydig, in the Sertoli cells 
and in the myoid cells (Fig. 7c). The combined 
Pestban-and-Cyfluthrin-treated group showed 
faint and linear brown staining in the damaged 
Leydig cells (Fig. 7d). The significant differenc-
es between the study groups were presented in  
Chart 3.

Fig.6. Light microscopy of testicular tissue in different groups stained with periodic acid-Schiff (PAS). (a) Control rat, showing 
normal testicular morphology with PAS-positive of germ cells and basement membranes of all seminiferous tubules. (b) Cyfluth-
rin-treated group shows dense PAS stain of interstitial tissues (IS), destructed basement membrane (thick arrow) with separated 
germ cells (*). (c) Pestban treated group shows mild positive PAS stain of the basement membrane of tubules and some parts 
showed destruction (arrowhead). (d) combined Pestban-and-Cyfluthrin-treated group shows very light PAS stain with loss of great-
er parts of the basement membrane of seminiferous tubules (arrowheads) with little and irregularly distributed germinal cells 
(arrows). PAS staining. Scale bars = 20 µm (x400).
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Fig. 7.- Rat testicular tissue of different groups, immuno-histochemical stained with anti-Melan-A. (a): The control group shows 
strong positive cytoplasmic brown stain mainly in the interstitial cell of Leydig (black arrows) and in some myoid cells (yellow ar-
row). (b): Cyfluthrin treated group shows moderate brown stain in some intact interstitial cells of Leydig (arrow), but abnormally 
collected cells (elbow arrow) showed negative stain. (c): Pestban treated group shows a faint brown stain in the interstitial cell 
of Leydig (black arrow), in the Sertoli cells (red arrows), and in myoid cells (yellow arrow).  (d): combined Pestban- and-Cyflu-
thrin-treated group shows faint and linear brown staining in the damaged Leydig cells.  (Immunohistochemical staining of an-
ti-Melan-A). Scale bars: a,d = 100 µm; b,c = 50 µm.

Fig. 8.- Electron micrographs of the control group rat’s testis. (a): Spermatogonia (Sg) contains a rounded nucleus with periph-
eral heterochromatin clumps resting on a regular basement membrane (BM), Primary spermatocytes (Ps) with rounded nuclei. 
(b): Secondary spermatocyte (Ss) with large rounded nuclei with heterochromatin clump at one pole (arrow). It is surrounded by 
mitochondria (M) and lysosomes (L). (c): Sertoli cell (Sc) has a pale euchromatic nucleus with prominent nucleolus (n) and shows 
small nuclear enfolding (arrowhead). Notice spermatogonia (Sg) resting on the basement membrane (BM), with part of primary 
spermatocytes (Ps). (d): Spermatid (St) is composed of a head with an acrosomal cap (AC), middle piece (pointed arrow), cytoplas-
mic vacuoles (white arrow), annulus (arrowhead), and excess mitochondria (M). (e): Leydig cells (LC) showing euchromatic nuclei 
(N) with peripheral heterochromatin with euchromatic nucleolus (n). Their cytoplasm contains mitochondria (M) and lipid droplets 
(L). Scale bars: a,c = 1 µm; b,d,e = 2 µm.
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Electron microscopic results

Electro micrographs of the control rat’s testis 
showed spermatogonia with rounded nuclei and 
peripheral heterochromatin clumps resting on a 
regular basement membrane. The Primary sper-
matocytes had rounded nuclei (Fig. 8a), while the 
secondary spermatocyte showed large rounded 
nuclei with heterochromatin clump at one pole 
(Fig. 8b). The Sertoli cell showed a pale euchro-
matic nucleus and prominent nucleolus with 
small nuclear enfolding (Fig. 8c). The Spermatid 
was composed of a head with an acrosomal cap, 
middle piece, annulus, and excess mitochondria 
(Fig. 8d). Leydig cells showed euchromatic nuclei 
with peripheral heterochromatin and euchro-
matic nucleolus; their cytoplasm contained mito-
chondria and lipid droplets (Fig. 8e).

The Cyfluthrin-treated group (II) showed that 
the Sertoli cell had a pale euchromatic nucleus 
with very small nucleolus, and showed large nu-
clear enfolding lying nearer the thick basement 
membrane (Fig. 9a). The spermatogonia was  
elongated, had dark peripheral heterochromatin, 
and rested on a thick basement membrane; its 

cytoplasm contained enlarged mitochondria (Fig. 
9b). The secondary spermatocyte nucleus showed 
irregular dense chromatin and an electron-dense 
body at its periphery, and its cytoplasm contained 
enlarged rough endoplasmic reticulum (Fig. 9c). 
The spermatid was composed of an enlarged ir-
regular nucleus and a thin elongated acrosomal 
cap with residual filaments in front of it. Its cyto-
plasm contained enlarged mitochondria. Part of 
the sperm flagellum was surrounded by a huge 
cytoplasm (Fig. 9d). Differently shaped Leydig 
cells were noticed, either with oval nuclei, elon-
gated with a small nucleus, or irregularly showing 
peripheral euchromatin with distributed chroma-
tin. Their cytoplasm contained few lipid droplets 
(Fig. 9e).

The Pestban-treated group (III) showed pale and 
irregular Sertoli cells with a euchromatic nucleus, 
small nucleolus, and too large nuclear enfolding 
(Fig. 10a). The primary spermatocyte was en-
larged, oval, and surrounded by polar perinucle-
ar space. Its cytoplasm contained shrunken mi-
tochondria. The spermatogonia had an enlarged 
oval-shaped nucleus with a linear collection of 

Fig. 9.- Electron micrographs of the testis of Cyfluthrin-treated group. (a): Sertoli cell (Sc) has a pale euchromatic nucleus with 
very small nucleolus (arrowhead) and shows large nuclear enfolding (arrow) and lies nearer to a thick basement membrane (BM). 
(b): elongated Spermatogonia (Sg) with dark peripheral heterochromatin (arrowhead) and resting on thick basement membrane 
(BM). Its cytoplasm contains enlarged mitochondria (M). (c): Secondary spermatocyte (Ss) containing irregular dense chromatin 
(arrow) and electron-dense body at the periphery of the nucleus (arrowhead). Its cytoplasm contains enlarged rough endoplasmic 
reticulum (rER). (d): Round spermatid (St) composed of enlarged & irregular nucleus (N), thin & elongated acrosomal cap (AC) with 
residual filaments in front it (arrow). Its cytoplasm contains enlarged mitochondria (M). Part of sperm flagellum (SF) surrounded 
by huge cytoplasm (arrowhead) (e): Different shaped Leydig cells (LC) either oval nucleus (white N), elongated (black N) with small 
nucleus (n) or irregular showing peripheral euchromatin (arrow) with distributed chromatin (*). Their cytoplasm contains few lipid 
droplets (L). Scale bars: a = 1 µm; b = 500 nm; c,d,e = 2 µm.
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Fig. 10.- Electron micrographs of the testis of Pestban-treated group. (a): Sertoli cell (Sc) has a pale, irregular, and euchromatic nucle-
us with small nucleolus (n) and shows two large nuclear enfoldings (arrowheads). (b): Primary spermatocyte (pS) appears enlarged, 
oval in shape, and surrounded by polar perinuclear space (arrow). Its cytoplasm contains shrunken mitochondria (M). Spermatogo-
nia (Sg) with enlarged and oval-shaped nucleus and resting on basement membrane (BM). It shows a linear collection of dense chro-
matins (arrowheads), also surrounded by polar perinuclear space (arrow). (c): Shrunken primary spermatocyte (pS) nucleus with a 
dark euchromatic edge (arrow) and surrounded by enlarged Golgi apparatus (g). Secondary spermatocyte (Ss); that’s its cytoplasm 
contains excess lysosomes (L). (d): Long spermatid composed of a head with a small nucleus (N), acrosomal cap (Ac), degenerated 
middle piece (arrowhead), and very thick flagellum (black arrow) with the turned end (white arrow). (e): sperm flagellum with wide 
central vacuole (star) and thick polar fibrous sheath (FS), or with multiple internal vacuoles (*). Notice completely necrosed flagellum 
(arrowheads) or with thick rim with loss of internal structures (white arrow). (f): Leydig cell (LC) with irregular nucleus (N). its cyto-
plasm contains few lipid droplets (white L), excess (lysosomes (black L), and many vacuoles (V). Scale bars: a,f = 2 µm; b,c,d,e = 1 µm.

Fig. 11.- Electron micrographs of the testis of the combined Pestban-and-Cyfluthrin-treated group. (a): spermatogonia (Sg) which 
show dark euchromatic rim at one pole and nuclear infoldings at another pole (arrow). Sertoli cell (Sc) has an irregular nucleus with 
a small nucleolus (n) and shows many nuclear infoldings (arrowheads). Its cytoplasm contains a lot of lysosomes (L). (b): Primary 
spermatocyte (pS) with chromatin clumps at the periphery of the nucleus (arrow). Its cytoplasm shrunken mitochondria (M), ly-
sosomes (L), and empty space (star). (c): Primary spermatocyte (pS) with long and euchromatic nucleus. Secondary spermatocyte 
(Ss); with shrunken nucleus (N). (d): abnormal spermatid with enlarged nucleus (N), huge middle piece (white arrow), and thick 
flagellum (arrow). (e): different sperms flagellum (SF) either completely fibrosed fibrous sheath (arrowheads)) or very thick with a 
small central hole (pointed arrow) or with destructed rim (arrow). (f): Leydig cell (LC) with nearly oval nucleus (N) and small polar 
nucleolus (n). Its cytoplasm contains lipid droplets (L), excess vacuoles (V), and deposited dense particles (arrows). Scale bars: 
a,b,c,e = 1 µm; d,f = 2 µm.
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dense chromatins, also surrounded by polar peri-
nuclear space (Fig. 10b), shrunken primary sper-
matocyte nucleus with dark euchromatic edge 
and surrounded by enlarged Golgi apparatus. The 
cytoplasm of the secondary spermatocyte con-
tained excess lysozymes (Fig. 10c). The spermatid 
was composed of the head with a small nucleus, 
acrosomal cap, degenerated middle piece, and 
very thick flagellum with a turned end (Fig. 10d). 
The sperm flagellum showed a wide central vac-
uole and a thick polar fibrous sheath, sometimes 
completely necrosed (Fig. 10e). The Leydig cells 
showed an irregular nucleus, and their cytoplasm 
contained few lipid droplets, excess lysosomes, 
and many vacuoles (Fig. 10f).

The testicular tissues of the combined Pest-
ban-and-Cyfluthrin-treated group (IV) showed 
the spermatogonia with a dark euchromatic rim 
at one pole and nuclear infoldings at another pole. 
The Sertoli cell owned numerous nuclear infold-
ings, small, irregular nuclei, and a large num-
ber of lysosomes in its cytoplasm (Fig. 11a). The 
nucleus of the primary spermatocyte displayed 
chromatin aggregates at its perimeter, and its cy-
toplasm displayed vacuolations, lysosomes, and 
reduced mitochondria (Fig. 11b). The nucleus of 
the secondary spermatocyte was small (Fig. 11c). 
All of the spermatids in this group had abnormally 
thick flagella with a variety of defects, including 
either a totally thickened fibrous sheath or a very 
thick flagellum with a small central hole (or with a 
destroyed rim) (Fig. 11d, e). The Leydig cells dis-
played a tiny polar nucleolus and an oval nucle-
us. Lipid droplets, extra vacuoles, and deposited 
dense particles were noticed in their cytoplasm 
(Fig. 11f).

DISCUSSION
Reproductive health is gradually deteriorating 

due to multiple endogenous and exogenous fac-
tors, such as environmental pollutants and en-
docrine disruptors, including pesticides (Singh 
et al., 2014). Over the previous decades, male in-
fertility has obtained pronounced interest world-
wide. The diminished sperm concentration is an 
exceptional problem which has appeared in the 
European and African populations in the last 50 
years (Zhang et al., 2021). 

Pesticide toxicity is occasionally constrained to 
single chemical exposure. However, people are 
usually subjected to different chemicals in their 
daily activities. This blended and mixed exposure 
can result in deteriorating health effects (Rani et 
al., 2021). In the present study, we tried to investi-
gate reproductive toxicity triggered by single and 
mutual exposure to CYF and PES. Oral dosing of 
CYF, PES, and their combination for 60 days in 
our study triggered a significant decrease in the 
body weight and testis weight when compared 
to the control group, which agreed with previous 
research that studied  mixtures of different pesti-
cides (Wang et al., 2009; Sf et al., 2011; Abdel-Ra-
him et al., 2014).

Authors have suggested that the decreased body 
weight gain might be due to anorexia and associ-
ated lowering of food intake. Also, Iyyadurai et al. 
(2014) and Rajawat et al. (2014) reported a signifi-
cant reduction in body weight of CYF-treated rats, 
due to its cytotoxic effect on somatic cells with 
direct cytotoxic action of PYR insecticide on the 
testicular tissues.

This theory was supported by others (Ghorba-
ni-Taherdehi et al., 2020). They explained that OP 
and PYR exposure resulted in regressive and ne-
crotic testicular changes, in addition to decreas-
ing the germ cell numbers and spermatozoa. 
Alaa-Eldin et al. (2017) reported that a decrease 
in testicular weight might be directly related to re-
duced serum testosterone, FSH, and LH levels, as 
observed in the current study.

In the present study, the mean values of serum 
testosterone, follicle-stimulating hormone (FSH), 
and luteinizing hormone (LH) levels in CYF group 
and PES group decreased significantly. Rats in 
combined treated group displayed highly signifi-
cant declines.

The results of the current study coincided with 
Zidan (2008), who reported that OP exposure at 
different doses could reduce testosterone levels. 
Kang et al. (2004) discussed that decreased tes-
tosterone level was associated with defects in go-
nads and suppression of LH and FSH levels. Kita-
mura et al. (2003) explained that PES could act as 
androgen receptor antagonists or suppress genes 
related to hypothalamic gonadotropin synthesis 
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(LH and FSH) or steroidogenesis. Sharma et al. 
(2005) reported similar results after exposure to 
PYR. Joshi et al. (2003) explained that lowering 
reproductive hormones in male rats suggests ex-
tra-testicular targets of PYR. CYF may influence 
the hypothalamus-pituitary axis. LH stimulates 
Leydig cells to produce testosterone; hence, a de-
crease in LH may be also a contributing factor to 
the low level of testosterone. PYR pesticides pose 
anti-gonadal action or deprived levels of andro-
gens that resulted in decreased levels of male 
gonadal hormones, mitochondrial membranes 
alteration and damage in Leydig cells, down-reg-
ulating expression of gene signaling for essential 
proteins, and decreased sperm health. 

In the present study, oxidative stress load (MDA) 
in individually CYF- and PES-treated rats showed 
a significant increase compared with the control 
group, while they significantly increased in CY-
F+PES-treated group showed highly significant 
increases compared to other groups. Various 
studies regarding OP including PES-induced ox-
idative stress in diverse tissues bolstered the re-
sults of current studies (Nurulain et al., 2013).

Exposure to broad OP pesticides from different 
sources builds indices of oxidative stress in cells, 
animals, and humans. These pesticides raise the 
production of ROS and stimulate alterations in 
endogenous antioxidant enzymes leading to free 
radical-mediated lipid peroxidation. In addition 
to declined antioxidant capacity, free radical-me-
diated DNA damage, and lipid peroxidation (Pear-
son and Patel, 2016).

During PYR metabolism, reactive oxygen spe-
cies (ROS) are produced, leading to oxidative 
stress. Excess production could have damaging 
effects on cell membranes in the testes (Stewart 
et al., 2016). Our results were similar to Martínez 
et al. (2019), who reported that CYF induced a sig-
nificant ROS generation, and lipid peroxides pre-
sented as malondialdehyde. 

The results of the present study for sperm anal-
ysis revealed that single pesticide treatments sig-
nificantly reduced sperm motility, viability, and 
count, whereas sperm head abnormalities in-
creased significantly. Also, rats in the combined 
group showed the highest significant difference 

when compared with those of other groups. These 
results agreed with Farag et al. (2010), who report-
ed that CPF oral gavage showed marked decrease 
in sperm count, motility, and an increased per-
centage of abnormal forms. Sperm count reduc-
tion observed in the present study may be direct-
ly related to decreased serum testosterone level 
leading to gradual inhibition of the spermatogene-
sis process or due to low FSH and LH levels (Shar-
ma et al., 2005). Moreover, reduced sperm motility 
could be attributed to distressed mitochondrial 
and intracellular ATP activity, altered fructose syn-
thesis, and attrition of spermatozoan microtubule 
structure  in pesticide-treated rats (Heikal et al., 
2014). In accordance with our results, Prakash et 
al. (2010) explained that Cypermethrin admin-
istration led to enzymatic alterations in testes as 
well as disruption of testosterone synthesis. These 
changes may cause abnormal sperms leading to 
complete male sterility.

Yousef et al. (2003) suggested that PYR-in-
duced male reproductive toxicity through a hor-
mone-disrupting mechanism and a neuro-en-
docrine-mediated phenomenon. PYR interacts 
competitively with androgen receptors and sex 
hormone-binding globulin disrupting the endo-
crine system by mimicking the effect of the female 
hormone estrogen, leading to low sperm counts. 
Also, PYR exposure could evoke reactive oxygen 
species production and subsequently DNA dam-
age, which adversely affects sperm motility and 
viability, and increases abnormal forms (Bian, 
2004). Oxidative damages associated with PYR 
could mainly affect both Sertoli and Leydig cells. 
Sertoli cells are accountable for supporting de-
veloping germ cells. So, sperm motility would be 
expected to decline following a decrease in serum 
testosterone concentration (Stewart et al., 2016).

According to the results of the present study, 
histological damage was observed in individually 
treated groups (II) and (III), but it was pronounced 
in mutual treatment in the combined group.

These results agreed with Rajawat et al. (2014), 
who stated that CYF caused varied testicular his-
topathological damage. For example, the germinal 
epithelium showed shrunken and broken areas, 
seminiferous tubules were displaced, and the lu-
minal diameter became narrower with widening 
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the interstitial spaces. Also, our results matched 
with Dohlman et al. (2016), pointing to cellular 
damage following CYF exposure due to oxidative 
stress.

Our findings coincided with Kalender et al. 
(2012), who reported degeneration, necrosis, and 
decreased spermatogenic cells in some seminif-
erous tubules of CPF-treated rats (main consti-
tutes of PES). Mosbah et al.( 2016) observed a total 
loss of germinal cells (all the stages) with severe 
degeneration of seminiferous tubules.

The testicular changes in the current study fol-
lowing PES exposure could be referred to its abil-
ity to generate oxidative stress in different tissues 
and organs, leading to oxidative damage and del-
eterious pathological changes in the testis (Farag 
et al., 2010). It has been documented that OP com-
pounds can cross the blood-testis barrier and di-
rectly degenerate the spermatogenic and Leydig 
cells (Uzun et al., 2009).

The histopathological observations in the CYF 
group were near the results by Elbetieha et al. 
(2001), who studied the toxic effects of some syn-
thetic PYR (cypermethrin). They found a signifi-
cant reduction in seminiferous tubule cell layers, 
with excessive histopathological changes. Ahmad 
et al. (2012) noted spermatogenesis inhibition 
with giant cell formation related to disturbed ste-
roidogenesis induced by cypermethrin exposure.

Our electron microscopic results revealed obvi-
ous damage in the cytoplasmic organelles in most 
cells of the seminiferous tubules in the rats indi-
vidually and co-treated with CYF and PES, which 
point to functional changes of these cells. Accord-
ing to Joshi et al. (2011), mitochondria are the vi-
tal organelles representing cellular damage, and 
pesticide-derived mitochondrial pathologies are 
well known.

Spermatid organelles abnormalities found in 
the combined CYF-and-PES-treated group in our 
results were similar to those reported by Iwan and 
Golec, (2020), who observed a significant reduc-
tion in intraluminal sperm concentrations follow-
ing PYR treatment.

El-Gerbed (2013) stated that pesticides were 
classified as the foremost toxic chemicals that 

target Sertoli cells. It was assumed that the Ser-
toli cells facilitate all metabolic exchange with the 
systemic compartment. The present ultrastruc-
tural study revealed marked damage to the Sertoli 
cell components in the combined group.

Our immunohistochemical results using 
Melan-A were in accordant with Zhang et al. 
(2017) who focused on the role of oxidative stress 
on the viability and functions of the Leydig cells. 
Similarly, Shojaeepour et al. (2021) used Melan-A 
to investigate the possible role of Sertoli cells in 
processing the routes of Cadmium-induced tes-
ticular injury. Sertoli cells gathered and produced 
multinucleated giant cells in the seminiferous 
tubules throughout the atrophic process, which 
could be dependent upon Sertoli cells viability 
and function.

Sertoli cells play supportive and nourishing 
roles for germ cells in seminiferous tubules. So, 
they are involved in testis formation and sper-
matogenesis. Melan-A is considered one of the 
important markers more expressed by Sertoli 
cells (Meroni et al., 2019).

In conclusion, when considering the results for 
different PYR, including CYF studies, researchers 
found that all PYR types damaged the reproduc-
tive system of adult males. All the following pa-
rameters are inversely affected by PYR exposure: 
testis weight, sperm count, sperm morphology, 
sperm motility, and serum testosterone level, all 
are inversely affected (Zhang et al., 2018). OP and 
PYR co-exposure led to an excess reduction in re-
productive organs’ weight and a lower level of sex 
hormones (testosterone, FSH, and LH) than each 
pesticide alone, which was confirmed by histo-
logical and ultrastructural disorganization of the 
testis. Organophosphate pesticides can cross the 
blood–testicular barrier and cause degeneration 
of the spermatogenic epithelium and Leydig cells 
(Moreira et al., 2021).

Abd-Elhakim et al. (2021) recorded a synergis-
tic outcome between two pesticides’ (OP and PYR) 
co-exposure in almost all estimated parameters. 
Synergism and potentiation observed in the cur-
rent study could be associated with ROS excess 
generation inducing more suppression of an es-
sential silent information regulator type-1/ telo-
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merase reverse transcriptase (TERT), and per-
oxisome proliferator-activated receptor gamma 
coactivator 1-alpha (PGC-1α) pathway to give rise 
to this synergistic effect. In this condition, Ma et 
al. (2019) stated that mixing or co-administration 
of pesticides that have androgenic antagonistic 
prosperities could act mutually, especially at the 
receptor level.

CONCLUSION 
The present study indicated that single and 

mixed exposure to Cyfluthrin and Pestban had 
deleterious effects on the male reproductive sys-
tem that could induce infertility. They impaired 
reproductive functions through abnormal repro-
ductive parameters such as sperm count and via-
bility. The testicular structural and ultra-structur-
al outcomes confirmed the severely impaired and 
apoptotic germ cells. These findings were more 
prominent in co-exposure.
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SUMMARY
Stressors affect the differentiation of stem cells 

in the hypothalamic-pituitary-adrenal axis (HPA). 
This study was designed to ensure the presence of 
progenitor cells in the adult adrenal gland and to 
evaluate their behavior under chronic stress and 
after recovery. Also, to assess their ability to re-
cruit new glial and chromaffin cells. Three groups 
of adult male rats (6 rats each): control, chron-
ic-stress (rats were placed individually in stain-
less restrainers 2h/day for six days), recovered 
(rats were housed in an enriched circumference 
for seven days after the same stress modality). 
Both chronic-stress and recovered groups showed 
increased adrenal glands weight and cortisol lev-
els with vacuolation, hemorrhage, and edema in 
the cortex and medulla. The chronic-stress group 
illustrated a significant increase in the chromaf-
fin reaction, which was reduced in the recovered 
group. Evaluation of the immunohistochemical 
results revealed a significant decrease in the Nes-
tin and GFAP (glial fibrillary acidic protein) reac-
tions, but an increase in the chromogranin-A re-
action in the chronic-stress group. The recovered 
group demonstrated a significant increase in the 
Nestin and GFAP and a reduction in the chromogr-
anin-A immunohistochemical reactions. These 
results indicate the differentiation of the progeni-
tor (Nestin expressing) stem cells into chromaffin 

(chromogranin-A expressing) cells under stress 
conditions for stress adaptation. Conversely, un-
der normal conditions, the differentiation moved 
toward the glial cells.
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INTRODUCTION
Generally, the term “stress” describes our dif-

ficulty in dealing with the challenges of life. It is 
linked to our perceptions of unexpected mental 
or physical efforts or any work burden we are 
exposed to (Stalder et al., 2017). Chronic stress 
results from repetitive, frequent, and intermit-
tent stressors. It can initiate several responses: 
sensitization, desensitization, and habituation. 
Sustained activation of the HPA axis results in 
pulsatile and repetitive glucocorticoid secretion 
(Holinger et al., 2018).

In times of stress, the CRH (corticotropin-releas-
ing hormone) is released from the hypothalamus 
and this motivates the pituitary gland to secrete 
adrenocorticotropic hormone (ACTH). ACTH mo-
tivates the release of glucocorticoid from the inner 
adrenal cortex and the aldosterone from the out-
er cortex. CRH also impacts the, locus coeruleus, 
which triggers the sympathetic nervous system to 
secrete norepinephrine which stimulates the ad-
renal medulla to generate catecholamines (Ber-
ends et al., 2019). Despite the different origins and 
the nature of the hormones produced, the connec-
tion between the cortex and medulla is vital to the 
appropriate function of the adrenal gland and its 
adaptation to stress (Dutt et al., 2022).

From the first day of our life, internal and exter-
nal stressors affect the process of stem and pro-
genitor cell differentiation in the HPA to achieve a 
fully efficient endocrine stress system (Flak et al., 
2012). Previously, the chromaffin stem cells were 
isolated and differentiated from the murine, bo-
vine, and human adrenal medulla (Rizzoti et al., 
2013; Vukicevic et al., 2015).

Various neural crest derivatives preserve in 
their tissues multipotent neural crest cells (Crane 
and Trainor, 2006), or even cells that have plurip-
otent characteristics (Sieber-Blum and Hu, 2008). 
Nestin is a class VI intermediate filament protein 
existent in proliferative cells in different fetal and 
embryonic tissues. Nestin expression is linked to 
the stem or progenitor cell with multipotent or re-
generative properties (Yin et al., 2016). Regarding 
its distinctive expression pattern, Nestin is con-
sidered a marker of stem or progenitor cells (Oba-
ra et al., 2019; Bornstein et al., 2020).

A definite pool of Nestin-expressing glial-like 
progenitor cells was identified. These multipo-
tent cells can differentiate into both neurons and 
chromaffin cells either in vitro or in vivo (Rubin 
de Celis et al., 2015). Moreover, Nestin-express-
ing progenitors are not only found in the adrenal 
medulla but also in the cortex. So, mature ste-
roid-producing cells could be induced from this 
pool in response to any physical or metabolic 
stressors (Steenblock et al., 2017). However, it is 
uncertain if the multipotent neural stem cells still 
exist in the medulla of the adult adrenal gland and 
can participate in its adaptation to stress.

This study was designed to evaluate the adre-
nal histopathological changes induced by chronic 
stress and recovery. Also, to assess the existence 
of stem cells and their response to stress state 
and recovery by assessment of Nestin immuno-
histochemical expression. Lastly, to evaluate the 
capacity of those progenitor stem cells to recruit 
new glial and chromaffin cells by studying their 
specific markers (chromogranin-A and GFAP re-
spectively).

MATERIALS AND METHODS 

Animals used

Adult male Sprague Dawley rats (total number: 
18, weight 220-250 g) were purchased from MERC 
(Mansoura University Medical Experimental Re-
search Center). Two weeks before the experiment, 
the rats were housed six per cage under a comfort-
able environment (temperature: 22 °C, humidity: 
55 ± 3%, reversed light/dark cycle: 12/12h) with 
ad libitum access to water and food for acclimati-
zation. The current study was approved by the lo-
cal ethical committee on animal experimentation, 
Intuitional Research Board (IRB) (code number: 
MD.18.03.17-2018/03/14), Faculty of Medicine, 
Mansoura University. It followed the NIH guide-
lines for animal care.

Experimental groups

The rats were divided into three experimental 
groups, six rats each. CN (Control): the rats were 
housed in ordinary stainless cages (60× 35×20 
cm) under comfortable conditions during the 
experiment (El-Desouki et al., 2012). CS (Chron-
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ic-stress): each rat in this group was retained 
individually in stainless-steel wire restrainers 
(12×7×5 cm to restrict the movement of the ani-
mals) (Soliman, 2006), daily for six days (2 h/day: 
9 AM to 11 AM) without water or food (Rubin de Ce-
lis et al., 2015), then sacrificed on the 7th day. REC 
(Recovered): after exposure to the same stress de-
sign, the rats were returned to an enriched envi-
ronment for seven days and then sacrificed on the 
14th day.

Sacrifice of rats, specimen collection, and 
assessment of the adrenal gland weight

The body weight was determined at the begin-
ning of the experiment and before sacrifice. After 
isoflurane anesthesia, the rats were decapitated, 
abdominal incisions were made, adrenal glands 
were carefully dissected, immediately weighed, 
and fixed in buffered formalin (10%) and used 
for paraffin sections. Other slices from the adre-
nal glands were fixed in a mixture of potassium 
chromate and potassium dichromate and then 
processed for the chromaffin reaction. Samples of 
blood were collected directly from the left ventri-
cle and for plasma cortisone assessment.

Plasma glucocorticoid hormone

The blood was collected in an EDTA-treated 
glass tube and centrifuged (1800 rcf, 20 min, 4°C). 
The plasma was collected and stored at −80°C 
until used. The plasma glucocorticoid levels were 
determined by radioimmunoassay (RIA) using 
a Corticosterone Double Antibody RIA kit (#07–
120102, MP Biomedicals, Santa Ana, California) 
(Bekhbat et al., 2018).

Histology and Immunohistochemistry

The fixed gland tissues were dehydrated us-
ing ascending graded concentrations of alcohol, 
cleared in xylene, and embedded in soft and then 
hard paraffin wax. Sections were cut (5 µm) and 
stained with Hematoxylin and eosin (Hx&E) (Ban-
croft and Gamble, 2002) for Histopathological 
evaluation. For immunohistochemical staining, 
sections of the adrenal gland were treated with 
hydrogen peroxide (3%) to block the activity of en-
dogenous peroxidases, then were rinsed in phos-
phate buffered saline (pH 7.4). For antigen retriev-

al, the slides were incubated in sodium citrate 
buffer (0.01 M - pH 6.0) in a water bath (95oC – 30 
minutes). After reaching room temperature, the 
slides were incubated (1 hr) with bovine serum 
albumin (1%), then with the primary antibodies 
(overnight - 4oC): Rabbit polyclonal anti-nestin 
antibody (N5413, Sigma Chemicals Co., St. Louis, 
MO, USA – dilution: 1/100) (Bellafiore et al., 2006; 
Klein et al., 2014), Rabbit polyclonal Anti-chro-
mogranin-A antibody (A0430, Abcam chemicals, 
Kemet, Egypt – dilution: 1/1500) (Zhang et al., 
2018), and Anti- GFAP antibody (ab7260, Ab-
cam chemicals, Kemet, Egypt – dilution: 1/1000) 
(Nedzvetskii et al., 2016). The sections were treat-
ed with HRP-conjugated secondary antibodies 
(30 minutes - 37oC). The labeled streptavidin-bi-
otin was then applied (30 minutes). The reactions 
were remarked with DAB (diaminobenzidine) and 
counterstained with Hx.

For the chromaffin reaction (which demon-
strates catecholamine granules in chromaffin 
cells), the freshly excised tissues were immersed 
for 16 hours in a solution containing 10 volumes 
of 5% potassium dichromate and one volume of 
5% potassium chromate. They were then washed 
in three changes of distilled water for a total of 
60 minutes, trimmed properly, and embedded 
in gelatin at 37°C for one hour. Frozen sections 
were cut at 15 microns, and the slides dried for 
2 hours at room temperature to ensure adher-
ence. They were later mounted in glycerol jelly. 
Adrenaline secreting cells stain lightly (yellow or 
yellowish-brown), while noradrenaline secreting 
cells usually stain dark brown (Hillarp and Hok-
felt, 1955).

Morphometric study

The thickness of the zona fasciculata (ZF) and 
medulla were measured in Hx&E-stained sec-
tions at 100X magnification. The value was the 
mean of three measurements of the maximum, 
medium, and minimum thickness (Gannouni et 
al., 2014). The optical density (OD) of chromaffin 
and immunohistochemical (Nestin, chromogr-
anin-A, and GFAP) stained sections were evaluat-
ed in five non-overlapping randomized fields. The 
fields were photographed using a digital camera 
(Olympus® SC100) installed on a light microscope 
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(Olympus® CX41). The morphometric analysis 
was done using the NIH (National Institutes of 
Health, Bethesda, MD, USA) Image J program, ob-
serving the program instructions.

Statistical analysis

The data were analyzed by the statistical pack-
age for social science program (SPSS version 22) 
for descriptive statistics represented as mean±-
standard deviation (SD) and analytical statistics 
for comparison between the different groups. The 
significance of difference was tested either by us-
ing analysis of variance (ANOVA) to compare be-
tween more than two groups of parametric data 
followed by post-hoc Tukey test, or Kruskal–Wal-
lis test to compare between more than two groups 
of non-parametric data followed by Mann- Whit-
ney test for multiple comparisons. P-value <0.05 
was considered statistically significant.

RESULTS

Assessment of rat’s body weight

Assessment of the body weight revealed a 
significant decrease (P<0.011) in CS group 
(184.2±10.034) as compared to CN group (200.8 
±10.848). Regards REC group (205.2±7.295), 
there was a significant increase (P<0.002) in body 
weight when compared to CS group and non-sig-

nificant increases (P<0.464) in comparison to CN 
group (Fig. 1).

Assessment of the adrenal gland weight

The weight of the adrenal gland significantly 
increased (P<0.0001) in CS group (35.25±1.279) 
as compared to CN group (30.176±1.854). Al-
though, the adrenal gland weight of REC group 
(35.11±1.279) demonstrated a non-significant 
(P<0.867) difference from CS group, it significantly 
increased (P<0.0001) when compared to CN group 
(Fig. 2).

Assessment of the plasma cortisol level

The plasma cortisol level significantly increased 
(P<0.0001) in CS group (10.156±0.769) as com-
pared to CN group (5.554±0.252). The elevated 
cortisol level significantly reduced (P<0.0001) in 
REC group (8.482±0.82) as compared to CS group. 
However, it is still significantly elevated (P<0.0001) 
than CN group (Fig. 3).

Assessment of the histopathological results

Hematoxylin and eosin-stained sections

Sections of CN group revealed apparent nor-
mal histological structure. The adrenal gland 
was formed of an inner pale central medulla and 
outer dark cortex surrounded by a connective tis-

Fig. 1.- Histogram illustrating a significant decrease in the bodyweight of the CS group comparing to the CN group, and a significant 
increase in the REC group comparing to the CS group. #p<0.05, *p<0.01. 
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sue capsule. The cortex was formed of zona glo-
merulosa (ZG), zona fasciculata (ZF), and zona 
reticularis (ZR) (Fig. 4A). The cells of ZG were co-
lumnar with deeply stained, rounded nuclei, and 
arranged in small nests (Fig. 4B). The cells of ZF 
were large and polyhedral, containing central 
rounded vesicular nuclei; they were arranged in 
parallel cords, disjoined by blood sinusoids (Fig. 
4C). The cells of ZR appeared small, rounded, and 
dark, with hyperchromatic nuclei, and charac-

teristic brown wear and tear lipofuscin pigment; 
they were arranged in anastomosing cords sep-
arated by blood sinusoids (Fig. 4D). The adrenal 
medulla consisted of follicles of chromaffin cells 
that contain basophilic catecholamines granules 
and vesicular nuclei. Connective tissue trabecu-
lae were seen extending between the medullary 
follicles. Blood sinusoids, medullary venules, and 
clusters of ganglion cells were seen in the interfol-
licular space (Fig. 4E).

Fig. 3.- Histogram illustrating a significant increase in the serum cortisol level in both CS and REC groups comparing to the CN 
group. However, it shows a significant decrease in the REC group comparing to the CS group. ***p<0.0001. 

Fig. 2.- Histogram illustrating a significant increase in the adrenal gland weight of both CS and REC groups comparing to the CN 
group. ***p<0.0001. 
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The adrenal gland of CS group revealed atro-
phy of ZG, congested blood sinusoids, and vacu-
olations (Fig. 5A). In ZF, many vacuoles were de-
tected in between swollen cells, indicating edema. 
Some cells with pyknotic nuclei and hemorrhage 
were observed (Fig. 5B). The ZR showed blood en-
gorgement, dilated sinusoids, and vacuolations 
(Fig. 5C). The adrenal medulla showed packed 
chromaffin cells with constriction of the follicular 
lumen and reduction of the space between the fol-
licles. Extracellular eosinophilic material and de-
generated chromaffin cells were detected. There 
was also an increasing number and congestion in 
medullary blood sinusoids as well as hemorrhage 
between the follicles (Figs. 5E, 5D).

The ZG of REC group showed hemorrhage, dilat-
ed congested blood sinusoids, and vacuolations 
(Fig. 6A). In ZF, swollen cells were still observed 
due to edema. Cellular mitotic figures, vacu-
oles, and hemorrhage are present between the 
cells (Fig. 6B). The ZR cells still showed vacuola-
tions and hemorrhage (Fig. 6C). The medulla still 
showed vacuoles inside the follicular cells, as well 

as reduction in the follicular lumen and the inter-
follicular space. Extracellular eosinophilic mate-
rial was detected. There was congestion in med-
ullary blood sinusoids, as well as hemorrhage in 
between the follicles (Fig. 6D).

Zona fasciculata thickness: There was a sig-
nificant increase (P<0.025) in ZF thickness in CS 
group (668±94.98) (Fig. 7B) compared to CN one 
(533.4±25.24) (Fig. 7A). The ZF thickness in REC 
group (579.8±37.16) (Fig. 7C) was little lower than 
CS group (P<0.129) and higher than CN group (P< 
0.415) (Fig. 8).

Chromaffin-stained sections

The chromaffin reaction in CN group revealed 
a positively stained central brown medulla and 
a negatively stained peripheral yellowish cor-
tex (Fig. 9A). The catecholamine granules in the 
adrenaline secreting cells are stained yellow-
ish-brown, while those in the noradrenaline se-
creting cells are stained dark brown (Fig. 9B).

CS group (Figs. 9C, D) showed a non-signifi-
cant increase (P<0.663) in OD of adrenaline cell 

Fig. 4.- Photomicrographs of Hx&E-stained adrenal gland of a CN rat showing A): Capsular and subcapsular regions of rat suprare-
nal gland. The capsule (C) has blood sinusoids (S) between its cells and surrounds the peripheral subcapsular thin zona glomerulo-
sa which consists of small nests of cells (arrows) with dark cytoplasm. B): The cells of the zona fasciculata are arranged in parallel 
cords of cells (arrow). The cells appear large and polyhedral containing large rounded nuclei. Their cytoplasm has tiny cytoplasmic 
vacuoles (V) and is stained faintly acidophilic. C): The zona reticularis cells are rounded dark cells arranged in anastomosing cords 
and have hyperchromatic nuclei and dense cytoplasm (arrows). A brown pigment (arrow heads) is seen between the cords. D): The 
medulla is formed of basophilic chromaffin cells with vesicular nuclei (arrows) which are arranged in follicles (F) surrounding 
blood sinusoids (S). A cluster of ganglion cells (G) is seen in the interfollicular space. Scale bars = 25 µm.



Nermeen H.A. Lashine et al.

693

Fig. 5.- Photomicrographs of Hx&E-stained adrenal gland of a CS rat showing A): decreasing the zona glomerulosa thickness, vac-
uolation (V), and hemorrhage (arrows). B): The zona fasciculata represents, vacuolation (V), hemorrhage (arrows), and pyknotic 
nuclei (arrow heads). C): The zona reticularis represents dilated sinusoid (S), vacuolation (V), and hemorrhage (arrow). D, E): The 
medulla showing dilated blood sinusoids (S), hemorrhage in between chromaffin follicles (arrows), vacuolation (V), and eosinophil-
ic material (ES). There is crowding and swelling of chromaffin cells with obliteration of many follicular lumens. Scale bars = 25 µm.

Fig. 6.- Photomicrographs of Hx&E-stained adrenal gland of a REC rat after chronic stress showing A): vacuolation (V) and dilatation in 
blood sinusoids (S) of zona glomerulosa. B). The zona fasciculata illustrates hemorrhage (arrows) between its cells. The curved arrow 
points to the mitotic nucleus. C): The zona reticularis represents vacuolation (V), hemorrhage (arrows), and dilated blood sinusoids (S). 
D): The medulla showing dilated blood sinusoids (S), vacuolation (V), and extracellular eosinophilic material (ES). Scale bars = 25 µm.
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(0.171±0.023), and a significant increase (P<0.01) 
in the nor-adrenaline cells (0.277±0.066). Regard-
ing REC group (Figs. 9E, F), although it illustrated 
a non-significant difference (P<0.992, P< 0.655) in 
the OD of adrenaline cell (0.171±0.036) compared 
to CS and CN groups, and in OD of nor-adren-
aline cells (0.21±0.034) compared to CN group 
(P<0.102), it had a significant decrease effect 
(P<0.034) on OD of nor-adrenaline cells compared 
to CS group (Fig. 10).

Assessment of the immunohistochemical results

Immunohistochemistry for Nestin

The Nestin immunohistochemical reaction in 
CN group was represented as diffuse and dotted 
in the cytoplasm of ZG cells (Fig. 11A). The im-
mune stain was scattered in cells of ZF (Fig. 11B) 
and ZR (Fig. 11C). The medulla showed a strong 
positive reaction (Fig. 11D).

Fig. 7.- Panoramic of rat adrenal glands of A): CN, B): CS, and D): REC rats showing the capsule (C), the three cortical layers; zona 
glomerulosa (ZG), zona fasciculate (ZF), zona reticularis (ZR), and medulla (M). Scale bars = 100 µm.

Fig. 8.- Histogram showing significant increase in the ZF thickness in the CS group. #p<0.05. 
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Fig. 9.- Chromaffin reaction in the adrenal glands of A, B): CN rat showing positively stained central brown medulla (M) and a neg-
atively stained peripheral yellowish cortex (C). The catecholamine granules in adrenaline secreting cells (blue arrow) are stained 
yellowish-brown while those in noradrenaline secreting cells are stained dark brown (black arrow). C,  D): CS rat. Showing the cate-
cholamine granules in adrenaline secreting cells (blue arrow) were moderately stained yellowish-brown while those in noradrena-
line secreting cells are strongly stained dark brown (black arrow). E, F): The REC rat after chronic stress showing the catecholamine 
granules in adrenaline secreting cells (blue arrow) were moderately stained yellowish-brown and those of noradrenaline secreting 
cells were moderately stained dark brown (black arrow). Scale bars A,   C,E = 100 µm; B,D,F = 25 µm.

Fig. 10.- Histograms illustrate the statistical differences in the OD of the chromaffin reaction (epinephrine and nor-epinephrine 
respectively) between the studied groups. The epinephrine reaction represents a non-significant difference between the stud-
ied groups. The nor-epinephrine reaction represents a significant increase in the CS group comparing both CN and REC groups. 
#p<0.05, **p<0.001. 
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The CS group showed weak Nestin immunos-
taining in the cytoplasm of capsular and subcap-
sular (ZG) regions (Fig. 12A), ZF (Fig. 12B), ZR (Fig. 
12C), and medulla (Fig. 12D), with a highly signifi-

cant decrease (P<0.0001) in OD of the total adrenal 
Nestin-stained cells (0.097±0.023) as compared to 
CN group (0.160±0.029). The REC group showed a 
mild Nestin immunohistochemical reaction in ZG 

Fig. 11.- Nestin immunostained suprarenal gland sections of the CN rat showing A): diffuse and dotted (magnified square) faint 
immunohistochemical reaction (arrow) in the cytoplasm of the capsular and subcapsular region (zona glomerulosa). B): scattered 
immunostaining (arrow) is in the cells of zona fasciculate (magnified square). C): dispersed immunoreaction (arrows) in the zona 
reticularis. D): There is a strong positive immune reaction (arrow) in the medulla. (Nestin immunohistochemical stain with Hx&E 
counterstain). Scale bars = 25 µm.

Fig. 12: Nestin immunostained suprarenal gland sections of the CS rat showing A): moderate weak positive immunoreaction (ar-
rows) in the cytoplasm of capsular and subcapsular region (zona glomerulosa). B): faint immunoreaction (arrows) in zona fascicu-
lata. C): Cells of the zona reticularis weakly express the immune stain (arrows). D): There is decreased positive immune reaction in 
the medulla (arrow). (Nestin immunohistochemical stain with Hx&E counterstain). Scale bars = 25 µm.
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(Fig. 13A). Cells of ZF (Fig. 13B) and ZR (Fig. 13C) 
showed weak expression of the immune stain. 
There is a moderate immunohistochemical re-
action in the medulla (Fig. 13D). The REC group 
showed a significant increase (P<0.012) in OD of 
total adrenal Nestin-stained cells (0.137±0.033) 
as compared to CS group, and a non-significant 
decrease (P<0.155) with CN group (Fig. 14).

Immunohistochemistry for Chromogranin-A

The chromogranin-A immunohistochemical 
reaction in CN group represented as diffuse and 
dotted cytoplasmic reaction in the cells of adre-
nal medulla (Fig. 15A). The CS group revealed a 
strong cytoplasmic reaction (Fig. 15B) with a sig-
nificant increase (P1=0.0001) in OD (0.130±0.002) 

Fig. 14.- Histogram illustrating the statistical difference in the OD of Nestin immunohistochemical staining between the studied 
groups. It represents a significant decrease in the CS group comparing to both CN and REC groups. #p<0.05, ***p<0.0001. 

Fig. 13.- Nestin immunostained suprarenal gland sections of the REC rat after chronic-stress showing A): weak positive immuno-
reaction (arrow) in the cytoplasm of the capsular and subcapsular region (zona glomerulosa layer). B): weak immunoreaction (ar-
rows) in zona fasciculata. C): faint immunoreaction (arrows) in the zona reticularis. D): There is moderate positive immunoreaction 
(arrow) in the medulla. (Nestin immunohistochemical stain with Hx&E counterstain). Scale bars = 25 µm.
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as compared to CN group (0.130±0.002). The REC 
group showed a moderate immunohistochemical 
reaction (Fig. 15C) with a significant reduction 
(P<0.004) in OD of chromogranin-A positive cells 
(0.276±0.013) as compared to CS group, and sig-
nificant elevation (P< 0.0001) as compared to CN 
group (Fig. 16).

Immunohistochemistry for GFAP

The positive GFAP immunoreaction in the CN 
group appeared diffuse cytoplasm staining in the 
cortical and medullary cells. The capsule showed 
strong positive immunoreaction (Fig. 17A). The 
ZG (Fig. 17A), ZF (Fig. 17B), and ZR (Fig. 17C) 
showed moderate positive reactions. The medulla 
showed a strong positive reaction (Fig. 17D).

Fig. 15.- Chromogranine-A immunostained suprarenal gland sections of A) CN rat showing strong diffuse and dotted immunore-
action (arrow) in the adrenal medulla. B): CS rat showing stronger medullary immunohistochemical reaction (arrows). C): REC rat 
after chronic stress showing moderate medullary immunohistochemical reaction (arrows). (Chromogranine-A immunohistochem-
ical stain with Hx&E counterstain). Scale bars = 25 µm.

Fig. 16.- Histogram illustrates the statistical difference in the OD of the chromogranin-A immunohistochemical staining between 
the studied groups. It represents a significant increase in both CS and REC groups comparing to the CN group. *p<0.01, ***p<0.0001. 
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The CS group revealed a strong cytoplasmic re-
action in the capsular and ZG cells (Fig. 18A). Cells 
of ZF (Fig. 18B) and ZR (Fig. 18C) showed weak 
GFAP immune expression. There was a weak pos-

itive immune reaction in the medulla (Fig. 18D). 
This CS group illustrated a significant decrease 
(P<0.01) in OD of total adrenal GFAP positive 
cells (0.086±0.020) as compared to the CN group 

Fig. 17.- GFAP immunohistochemical stained suprarenal gland sections of CN rat showing A): diffuse strong immunoreaction 
(arrows) in the cytoplasm of the capsular and subcapsular region (zona glomerulosa). B): moderate immunostaining (arrows) is in 
the cells of zona fasciculate. C): moderate immunoreaction (arrows) in the zona reticularis. D): There is a strong immunoreaction 
(arrow) in the medulla (magnified square). (GFAP immunohistochemical stain with Hx&E counterstain). Scale bars = 25 µm. 

Fig. 18.- GFAP immunohistochemical stained suprarenal gland sections of CS rat showing A): strong cytoplasmic reaction (arrows) 
in the capsular and subcapsular region (zona glomerulosa). B): weak immunoreaction (arrow) in zona fasciculata. C): Cells of the 
zona reticularis faintly express the immune stain (arrows). D): There is a weak positive immune reaction in the medulla (arrows). 
(GFAP immunohistochemical stain with Hx&E counterstain). Scale bars = 25 µm. 
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(0.135±0.018). The REC group showed a moderate 
immunoreaction in the cytoplasm of the capsular 
and ZG cells (Fig. 19A). The ZF (Fig. 19B) and ZR 
(Fig. 19C) faintly express the immune stain. There 
is a strong immunoreaction in the medulla (Fig. 

19D). The REC group represented a highly signif-
icant elevation (P<0.0001) in OD of total adrenal 
GFAP positive cells (0.188±0.0108) as compared 
to CS and CN groups (Fig. 20).

Fig. 19.- GFAP immunostained suprarenal gland sections of the REC rat after chronic stress showing A): moderate positive immu-
noreaction (arrow) in the cytoplasm of capsular and subcapsular region (zona glomerulosa layer). B): weak immunoreaction (ar-
rows) in zona fasciculata. C): weak immunoreaction (arrows) in the zona reticularis. D): There is a strong positive immunoreaction 
(arrow) in the medulla. (GFAP immunohistochemical stain with Hx&E counterstain). Scale bars = 25 µm.

Fig. 20.- Histogram showing the statistical differences in the OD of GFAP immunohistochemical staining between the studied 
groups. It represents a significant decrease in the CS group comparing both CN and REC groups. The REC group illustrates a signif-
icant increase comparing to the CN group. *p<0.01, ***p<0.0001.
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DISCUSSION
The outcomes of this experiment are of inter-

est from two points of view: first, they extend our 
knowledge about the impact of the chronic stress-
or on the function and structure of the adrenal 
gland; and second, they assess the existence of 
adrenal gland progenitor cells, with their possi-
bility of transformation into new chromaffin and 
glial cells. The present study showed that there 
were a decreased number of progenitor cells after 
exposure to stress due to its transformation into 
chromaffin and glial cells.

In the present work, chronic stress was achieved 
by restricting the movement of each rat in a mesh 
restrainer two hours per day for six days. Restraint 
stress is the most widely used stressor in rodents. 
The effects of restraint stress are evidenced with 
impairments in the immune, neuroendocrine, 
and cognitive functions (Mo et al., 2019).

Our study showed a decrease in the body weight 
of CS group compared with CN group, while, when 
the rats were allowed to recover for seven days, 
they regained their body weight. These findings 
were in agreement with previous studies (Bhat-
nagar et al., 2006; Rubin de Celli et al., 2015). 
The reduction in body weight of CS rats can be 
explained by the affection of appetite. Stress de-
creases body weight by reduction of food and wa-
ter intake (Ranjbaran et al., 2013) and anorexia 
induction (Halataei et al., 2011) due to the central 
release of CRH during stress that suppresses food 
ingestion (Grill et al., 2000; Heinrichs et al., 2001). 
Also, this effect is linked to the involvement of ei-
ther the amygdala or the ventral tegmental area 
(Nasihatkon et al., 2014; Sadeghi et al., 2015).

The present study showed that CS had a signif-
icant increase in the adrenal gland weight versus 
CN. The REC group showed a non-significant ef-
fect on the adrenal gland weight versus the CS 
group, and a significant increase versus the CN 
group. Our findings were in agreement with Ros-
tamkhani et al. (2012), who stated that chronic 
stress causes a significant increase in the weight 
of adrenal glands. Also, Rubin de Celli et al. (2015) 
found that the adrenals of chronically strained 
rats are increased in size by approximately 22%. 
The increase in the adrenal weight could be ex-

plained by the increased corticosterone demand 
and the capacity of the gland to produce higher 
amounts of corticosterone.

The present study showed a marked elevation 
in the cortisol level of CS group. The REC group 
showed a highly significant reduction versus CS 
group, but still significantly higher than CN group. 
Similar results were documented by several stud-
ies (Kiank et al., 2010; Cho et al., 2011; Zhang et 
al., 2011; Jameel et al., 2014). The endocrine sys-
tem responds to stress by the interaction between 
the HPA and the adrenomedullary neuroendo-
crine system, accompanied by the release of adre-
nocortical glucocorticoids and adrenomedullary 
epinephrine (Demirci and Sahin, 2017).

In this study, the CS group showed sever-
al pathological changes in the adrenal cortices 
such as cellular edema, vacuolations, pyknosis, 
vascular congestion, and atrophy (decrease in its 
thickness) of ZG. Inconsistent with these results, 
Howard (2018) documented that vacuolar degen-
eration in ZG and ZR is a nonspecific pathology 
related to trauma, stress, or disease. In the me-
dulla, the present study reported extracellular 
eosinophilic material, dilated congested blood 
sinusoid, and degenerated chromaffin cells. The 
extracellular eosinophilic material noted in the 
adrenal medulla is probably leaked serum from 
the arteries and veins.

Adrenal hemorrhage, congestion, and dilatation 
of blood sinusoids were associated with chronic 
stress in the present study. These changes were 
due to an increased ACTH level, which motivates 
the catecholamines release, thus increasing the 
adrenal blood flow and inducing vasoconstriction. 
This results in congestion with increased pres-
sure in the capillaries (Simon and Palese, 2009). 
Moreover, Zidan and Elnegris (2013) reported 
that ACTH elevation enhances the prostaglandins 
formation, which is responsible for tissue conges-
tion.

In the current study, the chromaffin reaction 
in the CS group illustrated a marked increase in 
the nor-epinephrine secreting cells which was 
significantly decreased to CN level after recov-
ery. Sabban et al. (2012) found that the adrenal 
medulla increased the neurosecretory capacity 
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with more efficient catecholamine storage in re-
sponse to repeated exposure to stress. Tank and 
Lee Wong (2015) demonstrated that the body re-
sponds to stress by activating catecholaminergic 
neurons in the brain stem; then the spinal cord ef-
ferent stimulates the sympathetic nervous system 
and adrenal medulla to secrete epinephrine and 
nor-epinephrine.

In the current study, the evaluation of immu-
nohistochemical data revealed that the positive 
immunoreaction reaction of Nestin is diffuse and 
dotted in the cytoplasm of ZG cells, and dispersed 
in ZF and ZR. The medulla showed a strong pos-
itive reaction. Inconsistent with our findings, 
Steenblock et al. (2018) demonstrated the highest 
prevalence of Nestin-stained cells is in the me-
dulla and ZG directly beneath the capsule, while 
a few positive cells were scattered in ZF and ZG. 
Chang et al. (2013) and Finco et al. (2018) report-
ed that distinct populations of adrenocortical pro-
genitors located in the subcapsular region were 
responsible for the regeneration of the adrenal 
gland. Langton et al. (2018) have demonstrated 
the presence of Nestin-immunostained cells in 
the medulla adult adrenal gland.

Under basal conditions, these progenitors are 
displaced centripetally through the different 
zones of the adrenal cortex until they reach the 
corticomedullary boundary, where they become 
apoptotic (Chang et al., 2013; Steenblock et al., 
2018). Nestin-positive cells traverse the whole ad-
renal, so that they connect the medulla with the 
capsule and make direct signaling. Moreover, the 
sub-capsular Nestin-positive cells are intercon-
nected all around the capsule (Steenblock et al., 
2018).

It was reported that Nestin levels reduced on 
cell differentiation, but elevated transiently after 
neuronal injury (Bott et al., 2019). The present 
study demonstrated a highly significant decrease 
in the total adrenal Nestin-immunoreaction in the 
CS group as compared to the CN group. However, 
the REC group showed a significant increase as 
compared to the CS group and a non-significant 
decrease with the CN group. In line with our re-
sults, Rubin de Celli et al. (2015) documented low 
proliferation rate of Nestin-positive cells at bas-
al conditions, and increased proliferation after 

acute stress (one-day stress). When stress became 
chronic, the number of Nestin cells in the medul-
lae was significantly decreased by 50%, indicating 
their participation in the gland adaptation. After 
the resting period, the number of Nestin-stained 
cells had returned to their basal levels.

Under basal conditions, Nestin-positive cells 
can differentiate into neuronal, glial, and chro-
maffin cells. However, under stress, they prefer-
entially differentiate into chromaffin cells (Rubin 
de Celli et al., 2015). The chromogranin-A (Co-A) 
is the chief protein for the medullary chromaffin 
cells (Machado et al., 2010). There was no de-
tected cellular co- staining for Nestin and chro-
mogranin-A in the previous studies on the adult 
adrenal gland, suggesting that mature chromaffin 
cells never express Nestin protein (Taupenot et 
al., 2003).

This study detected positive chromogranin-A 
cytoplasmic immunoreaction in the medullary 
cells. This reaction increased significantly in CS 
group versus CN group. The recovery for seven 
days resulted in a significant decrease as com-
pared to CS group but still significantly higher 
than CN group.

It has been shown that repeated immobilization 
stress resulted in increased the level of catechol-
amine. This was related to augmented catechol-
amines synthesis due to the increased expression 
of enzyme that converts norepinephrine to epi-
nephrine (Kvetnansky et al., 2013). In addition to 
this molecular adaptation, the results in Rubin de 
Celli et al. (2015) illustrated cellular adaptation by 
recruiting new chromaffin cells from the stem cell 
pool located in the medulla of the adult adrenal 
gland.

Unlike the chromogranin-A, Rubin de Celli et al. 
(2015) showed that nearly 62% of the cells in the 
adrenal medulla which are stained with Nestin 
were co-stained for GFAP, specifying parallel fea-
tures of with Nestin stem cells.

In this study, the adrenal GFAP immunohis-
tochemical reaction illustrated a significant de-
crease in the CS group versus the CN group. The 
REC group had a highly significant increase ver-
sus the CS and CN groups. Our results were in 
agreement with Rubin de Celli et al. (2015),as  who 
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found that GFAP/Nestin-positive immune stained 
cells were significantly reduced in the stressed 
groups compared with the CN group. These re-
sults suggested that the Nestin-positive medul-
lary stem cells behave as activated glial cells and 
they proliferate to increase this glia population.

In conclusion, under normal conditions, the 
differentiation of adrenal progenitor cells was 
towards the glial cell lineage. Conversely, with 
chronic stress, the differentiation significantly 
proceeded towards the chromaffin lineage re-
sulting in overproduction of chromaffin cells for 
stress adaptation.
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SUMMARY 
Fixation is crucial for preserving tissue integrity 

during processing, and the most commonly used 
cross-linking fixative in immunohistochemistry 
is neutral buffered formalin, which requires anti-
gen retrieval as a crucial step. The successful use 
of newer coagulant fixatives like methacarn and 
EMA to preserve isotopes and eliminate the need 
for antigen retrieval has been reported recently, 
but their role in decalcified osteochondral unit 
samples remains unknown. Limited information 
on the use of coagulant fixatives as formalin sub-
stitutes makes it important to comparatively eval-
uate their effects on osteochondral samples and 
the impact of antigen retrieval on different days. 
Osteochondral units from a patient with osteo-
arthritis who underwent total knee-replacement 
surgery were fixed with three studied fixatives 
(Formalin, Methacarn, EMA) and divided into four 
portions, for different time periods (Day 1, 3, 7, 
10). Sections were decalcified, stained with Sa-
franin O, Alcian Blue, Toluidine Blue, PicroSirius 

Red, Hematoxylin and Eosin, and immunohisto-
chemical analysis of Collagen type II and type X 
with and without antigen retrieval was conducted.

Formalin showed better hematoxylin uptake 
than coagulant-based fixatives, while all fixatives 
preserved tissue morphology without necrosis or 
cellular degeneration with comparable staining 
quality. Methacarn and EMA-fixed tissues showed 
higher uptake of collagen type II compared to for-
malin-fixed tissues, with collagen type II uptake 
occurring only in the cartilage region and col-
lagen type X uptake occurring only in the bone 
region. The study highlights the effectiveness of 
methacarn and EMA as efficient alternatives to 
formalin, preserving tissue morphology and anti-
gen specificity. 
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INTRODUCTION
Fixation is a process that occurs through a com-

bination of physical and chemical mechanisms, 
and it involves reactions where the fixative acts 
by slowly diffusing into the tissues (Dey, 2018). 
Fixation is crucial to maintain the cellular archi-
tecture and composition of biopsy tissue speci-
mens during processing, thereby preserving tis-
sue integrity for further study. Following fixation, 
the tissues can be embedded in paraffin wax and 
used for further analysis, including immunohis-
tochemistry and molecular studies. Furthermore, 
fixation is vital in preserving the spatial relation-
ships between carbohydrates, proteins and other 
intracellular bioactive molecules, which enables 
their examination and analysis. Neutral Buffered 
Formalin (NBF), Methacarn, and EMA (mixture of 
ethanol, methanol and acetic acid) are all fixatives 
commonly used in histology to preserve tissue 
samples (Howat and Wilson, 2014). Methacarn and 
EMA are both coagulative and alcohol fixatives. 

NBF fixation is a widely used and optimized fix-
ative that preserves tissue morphology, aids in 
examining cell architecture and identifying ab-
normalities (Thavarajah et al., 2012). However, it 
is known to cause tissue artifacts, tissue shrink-
age and distortion, particularly in delicate tissues 
such as brain or lung tissue. Another disadvan-
tage of NBF fixation is that it can affect the anti-
genicity of specific proteins, leading to false nega-
tive results in the immunohistochemical analysis, 
thereby leading to loss of time and money due to 
the standardization of any IHC test (Buesa, 2008). 
Despite these disadvantages, NBF remains the 
most commonly used fixative in histology due to 
its effectiveness, reliability, and ease of use. 

Methacarn is an effective coagulant fixative 
for preserving specific tissues, like nervous and 
muscular tissues, with minimal shrinkage and 
distortion (Shibutani et al, 2000). It also preserves 
protein antigenicity for accurate immunohisto-
chemical analysis. However, it requires longer 
fixation times and can be more expensive. EMA 
fixative is a non-formalin coagulant fixative com-
monly used for preserving tissue morphology and 
antigenicity. Unlike formalin, which crosslinks 
proteins, EMA fixative penetrates the tissue and 
denatures the proteins, thus preserving their na-

tive conformation and antigenicity. This makes 
EMA fixative particularly useful for immunohisto-
chemical analysis, as it allows for more accurate 
detection of specific antigens. EMA fixative is also 
compatible with molecular analysis techniques, 
such as RNA and DNA extraction (Rahman et al., 
2022). However, like other non-formalin fixatives, 
EMA fixative is more expensive and may require 
longer fixation times (Nietner et al., 2012). De-
spite these limitations, EMA fixative is a valuable 
tool in histology for preserving tissue morphology 
and antigenicity for further analysis. 

Decalcification is an essential prerequisite for 
the immunohistochemical analysis of bone or tis-
sue that contains bone (Alers et al., 1999). Bone’s 
hydroxyapatite crystals, which provide strength, 
make it challenging to section and analyze (Der-
mience et al., 2015). Decalcification removes min-
eral salts, making it easier to section, but it can 
affect the organic components needed for histolog-
ical analysis. Fixation before decalcification is nec-
essary to preserve the tissue’s cellular and fibrous 
components (Shields and Heinbockel, 2018). De-
calcification and tissue fixation may result in poor 
antibody binding due to epitope masking or cross-
link formation (D’Amico et al., 2009). Therefore, 
using an appropriate antigen retrieval technique 
is crucial for examining bone-containing tissue 
through immuno-histochemical analysis.

Since information about the use of coagulant 
fixatives as a substitute for formalin fixatives is 
significantly limited, and each fixative has its 
own set of benefits and drawbacks, the primary 
objective of this study was to comparatively eval-
uate the fixatives for their effect on morphology 
and antigenicity in osteochondral samples. Since 
coagulant fixatives have been suggested to be 
time-dependent and preserve antigenicity more 
effectively, the study also compared the impact of 
performing antigen retrieval versus not perform-
ing it on different days. 

MATERIALS AND METHODS 

Tissue sample procurement and processing

All methods used in the study were per the reg-
ulations set by the Institution’s Review Board and 
Ethics Committee, as stated in the declaration of 
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Helsinki. After obtaining written informed con-
sent from the patient, human osteochondral units 
(OCUs) were harvested from a patient undergoing 
total knee replacement as a part of the treatment 
for osteoarthritis (Radiological Kellgren Lawrence 
score of Grade 4). The osteochondral units were 
harvested using a Colibri hand drill equipped 
with a 12 mm Impact Bi-Metal Hole saw (Sutton 
Tools). The osteochondral units were harvested 
from a non-weight-bearing area of the joint that 
contained preserved cartilage.

The OCUs were divided using a microtome 
blade into three parts for different fixatives, with 
each piece further divided into four portions for 
the specified time points (Fig. S1). The three fixa-
tives used were a) 10% neutral buffered formalin, 
b) Methacarn and c) EMA, ensuring that the vol-
ume of the fixative was 15 times the volume of the 
tissue. The fixation time points included the fol-
lowing days: 1, 3, 7, and 10. The OCUs were decal-
cified by immersing the joints in a solution of 10% 
EDTA (Qualigens, Cat.No. Q12635, pH 7.4). The 
joints were kept on a biological magnetic stirrer 
at 650 rpm, 25˚C, for a period of 35 days. The de-
calcified OCUs were processed by an automated 
tissue processor (Leica TO 10120), dehydrated by 
gradually increasing the ethanol concentration, 
and then infiltrated with wax and paraffin-embed-
ded. 5 µm sections were placed on poly-L-lysine 
(SIGMA, P8920) coated slides using the semi-au-
tomated Leica microtome (RM-2245). To verify 
the accumulation of glycosaminoglycans (GAG), 
the sections were stained with Safranin O, Alcian 
blue and Toluidine blue. To assess for collagen 
and for total collagen, the OCUs were subjected 
to routine staining using PicroSirius red, immu-
nohistochemical analysis for Collagen type II and 
type X, and Hematoxylin and Eosin staining. 

Staining protocol

a) Hematoxylin and Eosin (HE) staining

HE staining was carried out following standard 
protocols. In summary, transverse sections were 
stained with hematoxylin solution for 8 minutes, 
then dipped twice in 1% acid alcohol, rinsed with 
tap water, and dipped in lithium carbonate. Sub-
sequently, the sections were stained with eosin 

solution for 30 seconds. The sections were dehy-
drated using graded alcohol and cleared using xy-
lene.

b) GAG stains: Safranin O, Alcian Blue and 
Toluidine blue

To perform Safranin O fast green (Fischer Sci-
entific, Cat No:39962), staining, the sections were 
first treated with Weigert’s Iron Hematoxylin, fol-
lowed by 1% acid alcohol, 0.05% fast green solu-
tion, 1% acetic acid, and 0.1% Safranin O solu-
tion. Alcian blue staining (pH: 2.5, Cat No: J60122, 
Alfa Aesar, US) was done by incubating the slides 
with the dye for 5 minutes and counterstaining 
with neutral red. For Toluidine blue (Qualigens, 
C.I.52040) staining, the sections were incubated 
with 0.1% dye solution for 5 minutes.

c) Collagen stain: PicroSirius red, Collagen type II 
and type X

0.1% PicroSirius red (Qualigens, C.I.35782) 
dye was applied to assess the total collagen, fol-
lowed by Hematoxylin counterstain. For the im-
munohistochemical analysis of Collagen type II, 
the tissue sections underwent sequential anti-
gen retrieval using pronase (1 mg/ml, Roche CAS 
9036-06-0) and hyaluronidase (2.5 mg/ml, Sig-
ma, Cat No:H3506). While for Collagen Type X, 
the sections were retrieved using chondroitinase 
ABC (0.1 units/ml: 1 h, C3667, Sigma Aldrich) and 
pepsin (pH 2.2, 1 mg/ml:15 min, R2283, Sigma 
Aldrich). Subsequently, the slides were incubat-
ed overnight with mouse monoclonal anti-col-
lagen type II antibodies (5 g/mL, DSHB, II-II6B3) 
or collagen type X (1 in 200 dilutions, ab49945, 
Abcam). Subsequently, staining with HRP-la-
belled goat anti-mouse immunoglobulin second-
ary antibody (31430, Pierce) at a concentration 
of 1:100, and 3,3-diaminobenzidine (DAB, Sigma 
Cat No: D5637) solution and counterstaining with 
Hematoxylin was performed. For immunohisto-
chemical staining namely collagen type II and X, 
the sections were stained with and without anti-
gen retrieval. Negative controls included parallel 
staining, albeit the primary antibody. 

All slides were dehydrated, cleared with xylene, 
mounted with DPX (Merck, DD9DF69319) and 
scanned using an EVOS FL AUTO slide scanner.
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RESULTS

Hematoxylin and Eosin (HE) staining 

The comparative assessment showed that the 
NBF fixative resulted in better haematoxylin up-
take compared to the alcohol-based fixatives, 
Methacarn and EMA (Fig. 1, Fig. S2, Fig. 9). None 
of the tested fixatives affected the visualization of 
tissue features on the slide, and no signs of ne-
crosis or cellular degeneration were observed, 
indicating that all fixatives were effective in pre-
serving tissue morphology. The cartilage lacuna 
contained chondrocytes with a bright eosinophilic 
cytoplasm, and the surrounding territorial matrix 
appeared more basophilic (Fig. 2). Conversely, the 
lacuna in bone samples was typically empty, and, 
if cellular, did not exhibit the staining property of 
the territorial matrix. Notably, lamella could be 
appreciated in the region of bone (Fig. 2). Final-
ly, the staining of the cartilage gradually changed 
basophilic towards the bony side and abruptly 
stopped to give rise to an eosinophilic bony layer, 
giving rise to a wavefront-like appearance (Fig. 2). 
Overall, these findings suggest that NBF is a reli-
able fixative for preserving both the tissue mor-
phology and staining properties in cartilage and 
bone samples.

GAG stains: Safranin O, Alcian Blue and 
Toluidine blue

Hyaline cartilage’s extracellular matrix includes 
ground substance and collagen fibers, with the 
former composed of water, proteoglycans (PGs) 
and glycosaminoglycans. Safranin O stains PGs 
and GAGs, forming a red-to-orange complex that 
indicates high content. Fixative exposure dura-
tion did not affect staining quality, as all tested fix-
atives produced comparable results (Fig. 3). How-
ever, the cartilage in slides preserved with EMA 
and Methacarn fixatives showed less safranin O 
staining, possibly due to the tissue retaining the 
cytoplasmic stain (Fast green) better, requiring a 
more extended differentiation period or might be 
due to the poorer uptake of Safranin O, requiring 
a longer duration of exposure to the stain (Fig. 3, 
Fig. 9). The cellular features were preserved with 
no signs of necrosis or cellular degeneration. No-
tably, robust Safranin O uptake was observed in 
the cartilage, particularly in the territorial matrix. 

Alcian blue stains the sulfated and carboxylated 
glycosaminoglycans in cartilage, giving rise to a 
blue or turquoise coloration, depending on the pH 
of the staining solution. Neutral red, conversely, 
selectively stains chondrocyte nuclei, producing 

Fig. 1.- Hematoxylin and Eosin staining of the osteochondral unit sections following fixation by either NBF, Methacarn or EMA, 
and decalcification by 10% EDTA. Magnification 10X. NBF: 10% Neutral buffered formalin, EMA: Mixture of ethanol, methanol and 
acetic acid at 3:1:1 ratio. Scale bars = 100 µm.
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a red or pink coloration, which contrasts well with 
the blue coloration of the Alcian blue-stained ma-
trix (Fig. 4, Fig. 9). Our examination revealed that 
both Methcarn and EMA exhibited poor uptake of 
the counterstain on the first day, although they 

produced similar results to the formalin fixative 
on the other days. 

Toluidine blue is a basic metachromatic dye that 
can selectively stain cartilage proteoglycans, pro-
viding insight into cartilage tissue’s extracellular 

Fig. 2.- Cartilage bone junction fixed with NBF for 3 days taken with the objective set at 20X magnification. Chondrocytes seen as 
eosinophilic cells in the lacuna of the cartilage(C) with the territorial matrix surrounding them staining basophilic (white arrows). 
Bone (B) lacuna predominantly appear empty with no surrounding basophilia (black arrows). Lamella can be seen. There is a 
well-defined area in the junction (CB) which stains basophilic and resembles a wavefront.  Scale bar = 50 µm.

Fig. 3.- Safranin O staining of the osteochondral unit sections following fixation by either NBF, EMA and Methacarn, and decalcifi-
cation by 10% EDTA. Magnification 10X. NBF: 10% Neutral buffered formalin, EMA: Mixture of ethanol, methanol and acetic acid 
at 3:1:1 ratio. Scale bars = 100 µm.
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matrix composition and structure. Comparative 
staining was observed between the three groups 
not affected by the fixation period (Fig. 5, Fig. 9).

Collagen stain: PicroSirius red, Collagen type II 
and X

PicroSirius red staining is a commonly used 
technique in histology that selectively stains col-

Fig. 4.- Alcian Blue staining of the osteochondral unit sections following fixation by either NBF, EMA and Methacarn, and decalci-
fication by 10% EDTA. Magnification 10X. NBF: 10% Neutral buffered formalin, EMA: Mixture of ethanol, methanol and acetic acid 
at 3:1:1 ratio. Scale bars = 100 µm.

Fig. 5.- Toluidine Blue staining of the osteochondral unit sections following fixation by either NBF, EMA and Methacarn, and de-
calcification by 10% EDTA. Magnification 10X. NBF: 10% Neutral buffered formalin, EMA: Mixture of ethanol, methanol and acetic 
acid at 3:1:1 ratio. Scale bars = 100 µm.
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lagen fibers, allowing for visualization and analy-
sis of collagen distribution and density in various 
tissues. Analysis of the three groups showed that 
PicroSirius red stained the collagen network uni-
formly across the different fixative groups and pe-
riods (Fig. 6, Fig. 9).

Analysis of collagen type II uptake showed that 
negative control (Fig. S3) without primary anti-
body exposure and test slides without antigen 
retrieval demonstrated only mild DAB uptake, 
thus considered negative background staining. 
Conversely, all test slides with antigen retriev-
al exhibited strong uptake, with methacarn and 
EMA-fixed tissues showing higher uptake than 
formalin-fixed slides (Fig. 7, Table 1A). The ob-
servation was that uptake occurred solely in the 
cartilage region with a clear boundary between 
the cartilage area displaying strong uptake and 
the bone region with no uptake. The territorial 
matrix of the cartilage revealed robust uptake, 
confirming the specificity of the staining. Notably, 
the bone demonstrated negative uptake of DAB, 
which could thus serve as an internal negative 
control for future studies. 

Concerning Collagen Type X, examining the 
negative control without the primary antibody 

showed a mild DAB uptake in the area just be-
low the surface and the transition zone (Fig. S3). 
Similar results in test slides without antigen 
retrieval were also observed, thus considered 
negative background staining. However, all test 
slides with antigen retrieval demonstrated strong 
DAB uptake, with methacarn and EMA-fixed tis-
sues exhibiting comparable uptake to NBF-fixed 
slides (Fig. 7, Table 1B). Importantly, we observed 
DAB uptake only in the bone region, with a clear 
boundary between the cartilage region, which had 
no uptake, and the bone area with robust uptake 
(Fig. 8). Intriguingly, the interlamellar planes of 
the bone exhibited particularly strong DAB uptake 
(Fig. 8). In contrast, the cartilage region displayed 
no DAB uptake, suggesting that it can be used as 
an internal negative control for future studies. 

DISCUSSION
Standardizing staining of osteochondral units 

is crucial for ensuring accurate and reproducible 
assessment of tissue structure and composition, 
which can inform diagnoses and treatment de-
cisions for joint-related diseases (Lepage et al., 
2019). Fixation of osteochondral samples before 
staining is vital to preserve tissue structure and 
prevent artifacts that can distort the tissue’s mor-

Fig. 6.- PicroSirius Red staining of the osteochondral sections following fixation by either NBF, EMA and Methacarn, and decalcifi-
cation by 10% EDTA. Magnification 10X. NBF: 10% Neutral buffered formalin, EMA: Mixture of ethanol, methanol and acetic acid 
at 3:1:1 ratio. Scale bars = 100 µm.
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Fig. 7.- Immunohistochemical staining of the osteochondral unit sections for collagen type II following fixation by either NBF, EMA 
and Methacarn, and decalcification by 10% EDTA with and without antigen retrieval. The retrieval was performed using pronase 
and hyaluronidase. Magnification 10X. NBF: 10% Neutral buffered formalin, EMA: Mixture of ethanol, methanol and acetic acid at 
3:1:1 ratio. Scale bars = 100 µm.

Table 1. A) Grading of Collagen type II and B) Collagen type X stain uptake by the osteochondral sections following fixation by either 
NBF, Methacarn and EMA, and decalcification with and without antigen retrieval. 

A: Collagen Type II

Days of Fixation Day 1 Day 3 Day 7 Day 10

Antigen Retrieval 
Pronase + Hyaluronidase With Without With Without With Without With Without 

Fixative

NBF + - + - + - + -

Methacarn ++ - ++ - ++ - ++ -

EMA ++ - ++ - ++ - ++ -

B: Collagen Type X

Days of Fixation Day 1 Day 3 Day 7 Day 10

Antigen Retrieval 
Chondroitinase ABC + Pepsin With Without With Without With Without With Without 

Fixative

NBF ++ - + - ++ - + -

Methacarn + - ++ - ++ - + -

EMA ++ - +++ - ++ - + -

Grading scale: no stain uptake (-), good stain uptake (+), very good stain uptake (++). 

Fig. 8.- Immunohistochemical staining of the osteochondral unit sections for collagen type X following fixation by either NBF, EMA 
and Methacarn, and decalcification by 10% EDTA with and without antigen retrieval. The retrieval was performed using Chondroiti-
nase ABC and pepsin. Magnification 10X. NBF: 10% Neutral buffered formalin, EMA: Mixture of ethanol, methanol and acetic acid 
at 3:1:1 ratio. Scale bars = 100 µm.
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Fig. 9.- Cartilage bone junction fixed with either NBF, EMA and Methacarn for 3 days taken with the objective set at 20X magnifica-
tion. Scale bars = 50 µm.
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phology and composition, thereby ensuring reli-
able and consistent staining results for accurate 
histological analysis. Being a complex tissue that 
requires additional processing such as decalcifi-
cation and antigen retrieval, the need to explore 
and optimize alternative strategies becomes par-
amount (Amirtham et al., 2019; Orth et al., 2015). 

NBF, methacarn, and EMA are common co-
agulant fixatives used in histology. NBF pro-
vides good preservation of tissue structure but 
can result in tissue shrinkage (Thavarajah et al., 
2012). Methacarn preserves lipids and yields less 
shrinkage but is time-consuming (Shibutani et 
al., 2000). EMA is a newer fixative that provides 



Ganesh Parasuraman et al.

715

excellent tissue morphology and antigenicity 
preservation with minimal protein cross-linking 
(Rahman et al., 2022). The choice of fixative de-
pends on the study’s specific needs and the tissue 
being analyzed. 

The present study evaluated the efficacy of 
these different fixatives in preserving tissue mor-
phology and staining properties in cartilage and 
bone samples. Hematoxylin and eosin (HE) stain-
ing showed that NBF fixative resulted in better 
haematoxylin uptake compared to alcohol-based 
fixatives. All fixatives effectively preserved tissue 
morphology without necrosis or cellular degener-
ation. Safranin O staining showed that all tested 
fixatives produced comparable staining quali-
ty, with robust uptake especially observed in the 
territorial matrix of the stained cartilage. Alcian 
blue staining revealed poor uptake of the coun-
terstain on the first day with coagulative fixatives 
like Methacarn and EMA fixatives, while Toluidine 
blue staining was not affected by the fixative or 
the fixation period. Picrosirius red staining was 
uniform across all fixative groups and periods. 

The analysis of collagen type II and type X up-
take showed that the negative control and test 
slides without antigen retrieval had mild DAB up-
take and were considered negative background 
staining. However, all test slides processed with 
antigen retrieval exhibited strong DAB uptake, 
with methacarn and EMA-fixed tissues showing 
higher uptake of collagen type II than forma-
lin-fixed tissues. The uptake occurred solely in 
the cartilage region for collagen type II and only in 
the bone region for collagen type X. The territorial 
matrix of the cartilage for collagen type II and the 
interlamellar planes of the bone for collagen type 
X exhibited particularly strong DAB uptake. 

Our novel findings highlight the utility of differ-
ent fixatives and their effects on routine, special 
and immunohistochemical staining in cartilage 
and bone tissue research. The coagulant fixatives 
displayed superiority to formalin with stronger 
collagen type II uptake. However, antigen retrieval 
was required with all fixatives unlike IHC studies 
performed without decalcification. A minimum 
period of 3 days is required for coagulant fixatives 
to provide staining consistent with formalin fix-
atives. Overall, methacarn and EMA serve to be 

good alternatives to formalin for the processing of 
cartilage or bone-containing tissues, with better 
preservation of its morphology and antigen spec-
ificity. Further studies using different tissue sam-
ples and a larger cohort would provide insights 
into the wider use of alternative fixatives based on 
the obtained immunohistochemical assays indi-
vidually for specific antigen targets.
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SUMMARY
Morton’s toe results in an uneven distribution 

of pressure across the feet. Awareness about Mor-
ton’s toe and its associated risk factors is clini-
cally important. Although studies have reported 
the prevalence of Morton’s toe, not many studies 
appear in literature discussing its impact on the 
associated risk factors such as hammertoe, bun-
ion deformity, overpronation and plantar fasci-
itis, respectively. Hence, we have undertaken this 
study to analyze the prevalence of Morton’s toe in 
the Gulf region to assess its impact on the foot. 
A cross-sectional descriptive epidemiological 
study was carried out between November 2021 
and December 2022 on the feet of 100 individu-
als (male=50; female=50) with ages ranging from 
17 to 75 years. The study included the Bahraini 
& non-Bahraini residents. Individuals with se-
vere foot injuries and deformities resulting from 
surgery were excluded. A total of 56 Morton’s toe 
cases (male=18; female=38) were noted in the 
study sample. The overall prevalence of Morton’s 
toe was 28% and majority of the participants with 
Morton’s toe were females (67.9%). Of 56 Morton’s 

toe cases, the majority were seen in the age group 
from 30 to 40 years, particularly in females. Our 
findings clearly showed a significant association 
between Morton’s toe and hammertoe (p=0.044), 
bunion and usage of high heels (p<0.001), respec-
tively. However, the association between Morton’s 
toe and other risk factors such as plantar fasci-
itis and overpronation of the foot were found to 
be statistically nonsignificant (p>0.05). Our study 
provides baseline data for the first time on the 
prevalence of Morton’s toe and associated risk 
factors.

Key words: Prevalence – Morton’s toe – Gulf re-
gion – Associated risk factors 

INTRODUCTION 
The human foot normally has five toes. Each 

toe has three phalanges, which are the proximal, 
middle, and distal, except the first toe. The first 
toe has only two phalanges, which are the proxi-
mal and distal (Agur and Dailey, 2006). The first 
toe is very important for maintaining the biome-
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chanics of the foot. Normally, in most cases, the 
first toe is longer than the second toe because the 
first metatarsal bone is longer than the second 
metatarsal bone. However, studies have reported 
that the first toe could be shorter than the second 
toe. When the second toe is longer and lower than 
the first toe, it is called Morton’s toe. This struc-
tural anomaly was first described by American or-
thopedic surgeon Dudley Morton (Morton, 1927). 

Morton’s toe results in an uneven distribution of 
pressure across the feet. This uneven distribution 
of pressure causes inward curling of the first toe 
leading to the formation of hammertoe. Over time, 
this can lead to an overpronation (turning inward) 
of the foot along with other risk factors, such as 
bunion deformity and plantar fasciitis, respective-
ly (Gutteck et al., 2019; Dang and Coughlin, 2020). 
Knowledge about Morton’s toe and its associated 
risk factors is clinically important. Studies about 
the prevalence of Morton’s toe in various popula-
tions are few, and no studies appear in the liter-
ature in a way in which we conducted our study, 
i.e., discussing its impact on the associated risk 
factors. Hence, we have undertaken this study to 
analyze the prevalence of Morton’s toe in the Gulf 
region to assess its impact on the foot. 

MATERIALS AND METHODS

Type of study

A cross-sectional descriptive epidemiological 
study was carried out between November 2021 
and December 2022.

Sample size

This study was conducted on the feet of 100 in-
dividuals (male=50; female=50) with ages ranging 
from 17 to 75 years with mean age of 39.3±14.3. 
The study included the Bahraini & non-Bahraini 
residents. Any individuals with severe foot in-
juries and deformities resulting from surgeries 
were excluded. This study was approved by the 
Research and Ethics Committees of the College of 
Medicine and Medical Science (CMMS) at Arabian 
Gulf University (AGU) (approval number: (E24-
PI-11-21). Informed consent was obtained from 
all the individuals who participated in this study.

Assessment of Morton’s toe and associated risk 
factors 

Each individual was asked to place his/her foot 
on a horizontal surface to examine the length of 
the 2nd toe. If the 2nd toe is longer than the first 
toe, it was considered a Morton’s toe. The subjects 
who presented Morton’s toe were also examined 
for their hammertoe, bunion deformity, overpro-
nation of the foot and plantar fasciitis, respective-
ly. The females that presented with Morton’s toe 
in this study were also asked whether they use 
high-heeled footwear. This was done to assess the 
association of high-heel usage with Morton’s toe. 

Statistical analysis 

The collected data were analyzed by using the 
Statistical Package for Social Sciences (SPSS), ver-
sion 28 (Chicago, IL,USA). Categorical variables 
were represented as frequencies and percent-
ages, whereas continuous variables were repre-
sented as the mean and standard deviation. A pie 
chart and clustered bar chart were used to pres-
ent a categorical variable. The number and ratio 
of the presence of Morton’s toe were calculated 
according to different risk factors. The chi-square 
test was used to measure the associations be-
tween outcome variable (Morton’s toe) and some 
categorical variables. A p-value of less than 0.05 
was considered statistically significant.

Power estimation

To determine the appropriate sample size for 
Chi-square of independence (Pearson Chi-square 
test), power analysis was conducted using G*pow-
er software based on several factors: target pow-
er (0.80); a significance level (alpha level) α=0.05; 
large effect size (0.6) for Cramer’s phi. The power 
estimation suggested a minimum sample size of 
76 participants.

RESULTS

Prevalence of Morton’s toe

In our study of 100 individuals, 50% were males 
(n=50) and 50% were females (n=50). A total of 
200 feet were assessed for Morton’s toe. A total 
of 56 Morton’s toe cases (male=18; female=38) 
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were noted in the individuals aged between 17-75 
years (Table 1). The overall prevalence of Morton’s 
toe was 28%, and the majority of participants with 
Morton’s toe were females (67.9%). Of 56 Morton’s 
toe cases, the majority were seen in the age group 
from 30 to 40 years, particularly in females. The 
results revealed that there was a significant rela-
tionship between the outcome variable (Morton’s 
toe) and each gender and age groups (χ2=9.921, 
df=1, p=0.002; χ2=9.543, df=3, p=0.023), respectively 
(Table 1, Fig. 1).

Morton’s toe and associated risk factors

Morton’s toe with associated risk factors is pre-
sented in Fig. 2. Our findings clearly showed that 
there was a statistically significant association 
between Morton’s toe and hammertoe (p=0.044), 

whereas the association between Morton’s toe, 
bunion deformity (χ2=19.056, df=1, p<0.001); and 
usage of high heels was highly significant statisti-
cally (χ2=11.360, df=1, p<0.001). However, the asso-
ciation between Morton’s toe and overpronation 
of foot (χ2=2.584, df=1, p=0.108) and plantar fasci-
itis (χ2=1.644, df=1, p=0.200) were not statistically 
significant (Table 2). All the associated risk fac-
tors except overpronation of the foot were noted 
significantly higher in females (Fig. 3).

DISCUSSION
Morton’s toe, which is also referred to as Greek 

foot, Royal toe, Turkey toe, LaMay toe or Shep-
pard’s toe, occurs due to congenital shortening of 
the first metatarsal bone. Studies have reported 
that the premature closure of the epiphysis in the 

Table 1. The association between Morton’s toe and socio-demographic variables.

Demographic Variables
Morton’s toe

Chi-Square Value P-valuePresent
 n (%)

Absent
 n (%)

Gender

Male (n=100) 18 (32.1) 82 (56.9)
9.921 0.002

Female (n=100) 38 (67.9) 62 (43.1)

Age Group

< 30 Years (n=60) 16 (28.6) 44 (30.6)

9.543 0.023
30-40 Years (n=66) 27 (48.2) 39 (27.1)

41-50 Years (n=32) 6 (10.7) 26 (18.1)

>50 Years (n=42) 7 (12.5) 35 (24.3)

Fig. 1.- Age wise occurrence of Morton’s toe.
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first metatarsal bone could be a contributing fac-
tor for the occurrence of Morton’s toe (Marinova 
et al., 2022). Data available in literature suggest 
that the prevalence of Morton’s toe varies in pop-
ulations between 0.5% - 50% (Ogawa and Hyaku-

soku, 2006; Vounotrypidis and Noutsou, 2015; 
Aigbogun et al., 2019; Marinova et al., 2022; Paul 
et al., 2023). Our data show a prevalence of 28%, 
with more cases of Morton’s toe in the female gen-
der and in the age group from 30 to 40 years. This 

Fig. 2.- Morton’s toe observed in one of the cases (2A) and the Morton’s toe with Hammertoe (2B) and bunion. * in 2A showing Mor-
ton’s toe and  * in 2B showing the hammertoe and the bunion.

Table 2. The association between Morton’s toe and the risk factors.

Risk Factors
Morton’s toe

Chi-Square Value P-valueNo
 n (%)

Yes
n (%)

Hammer’s toe

No (n=189) 139 (96.5) 50 (89.3)
4.069 0.044

Yes (n=11) 5 (3.5) 6 (10.7)

Bunion deformity

No (n=184) 140 (97.2) 44 (78.6)
19.056 < 0.001

Yes (n=16) 4 (2.8) 12 (21.4)

Overpronation of foot

No (n=199) 144 (100) 55 (98.2)
2.584 0.108

Yes (n=1) 0 (0) 1 (1.8)

Plantar fasciitis

No (n=155) 115 (79.9) 40 (71.4)
1.644 0.200

Yes (n=45) 29 (20.1) 16 (28.6)

Usage of high heels

No (n=150) 117 (81.8) 33 (58.9)
11.360 < 0.001

Yes (n=49) 26 (18.2) 23 (41.1)
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pattern was also observed in a recent study, but 
in males (Paul et al., 2023). Contrary to Morton’s 
toe, few studies have reported that the first toe is 
the longest in 69% of the population studied, and 
this is termed as Egyptian foot (Ogawa and Hyaku-
soku, 2006). Similarly, a cross-sectional, descrip-
tive study conducted on 331 participants from a 
Spanish population revealed that the most prev-
alent foot was Egyptian foot, followed by square 
foot and Greek foot, respectively (Perez Pico et al., 
2018). Another study of a Nigerian population re-
ported that these anomalies could be genetically 
inherited (Aigbogun et al., 2019). However, our 
study did not show any pattern of inheritance.

It has been postulated that the shortened first 
metatarsal bone puts more stress load on the lon-
gest second toe during the propulsive phase of 
the gait, and this could disturb the distribution of 
body weight during gait. Therefore, individuals 
with Morton’s toe are at an increased risk of de-
veloping associated clinical risk such as metatar-
salgia, hammertoe, plantar fasciitis, bunions, and 
Morton’s neuroma, respectively. Our findings re-
vealed a significant association between Morton’s 
toe and hammertoe. The hammertoe deformity 
resulting from foot anomalies leads to painful cal-
losities, difficulties in wearing shoes, and painful 
ambulation(Dang and Coughlin, 2020). Although 
we did not find a significant association between 
Morton’s toe and plantar fasciitis in our study, it 
is very important to understand a hypothesis that 
the individuals with Morton’s toe are more likely 
to overpronate their feet inwards when they run 

or walk, and this could increase the distance be-
tween the calcaneus and the toes. Furthermore, 
this is associated with greater tension on the 
plantar fascia leading to plantar fasciitis and my-
ofascial pain syndrome (Gutteck et al., 2019). In 
cases of hammertoe, when inward curling of the 
first toe occurs, the pressure and frictional force 
are exerted on the skin and soft tissue of the first 
metatarsophalangeal joint. Over time, this might 
lead to callous formation. Although, it is thought 
to be secondary to hereditary and environmental 
factors, the higher incidence of bunion is seen in 
women compared to men is believed to be due 
to tightly fitting women’s footwear (Ayub et al., 
2005).

Studies reported that the Morton’s neuroma 
resulting from anatomical variations such as 
Morton’s toe could be seen more in females, par-
ticularly those wearing narrow and high-heeled 
footwear (Del Mar Ruiz-Herrera et al., 2022). This 
is evident from our study, besides the fact that all 
the associated risk factors were statistically sig-
nificant in females including usage of high-heeled 
footwear and Morton’s toe. Studies reported that 
the pain in Morton’s neuroma cases is often exac-
erbated by walking, use of tight or heeled shoes, 
while the rest of cases or wearing the right foot-
wear with appropriate insoles and orthotics ame-
liorated the pain (Mahadevan et al., 2015; Gan-
guly et al., 2018; Hartz and Biancalana, 2022). 
Furthermore, a recent study conducted on 214 
patients revealed that the uneven distribution of 
the pressure on the foot with Morton’s toe contrib-

Fig. 3.- Percentage of associated risk factors of Morton’s toe among male and female.
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uted to back pain, knee pain, hip pain and neck 
pain (Hartz and Biancalana, 2022).

In conclusion, our data confirmed a significant 
association between Morton’s toe and the major-
ity of the associated risk factors and provided a 
standard dataset on the prevalence of Morton’s 
toe. With these findings, it is essential to raise 
awareness of Morton’s toe in the region, and of 
taking preventive measures for mitigating associ-
ated risk factors. 
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SUMMARY
Ischiofemoral impingement (IFI) is caused due to 

impingement of soft tissues between the ischium 
and the lesser trochanter of the femur, resulting in 
pain and discomfort. IFI can be caused due to ana-
tomical abnormality, previous trauma and surgery. 
The quadratus femoris muscle is usually affected 
in these cases, which can become oedematous and 
show fatty atrophy. Management of IFI include an-
algesics, physiotherapy, image-guided intervention 
and surgery. This study aims to provide an overview 
of IFI, evaluate the ischiofemoral space in a cohort of 
ten patients, and suggest the safest position for im-
age-guided interventions in patients with IFI. 

The ischiofemoral space and distance between 
the sciatic nerve and the medial part of the fem-
oral neck were measured in supine and lateral 
positions on 10 consecutive patients by two fel-
lowship-trained musculoskeletal radiologists 
on Computed Tomography (CT) axial sequence. 
There were 10 patients in the study (3 female and 
7 males), with an average age of 29 years (11-70 
years). A statistically significant increase in the 
ischiofemoral space and the distance between the 
sciatic nerve and the medial part of the femoral 
neck was found in the lateral position compared 

to the supine position. There was good intra- and 
inter-observer reliability, with a kappa value of 
0.8. The increase in the ischiofemoral interval in 
the lateral position suggests that it is relatively 
safer to perform image-guided interventions and 
injections in the ischiofemoral interval in the lat-
eral position with a potential reduction in the risk 
of incidental sciatic nerve injury.

Key words: Ischiofemoral impingement – Qua-
dratus femoris – Ischiofemoral space – Ischiofem-
oral interval – Computed Tomography 

INTRODUCTION
Ischiofemoral space is the area between the lat-

eral cortex of ischial tuberosity and the medial 
cortex of the lesser trochanter. IFI is character-
ised by impingement of soft tissues between the 
ischium and the lesser trochanter of the femur, 
resulting in pain and discomfort (Johnson, 1977; 
Souto et al., 2009; Torriania et al., 2009; Taneja et 
al., 2013). IFI is an uncommon cause for hip and 
posterior thigh pain. This was first described by 
Johnson in 1977. IFI syndrome is associated with 
pre-existing trauma and hip surgery. IFI is caused 
by a narrowing of the space located between the 
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lateral aspect of the os ischium and the lesser 
trochanter of the femur that entraps soft-tissue 
structures (Taneja et al., 2013). The quadratus 
femoris muscle is primarily affected, becoming 
irritated and manifesting with muscle-belly oede-
ma or even fatty degeneration in chronic disease 
(Torriania et al., 2009) (Fig. 1).

A mechanical compression with, and oedema 
of, the soft tissues causes impingement of the 
surrounding tissues; the quadratus femoris mus-
cle in particular is affected by this. This patholo-
gy is seen in symptomatic patients with IFI. The 
mean normal safe ischiofemoral distance (IFD) in 
a healthy female is approximately 18.6 +/- 68 mm, 
and 23 +/- 67 mm in a healthy male (Hujazi et al., 
2016).

The presenting symptoms of IFI are posterior 
hip pain and may be misinterpreted with other 
deep gluteal and hamstring syndromes. It has 
been associated with different conditions such as 
congenital posteromedial femoral position, coxa 
valga, large lesser trochanter, osteochondromato-
sis of the hip and malunited extracapsular frac-

tures of the proximal femur (Torriania et al., 2009; 
Hujazi et al., 2016). 

IFI pain is usually localised to the posterior hip, 
but may radiate to the posterior thigh and knee 
due to irritation of the sciatic nerve (Gollwitzer et 
al., 2017). Clinically, pain can be elicited with pas-
sive hip extension, flexion, adduction, external 
and internal rotation. 

The narrowing of the IFD, during repeated hip 
movements, may be the cause of the changes in the 
quadratus femoris muscle (Torriania et al., 2009). 
Concomitant pathologies such as post-surgical 
pathologies of gluteal tendons and hamstring, as 
well as coxa valga, are initially addressed when 
treating IFI. Management options of IFI includes 
rest, physiotherapy, anti-inflammatory medica-
tion, CT-guided injections with local anaesthet-
ic, and steroid and rarely surgical intervention 
is necessary if conservative care is unsuccessful. 
Surgical management options for ischiofemoral 
impingement include lesser trochanteric osteot-
omy and release of the quadratus femoris tendon. 

Fig. 1.- Axial PDFS (proton density fat suppressed) image of left hip showing moderate narrowing of ischiofemoral interval with 
marked oedema of quadratus femoris (arrow).
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Image-guided interventions for IFI can be 
performed in prone or lateral position. We hy-
pothesise that it is relatively safer to perform 
image-guided intervention in lateral position in 
comparison to prone position, and this pilot study 
explores the concept. 

MATERIAL AND METHODS 

Patients 

A pilot study of 10 consecutive patients who had 
CT scans of the pelvis in supine and lateral po-
sition over a 2-year period were included in the 
study. Patients had imaging (supine and lateral) 
as part of the investigation for either hip pain or 
suspected malignancy at our centre. Supine im-
aging was performed for diagnostic purposes and 
CT in lateral was obtained as a part of planning 
for biopsy or CT-guided injection. All images were 
performed on Siemens Somatom AS (Erlangen, 
Germany). 

Image analysis

The IFD (distance between the ischium and 
medial part of the femoral neck) and distance 
between the sciatic nerve and medial part of the 
femoral neck were measured in supine and later-
al images (Figs. 2, 3). This was evaluated by a fel-
lowship-trained musculoskeletal radiologist with 
over 10 years’ experience and another fellow-

ship-trained radiologist with over 5 years’ experi-
ence. One reader repeated measurement after an 
interval of 4 weeks. The data that were collected 
included, age, sex, IFD and distance between the 
sciatic nerve and the medial part of the femoral 
neck. 

Statistical analysis

Microsoft Excel data sheet was used for data 
collection. SPSS 24.0 software (SPSS Inc., Chica-
go, Illinois, USA) was used for statistical analysis. 
Descriptive statistics analysis was undertaken. 
Mean and standard deviation or median (range) 
were used to summarise the data for continuous 
variables and frequency/percentage for categori-
cal variables. Comparison of frequencies of paired 
data was performed using the chi-square test, 
while means were compared using the Student’s 
t-test. A p-value of <0.05 was considered signif-
icant. Kappa Test was used to evaluate for intra 
and inter observer reliability.

RESULTS
There were 10 patients in the study (3 female 

and 7 males) with an average age of 29 years (11-
70 years). The average safe ischiofemoral dis-
tance (IFD) significantly increased in the lateral 
position compared to the supine position (3.8 cm 
vs 2.9 cm, p-value of 0.01). In addition, the dis-
tance between the sciatic nerve and femoral neck 

Fig. 2.- Axial CT showing needle in the ischiofemoral interval in prone (a) and lateral (b) position. Yellow circle shows the sciatic nerve.
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increased in the lateral position (2.58 cm) com-
pared to the supine position (1.96 cm, p-value of 
0.03), indicating that it may be safer to perform an 
injection of the ischiofemoral interval in the later-
al position, potentially reducing the incidence of 
sciatic nerve injury.

The study also revealed a 30-32% increase in 
the ischiofemoral interval in the lateral position. 
(Table 1: Summary of Results).  A good intra and 
inter observer reliability was found with a kappa 
value of 0.8.

Fig. 3.- Axial CT showing ischiofemoral distance (a) between the medial part of the femoral neck (F) and ischium (I) and distance 
between the sciatic nerve (yellow ring) and medial part of the femoral neck (distance b).

Table 1. IFD (ischiofemoral distance) and distance between the sciatic nerve and femoral neck in supine and lateral position. CI- 
confidence interval.

IFD supine (cm) IFD lateral (cm) Sciatic nerve to femoral 
neck in supine (cm)

Sciatic nerve to femoral 
neck in lateral (cm)

Mean 2.920 3.8770 1.960 2.580

SD (Standard deviation) 0.888 0.6081 0.532 0.670

SEM (Standard error mean) 0.281 0.1923 0.168 0.212

90% CI 2.405 to 3.435 3.5245 to 4.2295 1.652 to 2.268 2.192 to 2.968

95% CI 2.285 to 3.555 3.4420 to 4.3120 1.580 to 2.340 2.101 to 3.059

99% CI 2.007 to 3.833 3.2521 to 4.5019 1.414 to 2.506 1.892 to 3.268

Minimum 0.9 3 0.8 1.3

Median 2.95 3.885 2 2.6

Maximum 4.2 4.7 2.9 3.3
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DISCUSSION
Ischiofemoral impingement (IFI) is an increas-

ingly recognised condition characterised by vague 
deep buttock pain with overlapping features of 
other common conditions in this region, such as 
hamstring pathologies, piriformis syndrome or 
spinal radiculopathy, and thus provide diagnostic 
challenges Jeyaraman et al., 2023). 

CT-guided interventions such as steroid injec-
tions can be used to deliver medical therapy lo-
cally, and have been used to alleviate pain, dis-
comfort and help with symptom management. 
CT-guided injections can be performed in prone 
or lateral position (Singer et al., 2015). The opti-
mal position for administering these injections, 
however, has been a matter of debate. One of the 
risks of image-guided interventions is inadver-
tent nerve injury. The sciatic nerve is at particular 
risk in CT-guided interventions for IFI. 

On a PubMed search there were no studies iden-
tified which compared the prone and lateral ap-
proaches. One study preferred prone position and 
had stated that going through hamstring tendons 
is easier and safer, since placing the needle in this 
direction reduces the risk of damage to the sciat-
ic nerve, which is adjacent to quadratus femoris 
(Volokhina and Dand, 2013). A lateral approach 
has been suggested with the needle inserted later-
al and deep to the sciatic nerve (Wilson and Keene, 
2016). However, there were no studies conducted 
to compare both of the approaches and suggest 
the safest route.

Our results have demonstrated a significant 
increase in the safe ischiofemoral distance (IFD) 
and the distance between the sciatic nerve and 
the femoral neck when patients were in the lat-
eral position as compared to the supine position. 
The increase in IFD in lateral position can be at-
tributed to internal rotation of the femur. This 
subsequently increases the distance between 
the sciatic nerve and the medial part of the fem-
oral neck. Planning the trajectory of the needle 
along the medial part of the femoral neck during 
imaging-guided injection ensures that the rela-
tive distance between the needle and the sciatic 
nerve is increased in lateral position. The clinical 
implication of this finding implies that the lateral 

position may be relatively safer for administering 
injections in the ischiofemoral space, thereby re-
ducing the risk of sciatic nerve injury. Moreover, 
a good intra- and inter-observer reliability with a 
kappa of 0.8 supports the reproducibility of our 
measurements.

Limitations of the study

We acknowledge that our study has some lim-
itations. First, the sample size is small, with only 
10 patients included in this pilot study. This limits 
the generalizability of our findings and warrants 
further research with a larger sample size to con-
firm the results. However, with a good intra- and 
inter-observer reliability observed, it strengthens 
our proposition. Second, our study population in-
cluded patients who had CT scans of the pelvis for 
various indications, such as hip pain or suspected 
malignancy, and hence may introduce potential 
confounding factors or selection bias. Further-
more, the study only compared supine and lat-
eral positions, assuming that the supine position 
would be similar to the prone position. Further 
large prospective studies would help to confirm 
the results of our pilot study and a more accurate 
assessment of the safest position for image-guid-
ed injections.

CONCLUSION
Our pilot study suggests that the lateral position 

may be relatively safer than the prone position 
for administering image-guided injections in pa-
tients with ischiofemoral impingement, and pro-
vide a potential reduction in the risk of incidental 
sciatic nerve injury.
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SUMMARY
The glenoid cavity is a sliced egg-shaped joint 

surface located on the lateral margin of the scap-
ula to form the shoulder joint. Recognition of vari-
ations in shape and dimensions of the glenoid 
cavity is important for a better comprehension 
of joint-associated diseases, especially in total 
shoulder arthroplasty procedures. The aim of this 
study was to perform morphometric measure-
ments on the glenoid cavity. Glenoid cavities of 
391 individuals (197 males [50.4%], 194 females 
[49.6%]) were reviewed by using Multi-detector 
Computed Tomography. The maximum length 
and maximum width of glenoid cavities, as well as 
the width, depth and circumference at the notch 
level were measured, and the index value was cal-
culated. The glenoid cavity shapes were typed as 
pear, inverted comma and oval type. Furthermore, 
the metric values that provide the best differen-
tiation between genders were identified through 
ROC analysis.

The pear glenoid cavity type was detected in 
53.2%, inverted comma type was detected in 
28.4%, and oval type was detected in 18.4% of 
cases. In all of our morphometric measurements, 
male values were higher than female values, and 
there was significant difference between them. 

Results of ROC analysis revealed significant mea-
surements for the maximum length and maxi-
mum width measurements of the glenoid for gen-
der determination. Morphometric information 
of the glenoid cavity can be useful in order to in-
crease clinical success in case of Bankart lesion, 
rotator cuff disease, and osteochondral defect. 
Recognition of different shapes and dimensions 
of the glenoid cavity is essential for the design of 
the glenoid component, especially for total shoul-
der arthroplasty procedure. We believe that the 
data obtained in our study would be useful for 
prosthesis designers and orthopaedic surgeons.

Key words: Glenoid cavity – Morphometric – 
Computed tomography – Gender – Index – Vari-
ations 

ABBREVIATIONS
GC: Glenoid cavity
MDCT: Multi-detector Computed Tomography
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(Anterior-Posterior glenoid diameter-2)
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DGC: Glenoid cavity depth
PGC: Glenoid cavity circumference
GCI: Glenoid cavity index
Rn: Number of right side
Ln: Number of left side
Mn: Number of male
Fn: Number of female

INTRODUCTION
The glenoid cavity (GC) is located on the con-

cave surface of the shoulder joint on the lateral 
angle of the scapula (Halder et al., 2001). The joint 
surface is surrounded by a structure called the 
glenoid labrum without restriction of movement 
(Pagnani and Warren 1994; Halder et al., 2001). 
The glenoid labrum contributes to the stability of 
the glenohumeral joint, and increases the concav-
ity of the GC (Lippitt et al., 1993). 

Prescher and Klümpen (1997) stated that if the 
notch in the antero-superior part of the GC is 
prominent, the glenoid labrum is not fixed to the 
notch region and may predispose to the Bankart 
lesion. However, the presence of the glenoid not-
ch may not always predispose to having anatomi-
cal variants in the labrum. Thomson et al. (2015) 
reported that the presence of the glenoid notch 
is not a useful tool to predict a normal variant of 
the anterior and superior labrum. Research sug-
gests that individuals with a GC notch have a gre-
ater rate of recurrent shoulder dislocation, with 
a reported 61% occurrence rate (Lo et al., 2004). 
The shoulder joint is more stable since the gleno-
id labrum is attached along GC margins when the 
glenoid notch is absent (Coskun et al., 2006; Khan 
et al., 2020).

The shoulder joint is the most common dislo-
cating joint. Glenoid fractures are common along 
with dislocations due to trauma. Prostheses and 
arthroplasty are needed several times for solu-
tion. The morphometry and variation of the GC 
is actually important in order to decide adequate 
size of the glenoid component in shoulder arthro-
plasty for traumatic or pathological conditions 
associated with shoulder area (Mamatha et al., 
2011; Rajput et al., 2012; Singh et al., 2019). 

Mamatha et al. (2011) stated that recognition of 
variation in normal anatomy of the GC is essential 

for evaluation of pathological conditions such as 
Bankart lesion and osteochondral defects. 

Hassanein (2015) conducted a study to detect 
morphological types and diameters of the GC 
in scapula samples of adult Egyptians, and ex-
pressed that variations in   the form and size of 
the GC should be well-known in order to under-
stand the shoulder joint arthroplasty, and to min-
imize the failure rates that affect the glenoid com-
ponent. There are other studies that analyse the 
morphometric parameters of the glenoid cavity 
on the dry scapula (Khan et al., 2020), cadaver 
(Mathews et al., 2017), or CT (Jia et al., 2020).

The aim of this study was to collect morpho-
logical data of GC, to reveal important measure-
ments that are important for gender determina-
tion through the data obtained, and to evaluate 
these in comparison to the literature. Therefore, 
we believe that this study would provide anatomic 
parameters that would guide anatomists, ortho-
paedic surgeons, prosthesis designers, and an-
thropologists. 

MATERIAL AND METHODS
In the present study, the scapulae of individuals 

were measured through Multi-detector Comput-
ed Tomography (MDCT) in the Radiology Depart-
ment of Meram Faculty of Medicine within Nec-
mettin Erbakan University. MDCT (Sensation 64, 
Siemens, Erlangen, Germany) parameters are as 
follows; 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. 3D and inspace 
programs (Leonardo, Siemens, Germany) were 
used in measuring parameters and GC typing. 

In this study, all patients (443) whose scapulae 
were visible on comparative thoracic MDCT imag-
es between the 1st of January 2014 and the 30th 
of April 2016 were examined. A total of 52 indi-
viduals with fractures, defects, osteoporotic ap-
pearance, and pathological conditions in the mea-
surement area were not included in the study. The 
measurements were carried out on a total of 391 
(197 males and 194 females) individuals without 
any history of trauma or pathology of the shoulder 
joint. The age average of males was 60.28 ± 15.43 
years with an age range of 9 to 94 years; the age 
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average of females was 58.82 ± 16.38 years with 
an age range of 10 to 92 years. Approval of the 
local ethics committee was obtained by decision 
number of 2016/574 within Necmettin Erbakan 
University. Measurements were made once by a 
researcher who has been working in the field of 
radiology for 11 years.

The measurements analysed in the present 
study are as follows: 

GC length (SI): Maximum length between lowest 
point of the GC and the most prominent point of 
supraglenoid tubercle (Fig. 1).

GC width (AP1): Maximum width of the joint 
space (Fig. 1).

GC width at notch level (AP2): The width of the joint 
space at the glenoid notch level (Fig. 1).

GC depth (DGC): The length of the line drawn be-
tween the top and lowest points on axial images, 
and the length of the line drawn 90 degrees verti-
cally from the deepest point of the GC to this line 
(Fig. 1).

GC circumference (PGC): The GC measurement in-
cluding all margins from supraglenoid tubercle, 
and ending in the start point (Fig. 1). 

GC index (GCI): It was calculated as (AP1 ÷ SI) × 
100 [12].

SI, AP1, AP2, DGC and PGC parameters were 
measured in mm and GCI was calculated in %.

There is a notch on the anterosuperior part of 
the GC. When the notch is present, the shape of the 
glenoid cavity can be described as pear-shaped 
or as inverted comma-shaped (when the notch is 
distinct, it is an inverted comma; when the notch 
is slight, it is pear-shaped). When it is absent, the 
cavity is oval-shaped (Prescher and Klümpen, 
1997). In this study, GC was typed in three groups 
as pear (Fig. 2A), inverted comma (Fig. 2B), and 
oval shape (Fig. 2C). 

Statistical analysis of the measurements was 
performed through IBM SPSS Statistics 21.0 pro-
gram. The Paired-Samples T test was used in order 
to compare the measurements on the right and 
left sides. All measurements were also evaluated 

Fig. 2.- Different shapes of the glenoid cavity. A: Pear shape, B: Inverted comma shaped, C: Oval shaped.

Fig. 1.- SI: Superior-inferior glenoid diamater, AP1: Anterior-Posterior glenoid diameter-1, AP2: Anterior-Posterior glenoid diam-
eter-2, DGC: Depth of glenoid cavity (ab length: The length of the line drawn between the top and lowest points on axial images.cd 
length: The length of the line drawn 90 degrees vertically from the deepest point of the GC to this line, PGC: Perimeter of glenoid cavity.
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according to genders through Independent-Sam-
ples T test. Furthermore, the cut-off point, sen-
sitivity, specificity and the area under the curve 
were found for metric values that provide the best 
differentiation between genders by ROC analysis.

RESULTS
There was not any significant difference between 

right and left GC values in SI, AP1, PGC, and GCI pa-
rameters; however, a significant difference was de-
tected between right and left GC values for AP2 and 
DGC. Furthermore, a significant difference was de-
tected in all measurements between males and fe-
males; morphometric values of male GC measure-
ments were detected greater (Table 1) (p < 0.05).

In the present study, 13.1% of the right-side 
samples appeared without notch (Fig. 3A), 81.3% 
of right-side samples appeared with a single notch 
(Fig. 3B) and 5.6% appeared with double notches 
(Fig. 3C); as far as the left-side samples are con-
cerned, 12.5% appeared without notch, 83.1% 
appeared with a single notch, and 4.4% appeared 
with double notches. Moreover, 11% of males had 

no notch; 84% and 5% of males presented single 
and double notch, respectively; and 15% of fe-
males had no notch, whereas 80% and 5% of them 
had single and double notch, respectively. The ra-
tio of the single notch is higher on both sides and 
in both genders. While the ratio of the notch was 
statistically significant between the right and left 
sides, the difference between the sexes was not 
significant (Table 2).

GC shape was found to have pear shape in gen-
ders. The pear GC type was detected in 53.2%, 
inverted comma type was detected in 28.4%, and 
oval type was detected in 18.4% of cases. The 
difference between the genders according to GC 
shape was not statistically significant (p>0.05) 
(Table 3).

According to the data obtained as a result of 
ROC analysis in our study, AP1, SI, PGC and AP2 
parameters give the highest rate in estimation of 
gender, respectively. In addition, it was observed 
that left-sided parameters gave a higher rate in 
estimating gender than right-sided parameters 
(Table 4, Fig. 4).

Table 1. Glenoid cavity morphometry

n
Glenoid cavity morphometry

SI AP1 *AP2 DGC PGC GCI 

Laterality
Rn = 391
Ln = 391

39.20 ± 3.80
38.80 ± 3.70

26.60 ± 3.10
26.40 ± 2.90

19.20 ± 2.20
18.80 ± 2.10

4.20 ± 1.10
4.0 ± 1.10

112.9 ± 10.9
111.9 ± 11.6

67.91 ± 5.08
68.13 ± 5.56

P-value 0.170 0.367 0.022 0.012 0.227  0.564

Gender

Mn = 394 41.60 ± 3.00 28.60 ± 2.30 20.20 ± 1.80 4.50 ± 1.20 119.3 ± 9.90 68.82 ± 5.77

Fn = 388 36.40 ± 2.40 24.40 ± 2.0 17.80 ± 1.70 3.80 ± 0.90 105.5 ± 7.70 67.20 ± 4.70

P- value 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

SI: Superior-inferior glenoid diamater, AP1: Anterior-Posterior glenoid diameter-1, AP2: Anterior-Posterior glenoid diameter-2, 
DGC: Depth of glenoid cavity, PGC: Perimeter of glenoid cavity.  Rn: Right, Ln: Left, Mn: Male, Fn: Female. 
(* For AP2 Rn: 340, Ln: 340; Mn: 350, Fn: 330) (mm) (Mean ± SD) (SD: Standard deviation)

Table 2. Glenoid cavity notch numbers

n

Glenoid cavity notch numbers

Bilateral without glenoid notch One-sided glenoid notch Bilateral glenoid notch
p

N % N % N %

Laterality
Rn = 391 51 13.1 318 81.3 22 5.6 0.000*

Ln = 391 49 12.5 325 83.1 17 4.4 0.000*

Total  nT = 782 100 12.8 643 82.2 39 5

Gender
Mn = 394 43 11 331 84 20 5 0.498

Fn = 388 57 15 312 80 19 5 0.505

N: Number, Rn: Right, Ln: Left, Mn: Male, Fn: Female, nT: Total, * p<0.05
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Table 3. Different shapes of the glenoid cavity

Glenoid Shape
Incidence (%)

p
Total Male Female

Pear shape 53.2 52.2 54.1

0.724Inverted comma shaped 28.4 28 28.9

Oval shaped 18.4 19.8 17

Total 100 100 100

Fig. 3.- Glenoid cavity notch numbers. A: Bilateral without glenoid notch, B: One-sided glenoid notch, C: Bilateral glenoid notch, *: 
shows the glenoid notch.

Fig. 4.- Roc curve.
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Table 4. ROC’s analysis

Parameters AREA p
Cutt 
off 

(mm)

Sensitivity 
(%)

Specifity 
(%)

RSI 0.921 0.000 39 83.4 82.4

LSI 0.922 0.000 38.6 83.4 83.6

RAP1 0.926 0.000 26.2 83.4 84.2

LAP1 0.931 0.000 26.1 86.9 84.8

RAP2 0.837 0.000 19.3 76 77

LAP2 0.843 0.000 18.7 77.1 77

RPGC 0.892 0.000 112.2 81.7 82.4

LPGC 0.908 0.000 112.4 81.7 82.4

RDGC 0.671 0.000 4.1 60.6 0.6

LDGC 0.678 0.000 3.9 62.9 62.4

RGCI 0.585 0.007 67.67 56.6 56.4

LGCI 0.595 0.002 67.54 56.6 55.2

GC: Glenoid cavity, RSI: Right-GC length, LSI: Left-GC length, 
RAP1: Right- GC width, LAP1: Left- GC width, RAP2: Right- 
GC width at notch level, LAP2: Left- GC width at notch level, 
RPGC:  Right- GC circumference, LPGC: Left- GC circumferen-
ce, RDGC: Right- GC depth, LDGC: Left- GC depth, RGCI: Right- 
GC index, LGCI: Left- GC index

DISCUSSION
Evaluation of the morphometry of the glenoid 

cavity plays a key role in different pathological 
conditions such as Bankart lesion, rotator cuff dis-
ease, osteochondral defect. Various researchers 
have performed the morphometric analysis of the 
glenoid cavity in different populations (Coskun et 
al., 2006; Mamatha et al., 2011; Hassanein, 2015; 
Akhtar, 2016; Singh et al., 2019; Khan et al., 2020). 
This study is a radiological study, and measure-
ments were performed through multidetector CT. 
The data obtained was compared with the literature 
findings. We believe that our study may provide a 
great contribution to the literature since there are 
right and left side findings as well as gender data.

SI appears to be greater on the right side than 
left side; however, this finding does not have any 
statistical significance. Although our data are sim-
ilar to results obtained by El-din and Ali (2015) 
Chhabra et al. (2015) and Vaishnani et al. (2018), 
these data are longer than results of other re-
searchers. Furthermore, SI was greater in males 
when compared with females in our study. We be-
lieve that the possible cause is greater bone mass 
quantity of male individuals. Gender-dependent 
SI data is greater than the data obtained by all pre-

vious researchers. SI values on females detected 
in our study are similar to those obtained on fe-
male individuals by Polguj et al. (2013)

In this study, AP1 was found greater on the 
right side than on the left. The AP1 values on the 
right obtained by Merill et al. (2009) and Shi et al. 
(2013), and the left obtained by Aigbogun et al. 
(2017) were similar to our data; however, data ob-
tained by El-din and Ali (2015) was greater than 
our data. AP1 values were detected 28.60 ± 2.30 
mm in males, and 24.40 ± 2.0 mm in females in 
our study. Merill et al. (2009) detected similar AP1 
values to our study in males. Von Schroeder et al. 
(2001) Mathews et al. (2017) and Jia et al. (2020) 
detected greater values whereas results of other 
researchers are lower (Table 5).

AP2 value measurements were found greater on 
the right side than the left side. Findings of Chhab-
ra et al. (2015) are close to our results; however, 
findings of El-din and Ali (2015) are greater. The 
AP2 value (17.40 ± 2.60 mm) in women reported by 
Khan et al (2020) and the AP2 value (17.80 ± 1.70 
mm) in women in our study were similar. Merill et 
al. (2009) and Shewales et al. (2017) detected lower 
gender-based findings than our data (Table 5).

Merill et al. (2009) reported DGC 4.54 ± 0.06 
mm in males, and 3.78 ± 0.07 mm in females. In 
our study, it was found 4.50 ± 1.20 mm in males, 
and 3.80 ± 0.90 mm in females. Our results are 
consistent with results obtained by Merill et al. 
(2009). The difference between male and female 
DGC may be important for prosthesis designers. 
Furthermore, DGC was detected 4.20 ± 1.10 mm 
on the right, and 4.0 ± 1.10 mm on the left on all 
scapulae; believe that these data would contribute 
to further studies (Table 5).

Macaluso et al. (2011) measured PGC values as 
103.04 ± 5.38 mm in men and 91.13 ± 4.73 mm 
in women in South Africa Shi et al. (2013) found 
it to be 97.31 ± 8.43 mm on the right and 97.12 
± 8.83 mm on the left in their study in China. In 
our study, PGC was found as 112.9 ± 10.9 mm in 
the right, 111.9 ± 11.6 mm in the left, 119.3 ± 9.90 
mm in men and 105.5 ± 7.70 mm in women. Our 
data were found longer than Macaluso et al. (2011) 
and Shi et al. (2013) (Table 5). We think this is due 
to racial difference.
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Polguj et al. (2013) detected male and female 
GCI values (71.88 ± 5.77 and 72.98 ± 5.34, respec-
tively) higher than our data. Right and left GCI val-
ues detected in our study are greater than Chhab-
ra et al. (2015) and Akhtar et al. (2016) and lower 
than values found by Dhindsa and Singh (2014), 
Hassanein (2015) and Singh et al. (2019) (Table 5).

Since GC has a variable morphology, anatomy is 
important for surgeons and prosthesis designers. 
The notch on antero-superior part of the GC af-
fects the morphology of the glenoid labrum.  An-
atomic variations of the GC is also important for 
different pathologies including the shoulder joint 
(Yang et al., 2018). Previous studies on the notch 
of the GC in the literature, and data obtained were 
provided in Table 6. In the study, notch was de-
tected on the right side by 87%, no notch was de-
tected on the right side by 13%; and notch was de-
tected on the left side by 87.5%, and no notch was 
detected on the left side by 12.5%. We believe that 
higher values of our study than all other research-
es may be associated with race differences. The 
closest values to our findings are obtained by Ra-
jput et al. (2012).  Prescher and Klümpen (1997) 
stated about the cause of such difference as loose 
attachment of the glenoid labrum onto the GC at 
notch area. In the absence of the glenoid notch, 
the glenoid labrum is attached along GC margins; 
therefore, the shoulder joint is more stable (Co-
skun et al., 2006; Khan et al., 2020). We reviewed 
GCs with notch according to the notch count. We 
detected that GC had no notch by 12.8%, one 

notch by 82.2%, and two notches by 5% (Table 
6). Number of the notches was also reviewed by 
Prescher and Klümpen (1997); rates of GC with no 
notch (35%) and two notches (30%) were higher 
than our findings; however, the rate of GC with 
one notch (35%) was lower.

The pear GC type was detected by 53.2%, in-
verted comma type was detected by 28.4%, and 
oval type was detected by 18.4%. Prescher and 
Klümpen (1997) detected the most common types 
as pear (55%) and inverted comma types in Ger-
man population. Similar to our study, the most 
common GC type was found as the pear type by 
Kavita and Singh (2013) by 58%, by Akhtar et al. 
(2016) by 50.44%, by Singh et al. (2019) in Indi-
an population, by Hassanein (2015) by 45.59% in 
Egyptian population. Among all studies conduct-
ed on this topic, El-Din and Ali (2015) found the 
most common type as the oval type (50.63%) in 
Egyptian population (Table 7). 

The present study has some limitations. The 
first limitation is that interobserver variability was 
not used in the study. Measurements were per-
formed by a single researcher. This disadvantage 
can be overcome by repeating the measurements 
by more than one investigator. Secondly, 391 sam-
ples could be included in the study because the 
study was conducted on a limited geography. Al-
though we think that it is sufficient for this study, 
this number can be increased in future studies 
and it can be planned in a wider geography. Third, 

Table 6. Comparison of notch and non-notch GC values with different researchers

Observers Population n Notch (%) Non-notch (%)

Prescher ve Klümpen (1997) Germany nT: 236 55 45

Mamatha et al. (2011) India
Rn: 98 80 20

Ln: 104 76 24

Rajput et al. (2012) India
Rn: 43 84 16

Ln: 57 85 15

Patil  et al. (2014) India
Rn: 104 81.74 18.27

Ln: 120 77.5 22.5

Hassanein (2015) Egypt
Rn: 38 76.32 23.68

Ln: 30 76.67 23.33

Present study Turkey
Rn: 391 87 13

Ln: 391 87.5 12.5

Rn: Right, Ln: Left, nT: Total.
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because the study was planned retrospective-
ly, a specific age group could not be established 
among the obtained data. Prospective studies to 
be carried out may eliminate this limitation.

When metric values obtained are compared to 
the data obtained by other researchers, different 
results were obtained in studies conducted in 
different countries and populations. Results ob-
tained in our study would be useful for prosthesis 
designers in glenoid component designing, and 
for orthopaedic surgeons for shoulder patholo-
gies and shoulder arthroplasty. In conclusion, we 
think that taking these values into account can 
help design glenoid components for the Turkish 
population.

Handicaps like the gender uncertainty in dried 
bone studies, or the limited number of the cases 
in cadaver studies were not experienced in our 
study. Different from other studies, AP1 and SI 
values were detected as important measurements 
for gender determination (Table 4).  Therefore, 
data obtained would contribute to the literature 
for gender and number. Since the method used in 
our study ensured reliable data evaluation visual-
ly, cases with abnormal anatomic structures that 
show osteophytes and surface roughness were 
easily detected and excluded from the study. How-
ever, such deformations constitute a limitation in 
studies conducted on dried bones; this was min-
imized in our study. Therefore, the data obtained 
would ensure reliable measurements for healthy 
individuals.
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Logistic regression analysis of sex-related 
morphological and dimensional variations 
of maxillary bone: a cone-beam computed 

tomography-based retrospective study
Santiago Palacio-Gutiérrez1, Sara Morales-Galeano1, Jorge L. Obando-Castillo2, Clara I. Saldarriaga-
Naranjo3, Sergio I. Tobón-Arroyave1
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SUMMARY
This study aimed to determine, using a ret-

rospective cone beam computed tomography 
(CBCT) assessment and a logistic regression anal-
ysis, which variations of the maxillary structures 
of interest in surgical, forensic, and anthropolog-
ical practices might be linked to the sex trait in a 
representative sample of Colombian adults with 
different age and alveolar process status catego-
ries. A total of 208 CBCT scans obtained from 83 
males and 125 females were evaluated. The proto-
col included the assessment of 40 parameters, of 
which 25 were bilateral and 15 were unique. The 
strength of association between the study vari-
ables and the sex of the individuals was examined 
individually and adjusted for confounding using 
univariate and multivariate binary logistic regres-
sion models. Although the age and alveolar pro-
cess status had a confounding influence on the re-
sults, posterior maxillary region-related variables 
including maxillary sinus, infraorbital foramen, 
and greater palatine canal dimensions, but also 

anterior maxilla/upper middle line-related vari-
ables comprising nasopalatine canal length, ante-
rior buccal bone thickness, and incisive foramen 
diameter, revealed higher values in males and 
remained strongly and independently associated 
with the male sex after adjusting for confound-
ers. It was concluded that the maxillary bone can 
present several morphological variations, as well 
as dimensional differences that may be strongly 
liaised to sex, but are independent of age, side, 
and the state of the alveolar process of the popu-
lation observed. Even so, both aging and alveolar 
process status should be considered when apply-
ing the anatomical variation data to the needs of 
the particular case.

Key words: Anatomy – Cone beam computed 
tomography – Maxillary bone – Retrospective 
studies – Sex characteristics 
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INTRODUCTION
Accurate knowledge of the anatomical charac-

teristics and their variants is important for the 
timely diagnosis and successful treatment of the 
alterations of the maxillofacial region, as it allows 
the preservation of the integrity of morphological 
features and the minimization of risk of complica-
tions such as neurosensitive disorders, disruption 
of the cortical bone, hemorrhagic accidents, as 
well as nasal/sinus perforations related with im-
proper or unsafe procedures and/or misdiagno-
sis (Güncü et al., 2011). For this purpose, although 
two-dimensional imaging methods including in-
tra- and extra-oral radiographs have been com-
monly used, problems such as the overlapping, 
radiographic noise, magnification, and geometric 
distortion might make them insufficient for the 
detection of anatomical variants (Hakbilen and 
Magat, 2018) when performing oral and maxillo-
facial surgical interventions, thus leading to a de-
ficient assessment and a possible iatrogenic inju-
ry. In contrast, three-dimensional methods, such 
as cone beam computed tomography (CBCT), al-
low the detailed evaluation of the configuration 
and exact location of the anatomical structures in 
the maxillofacial region (Genç et al., 2018; Hak-
bilen and Magat, 2018).

Compelling evidence has addressed the abil-
ity of CBCT images to characterize the alveolar 
process morphology (Canger and Celenk, 2012; 
Hakbilen and Magat, 2018; Manzanera et al., 
2018) and to determine the variations in the mor-
phological and morphometric characteristics of 
the maxillary sinus (MS) and accompanying an-
atomical structures (Genç et al., 2018; Güncü et 
al., 2011; Kanthem et al., 2015; Khojastehpour et 
al., 2016; Sahlstrand-Johnson et al., 2011; Talo 
Yildirim et al., 2017), infraorbital foramen (IOF) 
and accessory infraorbital foramen (AIOF) (Ali 
et al., 2018; Bahşi et al., 2019a; Dagistan et al., 
2017; Martins-Júnior et al., 2017; Nanayakkara et 
al., 2016; Polo et al., 2019), greater palatine canal 
(GPC) and greater palatine foramen (GPF) (Aoun et 
al., 2015; Bahşi et al., 2019b; Ikuta et al., 2013; Ra-
pado- González et al., 2015), nasopalatine canal 
(NPC) (Bahşi et al., 2019c; Hakbilen and Magat, 
2018; Jayasinghe et al., 2020; Khojastepour et al., 
2017), midpalatal suture (MPS) (Angelieri et al., 

2013; Angelieri et al., 2015; Angelieri et al., 2017; 
Reis et al., 2020), as well as to detect incidental 
findings (Lopes et al., 2017; Price et al., 2012) par-
ticularly important in the surgical planning pro-
cess. In spite of the acknowledged advantages of 
CBCT in the evaluation of these structures, all the 
studies available so far have only examined the 
effect of individual variables on their anatomical 
characteristics, concluding that certain param-
eters, including age (Genç et al., 2018; Hakbilen 
and Magat, 2018; Khojastepour et al., 2017), sex 
(Aoun et al., 2015; Bahşi et al., 2019a; Ikuta et al., 
2013; Kanthem et al., 2015; Rapado-González et 
al., 2015; Sahlstrand- Johnson et al., 2011), and 
alveolar process status (Canger and Celenk, 2012; 
Hakbilen and Magat, 2018; Rapado-González et 
al., 2015), may significantly modify the morphol-
ogy and dimensions of mature maxilla. Notwith-
standing, research data in this field have not only 
been inconsistent, but also have not provided in-
formation concerning those covariables that could 
influence the variations as potential confounders, 
so that it is not possible to draw firm conclusions.

Given that the dimensional and morphological 
characteristics of the maxillary bone are highly 
variable among populations and even within the 
same individual, this study aimed to comprehen-
sively determine, through a CBCT analysis, which 
variations of the maxillary structures of inter-
est in the surgical, forensic, and anthropological 
practices could be linked to the sexual trait in a 
representative sample of Colombian adults with 
different age and alveolar process status catego-
ries.

MATERIALS AND METHODS

Study design and setting

This cross-sectional observational study was ap-
proved by the Institutional Ethics Committee for 
Human Studies of the University of Antioquia 
(Concept Number 62-2020), and was conduct-
ed following the ethical guidelines of the Helsinki 
Declaration on CBCT scans of patients attending 
a private imaging specialized center (RADEX 3D 
Specialized Radiology Center) in Medellín, Colom-
bia. The sample size was calculated on the basis of 
patientpopulation referred for radiological exam-
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ination, with a range of indications such as dental 
implants, endodontic procedures, orthodontics, 
oral diseases, and oral or periodontal surgery be-
tween January 2020 and April of 2021. Consider-
ing a total of 358 referred patients for maxillary 
CBCT scans, the sample size calculation using a 
web-based program (Raosoft® Inc., Seattle, WA, 
USA) indicated a sample size requirement of at 
least 186 digital imaging and communications of 
medicine (DICOM) files to identify significant vari-
ations in the bivariate comparisons with a 95% 
confidence level and an alpha value of 5%. Howev-
er, to improve the statistical power, the study sam-
ple was increased by 22 DICOM files, which result-
ed in the definite inclusion of 208 maxillary scans. 
The inclusion criteria were patients aged over or 
equal to 18 years and with absence of pathological 
changes or traumatic and congenital deformities 
in the maxillary bone. On the contrary, the exclu-
sion criteria were the low quality of CBCT images, 
limited field of view hindering the visualization of 
the full maxillary anatomy, as well as evidence of 
ongoing orthodontic treatment or maxillofacial 
surgery. Appropriate informed consent was taken 
from the patients to use the images for research 
purposes before performing CBCT scans.

Image acquisition and evaluation

CBCT images were obtained with the i-CAT® 17-
19 system (Imaging Sciences International, Inc., 
Hatfield, Pennsylvania, USA) operated at 120 kVp, 
37.07 mA, 26.9 seconds of exposure time, 16 cm 
x 13 cm of field vision, and 0.25 mm voxel size. 
All of CBCT scans were acquired using the Frank-
fort horizontal and the midfacial planes as refer-
ences in order to prevent measurement bias in-
duced by head position during image recording. 
The images were simultaneously analyzed, using 
the i-CATVision 1.9® software (Imaging Scienc-
es International), by two Oral and Maxillofacial 
Surgeons (S. P-G. and S. M-G.) standardized by 
two qualified Maxillofacial Radiologists (C.I. S-N. 
and J.L O-C). The standardization was conducted 
through written guidelines and illustrative im-
ages of the different morphological changes and 
morphometric parameters to be evaluated. When 
discrepant information was reported between the 
two examiners, new assessments were conducted 

and further disagreements were arbitrated by a 
third researcher. All evaluations were performed 
on a computer screen under ideal light condi-
tions, using the magnification function of the 
software to enlarge the images and the maximum 
intensity projection mode to achieve superior im-
age performance.

Evaluated parameters in the analysis

Patient-related demographic parameters gath-
ered from the study sample included information 
about sex (i.e., male vs female), age at the time of 
CBCT imaging, maxillary segment (i.e., right pos-
terior, left posterior, or anterior maxilla), and the 
alveolar process status (i.e., non-atrophic, fully 
dentate vs atrophic/partially-atrophic, with totally 
edentulous maxillary segments or at least one ex-
tracted tooth, except third molars) (Talo Yildirim 
et al., 2017). Using multiplanar reconstructions, 
maxillary anatomical structures were analyzed 
separately on both sides of the posterior maxillary 
region and on the anterior maxilla/upper middle 
line as described below:

• The assessment of MS and their related an-
atomical structures included the measure-
ment of maximum craniocaudal (height), 
anteroposterior (depth), and transversal 
(width) dimensions (Fig. 1a-c) (Kanthem 
et al., 2015). The maximum MS height was 
measured on coronal views as the distance 
between the uppermost point of the roof and 
the lowermost point of the floor, whereas 
the depth and width were measured on axi-
al views estimating the distances among the 
most anterior and posterior walls and among 
the outermost and medial point of the MS, 
respectively. Then, the minimum perpendic-
ular distance from the sinus floor to the alve-
olar crest (AC) was determined (Figs. 1d and 
e) taking as landmark the deepest point of 
the sinus floor within the alveolar process as 
observed in the panoramic and coronal cuts.

• Other parameters included in the data set 
were the presence/absence of antral septa 
(Fig. 1f and g), identified as walls of cortical 
bone with a minimal expansion of 2 mm in 
any of the orthogonal views within the MS 
(Hungerbühler et al., 2019); and the detec-
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tion of the posterior superior alveolar artery 
canal (PSAAC), its greater diameter, as well 
as its distance to the alveolar crest (Fig. 1h-k) 
measured as a vertical line in the upper sec-
ond molar region (Elian et al., 2005; Güncü 
et al., 2011; Khojastehpour et al., 2016). This 
PSAAC was identified as a well-defined, cor-
ticated, circular hypodensity or C-shaped 
curve of the lateral sinus wall and registered 
as non-detected vs present (including the in-
traosseous, below the membrane, or on the 
outer cortex presentations).

• With the purpose of analyzing the infraorbit-
al region, the greater diameter of IOF in the 
three orthogonal planes, the vertical distance 
from the IOF to the AC (Bahşi et al., 2019a; 
Dagistan et al., 2017; Nanayakkara et al., 
2016) (Fig. 2a-c), as well as the presence/ab-
sence of the canalis sinuosus (von Arx et al., 
2013) (Csin, Fig. 2b and c) and of the AIOF 
(Ali et al., 2018) (Fig. 2d-f) in the anterior wall 
of MS were also included in the analysis.

• The morphometric evaluation of the GPC 
and the GPF included the measurement of 
the length of the GPC in the sagittal plane 
from the central point of the pterygopala-
tine fossa (PPF, superior aspect) to the cen-

tral point of the GPF (inferior aspect) fol-
lowing established criteria (Tomaszewska 
et al., 2015) with modifications. The length 
of GPC was obtained in millimeters, con-
sidering the sum of the length of two lines 
intersecting in the center of the canal (Fig. 
3a). Furthermore, the maximum anteropos-
terior diameter of the GPC in the axial plane 
and its distance in relation to the poste-
rior nasal spine (PNS), the NPC, and the 
pterygoid hamulus (Bahşi et al., 2019b; Ra-
pado-González et al., 2015) were measured 
with the sagittal palatal plane positioned 
through the center of the supero-inferior di-
mension of the hard palate (Fig. 3b). Also, for 
each GPF, several observations were made 
using axial or coronal reconstructions: (1) 
perpendicular distance from the medial 
wall of GPF to the midline maxillary suture 
(MMS, Fig. 3c) (Bahşi et al., 2019b, Ikuta et 
al., 2013); (2) perpendicular distance from 
the center of GPF opening to the AC (Fig. 3c); 
(3) the angle between the horizontal plane of 
the palatine bone and the vertical axis of the 
GPC measured in the coronal view (Fig. 3d); 
(4) the localization of the GPF with respect 
to the posterior margin of the palatine bone 

Fig. 1.- Representative CBCT scans of MS and accompanying anatomical structures. Images (a) to (e) illustrate the method of mea-
surement (green lines) of some variables as follows: (a) maximum craniocaudal (height), (b) maximum anteroposterior (depth), 
and (c) maximum transversal (width); (d and e) minimum perpendicular distance from the sinus floor to the alveolar crest. (f) Axial 
and (g) coronal views demonstrating the presence of antral septa (solid arrows). Images (h) to (k) depict the anatomical location of 
the PSAA canal as detected through coronal sections (dotted arrows): (h) below the membrane, (i) intraosseous, and (j) on the outer 
cortex. (i) Measurement of the diameter of and the distance from the PSAA canal to the alveolar crest (green lines).
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(i.e., anterior vs on the same line, Fig. 3e and f); 
and (5) the number of the lesser palatine fo-
ramina (LPF, i.e., one vs two or more, Fig. 3g-i) 
(Bahşi et al., 2019b; Gibelli et al., 2017).

• Several anatomical landmarks were as-
sessed on the maxillary midline. In the sag-
ittal plane, the shape of NPC was classified 
according to earlier descriptions (Bahşi 
et al., 2019c; Hakbilen and Magat, 2018; 
Jayasinghe et al., 2020) in several groups 
including hourglass- shaped, cone-shaped, fun-

nel-shaped, cylindrical, banana-shaped, and 
branched (Fig. 4a-f). In addition, the form 
of NPC was classified in the coronal plane 
in three groups: Y-shaped, single canal, and 
double canal (Fig. 4g-i), whereas in the axial 
plane (Fig. 4o and p), the shape (i.e., round-, 
oval-, triangle-, heart-, or kidney-shaped) and 
number of openings (i.e., one vs two or more) 
of NPC at the mid-level, nasopalatine fora-
men (NPF), and incisive foramen (IF) were 
examined according to defined criteria 

Fig. 2.- CBCT scans of the infraorbital region showing: (a) the greater transverse (axial) diameter of IOF, (b) the greater sagittal 
diameter of IOF and the CSin (solid arrow) within the anterior wall of the MS, and (c) the greater coronal diameter of IOF, the CSin 
(solid arrow), and the vertical distance to the crest of the alveolar bone from the mid-point of the IOF. The lower row shows the (d) 
axial, (e) sagittal, and (f) coronal sections used to view additional cut planes in order to explore the canal leading to the AIOF (inset).

Fig. 3.- Landmarks selected to determine the position and dimensions of the GPC and the GPF in different tomographic planes. 
The green lines illustrate the path by which the measurements were obtained: (a) length of GPC in the sagittal plane; (b) maximum 
anteroposterior diameter of the GPC in the axial plane and its distance regarding the posterior nasal spine, NPC, and the pterygoid 
hamulus; (c) distance between the medial wall of GPF and the MMS and distance from the center of GPF to the alveolar crest; (d) 
angle between the horizontal plane of the palatine bone and the vertical axis of the GPC; localization anterior (e) and on the same 
line (f) of the GPF with reference to a tangent line to the posterior margin of the palatine bone (dashed yellow lines); (g-i) axial sec-
tions showing one, two, and three openings of LPF (solid yellow arrows), respectively (insets: coronal views used to determine the 
trajectory of the corresponding lesser palatine canals).
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(Bahşi et al., 2019c). Alternatively, some 
quantitative parameters were calculated 
on the maxillary midline, including the an-
teroposterior diameters of NPF and IF, the 
length of NPC (Fig. 4q), measured as the dis-
tance between the midpoints of NPF and IF 
(Bahşi et al., 2019c, Bornstein et al., 2011; 
Hakbilen and Magat, 2018), the minimum 
anterosuperior buccal bone thickness (Fig. 
4r), and the NPC angle (Fig. 4s) located an-
teriorly among the axis of NPC and the pala-
tal plane (Bahşi et al., 2019c). Furthermore, 
MPS maturation was evaluated on the cen-
tral axial view of the palate and categorized 
in stages A to E (Fig. 5 a-e) using validated 
data (Angelieri et al., 2013).

• All incidental findings defined as unexpect-
ed bone abnormalities with potential clinical 
significance (Price et al., 2012) such as torus 
palatinus (Fig. 5f), palatal/buccal exostoses 
(Figs. 5g and h), and idiopathic osteosclerosis 
(Fig. 5i), were documented for both posterior 
maxillary segments and the anterior maxilla/
upper middle line. Conversely, findings such 
as dental caries, periapical/periodontal con-
ditions, root remnants, altered tooth mor-

phology, supernumerary teeth, and eruption 
disturbances were ruled out of the study.

Statistical methods

Data processing was completed in standard sta-
tistical software (SPSS, v.27.0, IBM, Armonk, NY). 
Several steps were carried out during the analyt-
ic process. Initially, the intra-observer variability 
was determined through double assessments for 
each parameter conducted simultaneously by 
the same examiners using 20 DICOM files chosen 
following a simple random sampling procedure. 
For comparisons, the reliability between the two 
series of data was assessed by using the Cohen’s 
kappa (κ) or the weighted kappa (κw) statistics for 
categorical variables and the intraclass correla-
tion coefficient (ICC) for quantitative variables. 
The interval between tests 1 and 2 was 12 months.

Bivariate analyses were performed to detect dif-
ferences in morphological and dimensional vari-
ables regarding independent variables. For quan-
titative variables, the mode of distribution of the 
data was analyzed using the Kolmogorov-Smirn-
ov test. Because the data were normally distrib-
uted, they were analyzed using the independent 
samples t-test. Homoscedasticity was confirmed 

Fig. 4.- CBCT images showing morphological and dimensional evaluations of different anatomical landmarks assessed on the max-
illary midline. The morphological variations of NPC were classified in the sagittal plane as: (a) hourglass-shaped, (b) cone-shaped, 
(c) funnel-shaped, (d) cylindrical, (e) banana-shaped, and (f) branched. In the coronal plane, the configuration of NPC was catego-
rized as: (g) Y-shaped, (h) single canal, and (i) double canal. In the axial plane the shapes of NPF, IF or NPC were classified at each 
level as: (j) round-shaped, (k) oval-shaped, (l) triangle-shaped; (m) heart-shaped, or (n) kidney-shaped, whereas the number of 
openings was stratified as having (o) one and (p) two or more openings (solid yellow arrows). Measurements of anatomical struc-
tures in sagittal sections included (q) the length of the NPC and the diameters of IF and NPF, (r) the minimum anterosuperior buccal 
bone thickness, and (s) the NPC angle.
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using Levene’s test for equality of variances. Fur-
thermore, Pearson’s chi-square test (χ2) was used 
to compare categorical variables.

Finally, univariate and multivariate binary lo-
gistic regression analyses were applied to confirm 
the association of significant candidate variables 
with the sex adjusting for independent confound-
ing variables with a level of significance of P <0.20 
identified in the bivariate analyses. With this pur-
pose, all continuous data included in the regres-
sion models were dichotomized according to the 
optimal cut-offs points obtained from receiver 
operating characteristic (ROC) curve analysis. 
Positive associations occurred when the odds ra-
tio (OR) was >1 and the confidence interval (CI) 
did not show a value of 1 on any of the constructs. 
In addition, the Hosmer-Lemeshow statistic was 
used to assess the goodness of fit of the regression 
models. Statistical significance was assumed at a 
value of P <0.05.

RESULTS

Sample characteristics and reproducibility 
analysis

The study included 208 DICOM files acquired 
from 83 males with an age range from 18 to 76 

years (mean 47.02 ± 15.87) and 125 females with 
an age range from 18 to 86 years (mean 52.36 ± 
15.57). Based on the ROC curve, for all compari-
sons the optimal cut-off point of the age was es-
timated in 50.5 years. For each DICOM file, irre-
spective of the sex, age, side, or alveolar process 
status, a total of 40 anatomical variables were 
gathered and analyzed. It was noteworthy that 
242 (58.20%) out of 416 posterior maxillary seg-
ments were categorized as non-atrophic, 134 
(32.20%) as partially atrophic, and 40 (9.60%) as 
atrophic. Likewise, the anterior maxillary alveolar 
process status was classified as non-atrophic in 
140 (67.30%) out of 208 cases, partially atrophic 
in 49 (23.60%) cases, and atrophic in 19 (9.10%) 
cases. Overall, in the reproducibility analysis, the 
variability between the two series of data obtained 
by the same examiners was distributed around 
either the mean or the observed values, without 
trends towards over- or under-estimation, so that 
the study results did not show important differ-
ences for intra-observer reliability for any of 
the quantitative or for categorical parameters 
tested. Thus, the reliability values varied between 
0.866 and 1.000, being significantly excellent (P 
<0.001; ICC, Cohen’s κ, and κw tests) for all of the 
variables.

Fig. 5.- CBCT images showing maturation stages of the midpalatal suture (upper row) and some incidental findings of the maxillary 
region (lower row). (a) Stage A of maturation of the midpalatal suture seen as a unique high-density line at the midline. (b) Stage B 
of maturation identified as a scalloped high-density line in some areas and, in other areas, as two parallel, scalloped, high-density 
lines close to each other and separated by small low-density spaces. (c) Stage C of maturation visualized as two parallel, scalloped, 
and high-density lines separated in some areas by small low-density spaces. (d) Stage D of maturation visualized as two scalloped, 
high-density lines on the maxillary portion of the palate but not observed on the palatine bone. (e) Stage E of maturation in which 
the midpalatal suture cannot be recognized. The lower row shows magnified coronal views demonstrating the presence of (f) a to-
rus palatinus in the midline of the palate (solid yellow arrow), (g) a palatal exostosis of the maxillary alveolar process (solid yellow 
arrow), (h) a buccal exostosis of the maxillary alveolar process (solid yellow arrow), and (i) the tomographic appearance of an apical 
idiopathic osteosclerosis (solid yellow arrow).
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Bivariate comparisons of demographic and 
tomographic characteristics of the sample

Tables 1 and 2 display the between-group com-
parisons of the posterior maxillary region- or of 
the anterior maxilla/upper middle line-related 
variables regarding to the sex distribution. From 
Table 1 is apparent that while no significant dif-
ferences (all P >0.05, χ2 or unpaired t tests) were 
detected between sex categories with respect to 
the minimum distance from the sinus floor to the 
AC; presence of antral septa; detection, diameter, 
and distance to the AC of the PSAAC; detection of 
Csin or AIOF; angle among the horizontal plane of 
PB and the GPC; localization of the GPF regard-
ing to the posterior margin of the PB; number of 
the LPF; nor to incidental findings; those data re-
garding the maximum height, depth, and width of 
MS; axial, sagittal, and coronal dimensions of IOF; 
distance from the IOF to the AC; length of GPC in 
the sagittal plane; anteroposterior diameter of the 
GPC in the axial plane; distance from the GPC to 
the PNS, NPC, and to pterygoid hamulus; as well 
as distance of GPF to the MMS and to AC were sig-
nificantly greater (all P <0.05, unpaired t-test) in 
the male group in comparison with the female 
group. Conversely, both the age and the posterior 
alveolar process status fulfilled the condition to 
be deemed as independent confounding variables 
for the association among sex categories and the 
variations of maxillary anatomical structures, as 
they attained P- values <0.20 (χ2 or unpaired t tests) 
in the bivariate tests. Otherwise, only the mean 
values of the length of NPC at sagittal plane, the 
minimum anterior-superior buccal bone thick-
ness, and the diameter of IF were significantly 
higher in the male group (P <0.01, unpaired t-test) 
when compared with the female group (Table 2), 
whereas the age and the anterior maxillary alve-
olar process status also had a confounding influ-
ence on the results (P <0.20, χ2 or unpaired t tests). 
Additionally, in order to identify further sources 
of variability, all morphological and morphomet-
ric data were evaluated by comparing with age, 
maxillary sides, and alveolar process status when 
indicated. As a result, no significant differences 
(all P-values >0.05, χ2 or unpaired t tests, data not 
shown) could be established for any parameter of 
the posterior segments with respect to age and 

maxillary sides. On the contrary, those cases with 
atrophic/partially atrophic posterior alveolar pro-
cesses showed significantly lesser distances from 
the sinus floor or from lower border of the PSAAC 
to the AC and a greater proportion of the GPF were 
located on the same line of the posterior margin 
of the PB (P-values <0.05, data not shown). In 
the same way, data of the anterior maxilla/upper 
middle line showed significantly decreased mean 
values (P-values <0.01, unpaired t test, data not 
shown) for both the length of NPC at sagittal plane 
and the minimum anterior-superior buccal bone 
thickness in cases with age >50.5 years and atro-
phic/partially atrophic alveolar process status. 
Moreover, cases aged >50.5 years had a signifi-
cantly greater proportion (P <0.001, χ2 test, data 
not shown) of stage E of maturation of the MPS. 
Hence, these findings confirmed the confounding 
effect of the age and of the alveolar process status 
on the outcomes.

Outcomes from univariate and multivariate 
binary logistic regression models

The outcomes from univariate and multivari-
ate models for the association of those variables 
that yielded significant differences in the bivar-
iate analyses of both posterior maxillary region 
and anterior maxilla/upper middle line with the 
sex of the individuals, are presented in Tables 3 
and 4, respectively. In general, the Hosmer-Leme-
show goodness-of-fit test values fluctuated from 
0.206 to 0.994, indicating that the models were 
adequately adjusted. Regarding posterior maxil-
lary region-related variables, it can be seen from 
Table 3, that the OR was significantly increased 
(P <0.05, Wald’s test) for male group in cases with 
MS height >35.65 mm, MS depth >35.44 mm, MS 
width >26.65 mm, diameter of IOF in the axial 
plane >4.15 mm, diameter of IOF in the sagittal 
plane >3.67 mm, diameter of IOF in the coronal 
plane >3.71 mm, distance from the mid-point of 
the IOF to the AC >29.72 mm, length of GPC in 
the sagittal plane >35.60 mm, anteroposterior di-
ameter of the GPC in the axial plane >5.55 mm, 
distance from the GPC to the PNS >15.78 mm, 
distance from the GPC to the NPC >31.94 mm, 
distance from the GPC to the pterygoid hamulus 
>9.25 mm, distance from the medial wall of GPF 
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Table 1. Bivariate comparisons of posterior maxillary region-related variables regarding to the sex distribution.

Parameter
Sex categorya

P-valueMale
(n = 166)

Female 
(n = 250)

Age (years)b 47.15 ± 15.96 52.36 ± 15.44 0.001e

Posterior alveolar process statusc
Non-atrophic 90 (54.20) 152 (60.80)

0.183f

Atrophic/partially atrophic 76 (45.80) 98 (39.20)

Maximum MS height (mm)b 39.23 ± 4.90 34.48 ± 4.23 <0.001e

Maximum MS depth (mm)b 37.35 ± 3.74 34.45 ± 3.22 <0.001e

Maximum MS width (mm)b 27.97 ± 5.08 25.80 ± 4.20 <0.001e

Minimum distance from the sinus floor to the AC (mm)b 6.25 ± 3.68 6.34 ± 3.01 0.762e

Antral septac
Present 75 (45.20) 98 (39.20)

0.226f

Absent 91 (54.80) 152 (60.80)

Detection of PSAACc
Presentd 125 (75.30) 189 (75.60)

0.945f

Non-detected 41 (24.70) 61 (24.40)

Diameter of PSAAC (mm)b 1.37 ± 0.55 1.26 ± 0.44 0.060e

Distance among lower border of the PSAAC to the AC (mm)b 16.16 ± 3.76 15.90 ± 3.67 0.549e

Greater diameter of IOF in the axial plane (mm)b 4.50 ± 1.07 4.12 ± 0.92 <0.001e

Greater diameter of IOF in the sagittal plane (mm)b 3.99 ± 0.91 3.51 ± 0.86 <0.001e

Greater diameter of IOF in the coronal plane (mm)b 3.96 ± 0.81 3.59 ± 0.72 <0.001e

Distance from the mid-point of the IOF to the AC (mm)b 31.29 ± 3.29 29.69 ± 2.76 <0.001e

Detection of Csinc
Present 152 (91.60) 214 (85.60)

0.067f

Absent 14 (8.40) 36 (14.40)

AIOFc
Present 34 (20.50) 34 (13.60)

0.063f

Absent 132 (79.50) 216 (86.40)

Length of GPC in the sagittal plane (mm)b 37.58 ± 3.05 34.97 ± 3.01 <0.001e

Anteroposterior diameter of the GPC in the axial plane (mm)b 6.34 ± 1.57 5.27 ± 1.22 0.003e

Distance from the GPC to the PNS (mm)b 16.44 ± 1.29 15.33 ± 1.71 <0.001e

Distance from the GPC to the NPC (mm)b 33.11 ± 3.37 31.81 ± 3.14 <0.001e

Distance from the GPC to the pterygoid hamulus (mm)b 9.69 ± 1.68 9.00 ± 1.69 0.001e

Distance from the medial wall of GPF to the MMS (mm)b 13.87 ± 1.45 13.53 ± 1.45 0.020e

Distance from the center of GPF to the AC (mm)b 11.18 ± 2.36 9.31 ± 2.33 <0.001e

Angle among the horizontal plane of PB and the GPC (degrees)b 93.27 ± 7.76 94.41 ± 9.08 0.172e

Localization of the GPF regarding 
to the posterior margin of the PBc

Anterior 121 (72.90) 179 (71.60)
0.774f

On the same line 45 (27.10) 71 (24.80)

Number of the LPFc
One 90 (54.20) 159 (63.60)

0.056f

Two or more 76 (45.80) 91 (36.40)

Incidental findingsc

Absent 155 (93.40) 232 (92.80)

0.242fPalatal/buccal exostoses 11 (6.60) 14 (5.60)

Idiopathic osteosclerosis -- 4 (1.60)

Abbreviations: MS, maxillary sinus; AC, alveolar crest; PSAAC, posterior superior alveolar artery canal; IOF, infraorbital foramen; 
Csin, canalis sinuosus; AIOF, accessory infraorbital foramen; GPC, greater palatine canal; PNS, posterior nasal spine; NPC, naso-
palatine canal; GPF, greater palatine foramen; MMS, midline maxillary suture; PB, palatine bone; LPF, lesser palatine foramina
aData based on the sum of right- and left-maxillary posterior sides
bValues are given as mean ± SD
cValues given as n (%) of cases within each parameter according to the sex category
dIncluding intraosseous (n = 217), below the sinus membrane (n = 81), and on the outer cortex (n = 16) locations
eTwo-sided unpaired t-test
fTwo-sided Pearson’s chi-square test (χ2)
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Table 2. Bivariate comparisons of anterior maxilla/upper middle line-related variables regarding to the sex distribution.

Parameter
Sex category

P-valueMale
(n = 83)

Female
(n = 125)

Age (years)a 47.02 ± 15.87 52.36 ± 15.57 0.015c

Anterior maxillary alveolar process statusb
Non-atrophic 51 (61.40) 89 (71.20)

0.142d

Atrophic/partially atrophic 32 (38.60) 36 (28.80)

Sagittal morphology of NPCb

Hourglass-shaped 22 (26.50) 27 (21.60)

0.421d

Cone-shaped 10 (12.00) 11 (8.80)

Funnel-shaped 15 (18.10) 22 (17.60)

Banana-shaped 14 (16.90) 24 (19.20)

Cylindrical 16 (19.30) 37 (29.60)

Branched 6 (7.20) 4 (3.20)

Coronal morphology of NPCb

Y-shaped 29 (34.90) 40 (32.00)

0.491dSingle canal 48 (57.80) 80 (64.00)

Double canal 6 (7.20) 5 (4.00)

Axial mid-level morphology of NPCb

Round-shaped 36 (43.40) 45 (36.00)

0.302d

Oval-shaped 15 (18.10) 29 (23.20)

Triangle-shaped 8 (9.60) 5 (4.00)

Heart-shaped 17 (20.50) 31 (24.80)

kidney-shaped 7 (8.40) 15 (12.00)

Number of NPC at mid-level of axial planeb
One canal 65 (78.30) 104 (83.20)

0.377d

Two or more canals 18 (21.70) 21 (16.80)

Length of NPC at sagittal planea 13.04 ± 3.02 10.93 ± 2.42 <0.001c

NPC angle at sagittal planea 69.06 ± 8.57 67.11 ± 9.26 0.123c

Minimum anterior-superior buccal bone thicknessa 7.22 ± 1.51 6.03 ± 1.71 0.001c

Diameter of IFa 4.08 ± 0.92 3.48 ± 0.96 0.001c

Axial morphology of IFb

Round-shaped 29 (34.90) 43 (34.40)

0.098d

Oval-shaped 13 (15.70) 9 (7.20)

Triangle-shaped 18 (21.70) 24 (19.20)

Heart-shaped 18 (21.70) 45 (36.00)

kidney-shaped 5 (6.00) 4 (3.20)

Number of IF at axial planeb
One opening 78 (94.00) 120 (96.00)

0.504d

Two or more openings 5 (6.00) 5 (4.00)

Diameter of NPFa 3.67 ± 1.82 3.41 ± 1.63 0.296c

Axial morphology of NPFb

Round-shaped 28 (33.70) 39 (31.20)

0.403d

Oval-shaped 28 (33.70) 30 (24.00)

Triangle-shaped 4 (4.80) 6 (4.80)

Heart-shaped 7 (8.40) 17 (13.60)

kidney-shaped 16 (19.30) 33 (26.40)

Number of NPF at axial planeb
One opening 46 (55.40) 85 (68.00)

0.066d

Two or more openings 37 (44.60) 40 (32.00)

MPS maturationb

Stage A 3 (3.60) --

0.259d

Stage B 5 (6.00) 11 (8.80)

Stage C 12 (14.50) 16 (12.80)

Stage D 17 (20.50) 24 (19.20)

Stage E 46 (55.40) 74 (59.20)

Incidental findingsb
Absent 78 (94.00) 107 (85.60)

0.059d

Torus palatinus 5 (6.00) 18 (14.40)

Abbreviations: NPC, nasopalatine canal; IF, incisive foramen; NPF, nasopalatine foramen; MPS, midpalatal suture
aValues are given as mean ± SD
bValues given as n (%) of cases within each parameter according to the sex category
cTwo-sided unpaired t-test
dTwo-sided Pearson’s chi-square test (χ2)
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to the MMS >14.98 mm, and distance from the 
center of GPF to the AC >9.25 mm. It was further 
striking that, regarding anterior maxilla/upper 
middle line-related variables (Table 4), the OR 
was also significantly increased for male group in 
cases with a length of NPC at sagittal plane >11.57 
mm, minimum anterior-superior buccal bone 
thickness >6.57 mm, and a diameter of IF >3.60 
mm. After adjusting for the effects of confound-
ers, all these candidate variables remained strong 
and independently associated with the male sex 
(P <0.05).

DISCUSSION
Detailed study of the maxillary anatomical struc-

tures has been helpful in diverse fields, including 
oral and maxillofacial surgery, otorhinolaryngolo-
gy, ophthalmology, plastic surgery, head and neck 
surgery, as well as in forensic and anthropological 
practices (Ali et al., 2018; Paknahad et al., 2017). 
As can be appreciated from the references pro-
vided, there are many dry-skull- and CBCT-based 
studies in which anatomical variations of the MS, 
infraorbital region, hard palate, anterior maxil-
lary region, and their related anatomical struc-
tures have been examined separately, but the 
information has been not only fragmentary, but 
also the results have been controversial. At the 
knowledge of the authors, this is the first study, 
using CBCT scans, that reports comprehensive-

ly data concerning the strength/independence 
of dimensional differences and morphological 
variations of diverse maxillary structures based 
on sex comparisons, and taking into account syn-
chronously the modifying effect of the age and al-
veolar process status on the measurements 
and observations performed in the sample. 
Alternatively, this study demonstrated that CBCT 
imaging is a reliable method for the assessment of 
morphological and morphometric features of var-
ious reference points related with the maxillary 
bone, as the intra-observer reproducibility values 
were significantly excellent for the evaluated data 
in all multiplanar reconstructions. The clinical 
relevance of the accurate knowledge about the oc-
currence, exact location, and dimensions of these 
structures lies in its implication in numerous sur-
gical procedures, including the surgical removal 
of impacted or supernumerary teeth, or also in 
orthognathic, implant, periodontal, endodontic, 
or sinus surgery (Ali et al., 2018; Manzanera et al., 
2018; Martins-Júnior et al., 2017; von Arx et al., 
2013) among many others, as the inattention of 
these anatomical variations may lead to surgical 
failures and/or complications.

It has been acknowledged that male and female 
cranial structures differ, which is referred as sex-
ual dimorphism (Thornhill and Gangestad, 2006), 
and that this phenomenon is as great as in other 
parts of the body (Baughan and Demirjian, 1978). 

Table 4. Univariate/multivariate binary logistic regression analyses for association of significant anterior maxilla/upper middle 
line-related variables with the sex trait adjusting for age and alveolar process status.

Parameters
Casesa Univariate analysis Multivariate binary logis-

tic regression analysis
Calibrationd

Male
(n = 83)

Female
(n = 125)

Unadjusted OR 
(95% CI)b P-valuec Adjusted OR 

(95% CI)b P-valuec

Length 
of NPC at 
sagittal 
plane

≤11.57 mm 24 (28.90) 77 (61.60) Referent

<0.001 <0.001 0.981
>11.57 mm 59 (71.10) 48 (38.40) 3.94 (2.17 – 7.16) 4.89 (2.55 – 9.36)

Minimum 
anterior-
superior 
buccal bone 
thickness

≤6.57 mm 23 (27.70) 76 (60.80) Referent

<0.001 <0.001 0.803
>6.57 mm 60 (72.30) 49 (39.20) 4.05 (2.22 – 7.37) 4.86 (2.53 – 9.34)

Diameter 
of IF

≤3.60 mm 27 (32.50) 80 (64.00) Referent
<0.001 <0.001 0.561

>3.60 mm 56 (67.50) 45 (36.00) 3.69 (2.05 – 6.63) 4.11 (2.23 – 7.57)

Abbreviations: NPC, nasopalatine canal; IF, incisive foramen
aValues are given as n (%) of males and females within each dichotomized parameter according ROC curve analysis. bOdds ratio 
(95% confidence interval). cWald test. dHosmer & Lemeshow goodness-of-fit test.
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Considering that estrogen levels limit the growth of 
facial bones, while testosterone, along with growth 
hormones, enhance it (Thornhill and Gangestad, 
2006), it would be possible to argue that a high ratio 
of testosterone-to-estrogen might affect the facial 
growth (Bardin and Catterall, 1981). In agreeance 
with the former, in this study, the dimensions of 
the right and left MS were significantly greater in 
males when compared with those of females. This 
finding is consistent with those of previous studies 
(Farias et al., 2019; Kanthem et al., 2015; Pakna-
had et al., 2017; Sahlstrand-Johnson et al., 2011; 
Uthman et al., 2011), but differs from other (Genç 
et al., 2018) in which no sexual dimorphism was 
identified in relation to these parameters. More-
over, like in this study, some researchers have 
found no significant differences between the two 
sides (Farias et al., 2019; Sahlstrand-Johnson et al., 
2011), whereas others have documented statistical 
differences between the right and left MS both in 
males and females (Uthman et al., 2011). Despite 
former discrepancies, all resulting data from the 
MS measurements appear to correspond well with 
those disclosed by others (Farias et al., 2019; Genç 
et al., 2018; Kanthem et al., 2015; Paknahad et al., 
2017; Sahlstrand-Johnson et al., 2011; Uthman et 
al., 2011). Overall, these results are especially im-
portant considering that both the number and total 
duration of respiratory infections have been linked 
negatively with male, but positively with female sex 
(Thornhill and Gangestad, 2006). Moreover, large 
national surveys from North America have reported 
that chronic rhinosinusitis is approximately twice 
as common in females as in males (Ference et al., 
2015). In contrast, the distance from the floor of 
the sinus to the AC appears not to be influenced by 
sexual dimorphism or the side of the maxillary seg-
ment, but rather by the atrophic/partially atrophic 
condition of the alveolar crest, which is in line with 
studies that have shown that the reduced vertical di-
mension in the posterior maxilla of edentulous indi-
viduals is linked to the ridge resorption and the MS 
pneumatization (Canger and Celenk, 2012; Farina 
et al., 2011).

Other sinus-related structures analyzed, for 
which divergent outcomes have been published, 
were the antral septa and the PSAAC. It has been 
proposed that, etiologically, antral septa might 

represent partly congenital abnormalities (pri-
mary septa) derived from the developing maxilla 
or partly acquired abnormalities (secondary sep-
ta) related to the irregular atrophy of the poste-
rior maxillary alveolar process (Hungerbühler et 
el. 2019; Talo Yildirim et al., 2017). In this study, 
regardless of the origin, a high prevalence of si-
nus septa, with no significant differences accord-
ing to sex, age, side, or alveolar process status 
was detected in the scans, which concurs with 
some studies (Genç et al., 2018; Talo Yildirim et 
al., 2017), which have suggested that there is a 
wide variation in the prevalence of sinus septa, 
irrespective of the demographic characteristics 
of the individuals or the degree of alveolar at-
rophy. On the other hand, the differences in the 
studies related to the PSAAC are very wide. In the 
present study, the PSAAC was large enough to 
be identified by CBCT scans in more than three 
quarters of the cases, being the intraosseous 
presentation the most frequently observed 
(69.11%), followed by the presentation below the 
sinus membrane (25.80%), and on the outer cor-
tex (5.09%), which is relatively in accordance with 
the frequencies reported in some studies (Elian et 
al., 2005; Güncü et al., 2011). Even so, the com-
parison of detection rates per sex, sides, age cat-
egory, or alveolar process status did not throw 
significant differences. Although, these results 
coincide, at least partially, with those of an earli-
er study (Genç et al., 2018), andalso differs from 
others which have reported significantly greater 
detection rates in females (Güncü et al., 2011) and 
older adults (Khojastehpour et al., 2016). More-
over, whereas it has been proposed that the di-
ameter and the distance from the artery to the AC 
are greater in males compared to females (Genç 
et al., 2018; Güncü et al., 2011; Khojastehpour et 
al., 2016), the present results failed to show such 
differences. Notwithstanding, it was noteworthy 
that this distance was significantly less in cases 
with atrophic/partially atrophic alveolar process, 
as has also been described by others (Tehranchi 
et al., 2017; Velasco-Torres et al., 2016) who pos-
tulates that, since variations in the level of the 
alveolar process depend on the absence of teeth, 
the height of the residual alveolar crest might be 
considered as an utmost factor in determining the 
approximate position of the PSAAC.
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Another issue of discussion concerns the sexual 
dimorphism in the characteristics and morpho-
metric aspects of the infraorbital region, since 
although it is difficult to compare the results pre-
sented herein with other experimental data due to 
differences in the landmarks used, in consonance 
with other observations (Bahşi et al., 2019a), this 
study confirmed, at least in part, that not only 
the axial, sagittal, and coronal dimensions of IOF, 
but also the distance from the IOF to the AC, are 
significantly greater in the male group with no 
side-related differences. Nevertheless, some au-
thors have failed to identify statistical differences 
according to sex, though several morphometric 
parameters have shown higher values in males 
than in females and significant differences be-
tween the left and right sides (Dagistan et al., 
2017). Two other important structures evaluated 
in this region were the Csin and AIOF. With re-
gard to Csin, an important but little-known struc-
ture that has a singular tortuous pathway within 
the anterior wall of the MS below the orbital mar-
gin (von Arx et al., 2013), although no significant 
sex-related differences could be detected, the 
high detection rate in this study was remarkable 
and confirms that it should be regarded as a com-
mon reference landmark and not an anatomical 
anomaly of the superior alveolar nerve (Wanzeler 
et al., 2015). Conversely, the detection rate of the 
AIOF in the present study, albeit low and showing 
no significant sex-related differences, was prac-
tically analogous to various reported data (Ali et 
al., 2018; Martins- Júnior et al., 2017), but also 
dissimilar from that described in other studies 
(Dagistan et al., 2017; Nanayakkara et al., 2016; 
Polo et al., 2019) performed on adult dry skulls or 
CBCT evaluations. In fact, on the basis of its detec-
tion frequency some authors believe that the oc-
currence of AIOF might have a genetic basis (Polo 
et al., 2019).

The current study also analyzed a series of pa-
rameters useful to characterize the GPC in this 
adult sample. Accordingly, seven specific mea-
surements were significantly higher in the male 
group, including the length of GPC in the sagittal 
plane, the anteroposterior diameter of the GPC 
in the axial plane, the distance from the GPC to 
the PNS, NPC, and to pterygoid hamulus, as well 

as the distance of GPF to the MMS and to AC. Al-
though there is great variability in the measure-
ments obtained by other authors, the results ob-
tained in this work indicated a close concordance 
with the published data (Aoun et al., 2015; Bahşi 
et al., 2019b; Gibelli et al., 2017, Ikuta et al., 2013; 
Rapado-González et al., 2015; Tomaszewska et al., 
2015). Assuming that age, side, or alveolar process 
status had no statistical influence on the mea-
surements, all significant sex-related differences 
detected in various measurements can be also ac-
counted by sexual dimorphism and are consistent 
with reports of male-female differences of the cra-
niofacial complex (Aoun et al., 2015; Baughan and 
Demirjian, 1978; Gibelli et al., 2017, Görürgöz and 
Öztaş, 2022; Tomaszewska et al., 2015). However, 
discordant data have been also reported regarding 
these dimorphic traits (Bahşi et al., 2019b; Ikuta et 
al., 2013; Rapado-González et al., 2015). Another 
outstanding issue of the herein results was that, in 
absence of age-, side-, or sex-related differences, 
a significant greater proportion of GPF located on 
line with the posterior margin of the PB were ob-
served in cases with atrophic/partially atrophic al-
veolar process. Although little information is avail-
able about this relationship, this finding might be 
in agreement with a study which suggests that the 
anteroposterior position of GPF does not depend 
upon the sex and side (Gibelli et al., 2017); instead, 
it might actually be related to the decreased al-
veolar ridge dimensions in maxillary posterior 
segments of edentulous and partially edentulous 
individuals (Farina et al., 2011). A further point of 
agreement between this work and prior investiga-
tions (Bahşi et al., 2019b; Gibelli et al., 2017) re-
fers to the lack of significant differences in terms 
of sex, age, side, and alveolar process status for 
the number of LPF and for the angle among the 
horizontal plane of PB and the GPC. Nonetheless, 
due to the inconstant reported frequency of LPF, 
but also because the reference points used in this 
and other works differ from each other, more data 
would require for determining the variability of 
this anatomic trait.

The outcome analysis for the anterior maxilla/
upper middle line showed differences only for 
some variables. In terms of sex, the present re-
sults were similar to other researches that found 
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significantly greater measures for the length of 
NPC (Bornstein et al., 2011; Görürgöz and Öztaş, 
2022; Hakbilen and Magat, 2018; Khojastepour et 
al., 2017; Rai et al., 2021), anterior- superior buc-
cal bone thickness (Bornstein et al., 2011; Hak-
bilen and Magat, 2018; Khojastepour et al., 2017), 
and diameter of IF (Bahşi et al., 2019c; Görürgöz 
and Öztaş, 2022; Khojastepour et al., 2017; Rai et 
al., 2021) in the male group. Nevertheless, dis-
senting data have also been reported (Bahşi et 
al., 2019c; Hakbilen and Magat, 2018). Although 
the exact reason for differences between men and 
women is not fully clear, it might be argued that 
these variations constitute a reflection of hor-
mone-dependent sexually dimorphic traits. At 
the same time, and in agreement with data that 
suggest that the NPC is not a static structure but 
shows dimensional changes liaised with param-
eters such as aging and tooth loss (Hakbilen 
and Magat, 2018; Mardinger et al., 2008), the val-
ues presented herein for the length of NPC and 
the buccal bone thickness were significantly 
smaller in cases with age >50.5 years or atro-
phic/partially atrophic alveolar process, so that 
these measurements might related to bone re-
modeling and increased structural loss observed 
with age progression (Hakbilen and Magat, 2018). 
It is important to highlight that the current results 
might parallel, at least partially, those described 
by other studies (Bahşi et al., 2019c; Görürgöz 
and Öztaş, 2022; Hakbilen and Magat, 2018; 
Jayasinghe et al., 2020), which found that the age, 
sex, or alveolar process status had no significant 
effects on the number of nasal/buccal openings, 
angulation, or shapes of the NPC. In this sense, 
it has been concluded that t h e  morphology of 
the NPC is highly variable and different popu-
lations show diverse traits/shapes (Görürgöz and 
Öztaş, 2022; Jayasinghe et al., 2020). Another in-
vestigated subject was the maturation of the MPS, 
in which regardless of the sex or alveolar pro-
cess status, stage E was found to be significantly 
more frequent in cases aged >50.5 years. Where-
as there is no available information pertaining 
to the maturation of facial sutures in adulthood, 
this finding concurs with evidence that stage E 
increases in prevalence with age (Angelieri et al., 
2017). Inasmuch as the continuous progress of 
skeletal maturation can lead to the obliteration 

of the MPS (Reis et al., 2020), the age of the 
individuals may be a practical alternative to pre-
dict some MPS stages (Angelieri et al., 2015). The 
last topic evaluated in this work included the 
detection of incidental findings on both sides 
of the posterior maxillary region and on the 
anterior maxilla/upper middle line. The results 
showed a low frequency of these alterations, the 
most common being torus palatinus (11.10%), 
followed by palatal/buccal exostoses (6.00%), and 
just a small number of cases of idiopathic osteo-
sclerosis (1.00%). Considering that no significant 
differences were detectable between the propor-
tions observed according to sex, age, side, or al-
veolar process status, these detection rates were 
close similar to those already reported for max-
illary CBCT scans (Lopes et al., 2017; Price et al., 
2012). Despite the low detection frequency, since 
these abnormalities can arise anywhere regard-
less of the sex, age group or alveolar process sta-
tus, its recognition emphasizes the need to fully 
examine the volume of the CBCT study to detect 
the presence of hidden disturbances that may 
require intervention or monitoring (Price et al., 
2012).

It is important to point here that the differences 
observed between the studies may be attributable 
to several factors related with the variation in an-
thropometric characteristics of the sample popu-
lation, ethnic variability of anatomical structures 
(Ali et al., 2018; Bahşi et al., 2019c; Gibelli et al., 
2017; Görürgöz and Öztaş, 2022; Hakbilen and 
Magat, 2018; Manzanera et al., 2018; Tomasze-
wska et al., 2015), age groups analyzed (Hak-
bilen and Magat, 2018; Talo Yildirim et al., 2017), 
alongside some features related with the meth-
odological heterogeneity, among these, sample 
size (Hakbilen and Magat, 2018; Jayasinghe et al., 
2020), type of image examination (Khojastehpour 
et al., 2016; Talo Yildirim et al., 2017), measure-
ment techniques, and different anatomical land-
marks (Görürgöz and Öztaş, 2022; Jayasinghe et 
al., 2020; Velasco-Torres et al., 2016). Despite of 
aforesaid, it has been accepted that although the 
collected information can vary according to dif-
ferent populations, the outcomes concerning the 
possible influence of the sex on each parameter 
are almost unanimously concordant, when stud-
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ies are performed according to the same anatom-
ical landmarks (Gibelli et al., 2019). Adding to the 
former findings, in the present study a total of 14 
covariates related to the maxillary posterior re-
gion and three covariates related to the maxillary 
anterior/upper midline were strongly and inde-
pendently associated with the male sex even after 
adjusting for age and alveolar process status. This 
finding is important mainly because, in addition 
to the fact that these variables may be usefulness 
for defining safe surgical areas during the plan-
ning of different maxillofacial surgical approach-
es, taking altogether, the CBCT measurements 
might constitute useful features for sexing of skel-
etal remains in the forensic or anthropology con-
text when other methods of identification have 
been inconclusive (Kanthem et al., 2015; Uthman 
et al., 2011). Hence, additional studies with dif-
ferent statistical approaches using discriminant 
analyses to investigate different populations are 
essential to confirm and validate the results ob-
tained in the present study.

As a final point, two main limitations were iden-
tified in this study. First, CBCT assessments were 
performed in a Colombian population that pos-
sesses a complex ethnic structure of individuals 
of different ethnic origins. This fact may preclude 
the generalizability of the study outcomes to oth-
er ethnic groups with different maxillary mor-
phological features. Second, although overall the 
increased values of 17 covariates were strongly 
and independently associated with the male sex, 
other parameters, including the chewing func-
tion, extent of tooth loss, and the period of wear-
ing prosthesis might have an important effect on 
the reported data. Even so, since to transfer the 
results to clinically relevant conditions, the find-
ings must be strong and constant across different 
comparisons, adhering to the outcomes present-
ed, it appears that, regardless of dental and pros-
thetic features, all of these covariates are robustly 
linked to the male sex.

CONCLUSION
Based on the current data, it would possible to 

conclude that the maxillary bone can present sever-
al morphological variations, as well as dimensional 
differences that may be strongly liaised to sex but 

are independent of age, side, and the state of the 
alveolar process of the population observed. Even 
so, both aging and alveolar process status should be 
considered when applying the anatomical variation 
data to the needs of the particular case.
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SUMMARY
Parahiatal hernias are rare. They are difficult to 

diagnose preoperatively, as the clinical symptoms 
may be similar to hiatal and paraoesophageal 
hernias. Here, we report two cases of parahiatal 
hernia that were preoperatively diagnosed and 
successfully repaired laparoscopically; using the 
particular anatomic characteristics of this her-
nia, we also review the controversial oesophageal 
hiatal anatomy, as the surgical community often 
refers to the left bundle of the right crus as the left 
crus. There is no consensus on the indication or 
surgical technique to repair them.

The first case is a 59-year-old woman with 
non-specific abdominal symptoms, in whom the 
preoperative gastroscopy and computed tomog-
raphy (CT) raised the suspicion for parahiatal 
hernia. The second case is a 68-year-old wom-
an who presented to the emergency department 
with abdominal distention and nausea, but no 
vomiting. Preoperative CT raised the suspicion of 
an incarcerated parahiatal hernia. Both patients 
underwent laparoscopic repair of the parahiatal 
hernia and a Toupet fundoplication. They had an 
uneventful postoperative course. After more than 

4 years of follow-up, they are both asymptomatic. 
Parahiatal hernias are a rare form of diaphrag-
matic hernia that occur through a diaphragmatic 
defect lateral to an anatomically normal oesoph-
ageal hiatus, with herniation of contents between 
the left portion of the right crus and the left crus. 
Up to five different anatomical variations have 
been described. The knowledge of these anatom-
ical variations has an impact on the type of surgi-
cal repair that will need to be performed if a para-
hiatal hernia is found.

Key words: Parahiatal hernia – Left crus – Oe-
sophageal hiatus – Gastroesophageal reflux 

INTRODUCTION
Parahiatal hernia (PH) is a rare form of dia-

phragmatic hernia that occurs from muscular 
defects separate from the oesophageal hiatus and 
the foramina of Morgagni (Demmy et al., 1994; 
Scheidler et al., 2002; Palanivelu et al., 2008; Oht-
suka et al., 2012; Lew and Wong, 2013; Takemura 
et al., 2013; Akiyama et al., 2017; Staerkle et al., 
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2018; Preda et al., 2019; Li et al., 2020). The ana-
tomical studies of the oesophageal hiatus report-
ed by Collis et al. in 1954 demonstrated that there 
is a large right crus and a smaller left crus which 
takes no part in the formation of the oesophageal 
hiatus (Collis et al., 1954). PH result from the her-
niation of intraabdominal contents between the 
left portion of the right crus and the left crus lat-
eral to, but distinct from, an intact oesophageal 
hiatus (Koh et al., 2016; Li et al., 2020). PH are 
often misdiagnosed as paraoesophageal hernias 
(POH), as they may have similar radiological find-
ings (Koh et al., 2016).

Although the symptoms of PH are similar to 
POH, the herniation through a parahiatal defect is 
generally associated with a high risk of develop-
ing perforation and strangulation of the involved 
organs, which can be life-threatening (Li et al., 
2020). There is no consensus regarding the diag-
nosis and treatment of PH (Li et al., 2020) .

It is common in surgical practice to call the “left 
crus” the bundle of muscles situated medially to 
the oesophagus, when in actuality both medial 
and lateral muscles are part of the right crus. The 
importance of this anatomical variation lies on 
the higher risk of complications associated to PH, 
advocating for an early repair, and on the different 
surgical approach required for PH with no reflux 
symptoms in comparison to those that do have 
acid reflux symptoms and POH.

The aim of this paper is to present two cases of 
PH treated in our unit and also to review the anat-
omy of the oesophageal hiatus, clarifying which is 
the true left crus, and highlighting the importance 
of its anatomical knowledge when performing a 
surgical repair of a PH.

CLINICAL CASES
The first case is a 59-year-old woman, with no 

remarkable past medical history and no previous 
abdominal surgeries, who presented with dys-
pepsia, nausea, vomiting and abdominal pain. 
An oesophago-gastro-duodenoscopy (OGD) was 
performed, showing a patulous oesophagogastric 
junction (OGJ) and a herniation of the fundus in a 
parahiatal fashion with the OGJ at the correct po-
sition (36cm from incisor) (Fig. 1A). The CT scan 

revealed a left PH (Fig. 1B) with a clear bundle of 
muscle between the oesophagus and the herniat-
ed stomach (Fig. 1B, arrow). The patient subse-
quently underwent elective surgery.

The second case is a 68-year-old woman, with 
no other comorbidities, who presented to the 
emergency department with a short history of ab-
dominal pain, distention and nausea, but no vom-
iting. She underwent a CT abdomen pelvis that 
suggested an incarcerated PH (Fig. 2). Decision 
was made to take her for emergency surgery.

In the first case, a PH between the left portion 
of the right crus and the left crus was identified 
intraoperatively (Fig. 3. 1: right portion right crus; 
2: left portion right crus; 3: left crus; O: oesoph-
agus; PH: parahiatal hernia). A laparoscopic ten-
sion-free parahiatal-defect repair, reinforced with 
a biological mesh and a Toupet fundoplication, 
was performed.

In the second case, an incarcerated PH was 
identified. A laparoscopic Toupet fundoplication 
was also performed, together with a primary re-
pair of the parahiatal defect and closure of the hi-
atus. A 28Fr chest drain inserted transabdominal-

Fig. 1.- Preoperative study case 1. A: gastroscopy (arrow: her-
niation in parahiatal fashion). B: CT scan (arrowhead: parahi-
atal defect).
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ly through one of the laparoscopic ports was left 
in the left chest. It was removed on post-operative 
day 3.

The post-operative course was uneventful in 
both patients, being both able to tolerate a soft 
diet upon discharge. More than four years after 
surgery they both were asymptomatic. Both pa-
tients were followed up with post-operative bari-
um swallow, with no evidence of gastroesophageal 
reflux or hernia recurrence.

DISCUSSION
PH is a rare form of diaphragmatic hernia. They 

are distinctly different from POH, such that they 
occur through a diaphragmatic defect lateral to 
an anatomically normal oesophageal hiatus (Ro-
defeld and Soper, 1998; Scheidler et al., 2002; 
Lew and Wong, 2013; Takemura et al., 2013; Pre-
da et al., 2019) . The hiatus is structurally normal 
and both crura are intact (Rodefeld and Soper, 
1998). Their exact incidence is unknown, being 
estimated in 0.2-0.35% from different case series 
(Scheidler et al., 2002; Palanivelu et al., 2008; Koh 
et al., 2016; Akiyama et al., 2017; Staerkle et al., 

2018; Preda et al., 2019; Li et al., 2020). In our se-
ries, the incidence is of 0.23% (2 out of 850 fundo-
plications for hiatus hernia and gastroesophageal 
reflux). They are characterized by the presence of 
a separate extrahiatal diaphragmatic defect be-
tween the left portion of the right crus and the left 
crus with an intact oesophageal hiatus (Koh et al., 
2016; Lew and Wong, 2013; Akiyama et al., 2017) 
(Fig. 4).

They can be classified based on their aetiology 
(primary or secondary), complications (compli-
cated and uncomplicated), and association with 
the OGJ (normal OGJ or displaced OGJ) (Palanive-
lu et al., 2008; Lew and Wong, 2013). Congenital or 
primary PH develop as a result of a failure of the 
embryonic pleuroperitoneal canal to obliterate 
during embryogenesis, resulting in a persistent 
pneumoenteric recess that is located immediate-
ly to the left of the oesophageal hiatus (Demmy et 
al., 1994; Rodefeld and Soper, 1998; Palanivelu 
et al., 2008; Ohtsuka et al., 2012; Lew and Wong, 
2013; Takemura et al., 2013; Li et al., 2020). Al-
though these hernias may arise from both sides of 
the pneumoenteric recess, they are usually found 

Fig. 2.- Preoperative CT scan case 2 showing incarcerated parahiatal hernia (arrow).
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on the left side, possibly due to the presence of 
the liver on the right side (Takemura et al., 2013; 
Koh et al., 2016). Acquired or secondary PH can 
be a result of traumatic injury to the diaphragm or 
iatrogenic injury from previous surgery in the left 
upper quadrant of the abdomen (Lew and Wong, 
2013). Secondary PH are known to occur after oe-
sophagectomy or cardiomyotomy, probably due to 
excessive manipulation of the crura or incision on 
the diaphragm, or while dissecting the GOJ (Pala-
nivelu et al., 2008). The content of the sac is most 
often the gastric fundus, prone to volvulation (Pal-
anivelu et al., 2008).

Unlike the mechanism of POH, which occur as 
the stretching of the phreno-oesophageal mem-
brane, there are no morphological changes of the 
phreno-oesophageal membrane in PH (Li et al., 
2020).

The fibres of the right crus arise from the main 
tendon and in varying degree from the median ar-
cuate ligament (Collis et al., 1954). Some of these 
fibres may arise from this latter ligament to the 
left of the midline, but in all cases they can read-
ily be separated from the left crural fibres (Collis 
et al., 1954). There is no decussation of muscle 
fibres in front or behind the oesophageal orifice, 
but varying degrees of muscle overlap are a con-
stant feature (Collis et al., 1954). The fibres on 
the left part of the right crus, which often arise 
from the median arcuate ligament, pass upwards 
above the fibres already mentioned to reach the 
left side of the hiatus. This produces an effect of 
a double-breasted coat, more or less well marked 
from case to case. In the standard type, the medi-
an arcuate ligament is always present, although in 
many cases it is poorly developed (36%) (Collis et 
al., 1954).

Fig. 3.- Intraoperative findings in case 1 showing the oesopha-
geal hiatus (O) and the parahiatal defect (PH), in comparison to 
drawing of intraoperative appearance of parahiatal hernias. 1: 
right portion of the right crus. 2: left portion of the right crus. 
3: left crus.

Fig. 4.- Drawing of anatomical appearance of parahiatal hernias.
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John Leigh Collis, an English thoracic surgeon, 
et al. described in 1954 the different anatomical 
variations of the crura of the diaphragm based on 
cadaveric anatomical studies (Collis et al., 1954). 
Up to five different variations of the anatomy of 
the hiatus were described (Fig. 5). In most cas-
es the left part of the right crus is medial to the 
oesophagus, and during the hiatal hernia repair 
the two portions of the right crus are the muscles 
included in the repair. This is often mistaken in 
surgical practice, quoting the suturing of the right 
pillar to the left pillar.

In the type one or standard type of muscular 
arrangements at the oesophageal hiatus, the 
muscle quality is good, with a good overlap of the 
fibres from the right across to the left. The fibres 
pass inferiorly to the similar band passing from 
the left to the right. A good median arcuate is 
present. The fibres of the left crus take no part in 
the boundaries of the oesophageal orifice (Collis 
et al., 1954).

Type two is a weak variety of the standard type. 
The muscle is quite good, but the overlap of fibres 
between the two parts of the right crus is poorly 

developed. No median arcuate ligament is pres-
ent (Collis et al., 1954).

In the type-three variant, a shift to the left is 
described. A strong median arcuate ligament is 
present, and many fibres destined for the right of 
the oesophageal orifice arise from this ligament to 
the left of the mid-line. The left crus is indepen-
dent from these fibres and plays no part in form-
ing the oesophageal orifice (Collis et al., 1954).

The type-four variant is characterized by the ab-
sence of the median arcuate ligament. The band 
of fibres on the right side of the oesophagus arises 
wholly from the left crus and crosses underneath, 
in scissor fashion; a corresponding band from the 
right crus going to the left of the oesophageal ori-
fice (Collis et al., 1954).

In the last variant (type five), a complete shift to 
the left is observed. It is the most uncommon vari-
ant (2%). The left crus supplies all muscle fibres 
taking part in the formation of the oesophageal 
orifice. The overlapping fibres pass in the same 
direction as with a standard type diaphragm. This 
would be reversed in a congenital transposition 
(Collis et al., 1954).

Fig. 5.- Anatomical variations of the oesophageal hiatus depending on the disposition and insertions of the diaphragmatic crura. R: 
right crus. L: left crus. O*: oesophageal hiatus. A: Aortic hiatus.
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Unlike in our cases, it is difficult to diagnose a 
PH preoperatively (Ohtsuka et al., 2012; Akiya-
ma et al., 2017). Most PH are diagnosed intra-
operatively, during the repair of preoperatively 
presumed hiatal or POH (Lew and Wong, 2013). 
Clinically, it is difficult to differentiate between a 
parahiatal and a hiatal or paraoesphageal hernia, 
as they can present with epigastric pain, nausea, 
vomiting, heartburn and post-prandial bloating 
(Scheidler et al., 2002; Lew and Wong, 2013; Aki-
yama et al., 2017; Staerkle et al., 2018). Radiolog-
ically, if the crural musculature between the hia-
tus and the hernia orifice can be identified on an 
abdominal computed tomography (CT), as in our 
cases, it might aid in the diagnosis of PH (Akiyama 
et al., 2017). Preoperative studies in suspected PH 
should be the same as for hiatal or POH, including 
appropriate history looking for gastroesophageal 
reflux symptoms, preoperative OGD, and pH stud-
ies and manometry if indicated.

The detailed knowledge of the hiatal anatomy is 
crucial given the complications associated to PH 
and the type of hiatal repair required. Because 
of a high risk of perforation, incarceration and 
strangulation of involved organs, when preop-
eratively identified, surgery is always indicated 
to correct the parahiatal defect (Scheidler et al., 
2002; Lew and Wong, 2013; Staerkle et al., 2018). 
Intraoperatively, in cases where a PH is suspect-
ed, focused dissection should be performed at the 
left crus; the right crus should be left alone, as un-
necessary dissection might disrupt an otherwise 
normal hiatus (Koh et al., 2016). Fundoplication 
is also typically not required unless the patient 
has symptomatic reflux or there is a hiatal defect 
(Koh et al., 2016; Staerkle et al., 2018; Preda et 
al., 2019). In our cases, we associated a fundopli-
cation to the parahiatal defect repair, as a hiatal 
defect was seen intraoperatively in both cases. In 
the first case, the fundoplication was also indicat-
ed for the gastroesophageal reflux symptoms that 
the patient presented preoperatively. Moreover, 
extensive hiatal dissection with the subsequent 
destruction of the natural antireflux mechanism, 
required to achieve the parahiatal defect repair, 
is also an indication for associating an antireflux 
procedure. Deep anatomical knowledge is funda-
mental for appropriate choice of surgical repair. 

The differentiation between the oesophageal hia-
tus, formed by the two portions of the right crus, 
and the parahiatal space found between the left 
and the right crus, can be referred by surgeons 
as a challenge, as the hiatal anatomy is not clear-
ly described in most surgical papers that refer to 
this type of condition: usually the left portion of 
the right crus is referred as the “left crus”, which 
is anatomically incorrect. This misunderstand-
ing of the hiatal anatomy may lead to suboptimal 
surgical repairs. An incorrect repair of the hiatus 
may lead to long-term post-operative complica-
tions, such as recurrence of the hernia, gastro-
esophageal reflux and all its complications, as 
well as stricturing of the hiatus with dysphagia 
that may require endoscopic dilatation, re-do of 
the hiatal repair, or even oesophagectomy in cas-
es with severe strictures resistant to less invasive 
treatments.

The repair of these hernias can be performed 
through an open or a laparoscopic approach. 
Laparoscopic repair provides many benefits, in-
cluding better visualization of the operative field, 
faster recovery and shorter hospital stay, and can 
be performed safely by laparoscopic surgeons 
familiar with the repair of paraoesophageal and 
hiatal hernias (Lew and Wong, 2013). The surgi-
cal principle of tension-free repair should be also 
applied to PH. This can be done either by primary 
repair, with a prosthetic mesh, or both (Lew and 
Wong, 2013). In circumstances where large defect 
size and fibrosis prevent tension-free primary 
repair, the use of a composite mesh can provide 
effective repair of the hernia with good outcome 
(Lew and Wong, 2013). As seen in our patients, the 
few cases published to date had no post-operative 
complications; recurrence in the long term after 
surgery was not reported.

CONCLUSIONS
PH are an uncommon type of diaphragmat-

ic hernia. These hernias arise between the left 
portion of the right crus and the left crus, exist-
ing up to five different types of configurations of 
the hiatal anatomy. And the two bundles of mus-
cle that are repaired during antireflux surgery in 
most cases belong to the right crus. Preoperative 
diagnosis is challenging, given the similarity with 
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hiatal hernias in imaging and symptoms. Surgical 
repair of these diaphragmatic defects is advocat-
ed in all cases, given the high risk of complica-
tions; and deep knowledge of the anatomy of the 
hiatus is fundamental to perform an appropriate 
repair with or without an anti-reflux procedure, 
depending on the intraoperative findings and the 
patient’s preoperative symptoms. An anti-reflux 
procedure should be performed if there are any 
reflux symptoms, if there is a hiatal defect, or after 
an extensive mobilization of the oesophagogastric 
junction. This can be done by an open or a laparo-
scopic approach, with or without mesh reinforce-
ment of the repair.
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Absence of musculocutaneous nerve 
associated with the presence of an accessory 
head of the biceps brachii muscle: report of a 

bilateral case and its clinical implications
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SUMMARY
The anatomical variants of the biceps brachii 

muscle (BBM) are frequent, mostly unilaterally 
than bilaterally, and are associated with super-
numerary muscle bellies, the total absence of the 
muscle or one of its heads, and variations in the 
points of origin and insertion. In the same way, the 
variants of the musculocutaneous nerve (MCN) 
can include alterations in its course, number of 
branches, or anatomical relations, whereas its ab-
sence is considered an atypical variation. The aim 
of this work was to report the absence of musculo-
cutaneous nerve associated with the presence of 
one accessory head of the biceps brachii muscle. 
Dissection of a female cadaver, fixed in 10% buff-
ered formaldehyde, which did not present previ-
ous surgeries in the studied area was performed. 
Variations were noted in both upper limbs related 
to accessory muscle bellies and change in innerva-
tion. Anatomical relations of muscles and nerves 
were determined by following proximal to distal 
ends, relation, vascularization, and innervation 
pattern. The absence of MCN associated with the 

presence of one accessory head of the BBM were 
found bilaterally. These anatomical variations are 
atypical. Clinically, these variations can produce 
compressive symptoms that could generate con-
fusing diagnostics and conduce to unnecessary 
procedures on the arm, inducing iatrogenic ac-
tions.

Key words: Musculocutaneous nerve – Ab-
sence – Biceps brachii muscle – Accessory head 

INTRODUCTION
The biceps brachii muscle (BBM) is in the ante-

rior brachial region, comprised of two heads orig-
inated in the scapula. The short head (BBsh) orig-
inates in the vertex of the coracoid process, and 
the long head (BBlh) in the supraglenoid tubercle; 
the two form the mass of the muscle whose dis-
tal tendon is inserted in the radial tuberosity. The 
heads of the BBM receive innervation from the 
musculocutaneous nerve (MCN) and vasculariza-
tion from the brachial vessels (Standring, 2016). 
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The anatomical variations of this muscle can in-
clude accessory heads, total absence of the mus-
cle or one of its heads, complete separation from 
the muscle belly, variations in the points of origin, 
and insertion or fusion with neighboring muscles 
(Testut, 1884; Tubbs et al., 2016).

On the other hand, the MCN originates from 
the lateral fascicle (C5-C6) of the brachial plexus, 
typically at the axillary level, where it is located 
laterally to the median nerve and axillary artery. 
It is directed inferiorly and laterally, perforating 
the coracobrachialis muscle, which it crosses to 
access the anterior compartment of the arm. In 
the arm, it passes between the BBM and the bra-
chialis muscle, emerging at the level of the cubital 
fossa, deep to the cephalic vein, where it contin-
ues as the lateral antebrachial cutaneous nerve 
(Standring, 2016). In its course, it emits muscle 
branches for the coracobrachialis, BBM, and bra-
chialis and an articular branch for the elbow joint 
capsule. In addition, it can emit communicating 
branches for the median, ulnar, radial, and medial 
brachial cutaneous nerves (Rouvière and Delmas, 
2005). The MCN can vary in its course, number of 
branches, or anatomical relations (Gümüsburun 
and Adigüzel, 2000; Farfán et al., 2020), where-
as its absence is considered an atypical variation 
(Kaur et al., 2014).

In the initial stages of limb development, a ho-
mogeneous somatic mesoderm-derived mes-
enchyme without the presence of nerve fibers is 
observed; later, at the base of the limb bud, the 
ventral primary rami of spinal nerves branch 
to the distal end (Keibel and Mall, 1912). Tosney 
and Landmesser (1985) demonstrate that the lo-
cation and morphology of the growth cones of the 
motor neurons innervating the muscle primor-
dia of the limbs are determined by the connec-
tive tissue cues where they develop (Tosney and 
Landmesser, 1985). Similarly, the somatic meso-
dermal-derived connective tissue is an important 
source of molecular signals for limb muscle pat-
tern development (Chevallier et al., 1977; Kardon 
et al., 2003).

The aim of this work was to report the absence 
of musculocutaneous nerve associated with the 
presence of one accessory head of the biceps bra-
chii muscle in an adult woman.

CASE REPORT
A case is described of the bilateral presenta-

tion of a nerve variation associated with a muscle 
variation, observed during the dissection of upper 
limbs in a cadaver, female, Caucasian, aged 87 
years at the time of death, fixed in 10% formal-
dehyde buffer and conserved in a cold chamber 
at 4ºC. The cadaver had no prior surgeries in the 
studied area, and the cause of death was cardiore-
spiratory arrest.

Muscle variants

The right BBM presented a flat, thin accesso-
ry head, which originated on the anterior side of 
the distal third of the humeral diaphysis, near the 
insertion of the coracobrachialis muscle; from 
there, the fascicle joined the distal tendon of the 
BBM. Its irrigation came from fine brachial ves-
sels, and its innervation from a branch originat-
ing from the lateral antebrachial cutaneous nerve. 
Separating the accessory head of the BBM, there 
is a muscle partition where the vessels and nerves 
travel (Fig. 1A, Table 1). The left BBM presented a 
spindle-shaped accessory head, which originated 
in the proximal third of the humeral diaphysis, be-
tween the insertion point of the coracobrachialis 
muscle and the origin of the brachial muscle (Fig. 
1B, Table 1); from there, the fascicle joined the 
distal tendon of the BBM. Its irrigation came from 
fine brachial vessels, and its innervation from a 
branch originating from the lateral antebrachial 
cutaneous nerve. On the plane that separates the 
accessory head of the BBM, there is a muscle par-
tition where the vessels and nerves travel (Fig. 1A, 
Table 1).

Nerve variants

In the upper right limb, the absence of the MCN 
was noted, originating that the muscle branch 
for the coracobrachialis muscle came from the 
lateral fascicle of the brachial plexus. The mus-
cle branches for the BBlh, BBsh, and the brachi-
al muscle came from the median nerve, as well 
as the lateral antebrachial cutaneous nerve. The 
muscle branch for the accessory head of the BBM 
originated jointly with this last nerve (Figs. 1A and 
2A). In the upper left limb, the absence of the MCN 
is noted; in this case, the coracobrachialis mus-
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cle received two muscle branches that originated 
from the lateral fascicle of the brachial plexus. 
The muscle branches for the BBlh, BBsh, and the 
brachial muscle came from the median nerve, as 
well as the lateral antebrachial cutaneous nerve. 
The muscle branch for the accessory head of the 
BBM originated jointly with this last nerve (Figs. 
1B and 2B).

DISCUSSION
The evidence shows that the presence of one or 

more supernumerary muscle bellies is the most 
common variation of the BBM. In contrast, the to-
tal absence of the MCN and a complete takeover by 
the median nerve of the innervation of the coraco-

brachialis, biceps brachii, and the brachialis mus-
cles is an unusual variation of the brachial plexus 
(Prasada Rao and Chaudhary, 2001). A meta-anal-
ysis that included 78 articles and 10,603 upper 
limbs reported that accessory heads have a prev-
alence of 9.6% in the BBM, being the presence 
of one accessory head the most frequent (8.4%). 
Nevertheless, the presentation of bilateral acces-
sory heads, as reported in this study, is atypical 
(Lee et al., 2011). In fact, in a sample of 175 ca-
davers (350 arms), 15.4% of accessory humer-
al heads in the BBM were found, with 12.6% 
corresponding to unilateral and 2.8% to bilateral 
cases (Rodríguez-Niedenführ et al., 2003). In the 
case of the MCN absence, according to a systemat-

Table 1. Accessory muscle belly measurements

Right Left

Overall length (mm) 133.66 163.59

Muscle belly length (mm) 80.61 104.74

Distal tendon length (mm) 58.05 58.85

Transverse muscle belly diameter (mm) 9.08 15.43

Anteroposterior muscle belly diameter (mm) 2.23 7.97

Fig. 1.- Dissection of the nerve variant. In “A” the right arm and in “B” the left side, showing the BBM with the accessory head. 1. 
Biceps brachii muscle (BBM); 2. Accessory head of the biceps brachii muscle; 3. Brachialis muscle; 4. Coracobrachialis muscle 
(covered by fascia); 5. Median nerve; 6. Muscular branch to the coracobrachialis muscle; 7. Muscular branch to the biceps brachii 
muscle; 8. Lateral antebrachial cutaneous nerve; 9. Axillary artery; 10. Brachial artery; 11. Brachial artery and vein; 12. Muscular 
branch of the brachial vessels.
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ic review and meta-analysis, the prevalence varies 
from 1.66% to 13% (Hunter and Zdilla, 2021; Choi 
et al., 2002).

A more comprehensive study about variations 
of the biceps brachii muscle was published by Ro-
driguez-Niedenführ et al. (2003): they generate a 
classification of accessory heads of the BBM. Us-
ing the place of origin and location of the accessory 
belly as criteria, they describe three types: superi-
or humeral heads that represent 1.5%, inferome-
dial humeral heads corresponding to 9%, and in-
ferolateral humeral heads corresponding to 0.3% 
(Rodríguez- Niedenführ et al., 2003). More recent 
classifications propose four types of accessory 
heads for the BBM with different subtypes (Sze-
wczyk et al., 2022). Type I has two heads (64%); 
this subdivides into type IA with a single muscle 
belly and type IB with two muscle bellies. Type 
II has three heads (26%), classified as four sub-
types: type IIA originates from the middle part of 
the humeral axis; type IIB originates in the cora-
coid process together with the short head; type IIC 
originates in the tendon of the pectoralis major 
muscle, and type IID originates in the glenohu-

meral joint capsule. Type III (6%) is characterized 
as presenting four heads, and type IV (4%) has five 
heads. In our report, both accessory bellies orig-
inate in the lower half of the humerus and were 
located medially to the BBM. In this sense, the 
accessory heads found correspond to the infer-
omedial humeral head type described by Rodrí-
guez-Niedenführ et al. (2003), and to type IIA de-
scribed by Szewczyk et al. (2022). Regarding MCN, 
it is classified by the communications between the 
musculocutaneous and median nerves, depend-
ing on whether the communicating branch arose 
from the MCN before (type I) or after (type II) it 
pierced the coracobrachialis muscle, and type III 
when the MCN did not pierce the coracobrachialis 
muscle (Venieratos and Anagnostopoulou, 1998). 
In that sense, the variation found here it is similar 
to type III; however, instead of having a communi-
cating branch, the MCN is fused with the median 
nerve.

The presence of accessory heads of the BBM 
has been often associated with variations of the 
MCN (Wang et al., 2011; Yamamoto et al., 2018), 
describing alterations that include either change 

Fig. 2.- Scheme of the nerve distribution in the arm, in “A” the right side and in “B” the left side. On both sides: LC. Lateral cord of 
brachial plexus; MC. Medial cord of brachial plexus; MN. Median nerve; LACN. Lateral antebrachial cutaneous nerve; BCM. Branch 
to coracobrachialis muscle; BBBM. Branch to biceps brachii muscle; BBM. Branch to brachialis muscle; BAHBBM. Branch to ac-
cessory head of the biceps brachii muscle. The red circles indicate the transverse diameter of the nerve structures. The black bar 
within the median nerve indicates the distance from the formation of the median nerve to the origin of the first nerve branch. The 
blue bar within the median nerve indicates the distance from the formation of the median nerve to the origin of the second nerve 
branch. The purple and green bars within the second nerve branch indicate the distance between the origin of the second nerve 
branch and its terminal branches. The nerve branching is not symmetrical.
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in its course, total absence or communications of 
the MCN with the median nerve in presence of the 
accessory heads of the BBM (Mehta, 2009; Lee et 
al., 2014; Tubbs et al., 2016). For example, cases 
of accessory heads associated with the presence 
of two MCN, one proximal that was adjusted to the 
normal course and ended after innervating the 
coracobrachialis muscles and BBM, and another 
distal MCN that emerged from the median nerve 
in the lower part of the arm, innervating the BBM 
and brachial muscles to end as a lateral antebra-
chial cutaneous nerve (Abu-Hijleh, 2005). In the 
same way, bilateral accessory heads of the BBM 
associated with course variations and branching 
patterns of the MCN have been reported. In that 
case, a third accessory head originated from the 
deep fascia of the brachial muscle on both arms. 
On the right side, the MCN did not perforate to 
the coracobrachialis muscle; however, it was also 
innervating the muscles of the anterior compart-
ment of the arm. In contrast, on the left side, the 
MCN had the usual course (Saluja et al., 2017). 
This case appears similar to what is reported bi-
laterally here.

The origin of this variation comes from embry-
onic development. Long-standing experimental 
data indicate that in the limb bud, the branching 
of the motor rami of brachial and lumbar plexuses 
depends entirely on the segregation of mesenchy-
mal-derived structures (Keibel and Mall, 1912). 
Between the fourth and seventh weeks of develop-
ment, the muscular precursor cells derived from 
the dorsolateral region of cervical myotomes mi-
grate to the upper limb bud. The cues coming from 
the connective tissue are relevant for the differen-
tiation of the cleavage pattern of the ventral and 
dorsal limb compartment and for the distribution 
of motor neurons that will innervate it (Tosney 
and Landmesser, 1985). Then, the limb bud mes-
enchyme is penetrated by the ventral primary 
branches of the spinal nerves located in front of 
the upper limb bud, being necessary for mus-
cle development. In particular, BBsh originates 
from a common muscular precursor with the bra-
chial and coracobrachialis muscles, whereas BBlh 
originates from an independent precursor (Muril-
lo-González et al., 2018). Pioneering work by W. 
H. Lewis in seven-week human embryos traced 

the composition of the brachial plexus branches 
(Lewis, 1902). In the developing brachial plexus, 
the median nerve emerges as a combination of 
ventral segmental branches, from which the MCN 
originates. In agreement with that, the variation 
reported here would have been generated by a de-
fect in the separation of the median nerve and the 
MCN, altering the course of the MCN and, there-
fore, the contact between the upper limb bud and 
its developing nerves. This could modify the typ-
ical cone growth sequence, explaining the inner-
vation of the anterior compartment arm muscles 
(Mehta, 2009; Pacholczak et al., 2011).

In practical terms, the accessory heads in the 
BBM produce greater force in forearm flexion. 
However, a supernumerary muscle belly can also 
cause neurovascular compression of the median 
nerve, the MCN, or the brachial artery, which can 
produce neurological and vascular alterations, 
making it clinically relevant. In this regard, when 
the patient is resistant to treatment, it would be 
necessary a careful evaluation of the arm anteri-
or compartment looking for possible muscle vari-
ations (Enix et al., 2021). This is more relevant in 
the Asian population, where the prevalence of ac-
cessory heads in the BBM reaches 35%, unlike the 
non-Asian population where it has been reported 
at 25% (Techataweewan et al., 2016).

Finally, the presence of a supernumerary head 
could affect the course and branching of the MCN 
(Kosugi et al., 1992), therefore, it is advisable to 
take into account the anatomical variations of the 
MCN when faced with findings of this type muscle 
variation.

CONCLUSION
The absence of MCN associated with the pres-

ence of one accessory head of the BBM is atypical. 
Even in that case, it is clinically relevant because 
it can generate compressive symptoms that could 
confuse the specialist performing the diagnostic 
evaluation, and also the one conducting the pro-
cedures on the arm, inducing iatrogenic actions. 
For this reason, it is recommended that special-
ists in the area (surgeons and traumatologists) be 
aware of this type of variation.
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SUMMARY
Several methods have been suggested to encour-

age greater student participation during lectures. 
Mind mapping is a learning tool that uses pictori-
al representations of concepts and their relation-
ships. The objectives of this study were to com-
pare the knowledge acquisition in anatomy and 
perceptions between didactic lectures and mind 
mapping among first year students at a medical 
college in India. First year undergraduate medical 
students (n=60 in one batch and n=149 in the next 
batch) were randomly divided into two groups 
which received either the mind-mapping inter-
vention or a didactic lecture. Eight topics were cov-
ered in such a manner. After each topic, the groups 
crossed over and received the alternate interven-
tion. Each intervention was followed by a ten-item 
single-best-response multiple-choice knowledge 
test. The perceptions of students were obtained 
using a questionnaire which had both quantitative 
and qualitative components. The data were sum-
marized using means and standard deviations. 
Group differences were estimated using the in-

dependent sample T test. The mean scores on the 
multiple-choice-questions (MCQ) test were signifi-
cantly higher after mind-mapping compared to di-
dactic lectures in seven out of eight sessions. The 
perceptions of the students about mind mapping 
were largely positive, especially in relation to in-
tegration and interest. One drawback mentioned 
about the mind-mapping method was that it was 
relatively time-consuming. Mind mapping result-
ed in significantly greater knowledge acquisition 
as compared to didactic lectures, and was well 
received by the students. It has the potential to be 
used more widely in anatomy education.

Key words: Mind mapping – Didactic lectures – 
Medical students – Anatomy 

INTRODUCTION
The first-year curriculum for undergraduate 

students in medical colleges in India includes 
the subjects of anatomy, physiology, and bio-
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chemistry. Nearly half of the curricular time is 
devoted to anatomy (RGUHS, 2019). A wide va-
riety of teaching and learning methods are em-
ployed for anatomy instruction, which includes 
220 hours devoted to lectures (RGUHS, 2019). 
The challenges faced by students while learning 
anatomy include difficulties in the visualization 
of structures, the vast and often abstract nature 
of the information and the limited time avail-
able (Cheung et al., 2021a). Additionally, the ap-
proaches and resources utilized by students to 
learn anatomy are likely to influence the acquisi-
tion of the desired learning outcomes (Cheung et 
al., 2021b; Patera, 2021). There have been many 
attempts to modernize the teaching and learning 
of anatomy to make it more clinically relevant 
and participatory while simultaneously adapt-
ing to a decrease in the available time due to an 
ever-expanding curriculum (Ahmad et al., 2021; 
Bay and Ling, 2007; Johnson et al., 2012; Miller 
et al., 2002; Sugand et al., 2010).

Didactic lectures have been part of anatomy 
education in medical schools for many years 
(Sugand et al., 2010). Lectures have the potential 
for an efficient and effective method to convey 
information to students (Luscombe and Mont-
gomery, 2016). A major drawback of the didactic 
lecture is its tendency to become a passive and 
monotonous monologue (Najmi, 1999). Sever-
al guidelines and strategies have been proposed 
to improve the learning outcomes from lectures 
(Leonardi, 2007; Regula, 2020; Richardson, 2008; 
Zakrajsek, 2018). Previous studies have shown 
that well-conducted lectures have a positive im-
pact on student perceptions and knowledge gain 
(Demir et al., 2017; Reed et al., 2008; Zinski et 
al., 2017). There have been many attempts to 
transform potentially boring and content-heavy 
didactic lectures into active learning sessions by 
introducing meaningful activities during the lec-
ture (Chimmalgi, 2019; Morton and Colbert-Getz, 
2017; Shankar and Roopa, 2009).

Mind maps are pictorial representations of 
concepts and their relationships (D’Antoni et 
al., 2010). Buzan formally defined mind maps 
and introduced them to the world in the 1970s’ 
(Buzan, 2018). The three essential features of a 
mind map are a central image, thick branches 

radiating from the central image and a single 
keyword or image placed on each branch (Bu-
zan, 2018). Secondary and tertiary branches 
can then be added as the mind map develops 
(Buzan, 2018). Mind maps differ from concept 
maps in being more visual and less complex (Ep-
pler, 2006). The utility of mapping techniques 
has been explained using the constructivist 
learning theory. Learners must initially use 
their pre-existing knowledge and sequentially 
build on it as they construct mind maps. Linkag-
es between different images and keywords help 
to create integration networks within the brain 
for better retrieval and application of informa-
tion. This enables deep learning as opposed to 
superficial rote learning (Pudelko et al., 2012). 
Mind maps have been used to facilitate learning 
in diverse settings (Amrita et al., 2017; Budd, 
2004; Edwards and Cooper, 2010; Farrand et al., 
2002; Kalyanasundaram et al., 2017; Merchie 
and Van Keer, 2012; Samsudin and Irwanto, 
2021; Tungprapa, 2015). A meta-analysis of 52 
studies conducted in 2014 suggests that the use 
of mind mapping improves academic achieve-
ment (Zhao, 2014). Mind maps have also shown 
to be helpful in teaching and learning anatomy 
(Abdolahi et al., 2011; Deshatty and Mokashi, 
2013; Ghanbari et al., 2010; Ren and Jiang, 
2019; Teli et al., 2020).

Traditional lectures are usually didactic, rein-
forcing the passive learning patterns to which 
students are used. There is a pressing need to 
transform the traditional lecture setting from a 
passive into a more active one. In the present 
study, mind mapping was introduced in the 
lecture setting to try and make learning more 
active and effective. It was hypothesized that 
the use of mind maps in lecture settings would 
improve knowledge acquisition compared to 
traditional lectures. The research objectives 
of the study were the following: 1) to compare 
the scores on an immediate post-session multi-
ple-choice-question (MCQ) test obtained by 1st-
year undergraduate medical students taught 
anatomy by traditional lectures or mind map-
ping; 2) to assess the perceptions of these stu-
dents about the mind mapping method of learn-
ing and the traditional lecture.
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MATERIAL AND METHODS

Study design and population

Approval from the institutional ethics commit-
tee was obtained prior to the study. All students 
who enrolled for the undergraduate medical 
course in the years 2015 and 2016 were included 
in the study. The number of students in the batch-
es of 2015-16 and 2016-17 were 60 and 149 re-
spectively. A universal sampling strategy was em-
ployed. Written informed consent to participate 
in the study was taken from the students.

This was a randomized-control cross-over 
study (Fig. 1). The students of each batch were 
randomized into two groups using an online ran-
dom number generator. One of the investigators 
(SM) conducted all the mind-mapping sessions, 
while another investigator (SD) took all the didac-
tic lectures. The lectures were selected based on 
the mutual convenience of the investigators. To 
ensure standardization of the content, the spe-
cific learning objectives of each session were de-
fined in advance. Students allotted to the mind-
map group (MMG) were taken to a classroom and 
administered the intervention by SM, which will 
be described in more detail later. Concurrently, 
the students in the didactic lecture group (DLG) 

were taken to another classroom and taught using 
a didactic lecture by SD. The groups crossed over 
after each session (Fig. 1). A total of eight topics 
were thus covered (Fig. 1). All the sessions were of 
a duration of one hour. The sessions were sched-
uled to ensure that there was at least a two-week 
gap between successive sessions.

The interventions

The schedule for the anatomy classes was made 
available to the students at least two weeks in ad-
vance. The dissections of the relevant regions 
were completed prior to the interventions to en-
able better comprehension. There were no spe-
cific instructions provided to the students regard-
ing prior preparation before either intervention.

An introductory session on mind maps was tak-
en by an SM for the entire batch of students be-
fore the actual intervention. During this session, 
the students were introduced to the concept of 
mind maps and to guidelines for their creation. 
These guidelines included those related to style, 
clarity, keywords, and visual elements (Fig. 2). 
For the mind-mapping session, the students were 
divided into groups of six. The students in each 
group were made to sit around in a circle. The 
mind-mapping session for the MMG started with 

Fig. 1.- A schematic representation of the study design.
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listing of the specific learning objectives for the 
topic by the teacher. It is important to note that 
the teacher did not explain the topic during the 
mind-mapping session. As mind map is a visual 
tool that encourages creative thinking and col-
laboration among students; we wanted to give 
the students the opportunity to explore the topic 
on their own. Each group was then asked to cre-
ate mind maps on chart paper that was provided 
to them (Fig. 3). The students were free to refer to 
available resources such as textbooks and online 
resources. This exercise was conducted for half 
an hour. The next 20 minutes were spent dis-
cussing the mind maps and clarifying any doubts 
that the students had. The teacher’s input on 
the topic was restricted to clarifying any doubts 
that the students had during the time allotted for 
discussion of the mind maps. The session ended 
with the administration of a 10-item MCQ test as 
described below.

The DLG simultaneously received a one-hour 
didactic lecture session on the same topic, fol-
lowed by the administration of the MCQ test. 
The didactic lecture was taken using PowerPoint 
slides and a blackboard. The specific learning ob-
jectives were explicitly stated at the beginning of 

the didactic lectures as well. As an example, the 
specific learning objectives for the class on the 
major nerves of the lower limb are mentioned be-
low.

Describe the femoral, obturator, sciatic, tibial, and 
common peroneal nerves under the following headings:

Origin

Root value

Course with important relations

Distribution with important branches

Termination

Applied aspects

The outcomes

At the end of each session, students in both 
groups were administered a 10-item MCQ test. 
Each item was of the single-best response type and 
contained four options. The MCQs’ were based on 
the defined specific learning objectives for each 
session. The test items contained both factual 
and application-based questions. The first author 
created the MCQs based on best-practice guide-
lines, following which they were scrutinized by 
the other authors for any technical flaws or errors 
before administration to the students (Boland et 

Fig. 2.- The mind map that was used as an example to demonstrate the guidelines for their creation (from Nicoguaro, CC BY-SA 3.0 
<https://creativecommons.org/licenses/by-sa/3.0). 
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al., 2010). The perceptions of the students about 
mind-mapping compared to traditional lectures 
were obtained using a questionnaire designed 
for the purpose (Table 2). The questionnaire con-
tained 10 statements and two open-ended ques-
tions. The statements had to be responded to 
using a five-point Likert scale with higher scores 
indicating more favorable perceptions towards 
mind-mapping. The open-ended questions in the 
questionnaire were “What were the aspects of the 
mind mapping sessions that you enjoyed or ben-
efitted from?” and “What were the aspects of the 
mind mapping sessions that you did not enjoy or 
benefit from?”.

Statistical analysis

The mean and standard deviation of the test 
scores and questionnaire item scores were calcu-
lated. Group differences were estimated using the 
independent sample T test. A P value of less than 
0.05 was considered statistically significant. Ver-

sion 16 of SPSS was used for statistical analysis. 
A thematic analysis was performed on responses 
to the open-ended questions in the questionnaire.

RESULTS
Table 1 shows the mean scores obtained by 

the two groups for the eight sessions. The mean 
scores obtained by the MMG were higher for all 
the eight sessions and significantly so for seven 
sessions. The responses to the statements in the 
perception questionnaire are summarized in Ta-
ble 2. The mean scores for the items in the ques-
tionnaire suggest that students were overall posi-
tive about the role of mind mapping in facilitating 
learning as compared to lectures. The students 
felt that mind-mapping sessions were more inter-
esting and helped them better integrate content. 
However, they were more equivocal about the per-
ceived role of mind mapping in learning concepts 
and aiding exam preparation.

Fig. 3.- An example of a mind-map developed by a group of students for the class on the nerves of the lower limb.
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The responses to the open-ended questions re-
vealed that students enjoyed the creativity and 
visual elements required in constructing mind 
maps. They also mentioned that mind maps 
helped to classify and consolidate information in 
a manner which helped them retain it and facil-
itate future revision. The other aspects appreci-
ated by the students were the interactive nature 
and novelty of the mind map sessions. The most 
important drawback of the mind map sessions 
perceived by the students was the limited time 

that was available. Some of them felt that creat-
ing mind maps was complicated and therefore 
required more help from the teacher. The need 
for prior preparation before a mind map session 
was stated as one of its disadvantages. Inadequate 
coverage of topics during mind-mapping sessions 
was another concern of the students.

DISCUSSION
The results of the present study suggest that the 

creation of mind maps by students is at least as 

Table 1. Comparison of the mean MCQ test scores between the two groups. 

CLASS OF 2015-16 MMGa DLGb P value

Lecture 1 n = 30
8.50 ± 0.95

n = 30
8.03 ± 0.9 0.07

Lecture 2 n = 27
8.60 ± 0.62 

n = 30
8.04 ± 0.94 0.01*

Lecture 3 n = 29
8.68 ± 0.06

n = 30
7.86 ± 0.73 0.001*

Lecture 4 n = 29
8.72 ± 0.59

n = 29
8.06 ± 0.7 0.001*

CLASS OF 2016- 17 MMGa DLGb P value

Lecture 5 n = 71
8.23 ± 1.24

n = 71
7.75 ± 1.05 0.01*

Lecture 6 n = 70
8.43 ± 1.17

n = 71
7.97 ± 0.91 0.01*

Lecture 7 n = 72
8.24 ± 1.00

n = 72
7.86 ± 0.88 0.02*

Lecture 8 n = 70
8.19 ± 1.11

n = 72
7.83 ± 0.86 0.04*

n is the number of students who were present for each class; aMMG – mind-map group; bDLG – didactic lecture group; * indicates 
those results that were significant (P<0.05)

Table 2. Mean item scores on the perception questionnaire (n = 170). *

Sl. No. Item Mean ± SD

1. Mind mapping helps me to recall facts better than lectures 3.29 ± 0.2

2. Mind mapping helps in learning concepts better than traditional lectures 3.12 ± 0.1

3. Mind mapping is more interesting than lectures 3.6 ± 0.9

4. Mind mapping helps me to integrate information better than a lecture 3.6 ± 0.7

5. Mind mapping helps me to prepare for the exams better than lectures 3.04 ± 0.1

6. Mind mapping helps me to retain information longer than lectures  3.4 ± 0.1

7. Mind mapping helps me to apply the information that I learn better than lectures 3.3 ± 0.1

8. The mind mapping session can replace lectures 3.5 ± 1.2

9. Mind mapping should continue for future batches 3.4 ± 1.1

10. I would be willing to participate in more mind-mapping sessions 3.3 ± 1.0
* Likert scale: 1 - Strongly disagree; 2 - Disagree; 3 - Not sure; 4 - Agree; 5 - Strongly Agree
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effective as didactic lectures for achieving learn-
ing outcomes in anatomy. Previous studies have 
shown that incorporating mind mapping as a 
study strategy improves learning (Amrita et al., 
2017; D’Antoni AV et al., 2010; Deshatty and Mo-
kashi, 2013; Farrand et al., 2002; Kalyanasunda-
ram et al., 2017; Ying et al., 2017) Mind maps have 
also been successfully used to reinforce learning 
(Ashakiran et al., 2012). The use of mind maps by 
teachers during a lecture to present content ap-
pears to facilitate learning (Abdolahi et al., 2011; 
Duffy et al., 2015; Ghanbari et al., 2010; Johnson, 
2014; Teli et al., 2020). In the current study, stu-
dents in the MMG had to actively construct mind 
maps in the classroom as part of the intervention. 
A study in which students had to draw maps along 
with the teacher during histology lecture classes 
showed a significant improvement in the exam-
ination results as compared to the previous years 
(Kotzé and Mole, 2015). This method could be 
added to the ever-growing list active learning 
methods that can be used in the classroom to fa-
cilitate learning. This is especially pertinent in 
the Indian context where a competency-based 
curriculum has been introduced for under-
graduate medical education in 2019 (Medical 
Council of India, 2019). One of the endeavors of 
this curriculum is to replace didactic teaching 
methods with active learning methods.

The positive perceptions of the students about 
mind mapping in this study are similar to oth-
er studies (Amrita et al., 2017; Ashakiran et al., 
2012; Deshatty and Mokashi, 2013; Kalyanasun-
daram et al., 2017; Ren and Jiang, 2019; Teli et 
al., 2020). An important insight gained from this 
study is that adequate time needs to be given to 
students if mind maps are used in a lecture set-
ting. This aspect has been also mentioned in 
previous studies where mapping has been used 
as a learning strategy (Pudelko et al., 2012). 
It is likely that the perception of inadequate cov-
erage was because students were accustomed to 
attending didactic lectures in which the teacher 
acted as a knowledge provider. On the other hand, 
the mind map intervention in this study involved 
a more active, non-linear approach to learning 
which might have given rise to this perception 
(Petersen et al., 2020). The need for prior prepa-

ration was probably felt more acutely by the MMG, 
as this would have facilitated more meaningful 
group discussions and improvement in the qual-
ity of mind maps. However, this was not the case 
in the didactic lecture, where the content was pro-
vided by the teacher. A previous study has shown 
that learner engagement is positively associated 
with prior knowledge (Dong et al., 2020). 

The present study provides a potential for the 
use of mind maps in the classroom. The percep-
tions of the students in this study suggests that 
meticulous planning is required to ensure that 
the maximum benefit is obtained from the use 
of mind maps in lecture settings. This includes 
the prior training of students, adequate content 
related preparation for the class, clear learning 
objectives, attention to logistic details such as 
grouping, access to material for map creation and 
provision of feedback. The time constraints in-
volved in mind mapping may to a large extent be 
overcome if these measures are taken.

Concept maps have also been successfully used 
to improve learning in anatomy (Anand and Sin-
gel, 2017; Nicoara et al., 2020). A recent study in 
high-school children suggests that mind maps 
may be more effective than concept maps in a 
classroom setting (Samsudin and Irwanto, 2021). 
Mind maps are more visual, simpler to construct 
and allow greater room for creativity as compared 
to concept maps (Davies, 2011; Eppler, 2006). This 
perhaps makes them more suitable than concept 
maps for use in contexts like the present study. 
There may be several reasons why the MMG ob-
tained significantly better test scores for seven 
out of the eight sessions. Mind maps are thought 
to assist in the integration of information and 
thereby promote deep learning (Davies, 2011). 
Visual representations of information are often 
easier to comprehend than text or audio (Davies, 
2011). This is likely to be even more relevant for 
a subject like anatomy, which requires learners to 
visualize structures and morphological changes. 
The creation of mind maps requires active partic-
ipation of students, thereby enhancing learning 
as compared to more passive methods like lec-
tures (Davies, 2011; Pudelko et al., 2012). It has 
been suggested that the instructional design pro-
cesses that accompany mapping interventions 
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like working in groups and provision of feedback 
could be responsible for the positive learning 
outcomes rather than the mapping process itself 
(Pudelko et al., 2012). It should be emphasized 
that teachers who intend to use mind maps need 
to understand the metacognitive principles that 
underlie their creation.

This study has some limitations. The quality of 
the lecturers and facilitators may have influenced 
the outcome. The study was not teacher-random-
ized, as there were very few faculty members with 
sufficient expertise in mind-mapping techniques 
to conduct sessions for the MMG. In the MMG, stu-
dents were divided into small groups to create 
mind maps. This may have had an influence on 
the test results rather than the creation of mind 
maps per se. Although the interval between two 
consecutive sessions was at least two weeks, it is 
possible that students in the MMG utilized mind 
maps during subsequent didactic lecture sessions 
and thereby contributed to a carryover effect. The 
topics selected for the intervention were based on 
mutual convenience of the two faculty members 
who administered the interventions (SM and SD). 
It was therefore difficult to standardize the diffi-
culty levels of the topics. This may have also influ-
enced the results.

CONCLUSIONS
The results of the present study suggest that the 

creation of mind maps by students is at least as ef-
fective as didactic lectures for achieving learning 
outcomes in anatomy. There is a need for rigorous 
clarification studies to understand the extent to 
which different aspects of mind mapping contrib-
ute to learning. More justification studies compar-
ing mind maps and other mapping methods such 
as concept mapping are also needed. The use of 
software in the creation of digital mind maps and 
their role vis-à-vis conventionally drawn mind 
maps warrants further study as well.
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SUMMARY
The anatomical collections of fetuses are a valu-

able element of study and research in universities. 
At the University of Granada, the Department of 
Human Anatomy and Embryology has a collection 
of 283 fetuses. The purpose of this article has been 
to carry out an exhaustive study on these fetuses 
to present data related to the malformations they 
presented. Regarding the results, it is worth not-
ing the presence of a higher frequency of aborted 
fetuses between 4.5 and 6 months of development 
and the presence of macroscopically evident mal-
formations in 56% of them. In conclusion, this 
study assesses the usefulness for teaching and re-
search of this anatomical material and the results 
provide data of interest on fetal development and 
the etiology of spontaneous abortions.

Key words: Fetuses – Abortions – Malforma-
tions – Anatomical collections 

INTRODUCTION
Fetal development is a complex process that 

could be divided into three periods (trimesters), 

each with distinct developmental milestones. 
During the first trimester, the fertilized egg under-
goes rapid cell division and differentiation, lead-
ing to the formation of the major organs and sys-
tems of the body. By the end of the first trimester, 
the fetus is about 3 inches long and weighs around 
1 ounce. In the second and third trimesters, the 
fetus undergoes further growth and development. 
The skeleton begins to harden, and the nervous 
system becomes more advanced. During the third 
trimester, the fetus gains the most weight and 
continues to develop its organ systems. By the 
time of birth, the average fetus is about 20 inches 
long and weighs around 7.5 pounds. Fetal devel-
opment is a critical period that lays the founda-
tion for a person’s health and well-being through-
out their life (Blencowe et al., 2012; Filippi et al., 
2023; O’Rahilly and Müller, 2010).

To study fetal development, anatomical collec-
tions of human fetuses have been created in many 
medical schools and faculties around the world. 
These collections provide invaluable resources 
for researchers, educators, and medical profes-
sionals who seek to better understand human de-
velopment and improve patient care. The value of 
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fetal anatomical collections lies in their ability to 
provide a comprehensive view of human develop-
ment, from the early embryonic stages to full-term 
fetuses. By examining these specimens, research-
ers and educators can identify the normal and ab-
normal features of fetal anatomy and understand 

the complex interactions that occur during devel-
opment. Additionally, these collections serve as a 
valuable resource for training future medical pro-
fessionals, allowing them to gain hands-on expe-
rience in human anatomy and pathology (Knoeff, 
2015; Kosenko et al., 2022). Among the most rep-

Fig. 1.- Abortive fetuses of the Granada University. A. Distribution of abortive fetuses by week of gestation. B. Evolution of weight 
(gr) in abortive fetuses by week of gestation. C. Sex distribution in abortive fetuses by week of gestation.

Fig. 2.- Description of the malformation in the collection of fetuses from the University of Granada.
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resentative collections are the Carnegie Collec-
tion (Carnegie Institution) of Washington, which 
includes more than 15,000 specimens from early 
embryos to term fetuses, and the Kyoto Collection, 
which contains more than 6,000 specimens and is 
known for its extensive documentation of abnor-
mal fetuses (Brown, 1987; Spradling, 1997; Tana-
ka et al., 2020; Yamaguchi and Yamada, 2018).

Our main was to carry out a descriptive study of 
the collection of human fetuses from the Depart-
ment of Anatomy and Embryology of the Granada 
University.

MATERIALS AND METHODS
Human Fetuses (n=283) from the collection of 

the Department of Human Anatomy and Embry-
ology of the University of Granada were classified 
by weight at the time of acquisition, apex-coccyx 
(CV) distance, and apex-tail distance. From the 
VC distance we determine the approximate ges-
tational age. Likewise, the existence of malfor-
mative macroscopic features was analyzed. With 
all these data, a descriptive statistical study was 
carried out. This research has been approved by 

the ethics committee of the Faculty of Medicine of 
Granada (3440/CEIH/2023).

RESULTS
Regarding the distribution of abortive fetuses, it 

should be noted that their highest frequency was 
concentrated between 4.5 and 6 months of ges-
tation (18 and 24 weeks), decreasing slowly and 
following an inverse gamma distribution (Fig. 1A). 
Weight, as expected, evolved exponentially with 
increasing gestational age (Fig. 1 B). Slightly more 
female (52%) than male fetuses were observed, 
although these differences were likely due to sam-
ple-specific variability (Fig. 1C). According to the 
detected malformations, the most frequent was 
to find fetuses with hypertelorism and microg-
nathia not associated with any specific syndrome 
and scoliosis. Malformations compatible with 
some chromosomal syndromes and other con-
genital malformations such as Down syndrome, 
Patau, Edwards, Wolf, Potter, Di George, Robinow, 
Treacher-Collins syndrome or intersex anomalies 
were detected. A large proportion of fetuses (44%) 
did not present clear macroscopic malformations 
(Figs. 2 and 3).

Fig. 3.- Examples of congenital malformations found in the collection of human fetuses from the University of Granada. A. Wolf-Hir-
schorn syndrome (head in Greek helmet). B. Patau syndrome (cleft lip, genital malformations, short sternum). C. Potter syndrome 
(periorbital edema, mycorgnathia, and low-set malformed ears). D. VACTERL (anal atresia and genital malformations). E. Down 
syndrome (broad nasal root, hypertelorism, and macroglossia). F. Robinow syndrome (achondroplasic cranial changes, hyper-
telorism, and characteristic nose). G. Scoliosis. H. Anophthalmia. I. Edwards syndrome (rocking chair feet, hypertelosimus, ret-
rognathia, and auricular malformations). J. Limb body Wall syndrome (scoliosis and gastroschisis). K. Dolichocephaly. L. Treacher 
Collins syndrome (characteristic fascia with large oral cleft).
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DISCUSSION
The most frequent malformations found in hu-

man fetuses aborted between 3 and 6 months of 
development include central nervous system de-
fects, such as anencephaly and hydrocephalus, 
and chromosomal abnormalities, such as Down 
syndrome. Other malformations found in fetus-
es at this stage include heart defects, skeletal ab-
normalities, and gastrointestinal defects (Naeye, 
1983; Roets et al., 2023). In our collection, the most 
frequently malformations were fetuses with char-
acteristics of hypertelorism and micrognathia not 
attributable to specific syndromes and scoliosis. 
In addition, to a lesser extent, fetuses with anom-
alies such as Down syndrome, Patau, Edwards, 
Wolf, Potter, Di George, Robinow, Treacher-Collins 
syndrome, or intersex anomalies were observed. 
Mora-Alferez et al., (2016) in a study on abortive 
human fetuses and chromosomal malformations, 
indicated that the most frequent chromosomal 
anomalies in spontaneously aborted fetuses were 
trisomies 16, 22 and 9. These are anomalies most-
ly in internal organs and without clear distinctive 
macroscopic features. Thus, they probably cor-
respond to fetuses that have been classified as 
hypertelorism and micrognathia without a clear 
syndromic correspondence. In addition, these 
malformations have been determined in fetuses 
older than six months, so it would be very likely 
to find younger fetuses with the chromosomal al-
terations described by Mora-Alferez et al., (2016). 
However, this study was very difficult at the mac-
roscopic level with fetuses under six months.

On the other hand, no human fetuses young-
er than 3 months were found in our collection, 
probably because abortions at this stage are usu-
ally spontaneous and the embryos are extract-
ed undetectable or by curettage. Almost 70% of 
spontaneous abortions occur before 8 weeks of 
gestation (Alves and Rapp, 2023). In our case, the 
human fetuses showed a curious distribution as 
spontaneous fetal abortions increased towards 
week 18, being higher between weeks 18 and 24. 
Interestingly, they followed an inverse gamma 
distribution. This distribution is similar to that 
described in infectious disease susceptibility, 
suggesting the infection as the cause of the abor-
tion at this stage. In addition, 56% of the fetuses 

also had signs of malformations that would make 
them more susceptible to these infectious factors. 
It is known that infections can occur at any stage 
of fetal development, but the highest incidence 
occurs at the first and second trimesters. During 
this period, the fetus is particularly susceptible to 
infection due to the immaturity of its immune sys-
tem and the high rate of cell division and differen-
tiation (Kollmann et al., 2017; Limperopoulos et 
al., 2002; Marbán-Castro et al., 2021; Plourde and 
Bloch, 2016). Several factors can increase the risk 
of infections, including maternal age, maternal 
immune status, and exposure to environmental 
pathogens. Maternal infections, such as urinary 
tract infections, can also increase this risk. In ad-
dition, certain lifestyle factors, such as smoking 
and alcohol consumption, may also increase the 
risk of infections (Pascoal et al., 2023; Wiegersma 
et al., 2023). In addition, malformed human fetus-
es are at increased risk of developing infections 
due to their weakened immune systems and com-
promised barrier function. Studies have shown 
that fetuses with malformations have a higher in-
cidence of infections such as cytomegalovirus, ru-
bella, toxoplasmosis, and syphilis. Furthermore, 
human fetuses with chromosomal abnormalities 
are also at increased risk of infections, as their 
immune systems are not fully developed (Fitzpat-
rick et al., 2022; Marbán-Castro et al., 2021; Wang 
et al., 2019).

CONCLUSION
In conclusion, this study highlights the interest 

of human fetus material for teaching and research 
purposes, and provides new data regarding fetal 
development and the etiology of abortions in the 
fetal stage, highlighting the absolute frequency 
per week, the possible etiologies, and the pres-
ence of macroscopic malformative anomalies in 
56% of them.

ACKNOWLEDGEMENTS
The authors sincerely thank those who donated their 

bodies to science so that anatomical research and 
teaching could be performed. Results from such re-
search can potentially increase scientific knowledge 
and can improve patient care. Therefore, these donors 
and their families deserve our highest respect.



Kevin Doello et al.

787

REFERENCES
ALVES C, RAPP A (2023) Spontaneous Abortion. In: StatPearls. 

Treasure Island (FL): StatPearls Publishing. http://www.ncbi.nlm.nih.
gov/books/NBK560521/

BLENCOWE H, COUSENS S, OESTERGAARD MZ, CHOU D, MOLLER 
AB, NARWAL R, ADLER A, VERA C, SAY L, LAWN JE (2012) National, 
regional, and worldwide estimates of preterm birth rates in the year 
2010 with time trends since 1990 for selected countries: A systematic 
analysis and implications. Lancet, 379(9832): 2162-2172. 

BROWN DD (1987) The Department of Embryology of the Carnegie 
Institution of Washington. Bioessays, 6(2): 92-96. 

FILIPPI L, SCARAMUZZO RT, PASCARELLA F, PINI A, MORGANTI R, 
CAMMALLERI M, BAGNOLI P, CIANTELLI M (2023) Fetal oxygenation in 
the last weeks of pregnancy evaluated through the umbilical cord blood 
gas analysis. Front Pediatr, 11: 1140021. 

FITZPATRICK D, HOLMES NE, HUI L (2022) A systematic review of 
maternal TORCH serology as a screen for suspected fetal infection. 
Prenat Diagn, 42(1): 87-96. 

KNOEFF R (2015) Touching anatomy: On the handling of preparations 
in the anatomical cabinets of Frederik Ruysch (1638-1731). Stud Hist 
Philos Biol Biomed Sci, 49: 32-44. 

KOLLMANN TR, KAMPMANN B, MAZMANIAN SK, MARCHANT 
A, LEVY O (2017) Protecting the Newborn and Young Infant from 
Infectious Diseases: Lessons from Immune Ontogeny. Immunity, 46(3): 
350-363. 

KOSENKO O, STEINICKE C, KIELSTEIN H, STEGER F (2022) Fetal 
development in anatomical preparations of Ruysch and the Meckels in 
comparison. Int J Environ Res Public Health, 19(22): 14896.

LIMPEROPOULOS C, MAJNEMER A, SHEVELL MI, ROHLICEK C, 
ROSENBLATT B, TCHERVENKOV C, DARWISH HZ (2002) Predictors of 
developmental disabilities after open heart surgery in young children 
with congenital heart defects. J Pediatr, 141(1): 51-58.

MARBÁN-CASTRO E, GONCÉ A, FUMADÓ V, ROMERO-ACEVEDO L, 
BARDAJÍ A (2021) Zika virus infection in pregnant women and their 
children: A review. Eur J Obstet Gynecol, 265: 162-168.

MORA-ALFEREZ AP, PAREDES D, RODRÍGUEZ O, QUISPE E, 
CHAVESTA F, DE ZIGHELBOIM EK, DE MICHELENA M (2016) Anomalías 
cromosómicas en abortos espontáneos. Rev Per Ginecol Obstet, 62(2): 
141-151.

NAEYE RL (1983) Maternal age, obstetric complications, and the 
outcome of pregnancy. Obstet Gynecol, 61(2): 210-216.

O’RAHILLY R, MÜLLER F (2010) Developmental stages in human 
embryos: Revised and new measurements. Cells Tissues Organs, 192(2): 
73-84.

PASCOAL LB, CARELLOS EVM, TARABAI BHM, VIEIRA CC, REZENDE 
LG, SALGADO BSF, DE CASTRO ROMANELLI RM (2023) Maternal and 
perinatal risk factors associated with congenital syphilis. Trop Med Int 
Health, 28(6): 442-453.

PLOURDE AR, BLOCH EM (2016) A literature review of Zika Virus. 
Emerg Infect Dis, 22(7): 1185-1192. 

ROETS E, BEERNAERT K, CHAMBAERE K, DELIENS L, VAN BERKEL 
K, DE CATTE L, VANHAESEBROUCK S, ROELENS K, DOMBRECHT L 
(2023) Pregnancy termination at viable stage in daily clinical practice: 
A nationwide mortality follow-back study in Flanders, Belgium. Prenat 
Diagn, 43(6):781-791. 

SPRADLING AC (1997) The Carnegie Institution of Washington, 
Department of Embryology. Mol Med, 3(7): 417-419.

TANAKA S, SAKAMOTO R, KANAHASHI T, YAMADA S, IMAI H, 
YONEYAMA A, TAKAKUWA T (2020) Shoulder girdle formation and 
positioning during embryonic and early fetal human development. PloS 
One, 15(9): e0238225. 

WANG Y, LI S, MA N, ZHANG Q, WANG H, CUI J AND WANG S (2019) 
The association of ToRCH infection and congenital malformations: A 
prospective study in China. Eur J Obstet Gynecol, 240: 336-340.

WIEGERSMA AM, BOOTS A, LANGENDAM MW, LIMPENS J, SHENKIN 
SD, KOROSI A, ROSEBOOM TJ, DE ROOIJ SR (2023) Do prenatal factors 
shape the risk for dementia?: A systematic review of the epidemiological 
evidence for the prenatal origins of dementia. Soc Psychiatry Psychiatr 
Epidemiol, doi: 10.1007/s00127-023-02471-7.

YAMAGUCHI Y, YAMADA S (2018) The Kyoto collection of human 
embryos and fetuses: History and recent advancements in modern 
methods. Cells Tissues Organs, 205(5-6): 314-319. 



Macroscopic study of the collection of human fetuses from Granada University

788



789

MEDICAL EDUCATION Eur J Anat, 27 (6): 789-798 (2023)

Academic benefits of using cadaveric 
material in health sciences education: 

Report of an experience
Emilio Farfán1,2, Oscar Inzunza1,2

1 Departamento de Anatomía, Escuela de Medicina, Pontificia Universidad Católica de Chile, Santiago, Chile
2 Morpho-Clinical Research Lab, Escuela de Medicina, Pontificia Universidad Católica de Chile, Santiago, Chile

SUMMARY
The use of cadaveric material to study anato-

my has been curbed by the requirements for its 
maintenance and use and by the anatomical con-
tents in medical curricula, negatively affecting 
students. This study aimed to demonstrate the 
reported benefits of using cadaveric material in 
teaching anatomy. The benefits were categorized 
into 3 groups: audiovisual resources, teaching, 
and institutional cooperation and research. 1) Au-
diovisual resources: 2234 photographs, 256 vid-
eos, 16 websites, 28 anatomical replicas using 3D 
printing, the Laminario Anatómico, and a gym-
khana online simulator. Students were surveyed 
about their perception and use of these resources. 
Their responses indicate they are considered use-
ful tools for teaching and learning. 2) Teaching: 
all the practical activities with cadaveric materi-
al are comprehensively undertaken in different 
formats every year. 15 undergraduate programs 
have prosection activities, 9 graduate degree 
programs and 4 post-graduate qualification pro-
grams have prosection and dissection activities, 
and 22 graduate degree programs have cadaveric 
surgical training. 3) Institutional cooperation and 
research: 2 doctoral theses, 1 master’s thesis, and 

37 publications. The use of cadaveric material is 
a contribution that strengthens all aspects of aca-
demia in the development of both instructors and 
institutions.

Key words: Cadaveric material – Academic ben-
efits – Teaching – Anatomy 

INTRODUCTION
It is accepted that the use of cadaveric materi-

al for teaching anatomy is the only opportunity 
to empirically confirm the location of the organs 
and body systems (Inzunza, 2008; Sañudo et al., 
2021), despite the fact that three-dimensional 
(3D) visualization technologies and anatomical 
replicas are gaining ground due to their ever-in-
creasing realism (Hackett and Proctor, 2016; Yam-
mine and Violato, 2016; Kausar et al., 2020). It is 
known that multidimensional learning activities 
that relate cadaveric anatomy to living anatomy 
ensure the participation and enthusiasm of the 
learner (Pather, 2015; Abdel et al., 2017; Sadeesh 
et al., 2021). Although this methodology is old, it 
confronts the student with visual keys that are 
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highly relevant to learning these subjects (Guil-
lot et al., 2007; Dissabandara et al., 2015). How-
ever, the use of cadaveric material for teaching in 
this discipline has been reduced in the curricula, 
essentially due to time limitations, instructors’ 
training, and the resources needed to teach with 
corpses, which has decreased the overall level of 
applied anatomical knowledge in the youngest 
generations (Leung et al., 2006; Standring, 2009; 
Estai and Bunt, 2016). This puts the transmission 
of fundamental knowledge, values, and compe-
tences at risk (Rehkämper, 2016; Chipamaunga 
and Prozesky, 2019). This is worrying: the data 
show that students in those medical schools that 
discontinued anatomical work with cadaveric ma-
terial have been seriously hindered in their clini-
cal abilities and skills (Rizzolo and Stewart, 2006; 
Stephens et al., 2021). Coincidently, malpractice 
suits have steadily increased over time (Li et al., 
2018).

There are 24 recognized medical schools in 
Chile with a minimum program duration of 6 
years and a maximum of 7. The minimum num-
ber of semesters with anatomy courses is 2, with a 
maximum of 4. Tiznado-Matzner et al. (2019) col-
lected data on 12 anatomy laboratories in Chilean 
universities, of which just three claimed to have 
human cadaveric specimens to fully engage with 
in practical activities. This exposes the difficulties 
that institutions have in accessing cadaveric ma-
terial, which implies investments in infrastruc-

ture and training of instructors and technicians in 
using cadaveric preparations for morphological 
study (Gnanakumar et al., 2018; Singal, 2022). It 
is understood that the lack of this material poses 
a disadvantage in accessing knowledge founded 
on anatomical reality (Farfán et al., 2021). In ad-
dition, it must be recognized that there has been 
a progressive reduction in experts in morpholog-
ical sciences.

This study aimed to expand on the reported ac-
ademic benefits of using cadaveric material for 
audiovisual resources, teaching, and institutional 
cooperation and research.

MATERIALS AND METHODS
A descriptive study was conducted during the 

year 2022. All the resources and activities de-
veloped from using cadaveric material were 
organized to analyze the anatomical subjects, 
separating them into three categories: 1. Audio-
visual resources: all the audiovisual resources 
made from cadaveric material were compiled; 2. 
Teaching: all undergraduate and postgraduate 
training programs were organized, and the type of 
teaching they received was described; 3. Institu-
tional cooperation and research: the publications 
and institutional affiliations created from cadav-
eric material were compiled.

Additionally, to know the opinion and ascertain 
the extent to which the audiovisual resources gen-

Table 1. Audiovisual resources produced from cadaveric material.

Category Photos Videos Websites Laminario Anatómico Gymkhana Simulator 3D Printing

Head 235 52 1 18 1 1

Central Nervous System 50 12 1 14 1 0

Neck 50 23 1 12 1 2

Thorax 272 52 1 13 1 7

Abdomen 153 37 1 16 1 9

Pelvis 61 22 1 11 1 5

Back 50 7 1 23 1 0

Upper Limb 80 27 1 8 1 2

Lower Limb 90 24 1 8 1 2

Descriptive Anatomy 1043 0 7 55 7 0

Sectional Anatomy 150 0 0 79 0 0

Total 2234 256 16 257 16 28
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erated are used, in addition to student preferenc-
es and their opportunities to access this materi-
al (Table 1), at the end of the second semester of 
2021, an online survey in Likert format was sent 
(Google Forms; Google LLC, Mountain View, Cal-
ifornia, USA) to all the undergraduate Medical, 
Dentistry, and Physiotherapy students in the De-
partment of Anatomy at the Pontificia Universi-
dad Católica de Chile who used all these resources. 
The survey included 16 selection questions about 
the use of audiovisual resources. 284 first- and 
second-year students responded, 55% men and 
45% women, whose average age was 18 years, and 
represented 73% of the population, obtaining a 
homogeneous response rate among the different 
courses.

The authors confirm that every effort was 
made to comply with all local and internation-
al ethical guidelines and laws concerning the 
use of human cadaveric donors in anatomical 
research. After authorization from the appropri-
ate ethics review board, 30 bodies were obtained 
through the donation program in the Pontificia 

Universidad Católica de Chile (PUC) Faculty of 
Medicine. This donation program fully complies 
with the World Medical Association’s Declaration 
of Helsinki and national legal and ethical require-
ments, was approved by the CEC (Comité Ético 
Científico) MED-UC of the Pontificia Universidad 
Católica de Chile (No: 190115002).

Data and statistical analysis

The data collected were organized in Microsoft® 
Excel tables for MacOS (v.16.43, Microsoft® Corpo-
ration) and then exported to GraphPad Prism 9.0 
for MacOS (v9.1.0. GraphPad Software, La Jolla, 
California USA) to generate descriptive statistics.

RESULTS

Audiovisual resources

Photographs: A registry of 2234 photos of dis-
sections carried out on cadaveric preparations 
(Fig. 1A); 3D printing replicas: 28 replicas of cross 
sections digitized and printed using 3D technol-
ogy (Fig. 1B); Websites: 16 websites with original 

Fig. 1.- A. Photograph of lower airway dissection. B. Anatomical replica printed with 3D technology of an arm.
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texts on anatomical contents supported by pho-
tos; Laminario Anatómico, an interactive photo-
graphic web atlas for the recognition of anatom-
ical structures in cadaveric images and videos, 
with sections on descriptive anatomy, topograph-
ic anatomy, sectional anatomy. These sections in-
clude all systems and regions of the human body 
and can be retrieved from anywhere and on any 
device with internet access. (Fig. 2A); Videos: A 
registry of 256 videos with explanations on an-
atomical content using cadaveric preparations, 
an average of 4 minutes each (Fig. 2B); Gymkha-
na online simulator, a software that can simulate 
practical assessments conducted in the anatomy 
building, which has 16 different content simula-
tions; in it, students can perform evaluations of 
descriptive anatomy, topographic anatomy, em-
bryology, and histology. In addition, students can 
configure the number of questions and the dura-
tion of each station, being able to practice freely 
without the pressure of an evaluation (Fig. 3, Ta-
ble 1). All these resources were generated from 
cadaveric material and are free and open access.

Undergraduate student survey

The survey results indicated that 98.5% of the 
undergraduates use a computer, 70.3% a tablet, 
and 60.5% a smartphone as a study tool. Concern-
ing Internet access, 87.1% have mobile Internet 
on their study device; however, 87.6% use Wi-Fi 
when studying.

In relation to the audiovisual resources gener-
ated by the authors’ department, 79.9% said they 
use the Laminario Anatómico for daily study, and 
97.9% use it to prepare for theoretical and practi-
cal evaluations (gymkhanas).

Concerning the use of anatomy videos record-
ed in the anatomy building, 68.7% of the students 
surveyed indicated that they use them for daily 
study, 68.3% at least once a week, 83.7% review 
them to prepare for theoretical examinations and 
gymkhanas, and 94% consider this tool to be a 
contribution to their learning. Regarding the gym-
khana online simulator, 74.7% of students con-
firmed they use it for examination preparation.

Fig. 2.- A. Image from the “Laminario Anatómico”. The black box indicates the name of the structure labeled when clicking on the 
number 6. B. Screenshot of an explanatory video on anatomical content recorded in the anatomy building.
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Teaching anatomy

There are 15 undergraduate programs struc-
tured on 5, 10, and 15 credits (5 credits = 64 
hours of instruction). In these courses, prosection 

activities are carried out in the anatomy building 
(Table 2). Graduate degree teaching for 8 medi-
cal specialty programs and 1 master’s program 
structure is based on 5 credits; these activities 
include prosection and dissection. Post-graduate 

Fig. 3.- Photograph of the “Gymkhana Online Simulator”. The light blue box shows the image about which questions are asked, the 
calypso blue box the questions and blank spaces to answer, and the red box is the time remaining to change to the following image.

Table 2. Teaching using cadaveric material in undergraduate and graduate degree studies.

N° Undergraduate programs Course code Graduate degree programs Course code

1 Medicine I MED-111A Orthopedics No code

2 Medicine II MED-212A General surgery I No code

3 Medicine III MED-213A General surgery II No code

4 Dentistry I MED-101o Otorhinolaryngology No code

5 Dentistry II MED-102o Oncological surgery No code

6 Dentistry III MED-201o Maxillofacial surgery No code

7 Kinesiology I MEK-101A Orthodontics No code

8 Kinesiology II KIN-102A Oral Radiology No code

9 Speech Therapy I MEF-101A Master in Medical Physics MAF3000

10 Speech Therapy II FON-102A

11 Teaching Physical Education I MEP-101A

12 Teaching Physical Education II MEP-201A

13 Occupation Therapy MET-201A

14 Nursing MEB-103F

15 Nutrition MEN-101A
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qualification teaching for 4 diploma programs is 
structured into 20 credits; these activities include 
prosection and dissection. 22 structured surgical 
training programs carry out cadaveric surgical 
simulation training (Table 3). All programs are of-
fered in one academic year, and the courses have 
been repeated every year since 2021.

Institutional cooperation and research

The Department of Anatomy has made cadav-
eric material available for 2 doctoral theses and 1 

master’s thesis (Table 4). In relation to scientific 
article output, 37 papers have been published on 
cadaveric dissections in 18 years (Table 4).

DISCUSSION
The audiovisual resources produced from ca-

daveric material have been very well received 
by the students, who have skills per se in using 
technologies (Farfán et al., 2016). This is demon-
strated in the survey responses, which indicate a 
positive answer on using such tools, which also 
affects student performance, i.e., the “Laminario 
Anatómico”. Since the implementation of this re-
source, the results of the gymkhanas have yielded 
an increase in performance, e.g., in gymkhana 4 of 
the MEK-101A course in 2014, the average score 
was 39 out of 56 total points. By contrast, in 2015, 
the average was 37 out of 56. However, the aver-
age score on gymkhana 4 in 2016 (when the Lam-
inario Anatómico was implemented) was 41 out of 

Table 3. Teaching using cadaveric material in graduate qualification programs.

N° Graduate qualification programs Course code Surgical training Course code Type of surgical 
approach

1 Diploma in Human Anatomy DAH Hip prosthesis No code Manual

2 Diploma in Head and Neck Anatomy DACYC Knee prosthesis No code ROSA robot

3 Diploma in Neuroanatomy MEDNAH Ankle prosthesis No code Manual

4 Diploma in Histology and Embryology MEDDHEA Hallux valgus correction No code Manual

5 Shoulder prosthesis No code Manual

6 Elbow prosthesis No code Manual

7 Hand tendon repair No code Manual

8 Cochlear implant No code Manual

9 Blepharoplasty No code Manual

10 Scoliosis correction No code Manual

11 Spinal osteosynthesis No code Manual

12 Skin flaps No code Manual

13 Nasal septum correction No code Manual

14 Prostatectomy No code HUGO robot

15 Nephrectomy No code HUGO robot

16 Bariatric surgery No code HUGO robot

17 Penile prosthesis No code Manual

18 Organ procurement No code Manual

19 Canthotomy No code Manual

20 Entropion No code Manual

21 Ectropion No code Manual

22 Abdominal hernias No code Laparoscopy

Table 4. Institutional cooperation and Research.

Institutional cooperation Dissections

Doctoral Thesis 1 30

Doctoral Thesis 2 8

Master’s thesis 1 6

Anatomy Publications N°

Cadaveric dissections 37
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56; the following year, it was 42 out of 56. On the 
other hand, the direct benefit of producing these 
resources is an economic saving, given that all the 
resources mentioned here were created based on 
projects that made their funding possible, which 
is “a zero cost” for the department and simulta-
neously an achievement for the instructor, which 
has benefit to their academic career. For example, 
a virtual dissection table is over US$ 80,000, a cost 
that is not reasonable for any institution and far 
beyond the cost of developing all the audiovisual 
resources generated in the authors’ department 
from cadaveric material. Further, for the students, 
cadaveric material work remains the preferred 
means of learning anatomy (Johnson et al., 2013; 
Viswasom and Jobby, 2017; Mustafa et al., 2021).

Given the authors’ successful experience as a 
teaching team, they consider the integration be-
tween technology and the resources generated 
using cadaveric material fundamental (Casado 
et al., 2012; Paech et al., 2018; Bork et al., 2021; 
Nakai et al., 2022), and it has become one of the 
pillars that supports their teaching-departmental 
development. These resources stand in support 
of the demands that the current education system 
must consistently satisfy the rise in new teach-
ing methods equipped with greater flexibility and 
the ability to generate student-centered learn-
ing, which can be also seen in other experiences 
regarding the development of applications that 
combine the use of cadaveric material and tech-
nology (McMenamin et al., 2014; Moro et al., 2014; 
Dua et al., 2021). Additionally, within the scope of 
institutional cooperation, the Internet resourc-
es produced from cadaveric material are free to 
access, so students and instructors from other 
universities can also use them; however, the im-
pact on other universities has not been measured. 
This is not a minor point, since these tools were 
widely used during the Covid-19 pandemic due to 
the impossibility of attending anatomy buildings, 
which has been commented on in recent publica-
tions (Bauler et al., 2021; Babacan and Dogru Yu-
varlakbas, 2022).

In relation to teaching, the authors’ anatomy 
department offers differentiated courses on mor-
phological sciences for the various programs in 
the faculty of medicine and the different grad-

uate degree programs. The undergraduate pro-
grams mentioned in Table 2 include more than 
1200 students per year, taught by instructors 
corresponding to the equivalent of 11 full work-
ing days, who perform prosection activities in 
the laboratories. On the other hand, the gradu-
ate degree programs mentioned in Tables 2 and 
3 include approximately 200 students annually, 
who, through prosection, dissection, and surgical 
training activities can verify the theoretical con-
tents from the source, developing, in addition, 
basic surgical skills and a suitable three-dimen-
sional conceptualization of the human body. This 
is highly relevant, since there is consensus among 
researchers that training with corpses is import-
ant for surgeons to understand the anatomical 
approaches, which increases their knowledge, 
surgical confidence, and skills, underscoring that 
dissection contributes significantly to the work 
of prosection (Hazan et al., 2018; Kobayashi and 
Nudeshima, 2018; Torres et al., 2018; Sañudo et 
al., 2021). These findings provide evidence of the 
role of dissection in learning and the application 
of practical anatomical knowledge (Thompson 
and Marshall, 2020; Huynh et al., 2021), surfacing 
as the first preference of those who study anato-
my, and it enables greater knowledge acquisition 
(Zibis et al., 2021). The benefits of cadaveric anat-
omy training reflect the real evolution of medicine 
and its learning (Jansen et al., 2014), and it sug-
gests that dissection be re-established as the pri-
mary method of anatomy education to guarantee 
safe medical practice (Ghosh, 2017; Onigbinde et 
al., 2021). The evidence and international expe-
riences justify incorporating cadaveric anatomy 
training in the curricula of medical specialties 
(Memon, 2018; Dee et al., 2021).

An interesting point to consider is that labo-
ratory work with small groups is effective in the 
education of human anatomy, especially when 
the use of samples is varied, combining prepa-
rations, plastinated bodies, corpses, body parts, 
and methods (Chan and Ganguly, 2008; Fu et al., 
2022), a material that over the years the authors 
have managed to produce and are periodically re-
newed. The practical activities and the structured 
practical assessments (gymkhanas), carried out 
on cadaveric preparations, essentially demand 
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lived experiences in the activities in the anatomy 
building, being placed above the greater or less-
er skill or experience the student has in terms of 
their school of origin and the initial cultural capi-
tal they possess (Inzunza et al., 2017).

With respect to research and institutional col-
laboration, history shows that by the end of the 
19th century, due to the scant supply of mor-
phological training in Chile, it was customary 
to send young doctors to Europe for graduate 
training (Cárdenas, 2020). Currently, there are 
graduate degree offerings in Chile, both master’s 
and doctoral programs in morphological scienc-
es, diploma programs, and continuing education 
courses. However, the paucity of cadaveric mate-
rial needed to achieve a representative sample of 
the population is making researchers in the 21st 
century repeat the behaviors of the 19th century, 
having to leave to seek cadaveric material for their 
research in other institutions, an area in which the 
authors have been able to collaborate by receiving 
researchers from external graduate degree pro-
grams in their department.

Participation in medical gross anatomy increas-
es students’ visual-spatial ability (Lufler et al., 
2012; Vorstenbosch et al., 2013); therefore, it is 
reasonable to think that moving forward, anato-
my learning should still be cadaveric-based cou-
pled with complementary technological innova-
tions (Chang Chan et al., 2019; Uruthiralingam 
and Rea, 2020; Cheung et al., 2021; Iwanaga et al., 
2021; Abu Bakar et al., 2022).

Finally, it is only fair to point out that none of 
these teaching contributions and results would 
be possible without the invaluable generosity of 
those who joined the Body Donation for Science 
and Teaching Program. These people disinterest-
edly donated their bodies to continue serving life 
after their death. It is hoped that, with the gener-
ation of these academic benefits, the authors will 
be honoring their donors’ wishes.

This study has significant limitations. It is in the 
context of the national reality of Chile, which is a 
limitation because there are countries where there 
is no lack of cadaveric material for the teaching of 
human anatomy. Therefore, it is possible that some 
researchers do not identify with the problem.

CONCLUSIONS
The use of cadaveric material is a contribution 

that strengthens all aspects of academia, teacher 
training, student learning, and the positioning of 
institutions: 1) for the management of teaching 
material, it facilitates the development and pro-
duction of new resources, avoiding unreasonable 
costs; furthermore, the generation of these re-
sources is an opportunity to create basic clinical 
projects that can access competitive funds; 2) for 
teaching, it represents the best chance to verify 
the studied theoretical contents empirically, as 
well as develop surgical skills and abilities; 3) for 
morphological research and institutional collab-
oration, it is the generation of new instances of 
teamwork within the university and with other 
universities, producing robust research projects 
that culminate in the publication of results in in-
dexed journals with an impact factor.

University authorities must know and under-
stand these benefits when deciding to use cadav-
eric material in their institutions. With these re-
sults, we hope to encourage them to develop body 
donation programs for science.
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