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OBITUARY
Prof. Dr. med. Dr. h.c. J. W. Rohen

On May 26, 2022, the Anatomist Prof. Dr. med. 
Dr. h.c. Johannes Wilhelm Rohen passed away.  

Johannes W. Rohen was born on 18.9.1921 in 
Münster, attended the grammar schools in Old-
enburg and Cologne. From 1940 to 1946 he stud-
ied human medicine in Cologne, Freiburg, Bre-
slau and Danzig. After obtaining his doctorate in 
Tübingen and various clinical activities, he decid-
ed to pursue a scientific career at the Institute of 
Anatomy in Mainz, where he habilitated in 1953. 
Here he was able to deepen his interest in the 
functional view of the structures of the human or-
ganism. In 1963 he was appointed to an associate 
professorship in Giessen, and in 1964 to a chair of 
anatomy at the University of Marburg. 

In 1974 he moved to the Friedrich Alexander 
University of Erlangen-Nürnberg, where he held 
the chair of anatomy until his retirement in 1991. 
His work as a teacher was characterized by his 
functional perspective and was reflected in the 
textbooks “Functional Human Anatomy”, “Func-
tional Histology”, “Functional Neuroanatomy” 
and “Functional Embryology”. With the “Photo 
Atlas of Anatomy” he edited together with Chihiro 
Yokochi an anatomical standard work was creat-
ed that was translated into over 20 languages. He 
continued to work scientifically until he was 90 
years old and up to this time he was still asked by 
students to give the traditional introductory lec-
ture for students of human medicine.

Scientifically, he concentrated mainly on the 
elaboration of the functional morphology of the 
visual organ and larynx. Research visits took him 
to the Department of Ophthalmology at Washing-
ton University in St. Louis, USA, to Ahwaz, Iran 
and to Kampala, Uganda. 

He described the three-dimensional structure 
of the iris-ciliary muscle system and its influence 
on the resistance of aqueous humor outflow and 
found that the outflow resistance for aqueous hu-
mor is mainly localized under the inner wall of 
Schlemm’s canal (in the subendothelial region of 
the trabecular meshwork). These findings were 

the basis for the development of the glaucoma 
surgeries trabeculectomy and trabeculotomy. 
Electron microscopic and histochemical workup 
of the surgical material from trabeculectomies 
sent to him internationally then enabled him to 
differentiate the various forms of glaucoma. He 
was one of the first to culture trabecular cells to 
further investigate the causes of glaucoma.

With the advent of scanning electron microsco-
py, he was able to extend Helmholtz’s theory of ac-
commodation by describing new zonular systems 
and made significant contributions to the non-
lenticular region of presbyopia, which played an 
important role in the development of intraocular 
lenses. His work on the functional morphology of 
the ciliary epithelium and conjunctiva was also of 
clinical importance. 

His research has been recognized by highly pres-
tigious awards, including the Albrecht von Graefe 
Award of the German Ophthalmological Society, 
twice the highly endowed Alcon Research Award, 
USA and the prestigious Helen Keller Award, USA 
as well as the Anton Waldeyer prize of the Anato-
mische Gesellschaft (German Anatomical Society).

In addition, he obtained a honorary doctor of 
the University of Uppsala, Sweden, and he was 
member of the Leopoldina (German Academy of 
Sciences) in Halle (Saale) and the Academy of Sci-
ences and Literature in Mainz (Germany).

We coworkers, students and friends remember 
our revered teacher with heartfelt gratitude.

Prof. Dr. med. Elke Lütjen-Drecoll
(Emerita of the Institute of Anatomy, Chair II),

FAU Erlangen-Nürnberg, Germany
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ORIGINAL ARTICLE	 Eur J Anat, 26 (4): 371-386 (2022)

Dimension variability of the M2 human 
molar teeth: comparisons between 
prehistoric and medieval samples

Ozana-Maria Petraru1,2, Vasilica-Monica Groza1, Luminita Bejenaru1,2, Mariana Popovici1

1 Romanian Academy – Iaşi Branch, “Olga Necrasov” Center of Anthropological Research, Iasi, Romania; Th. Codrescu Street, 
no. 2, 700479, Iasi, Romania
2 “Alexandru Ioan Cuza” University of Iaşi, Faculty of Biology, Iasi, Romania; Carol I Boulevard, no. 20A, 700505, Iași, Romania

SUMMARY
Teeth are a valuable source of information for 

studies regarding past human populations in 
archaeological and forensic contexts. In dental 
anthropology, the linear measurements of tooth 
crowns are used for assessing morphological 
variability and sexual dimorphism in both 
modern and past human populations. The aim of 
this research is to evaluate the M2 molar crown 
variability in archaeological human populations 
from Prehistory (Chalcolithic and Bronze Age, 
~ 5000-1150 BCE) and Middle Ages (13th-17th 
centuries) discovered in sites from North-
Eastern Romania. The objectives of this study 
emphasize on the diachronic comparison of the 
M2 molar crown variables between prehistoric 
and medieval samples (1), and the assessment 
of sexual dimorphism expression (2). The two 
crown measurements, mesio-distal (MD) and 
bucco-lingual (BL) diameters, were performed 
using ImageJ software on occlusal digital images 
acquired stereo-microscopically. The crown 
index (CI), crown area (CA) and the sexual 
dimorphism index (SDI), along with the two linear 
measurements, were subjected to univariate and 
multivariate statistical analysis. 

Our results show that the variation coefficient 
(CV) differs for the MD variable in the female 
upper M2 molars, being higher in the medieval 
sample than the prehistoric one; also, a higher 
variability is remarked for the mandibular molar 
in the medieval sample than in prehistoric one. In 
females, the MD and CA variables for mandibular 
M2 molars and the BL and CA for maxillary molars 
showed significant statistical differences between 
the medieval and prehistoric mandibular teeth, 
with higher values for the exemplar from Middle 
Ages. Similar result was obtained in males, for the 
CA variable in the upper M2 molars. In our study, 
the sexual dimorphism manifested at the M2 
crown molar was highlighted in the prehistoric 
sample, though less in the medieval one. 

Key words: M2 molar teeth – Crown 
measurements – Sexual dimorphism – 
Archaeological human populations – Nord-
Eastern Romania

INTRODUCTION
Dental anthropology is an interdisciplinary 

research area that involves several directions of 
study such as physical anthropology, dentistry, 
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biology, paleontology, and paleopathology 
(Moreno-Gómez, 2013). The unique preservation 
of teeth is based on their hard tissues (i.e., enamel, 
dentine, and cementum), teeth being a valuable 
source of information for studies regarding the 
past human populations in archaeological and 
forensic contexts (Eboh, 2017; Jeon et al., 2020; 
Higgins and Austin, 2013; Hillson, 2005; Watson 
and Haas, 2017). In physical anthropology, teeth 
have been studied by various methodologies 
concerning age at death estimation (Bertrand et 
al., 2019; Brothwell, 1981), dental wear and dental 
calculus as bioindicators of diet (Green and Croft, 
2018; Cummings et al., 2018; Fiorenza et al., 
2018), cultural modifications (Wasterlain et al., 
2016; Smith-Guzmán et al., 2020), dental diseases 
(Hillson, 2001; Wasterlain et al., 2020; Garot et al., 
2019; Marchewka et al., 2014), inter- and intra-
populational variations of shape and size (Gómez-
Robles et al., 2015; Black, 2014; Takahashi et al., 
2007; Kondo et al., 2005).

A number of studies showed that genetic, 
environmental, and epigenetic factors have a 
great influence on dental morphology (Kondo and 
Manabe, 2016; Townsend et al., 2012; Farzin et 
al., 2020).

Several studies of dental anthropology 
approached the linear measurements of tooth 
crowns for assessing the sexual dimorphism in 
both modern human populations (Zorba et al., 
2011; Zúñiga et al., 2021) and past ones (Petraru 
et al., 2020; Yoo et al., 2016; Górka et al., 2015), 
as well the dental variability between ethnic 
groups (Brook et al., 2009; Hasegawa et al., 2007). 
Most studies of the tooth crown size variability 
are based on the measurement of the mesio-
distal and bucco-lingual diameters (Petraru et 
al., 2020; Zorba et al., 2011; Kondo et al., 2005; 
Yoo et al., 2016), although other alternative 
measurements have been reported (Hillson et 
al., 2005; Zorba et al., 2013). Due to their sexual 
dimorphism and resistance to postmortem 
alteration process, teeth, by crown dimensions, 
are essential in assessing sex when other skeletal 
parameters are not reliable (Zorba et al., 2013; 
Petraru et al., 2020). Several studies showed that 
the canine (particularly the mandibular canine) 
is the most sexually dimorphic tooth (Scherer, 

2018; Magalhães et al., 2021). The adjacent teeth 
around the canines (i.e., lateral incisors and first 
premolars), along with the molar teeth (especially 
the mandibular teeth) also show dimensional 
variations due to sexual dimorphism (Zorba et al., 
2011; Kondo et al., 2005). 

Although odontometric research is well-known 
in both archaeological human populations and 
forensic contexts, there are few studies regarding 
dental variability and sexual dimorphism on 
molar crown in samples from North-Eastern 
Romania (Petraru et al., 2020; Petraru et al., 
2017). Considering the consequences of genetic 
influence, environmental factors, like variation of 
food resources exploitation, and the interference 
of cultural factors, we suppose that dental 
variability is increasing in time being correlated 
with a decreasing sexual dimorphism in teeth.

The aim of this study is to assess M2 molar 
crown variability in samples of archaeological 
human populations discovered in North-Eastern 
Romania. Knowing the importance of teeth as 
indicators of the intra- and inter-population 
variability, the objectives of this study emphasize 
the diachronic comparison of the M2 crown 
variables (mesio-distal and bucco-lingual 
diameters, crown area, and crown index) between 
medieval and prehistoric samples (1), and the 
expression of sexual dimorphism at the M2 molar 
crown (2).

MATERIALS AND METHODS

Material

The dental material is represented by the 
M2 molars (maxillary and mandibular molars) 
(Fig. 1) (n = 284) belonging to human skeletons 
discovered in archaeological sites from North-
Eastern Romania (Fig. 2; Table 1). The M2 molar 
was chosen, while for the first molar - M1, was 
avoided due to its variable morphology and 
usually high degree of wear. Furthermore, only 
the molars without pathologies, an integrated 
tooth crown and an occlusal wear that does not 
exceed a ‘moderately advanced wear’ (Smith, 
1984, Tomczyk et al., 2020) were considered. All 
molars, related to different age categories (Table 
1), were considered for the size analysis, as, once 
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formed, teeth do not change their size (Górka et al., 
2015). The material under study dates, according 
to the archaeological inventory, from Prehistory 
(Chalcolithic and Bronze Age ~ 5000-1150 BCE), 
and the Middle Ages (13th-17th centuries) (Table 2). 
Some published data regarding the dimensional 
variability of M2 molar dating from the Bronze 
Age (n = 54) (i.e., Trușești and Cândești samples 
published previously by Petraru et al. (2020)) were 
included in this research due to the comparative 
approach. The molars from the “Curtea 
Domnească” necropolis of the 17th century, which 
have been subjected to a previously odontometric 
study based on caliper measurements (Petraru et 
al., 2017), were reanalyzed with Image J (n = 133) 
and no statistically significant differences were 
obtained between the two dimensioning (BL: t 
= 0.321, p = 0.749; MD: z = 0.289	 p = 0.772); 
thus, all dental material was studied by the same 

method in order to avoid error interpretation. The 
human skeletons discovered in the mentioned 
archaeological sites were previously studied 
in terms of age at death and sex estimations, 
demography, pathologies and odontometrics 
(Petraru et al., 2017; Petraru et al., 2020) (Table 
2). The dental material used in this study is 
currently preserved in the osteological collection 
of the “Olga Necrasov” Center of Anthropological 
Research, Romanian Academy - Iași Branch. 

Methods

The molars selected to be studied were prepared 
for measurements by removing the exogenous 
grit/ impurities using ethanol, hydrogen peroxide, 
and cotton wool (Petraru et al., 2020). The teeth 
were placed under the stereomicroscope being 
situated in the dental alveoli, or positioned in 
the specific anatomical orientation if the teeth 

Fig. 1.- Occlusal surface of left maxillary M2 molar (left) and left mandibular M2 molar (right).

Table 1. M2 molar teeth selected for the study.

Distribution of M2 molars according to the position in the skull

Upper right M2 molar
(M2

r)
Upper left M2 molar
(M2

l)
Lower right M2 molar
(M2r)

Lower left M2 molar
(M2l)

n = 71 n = 70 n = 79 n = 64

Distribution of M2 molars according to age at death category proposed by Buikstra and Ubelaker (1994)

Adolescents (12-20 years) Young adults (20-35 years) Middle adults (35-50) Old adults (> 50 years)

n = 28 n = 118 n = 115 n = 23
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Fig. 2.- Location of archaeological sites: A – Nord-Eastern Romania area; B – archaeological sites from Chalcolithic (5000-
3800/3700 BCE), C – archaeological sites from Bronze Age (3500-1200/1150 BCE); D – archaeological sites from Middle Ages (13th 
– 17th centuries).

Table 2. List of archaeological sites considered in the study.

Period Archaeological site / 
County

Dental 
samples

Skeleton sample
Reference

Odontometric 
ImageJ data
Reference

Prehistory

Chalcolithic

Brad / Neamț n = 3
Necrasov and Onofrei (1972)

Inedit

Aldești / Neamț n = 3 Inedit

Valea Lupului / Iași n = 3 Antoniu and Roșca-Gramatopol (1966) Inedit

Holboca / Iași n = 19 Necrasov and Cristescu (1957) Inedit

Bârgăoani / Neamț n = 3 Necrasov et al. (1972) Inedit

Bronze Age

Cioinagi / Galați n = 7 Cristescu et al. (1965) Inedit

Cândești / Vrancea n = 20 Miu (1999) (Petraru et al., 
2020)

Roman / Neamț n = 3 Diaconu et al. (2016) Inedit

Trușești / Botoșani n =34 Cristescu and Miu (1999) (Petraru et al., 
2020)

Ciritei / Neamț n = 3 Cristescu (1961) Inedit

Braești / Botoșani n = 4 Miu (1992) Inedit

Doina / Neamț n = 2 Archive data* Inedit

Middle 
Ages

13th-14th 
centuries

Hudum / Botoșani n = 34 Miu et al. (2003); Archive data* Inedit

Doina / Neamț n = 13 Necrasov and Botezatu (1964); Archive 
data* Inedit

17th century “Curtea Domnească”/ Iași n = 133 Groza (2015) Inedit

* Data from the Archive of “O. Necrasov” Centre of Anthropological Research



Ozana-Maria Petraru et al.

375

were detached from the skull (Petraru and 
Bejenaru, 2019). The teeth were placed under 
stereomicroscope so that the cement-enamel 
junction plane was perpendicularly situated to 
the optical axis of the camera lens (Galbany et 
al., 2016; Górka, 2016; De Castro and Nicolas, 
1995; Al‐Khatib et al., 2011; de Castro et al., 2001; 
Martín-Albaladejo et al., 2017).

Dental micrometry

Digital images of occlusal surfaces of the M2 
molars were recorded using a Carl Zeiss Stemi 
2000-C stereomicroscope with a Canon Power 
Shot G9 attached. The images were processed 
and calibrated (in mm) using ImageJ software 
(Abràmoff et al., 2004). Two maximum crown 
diameters were taken by ImageJ software: bucco-
lingual (BL) diameter and mesio-distal (MD) 
diameter. The MD diameter was taken as the 
maximum width of the tooth crown in the mesio-
distal plane (Kazzazi and Kranioti, 2018), while BL 
diameter was taken as the widest point of the tooth 
crown in the bucco-lingual plane, perpendicular 
to the MD (Nava et al., 2021; Takahashi et al., 2007; 
Pilloud and Scott, 2020). In the dental samples in 
which inter-proximal facets were observed, the 
MD length was estimated according to the method 
proposed by Wood and Abbott (1983). The crown 
index (CI = BL diameter x 100/MD diameter), and 
the crown area (CA = BL diameter x MD diameter) 
were used to characterize the overall crown size, 
but no the shape (Kondo et al., 2005; Kondo and 
Manabe, 2016). The sexual dimorphism index 
(SDI = M-F/ F x 100; M - male mean value; F - 
females mean value) was also used (Harris and 
Foster, 2014; Zorba et al., 2011).

Statistical analysis 

Intra-observer error of dental measurements 
was achieved by blind tests in which 20 molars 

were randomly examined. The BL, and MD 
variables were measured twice with one month 
between measurements, by the same researcher. 
The Shapiro-Wilk test was computed for the data 
distribution in order to perform the asymmetry 
analysis, bivariate analysis of the M2 molar 
variables (BL, MD, CA, CI). Student’s T-test and 
Mann-Whitney tests were used to compare the BL 
and MD values as independent groups of the left 
and right mandibular/maxillary molars. 

Descriptive statistics and relationships between 
measurements were investigated through 
univariate and multivariate statistical analysis 
using XLSTAT and PAST softwares (Hammer et 
al., 2001). Pearson’s and Spearman’s tests were 
used to analyze the correlations between the BL 
and MD measurements (Ratner, 2009; Razali and 
Wah, 2011).

To evaluate the accuracy of the BL, MD, CA and 
IC variables in assessing sexual dimorphism, the 
Discriminant Analysis (DA) was used. The analysis 
was achieved for every category of data: upper 
and lower M2 molars in every period (Prehistory 
and Middle Ages). Hoteling’s test indicates how 
convenient is a given molar variable in the 
discriminant analysis; the F Statistic determines 
how much variation exists between the sexes and 
the significance level of the variance.

RESULTS 
The result of the t test was not statistically 

significant (BL: N = 20; t = 0.27; p > 0.78; MD: N = 
20, t = 0.37, p = 0.71).

The diameters’ asymmetry between the left and 
right mandibular/maxillary molars was analysed 
and no statistically significant result was revealed 
(Table 3); therefore the left and right mandibular/
maxillary molars were analyzed simultaneously.

Table 3. Test results for asymmetry between the left and right mandibular/maxillary BL and MD.

Test type
M2 right vs. M2 left M2 right vs. M2 left

BL diameter MD diameter BL diameter MD diameter

Shapiro-Wilk W = 0.98, p = 0.66
W = 0.96, p = 0.1

W = 0.95, p = 0.005
W = 0.95, p = 0.019

W = 0.97, p = 0.28
W = 27, p = 0.26

W = 0.98, p = 0.50
W = 0.98, p = 0.60

T test/ 
Mann-Whitney t = 1.02, p = 0.307 Z = 0.62, p = 0.53 t = 1.47, p = 0.16 t = 0.19, p = 0.84
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The summary statistics of the bidimensional 
diameters are comparative shown by sex, position 
of the molars (mandibular and maxillary), and 
period, in Table 4. The bidimensional diameters 
for the mandibular M2 molars are characterized 
by a higher mean in males comparative to 
females, probably due to sexual dimorphisms (BL 
= 9.42 mm in females and 9.72 mm in males; MD 
= 10.10 mm in females and 10.43 mm in males). 
The differences between the BL and MD variables 
in males vs. females are statistically significant 
(BL: z = 3.05, p = 0.002; MD: z = 2.60, p = 0.009). 
A difference was also observed for the superior 
molars M2 but not supported by statistical 
significance (BL t test: t = 0.518, p = 0.605; MD t test: 
t = 0.906, p = 0.3665). When the dimensions were 
divided by period (i.e., Prehistory, Middle Ages), 
the BL and MD values were similar for the inferior 
M2 molars. In this study, the variability degree of 
the M2 dimensions is indicated by the coefficient 
of variation (CV%). Thus, constant CV% values 
were observed for the mandibular molars dating 
from Prehistory (CV% = 6.71 for BL diameter, and 
6.87 for MD diameter), while a greater variability 
was observed for the medieval teeth from both 
13th-14th centuries (CV% = 7.99 for BL diameter, 
and 8.22 for MD diameter) and 17th century (CV% 
= 5.93 for BL diameter, and 6.83 for MD diameter). 
In contrast with the dimension variability of the 
mandibular molars, for the superior M2 molars a 
higher variability coefficient is observed for both 
diameters in the 13th-14th centuries (CV% = 10.73 
for BL diameter, and 10.79 for MD diameter). 
Similar high CV% was noted for the MD diameter 
of the M2 from prehistoric sample (CV% = 10.53), 
while BL diameter was characterized by lower 
variability (CV% = 7.23). 

To compare the molar dimensions in terms of 
diachronic and sex criteria, the medieval teeth of 
13th-14th centuries and those of the 17th century 
were considered together. In order to merge 
the samples, parametric and non-parametric 
tests, depending on the data distribution, were 
performed to test whether there are differences 
between the odontometric data of the 13th -14th 
centuries and those of the 17th century. The 
results showed no statistical differences between 
the variables of the mandibular M2 molars (BL: 

t = 0.73, p =0.46; MD: z = 0.03, p = 0.96) and the 
maxillary ones (BL: t = 0.08, p = 0.93; MD: t = 1.44, 
p = 0.15). The upper M2 molars from the female 
dataset are characterized by a similar variability 
of the mesio-distal diameter for both prehistoric 
and medieval samples (CV%= 8.76, and 8.20 
respectively), in contrast with the variability of the 
bucco-lingual diameter which varies less in the 
prehistoric molars (CV% = 4.43) than in medieval 
ones (CV% = 7.05). In contrast with the dimensions 
of the superior molar in females, the dimensions of 
the mandibular molar are characterized by lower 
variability in the sample from Prehistory (CV% = 
3.45 in BL diameter, and 4.75 in MD diameter), 
while in the medieval sample the variability is 
higher (CV% = 7.22 in BL diameter, and 6.41 in MD 
diameter). In the male samples, comparable CV% 
values were observed for the inferior molars, and 
for the BL diameter in the maxillary M2 molars 
(CV% = 8.14 in prehistoric molars, and 7.69 in 
medieval ones), while different CV% values were 
obtained for the MD diameter in the prehistoric 
molars (CV% = 11.24), and medieval ones (CV% = 
8.82).

The bidimensional measurements analyzed 
on the criterium of tooth position in the skull 
(mandibular and maxillary) have shown a non-
normal distribution in the mandibular M2 molars 
for the MD diameter (W = 0.95, p = 0.0002), and 
a normal distribution for the BL diameter (W = 
0.98, p = 0.08). In the maxillary M2 molars, the 
diameter values showed a normal distribution 
(BL diameter: W = 0.98, p = 0.08; MD diameter: W 
= 0.99, p = 0.48). When sex criteria were applied, 
the data for the mandibular male molars showed 
a non-normal distribution for the MD diameter 
(W = 0.96, p = 0.01), and a normal distribution 
data for the BL diameter (W = 0.98, p = 0.45). In 
the male maxillary molars, both diameter values 
showed a normal distribution (BL diameter: 
W = 0.98, p = 0.40; MD diameter: W = 0.97, p = 
0.11). Similar distribution of data diameters 
was observed in the female molars: non-normal 
distribution data in the mandibular molars (BL 
diameter: W = 0.86, p = 0.0003; MD diameter: W 
= 0.91, p = 0.009), and normal data distribution 
in the maxillary ones (BL and MD diameters: W = 
0.95, p = 0.15).
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Table 4. Summary statistics of bucco-lingual (BL) and mesio-distal (ML) diameters in the M2 molars by position in skull, sex, and 
periods (N – number, Min – minimum, Max – maximum, Std. error – standard error, Var. – variance, Std. dev. – standard devia-
tion, Coeff. Var. – coefficient of variance).

Tooth N Sex Variable Min Max Mean Std. error Var. Std. dev. Median Coeff. Var.

M2 143
- BL 8.41 11.37 9.65 0.05 0.41 0.64 9.64 6.64

- MD 9.02 12.61 10.37 0.06 0.55 0.74 10.27 7.14

M2 141
- BL 7.82 12.82 10.9 0.07 0.70 0.83 10.84 7.67

- MD 6.53 11.61 9.00 0.07 0.71 0.84 9.05 9.36

Dimension variability of M2 molars by sex

M2 101 Male
BL 8.41 11.37 9.72 0.06 0.41 0.64 9.7 6.59

MD 9.02 12.61 10.43 0.07 0.54 0.73 10.33 7.08

M2 38 Female
BL 8.71 11.03 9.42 0.09 0.33 0.58 9.31 6.17

MD 9.14 12.24 10.10 0.09 0.37 0.61 9.99 6.05

M2 102 Male
BL 7.82 12.82 10.92 0.08 0.74 0.86 10.88 7.92

MD 6.53 11.61 9.03 0.08 0.77 0.88 9.07 9.74

M2 34 Female
BL 9.62 12.8 10.83 0.13 0.64 0.80 10.66 7.42

MD 7.7 10.45 8.88 0.13 0.57 0.76 9.05 8.55

Dimension variability of M2 molars by period

Prehistory (~ 5000-1150 BCE)

M2 53 -
BL 8.42 11.3 9.59 0.08 0.41 0.64 9.51 6.71

MD 9.14 12.46 10.24 0.09 0.49 0.70 10.08 6.87

M2 51 -
BL 8.9 12.68 10.6 0.10 0.58 0.76 10.61 7.23

MD 6.53 11.62 8.79 0.12 0.82 0.91 8.86 10.53

Middle Ages (13th-14th centuries) 

M2 27 -
BL 8.56 11.38 9.77 0.15 0.61 0.78 9.88 7.99

MD 9.03 11.94 10.45 0.16 0.73 0.85 10.33 8.22

M2 20 -
BL 7.83 12.82 11.05 0.26 1.40 1.18 11.34 10.73

MD 7.08 10.37 8.90 0.21 0.92 0.96 9.01 10.79

Middle Ages (17th century) 

M2 63 -
BL 8.46 11.03 9.66 0.07 0.32 0.57 9.6 5.93

MD 9.22 12.61 10.44 0.08 0.50 0.71 10.42 6.83

M2 70 -
BL 9.56 12.8 11.07 0.08 0.50 0.71 10.97 6.43

MD 7.02 10.74 9.18 0.08 0.51 0.72 9.22 7.83

Dimension variability of M2 molars by period and sex*

Prehistory (~ 5000-1150 BCE)

M2 34 Male
BL 8.42 11.3 9.76 0.11 0.48 0.69 9.72 7.15

MD 9.36 12.46 10.37 0.12 0.50 0.70 10.21 6.84

M2 33 Male
BL 8.9 12.68 10.70 0.15 0.76 0.87 10.64 8.14

MD 6.53 11.62 8.80 0.17 0.97 0.98 8.89 11.24

M2 17 Female
BL 8.72 9.98 9.22 0.07 0.10 0.31 9.19 3.45

MD 9.14 10.79 9.87 0.11 0.22 0.46 9.8 4.75

M2 15 Female
BL 9.63 11.1 10.32 0.11 0.20 0.45 10.37 4.43

MD 7.72 10.46 8.68 0.19 0.58 0.76 8.59 8.76

Middle Ages (13th – 17th centuries)

M2 67 Male
BL 8.46 11.38 9.70 0.07 0.37 0.61 9.69 6.33

MD 9.03 12.61 10.46 0.09 0.57 0.75 10.43 7.22

M2 69 Male
BL 7.83 12.82 11.02 0.10 0.72 0.84 10.96 7.69

MD 7.02 10.74 9.15 0.09 0.65 0.80 9.19 8.82

M2 21 Female
BL 8.76 11.03 9.59 0.15 0.48 0.69 9.42 7.22

MD 9.36 12.24 10.28 0.14 0.43 0.65 10.27 6.41

M2 19 Female
BL 9.86 12.8 11.24 0.18 0.62 0.79 11.22 7.05

MD 7.7 10.27 9.04 0.17 0.55 0.74 9.22 8.20

* 9 molars were removed from the descriptive statistics due to the indeterminate sex of the individuals
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Our results show a strong and positive 
correlation between the BL and MD diameters for 
the mandibular M2 molars (Spearman coefficient = 
0.75, p < 0.001), and moderate one in the maxillary 
M2 molars (Pearson coefficient = 0.32, p < 0.001) 
(Fig. 3A, B). When a sex criterium was applied, 
the dental measurements in the mandibular M2 
molars (i.e., BL, and MD) were strong correlated 
in males (Spearman coefficient = 0.76, p < 0.001), 
and moderate positive correlated in females 
(Spearman coefficient = 0.64, p < 0.001) (Fig. 3C, 
E). In contrast with these results, for the maxillary 

M2 molars, dental measurements showed a 
moderate positive correlation in males (Pearson 
coefficient = 0.39, p < 0.001), and no correlation 
in females (Pearson coefficient = 0.083, p < 0.64) 
(Fig. 3D, F). The MD and BL diameters were less 
correlated in the maxillary M2 molar than in the 
mandibular M2 (10%, and 57% respectively). This 
aspect is highlighted especially in the female 
molars (47% in the mandibular M2, and 0.69% in 
the maxillary M2) in contrast with the male molars 
(56% in mandibular M2 and 15% in the maxillary 
M2).

Fig. 3.- Dimension variability of the M2 human molars belonging to the archaeological populations from North-Eastern Romania: 
A – dimensions of the M2 molars; B – dimensions of the M2 molars; C – dimensions of the M2 molars in males; D – dimensions of the 
M2 molars in males; E – dimensions of the M2 molars in females; F – dimensions of the M2 molars in females.
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The crown index (CI) can be used to obtain data 
regarding the crown proportions, especially in a 
comparative approach (Kondo et al., 2005). The 
CI frequency values are shown by sex and tooth 
position in the skull in Fig. 4. The distribution of 
the CI values was assessed using the Shapiro-Wilk 
test. The results showed that the CI values have 
non-normal distribution in the maxillary M2 mo-
lars in males (W = 0.94, p = 0.002); therefore, the 
Mann-Whitney pairwise test was used. According 
to the Mann-Whitney test, a significant statistical 
difference was revealed between the mandibular 
M2 molars in female vs. male (p < 0.001), probably 
due to the sexual dimorphism that influenced the 
crown proportion.

To analyze the dynamic of the tooth crown 
proportion in the upper and lower M2 molars, 
the medio-distal (MD) and bucco-lingual (BL) 
measurements, along with the crown area 
(CA), and crown index (CI) were diachronically 
compared. The results of data normality test are 
shown in Table 5.

Three variables register statistically significant 
differences between the prehistoric and the 
medieval periods in the female teeth (Fig. 5A). 
For the lower M2 molar, the mesio-distal (MD) 
diameter recorded a mean value greater in the 
medieval sample (MD = 10.28 mm) comparative 
with that of prehistoric one (MD = 9.87 mm) (U 

test = 109; p = 0.042). Also, the crown area (CA) of 
the mandibular molar M2 recorded higher values 
in the medieval sample (98.97 mm2) compared to 
the prehistoric one (91.08 mm2) (U test = 102; p = 
0.02). 

In the upper M2 molars, the bucco-lingual 
diameter (BL) and the crown area (CA) registered 
significant higher values for the medieval sample 
(U test = 46; p = 0.00 and U test = 51; p = 0.001), 
namely 11.24 mm in BL and 101.66 mm2 in CA, 
comparative with 10.32 mm and 89.56 mm2 for 
prehistoric sample.

In the male dataset, the Mann-Whitney test 
results highlight significant differences between 

the mean values only for the crown area (CA) of 
upper M2 molars (U test =743; p = 0.008) (Fig. 5B). 
The CA registered higher values for this molar 
in the medieval sample (101 mm2) than in the 
prehistoric one (96.22 mm2).

Sexual dimorphism 

In our study, the sexual dimorphism was 
calculated for each period separately: Prehistory 
and Middle Ages. In the prehistoric mandibular 
M2, of the four variables investigated (MD, BL, CI, 
CA), the sexual dimorphism was manifested in 
three of them: BL (U test = 112; p = 0.001), MD 
(U test = 138; p = 0.01), and CA (U test = 114; p = 
0.001). 

Fig. 4.- Crown index of the M2 molars by sex.
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Table 5. Normality test result for BL, MD, CA, CI variables.

Prehistory

Lower M2 molar – male Lower M2 molar – female

Normality test
Variables

Normality test
Variables

BL MD CI CA BL MD CI CA

W 0.979 0.868 0.984 0.916 W 0.958 0.963 0.946 0.925

p - value 0.790 0.001 0.921 0.021 p - value 0.592 0.694 0.394 0.176

Upper M2 molar – male Upper M2 molar – female

Normality test
Variables

Normality test
Variables

BL MD CI CA BL MD CI CA

W 0.986 0.942 0.976 0.874 W 0.946 0.935 0.877 0.950

p - value 0.950 0.088 0.673 0.001 p - value 0.459 0.319 0.043 0.525

Middle Ages 

Lower M2 molar – male Lower M2 molar – female

Normality test
Variables

Normality test
Variables

BL MD CI CA BL MD CI CA

W 0.985 0.978 0.980 0.975 W 0.893 0.900 0.848 0.886

p - value 0.622 0.303 0.389 0.200 p - value 0.029 0.035 0.004 0.019

Upper M2 molar – male Upper M2
 molar – female

Normality test
Variables

Normality test
Variables

BL MD CI CA BL MD CI CA

W 0.958 0.973 0.941 0.978 W 0.976 0.938 0.836 0.966

p - value 0.020 0.141 0.003 0.274 p - value 0.883 0.246 0.004 0.692

Fig. 5.- Comparative representation of the M2 molar variables (BL, MD, CA, CI) between medieval and prehistoric samples: A. 
Females, B. Males.
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Table 6. Discriminant analysis statistics.

Stepwise discriminant analysis of dental variables

Period Molar Hotelling’s value F test P value

Prehistory
Lower M2 molar 12.17 2.84 0.03*

Upper M2 molar 3.4 0.8 0.52

Middle Ages
Lower M2 molar 1.04 0.25 0.9

Upper M2 molar 2.4 0.58 0.67

The correlations between the factors (F1) and original variables

Variables Lower M2 molar 
Prehistory

Upper M2 molar/ Pre-
history

Lower M2 molar Middle 
Ages

Upper M2 molar 
Middle Ages

BL 0.926 -0.701 0.62 0.646

MD 0.771 -0.583 0.893 -0.347

CI 0.213 0.021 -0.421 0.783

CA 0.896 -0.796 0.821 0.105

Canonical discriminant function coefficients and Functions at Group Centroid
Molar Variable F1 Function of Group centroid

Lower M2 molar Prehistory

Constant -39.596

Female: -0.675
Male: 0.383

BL 14.077

MD 2.583

CI -0.549

CA -0.714

Upper M2 molar/ Prehistory

Constant -74.156

Female: 0.395
Male: -0.185

BL -6.111

MD 9.012

CI 0.602

CA -0.142

Lower M2 molar Middle Ages

Constant -102.491

Female: -0.194
Male: 0.063

BL -13.542

MD 9.865

CI 1.198

CA 0.191

Upper M2 molar Middle Ages

Constant -38.829

Female: 0.315
Male: -0.087

BL 10.339

MD 3.255

CI -0.275

CA -0.709

Confusion matrix for the cross-validation results:
M2 from \ to F M Total % Correct

Lower M2 molar Prehistory

F 14 3 17 82.35%

M 16 14 30 46.67%

Total 30 17 47 59.57%

Upper M2 molar/ Prehistory

F 9 6 15 60.00%

M 12 20 32 62.50%

Total 21 26 47 61.70%

Lower M2 molar Middle Ages

F 1 20 21 4.76%

M 7 58 65 89.23%

Total 8 78 86 68.60%

Upper M2 molar Middle Ages

F 0 19 19 0.00%

M 5 64 69 92.75%

Total 5 83 88 72.73%

Discriminant function for M2 mandibular molar – Prehistory:
F1= (-39.596) + 14.077*BL + 2.583*MD + (-0.549*CI) + (-0.714*CA).

*Statistically significant p-value



Dimension variability of the M2 human molar teeth: comparisons between prehistoric and medieval samples

382

The SDI values are close for the two variables: 
6.09% for BL, and 5.06% for MD. So, for that we 
consider that indeed both variables play a more 
important role in the sexual differentiation. This 
idea is strengthened by the area of the dental 
crown (CA), calculated precisely on these two 
variables (BL x MD). The SDI value of CA shows 
a much more dimorphic role than for the two 
variables analyzed separately (SDI = 11.74%). 

The role of variables in the sexual discrimination 
was also tested with Discriminant Analysis. 
Discriminant Analysis was achieved for every 
category of data: upper and lower M2 molars, 
and every period (Prehistory and Middle Ages). 
The analysis only reinforces the findings of the 
previous test.

The Table 6 shows the results of Discriminant 
Analysis. It includes the Hotelling’s test, which 
highlights the role of the dental variables in the 
stepwise analysis, while F test determines how 
much variation exists between sexes and the 
significance level of variance. The DA results 
show that BL variable is the one that makes the 
biggest contribution to the functions obtained, 
and a stronger correlation between the variables 
is noticed in the test of the mandibular molar 
from the Prehistoric period. Also, in Table 6 the 
canonical discriminant coefficient and function at 
group centroid are presented. A group centroid is 
the mean discriminant score for each of the sexes. 
The formula to identify the sex by M2 is derived 
from the discrimination function coefficients 
(unstandardized coefficients), clearly categorizing 
the subjects as male or female. After calculating F 
value from the formula, it will be compared with 
the section point which is calculated as 0. 

In the present study, classification accuracy 
in the stepwise discriminant analysis ranged 
between 59.57-72.73% (Table 6). Maximum 
accuracy of sex diagnosis was observed in the 
maxillary second molar (72.73% in Middle 
Ages, and 61.70% in Prehistory), followed by the 
mandibular second molar (59.57% in Prehistory, 
and 68.60% in Middle Ages). If we referred at the 
function statistically significant (p value<0.05), 
namely the one of the prehistoric samples, we 
can notice a higher accuracy for females (82.35%) 
than for males (46.67%).

DISCUSSION 
This study explores the dental variability 

of permanent molar crowns in past human 
populations from Prehistory (~ 5000-1150 
BCE) and the Middle Ages (13th-17th centuries), 
Northeastern Romania. In this research, the 
M2 molar teeth have been subjected to linear 
measurements of tooth crown (i.e., medio-distal 
diameter MD, and bucco-lingual diameter BL), 
along with two indexes (i.e., crown area CA, 
and crown index CI). Several studies on tooth 
characterization used these variables in both past 
human populations (Brook et al., 2009; Nava et al., 
2021; Lukacs, 2019; Viciano et al., 2012) and actual 
ones (Zúñiga et al., 2021; Abaid et al., 2021). The 
results of the present study show that mandibular 
M2 molars in females are characterized by a 
mean BL value of 9.42 mm, and a mean MD value 
of 10.10 mm (Table 4). A higher mean value of the 
BL variable was obtained by Pajević and Glišić 
(2017) in samples from Mesolithic-Neolithic to 
Middle Ages from Serbia. In our study, comparable 
mean values to those attained by Pajević and 
Glišić (2017) were also obtained for the male 
mandibular molars. The same study conducted 
by Pajević and Glišić (2017) showed higher values 
in the male maxillary M2 molars in comparison 
with the data obtained for the samples belonging 
to archaeological sites from North East Romania.

When the period criterium was considered, 
differences regarding the tooth diameters were 
observed between the molars from Prehistory 
and Middle Age.  

Several comparative studies on tooth dimension 
reveal that tooth size decreases from the 
prehistoric populations to the medieval ones 
(Christensen, 1998; Brace et al., 1987; Pinhasi 
et al., 2008). Pajević and Glišić (2017) reported 
that the BL diameter of the maxillary M2 molar 
decreases from the Mesolithic-Neolithic samples 
to the medieval ones. In contrast, our results 
show that the BL diameter of the maxillary molar 
increases from Prehistory to the Middle Ages, while 
the MD diameter values for mandibular molars are 
higher in the medieval period in comparison with 
Prehistory. Same increasing tendency of dental 
diameters was noted for the male molars, but not 
statistically supported. A study of Mockers et al. 
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(2004) shows that the MD diameter of mandibular 
teeth belonging to the prehistoric population 
from Roaix, Southern France, is smaller when 
compared to its size in modern Caucasian 
populations. Moreover, the mean value for the MD 
diameter of prehistoric mandibular M2 molars 
from Nord Eastern Romania (10.24 mm) is higher 
than the value obtained by Mockers et al. (2004) 
for the prehistoric molars from a population in 
Roix, France (9.75 mm). Regarding the BL and MD 
diameters of the medieval mandibular molars, 
comparable mean values were obtain by Vodanović 
et al. (2007) in a study approaching dental metrics 
in medieval samples from Eastern Croatia; the 
female maxillary molars from North East Romania 
showed slightly lower values than ones from 
Croatia. The crown area (CA), also known as the 
robustness index, is often used to characterize the 
overall crown size (Hillson et al., 2005; Petraru et 
al., 2020; Nowaczewska et al., 2013; Schmidt et al., 
2011). The M2 molars from Norh East Romania 
show an increasing CA from the prehistoric period 
to the medieval one in both mandibular and 
maxillary molars in females. The same tendency 
is maintained for the upper M2 molar in males. 
Similar CA values of medieval maxillary M2 
molars in females from Croatia were obtained by 
Vodanović et al. (2007), while higher values were 
found in both mandibular and maxillary male 
molars in comparison with the data obtained for 
the dental samples from Romania.

Sexual dimorphism refers to systematic 
morphological differences between males and 
females of the same species (Abaid et al., 2021; 
Magalhães et al., 2021). Sexual dimorphism can 
be reflected in the human dentition especially in 
permanent teeth (Shankar et al., 2013; Zúñiga et 
al., 2021). The molars are considered among the 
most dimorphic teeth (El Sheikhi and Bugaighis, 
2016) and even if the overall trend is known in 
any population, the degree of sexual dimorphism 
of each variable involved remains a population-
specific characteristic (Garn et al., 1964; Acharya 
and Mainali, 2007; Zorba et al., 2011; Shankar et 
al., 2013). Previous studies have found that there 
is a statistically significant difference in tooth size 
between males and females, and this is due to 
the differences in the body size of the two sexes 

that occur in any human population (Schwartz 
and Dean, 2005; Ateş et al., 2006; Saunders et al., 
2007).

While the prehistoric dental sample has been 
found highly dimorphic by sex, not a similar result 
was found in the medieval material, according 
to the Mann-Whitney test. As in another study 
conducted by İşcan and Kedici (2003), the lower 
M2 is more dimorphic than the upper M2.

The tooth dimensions typically are larger in 
males than in females, but the difference is not 
constant across populations (Barrett et al., 1964; 
Barrett et al., 1963; Harris and Foster, 2014). 
There are studies conducted on more recent 
material suggesting that mandibular BL is more 
dimorphic than mandibular MD (Yamada and 
Sakai, 1992; Garn et al., 1966; Zorba et al., 2011; 
Prabhu and Acharya, 2009), in contrast to others 
which mention that MD dimension is better 
suited than BL for sex discrimination; however, 
they found that better results are obtained when 
both MD and BL dimensions are used together 
(Acharya and Mainali, 2007; Barrett et al., 1964; 
Barrett et al., 1963). Our view is closer to the latter 
one if we consider the obtained results.

The stepwise discriminant analysis was done to 
find a reliable result on sex discrimination.

Lakhanpal et al. (2013) considered that, although 
BL dimension is more easily measured, its ability 
to correct classifications of individuals is moderate 
when used independently. Furthermore, if one 
has the opinion of choosing between the two types 
of linear measurements, MD should be preferred, 
even if it is more difficult to measure. We consider 
that better accuracy can be obtained when 
several variables are correlated. In our material, 
CI has a small contribution to sex discrimination, 
compared to the other three variables (BL, MD 
and CA). CI is the relationship between BL and 
MD and while the linear dimensions in males are 
usually larger than in females, this may not be 
true when they are taken as a relative measure 
(Kondo and Townsend, 2004). There are opinions 
according to which the crown index does not 
quantify the tooth size, as the crown area and 
linear measurements do. Harris and Rathburn 
(1991), and Garn et al. (1967) consider the crown 
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index to be a description of the tooth shape rather 
than tooth size, being a more relevant indicator of 
population variations and not of sex differences.

A comparison between the maxillary and 
mandibular molars showed that the upper ones 
were more dimorphic than the mandibular 
molars, but statistically insignificant (p value > 
0.05). Between the two sexes, the classification 
accuracy was higher in females than in males 
for cross-validated data. This could mean that 
males have the greatest variability of dental size 
and they can more often be misclassified than 
females. This result is in concordance with those 
of İşcan and Kedici (2003), Ateş et al. (2006), 
Peckmann et al. (2015) on crown mesiodistal 
and buccolingual measurements, which reported 
higher classification accuracy in females. A study 
conducted by Zorba et al. (2013) also provided 
similar results but for the diagonal measurements 
of molar teeth in a modern Greek population.

CONCLUSIONS
This paper approached dental measurements 

in archaeological human populations in order to 
assess M2 molar crown variability. The results of 
our study show a greater variability in the medieval 
female M2 teeth compared to prehistoric sample, 
in both maxillary (MD variable) and mandibular 
molars (MD and BL variables). Also, the two 
diameters were less corelated in the maxillary M2 
molar than in the mandibular M2 molar, especially 
in females. In males, a higher variability of the 
mesio-distal (MD) variable was observed in the 
prehistory maxillary molars compared with 
the medieval ones. In the mandibular female 
teeth, significative statistical differences were 
obtained between the prehistoric and medieval 
samples (MD variable and CA variable). Also, in 
the maxillary molars the bucco-lingual (BL) and 
crown area (CA) variables showed higher values in 
the medieval samples. 

In the male maxillary molars, the crown area 
(CA) variable showed significative higher values in 
the medieval sample than in the prehistoric one.

The discriminant analysis confirmed the sexual 
dimorphism on the mandibular M2 crown in the 
prehistoric sample. 

Further multidisciplinary studies are required 
to provide information concerning the influence 
of genetic, epigenetic and environmental factors 
on the dental variations.
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SUMMARY
Intermediate filaments belong to a large family 

of proteins which contribute to the formation of 
the cytoskeleton. The immunolocalization of 
cytoskeletal proteins has been used extensively 
in the diagnosis of various renal pathologies. The 
present study described the immunolocalization 
of the cytoskeletal proteins vimentin, desmin, 
smooth muscle actin, and cytokeratin 19 in the 
normal kidney of the dromedary camel. Kidney 
samples from eight adult camels were processed 
for histology and immunohistochemistry. The 
kidney was enclosed in a renal capsule composed 
of vimentin immunoreactive fibroblasts and 
smooth muscle actin immunoreactive smooth 
muscle cells. The smooth muscle cells in the renal 
capsule did not exhibit desmin immunoreactivity. 
Podocytes forming the visceral layer of the 
glomerular capsule were immunoreactive for 
vimentin. Immunoreactivity for vimentin and 
smooth muscle actin in the parietal layer of the 
glomerular capsule varied, with both reactive 
and non-reactive cells observed. Intraglomerular 
mesangial cells were immunoreactive for smooth 
muscle actin and desmin, but non-reactive to 

vimentin. The endothelial lining of blood vessels 
was vimentin immunoreactive, while smooth 
muscle actin and desmin were demonstrated in 
the smooth muscle cells of the vessels. The thin 
limbs of the loops of Henle in cortical nephrons 
displayed vimentin immunoreactivity. The 
proximal and distal convoluted tubules, as well 
as the collecting ducts were negative to vimentin, 
smooth muscle actin, desmin and cytokeratin 19 
immunostaining. In conclusion, the present study 
has revealed that similarities and differences exist 
in the immunolocalization of cytoskeletal proteins 
in the camel when compared to other mammals. 
The presence of smooth muscle actin in the 
parietal cells of the glomerular capsule suggests 
a contractile function of these cells. The results 
of the study indicate that vimentin and smooth 
muscle actin can be used as markers for the 
identification of podocytes and intraglomerular 
mesangial cells, respectively, in the camel kidney. 
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INTRODUCTION
Camels exist in arid and semi-arid environ-

ments, and are well-equipped with mechanisms 
which allow them to withstand sub-optimal envi-
ronmental conditions, such as limited water re-
sources (Drosa et al., 2011(. One of these mech-
anisms, which is the maintenance of electrolyte 
and water balance during dehydration and fast 
rehydration, is attributed to the kidney (Jararr 
and Faye, 2015). For a better understanding of 
this renal mechanism, several investigations 
have been carried out on the histology of the kid-
ney in the dromedary camel (Abdalla and Abdalla, 
1979; Safer et al., 1988; Eissa et al., 2018; Eissa et 
al., 2019, Abdalla, 2020). However, despite these 
studies, several histological features of the camel 
kidney remain unknown.

Intermediate filaments form a large family of 
proteins that contribute to the formation of most 
of the cytoskeleton (Block et al., 2015; Lowery et 
al., 2015). More than 50 different intermediate 
filament proteins have been identified (Cooper 
and Hausman, 2006). A knowledge of the various 
types of these proteins is useful in comparing 
and contrasting their structural and functional 
properties. In this respect, it is widely accepted 
that the main functions of intermediate filaments 
are related to the support of cellular physiological 
activities and  structural integrity (Satelli and Li, 
2011; Chernoivanenko et al., 2015; Lowery et al., 
2015; Snider, 2016). Intermediate filaments can 
also improve the resistance of cells to various 
forms of stress and damage caused by pathological 
processes (Toivola et al., 2010; Battaglia et al., 
2017). 

Vimentin, desmin, smooth muscle actin and 
cytokeratin 19 are cytoskeletal proteins which 
are present in the kidneys of several mammalian 
species (Şen et al., 2010; Novakovic et al., 
2012; Laszczyńska et al., 2012). However, their 
expression and distribution vary depending 
on the species and type of renal epithelial cell 
concerned (Şen et al., 2010). Vimentin is a specific 
marker for cells of mesenchymal origin (Yang et 
al., 2019). Smooth muscle actin and desmin have 
been used as markers for muscle differentiation 
(Rangdaeng and Truong, 1991). Desmin is found 
in all muscle types (Robson et al., 2004; Lowery et 

al., 2015), while smooth muscle actin is restricted 
to smooth muscle cells, pericytes, myoepithelial 
cells and myofibroblasts (Rangdaeng and Truong, 
1991). Cytokeratins are considered the most 
abundant cytoskeletal components, with an 
extensive localization in epithelial cells of the 
kidney, liver, and lung (Bragulla and Homberger, 
2009; Pastuszak et al., 2015; Djudjaj et al., 2016; 
Werner et al., 2020). 

Several researchers have studied cytoskeletal 
proteins in normal and pathological kidneys of 
humans (Şen et al., 2010; Sharma et al., 2019), 
rats (Herrmann, et al., 2012; Funk, et al., 2016), 
dogs (Gil da Costa et al., 2011), and polar foxes 
(Laszczyńska, et al., 2012). These studies have 
shown that the expression and distribution of 
intermediate filaments varies depending on the 
type of renal cell, the pathological condition, as 
well as the animal species concerned (Şen et 
al., 2010; Laszczyńska et al., 2012). Due to the 
lack of information on the immunolocalization 
of cytoskeletal proteins in the normal camelid 
kidney, the current study investigated the 
distribution of vimentin, desmin, smooth muscle 
actin, and cytokeratin 19 in the kidney of the one-
humped camel. It is envisaged that the information 
provided in this study on the normal camelid 
kidney could form a baseline for the diagnosis of 
pathological renal lesions in the camel.

MATERIAL AND METHODS
Animals and tissues sampling

Eight non-pregnant female adult camels, aged 
between 7 and 10 years and weighing 300 to 350 
kg, were used in this study. Animals were slaugh-
tered at Assalam abattoir, Khartoum, Sudan. The 
purpose of slaughtering animals was to provide 
meat intended for human consumption. A total of 
120 tissue samples were selected from the right 
kidneys of the animals. The right kidney was tak-
en because it was reached without much delay 
after the abdominal cavity being opened during 
slaughtering process. Fifteen samples were taken 
from each kidney (5 samples from the cortex, out-
er medulla, and inner medulla). All procedures in 
this study were approved by the College Research 
Board, College of Veterinary Medicine, University 
of Bahri, Khartoum, Sudan.

https://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3133/
https://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3133/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Satelli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21637948
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21637948
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Histological and immunohistochemical staining

Tissue samples were fixed in 10% neutral 
buffered formalin for five days. Specimens were 
then processed for routine histological techniques 
and embedded in paraffin wax. For a general 
histological overview, sections of 5 µm thickness 
were stained with hematoxylin and eosin. 

The immunostaining technique was performed 
on additional 5 µm thick sections using a 
Biogenex super sensitive one-step polymer-HRP 
detection system kit (Emergo Europe, The Hague, 
The Netherlands). Sections were deparaffinized 
and endogenous peroxidase activity was blocked, 
using 3% (v/v) hydrogen peroxide solution in water 
for 5 min. The slides were then rinsed in a 0.01 
M phosphate buffered saline solution (PBS, pH 
7.4) for 5 min. For antigen retrieval, the sections 
selected for desmin, smooth muscle actin and 
vimentin immunostaining were microwaved at 
750 W for three cycles of 7 min each. After being 
allowed to cool for 20 min the sections were 
rinsed in PBS. The sections for cytokeratin 19 
immunostaining were incubated with Proteinase 
K (Dakocytomation, Glostrup, Denmark) in 0.05 
mol/L Tris-HCl (pH 7.6) solution for 3 min. 

The sections were incubated at room 
temperature with anti-cytokeratin 19, desmin, 
smooth muscle actin or vimentin antisera. After 
incubation with primary antibodies the slides 
were rinsed in PBS and then incubated with the 
one-step polymer-HRP reagent (Emergo Europe, 
The Hague, Netherlands). Slides were then rinsed 
in PBS and antibodies were visualized by addition 

of a 3,3’-diaminobenzidine tetrachloride solution 
(Emergo Europe, The Hague, The Netherlands). 
The sections were counterstained with Mayer’s 
haematoxylin. Table 1 shows the type, source, and 
dilution of the primary and secondary antibodies 
used in this study.

The immunostained, and haematoxylin and 
eosin-stained sections were viewed using a light 
microscope (Olympus BX63-Japan) connected 
to a digital camera (OlympusDP72). Images were 
then captured using the Cell Sens 510 software 
program. 

Assessment of the immunostaining intensity 

Three experienced examiners participated in 
the semiquantitative assessment of immunohis-
tochemical reactivity independently. Previously, 
they agreed on the immunostaining intensities 
being qualified as strong (+++), moderate (++), 
weak (+) or negative (-).

For negative controls, the primary antibodies 
utilized in this study were replaced with mouse 
IgG1 (Dakocytomation, Glostrup, Denmark) which 
was diluted to the same concentration as the 
primary antibodies. Smooth muscle was used as 
a positive control for desmin and smooth muscle 
actin, while tonsillar tissue was used as a positive 
control for vimentin. Skin was used as a positive 
control for cytokeratin 19. No background staining 
was detected in the negative control sections. The 
variations in the immunostaining of sections used 
in this study were minor.

Table 1. Source and dilutions of primary antibodies used in the immunohistochemical technique. 

Product name Source and code Type of antibody Dilution Incubation time

Monoclonal Mouse Anti-
Vimentin

Dakocytomation, Glostrup, 
Denmark, code M7020

Monoclonal Primary 
Antibodies

1:200 1 hour

Monoclonal Mouse Anti-
Human Smooth Muscle Actin

Dakocytomation, Glostrup, 
Denmark, code M0851

Monoclonal Primary 
Antibodies

1:50 1 hour

Monoclonal Mouse Anti-
Human Desmin

Dakocytomation, Glostrup, 
Denmark, code M0760

Monoclonal Primary 
Antibodies

1:50 1 hour

Monoclonal Mouse Anti-
Human Cytokeratin 19

Dakocytomation, Glostrup, 
Denmark, code GA615

Monoclonal Primary 
Antibodies

1:50 1 hour

One-step polymer-HRP 
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RESULTS

General histological overview of the camel 
kidney

The kidney was covered by a thick fibrous capsule 
which was composed of inner and outer layers 
(Fig. 1A). The inner layer contained numerous 
smooth muscle cells, while the outer layer was 
predominately composed of dense irregular 
connective tissue (Fig. 1A). The kidney parenchyma 
was divided into an outer cortex and an inner 
medulla (Fig. 1A, B). Cortical and juxtamedullary 
nephrons were observed in the kidney. The renal 
corpuscles of cortical nephrons were located in 
the outer region of the cortex, while the corpuscles 
of juxtamedullary nephrons were situated in the 
inner cortical region. The loops of Henle in cortical 

nephrons were short in contrast to the long loops of 
juxtamedullary nephrons, which extended into the 
medulla. The cortical region of the kidney contained 
renal corpuscles, proximal and distal convoluted 
tubules, as well as blood vessels (Fig. 1C, D). The 
renal corpuscles were composed of a glomerulus 
and glomerular capsule (Bowman’s capsule). The 
glomerulus was formed by glomerular capillaries 
and mesangial cells (Fig. 1C). The glomerular 
capsule was formed by an inner visceral and 
an outer parietal layer. The visceral layer was 
composed of podocytes, which contained large, 
irregular-shaped nuclei, while a simple squamous 
epithelium formed the parietal layer (Fig. 1C). 

The medulla of the kidney was subdivided into 
outer and inner regions, both of which contained 
collecting ducts. The outer region of the medulla 

Fig. 1.- Photomicrographs of the cortex (A, C, D) and medulla (B) of the camel kidney. H&E staining. (A) Renal capsule and cortex. 
OC: Outer region of the renal capsule. IC: Inner region of the renal capsule. Inset: high magnification of inner region of the renal 
capsule containing smooth muscle cells (Arrows).  (B) Outer region of the medulla. Limbs of the loop of Henle. TA: Thick ascending 
limb. TD: Thick descending limb. tLH: Thin limbs. Arrow: Vasa recta. (C) Renal cortex. G: Glomerulus. Arrowhead: Parietal layer 
of glomerular capsule. P: Proximal convoluted tubules. Dt: Distal convoluted tubule. CD: Collection ducts. Inset: Renal corpuscle. 
Small arrowheads: Podocytes. Small arrow: Intraglomerular mesangial cell.  Large arrow: Endothelium of the glomerulus. Large 
arrowhead: Parietal layer of glomerular capsule. (D) Renal cortex. G: Glomerulus of a juxtamedullary nephron. Arrowhead: Parietal 
layer of a glomerular capsule. TD: Thick descending limb of the loop of Henle. CD: Collecting duct. P: Proximal convoluted tubules. 
Arrows: Blood vessels. Scale bars: 50 µm for A, B, C, D.
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additionally contained the thick descending and 
ascending, as well as the thin limbs of the loop 
of Henle (Fig. 1B). In contrast, the thin limbs of 
the loops of Henle were the only tubular nephron 
components observed in the inner medulla. 

Immunohistochemistry

The immunoreactivity of intermediate filaments 
in various regions of the camel kidney is shown in 
Table 2. 

Vimentin

Strong vimentin immunostaining was demon-
strated in podocytes which formed the visceral 
layer of the glomerular capsule (Fig. 2 A, B). Im-
munoreactivity was strong to moderate in cells 
forming the parietal layer of the glomerular cap-
sule. However, interspersed between the vimen-
tin immunoreactive cells were non-reactive cells 
(Fig. 2B). The thin limbs of the loops of Henle in 
cortical nephrons displayed strong vimentin im-
munoreactivity (Fig. 2C), whereas those of the 
juxtamedullary nephrons were non-reactive to 
vimentin (Fig. 2C, D and E). 

Endothelial cells of renal blood vessels were 
predominantly immunoreactive to vimentin. In 
the cortex, these immunoreactive endothelial 
cells appeared to be mainly confined to cortical 
arteries and glomerular arterioles (Fig. 2A). In the 
medulla, strong immunoreactivity for vimentin 
was observed in the endothelial cells of the vasa 
rectae (Fig. 2C, D and E). However, in the medulla 

a few vasa rectae were lined by endothelia that 
non-reactive to vimentin (Fig. 2E). 

Stromal cells in the interstitial tissue of the 
medulla and subepithelial connective tissue of the 
renal papilla exhibited strong immunoreactivity 
for vimentin (Fig. 2F). In addition, moderate to 
weak vimentin immunostaining was observed in 
fibroblasts located in the renal capsule, as well as 
in the trabeculae between nephrons.

No vimentin immunoreactivity was observed in 
the intraglomerular mesangial cells, epithelium 
of proximal and distal tubules (Fig. 2B), and 
collecting ducts (Fig. 2E, F).

Smooth muscle actin and desmin

Strong smooth muscle actin immunoreactivity 
was detected in intraglomerular mesangial 
cells (Fig. 3A, B). Strong smooth muscle actin 
immunoreactivity was also noted in the parietal 
cells of the glomerular capsules. However, some 
of the parietal cells were non-reactive to smooth 
muscle actin (Fig. 3B). Intense smooth muscle 
actin immunostaining was evident in smooth 
muscle cells forming the inner layer of the renal 
capsule (Fig. 3C). Additionally, strong smooth 
muscle actin immunostaining was demonstrated 
in the tunica media and tunica externa of 
muscular arteries (Fig. 3A, D), as well as in 
pericytes enclosing intertubular capillaries (Fig. 
3C, D). In the medulla strong smooth muscle actin 
immunoreactivity was observed in the tunica 
media of vasa rectae (Fig. 3E, F). 

Table 2. The intensity of the immunostaining of vimentin, smooth muscle actin, desmin, and cytokeratin 19 in the kidney of the camel.

Structures Vimentin SMA Desmin Cytokeratin 19

Podocytes +++ - - -

Parietal cells of the glomerular capsule -/++/+++ -/+++ - -

Intraglomerular mesangial cells - +++ + -

Cells of the thin limb of the loop of Henle* +++ - - -

Endothelial cells  -/+++ - - -

Vascular smooth muscle cells - +++ + -

Fibroblasts in the renal capsule + - - -

Smooth muscle fibres in the renal capsule - +++ - -

Stromal cells below epithelium of renal papilla +++ +++ - -

Stromal cells in connective tissue trabeculae +/++ +++ - -

Fibroblasts in the interstitial tissue of medulla +++ - - -

* The loop of Henle of the outer cortical nephron
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Fig. 2.- Photomicrographs of vimentin immunostaining in the cortex (A and B) and medulla (C, D, E and F) of the camel kidney. 
(A) Arrows: Strong vimentin immunopositive podocytes. Black arrowhead: Immunopositive endothelial cell of a small artery. 
White arrowhead: Immunopositive endothelial cell of a glomerular arteriole. (B) Black arrow: Strong vimentin immunostaining 
in a podocyte. Small white arrowhead: Strong vimentin immunostaining in a cell in the parietal layer of a glomerular capsule. 
Black arrowheads: Vimentin immunonegative cells in the parietal layer. Large white arrowhead: Vimentin immunonegative 
intraglomerular mesangial cell. Small white arrow: Vimentin immunonegative epithelium of a proximal convoluting tubule. Large 
white arrow: Vimentin immunonegative epithelium of a distal convoluting tubule. Inset: High magnification of a glomerulus and 
glomerular capsule. Arrow:  Vimentin immunopositive podocyte. (C) White arrowheads: Vimentin immunopositive cells forming 
the thin limbs of the loop of Henle in superficial nephrons.  Arrows: Immunopositive endothelial cells of vasa rectae in the outer 
medulla. Black arrowheads: Immunonegative cells of thin limbs of the loops of Henle in juxtamedullary nephrons. Inset: Arrow: 
Immunopositive endothelium of a vasa recta. (D) Arrowheads: Vimentin immunonegative cells lining the thin descending limbs 
(tD) of loops of Henle in juxtamedullary nephrons.  Arrow: Immunopositive endothelium of a vasa recta at the junction between 
outer and inner regions of the medulla. TD: Thick descending limb of a loop of Henle. (E) White arrows: Immunopositive endothelial 
cells of vasa rectae in the inner medulla. Black arrows: Immunonegative endothelial cells. Black arrowheads: Immunonegative cells 
of thin limbs of the loops of Henle of juxtamedullary nephrons. White arrowheads: Immunonegative cells of collecting ducts. (F) 
Arrows: Immunopositive stromal cells in the interstitial tissue of the medulla. Black arrowheads: Immunopositive stromal cells in 
the subepithelial connective tissue of a renal papilla. White arrowheads: Immunonegative cells of collecting ducts. Scale bars: 100 
µm for A, C; 20 µm for B, D, F; 50 µm for E.
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Desmin immunostaining was restricted to 
intraglomerular mesangial and vascular smooth 
muscle cells (Fig. 4A, B). The proximal and distal 

convoluted tubules, as well as the collecting ducts 
were reactive to vimentin, smooth muscle actin, 
desmin, and cytokeratin 19.

Fig. 3.- Photomicrographs of smooth muscle actin immunostaining in the cortex (A and B) and medulla (C, D, E and F) of the camel 
kidney. (A) Smooth muscle actin immunoexpression in intraglomerular mesangial cells (arrows), as well as in the tunica media 
(TM) of a muscular artery (MA) and glomerular arteriole (GA). Smooth muscle actin immunoexpression is also present in smooth 
muscle cells in the tunica externa (arrowhead) of the muscular artery. (B) Smooth muscle actin immunostaining in the cytoplasm 
of intraglomerular mesangial cells (arrows), as well as in the parietal cell layer (arrowhead) of the glomerular capsule. Inset: 
Arrow: Vimentin immunonegative cell in the parietal layer of a glomerular capsule. (C) Smooth muscle actin immunoreactivity in 
smooth muscle cells of the renal capsule (arrows), as well as in a pericyte of a capillary (arrowhead) interposed between a proximal 
convoluted tubule (PCT) and a cortical collecting duct (CD). (D) Strong smooth actin immunostaining in the tunica media (TM) of 
a muscular artery, as well as in a pericyte of an intertubular capillary (arrowhead). Arrow: Smooth muscle actin immunonegative 
endothelium. (E) & (F) Arrows: Strong smooth muscle actin immunoreactivity in smooth muscle cells of the tunica media of the 
vasa rectae. RT: Renal tubules. Scale bars: 20 µm for A, B, C, D, F; 100 µm for E.
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Cytokeratin 19

No immunoreactivity for cytokeratin 19 was 
detected in the camel kidney.

DISCUSSION

Renal capsule

The renal capsule is known to play a role 
in the establishment of an effective renal 
interstitial pressure (Khraibi and Knox, 1989), 
and subsequently water excretion (Farrugia et 
al.,1992). The presence of smooth muscle cells 
in the inner capsular layer of camel kidney has 
previously been reported by Eissa et al. (2018), 
and confirmed in the current study. The present 
study has shown that the smooth muscle cells 
are immunoreactive for smooth muscle actin, 
but non-reactive to desmin. The occurrence of 
smooth muscle cells in the renal capsule has 

been reported in several mammalian species and 
is known to be involved in the contractile ability 
of the capsule (Kobayashi, 1978). In addition, 
the thick collagenous layer of the renal capsule 
functions to protect the kidney from traumatic 
injuries (Orchard et al., 2014). Thus, as shown 
in the current study, the main component of the 
outer region of the renal capsule dense irregular 
connective tissue with associated vimentin 
immunoreactive fibroblasts. Fibroblasts have 
been considered as one of the major components 
of renal capsule in several mammals, such as 
mouse, rat, guinea pig and rabbit (Kobayashi, 
1978). In addition, fibroblast in the kidney were 
demonstrated by the immunolocalization of 
vimentin (Boor and Floege, 2012).  

Renal parenchyma

The general histomorphological findings of the 
present study were similar to those reported in 

Fig. 4.- Photomicrograph of desmin immunostaining in the cortex of camel kidney. Immunopositive intraglomerular mesangial 
cells (arrowheads). Immunopositive smooth muscle cells of a glomerular arteriole (arrows). Scale bar: 30 µm.
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previous investigations on the camel (Abdalla and 
Abdalla, 1979; Beniwal et al., 1998; Wenhui and 
Huaitao, 2000; Xu et al., 2009). Furthermore, the 
present study confirmed that the renal histology of 
the camel does not differ significantly from other 
mammalian species, such as the dog (Bulger et al., 
1979), cattle (Mbassa, 1988), and sheep (Singh et 
al., 2018). 

In this study, vimentin was immunolocalized 
in podocytes, vascular endothelial cells, and 
medullary interstitial fibroblasts. These findings 
are plausible as it is known that vimentin occurs 
in cells of mesenchymal origin (Leong et al., 2003; 
Satelli and Li, 2011). In addition, these results 
are in agreement with studies carried out on 
several mammals, including the human (Essawy 
et al., 1997), domestic ruminants (Maretta and 
Marettová, 1999; Yaoita et al., 1999), rodents (Zou 
et al., 2006; Yaoita et al., 1999; Sistani et al., 2013) 
dog (Yaoita et al., 1999), and polar fox (Laszczyńska 
et al., 2012). Intraglomerular mesangial cells, 
and the epithelia of proximal and distal tubules 
in the current study did not react with vimentin. 
These reports are contrary to observations 
made in the human and polar fox in which 
vimentin immunoreactivity was demonstrated 
in the epithelia of the proximal and distal tubules 
(Laszczyńska et al., 2012; Smeets et al., 2013). 
Furthermore, intraglomerular mesangial cells in 
humans, rats, ruminants, and polar foxes have 
been reported to be immunoreactive for vimentin 
(Stamenkovic et al., 1986; Oosterwijk et al., 
1990; Scanziani et al., 1993; Essawy et al., 1997; 
Maretta and Marettová, 1999; Yaoita et al., 1999; 
Zou et al., 2006; Laszczyńska et al., 2012; Smeets 
et al., 2013). These results indicate that species 
variations exist in the immunolocalization of 
vimentin in the mammalian kidney. However, 
the functional significance of these interspecies 
variations is unknown. 

In the current study smooth muscle actin 
immunoreactivity was detected in the tunica 
media of blood vessels throughout the renal 
tissue. This is similar to findings reported in the 
rat (Carey et al., 1992) and human (Essawy et al., 
1997; Novakovic et al., 2012). Smooth muscle actin 
has also been demonstrated in myofibroblasts 
located in the interstitium of normal human 

kidney (Essawy et al., 1997; Gonlusen et al., 2001). 
In the present study no myofibroblasts appeared 
to be present.  

The current findings revealed that smooth 
muscle actin immunostaining was demonstrated 
in the parietal layer of the glomerular capsule. 
This may suggest a contractile function of the 
parietal cells of camel kidney. Interestingly, the 
present study showed that some of the parietal 
cells of the glomerular capsule were non-reactive 
when stained either with vimentin or smooth 
muscle actin. It is plausible that the negative 
parietal cells for vimentin might display positive 
reactivity for smooth muscle actin, and the reverse 
is true. However, further double immunostaining 
studies will need to be conducted to confirm this 
assertion.

In this study, positive immunostaining for smooth 
muscle actin was observed in intraglomerular 
mesangial cells. This is in agreement with the 
findings of studies conducted on the human 
kidney (Schlӧndorff and Banas, 2009; Young et al., 
2014). It is known that intraglomerular mesangial 
cells contain the intermediate filaments actin and 
myosin (Davies, 1994; Stockand and Sansom, 
1998). Consequently, intraglomerular mesangial 
cells are thought to have a contractile ability, 
which is utilized in the control of glomerular 
blood flow (Reece, 2015). 

It is noteworthy that the immunostaining of 
desmin in this study was weaker than that of 
smooth muscle actin. One possible explanation for 
this difference could be that the fixation of renal 
tissue with formalin may significantly enhance 
the immunostaining sensitivity to smooth muscle 
actin rather than desmin (Rangdaeng and Truong, 
1991). Desmin immunostaining in the present 
study was observed primarily in intraglomerular 
mesangial cells, as well as in vascular smooth 
muscle cells. Similar findings were reported in 
the human (Oosterwijk et al., 1990), rat (Zou et 
al., 2006) and polar fox (Laszczyńska et al., 2012). 
However, studies by Essawy et al. (1997), as well 
as Gonlusen et al. (2001) did not detect desmin 
immunoreactivity in the human kidney.   

It is known that there are approximately twenty 
different types of cytokeratins, with at least two 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Satelli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21637948
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21637948
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occurring in most epithelial cells (Leong et al., 
2003). In the human kidney, cytokeratin 19 has 
been demonstrated in the parietal layer of the 
glomerular capsule (Stamenkovic et al., 1986), as 
well as in the loop of Henle (Achtstätter et al., 1985), 
distal convoluted tubules (Oosterwijk et al., 1990) 
and collecting ducts (Şen et al., 2010). However, the 
current study did not detect cytokeratin 19 in the 
camel kidney. It has been reported that filaments 
generated from different types of cytokeratins 
have distinct physical properties, suggesting 
tailor-made networks of intermediate filaments 
suitable for tissue structural requirements of 
tensile strength, flexibility, and dynamics (Fuchs 
et al., 1994). Therefore, it is most likely that the 
epithelial cells of the camel kidney may have types 
of cytokeratins other than cytokeratin 19.

In conclusion, the results of the present study 
have shown that similarities and differences 
exist in the immunolocalization of cytoskeletal 
proteins in the camel when compared to other 
mammals. The presence of smooth muscle actin 
immunoreactivity in the parietal cell layer of 
the glomerular capsule suggests a contractile 
function of the parietal cells in the camel kidney. 
Significantly, the results of the study suggest that 
vimentin and smooth muscle actin can be used as 
markers for the identification of podocytes and 
intraglomerular mesangial cells, respectively, in 
the camel kidney. 
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SUMMARY
The aims of the study were to determine the 

thickness of maxillary sinus (MS) lateral wall 
and to assess the prevalence, distance from 
maxillary sinus floor, diameter and course of 
posterior superior alveolar artery (PSAA) based 
on age, gender and dental status using cone-
beam computed tomography (CBCT) that might 
be relevant to accomplish complication free 
surgeries in posterior maxilla. CBCT images of 
maxillary sinus (right and left) were obtained 
for 40 patients, which included 20 males and 20 
females. Maxillary sinus lateral wall and PSAA 
parameters were measured and evaluated. The 
data obtained were then subjected to descriptive 
statistical analysis; independent t-test and one-
way Anova test were performed and compared 
based on age, gender and dental status. The 
results showed that the average thickness of the 
lateral wall of the maxillary sinus was determined 
to be approximately around 2.50 mm. PSAA was 
observed in 25% of subjects with a maximum 
distance of 8.83 mm from the maxillary sinus 
floor and a minimum distance of 6.90 mm. PSAA 

had a diameter of 1-2 mm with the intraosseous 
course in most individuals. Comparison between 
CBCT images of the selected individuals among 
age groups, gender and dental status were not 
statistically significant on measuring the above 
mentioned parameters. This study concluded that 
CBCT provides valuable diagnostic information 
pertaining to sinus and related landmarks that 
assist during surgical procedures.

Key words: Maxillary sinus lateral wall – PSAA 
– CBCT – Dental implants 

INTRODUCTION
Dental implants are frequently used to 

reconstruct edentulous areas of the posterior 
maxilla. Restoring of the posterior edentulous 
maxilla with dental implants is challenging due to 
insufficient height and width of the alveolar bone 
ridge (Talo Yildirim et al., 2019). To overcome 
these difficulties, two surgical methods utilised 
for maxillary sinus augmentation are the lateral 
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window approach and the crestal method 
(Kiakojori et al., 2017). According to ancient 
medicine, sinuses as part of the skull’s anatomy 
are intrinsically connected to vital organs. The 
maxillary sinuses undergo pneumatization as the 
age advances. The infraorbital artery (IOA) and 
the PSAA are branches of the maxillary artery that 
supply the superior membrane and lateral wall of 
the maxillary sinus (Van Cauwenberge et al., 2004) 
Maxillary sinus augmentation procedure is a safe 
and effective technique for the rehabilitation 
of the severely atrophic posterior maxilla 
with a significant predictability. Schneiderian 
membrane perforation and deterioration of the 
lateral wall’s vascular supply are the most prevalent 
complications of this surgical approach. During 
intervention, it is necessary to predict probability 
of sinus membrane perforations; the thickness of 
the lateral sinus wall must be assessed. It is also 
critical to evaluate the anatomy of the maxillary 
sinus in order to avoid complications, since PSAA 
is closely related to the anatomy of the MS (Talo 
Yildirim et al., 2019; Van Cauwenberge et al., 
2004). After the emergence of three-dimensional 
imaging mode, CBCT is deemed as the gold 
standard to evaluate the MS lateral wall thickness 
and its vascular anatomy owing to its accuracy, 
high resolution, and better tissue contrast by 
eliminating the overlap of surrounding structures 
(Van Cauwenberge et al., 2004).

In this backdrop, the present study was 
designed to measure the maxillary sinus lateral 
wall thickness, and also the prevalence, diameter 
and course of PSAA using CBCT. This  study also 
correlates gender, age groups, and dental status 
with the MS and PSAA parameters which may 
provide significant information and assist the 
clinician in operative procedures.

MATERIALS AND METHODS
The study was approved by the Institutional 

Ethics Committee. Forty CBCT scans of 20 females 
and 20 males were reviewed summing up to 80 
sinuses. The study samples were obtained from 
the outpatients attending the Department of Oral 
Medicine and Radiology, with age range of 21-86 
years (mean age of 76 years).  Prior to commencing 
the CBCT exposure, demographic data, complaint 

and past history of the patients were recorded. 
All of the subjects signed a formal consent form 
allowing their data to be used for research. 

After precise placement of the study subject, 
ProMax 3D Mid CBCT machine was set to 
standard exposure parameters at 90 KvP, 8mA, 
0.04 S, medium FOV on each side of the maxillary 
sinus for exposure. The resultant images, with 
slice thickness of 0.400 mm, were stored in 
DICOM format. Only high-quality images entirely 
encompassing the bilateral maxillary sinuses 
were included after an initial screening, while 
low-quality images and those with any artefacts 
were eliminated. Scans that detected unilateral 
and/or bilateral maxillary sinus developmental 
abnormalities, fractures, or any pathology such as 
a tumor or cyst were also excluded.

The axial, coronal and sagittal sections of 
selected CBCT images were reformatted and 
analyzed under optimum viewing conditions, and 
the following measurements were performed on 
coronal sections using Planmeca Romexis 5.3 (3D 
Software). 

Measurement of Maxillary sinus lateral wall 
thickness

For the purpose of the study, the maximum 
distance perpendicularly from the inner point to 
the outermost point on the lateral wall of both right 
and left maxillary sinuses on coronal sections 
was considered to be the lateral wall thickness of 
the maxillary sinus. One vertical line was drawn 
on the coronal section 5mm from the maxillary 
sinus floor using a digital caliper. Taking this as 
a reference plane, a horizontal line drawn on the 
lateral wall of the maxillary sinus at the level of 
5 mm measured the thickness of maxillary sinus 
lateral wall (Fig. 1).

Prevalence of PSAA

CBCT sections were checked for radiolucency 
interrupting the lateral wall of the maxillary sinus 
by scrolling it from anterior aspect to posterior 
aspect evaluated the prevalence of PSAA.
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Measurement of distance of PSAA from the 
maxillary sinus floor

The maximum distance from the floor of the 
maxillary sinus to the area of visibility in the lateral 
wall of the maxillary sinus on coronal sections was 
considered to be the distance of PSAA from the 
maxillary sinus floor. One linear line drawn on the 
coronal section from the floor of the maxillary sinus 
to the level of visibility of posterior superior alveolar 
canal located in the lateral wall of the maxillary 
sinus using a digital caliper measured the distance 
of PSAA from maxillary sinus floor (Fig. 2).

Measurement of diameter and determining the 
course of PSAA

The longest anteroposterior distance from 
the point most anteriorly to the point most 
posteriorly on coronal sections was considered to 
be the diameter of PSAA. One horizontal line was 
drawn on the coronal section anteroposteriorly at 
the area of visibility of PSAA canal in the lateral 

wall of the maxillary sinus using a digital caliper 
measured the diameter of PSAA (Fig. 3). Based on 
the visibility, the path of the posterior superior 
alveolar artery was determined (Fig. 4).

The measurements were made at four different 
locations: the first premolar (P1), the second 
premolar (P2), the first molar (M1), and the second 
molar (M2) (M2). On the other side of the sinus, 
the same procedures were used. 

Statistical Analysis

The data was generated on MS Office Excel 
Sheet (version 2019), and statistical analysis was 
performed using the Statistical Package for Social 
Sciences (SPSS). A comparison was made between 
gender, dental status, and age groups. The 
obtained data were then subjected to descriptive 
statistics, One-way Anova and Independent 
sample t-test to analyze the statistical significant 
difference between the means in groups.

Fig. 1.- Measurement of maxillary sinus lateral wall thickness on coronal section.
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Fig. 2.- Distance of PSAA from maxillary sinus floor on coronal section.

Fig. 3.- Diameter of PSAA on coronal section.
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RESULTS
Among the 40 study subjects, 20 (50%) were 

males and 20 (50%) females, with a mean age 
of 44.000 and 37.3500 in males and females 
respectively. Thirty study subjects were dentulous 
(46.7%) and 10 were edentulous (10.0%). 

The mean thickness of maxillary sinus lateral 
wall at P1 was 2.40 ± 0.57 mm, P2 was 2.57 ± 0.59 
mm, M1 was 2.46 ± 0.71 mm and M2 was 1.98 ± 
0.57 mm (Table 1).

Table 1. Maxillary sinus lateral wall thickness.

Maxillary sinus lateral wall thickness (mm) (n=40)

TOOTH SITE MEAN SD

P1 2.40 ± 0.57

P2 2.57 ± 0.59

M1 2.46 ± 0.71

M2 1.98 ± 0.57

The maxillary sinus lateral wall thickness was 
compared between males and females: males 
appeared to have a thinner wall thickness than 
women with the exception at P2 location. Despite 

the fact that there was a mean value difference 
between genders, there were no statistically 
significant variations. The subjects’ varying age 
groups and dental status (edentulous and  non-
edentulous) had no statistically significant 
influence on the lateral wall thickness (Table 2). 

The presence of PSAA was detected on 25% of 
patients among the study subjects.

The mean distance of PSAA from the maxillary 
sinus floor was 6.90 ± 0.43 mm at P1, 7.44 ± 
0.53 mm at P2, 8.58 ± 0.51 mm at M1 and 8.83 ± 
1.54 mm at M2. The total mean distance of PSAA 
indicates that the distance from the maxillary 
sinus floor was found to be greater in molars than 
in premolars. PSAA distance from the maxillary 
sinus floor was substantially larger in dentulous 
people than in edentulous persons (Table 3).

PSAA vessel mean diameter was higher in 
molars than premolars. According to linear 
measurements, the mean diameter of the posterior 
superior alveolar artery at P1, P2, M1, M2 was 
reported to be less than 1 mm in 46.83% cases,1-2 
mm in 51.89% of cases and more than 2mm in only 
one patient among the study subjects (Table 4). 

Fig. 4.- Course of PSAA on coronal section. 
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When age groups, gender, and dental status 
were compared, there was no variability in PSAA 
diameter and distance from the maxillary sinus 
floor (Tables 5 and 6).

On examining the course of PSAA at P1, 5% 
were intraosseous and 2.5 % were intrasinusal. 
At P2, 12.5% were intraosseous and 12.5% were 
intrasinusal. At M1, 1.3% were superficial, 11.3 % 
were intrasinusal and 15% were intraosseous. At 
M2, 1.3% were superficial, 15% were intrasinusal 
and 28.8 % were intraosseous (Table 4). As a result 
of the statistical comparison, the intraosseous 
form of PSAA was the most prevalent, followed by 
intrasinusal, and lastly superficial.

DISCUSSION
Osseointegration of dental implants needs 

appropriate bone quantity as well as bone quality. 
The MS is one of the most important anatomic 

features to consider when inserting implants in 
the posterior maxillary region. The length and 
location of implants are influenced by the reduced 
bone height produced by MS pneumatization. 
Thus, procedures such as maxillary sinus floor 
elevation (SFE), which facilitate the placement 
of longer implants in the posterior maxilla 
(Tarun Kumar and Anand, 2014). The most 
common intraoperative complication during 
sinus elevation is perforation of the Schneiderian 
membrane (Schwartz-Arad et al., 2015).

Infracture and wall-off are two methods for 
preparing the lateral window osteotomy. The 
lateral wall is tapped over the graft materials as 
a roof in the infracture method, while in the wall-
off procedure, the lateral wall is removed to get 
access to the sinus. In addition to maxillary sinus 
floor elevation, surgical procedures must consider 
lateral wall thickness and PSAA (Wallace et al., 

Table 2. Differences in maxillary sinus lateral wall thickness by age, gender and dental status.

TOOTH 
SITE GENDER Mean ± SD Sig 

(2-tailed)
DENTAL
STATUS Mean ± SD P AGE 

GROUPS Mean ± SD Sum 
of squares sig

P1 Male
Female

2.39 ±.549
2.40 ±.608

0.96 Dentate
Edentulous

2.39 ± 0.56
2.40 ± 0 .63

0.95 21-30
31-40
41-50
51-60
71-80

2.45 ± 0.64
2.30 ± 0.38
2.33 ± 0.53
2.43 ± 0.65
2.60 ± 0.28

26.2 .903

P2 Male
Female

2.64 ± 
.520
2.49 ± 
.667

0.26 Dentate
Edentulous

2.56 ± 0 .59
2.59 ± 0.61

0.83 21-30
31-40
41-50
51-60
71-80

2.74 ± 0.59
2.38 ± 0.29
2.51 ± 0.72
2.49 ± 0.58
2.40 ± 0.00

28.3 .426

M1 Male
Female

2.39 ± 
.753
2.53 ± 
.670

0.38 Dentate
Edentulous

2.47 ± 0 .68
2.44 ± 0 .80

0.88 21-30
31-40
41-50
51-60
71-80

2.30 ± 0.52
2.60 ± 1.14
2.48 ± 0.49
2.57 ± 0.91
2.80 ± 0.56

40.0 .641

M2 Male 
Female

1.98 ± .547
1.99 ± .613

0.95 Dentate
Edentulous

2.02 ± 0.59
1.87 ± 0 .52

0.28 21-30
31-40
41-50
51-60
71-80

1.97 ± 0.59
1.97 ±0 .83
2.04 ±0 .47
1.86 ± 0.46
2.80 ± 0.56

26.3 .294

Table 3. PSAA distance from maxillary sinus floor.

PSAA distance from maxillary sinus floor (mm) (n=40)

TOOTH SITE MEAN SD

P1 6.90 ± 0.43

P2 7.44 ± 0.53

M1 8.58 ± 0.51

M2 8.83 ± 1.54

Table 4. Diameter of PSAA.

Diameter of PSAA (mm) (n=40)

Category mm %

Category 1 <1 46.83%

Category 2 1-2 51.89%

Category 3 >2 1.26%
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2012; Raja, 2009). Data from earlier research that 
described the distance of the lower border of the 
window to the maxillary sinus floor were used to 
establish the measuring point of the lateral wall 
(Wallace et al., 2012; Woo and Le, 2004).

According to the literature, only a few studies 
have examined the impact of age, sex, and dental 
status on lateral wall thickness of maxillary sinus. 
Clinicians utilize the sinus floor as a reference 
point when designing the lateral window 

osteotomy’s margins from a clinical standpoint 
(Wallace et al., 2012). 

According to Zijderveld et al. (2008), 78% of 
patients had a thin lateral maxillary sinus wall. The 
thickness of the lateral wall should be measured 
before surgery, since it may compromise the sinus 
membrane’s integrity (Kiakojori et al., 2017). 
In addition to maxillary sinus floor elevation, 
surgical procedures must consider lateral wall 
thickness and PSAA. Few researchers have 

Table 5. Differences in distances of PSAA from maxillary sinus floor by age, gender and dental status.

TOOTH 
SITE GENDER Mean ± SD Sig 

(2-tailed)
DENTAL
STATUS Mean ± SD P AGE 

GROUPS Mean ± SD Sum 
of squares sig

P1 Male
Female

6.86 ± 0.51
6.96 ± 0.40 0.78

Dentate
Edentulous 6.92± 0.47

6.85± 0.49 0.85

21-30
31-40
41-50
51-60
71-80

6.98 ± 0.56
6.97 ± 0.00
6.96 ± 0.40
6.56 ± 0.00
6.50 ± 0.00

1.15 0.69

P2 Male
Female

7.83 ± 0.53
7.92 ± 0.56 0.74

Dentate
Edentulous 7.77 ± 0 .59

8.06 ± 0.38 0.29

21-30
31-40
41-50
51-60
71-80

7.83 ± 0.67
7.81 ± 0.00
7.70 ± 0.62
7.95 ± 0.35
8.50 ± 0.00

4.60 0.61

M1 Male
Female

8.98 ±.0.30
8.96 ± 0.69 0.92

Dentate
Edentulous 9.00 ± 0 .58

8.89 ± 0.35 0.66

21-30
31-40
41-50
51-60
71-80

8.83 ± 0.72
9.20 ± 0.50
8.96 ± 0.46
8.98 ± 0.40
8.95 ± 0.07

5.86 0.88

M2 Male 
Female

8.57± 2.25
9.03 ± 0.53 0.38

Dentate
Edentulous 9.18 ± 0.60

7.99 ± 2.57 0.39

21-30
31-40
41-50
51-60
71-80

9.29 ± 0.59
9.29 ± 0.72
8.92 ± 0.71
7.91 ± 2.90
9.00 ± 0 .70

78.3 0.41

Table 6. Differences in diameter of PSAA by age, gender and dental status.

TOOTH 
SITE GENDER Mean ± SD Sig 

(2-tailed)
DENTAL
STATUS Mean ± SD P AGE 

GROUPS
Mean ± 
SD

Sum 
of squares sig

P1 Male
Female

1.00 ± 
0.23
1.03 ± 
0.15

0.85 Dentate
Edentulous

1.01 ± 0.18
1.00 ± 0.28

0.92 21-30
31-40
41-50
51-60
71-80

0.96 ± 0.20
0.85 ± 0.00
1.13 ± 0.54
0.11 ± 0.00
0.80 ± 0.00

0.40 0.29

P2 Male
Female

0.95 ± 0.18
1.0 ± 0.36

0.68 Dentate
Edentulous

1.06 ± 0.31
0 .83 ± 0.04

0 .10 21-30
31-40
41-50
51-60
71-80

0.97 ± 0.20
0.86 ± 0.00
1.04 ± 0.45
0.96 ± 0.18
0.80 ± 0.00

0.62 0.90

M1 Male
Female

1.06 ±.0.25 
1.12 ± 0.47

0.72 Dentate
Edentulous

1.17 0.40
0 .91 ± 0.21

0.12 21-30
31-40
41-50
51-60
71-80

1.11 ± 0.38
1.26 ± 0.59
1.13 ± 0.32
0.95 ± 0.30
0.84 ± 0.06

0.28 0.70

M2 Male 
Female

1.05 ± 0.37
1.16 ± 0.34

0.37 Dentate
Edentulous

1.09 ± 0.37
1.17 ± 0.31

0.60 21-30
31-40
41-50
51-60
71-80

0.99 ± 0.20
1.50 ± 0.42
1.03 ± 0.40
1.30 ± 0.36
1.20 ± 0 .00

1.02 0.14
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explored into MS lateral wall thickness, PSAA, and 
possible relationships with patient’s age, gender, 
and dental status (Kiakojori et al., 2017).

The present research demonstrated a thicker 
lateral wall in females in comparison to male 
subjects at the M1 location, and thicker lateral wall 
in male subjects at the P2 location. We noticed that 
the difference of lateral wall thickness between 
genders were not statistically significant.

Previous studies on lateral wall thickness 
found significant gender variations exclusively 
in the premolar area (Yang et al., 2012). Kang et 
al. (2013) discovered a substantial difference 
between males and females at a three-millimeter 
distance from the sinus floor. In terms of dental 
status, the findings of this study revealed that 
dentate people have thicker lateral walls than 
edentulous people, however the difference is 
statistically insignificant. In their investigation, 
Khajehahmadi et al. (2014) found no significant 
differences between dentulous and edentulous 
subjects. However, among dentate individuals, 
there was a trend toward a thicker lateral wall. 
Monje et al. (2014) analyzed the relationship 
between edentulous span and lateral wall 
thickness, and observed that the greater the 
edentulous span, the thinner the lateral wall. Also, 
that there was no statistically significant difference 
in age groups. Our findings are in agreement with 
statistics stated from earlier researches, which 
established that sinus lateral wall thickness does 
not increase with age (Kang et al., 2013; Monje et 
al., 2014). This is an interesting finding observed 
in our study.  As the bone atrophy might progress 
further with time, it would have been noteworthy 
to study the association between duration of the 
edentulousness of the subjects with the lateral 
wall thickness. Further studies in this regard may 
shed more information on this aspect.

Various studies on PSAA prevalence rate 
observed the following: Ella et al. (2008), 10.5%; 
Rosano et al. (2009), 47%; Jung et al. (2011),52.8%; 
Apostolakis and Bissoon et al. (2014), 82%; Kang 
et al. (2013), 64.3%; Watanabe et al. (2014, 58.6%; 
Güncü et al. (2011), 64.5%, and Yang et al. (2012), 
32.5% (see Kiakojori et al., 2017 for review). The 
prevalence of PSAA on CBCT in our current study 
data shows detection rate of around 26% (n=40) 
among the study subjects. Detection rate is higher 
in molar locations than premolars. 

Discrepancy in many of the studies may be 
related to the lack of expertise of the clinicians, 
mode of imaging, and technical elements in 
assessing CBCT data (Kiakojori et al., 2017). Our 
CBCT images were obtained from a premium 
CBCT machine available in the market.

The distance of PSAA from maxillary sinus floor 
is significant in establishing the exact position 
of the PSAA, as well as the optimum length of an 
implant to be positioned in the edentulous area 
(Manjushri Waingade et al., 2021). The PSAA 
mean distance from the maxillary sinus floor 
was approximately about 6.00 mm to 8.00 mm 
for the P1, P2, M1, M2 areas. The distance of the 
posterior superior alveolar artery from sinus 
floor decreased towards the premolar region and 
increases as it approaches at the molar region. 
Other studies by Yang et al. (2012), Watanabe et 
al. (2014), Apostolakis and Bissoon (2014), Jung 
et al. (2011) and Yu et al. (2019), observed that 
the mean distance at P1, P2, M1, M2 were 7.75 
mm, 9.57mm, 6.47 mm, 8.17 mm and 9.70 mm, 
respectively. In different orientations, the distance 
between the PSAA and the maxillary sinus floor 
varied substantially across individuals around 
the mean values (Apostolakis and Bissoon, 2014; 
Kiakojori et al., 2017).

Table 7. Course of PSAA.

Course of PSAA

TOOTH SITE Intraosseous Intrasinusal Superficial

P1  5%  2.5 % -

P2 12.5% 12.5% -

M1 15% 11.3% 1.3%

M2 28.8 % 15% 1.3%

https://www.jofs.in/searchresult.asp?search=&author=Manjushri+Waingade&journal=Y&but_search=Search&entries=10&pg=1&s=0
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Based on the hypothesis of Fayek et al. (2021), 
the mean diameter of PSAA was classified into 
three categories: Category 1: less than 1 mm; 
Category 2: between 1-2 mm; Category 3: more 
than 2 mm.

The mean diameter of PSAA obtained from 
our study was between 1-2 mm (Category 2) at 
P1, P2, M1, M2 locations. Very few individuals’ 
PSAA diameter varied less than 1 mm (Category 
1). Also, the diameters of PSAA in females are 
comparatively higher than males. Concerning 
the dental status, dentulous patients revealed 
larger PSAA vessels except in M2 region. A larger 
diameter might indicate serious bleeding, which 
could lead to intraoperative and postoperative 
problems such perforation of the Schneiderian 
membrane, graft material displacement, and 
hematoma of surrounding structures (Manjushri 
Waingade et al., 2021). There was no difference 
associated with age groups. Findings from our 
results exhibits no statistical difference between 
gender, dental status and age.

Studies by Kang et al. (2013), Güncü et al. 
(2011) and Apostolakis and Bissoon (2014), are 
in support of our study and show no statistical 
significance among gender and age groups. In 
contrast, comparison with younger age groups, 
Mardinger et al. (2007) found that elderly patients 
had larger diameter.

For the purpose of our study, the course of PSAA 
was divided into three types: Type I: Superficial; 
Type II: Intraosseous; and Type III: Intrasinusal. 

When assessing the path of PSAA in relation to the 
lateral wall based on the visibility, we found Type 
II intraosseous course (30%) (n=40), followed by 
Type III intrasinusal (20%), (n=40) and then Type 
I superficial course (5%) (n=40) at all examined 
locations and remaining were not located. 

Our findings show similar results to the previous 
studies revealing the most frequent course as 
intraosseous by Güncü et al. (2011) (68.2% of 
intraosseous course, 26% intrasinusal course). 
Ella et al. (2008) (71.4 % of intraosseous course, 
14.3% intrasinusal course), Ilgüy et al. (2013) 
(71.1% of intraosseous course, 13% intrasinusal 
course), Kang et al. (2013) (64.3% of intraosseous 
course, 29.1% intrasinusal course).

The key anatomical points of the maxillary 
sinus and the position of PSAA were clearly 
demonstrated in this study. As a result, these 
parameters are recommended for offering 
complication-free implant planning operations.

The main observations made from the study are 
the following: 

•	 Mean thickness of maxillary sinus lateral wall 

•	 Prevalence and Course of PSAA

•	 Mean distance of PSAA from maxillary sinus 
floor

•	 PSAA mean diameter 

The average thickness of the lateral wall 
of the maxillary sinus was determined to be 
approximately around 2.50 mm. PSAA was 
observed in 25% of subjects, with a maximum 
distance of 8.83mm from the maxillary sinus floor 
and a minimum distance of 6.90 mm. PSAA had a 
diameter of 1-2mm with the intraosseous course 
in most individuals. 

The above parameters were found to be 
statistically insignificant between genders, dental 
status and age groups. It is concluded from the 
results of our study that the abovementioned 
observations are an important factor to address 
in order to reduce the probable consequences 
before and during surgery. 
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SUMMARY
Folliculogenesis is controlled by numerous 

inside and outside ovarian factors such as 
endocrine, paracrine, and autocrine signals. 
Among these factors, insulin is an important 
molecule that regulates processes in the female 
reproductive system. So, the purpose of this study 
was to determine the impact of insulin treatment 
on ovary tissue during the ovarian cycle. For this 
probe, 18 adult female NMRI mice were randomly 
divided into two groups: control and insulin (100 
µL with a 72-hour interval by intraperitoneal 
injection for 30 days). Blood samples for hormonal 
evaluation were obtained from the heart, and 
the serum levels of FSH, LH, progesterone, and 
estradiol were measured. Then, right and left 
ovaries were extracted for real-time PCR and 
stereology, respectively. According to our results, 
insulin administration increased mRNA levels of 

INS-R, Ki67, while reduced Caspase-3, IGF-1, and 
FOXO-1. Insulin administration augmented the 
concentrations of female reproductive hormones. 
Histological analyses showed that the total volume 
of ovary in mice receiving insulin was significantly 
reduced. Likewise, a significant decrease in the 
number of antral follicles, Graafian follicles, and 
the number of corpora lutea were seen following 
the use of insulin. In contrast, the results showed 
a significant growth in the number of primordial 
and primary follicles in the insulin group 
compared with the control group. Briefly, insulin 
administration is able to increase the expression 
of genes related to insulin receptor and cell 
proliferation, as well as the amount of female 
reproductive hormones, but simultaneously, has 
a dual effect on the histological parameters of the 
ovary.
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INTRODUCTION 
An oocyte is a female germ cell which is required 

in female reproduction. The oocyte develops during 
the process of oogenesis (folliculogenesis) in the 
ovarian follicle, a specialized unit of the ovarian 
cortex (Virant-Klun et al., 2015). It is commonly 
accepted that human ovaries consist of a fixed 
number of primordial follicles which are formed 
before birth, decrease with age and are depleted 
in menopause (Bendsen et al., 2006; Forabosco 
and Sforza, 2007). In general, oogenesis, as well as 
folliculogenesis, are regulated by a large number 
of intra-ovarian factors and extra-ovarian factors. 
On the other hand, follicular development as well 
as oocyte maturation are regulated by the highly 
complex coaction of endocrine, paracrine, and 
autocrine signals. Different organs, such as the 
hypothalamus, the anterior pituitary gland, the 
gonads and also the hypothalamic-pituitary-gonadal 
axis have a pivotal role in the follicular development 
as well as oocyte maturation (Nagahama and 
Yamashita, 2008; Edson et al., 2009). Among the 
effective factors in female reproductive system, 
insulin is one of the most effective molecules that 
regulate ovarian development and oogenesis (Saltiel 
and Kahn, 2001).

It was reported that insulin-signaling is essential 
for ovulation, differentiation of granulosa cell, and 
female fertility (Sekulovski et al., 2020). And it is 
also accepted that in humans, hypoinsulinemia or 
hyperinsulinemia is in connection with ovarian 
function (Chang et al., 2005). Based on previous 
studies, the insulin receptor is a member of the 
ligand-activated receptor as well as tyrosine 
kinase family of transmembrane-signaling 
proteins which basically have a substantial role in 
the regulation of cell differentiation, cell growth  
and metabolism (Lee and Pilch, 1994).

Insulin receptor is expressed both in the thecal 
granulosa compartment as well as the oocyte 
surface, and it is right to point that, signaling 
pathways which are dependent on Insulin 
receptor promote oocyte maturation and follicular 
development (Das et al., 2016).

It has been reported that insulin is a key 
regulator of female reproduction, and insulin-
sensitizing drugs are actually the only choice to 
reverse reproductive dysfunctions associated 
with metabolic disorders, such as insulin 
resistance, diabetes, and obesity (Das and Arur, 
2017). On the other hand, polycystic ovary 
syndrome is one of the most prevalent systemic 
reproductive endocrine diseases as well. Recent 
studies have demonstrated that the main etiology 
and primary endocrine disorder of PCOS are 
hyperandrogenemia as well as insulin resistance 
(Wang et al., 2019). Based on other studies, insulin 
and insulin-like growth factors play a pivotal role 
in modification of the FSH-dependent cellular 
differentiation related to human granulosa cells 
(Garzo and Dorrington, 1984), and both insulin 
and somatotrophin can also lead to increase 
the level of IGF-I production by ovarian follicles. 
So that even insulin is significantly effective in 
reducing atresia and increasing progesterone 
during follicular culture (Cox et al., 1997). It has 
been reported that insulin, IGF-I and IGF-II are 
survival factors for early stage of human follicular 
development (Louhio et al., 2000).

The connection between the female reproductive 
system and the beneficial effects of insulin has 
been reported in previous studies, but more 
detailed understanding of insulin’s action in 
regulation of oogenesis and folliculogenesis may 
be utilizable in opening the door to important 
medical applications. Thus, the aim of this study 
is evaluation of the effects of exogenous insulin on 
follicular development and some genes’ expression 
related to this issue in adult female mice.

MATERIALS AND METHODS 

Animals

For this study, 18 adult female NMRI mice 
weighing 25-30 g were attained from the Pasteur 
Institute, Tehran, Iran. All animals were cared 
under animal house standard conditions, 
including limitless access to water and food, 
12-12-hour light/dark cycle, and normal room 
temperature (22±2°C). Then, the mice were 
randomly divided into two main control and 
insulin groups.
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Treatments and sampling

Insulin (Sigma, St. Louis, MO, USA) was prepared 
by diluting in water. Each animal in experimental 
group received 100 µL of insulin with a 72-hour 
interval by intraperitoneal (IP) injection for 30 
days. Control mice also were treated with similar 
amounts of water.

Hormonal measurement 

Following deep anesthesia, blood samples 
for hormonal evaluation were gained from the 
heart of animals. Then, the blood samples were 
centrifuged at 6000 g at 4°C for 5 min before 
keeping them at -80°C until ready to be used. 
Subsequently, specific ELISA kit (EIA: Enzyme 
Immunoassay) for mice was applied to measure the 
blood serum levels of FSH, LH, progesterone, and 
estradiol using, according to the manufacturer’s 
instructions. Results of FSH and LH were reported 
as Iu/mL, while progesterone as ng/mL and 
estradiol as pg/mL.

Total RNA extraction and real-time PCR

At the end of the treatment period, right 
ovaries were extracted for real-time PCR. For 
this purpose, whole RNA samples were extracted 
from ovary tissue, by means of the High Pure 
RNA Isolation kit, based on the manufacturer’s 
instructions (Roche, Basel, Switzerland) and 
treated with DNase I (Roche, Basel, Switzerland) 
to eliminate genomic DNA contamination. Next, 
cDNA was synthesized in a total volume of 20 μl 
using a kit (Fermentas, Lithuania) at 42 °C for 60 
min. Then, applied real-time PCR (TaqMan) was 
used based on QuantiTect SYBR Green kit (Takara 
Bio Inc, Japan) aimed at quantification of mRNA 
expression levels of INS-R, Ki67, Caspase-3, IGF-
1, and FOXO-1 among two groups. All reverse and 
forward primer pairs were designed according 
to Primer 3 Plus software in exon-exon junction 
way to discriminate cDNA and genomic DNA. 
Beforehand, PCR primers were checked by 
Primer-Blast tool (Ebrahimi et al., 2019).

Stereological evaluation

Mice were profoundly anesthetized and 
sacrificed by IP injection of sodium pentobarbital. 

Subsequently, transcardial perfusion was made 
using chilled normal saline and fresh fixative 
solution, containing 4% paraformaldehyde (PFA) 
in 0.1 M phosphate-buffered saline (PBS). Finally, 
the left ovary samples of animals were extracted, 
placed in 10% formalin solution, sectioned 
into 5μm slices, and prepared for histological 
hematoxylin and eosin (HandE) staining and 
stereological analysis. The following factors were 
estimated in ovarian tissue: volume of ovary and 
the total number of primordial, primary, antral, 
Graafian follicles, and finally, the total number 
of corpora lutea. The total volume of the ovary 
was estimated using the Cavalieri method and 
following formula: 

V_total= ∑ P × a × t
	 p

In this formula, Σp is the total number of points 
superimposed on the microscopic photos, and 
(a/p) is the area associated with each point, and t 
is the thickness of the microscopic sections.

Besides, the total number of ovarian cells 
and corpora lutea was measured via the optical 
dissector technique and also succeeding 
principles: The numerical density (Nv) was 
considered as:

	 ∑Q	 t
Nv=                              ×           
	 ∑P × h × a	 BA
	 f

In this formula, ΣQ is the number of the cell 
nuclei, ΣP is the total number of the unprejudiced 
calculating frame in all fields of ovarian tissue, h 
is the height of the dissector, ratio a to f (a/f) is the 
frame area, t is the actual slice thickness measured 
in every field of tissue using the microcator, and 
BA is the block advance of the microtome which 
was fixed for 10 μm. 

Statistical analysis 

The results were analyzed by Kruskal Wallis 
test, using the SPSS software version 19.00 (IBM 
Corp., Armonk, NY, USA).  P˂0.05 was considered 
as significant differences. 
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RESULTS 

Insulin administration increased mRNA levels 
of INS-R, Ki67, while reduced Caspase-3, IGF-1, 
and FOXO-1 during ovarian cycle

According to real time-PCR data, insulin 
treatment significantly improved the expression 
of mRNA levels of insulin receptor (INS-R), as 
well as proliferation marker (Ki67) in ovarian 
tissue compared to the control group (in both 
cases, P˂0.05, Fig. 1). On the other hand, insulin 
administration significantly decreased the 
expression of mRNA levels Caspase-3 as a typical 
marker of apoptosis as well as IGF-1 and FOXO-1 
in ovarian tissue compared to the control group 
(in the case of all three genes, P˂0.05, Fig. 1).

Table 1. Primers design.

Genes Primer sequences

INSR F:  GAGAGTGGTGGAGTTGAGTTGG 
R:  TGTGGAGGATGGAGGAGGAG

Ki 67 F:  AGGAAAGTAGATAGGAAGGAAG 
R:  AGGGAGTGGTGATAGAAAGAG

FOXO1 F:  AACTGAGGAGCAGTCCAAAGATG
R:  AACTGAGGAGCAGTCCAAAGATG

IGF1 F= GGAAGCTATGGAGTGGGAAAAG
R=  CCGAGAGGTGGAGTGATTTGA

Caspase3 F= AGTGGGACTGATGAGGAGATGG
R=   AGTGGAGTACAGGGAGAAGGA

β-actin F= TCAGAGCAAGAGAGGCATCC
R=    GGTCATCTTCTCACGGTTGG

Insulin administration augmented the concen-
trations of reproductive hormones during ova
rian cycle

Based on hormonal analysis, insulin treatment 
significantly improved the concentration of 
FSH (P˂0.05, Fig. 2A), LH (P˂0.05, Fig. 2A), and 
estradiol (P˂0.01, Fig. 2B). However, this increase 
was not significant for progesterone (Fig. 2B).

Insulin administration altered histological 
parameters during ovarian cycle

At the end of the experiment, histological 
analyses showed that the total volume of ovarian 
tissue in mice receiving insulin was significantly 
reduced compared to mice in the control group 
(P˂0.05, Fig. 3B).

Likewise, the results obtained from the cell 
count indicated a significant decrease in the 
total number of ovarian antral follicles (P˂0.001, 
Fig. 2A), Graafian follicles (P˂0.01, Fig. 2B), and 
the total number of corpora lutea (P˂0.001, Fig. 
2B) following the use of insulin compared with 
the control group. On the contrary, the results 
revealed a significant rise in the total number 
of both ovarian primordial and primary follicles 
in insulin-treated mice compared to the control 
group (P˂0.001 and P˂0.05, respectively) (Fig. 
2A). 

DISCUSSION 
In the present study, the data showed the level 

of mRNA expression in genes related to insulin 
receptor and Ki67 significantly increased, and 
the level of mRNA expression in genes related 
to executioner caspase-3, IGF-1 and FOXO-1 
significantly decreased. On the other hand, the 
data of this study showed that, the Serum level 
of FSH, LH and Estradiol as well as the number 
of primordial and primary follicles significantly 
increased. It is right to point that, the insulin 
receptor is a tyrosine kinase receptor that upon 
binding insulin, catalyzes the phosphorylation 
of several intracellular substrates, including the 
insulin receptor substrate proteins (IRSs), GAB-1, 
Shc, APS, p60DOK, SIRPS, and c-Cbl. Each of these 
substrates interacts with a series of signalling 
proteins which lead to initiation of different 
signalling pathways (Saltiel and Pessin, 2002; 
Shaw et al., 2011). Following phosphorylation, 
the binding of the regulatory subunit of insulin 
receptor to IRSs forms an active heterodimer which 
phosphorylates membrane phosphatidylinositol 
residues in the 3΄ position of PIP3 to form PDK1/2 
and thereafter activates Akt/PKB (Dupont and 
Scaramuzzi, 2016). On the Oder hand, mTORC2 
is activated by insulin and controls cell survival, 
metabolism, and cytoskeletal organization (Yoon 
et al., 2017). These pathways can lead to reduction 
of apoptosis and insulin may have reduced gene 
expression of executioner caspases-3 in these 
pathways. 

As previous studies have shown, FSH can 
enhance cell proliferation via mTOR and/or 
ERK and inhibit apoptosis via Akt1 and FOXO3a 
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(Dupont and Scaramuzzi, 2016). In this regard, 
in present study, the data showed that the serum 
level of FSH has increased in response to insulin 
so that it can be said, by increasing FSH, insulin 
has been able to increase proliferation and 
expression of Ki67 and also reduce apoptosis. 
Based on previous studies, it is reported that, the 
expression and activity of FOXO1 are modulated 

by LH and FSH via PI3K/Akt pathway (Liu et al., 
2009). Therefore, it can be said that, increased 
level of LH and FSH have led to modulation of 
FOXO1 gene expression, after insulin injection.

On the other hand, insulin signalling via AKt1 
and FOXO1 can increase the level of LH-stimulated 
steroidogenesis. Therefore, elevated level of LH 
can lead to increase steroidogenesis. There are 

Fig. 2.- The effect of insulin administration on hormonal alterations during ovarian cycle of NMRI mice Insulin injection significantly 
improved the concentration of FSH (*P˂005), LH (*P˂005), and estradiol (**P˂001). However, this increase was not significant for 
progesterone.

Fig. 1.- The effect of insulin administration on the expression of genes involved in the mechanism of insulin function, proliferation 
and apoptosis during ovarian cycle of NMRI mice Insulin injection significantly increased mRNA levels of INS-R (*P˂005), Ki67 
(*P˂005), while significantly reduced caspase-3 (*P˂005), IGF-1 (*P˂005), and FOXO-1 (*P˂005) in treated mice compared with the 
control mice.
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many studies in which beneficial effects of Insulin 
on ovarian function were reported and they 
confirm the data of present study. For example 
it was reported that, the increase in the level of 
growth hormone may be involved in follicular 
development to enter the ovulatory phase, and 
the insulin system may support the maturation of 
preovulatory follicles (Shimizu et al., 2008). And 
it was also demonstrated that insulin, insulin-
like growth factor I, and gonadotropins have 
significant role in granulosa cell proliferation, 
progesterone production, estradiol production, 
and insulin-like growth factor I production in vitro 

(Spicer et al., 1993), and following the increase in 
insulin-like growth factor I, this hormone is able 
to control tissue homeostasis, cell proliferation 
and apoptosis (Kooijman et al., 2006).

It was reported that insulin signalling can lead 
to increasing proliferation and hyperplasia of the 
ovarian surface epithelium, which has approximately 
4–6 cell layers with a high rate of proliferation, as well 
as decrease in follicular integrity via upregulation 
of the PI3-kinase pathway (King et al., 2013). 
Furthermore, the data of the present study showed 
that the number of primordial and primary follicles 
in the insulin group are increased in comparison 

Fig. 3.- The effect of insulin administration on histological changes during ovarian cycle of NMRI mice Histological analyses showed 
that the total volume of ovarian tissue in group receiving insulin was significantly reduced compared to the control group (*P˂005) 
Similarly, a significant decrease in the total number of ovarian antral follicles (***P˂0001), Graafian follicles (**P˂001), and the 
total number of corpus luteum (**P˂0001) were observed following insulin usage compared with the control group In contrast, a 
significant rise in the total number of ovarian primordial and primary follicles in insulin-treated mice compared to the control mice 
(***P˂0001 and *P˂005, respectively).

Fig. 4.- Photomicrograph of the ovaries stained with HandE (4x, 10x and 40x) in study groups.
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with the control group, and there is no evidence 
of an increase in the number of Graffian follicle or 
in antral follicle while, based on the data of gene 
expression, it is predicted that in the gonadotropin-
dependent stages of follicular development, insulin 
may play a significant role. Thus, it is suggested 
that, in future studies, the period of insulin injection 
should be longer for more accurate outcomes. In 
conclusion, based on the data of this study, it can be 
said that insulin improves the function of ovarian 
tissue during the ovarian cycle. Overall, it can be 
concluded that insulin administration is able to rise 
the expression of genes related to insulin receptor 
and cell proliferation, as well as the amount of 
female reproductive hormones, but at the same 
time has a dual effect on histological parameters of 
the ovary, including the volume of ovary as well as 
growing follicles.
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SUMMARY
The styloid process (SP) arises from the 

temporal bone in front of the stylomastoid 
foramen. Many nerves and vessels are adjacent 
to the SP. The length of the SP is usually 2-3 cm; if 
it is longer than 3 cm, it is considered elongated. 
The elongated SP may compress adjacent 
neurovascular structures, and cause neck and 
cervicofacial pain. This study aims to determine 
the prevalence of SP elongation detected on 
digital panoramic radiographs in the south 
Indian population from the Chengalpet region 
and its relation to gender, age, sides and types. 
Digital panoramic radiographs of 1000 patients 
with an age ranging from 10 to 80 years were 
retrospectively obtained from a private dental 
college. The subjects were divided into six age 
subgroups: 10-19, 20-29, 30-39, 40-49, 50-59, 
and 60 years and older. The apparent length of 
the SP was measured from the point where it left 
the temporal bone to its tip. SP measuring more 
than 3 cm were considered to be elongated. The 
data were analyzed by using Student’s t-test and 
Chi-square test with a P value less than 0.05. 

The study findings reported that SP elongation 
was present in sixty-two (6.2%) patients. The 
prevalence of SP elongation in males was slightly 
higher than in females. In males, there was a 
statistically significant difference found between 
age groups. The prevalence of SP elongation 
was increased as the age increased. The most 
frequently observed type of elongation was 
the type I elongation. The digital panoramic 
radiographs are an economical, easily accessible 
and useful diagnostic tool for early detection of 
SP elongation. It was found that the elongated SP 
is an anatomical variation, which must be taken 
into account by practitioners while treating the 
patients with head and neck pain.

Key words: Eagle’s syndrome – Elongated 
styloid process – Panoramic radiographs – South 
Indian population 

INTRODUCTION
Styloid Process (SP) is derived from the Greek 

word stylos, meaning a pillar (AlZarea, 2017). The 
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SP is a cylindrical, slender, needle-like projection 
from the inferior part of the temporal bone in front 
of the stylomastoid foramen (Chaurasia, 2019). 
The tip of the SP is attached to the stylohyoid 
ligament and is flanked on laterally and medially 
by external and internal carotid arteries (Iannucci 
and Howerton, 2017). Many important nerves 
such as the facial, glosssopharyngeal, vagus, 
hypoglossal nerve, and internal jugular vein are 
medially related to the SP (Eagle, 1937). The length 
of the SP may vary, but the mean radiographic 
length of the SP is usually 2-3 cm (Bozkir et al., 
1999). The SP length which is longer than 3 cm 
is considered to be elongated (Keur, 1986). Eagle, 
an otorhinolaryngologist, first described in 
1937 the term Eagle’s syndrome, distinguished 
by the elongated SP and causing clinical 
symptoms such as neck and cervicofacial pain 
(Eagle, 1948). It has also received other names: 
stylohyoid syndrome (Steinman, 1968; Ettinger 
and Hanson, 1975; Messer and Abramson, 1975; 
Gossman and Tarsitano, 1977), stylalgia (Patni et 
al., 1986), SP neuralgia (Langland et al., 1982), 
cervicopharyngeal pain syndrome (Camarda et 
al., 1989a, b; Kay et al., 2001).

Several theories have been proposed to explain 
the etiology of SP elongation. It was suggested 
that a calcified stylohyoid and stylomandibular 
ligament are accountable for its elongation 
(Camarda et al., 1989a, b). The elongated SP 
exerts pressure on cranial nerves VII, IX, X, XI and 
XII, causing symptoms such as dysphagia, foreign 
body sensation in the throat, vertigo, cervicofacial 
pain, tinnitus (Warrier, 2019). Impingement of 
internal or external carotid artery by medially or 
laterally deviated elongated SP produces pain due 
to stimulation of sympathetic plexus associated 
with the artery (Chung et al., 2007).  Internal 
carotid artery impingement leads to pain along 
the course of the artery, and may be accompanied 
by pain in the eye and parietal cephalgia, whereas 
external carotid impingement causes pain in the 
face below the eye (Dao et al., 2011). It may also 
cause cerebral stroke due to the compression of 
carotid arteries (Asutay, 2019). Eagle’s syndrome 
is diagnosed by both radiographical and physical 
examination. More commonly, a panoramic 
radiograph is used to determine SP elongation.

The present study aims to investigate the 
prevalence of SP elongation by digital panoramic 
radiography, and to analyze this prevalence 
in relation to gender and age subgroups in the 
South Indian population living in the Chengalpet 
District. According to the literature, this was the 
first study investigating the prevalence of SP 
elongation in this region.

MATERIALS AND METHODS
The study was based on 1072 digital panoramic 

radiographs, which were retrospectively 
retrieved from the archival records of Tagore 
Dental College and Hospital, Department of 
Oral Diagnosis and Radiology. The study was 
approved by the institutional ethical committee 
(IEC/TDCH/054/2021). All the digital panoramic 
radiographs were taken between 2019 to 2021 
using Rotograph EVO D (Villa SistemiMedicalai, 
Buccinasco) under standard exposure factors, 
as recommended by the manufacturer. The 
panoramic radiographs of all patients between 
10 and 80 years old were included, provided 
that the radiograph was of good quality and 
showed the SP bilaterally. When the panoramic 
radiographs’ quality was not good enough, the 
stylohyoid complex was not clearly identified, and 
SP superimposed on the temporal bone, then they 
were excluded from this study.

The subjects were divided into six age subgroups: 
10-19, 20-29, 30-39, 40-49, 50-59, 60 years and 
above. The mineralized stylohyoid complexes and 
lengths of bilateral SPs were evaluated by using 
Digimizer image analysis software. The apparent 
length of the SP was measured from the point 
where it originates in the temporal bone to its tip. If 
the length of SP is more than 3 cm, it is considered 
elongated. The types and calcification pattern of 
elongation were determined for both right and 
left SPs, based on the classification proposed 
by Langlais et al. (1986). Their classification is 
shown in Fig. 1a and Fig. 1b. The collected data 
were entered into Microsoft Excel and analyzed by 
using SPSS 20.0 software. Student t-test and Chi-
square test were used for statistical analysis. P 
values less than 0.05 were accepted as statistically 
significant.
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RESULTS
Out of a total number of 1,072 digital panoramic 

radiographs were examined. 1,000 radiographs 
met our criteria and were included in this 
study. There were 521 male (52.1%) and 479 
female (47.9%). In the study sample out of 1000 
panoramic radiographs, 62 radiographs showed 
an elongated SP of which, 36 (6.9%) elongated 
SP were observed in males and 26 (5.4%) were 
observed in females.

Prevalence of SP elongation in relation to age in 
males was shown in Table 1(a). For what concerns 
the age groups in males, 4 out 115 (3.5%) patients 
between 10 and19 years old, 9 out 168 (5.4%) 
patients between 20 and29 years old, 2 out 81 
(2.5%) patients between 30 and39 years old, 6 out 
70 (8.6%) patients between 40 and 49 years old, 
10 out 56 (17.9%) patients and 5 out 31 (16.1%) 

patients, respectively, between 50 and59 and 
over 60 years old showed an elongated SP. We 
found a statistically significant difference in the 
prevalence of the elongated SP in males among 
the age groups with a p-value lower than 0.05 
(p-value<0.001). Compared to other age groups, 
the percentage of prevalence of SP elongation was 
increased in the 50-59 and above-60 age groups.

Prevalence of SP elongation in relation to age 
in females was shown in Table 1(b). In the case 
of females, 4 out 138 (2.9%) patients between 
10 and 19 years old, 8 out 132 (6.0%) patients 
between 20 and 29 years old, 7 out 78 (8.9%) 
patients between 30 and 39 years old, 3 out 57 
(5.3%) patients between 40 and 49 years old, 2 out 
48 (4.2%) patients and 2 out 26 (5.4%) patients, 
respectively, between 50 and59 and over 60 years 
old have SP elongation. The p-value was higher 
than 0.05 (p-value<0.529), and showed that there 

Fig.1 A- Classification of elongated styloid process (Langlais et al., 1986). Type I: uninterrupted elongation. Type II: pseudoarticulated. 
Type III: segmented elongation. B- Calcification pattern of elongated styloid process (Langlais et al., 1986).
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was no statistically significant difference in the 
prevalence of SP elongation in females among the 
age groups.

The prevalence of elongated SP in males and 
females according to side distribution was 
presented in Table 2. Out of the 26 females, 
14 showed unilateral and 12 showed bilateral 
elongated SP, and out of 36 males 19 unilateral 
and 17 bilateral SP elongation were present. 
The percentage of the unilateral and bilateral 
SP elongation in males and females were almost 
equal. However, the percentage of unilateral is 
higher than that of bilateral in both male and 
female. But there was no statistically significant 
difference (P= 0.934) found between males and 
females, or betweenunilateral and bilateral 
distribution of elongated SP.

The Digital panoramic radiographs showing 
Langlais types of elongated SPs was shown in Fig. 
2A to C. The distribution of types of SP elongation 
in both right and left side was shown in Table 3(a). 
The most common type of elongation observed on 
the right side was type I (78%). The prevalence of 
type II was 17%, and of type III was 5%. In the case 
of left side, type I was 64%, type II was 22%, and 
type III was 14%. The distribution of calcification 
pattern of SP elongation on right and left side was 
shown in Table 3(b). On both right and left sides, 
the completely calcified pattern (52% and 53%) 
was the most common pattern of calcification 
followed by partial calcification (41%and 40%) 
and nodular (7%) pattern, respectively.

Table 1a. Styloid process elongation in relation to age in males.

Age groups (years) Normal Elongated SP (%) Total (%) Chi-Square Value P-value

Male

Age 10-19 111 4 (3.5%) 115(22.0%)

20.048 0.001***S

Age 20-29 159 9 (5.4%) 168(32.2%)

Age 30-39 79 2 (2.5%) 81(15.5%)

Age 40-49 64 6 (8.6%) 70(13.4%)

Age 50-59 46 10(17.9%) 56(10.7%)

Age >60 26 5 (16.1%) 31(5.9%)

Total 485 36 (6.9%) 521(52.1%)

Table 1b.  Styloid process elongation in relation to age in females.

Age groups (years) Normal Elongated SP (%) Total (%) Chi-Square Value P-Value

Female

Age 10-19 134 4(2.9%) 138(28.8%)

4.145 0.529***NS

Age 20-29 124 8(6.0%) 132(27.5%)

Age 30-39 71 7(8.9%) 78(16.3%)

Age 40-49 54 3(5.3%) 57(11.9%)

Age 50-59 46 2(4.2%) 48(10.0%)

Age >60 24 2(7.7%) 26(5.4%)

Total 453 26(5.4%) 479(47.9%)

Table 2. Distribution of elongated styloid process in males & females according to sides.

Elongated SP Male Female Chi-square Value Significance Level

Unilateral 19 (53%) 14 (54%)

0.007 0.934*** NSBilateral 17 (47%) 12 (46%)

Total 36 26
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DISCUSSION
The length of the SP varies from individual to 

individual, and from population to population. In 
the year 1937, Eagle, an otorhinolaryngologist, 
first reported that the SP that is over 3 cm was 
considered to be elongated, causing various 
clinical signs and symptoms related to the neck 
and cervicofacial region (Eagle 1948). Although 
the actual cause of SP elongation is not clear, 
mineralization and calcification of the tip of the SP 
may cause elongation. It could be due to the growth 
of osseous tissue at the insertion of stylohyoid 
ligament, or it could be due to calcification of 
stylohyoid ligament due to unknown processes 
or due to persistence of cartilaginous analog of 

stylohyal (Scavone et al., 2019). The resultant 
abnormal stylohyoid complex may irritate or exert 
pressure over adjacent neurovascular structures 
and cause clinical symptoms of Eagle Syndrome. 
The symptoms can be confused with some other 
disorders, including a wide variety of facial 
neuralgias, nasopharyngeal lesions, tonsillitis, 
otitis, oral, dental and temporomandibular diseases 
(Asutay et al., 2019).  Hence, a detailed differential 
diagnosis for SP elongation should be done.

Palpation of the tip of the SP in the tonsillar 
fossa is indicative of SP elongation which is 
not normally palpable and confirmation can 
be done by radiographical imaging (Bagga et 
al., 2020). A variety of radiological approaches 

Table 3a. Distribution of types of elongated styloid process.

Elongated SP Type I Type II Type III Total

Right side 36 (78%) 8 (17%) 2 (5%) 46

Left side 29 (64%) 10 (22%) 6 (14%) 45

Table 3b. Distribution of calcification pattern of elongated styloid process.

Elongated SP Partially calcified Nodular Completely calcified Total

Right side 19 (41%) 3 (7%) 24(52%) 46

Left side 18 (40%) 3 (7%) 24 (53%) 45

Fig. 2.- Digital panoramic radiograph showing Langlais type of elongated styloid process. A: Type I. B: Type II. C: Type III.
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are available to find out the elongated SP such 
as panoramic radiographs, lateral view of the 
skull, posterior-anterior view of the skull, 
and computed tomography (CT). Generally, 
panoramic radiography is used to detect SP 
elongation, because it is a simple technique and 
provides realistic images, allowing to replicate the 
SP length measurements (Chen et al., 2021).

The reported radiographic prevalence of the SP 
elongation varies from less than 2% to greater than 
30% in the literature (Keur et al., 1986; Bozkir et 
al., 1999; Alpoz et al., 2014; Zaki et al., 1996). The 
present study exhibited that SP elongation was 
found in 62 out of 1000 patients, so the prevalence 
was 6.2%. This finding coincided with those by 
Austay et al. (2019), Swapna et al. (2021) and Scaf 
et al. (2003), who reported prevalence rates below 
30%. However, this result was in contrast with the 
result of Chen et al. (2021) and Bagga et al. (2012), 
who reported that the prevalence of SP elongation 
was over 30%. This prevalence distribution 
difference in SP elongation might be due to 
geographical variation. The ligaments attached to 
the SP are more prone to ossification where the 
population has the habit of chewing hard foods, 
such as gutka and areca nut, and performing 
strenuous work (Bagga et al., 2012).

The prevalence percentage of elongated SP 
was lower in the younger age group (<19 years) 
compared to other age groups. This showed 
that the bone growth was not completed, and 
developmental calcification process increased 
as the age increased (Bruno et al., 2017). The 
findings by Chen et al. (2021) and Jamal et al. 
(2018) revealed that the length of the SP was 
increased with advancing age. They reported 
that age-related degeneration of the stylohyoid 
ligamentous complex and a general tendency of 
calcium salts deposition might be the reasons 
for SP elongation. Austay et al. (2019) and Gokce 
et al. (2008) stated that there was no correlation 
between the incidence of SP elongation and age. 
The results of the present study are also concurrent 
with their findings: in female, the prevalence of 
SP elongation was not related with age, and in the 
case of males, the prevalence percentage of SP 
elongation was higher in the groups above 50-59 
years of age only.

The study results showed that the prevalence of 
SP elongation in males was slightly higher than in 
females, and this result coincides with the findings 
of Hettiarachchi et al. (2019) and AlZarea et al. 
(2017), who have reported a higher male incidence. 
The exact pathogenesis of SP elongation in male 
due to calcified and ossified bone and ligament is 
unclear. Explanations that have been put forward 
include local chronic irritation, surgical trauma, 
growth osseous tissue, mechanical stress or 
trauma during development of SP. However, this 
study’s finding was in contrast with the findings 
by Ilguy et al. (2005), who observed a female-male 
ratio of 3:1, and Ferrario et al. (1990), who found 
a higher female incidence. It was suggested that 
endocrine disorders in women at menospause 
might be a reason for female predominance 
(Alpoz et al., 2014; Watanabe et al., 2010).

Bruno et al. (2017) and Gokce et al. (2008) 
reported that there was no statistically significant 
difference between the unilateral and bilateral 
distribution of SP elongation in relation to males 
and females. The present study’s results also 
coincide with their findings.  The most common 
type of elongation observed within this study 
was type I and the calcification pattern was the 
completely calcified pattern. These results were 
concurrent with the findings of Hettiarachchi et 
al. (2019) and Jamal et al. (2018). The regional 
factors like dietary factors might be responsible 
for different types and calcification patterns of 
elongated SP (Gokce et al., 2008).

CONCLUSION
Based on the findings of the present study, 

the prevalence of SP elongation in the south 
Indian population in the Chengalpet region was 
6.2%. The prevalence rate was slightly higher 
in male than female. The commonest type of 
elongation and calcification pattern were type 
I and completely calcified pattern. As the age 
increased, the prevalence of SP elongation also 
increased only in males after 50 years of age. 
Elongated SP causes dysphagia, recurrent throat 
pain or foreign body sensation, facial pain and 
neck pain, radiating into the ear. The awareness 
about the prevalence rate, as well as the signs 
and symptoms related with elongated SP, will 
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be helpful for otolaryngologists, neurologists 
and dental surgeons. SP elongation might also 
include differential diagnosis in trigeminal 
neuralgias, migraine, myofacial dysfunctions and 
cervical arthritis. This knowledge will be useful 
for practitioners to avoid misinterpretation of 
the symptoms such as tonsillar pain, or pain of 
dental, muscular, or pharyngeal origin.
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SUMMARY
The aim of this study was to determine, 

compare and differentiate the morphologically 
related changes of the mandible in dentate 
males and females among different age groups 
on digital panoramic images, and to assess 
their authenticity in age estimations to provide 
evidence in forensics. The panoramic images 
were made for 420 subjects of four age groups: 
12-18 years, 19-40 years, 41-60 years, and older 
than 60 years. The gonial angle, condylar length, 
ramus length, cortical bone thickness, and ramal 
notch width were measured and evaluated. The 
data obtained were then subjected to descriptive 
statistical analysis followed by Paired t-test and 
Two-way ANOVA test. On measuring angular and 
four-linear measurements, statistically significant 
differences were found among all the age groups 
with p < 0.05, and also increased on aging except 
for the gonial angle. Among all the parameters, 
the gonial angle, ramus length, and ramal 
notch width depicted a statistically significant 
difference between the right and left sides with p 
< 0.05. It is found that all parameters except the 
gonial angle were reliable for age determination. 
Hence, this study positively recommends the use 

of all parameters except the gonial angle for the 
purpose of age estimation in the field of forensics.

Key words: Digital radiographic assessment – 
Age estimation – Orthopantomography – Linear 
and Angular measurements – Mandible 

INTRODUCTION
According to evolutionary biology studies, 

humans are descended from ancient apes 
(National Academy of Sciences, 1999). There are 
exciting developments in all fields that contribute 
to our understanding of human evolution 
(Gluckman et al., 2011). Many studies have 
characterised the evolution of genetically based 
variations in personality between age and sex 
groups as well as their genetic components (Ngun 
et al., 2011).

In legal medicine and forensic anthropology, 
establishing the identity of the unknown deceased 
person in a crime, accident, suicide, or mass 
tragedy, as well as for criminals who are hiding 
their identities, is very critical (Weisberg et al., 
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2011), and skeletal traits are among the most 
commonly used traits to determine a person’s 
gender and age (Maloth et al., 2016).

The mandible exhibits many anatomical and 
morphological changes with the progression of 
age. Changes in the size and shape of the mandible 
are noticed along with the gradual growth and 
the function of jaws, which vary according to age, 
gender, and dental condition (Okşayan et al., 2014).  
The gonial area, the antegonial region, the condyle, 
and the ramus are some of the remodelling areas 
in the mandible that alter (Ghosh et al., 2010). 
All these areas are best viewed, measured, and 
evaluated by Orthopantomography (OPG), which 
is a commonly employed method  in scientific 
research and criminal investigations for age and 
sex determination (Maat et al., 2006).

The current study aims to evaluate the 
morphological alterations in the mandible with 
ageing and dental condition by considering one 
angular and four linear measurements across the 
body and ramus of the mandible.

MATERIALS AND METHODS
In the Department of Oral Medicine and 

Radiology, a prospective study was conducted with 
the sample size of 420. After critical reviewing, 
the research was approved by the Institutional 
Ethics Committee.

The clinical examination was carried out after 
obtaining written consent and assent from 
the selected subjects, and the clinical findings 
were recorded in individual proforma specially 
designed for the study. The panoramic digital 
radiographs were taken using the Planmeca 
Promax Digital Panoramic system, under 
standard exposure conditions as recommended 
by the manufacturer. 

This study included groups of young and old 
dentulous individuals who had complete sets of 
medical records and whose teeth were all intact 
except for third molars (present or absent), over 60 
years old with at least five teeth in each quadrant, 
except third molars. Old denture wearers and any 
patients with the presence of supernumerary 
teeth (erupted or impacted), any systemic disease 
affecting the jawbone, and subjects with history 

or evidence of orthodontic or orthognathic 
treatment were excluded from the study.

In our study, all 420 subjects were categorised 
into 4 different age groups. Group 1 of 12-18 
years, group 2 of 19-40 years and group 3 of 41-60 
years were comprised of 120 (28.6%) individuals 
each, except for group 4 of greater than 60 years, 
which comprised 60 (14.3%) individuals. 

The first age group in our study consists of 
subjects up to the age of 18 rather than 20, because 
development in female subjects gradually ceases 
by the age of 18. As a result, this may make a 
greater difference when comparing various age 
groups.

All mandibular measurements were made 
bilaterally using ROMEXIS DICOM viewer software 
(Planmeca, Helsinki, Finland). The present study 
was performed for about 18 months.

The parameters that were measured in our 
study were as follows: 

•	 Gonial angle: It is formed by drawing a line 
between two imaginary lines that extend from 
the inferior border of the mandible to the ramus 
of the mandible.

•	 Condylar length: It is the distance between two 
lines drawn tangentially, one at the superiormost 
point of the condylar head and the other at the 
deepest point of the sigmoid notch’s concavity.

•	 Ramus length: It is calculated by drawing two 
lines, one perpendicular to the ramus tangent 
line at the level of the most lateral image of 
the condyle and the other perpendicular to the 
ramus tangent line at the level of the most lateral 
image of the ramus. The distance between these 
two lines is the ramus length. 

•	 Cortical bone thickness: The thickness of 
the radiopaque band is measured at the lower 
border of the mandible’s body, where the 
antegonial notch begins mesially.

•	 Ramal notch width: It is the distance between 
the ramus tangent line and the ramus notch 
concavity’s deepest point.

Figure 1 is a panoramic image showing the 
gonial angle (green line), condylar length (pink 
line), ramus length (blue line), ramal notch width 
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(yellow line) and cortical bone thickness (red line), 
which are measured using Planmeca Romexis 
Software.

For each variable, descriptive statistics followed 
by Two-way ANOVA test were determined. The 
difference in measures between the left and 
right sides of the mandible were analysed using 
a paired t test.

RESULTS

Gonial angle

The mean value of the Gonial Angle among 
groups 1 (12-18 years) was 180.8372, group 2 
(19-40 years) was 180.0166, group 3 (41-60 years) 
was 180.6042, and group 4 (greater than 60 years) 
was 180.4131.

The mean value of the gonial angle was 
comparatively higher among the younger age 
group and lower among the older age group. 
Therefore, the gonial angle decreases as age 
increases.

The mean value of the gonial angle showed no 
significant differences between all age groups. 
Thus, this was found to be statistically insignificant 
with a p value (p = 0.568) (Table 1).

The right and left sides of the gonial angle 
showed a significant difference and were found to 
be statistically significant with p < 0.05. The gonial 

angle on the right side showed a significantly 
higher value than the left side (Table 2).

Condylar length

The mean value of the condylar length in group 
1 (12-18 years) was 20.9397; in group 2 (19-40 
years), it was 22.1681; in group 3 (41-60 years), it 
was 22.2246, and group 4 (older than 60 years) it 
was 22.1692.

The mean value of the condylar length was 
comparatively lower among the younger age group 
and higher among the older age group. Therefore, 
the condylar length increases as age increases.

The mean value of the condylar length showed 
a significant difference between all age groups. 
Thus, this was found to be statistically significant 
with a p value. (p = 0.035).

The right and left sides of condylar length 
showed no significant difference and were found 
to be statistically insignificant with p > 0.05.

Ramus length

The mean value of the ramus length among 
group 1 (12-18 years) was 65.9610, group 2 (19-
40 years) was 69.8940, group 3 (41-60 years) was 
70.1633 and group 4 (older than 60 years) was 
70.8367.

The mean value of the ramus length was 
comparatively lower among the younger age group 

Fig. 1.- Panoramic image using Planmeca Romexis Software.



Radiographic assessment of effects of age on mandible

428

and higher among the older age group. Therefore, 
the ramus length increases as age increases.

The mean value of the ramus length showed 
a significant difference between all age groups. 
Thus, this was found to be statistically significant 
with a p value (p = 0.000).

The right and left sides of the ramus length 
showed a significant difference and were found 
to be statistically significant with p < 0.05. The 
ramus length on the right showed a significantly 
higher value than on the left.

Table 1. Comparison of four Age groups (Group 1, Group 2, Group 3, Group 4) with mean values and standard deviation of gonial 
angle (°), 1) ramus length (mm), condylar length (mm), cortical bone thickness (mm) and ramus notch width (mm). Two-way 
ANOVA test for all parameters.

Descriptive Statistics Two-way ANOVA test

Variables Ages (in years) Mean Std. Deviation Mean Square F Sig.

Gonial angle

12-18 180.8372 6.35736

14.399 0.674 0.568

19-40 180.0166 5.20161

41-60 180.6042 2.44684

60+ 180.4131 1.92699

Condylar length

12-18 20.9397 3.88782

58.004 3.584 0.014*
19-40 22.1681 4.44695

41-60 22.2246 3.70023

60+ 22.1692 4.06674

Ramus length

12-18 65.9610 9.78409

522.762 7.731 0.000*
19-40 69.8940 8.07540

41-60 70.1633 7.99625

60+ 70.8367 7.07502

Cortical bone thickness

12-18 3.3413 0.62294

5.794 11.531 0.000*
19-40 3.6350 0.59964

41-60 3.8704 0.73088

60+ 3.7517 0.91614

Ramal notch width

12-18 2.5629 0.94160

8.275 8.419 0.000*
19-40 2.8821 1.01761

41-60 2.9317 0.86233

60+ 3.3858 1.08460

*P<0.05 significance at 5% level of significance. 

Table 2. Comparison of right and left sides of gonial angle (°), ramus length (mm), condylar length (mm), cortical bone thickness 
(mm) and ramus notch width  (mm) with mean values and standard deviation. Paired T‑test for all parameters.

Variables Sides Mean Std. Deviation
Paired differences

p
Mean Std. dev

Gonial angle
Right 236.0962 8.19937

111.24123 15.46445 0.000*
Left 124.8550 9.76338

Condylar length
Right 21.8139 4.19556

-0.03900 2.69601 0.767
Left 21.8529 4.35044

Ramus length
Right 69.2093 8.78312

0.45469 3.06425 0.003*
Left 68.7546 8.76774

Cortical bone thickness
Right 3.6179 0.75727

-0.03429 0.46712 0.133
Left 3.6521 0.76497

Ramal notch width
Right 2.7962 1.03384

-0.16167 0.69174 0.000*
Left 2.9579 1.07159

*P<0.05 significance at 5% level of significance. 
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Cortical bone thickness

The mean value of cortical bone thickness of 
group 1 (12-18 years) was 3.3413; for group 2 
(19-40 years), 3.6350; for group 3 (41-60 years), 
3.8704, and for group 4 (older than 60 years), 
3.7517.

The mean value of the cortical bone thickness 
was comparatively lower among the younger age 
group and higher among the older age group, and 
again, after 60 years, the cortical bone thickness 
starts decreasing. Therefore, the cortical bone 
thickness increases as age increases, and after 60 
years it starts to decrease.

The mean value of cortical bone thickness 
showed a significant difference between all age 
groups. Thus, this was found to be statistically 
significant with a p value (p = 0.000).

The right and left sides of cortical bone thickness 
showed no significant difference and were found 
to be statistically insignificant with p > 0.05.

Ramal notch width

The mean value of the ramal notch width for 
group 1 (12-18 years) was 2.5629; for group 2 
(19-40 years), 2.8821; for group 3 (41-60 years), 
2.9317, and for group 4 (older than 60 years), 
3.3858.

The mean value of the ramal notch width was 
comparatively lower among the younger age group 
and higher among the older age group. Therefore, 
the ramal notch width increases as age increases.

The mean value of the ramal notch width showed 
a significant difference between all age groups. 
Thus, this was found to be statistically significant 
with a p value (p = 0.000).

The right and left sides of the ramal notch width 
showed a significant difference and were found to 
be statistically significant with p < 0.05. The ramal 
notch width on the left showed a significantly 
higher value than on the right side.

DISCUSSION
This study’s discussion centres on a number of 

methodological challenges that frequently occur 
when attempting to estimate age at death or when 

providing osteological evidence that may aid in 
confirming identifications (Konigsberg et al., 2008). 
The identification of the person and the assessment 
of the cause of death are the two basic issues that 
arise when human skeletal and dental remains are 
discovered (Mann et al., 1990). In forensic science, 
determining age and gender from skeletal remains 
is the first step (Sairam et al., 2016).

To aid forensic identification, recent research 
has focused on using multiple skeleton features 
to assess variation linked to age and ethnicity 
(Franklin et al., 2008). Bones change constantly 
during a person’s life, and those changes in the 
skeleton follow a chronological pattern. Knowing 
what changes occur in the bones can aid in 
determining the age of the skeleton. The skull 
and mandible, in addition to the pelvis, are the 
few additional skeletal remains that display the 
highest sexual dimorphism, and should be used 
for this purpose when accessible (Dudar et al., 
1993). The mandible is considered a significant 
tool in age determination, because it is a strong 
bone that is difficult to break and disintegrate, 
and also because of the changes in the size and 
shape of the jaw bones that occur during adult life.

Radiology is critical in determining a person’s 
age. Radiological images were utilised in the 
process of estimating age, which is among 
the most important tools in forensic science 
(Franklin et al., 2008). Panoramic imaging is a 
widely implemented technology in routine dental 
exams. It is a practical method for surveying 
dental problems, as it provides all of the necessary 
information on a single panoramic film. As a 
result, the parameters in this investigation were 
measured using panoramic radiography (Sairam 
et al., 2018).

This study assessed, correlated, and evaluated 
one angular (gonial angle) and four linear (condylar 
length, ramus length, cortical bone thickness, and 
ramal notch width) mandibular measurements as 
seen on digital panoramic radiographs in order to 
determine their utility in determining the age.

Gonial angle

In our present study, there was no significant 
difference in gonial angle between any of the 
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age groups, which was found to be statistically 
not significant with  p > 0.05. This statement 
is in agreement with the studies conducted 
by Okşayan et al. (2014), Ceylan et al. (1998), 
Raustia and Salonen (1997), Fish (1979), Xie 
and Ainamo (2004), who also found non-
significant difference in the gonial angle 
between the different age groups. In contrast, 
the study performed by Ohm and Silness (1999) 
found that the gonial angle increases with age 
and advancing edentulism. As our study did not 
include edentulous subjects, this could be one 
of the reasons for the difference observed in 
the increased gonial angle found by Ohm and 
Silness. However, on considering the dentate 
subjects, this study was found to be correlated 
with our study. Overall, this parameter (gonial 
angle) did not show a promising parameter for 
age determination.

In our study, we discovered a significant 
difference in the gonial angle between both sides 
of the jaw, which might be due to developmental 
variations. The above statement is in correlation 
with the findings by Chol et al. (2013), who also 
discovered a significant difference in the gonial 
angle between the right and left sides of the jaw, 
with the left side showing a greater value and p 
< 0.05. However, in our study, the gonial angle 
was significantly greater on the right side of the 
mandible and was found to be statically significant 
when pairing right and left gonial angles with a p 
value < 0.05. Another study performed by Larheim 
and Svanaes (1986) observed no significant 
difference between the right and left gonial 
angles. All these disagreements might be due to a 
disparity in sample size and the age group (14-28 
years) of their study population.

Condylar length

When comparing different age groups, a study 
performed by Huumonen et al. (2010) revealed a 
significant difference in condylar length, in which 
the condylar length was found to be smaller in the 
older age group than in the younger age group. 
In our study, the condylar length was found to be 
comparatively greater in the older age group than 
in the younger age group. In contrast, Okşayan et 
al. (2014), Joo et al. (2013), Raustia and Salonen 

(1997), Sairam et al. (2018) and Merrot et al. 
(2005) revealed no significant differences in 
condylar length when comparing different age 
groups. This disagreement in the studies might 
be due to disparities in ethnicity, sample size, and 
age group. The studies that are in disagreement 
included edentulous subjects. Our study did not 
include edentulous subjects, as loss of tooth or 
edentulism will be associated with changes in 
mandibular morphology. Overall, this parameter 
(condylar length) appears to be a promising factor 
for age determination.

In addition, our study did not show a statistically 
significant difference in condylar length when 
comparing both sides of the mandible and found 
to be statistically insignificant with p > 0.05.

Ramus length

In our study, a significant difference in ramus 
length was observed between all age groups, 
which might be due to developmental variations.  
This statement is in agreement with the other 
study by Okşayan et al. (2014), who also noted 
significant differences in ramus length values 
between all age groups. However, this is not in 
agreement with the findings of Joo et al. (2013), 
Raustia and Salonen (1997) and Merrot et al. 
(2005), who reported no significant difference in 
the ramus length with ageing. This disagreement 
in the studies might be due to differences in 
ethnicity, sample size, and age group. The 
findings that were found in our study, as well as 
those of Sairam et al. (2018), show that ramus 
length increases with age. In contrast, studies by 
Okşayan et al. (2014) and Huumonen et al. (2010) 
observe that ramus length decreases as age 
increases. This disagreement might be due to 
the fact that our study did not include edentulous 
subjects, as loss of tooth or edentulism will 
be associated with changes in mandibular 
morphology. Overall, this parameter (ramus 
length) can be used for age determination.

In our study, a difference in ramus length 
was found between the right and left sides of 
the mandible and was found to be statistically 
significant, with the right side showing a higher 
value (p = <0.05).
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Cortical bone thickness

In our present study, a statistically significant 
difference in the thickness of cortical bone was 
observed between all age groups of dentate 
subjects and was shown to be in accordance 
with a few other studies carried out by Joo et al. 
(2013) and Schwartz-Dabney and Dechow (2002). 
The cortical bone thickness found in our study 
was statistically lower in younger age groups and 
increased in older age groups. Our study did not 
include completely edentulous individuals. Hence, 
this factor cannot be compared with the findings 
involving edentulous subjects in previous studies. 
Overall, this parameter (cortical bone thickness) 
can be strongly used for age determination.

In our study, though a difference in the cortical 
bone thickness was found between right and left 
sides of the mandible, the right side showed a 
greater value than the left side and was found to 
be statistically insignificant with p > 0.05. 

Ramal Notch width

The study by Okşayan et al. (2014), observed 
that ramal notch width increases with age but 
showed no statistically significant differences 
when compared with different age groups. In 
our study, ramal notch width was found to be 
statistically significant, being lower in younger 
age groups and increasing in older age groups. 
This factor is not correlated with the study 
conducted by Okşayan et al. (2014), who did 
not find any significant differences in ramus 
notch width when comparing different age 
groups. This disagreement in the study might 
be due to the fact that it involved only the older 
age group subjects (60-69 years) as well as 
edentulous subjects, and also due to variations 
in ethnicity and sample size. Our study included 
four different age groups, of 12 to 60 years-and-
above subjects, and no edentulous subjects were 
included. Overall, this parameter (Ramal notch 
width) was found to be a promising factor for age 
determination. 

In our study, when comparing the right and left 
sides, the ramal notch width was greater on left 
side than on right. However, this was statistically 
not significant with p > 0.05.

As this was a time-bound study, a statistically 
qualified minimum sample size was assessed. In 
the future, further studies are recommended to 
validate our hypothesis with the larger sample size, 
including various ethnicity and socioeconomic 
groups for age determination.

From overall results obtained in our present 
study, it was revealed that all parameters can be 
used as a tool for age estimation, as the condyle 
length, ramus length, cortical bone thickness and 
ramal notch width (all except the gonial angle) 
show anatomical variations between different 
age groups and are found to be statistically 
significant. Therefore, it is concluded that 
all linear measurements, except the angular 
measurement on digital panoramic images, 
with significant differences among different age 
groups, can be used in forensic anthropology 
as valuable tools for the estimation of age. 
Because linear measurements vary depending 
on population ethnicity, age, and dental state, 
there is a need to define harmonised standards 
for diverse populations in terms of age group 
and dental status. Hence, these measurements 
are advocated varyingly for providing evidence 
in forensics, especially when other bones of the 
skeleton are unavailable.

REFERENCES 
CEYLAN G, YANÍKOGLU N, YÍLMAZ AB, CEYLAN Y (1998) Changes in 

the mandibular angle in the dentulous and edentulous states. J Prosthet 
Dentist, 80(6): 680-684. 

CHOLE R, PATIL R, BALSARAF CHOLE S, GONDIVKAR S, GADBAIL A, 
YUWANATI M (2013) Association of mandible anatomy with age, gender, 
and dental status: a radiographic study. ISRN Radiology, 2013: 453763.

DUDAR JC, PFEIFFER S, SAUNDERS SR (1993) Evaluation of 
morphological and histological adult skeletal age-at-death estimation 
techniques using ribs. J Forensic Sci, 38: 677-685.

FRANCIS FISH S (1979) Change in the gonial angle. J Oral Rehabil, 
6(3): 219-227.

FRANKLIN D, CARDINI A, HIGGINS PO, OXNARD CE, DADOUR I 
(2008) Mandibular morphology as an indicator of human subadult age: 
geometric morphometric approaches. J Forensic Sci, 4: 91-99. 

GHOSH S, VENGAL M, PAI KM, ABHISHEK K (2010) Remodelling 
of the antegonial angle region in the human mandible: A panoramic 
radiographic cross-sectional study. Med Oral Patol Oral Cir Bucal, 15: 
e802–7. 

GLUCKMAN PD, LOW FM, BUKLIJAS T, HANSON MA, BEEDLE AS 
(2011) How evolutionary principles improve the understanding of 
human health and disease. Evol Appl, 4(2): 249-263.

HUUMONEN S, SIPILÄ K, HAIKOLA B, TAPIO M, SÖDERHOLM 
AL, REMES-LYLY T, OIKARINEN K, RAUSTIA AM (2010) Influence of 
edentulousness on gonial angle, ramus and condylar height. J Oral 
Rehabil, 37(1): 34-38.



Radiographic assessment of effects of age on mandible

432

JOO JK, LIM YJ, KWON HB, AHN SJ (2013) Panoramic radiographic 
evaluation of the mandibular morphological changes in elderly dentate 
and edentulous subjects. Acta Odontol Scand, 71: 357-362.

KONIGSBERG LW, HERRMANN NP, WESCOTT DJ, KIMMERLE EH 
(2008) Estimation and evidence in forensic anthropology: age-at-death. 
J Forensic Sci, 53(3): 541-557.

LARHEIM TA, SVANAES DB (1986) Reproducibility of rotational 
panoramic radiography: mandibular linear dimensions and angles. Am 
J Orthod Dentofacial Orthop, 90(1): 45-51. 

MAAT GJ, MAES A, AARENTS MJ, NAGELKERKE NJ (2006) 
Histological age prediction from the femur in a contemporary Dutch 
sample. The decrease of nonremodeled bone in the anterior cortex. J 
Forensic Sci, 51: 230-237.

MALOTH AK, DORANKULA SP, PASUPULA AP (2016) Lip outline: A 
new paradigm in forensic sciences. J Forensic Dent Sci, 8(3): 178.

MANN RW, UBELAKAR DH (1990) The forensic anthropologist. F.B.I 
Law enforcement bulletin. Am J Phys Anthropol, 81: 17-25.

MERROT O, VACHER C, MERROT S, GODLEWSKI G, FRIGARD B, 
GOUDOT P (2005) Changes in the edentate mandible in the elderly. Surg 
Radiol Anat, 27: 265-270.

NATIONAL ACADEMY OF SCIENCES (1999) Science and Creationism: 
A View from the National Academy of Sciences: Second Edition. 
Washington (DC): National Academies Press (US).

NGUN TC, GHAHRAMANI N, SÁNCHEZ FJ, BOCKLANDT S, VILAIN 
E (2011) The genetics of sex differences in brain and behavior. Front 
Neuroendocrinol, 32(2): 227-246. 

OHM E, SILNESS J (1999) Size of the mandibular jaw angle related to 
age, tooth retention and gender. J Oral Rehabil, 26(11): 883-891.

OKŞAYAN R, ASARKAYA B, PALTA N, ŞIMŞEK İ, SÖKÜCÜ O, İŞMAN E 
(2014) Effects of edentulism on mandibular morphology: evaluation of 
panoramic radiographs. Sci World J, 2014: 254932.

RAUSTIA AM, SALONEN MA (1997) Gonial angles and condylar 
and ramus height of the mandible in complete denture wearers- a 
panoramic radiograph study. J Oral Rehabil, 24(7): 512-516.

SAIRAM V, GEETHAMALIKA MV, KUMAR PB, NARESH G, RAJU 
GP (2016) Determination of sexual dimorphism in humans by 
measurements of mandible on digital panoramic radiograph. Contemp 
Clin Dent, 7(4): 434-439. 

SAIRAM V, POTTURI GR, PRAVEEN B, VIKAS G (2018) Assessment 
of effect of age, gender, and dentoalveolar changes on mandibular 
morphology: A digital panoramic study. Contemp Clin Dent, 9: 49-54.

SCHWARTZ-DABNEY CL, DECHOW PC (2002) Edentulation alters 
material properties of cortical bone in the human mandible. J Dent Res, 
81: 613-617.

WEISBERG YJ, DEYOUNG CG, HIRSH JB (2011) Gender differences in 
personality across the ten aspects of the big five. Front Psychol, 2: 178.

XIE QF, AINAMO A (2004) Correlation of gonial angle size with 
cortical thickness, height of the mandibular residual body, and duration 
of edentulism. J Prosthet Dent, 91: 477-482. 



433

ORIGINAL ARTICLE	 Eur J Anat, 26 (4): 433-441 (2022)

Reversion of neuronal differentiation 
induced in human adipose-derived stem cells
Rosa Hernández1,2,3,†, Gloria Perazzoli1,2,†, Cristina Mesas1,2,3, Francisco Quiñonero1,2,3, Kevin Doello1,4, 
Raul Ortiz1,2,3, Jose Prados1,2,3, Consolación Melguizo1,2,3

1 Institute of Biopathology and Regenerative Medicine (IBIMER), Biomedical Research Center (CIBM), Granada 18100, Spain
2 Instituto Biosanitario de Granada, (ibs.Granada), SAS-Universidad de Granada, Granada 18012, Spain
3 Department of Anatomy and Embryology, University of Granada, Granada 18071, Spain
4 Medical Oncology Service, Virgen de las Nieves Hospital, 18014 Granada, Spain

SUMMARY
Adipose-derived mesenchymal stem cells 

are a great alternative to other types of stem 
cells obtained from other tissues, since they are 
found in large numbers and are easy to obtain by 
liposuction and do not have ethical connotations. 
These cells can differentiate into neuronal lineage 
using induction media, although the efficacy of 
these media is determined by their composition. 
In previous studies, we have demonstrated 
the differentiation of human adipose-derived 
mesenchymal stem cells to neuronal lineage by 
using three induction media, Neu1, Neu2 and 
Neu3, each one showing a series of neuronal 
markers in the treated cells. In the present study, 
a further step is taken, since once a neuronal 
differentiation is obtained with these three 
induction media, they are removed from the 
medium and both morphology and neuronal 
markers and the ability to maintain neurosphere 
formation are analyzed. The results obtained 
show that when these induction media are 
withdrawn in the three cases, both the neuronal 
morphological characteristics and the neuronal 
markers are lost at different times depending on 

the medium used. In the case of neurospheres, 
the ability to maintain this shape is also lost when 
they are not in contact with neuronal induction 
factors. Therefore, although the neuronal 
differentiation mechanism is very promising 
in this type of cells, it is necessary to carry out 
more studies to elucidate an induction medium 
that allows cells differentiated into neurons to 
maintain neuronal characteristics over time 
without the need to continue applying neuronal 
differentiation factors.

Key words: Human adipose mesenchymal 
stem cells – Neurological disorders – Neuronal 
differentiation 
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FGF	 Fibroblast growth factor

FOXO-4	 O4 forkhead box

GalC	 Galactosylceramidase

GFAP	 Glial fibrillary acidic protein

hASC	 Human adipose-derived mesenchymal 
stem cells

HGF	 Hepatocyte growth factor

IBMX	 3-isobutyl-1-methylxanthine.

LIF	 Leukemia inhibitory factor

MAP2	 Microtubule-associated protein-2

MSCs	 Mesenchymal stem cells

Neu1	 Neuronal differentiation medium 1

Neu2	 Neuronal differentiation medium 2

Neu3	 Neuronal differentiation medium 3

NeuN	 Neuronal nuclear protein

NFH	 Neurofilament heavy chain

NFL 	 Neurofilament light chain

NFM	 Neurofilament

NGF	 Nerve growth factor

NPBM	 Neuronal progenitor basal medium

NSE	 Neuron specific enolase

PBS	 Phosphate-buffered saline

SCN9A	 Sodium voltage-gated channel alpha 
subunit-9

SNAP25	 Synaptosome-associated protein-25

TAU	 Tau protein

TH	 Thyroxine hydroxylase

VEGF	 Vascular endothelial growth factor

INTRODUCTION
The use of tissue-derived mesenchymal stem 

cells has great advantages for clinical use. 
Among them, we can find the absence of ethical 
implications, unlike other cell types such as 
embryonic stem cells (Hanley et al., 2010), their 
easy obtaining from different tissues such as 
adipose tissue (ideal tissue to obtain these cells 
by liposuction) (Minteer et al., 2013) and the 
availability of mesenchymal stem cells in fat 
compared with bone narrow (2% versus 0.001-
0.004%, respectively) (Mahmoudifar and Doran, 
2015). Human adipose-derived mesenchymal 
stem cells (hASCs) can give rise to different 
cell lines (cardiomyocytes, endothelial cells, 

osteoblast-like cells, etc.), which had been used 
in several clinical fields such as cardiovascular 
diseases, reconstructive plastic surgery or spine 
degenerative conditions, among others (Ma et al., 
2017; Naderi et al., 2017; Caliogna et al., 2020). 
In addition, these cells exert a neuroprotective 
effect that may be relevant in neurological 
pathologies such as head trauma, ischemic 
stroke, and Alzheimer’s disease (Sánchez-
Castillo et al., 2022) and were able to improve 
controlled cortical impact injury in rats reducing 
neuroinflammation (Ruppert et al., 2020). 
Furthermore, hASCs can also derive in a neuronal 
lineage, as demonstrated by Safford et al. (2002), 
using valproic acid, hydrocortisone, insulin, 
butylated hydroxyanisole, and epidermal and 
fibroblast growth factor (EGF and FGF). However, 
this differentiation was unstable (between 3 and 
4 days), and was not accompanied by a functional 
evaluation. Krampera et al. (2007) used a 
differentiation medium (which included valproic 
acid and butylated hydroxyanisole, among others) 
and Schwann cells, demonstrating a significant 
increase in the expression of typical markers of 
differentiated cells. Β-mercaptoethanol has also 
been used to produce neuronal differentiation 
associated to factors such as EGF, retinoic acid or 
butylated hydroxyanisole (Cardozo et al., 2011). 

The functionality of this differentiation was also 
not studied, although some different markers 
were established for neuronal cells. Li et al. (2013) 
obtained neuronal differentiation markers after 
differentiation with β-mercaptoethanol, butylated 
hydroxyanisole and platelet-rich plasma. We 
have recently shown that three media of neuronal 
induction, using EGF and FGF combined with 
leukemia inhibitory factor (LIF), vascular 
endothelial growth factor (VEGF) or nerve growth 
factor (NGF), among others, induced a significant 
differentiation of hASCs to neural-type cells 
(Hernández et al., 2021). However, whatever 
the induction method, it is vital to verify the 
maintenance of the neuronal markers expression 
to verify the functionality of these differentiated 
cells. In this regard, NeuN, MAP2, NSE, NFM, NFH 
and NFL markers stand out (Jang et al., 2010; 
Salehi et al., 2016). For neuronal differentiation 
to last over time, the expression of these neuronal 
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markers must also be prolonged. Therefore, it is 
important to know their expression changes since 
a loss of these markers would imply a reversal of 
this differentiation.

The aim of this study is to determine the degree 
of reversion of the neuronal characteristics 
acquired by mesenchymal cells induced by 
different culture media and to determine if there 
are permanent changes in their phenotype. 
This would allow us to determine the degree of 
neuronal phenotype that is maintained in cells 
that could be used in neurological disorders.

MATERIALS AND METHODS

Obtention of hASCs from human adipose tissue

Adipose tissue samples were obtained by 
liposuction from three healthy patients (aged 
30 to 55 years). hASCs lines were extracted and 
characterized as described in our study (Hernández 
et al., 2021). Informed consent and approval 
of the Ethics Committee (Nuestra Señora de la 
Salud Hospital, Granada, Spain, 111430/31; date 
9/11/2011) was obtained. The assay was conducted 
in accordance with the declaration of Helsinki.

hASCs neuronal differentiation and dedifferen-
tiation

hASCs differentiated to neuronal lineage and 
subsequently dedifferentiated. As described 
previously (Hernández et al., 2021), we used Neu1, 
Neu2 and Neu3 differentiation media. For Neu1 
induction (Gong et al., 2018), the hASCs were 
maintained in DMEM, supplemented with 25 µg/
ml fibroblast growth factor (FGF, Sigma-Aldrich), 
0.1 mg/ml epidermal growth factor (EGF, Sigma- 
Aldrich) and 10 µg/ml leukemia inhibitory factor 
(LIF, Sigma). The medium was changed every 
three days for 21 days. For Neu2 induction, hASCs 
were maintained in HAM-F12 medium (Sigma-
Aldrich), supplemented with 20 ng/ml hepatocyte 
growth factor (HGF, Sigma-Aldrich), 20 ng/ml 
vascular endothelial growth factor (VEGF, Sigma-
Aldrich) and 10 ng/ml epidermal growth factor. 
The medium was changed every three days for 15 
days. For Neu3 induction based in the procedure 
of Tondreau et al. (2008), hASCs were maintained 
in neuronal progenitor basal medium (NPBM, 

Lonza), supplemented with 10 mg/ml adenosine 
3’,5’-cyclic monophosphate (cAMP, Sigma-
Aldrich), 25 ng/ml nerve growth factor (NGF, 
Sigma-Aldrich), 2.5 µg/ml insulin (Sigma-Aldrich) 
and 5 µM 3-isobutyl-1-methylxanthine (IBMX, 
Sigma-Aldrich) changing the medium every three 
days for 10 days. All cells were preserved at 37 
°C in 95% humidity and 5% CO2 atmosphere. All 
media were supplemented with 1% penicillin/
streptomycin solution, 1% ciprofloxacin 
(Fresenius Kabi). In addition, after neuronal 
differentiation, cells were induced to undergo 
dedifferentiation by removal of neuronal culture 
media Neu1, Neu2 and Neu3, and replacement 
with standard medium (10 days in the case of 
Neu1, 7 days in the case of Neu2, and 5 days in the 
case of Neu3).

hASCs neurospheres formation

hASCs neurospheres were induced following 
previously described procedure (Yang et al., 2015). 
Briefly, hASCs (90% confluent) were harvested 
with trypsin/EDTA and plated in 6 wells plate (2.5 
x 105 cells/ml) in DMEM/F12 medium with 2% B27 
serum-free supplement (Gibco) for 7 days. 96-well 
of matrigel or agarose were prepared. Agarose 
(Sigma-Aldrich) in distilled water (0.5%) was boiled 
(10 minutes). 100 µl of liquid agarose was added 
to each well of 96-wells plate and kept at 37ºC for 
30 minutes. Matrigel (BD-Biosciences) in distilled 
water (50%) was added to the 96-wells plate 
(100 µl). Differentiation and dedifferentiation 
assays were carried out only with Neu 1 medium. 
Neurospheres (1 neurosphere/well) in 150 µl 
Neu1 medium were maintained for 4 days. DMEM/
F12 medium was used as control.

Western blot analysis of neuronal marker mod-
ulation

Western blot analysis using proteins obtained 
from total differentiated and dedifferentiated 
cells was performed. Firstly, cells were collected, 
centrifuged, and total proteins were extracted 
with Laemmli buffer to finally determine 
protein concentrations (Bradford method). For 
electrophoresis, 35 µg protein of each sample 
were heated at 95ºC for 5 min and separated in 
7.5% SDS-PAGE gel. Fractions were transferred 
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to a nitrocellulose membrane with a 45 µm 
pore size (Millipore), blocked in 5% milk in PBS 
supplemented with 0.1% Tween-20 (Bio-Rad) 
(1 hour) and incubated with respective primary 
antibodies overnight at 4ºC: NES, GFAP, TUB-
III, SCN8A, SNAP-25, FOXO-4, CHAT, MAP2, TH, 
ENS, TAU, and GalC (Table 1). Antibody binding 
was revealed by incubation with 1:2000 dilution 
secondary antibody (Goat anti-mouse IgG-HRP, 
sc-2005). Signals were detected with an ECLTM 
Western blot detection reagent (GE Healthcare) 
and β-actin (A3854, Sigma-Aldrich) 1:10000 
dilution served as an internal control. Each 
western was performed at least two times.

RESULTS AND DISCUSSION

Morphological changes in hASCs during neuro-
nal differentiation and dedifferentiation

Morphological changes were observed with 
the three neuronal differentiation protocols – 
Neu1, Neu2, and Neu3 – (see Methods) (Fig. 1). 
Neu1 induced morphological changes from day 
5 (Fig. 1b) to the final induction point, in which 
cells with neural-like morphology appeared (Fig. 
1e), i.e., showing cytoplasmic retraction towards 
the nucleus and a spherical cell body with long 
extensions that interacted with neighboring cells 

(Fig. 1f). Neu2 induced fewer morphological 
changes than Neu1 (and later -day 10-), in the 
form of a tendency to form organized clusters 
with membrane contacts between surrounding 
cells (Fig. 1g-k). Finally, Neu3 caused minor 
morphological changes, including a spindled 
shape involving cytoplasmic retraction towards 
the nucleus. Furthermore, the induction of 
cytoplasmic extensions was observed sometimes 
forming long cell chains at the end of the 
differentiation period (Fig.1 lm). Marei et al. 
(2018) verified evident morphological changes 
from the sixth day of induction using retinoic 
acid. In this differentiation process, the cells 
acquired a morphological modification from the 
third day and a neuronal appearance from the 
sixth day, reaching a total neuronal appearance 
on the fourteenth day. Compared with our 
study, the Neu1 differentiation media showed 
significant morphological changes from day 5. 
These changes were less noticeable when Neu2 
and Neu3 were used. Thus, Neu1 differentiation 
medium with EGF and FGF factors improves 
neuronal differentiation relative to other media, 
including those that used retinoic acid or heparin. 
This may be related to the relevant role of both EGF 
and FGF growth factors on hASCs differentiation 
to a neuronal lineage (Hu et al., 2013).

Table 1. mAb antibodies used in western blot (WB).

mAbs WB
Dilution Reference

sodium voltage-gated channel alpha subunit-9 (SCN9A) 1:400  Na+ CP type IXa Antibody H-17, sc-130096; Santa Cruz

synaptosome associated protein-25 (SNAP-25) 1:400 SNAP-25 Antibody C-18, sc7538; Santa Cruz

tubulin-III (TUB-III) 1:1000  Anti-tubulin Antibody beta III isoform, MAB1637; Millipore

nestin (NES) 1:500 Nestin Antibody, sc-23927; Santa Cruz

choline O-acetyltransferase (CHAT) 1:400 Choactase antibody E-7, sc-55557; Santa Cruz

glial fibrillary acidic protein (GFAP) 1:500 GFAP Antibody GA-5, sc-58766; Santa Cruz 

microtubule associated protein-2 (MAP2) 1:500  MAP2 antibody A-4, sc74421; Santa Cruz 

O4 forkhead box (FOXO-4) 1:100   Anti-FOXO-4, sab4501887; Sigma

tyroxine hydroxylase (TH) 1:4000  Anti-tyrosine hydroxylase antibody, T2928; Sigma 

enolase (ENS) 1:400  Enolase 5G10, sc-51882; Santa Cruz

Tau protein (TAU) 1:100   Anti-Tau antibody TAU-5, ab3931; ABCAM 

Neurofilament (NFM) 1:800  Anti-Neurofilament antibody, 05744; Millipore 

galactosylceramidase (GalC) 1:500 Anti-GalC antibody, mab342; Millipore

β-actin 1:10000 β-actin antibody,, A3854, Sigma Aldrich
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Interestingly, dedifferentiation analyses showed 
that all cells induced with Neu1, Neu2 and Neu3 
returned to their initial fibroblastic appearance, 
which was more pronounced in the case of Neu1. 
Abundant intercellular cytoplasmic bridges are 
also observed towards the end of dedifferentia-
tion, more abundant in the case of Neu2 (Fig. 2). 
Interestingly, dedifferentiation analyses showed 
that all cells induced with Neu1, Neu2 and Neu3 
returned to their initial fibroblastic appearance, 
which was more pronounced in the case of Neu1. 
Abundant intercellular cytoplasmic bridges are 
also observed towards the end of dedifferentia-
tion, more abundant in the case of Neu2 (Fig. 2). 

Following Yu et al. (2011), the dedifferentiation 
may be related to selection that FGF and EGF in 
exert on these cells. In fact, Anghileri et al. (2008) 
demonstrated a significant loss of functionality 
in hASCs differentiated to neuronal lineage after 
seven days in culture. In our study, after remove 
Neu2 (HGF and VEGF included), a significant de-
differentiation was observed at the same time to 
Anghileri’s study. However, after remove Neu1 
(FGF and EGF included) the dedifferentiation was 
observed at 10 days. Finally, Neu3 (NGF included) 
was the least effective observing a cell dedifferen-
tiation after removing media at 5 days.

Fig. 1.- hASCs neuronal differentiation. hASCs were exposed to Neu1 (a-e) (21 days), Neu2 (g-j) (15 days) and Neu3 (k-n) media (10 
days) (magnification 4x). Images f, k and o (magnification 20x) show intercellular cytoplasmic bridges in the last day of differentia-
tion. Arrows point to cell morphology changes during differentiation.
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Neuronal marker modulation in differentiation 
and dedifferentiation of hASCs

Western blot analysis indicated a significant 
modulation in the expression of neuronal 
markers in the induced-hASCs as compared 
to non-induced cells. Western blot analysis 
showed the modulation of mature neuron 
markers (TAU and TH), glial markers (GFAP), and 
functional markers (SNAP25) cells treated with 
Neu1 (Fig. 3). Neu2 and Neu3 also induced an 

increased expression of TH and SNAP25 levels 
but significantly lower than those induced by 
Neu1; they did not induce TAU modulation and 
caused a significant decrease in the expression 
of ENS, suggesting lower neuronal differentiation 
compared to Neu1 (Fig. 3). For example, it has 
been recently observed how human-derived 
adipose stem cells (hASC) transdifferentiate into 
neuronal-like cells and increase the expression 
of the neuronal marker protein MAP-2 after 
neuronal induction. Interestingly, MAP-2 increase 

Fig. 2.- hASCs neuronal dedifferentiation. After hASCs differentiation medium was removed and cells growth until 29 days (Neu 1), 
21 days (Neu2) and 15 days (Neu3). Images show dedifferentiation of hASCs cells. Magnification 4x (a,c,e) and 20x (b,d,f).

Fig. 3.- Neuronal markers determined by Western blot in hASCs control, hASCs induced with the media Neu1 (21 days), Neu2 (15 
days) and Neu3 (10 days) as well as dedifferentiated cells after the differentiation process, Neu1-D (31 days), Neu2-D (21 days) and 
Neu3-D (15 days). β-actin served as an internal control.
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has recently been pointed out as a critical fact in 
hASCs transdifferentiate into neuronal-type cells 
(González-Casacuberta et al., 2022). Thus, an 
expression decrease after dedifferentiation may 
represent a serious limitation for its applicability. 
To determine the reversibility of the differentiation 
process and corroborate the modulation of 
biomarkers and gene expression, an analysis of 
hASCs after dedifferentiation was conducted. 
Western blot showed a loss of expression in 
functional markers and in mature neuron markers 
(inclunding MAP2 and ENS). On the other hand, 
dedifferentiation after Neu2 and Neu3 exposure 
provoked a reduction in the expression of MAP2 

and FOXO4 (Fig. 3). The expression of proteins 
such as TAU, GFAP and Map2 have been reported 
by several authors after neuronal differentiation 
in hASCs (Cardozo et al., 2011; Jang et al., 2010; 
Mostafavi et al., 2014), which indicates the 
acquired neuronal compromise of these cells after 
differentiation. NAP25 is considered a key factor 
to promote neuronal differentiation in rats (Bailey 
and Lahiri, 2006). In our study, the expression 
of three of these four fundamental proteins 
is increased by the Neu1 induction medium, 
suggesting that it is the best medium of the three 
for neuronal differentiation. In the other media 
studied, the modulation of these proteins is lower 

Fig. 4.- Neuronal differentiation/dedifferentiation of hASC neurospheres. A. Representative optical microscope image of neuro-
sphere formation in DMEM/F12 medium supplemented with B27 during days 1 (a), 4 (b) and 7 (c). B. Growth of neurospheres 
(agarose 0.5%) after exposure to Neu 1 media (21 days). C. Representative images of neurospheres on days 10, 15 and 21 with 
determination of the extension growth (red line) (Image J). Graphic representation of growth during the 21 days. D. Approach and 
aggregation of hASC neurospheres. E. Morphological changes during dedifferentiation of neurospheres after removing Neu1 me-
dium (31 days) (4x magnification).
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or even show a reduction in Map2, although there 
are authors such as Razavi et al. (2015) that did 
not find significant differences in terms of Map2 
expression after neuronal induction in hASCs.

Neuronal dedifferentiation in hASCs neuro-
spheres

The differentiation/dedifferentiation assays in 
neurospheres were carried out only with Neu1 
given the previous results. As shown in Fig. 4A, 
the neurospheres were formed within a few days 
(5 days) of the hASCs culture in DMEM / F12 
medium supplemented with B27. Neurospheres 
maintained in the Neu1 medium grew by 
developing long cell extensions in the manner 
dendrites (Fig. 4B). These extensions grew 
fundamentally in the first 5 days of induction, 
stabilizing later (Fig. 4C). The neurospheres 
aggregated through long processes to finally 
form a single neurosphere (Fig. 4D). Analysis of 
the dedifferentiation process after Neu1 removal 
and the addition of the standard medium (10 
days) showed that the neurospheres collapsed, 
acquiring an irregular morphology and losing 
the cell extensions formed during neuronal 
differentiation (Fig. 4E). Neurospheres derived 
from hASCs are associated to a greater extent with 
their possible clinical use in neurodegenerative 
diseases such as Alzheimer’s. These neurospheres 
are characterized by high levels of Nestin (Peng 
et al., 2019; Yang et al., 2015). EGF and FGF 
together with B27 seems essential not only to 
the maintenance of differentiation but also the 
own neurospheres (Peng et al., 2019). In fact, 
as soon as these factors are removed from the 
environment, these neurospheres begin to lose 
neuronal differentiation.

CONCLUSION
In conclusion, previous studies demonstrated 

that three different media achieved effective 
neuronal differentiation of hASCs with remarkable 
results in terms of morphology changes and 
expression of typically neuronal markers. 
However, removal of the induction media induced 
a significant neuronal dedifferentiation. These 
results suggest that other strategies including a 
new composition of differentiation media will be 

necessary to avoid phenotype reversal in order to 
provide better therapeutic utility of the hASCs in 
some neurogical disorders.
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SUMMARY
For a significant part of infant and fetal deaths, 

specific pathophysiologic processes cannot be 
recognized. Thus, the scientific community is 
called to identify novel post-mortem diagnostic 
tools. This manuscript proposes the results of a 
pilot study which reports a novel post-mortem 
technique to study and reconstruct fetal/
infant coronary arteries. The study included 
human fetuses characterized by the absence 
of macroscopic cardiac abnormalities at post-
mortem in situ examination. For the study of 
fetal hearts, it was used a curing radiopaque 
silicone rubber compound (which solidified after 
injection in the coronary arteries) and an X-Ray 
microtomography (micro-CT). After micro-
CT scans, coronary arteries’ branches were 
reconstructed throughout a specific software. 
At injection, it was possible to macroscopically 
evaluate coronary arteries’ perfusion. The 
analysis of the three-dimensional reconstructions 

highlighted that the aforementioned compound 
reached deep branches too. This approach can 
be considered a novel post-mortem technique for 
fetal/infant hearts. Nevertheless, the manuscript 
also discussed the following limitations: in some 
spots, coronary arteries’ reconstruction appeared 
interrupted; the compound also perfused parts 
of internal cardiac chambers. Until now, in the 
literature there are not methods that allow study 
with reconstruction of fetal/infant coronary 
arteries throughout micro-CT. The present paper 
pointed out the first indications for the application 
of this technique in human samples.
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Fetus – Infant – Post-mortem technique 

INTRODUCTION
According to the Center for Disease Control 

and Prevention (CDC), each year about 3,400 
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sudden unexpected infant deaths (SUID) occur 
in the United States. Among them, the 37% is 
attributable to the sudden infant death syndrome 
(SIDS) and the 34.7% to unknown causes (https://
www.cdc.gov/sids/data.htm). It is also important 
to know that the most common negative outcome 
of pregnancies is represented by fetal death. 2.6 
million stillbirths are globally reported in 2015 
(Lavezzi et al., 2019). In 2014, in the United States 
about 24,000 stillbirths were reported. 30% of 
them was attributable to unspecified causes 
(https://www.cdc.gov/ncbddd/stillbirth/data.
html).

In the light of the above, it can be stated that, for 
a significative part of infant and fetal deaths, the 
specific pathophysiologic processes cannot be 
recognized, not permitting to communicate the 
specific cause of death to parents and to identify 
preventive measures (Lavezzi et al., 2019). In 
addition, in case of medical malpractice claims 
and/or inspections requested by prosecutors, 
the impossibility to identify a certain – or at 
least probable – cause of infant/fetal death is 
a significant limitation for forensic operators 
(Kettner et al., 2014; Lupariello et al., 2019; 
Lupariello et al., 2021; Rutty et al., 2019).

In order to reduce the number of fetal/infant 
deaths with unknown causes, the scientific 
community should be called to explore and 
identify novel post-mortem diagnostic tools 
which can allow to give new insights in pathology 
and forensic routine.

During standard post-mortem evaluations, 
a meaningful limitation is represented by the 
extreme difficulty to analyse and reconstruct 
superficial and deep coronary arteries of fetal/
infant hearts. For this reason, this manuscript 
describes a novel post-mortem technique 
which can be useful to reconstruct and study 
these arteries. Even if until now in the scientific 
literature there are no clear indications about 
this novel tool, the abovementioned technique 
(capable to highlight the architecture of fetal/
infant coronary arteries) could be commonly used 
in post-mortem examination.

MATERIALS AND METHODS

Study Samples

The study included 7 human fetuses (15 to 36 
weeks of gestational age) characterized by negative 
prenatal ultrasonography for heart diseases. 
They had been referred to the Department 
of Pathology of the University of Turin after 
spontaneous demise. Parental consent for the 
study was obtained. All fetuses underwent post-
mortem examination (24 to30 hours: interval 
time between miscarriage and post-mortem 
examination). In all cases, in situ examination of 
cardiovascular system confirmed the absence of 
macroscopic cardiac abnormalities.

Equipment 

For the study of fetal hearts the authors used: 
a) an X-Ray microtomography (SkyScan1172, 
Bruker; settings: acquisition at 80KV using a 
0.5mm aluminium filter at a resolution of 10 
µm, 0.4° of rotation step, 180° scan, 4x frame 
averaging; for each sample, scanning time was 
fixed to 90 minutes) (Lupariello et al., 2021); b) 
a curing radiopaque silicone rubber compound 
(Microfil MV-122, Flow Tech Inc) that – initially 
fluid – solidifies after about 30 minutes from its 
injection.

Procedures

Before hearts’ removal, pathologists realized a 
small hole in the superior surface of the aorta – 
just before the origin of the brachiocephalic ar-
tery. Clamping the aorta in order to block the flow 
towards its distal branches, pathologists injected 
the curing radiopaque silicone rubber compound 
(Microfil MV-122, Flow Tech Inc) towards coro-
nary arteries’ origins. Then, the 7 hearts were 
removed, fixed in 4 % aqueous buffered formal-
dehyde, and stored at room temperature for 20 
to 30 days. Hearts were scanned by the X-Ray mi-
crotomography (SkyScan1172, Bruker) with the 
abovementioned settings. Finally, a three-dimen-
sional (3D) reconstruction of hearts’ coronary 
arteries was obtained throughout the CTvox soft-
ware. Then, all 3D reconstructions were evaluated 
to identify possible defects and/or anomalies of 
perfusion. These data are reported in Table 1. 
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RESULTS
The most significant results are available in 

Table 1, in Figs. 1 and 2, and in Videos 1 and 2. 
At injection, thanks to the rubber compound’s 
yellowish color, it was possible to macroscopically 
evaluate coronary arteries’ perfusion. However, 
the perfusion was incomplete in all cases because 
the Microfil did not reach all coronary branches 
(Table 1). Video 1 and Fig. 1 depict the compound 
filling superficial coronary arteries of a fetal 
heart (case number one; Table 1). The three-
dimensional reconstruction highlighted that 
Microfil perfusion also reached deep branches. 
Nevertheless, in some spots coronary superficial 
and/or deep arteries’ reconstruction appeared 
interrupted. In addition, in some cases the 
Microfil also perfused parts of internal cardiac 
chambers (Table 1, Video 2, Fig. 2). Comparing 
the three-dimensional reconstructions with 
gross examination’ findings, in all cases the X-Ray 
microtomography (in association with Microfil 
injection) demonstrated a better capability to 
highlight the not superficial branches of the 
coronary arteries.

DISCUSSION
Unlike conventional computed tomography 

(CT), Micro-Computed Tomography (micro-
CT) is not yet implemented in clinical routine. 
Its resolution ability is under to 1 mm3 (higher 
than CT). Nevertheless, it can be used only to 
analyse small samples. Indeed, in the scientific 
community it has been commonly used to study 
(in and ex vivo) animal fetuses and organs (Clark 
et al., 2014; Degenhardt et al., 2010; Hutchinson 
et al., 2017; Hutchinson et al., 2018; Lombardi et 
al., 2014; Liu et al., 2013; Lombardi et al., 2019; 
Lupariello et al., 2021).

Emerging applications of micro-CT in human 
samples consist of “the study of fetal/infant 
organs and whole fetuses, and their two/three-
dimension reconstruction, representing an 
innovative approach because it allows: to facilitate 
pathologists’ role in the identification of causes of 
fetal stillbirth and of infant death; to create digital 
two and/or three-dimension representations of 
fetal/infant organs and whole fetuses which can 
be easily discussed in civil and/or penal courts” 
(Lupariello et al., 2021). In particular, the scientific 

Table 1 - Summary of the results

Case 
number

Gestational 
age (weeks) Methodology Perfusion’s pattern Reconstruction’s anomalies Perfusion

1 17
Microfil injection 
towards coronary 
arteries’ origins

Microfil perfused both right 
and left coronary arteries 

Reconstruction’s defects of 
deep branches Incomplete

2 20 Microfil injection in 
the coronary arteries

Microfil perfused both right 
and left coronary arteries

Reconstruction’s defects 
of superficial and deep 
branches; perfusion of parts 
of internal cardiac chambers

Incomplete

3 15 Microfil injection in 
the coronary arteries

Microfil perfused both right 
and left coronary arteries

Reconstruction’s defects of 
deep branches; perfusion 
of parts of internal cardiac 
chambers

Incomplete

4 19 Microfil injection in 
the coronary arteries

Microfil perfused both right 
and left coronary arteries

Reconstruction’s defects of 
deep branches; perfusion 
of parts of internal cardiac 
chambers

Incomplete

5 25 Microfil injection in 
the coronary arteries

Microfil perfused both right 
and left coronary arteries

Reconstruction’s defects of 
deep branches Incomplete

6 33 Microfil injection in 
the coronary arteries

Microfil perfused both right 
and left coronary arteries

Reconstruction’s defects 
of superficial and deep 
branches; perfusion of parts 
of internal cardiac chambers

Incomplete

7 36 Microfil injection in 
the coronary arteries

Microfil perfused both right 
and left coronary arteries

Reconstruction’s defects of 
deep branches Incomplete

https://eurjanat.com/volume-26-number-4-video-1/
https://eurjanat.com/volume-26-number-4-video-2/
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literature reports the usefulness of micro-CT – in 
association with Lugol solutions – in post-mortem 
diagnosis of human cardiac abnormalities 
(especially the so-called congenital heart defects 
– CHDs) (Hutchinson et al., 2017; Hutchinson et 
al., 2018; Lombardi et al., 2014; Lupariello et al., 
2021; Sandaite et al., 2020).

On the contrary, until now in the scientific 
literature there are no indications about techniques 
which can allow us to reconstruct superficial and 
deep coronary arteries of human fetal/infant 
hearts. The results of this pilot study pointed out 
the possibility to impregnate the aforementioned 
arteries with the injection of a curing radiopaque 

Fig. 1.- A fetal heart (17 weeks of gestational age) during Microfil injection. All superficial coronary arteries appear to be perfused 
by the compound. ç: aorta; +: right auricle; §: branches of the right coronary artery; *: left anterior descending artery; #: right 
marginal branch of the right coronary artery.

Fig. 2.- Three-dimensional reconstruction of a fetal heart (20 weeks of gestational age). Right ventricle (RV) and left ventricle (LF) 
show multiple defects in the reconstruction of superficial coronary arteries.
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silicone rubber compound (Microfil). In addition, 
they highlighted the possibility to create – 
throughout micro-CT scans and specific software 
– three-dimensional reconstruction of fetal 
coronary arteries. Therefore, this approach can 
be considered a novel post-mortem technique for 
fetal/infant hearts. It could be commonly used in 
pathologists’ routine especially when anomalies 
of not superficial/deep branches of the coronary 
arteries could have caused the demise. 

The present study demonstrated a better 
capability of micro-CT to highlight the not 
superficial branches of the coronary arteries. On 
the contrary, due to their extremely small diameter, 
these branches are hardly distinguishable at 
standard gross examination of fetal/infant hearts, 
not allowing a complete analysis. The latter is a 
significant limitation in case of suspected fetal 
unexplained demise and sudden infant death 
syndrome, in which it is mandatory to exclude 
all cardiac anomalies for an accurate diagnosis. 
Thus, after proper standardization, micro-CT with 
coronary arteries’ perfusion could be implemented 
as a useful ancillary tool for pathologists.

The results highlighted that the perfusion 
of parts of internal cardiac chambers and the 
impossibility to reach all the extent of some 
coronary arteries represent significant limitations. 
In particular, the study pointed out defects in 
the reconstruction of superficial and/or deep 
arteries, not allowing a complete visualization 
of the coronary tree. Possible explanations for 
these effects are, respectively: internal cardiac 
chambers were perfused because the Microfil 
was not injected directly throughout left and right 
coronary arteries’ ostia (part of the compound 
went into heart cambers passing through the 
aortic valve); in some coronary arteries’ branches 
there were already clots which did not allow us to 
complete the perfusion (the interval time between 
miscarriage and post-mortem examination 
was 24 to 30 hours). However, future studies 
are planned in order to solve these limitations. 
Indeed, preventive perfusion of coronary arteries 
with anticoagulant solutions and direct injection 
of Microfil throughout right and left coronary 
arteries’ ostia could be suitable remedies to 
improve results.
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SUMMARY
Fetal gestational age is routinely calculated 

in sonography by the radiologists, with the 
dimensions of fetal biometric parameters, as 
the expectant mother may not remember the 
exact date of the last menstrual period. The 
expected date of delivery is then calculated 
accordingly and the antenatal period is managed 
consequently. Accurate fetal age estimation is 
of crucial importance for proper antenatal care 
in order to reduce infant mortality, and achieve 
the goal of delivering a healthy child. Various 
studies have been done to derive fetal nomograms 
for indigenous populations claiming that the 
Western data being used cannot be applied to 
their population. Therefore, need of deriving 
ultrasonographic fetal gestational nomograms for 
fetal biometric parameters (head circumference, 
abdominal circumference and femur length) for 
the population of Udaipur in the northwestern 
region of India was investigated. Fetal sonography 
records of pregnant women in second and third 

trimesters were studied. The study derived 

fetal gestational nomograms for fetal head 
circumference, fetal abdominal circumference 
and fetal femur length for estimating the fetal 
age. These nomograms were compared with 
the standard nomograms of Hadlock et al. used 
by radiologists for the same parameters. No 
significant difference was found between the 
two, and it was concluded that the routinely 
used nomograms may be also used for the local 
population of Udaipur, Rajasthan, India.

Key words: Fetal Age – Gestational Ages 
– Nomogram – Chronologic fetal maturity – 
Biometry

INTRODUCTION
Gestational age (GA) refers to the length of 

pregnancy after the first day of the last menstrual 
period (LMP). The precise estimation of gestational 
age is the key for successful antepartum care and 
for judicious explanation of antenatal tests and 
successful planning of appropriate intervention 
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or treatment. The expected date of delivery is an 
important means for the doctor, who is responsible 
for the safe delivery of the child. Failure of 
accurate gestational age assessment can result 
in iatrogenic prematurity or post-maturity, both 
of which are associated with increased perinatal 
mortality and morbidity (Konje et al., 2002).

Estimation of gestational age on the basis of the 
LMP is most reliable and is universally followed. 
Yet LMP cannot be used for all patients because 
10-40% of all patients seen in the antenatal clinics 
have no knowledge of their LMPs.

Nowadays, high-resolution ultrasound imaging 
makes assessment of fetal biometry at early 
stages of pregnancy. Ultrasound gives more 
objective evidence of gestational age (Otto et 
al., 1991). Ultrasonography is preferred over 
other methods, because it is noninvasive, with 
no radiation exposure (Nyborg et al., 2002), less 
expensive, usually available and safe for both 
mother and child. The ultrasound has been used 
for the examination and evaluation of high-risk 
pregnancies and for the diagnosis of congenital 
malformations (Al-Bayyari et al., 2010).

Many existing references for fetal biometric 
measurements have been reported by a number 
of investigators with results that show the 
uniqueness to their setting. The fetal biometric 
charts used in Udaipur are set from a different 
geographical setting, race and nutritional status. 
No data are available for estimation of fetal 
gestational age for the population of pregnant 
women of Udaipur. It was therefore important 
to conduct a study to investigate the reliability 
of the presently used Hadlock references for the 
local population of Udaipur, India. The results of 
this study may help in creating a baseline data on 
estimation of the fetal gestational age in pregnant 
women in the region of Udaipur.

MATERIALS AND METHODS
This retrospective, descriptive, cross-sectional 

study was carried out on the subjects from the 
Udaipur region, after obtaining ethical clearance 
from the institutional ethical committee of 
Geetanjali University (GU/UEC/EC/2014/686). 
Fetal biometric (Abdominal Circumference, 

Head Circumference, Femur Length) sonography 
records of pregnant women who registered for 
antenatal care (ANC) in Geetanjali Medical College 
and Hospital and Rabindranath Tagore Medical 
College and Hospital, Udaipur, India, were taken 
(as this study was a record-based retrospective 
study, informed consent of pregnant women 
could not be taken). Their dates of last menstrual 
period (LMP) were also recorded. Records of 
second and third trimesters were included in the 
study. Care was taken to include only singleton 
pregnancies having regular menstrual cycles 
and known LMP. Records of anomalous fetuses 
and maternal diseases – diabetes mellitus and 
hypertension – were excluded from the study. 
Total sample size was 1212 with 659 records for 
the second  trimester (13-28 weeks) and 553 for 
the third trimester (29-40 weeks). the identities of 
the pregnant women were not revealed.

In each of the record collected, HC, AC and FL 
determined by sonography were noted along 
with gestational age of the fetus based on the 
last menstrual period (LMP). Gestational age 
determined by fetal biometric measurements 
were also noted. A mean of the three parameters 
was then calculated and plotted for each 
gestational age in weeks for the second and third 

trimesters.

Standard nomograms by Hadlock et al. 
currently used for measuring fetal biometric 
parameters were taken from text to compare with 
the gestational age derived by LMP (Callen, 2007).

SPSS package was utilized for statistical analysis 
in this study.

The mean of all three parameters was calculated 
(Tables 1, 2 and 3). A comparison of the means of 
the parameters of the present study with standard 
fetal growth charts inthe second and third 

trimesters was done (Figs. 1, 2 and 3). Regression 
equations for determination of gestational age 
from each of the fetal parameters was calculated 
using SPSS. A gestational age nomogram was 
plotted for each parameter and in each of these 
the nomogram, based on the table by Hadlock et 
al. (Callen, 2007), was also plotted. An attempt 
was made to see whether these plots were in 
agreement with each other.
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Table 1. Mean gestational age (GA) (weeks) determined from ultrasonographic measurements of fetal head circumference (HC) 
from 100 to 400 mm HC corresponding to 14.43 to 33.14 weeks gestational age.

HC (mm) GA Mean 
weeks HC (mm) GA Mean 

weeks HC (mm) GA Mean 
weeks HC (mm) GA Mean 

weeks HC (mm) GA Mean 
weeks

100 14.43 155 18.28 210 22.85 265 28.55 320 35.72

105 14.86 160 18.64 215 23.32 270 29.13 325 36.42

110 15.14 165 19.37 220 23.76 275 29.71 330 37.11

115 15.43 170 19.44 225 24.28 280 30.37 335 37.95

120 15.82 175 19.84 230 24.91 285 30.91 340 38.59

125 16.17 180 20.17 235 25.33 290 31.7 345 39.53

130 16.45 185 21.21 240 25.91 295 32.13 350 40.28

135 16.84 190 21.12 245 26.34 300 32.5 390 31.28

140 17.14 195 21.39 250 26.86 305 33.63 400 33.14

145 17.52 200 21.98 255 27.41 310 34.26

150 17.92 205 22.4 260 27.64 315 34.99

Table 2. Mean gestational age (GA) (weeks) determined from ultrasonographic measurements of fetal abdominal circumference 
(AC) from 85 to 400 mm AC corresponding to 14.71 to 34.71 weeks GA.

AC (mm) GA Mean 
weeks AC (mm) GA Mean 

weeks AC (mm) GA Mean 
weeks AC (mm) GA Mean 

weeks AC (mm) GA Mean 
weeks

85 14.71 145 19.57 205 24.86 265 30.35 325 36.06

90 15.09 150 20.04 210 25.37 270 30.92 330 36.65

95 15.5 155 20.48 215 25.81 275 31.48 335 37.13

100 15.81 160 20.94 220 26.2 280 31.94 340 37.7

105 16.26 165 21.33 225 26.69 285 32.31 345 38.14

110 16.61 170 21.83 230 27.15 290 32.81 350 38.57

115 17.11 175 22.19 235 27.19 295 33.29 355 39.09

120 17.47 180 22.68 240 28.05 300 33.86 360 39.43

125 17.92 185 23.15 245 28.47 305 34.28 400 34.71

130 18.65 190 23.56 250 29.01 310 34.71

135 18.75 195 23.99 255 29.44 315 35.18

140 19.16 200 24.39 260 30.08 320 35.63

Table 3. Mean gestational age (GA) (weeks) determined from ultrasonographic measurements of femur length (FL) from 13 to 79 
mm corresponding to 13.79 to 40 weeks GA (last reading of 89mm may be due to technical error).

FL (mm) GA Mean 
weeks FL (mm) GA Mean 

weeks FL (mm) GA Mean 
weeks FL (mm) GA Mean 

weeks FL (mm) GA Mean 
weeks

13 13.79 28 18.41 42 23.47 56 29.11 70 35.7

15 14.29 29 18.75 43 23.93 57 29.76 71 36.15

16 14.5 30 19.14 44 24.33 58 30.14 72 36.62

17 15 31 19.47 45 24.67 59 30.62 73 37.11

18 15.14 32 19.8 46 25.12 60 30.96 74 37.66

19 15.61 33 20.16 47 25.49 61 31.41 75 38.12

20 15.84 34 20.53 48 25.87 62 31.91 76 38.64

21 16.15 35 20.89 49 26.2 63 32.4 79 40

22 16.4 36 21.27 50 26.77 64 32.83 89 27.57

23 16.74 37 21.57 51 27.14 65 33.36

24 17.11 38 21.96 52 28.1 66 33.76

25 17.41 39 22.36 53 27.92 67 34.2

26 17.78 40 22.96 54 28.42 68 34.71

27 18.1 41 23.15 55 28.83 69 35.21
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Further, Student’s t test was used to evaluate 
statistical consonance of the present data with the 
table by Hadlock et al. 

The correlation coefficient between gestational 
age by LMP method and by the three parameters 
(HC, AC, FL) using USG was calculated to 
determine a negative or positive relationship 

between the nomograms of the present study and 
that of currently used nomograms for various 
fetal biometric parameters.

ANOVA test was done to study the statistical 
difference of means for all the parameters, namely 
HC, AC and FL.

Fig. 2.- Gestational age nomograms derived from ultrasonographic Abdominal circumference measurements of present study vs 
that of Hadlock et al. (1982).

Fig. 1.- Gestational age nomograms derived from ultrasonographic Head Circumference measurements of present study vs that of 
Hadlock et al. (1982).
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In the present study, the average full-term 
baby’s mean head circumference is 32.2 cm, with 
a standard deviation of 0.59 cm as compared to 
33-38 cm given in text. The mean abdominal 
circumference in this study is 31.76 cm with a 
standard deviation of 0.2 cm as compared to 30.5-
36.5 cm (Avery et al., 2000). The mean femur 
length at term (42 weeks) was found to be 70.5 cm, 
with a standard deviation of 0.13 cm as compared 
to 76-79 mm.

In this study, the mean gestational age by USG 
at term (42 weeks by LMP) was found to be 32.7 
weeks, with a standard deviation of 5.8 weeks. The 
mean gestational age by USG at 28 weeks (LMP) was 
27.29 weeks, with a standard deviation of just 1.31 
weeks. It shows that the gestational age obtained 
in the second trimester was more accurate if 
compared to that obtained in the third trimester.

RESULTS
The mean head circumference, the abdominal 

circumference and the femur length were obtained 
for each gestational week determined by LMP. At 
full term, the mean head circumference was of 
32.2 cm (+5.9 cm), the abdominal circumference 
was of 31.76 cm (+2 cm), the femur length was of 
70.5 cm (+1.3 cm) (Tables 1-3).

The regression equation calculated in the 
present study for determination of gestational 
age from the head circumference is y = 0.973x + 
3.958, where y = Gestational Age (weeks), x = head 
circumference (cm). The correlation coefficient r 
= 0.98, which means a strong positive relationship 
between the curves of the present study and that 
of the currently used nomogram for HC (Fig. 1).

The regression equation in the current study 
for the determination of gestational age from the 
abdominal circumference is y = 0.941x + 6.531, 
where y = Gestational Age (weeks), x = abdominal 
circumference (cm). The correlation coefficient r 
= 1, which means a strong positive relationship 
between the curves of the present study and that 
of the currently used nomogram for AC (Fig. 2).

The regression equation calculated in the 
present study for the determination of gestational 
age from the femur length is y = 0.973x + 3.958, 
where y = Gestational Age (weeks), x = femur 
length (cm). The correlation coefficient r = 1, 
which means a strong positive relationship 
between the curves of the present study and that 
of the currently used nomogram for FL (Fig. 3).

The gestational age determined by various 
ultrasonographic measurements of fetal biometric 
parameters (HC, AC, FL) was not significantly 

Fig. 3.- Gestational age nomograms derived from ultrasonographic Femur Length measurements of present study vs that of Had-
lock et al. (1982).
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different from that derived from LMP (P > 0.05). 
Student’s t test showed that the difference in 
gestational age determined by combining all the 
readings of all the fetal biometric parameters 
by USG and gestational age determined by the 
LMP method in the second trimester was not 
significant (P = 0.39).

DISCUSSION

Available literature

It is an established fact that fetal age can be 
determined by the regression equations available 
for various fetal biometric parameters like HC, 
AC, FL and biparietal diameter. Different studies 
have found that there is a need for developing 
regression equations for fetal age determination 
of different geographical and ethnic regions 
(Konje et al., 2002; Al-Bayyari et al., 2010; Acharya 
et al., 2009; Varol et al., 2001; Snijders, 1994). 
The availability of such data for the population of 
Udaipur is scarce, and therefore this study was 
conducted to ascertain whether the Western data 
for fetal age determination by measuring fetal 
biometric parameters could be utilized for the 
local population of Udaipur.

Review of literature

According to a study on Indian women, until 
the end of the thrirty-fourth 34 week the growth 
parameters are quite same for the BPD, HC and 
FL, but then these parameters start lagging 
behind until the fortieth week (Acharya et al., 
2009). However, in this study, the abdominal 
circumference was found to differ significantly 
after 30 weeks as compared to our study, where 
the difference was not found to be significant. 
In another study, significant correlations exist 
between BPD, AC, FL and estimated GA based 
upon correct last menstrual history (Varol et 
al., 2001). A study on the population of Africa 
also showed no significant ethnic differences 
between mothers in fetal biometry at the second 
trimester. They support the recommendation that 
ultrasound in practical healthcare can be used 
to assess gestational age in various populations 
with little risk of error due to ethnic variation 
(Salpou, 2008). A study of fetal biometry between 

weeks 14 and 40 of gestation showed that, despite 
methodological differences between the various 
studies, the meanfifth and ninety-fifth centiles 
were essentially the same (Snijders et al., 1994). 
Another previous study of fetal ultrasound 
biometry on Puerto Rican population, by De la 
Vega, showed similar fetal growth patterns as 
those reported from mixed US populations (De La 
Vega et al., 2008).

However, some studies by previous researchers 
have shown contrasting results. A study on 
a population of Jaipur, Rajasthan, India saw 
that sonography at 18 weeks underestimated 
gestational age compared with the LMP date by a 
median of -1.4 days (Babuta et al., 2013). Another 
study shows that the growth of rural Indian 
fetuses differs from the Western sonographic 
references that are generally used in clinical 
practice in India (Kinare, 2010). In the present 
study, the data consists of a mixed rural and urban 
population, and its sonographic references are 
not significantly different from the Western ones.

Inference of statistical analysis of present study

Comparison of gestational age nomogram 
derived from the measurements of head 
circumference by Hadlock et al. (1982) with our 
study revealed no significant difference (P value 
0.36 for the second trimester and 0.28 for the 
third trimester). Comparison of gestational age 
nomogram derived from the measurements of the 
abdominal circumference by Hadlock et al. (1982) 
with our study showed no significant difference (P 
value 0.31 for the second trimester and 0.17 for 
the third trimester). Comparison of gestational 
age curve derived from the measurements of the 
femur length by Hadlock et al. (1982) with our 
study also showed no significant difference (P 
value 0.24 for the second trimester and 0.16 for 
the third trimester).

ANOVA test was applied and the F value was 
calculated to be 9.584167421, which is more 
than the critical value. This concludes that the 
difference in gestational age determined by 
various fetal parameters and LMP method is not 
significant. Thus, the present study recommends 
the use of conventionally used tables for 
determination of the gestational age of the fetus. 



Hina Sharma et al.

455

However, regression tables for more accurate 
gestational age determination for the local Indian 
population of pregnant women of Udaipur region 
have been constructed.

Impact of the present study

Regression equations for estimation of fetal 
age by USG measurements of fetal biometric 
parameters – HC, AC, FL – are now made available 
and can be utilized for the local population of 
the Udaipur region. Yet the study confirms that 
the previously used standard Western data 
is applicable to the local Indian population of 
Udaipur also.

CONCLUSION
Thus, to sum up, fetal age determination by 

sonography measurement of AC, HC and FL 
with utilization of already available Western 
nomograms was found to be applicable to a subset 
of the northwestern region of India, namely 
Udaipur.

Strengths of the study - The results of the current 
study are generalizable to the population of 
Udaipur region, reliable and versatile.
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SUMMARY
Despite advancements in diagnostic technolo-

gies, one of the most challenging tasks in forensic 
medicine is the identification of skeletal and de-
composing body parts of the deceased. Estimat-
ing gender and age is also a significant issue in 
the identification of unknown skulls. The aim of 
the present study was to estimate the sexual di-
morphism and variations occurring with ageing 
in bizygomatic distance. This was a prospective 
observational study performed on 180 subjects, 
comprising 90 males and 90 females. Linear mea-
surements of bizygomatic distance were evalu-
ated using cone-beam computed tomography. 
The study showed that there was significant dif-
ference in bizygomatic distance among differ-
ent age groups and gender, with males depicting 
comparatively higher values than females. The re-
sults obtained were statistically significant. It was 
concluded that the linear measurements of bizy-
gomatic distance on CBCT images can be used in 
forensic anthropology as an aid for the determi-
nation of age and sex.

Key words: Forensic science – Cone beam com-
puted tomography – Forensic anthropology – Sex 
determination – Zygomatic arch 

INTRODUCTION
Forensic odontology has been used to identify vic-

tims of major catastrophes (aviation, earthquakes, 
and tsunamis), in criminal investigations, ethnic 
studies, and in identifying the decomposed and 
disfigured bodies of drowned people, fire victims, 
and car accident victims. Rugoscopy, cheiloscopy, 
bite marks, teeth prints, radiography, photographic 
analysis, and molecular approaches are some of the 
techniques used in forensic odontology (Kavitha et 
al., 2009). Despite advancements in diagnostic tech-
nologies, one of the most challenging tasks in foren-
sic medicine is the identification of skeletal and de-
composing body parts of the deceased (Jehan et al., 
2014). When the remains are decomposed or burnt, 
the DNA is destroyed; when there are no previous 
dental records, forensic anthropology becomes the 
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preferred technique to aid in person identification 
(Nunes Rocha et al., 2021). Estimating gender and 
age is also a significant issue in the identification of 
unknown skulls (Jehan et al., 2014). 

Unknown deceased bodies are difficult to identi-
fy, and it has serious legal and social consequenc-
es. Comparison of X-ray images of the deceased 
with those of missing individuals is a means of 
appropriate identification, especially after sig-
nificant post-mortem alterations (Jehan et al., 
2014; Riepert et al., 2001). However, if significant 
post-mortem alterations have occurred, routine 
forensic procedures for person identification may 
be futile (Teke et al., 2007). 

Various parameters, including the circumfer-
ence of the head, the length of the supraorbital 
margin, the mastoid process and the mandibular 
ramus, the height of the mandibular symphysis, 
the shape and length of the palate, the circumfer-
ence of the occipital condyle, the size of the teeth, 
the foramen magnum, the maxillary, sphenoid, 
and frontal sinuses, the bizygomatic distance, and 
the sella turcica, have lately been used to identify 
age and gender in unidentified human remains 
(Teke et al., 2007; Uthman et al., 2012). 

Because of bone fragmentation, identification 
can be particularly difficult in mass disasters 
like explosions, warfare, accidents, etc. The skull, 
pelvis, and femur are the most effective for de-
termining age and sex. Radiography can help by 
providing precise measurements to which equa-
tions can be applied for age estimation as well as 
sex determination (Uthman et al., 2012). Since 
most of the bones that are used conventionally 
for sex determination are typically fractured or 
partial when recovered, it has become important 
to employ denser bones that are more frequent-
ly retrieved intact (Jehan et al., 2014; Mathew et 
al., 2020). Although the skull and other bones may 
be extensively disfigured in victims, the zygomat-
ic bones and maxillary sinus have been reported 
to be intact (Jehan et al., 2014; Paknahad et al., 
2017; Sujatha et al., 2017; Aishwarya et al., 2021). 

Teeth and facial bones are resilient in the hu-
man body and may resist decomposition or de-
structional pressures even when subjected to 
high forces and/or temperature fluctuations (Ku-

mar et al., 2015). Radiographs are a useful tool in 
forensic sciences, as they can record particular 
anatomical features. Radiographic identification 
has been used for a long time, and the process 
is efficient and relatively simple. Records can be 
obtained from both live and deceased people, and 
it is less expensive than DNA technology (Kumar 
et al., 2015). In forensic anthropology, several ra-
diographic techniques, such as measurements on 
dry skulls, conventional radiography, computed 
tomography (CT), and cone-beam computed to-
mography (CBCT), have been used to assess var-
ious parameters for determining an individual’s 
sex and age (Paknahad et al., 2017; Abu El Dahab 
et al., 2018). CBCT is a new way to look at cranio-
facial structures with great dimensional accu-
racy (Paknahad et al., 2017; Abu El Dahab et al., 
2018). CBCT has been also used in a number of 
investigations, including 3D reconstruction, bite-
mark analysis, age estimation, person identifica-
tion and anthropological assessment, with prom-
ising results (Tambawala et al., 2016). In much 
of the literature on maxillary sinus dimensions 
and bizygomatic distance, it has been proved that 
these can be used in age estimation and sex deter-
mination. These structures are well appreciated 
in CBCT images (Aishwarya et al., 2021). 

The purpose of this study is to evaluate the reli-
ability of bizygomatic distance as a predictor for 
age and sex determination of an individual using 
CBCT imaging.

MATERIALS AND METHODS
This is a prospective observational study per-

formed on 180 subjects, comprising 90 males and 
90 females. The study samples were selected by a 
simple purposive sampling method. The popula-
tion origin of the sample is homogeneous. Ethical 
clearance of the study has been obtained from the 
Institutional Ethical Committee. The study sub-
jects were then divided into 3 groups based on 
chronological age, and each group was comprised 
of 30 males and 30 females.

Group I: 20-40 years (30 males and 30 females).

Group II: 41-50 years (30 males and 30 females).

Group III: 51-60 years (30 males and 30 females).
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Eligibility criteria

Inclusion criteria

•	 Subjects willing to be part of the study 
signed an informed consent form.

•	 Subjects without malocclusion and without 
a previous history of orthodontic treatment.

•	 Radiographs are devoid of any developmen-
tal anomalies or pathologies, including frac-
tures.

•	 Radiographs that are free of any artefacts.

Exclusion criteria

•	 Subjects with missing or partially erupted 
maxillary teeth other than the third.

•	 Ideal CBCT images with poor diagnostic 
quality and images that do not clearly show 
the maxilla, including the zygomatic arch.

•	 Radiographs with any maxillofacial patholo-
gies or trauma.

A clinical examination was carried out after ob-
taining written informed consent from the sub-
jects eligible for the study. Clinical findings were 
recorded in an individual proforma specially de-
signed for the study. Individuals satisfying the 

eligibility criteria were subjected to CBCT exam-
inations at fixed operating parameters based on 
the build of the subject by adopting the requisite 
radiation protection measures. Linear measure-
ments of bizygomatic distance were performed 
on axial sections using Planmeca Romexis 5.3 (3D 
Software). 

Each of these measurements was repeated twice 
by the same observer at an interval of 15 days. An 
average of these measurements was taken into 
consideration to avoid intra-examiner variations.

Bizygomatic distance

Bizygomatic width is measured as the max-
imum distance between the most prominent 
points on the right and left zygomatic arches on 
an axial section (Fig. 1, an axial section showing 
maximum bizygomatic distance). 

Statistical analysis

The collected data was tabulated and statistical-
ly analysed, and a comparison was made between 
different age and sex groups. The mean value, SD, 
p value, and t value were calculated separately. 
The collected data was then subjected to descrip-
tive statistics, one-way ANOVA, and independent 

Fig. 1.- An axial session showing maximum bizygomatic distance.
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sample tests. p value of less than or equal to 0.05 
was considered to be statistically significant. The 
statistical analysis was performed using SPSS 
software version 22.0.

RESULTS
The study population consisted of 180 patients, 

of which 90 (50%) were males and 90 (50%) were 
females. The mean value of bizygomatic distance 
in Group I, Group II and Group III were calculated 
separately and subjected to statistical analysis.

Age

The mean values of the bizygomatic distance 
among Group I, Group II, and Group III were 
94.9530, 94.6140, and 92.2085, respectively (Ta-
ble 1 indicates comparison of mean bizygomat-
ic distance between different age groups). The 
highest mean value of bizygomatic distance was 
observed in Group I. The data collected when sub-
jected to one-way ANOVA to evaluate co-relation 
between age group and study parameter (bizygo-
matic distance) were statistically significant with 
a p value of 0.008 (Table 2 indicates correlation of 
bizygomatic distance with age groups). There was 
a significant difference in bizygomatic distance 
among the age groups.

Sex

The mean value of the bizygomatic distance 
was calculated for males (n = 90) and females (n 
= 90). The mean value among males was 97.0693 
and among females was 90.7810, with a standard 

deviation of 4.75505 for males and 3.75127 for 
females (Table 3 indicates comparison of mean 
of bizygomatic distance between males and fe-
males). The correlation between the bizygomatic 
distance and sex of the study population was cal-
culated using an independent sample t-test. A sig-
nificant difference was noted in the bizygomatic 
distance between males and females, with males 
depicting comparatively higher values than fe-
males. The results obtained were statistically sig-
nificant, with p = 0.00 and t = 9.850 (Table 4 shows 
the correlation of bizygomatic distance with sex). 

Regression ANOVA

Independent variable: Age

The results when subjected to regression ANO-
VA (Table 5 – depicting regression ANOVA) with 
age as the independent variable, revealed an F 
value of 3.256 with a p value of 0.073. Regression 
ANOVA showed no significant difference between 
age and bizygomatic distance.

DISCUSSION
Forensic science has made a lot of progress in 

a short period of time. Identity is described in 
the realm of forensic science as the identification 
of a person’s individuality, whether living 
or dead (Rao, 2010). Age, sex, ethnicity, and 
physical characteristics such as weight, height, 
complexion, cornea, hair colour, and facial contour 
can be all used to identify a person. Bizygomatic 
distance shows a wide range of variability in each 

Table 1. Comparison of mean bizygomatic distance between different age groups (descriptive statistics).

Age groups N Mean SD Std Error

Group I
20-40 60 94.9530 5.31207 .68579

Group II
41-50 60 94.6140 4.81731 .62191

Group III
51-60 60 92.2085 5.43289 .70138

N= number of subjects, SD= Standard deviation

Table 2. Correlation of bizygomatic distance with age groups (One way ANOVA).

Sum of Squares df Mean Square F value P value

Between Groups 268.673 2 134.336 4.979 .008

df= degrees of freedom
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individual according to different age groups and 
sex (Aishwarya et al., 2021). According to a few 
studies, the accuracy rate of estimating age from a 
skeleton is 92% since it can anatomically tolerate 
major traumas (Aishwarya et al., 2021).

The current study was designed to investigate 
the reliability of the bizygomatic distance as a 
method for age estimation and sex determination 
by utilizing Cone-Beam Computed Tomographic 
(CBCT) images of 180 subjects comprising of 90 
males and 90 females.

Riepert et al. (2001), in their study on the iden-
tification of unknown dead bodies by x-ray image 
comparison of the skull using the x-ray simula-
tion programme FoXSIS, aimed at enhancing the 
objectivity of X-ray image comparison for identi-
fying unidentified deceased people. The results of 
the study concluded that the skull breadth, bior-
bital breadth, and bizygomatic breadth were the 
most consistent parameters throughout different 
positions (Kavitha et al., 2009).

In a study by Jehan et al. (2014) on sexual di-
morphism of the bizygomatic distance and max-
illary sinus using CT scan, to the aim was find out 
whether the bizygomatic distance, the AP diame-
ter and breadth of the maxillary sinus, and the in-
termaxillary distance could be used to determine 

gender using a CT scan. A statistically significant 
difference was observed in the bizygomatic dis-
tance between males and females. In the current 
study, CBCT was used to measure the bizygomatic 
distance, and the results obtained were consistent 
with this study and were statistically significant 
with a p value of 0.00.

Abu El Dahab and colleagues (2018), in their 
study to investigate the possibilities of sex identi-
fication using radiographic maxillary sinus mea-
surements in an Egyptian population sample, 
found that all measurements of males showed 
higher mean values than females. In their study, 
the mean value of bizygomatic distance among 
males was 93.5, and among females it was 88.7, 
which has proved statistical significance. These 
results were consistent with the results obtained 
in our study, wherein the mean value among 
males was 97.06, and among females was 90.78. 
The results showed a statistically significant dif-
ference between males and females.

Mathew et al. (2020), in their study on 3D eval-
uation of the maxillary sinus in gender determi-
nation, a cone beam computed tomography study 
found that the overall values of maxillary sinus 
dimensions measured, including bizygomat-
ic distance, were significantly greater in males 
when compared to females with p< 0.05 (Mathew 

Table 3. Comparison of mean of bizygomatic distance between males and females (descriptive statistics).

Parameter Sex N Mean SD Standard Error

Bizygomatic distance
M 90 97.0693 4.75505 .50123

F 90 90.7810 3.75127 .39542

N= number of subjects, SD= Standard deviation 

Table 4. Correlation of bizygomatic distance with sex (independent sample test).

Parameter t df Sig. (2-tailed) Mean Difference

Bizygomatic distance 9.850 178 .000 6.28833

t= t value, df= degrees of freedom, Sig= significance probability

Table 5. Regression ANOVA.

Sum of Squares df Mean Square F value Sig.

Regression 90.605 1 90.605 3.256 .073

Residual 4953.577 178 27.829

Total 5044.182 179

The independent variable is Age. df= degrees of freedom, Sig= significance probability
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et al.,2020). The results obtained in the present 
study also showed similar results, with higher val-
ues of bizygomatic distance in males than in fe-
males.

A study on morphometric evaluation of bizy-
gomatic distance and maxillary sinus width as 
a dimorphic tool using CBCT by Chaurasia et al. 
(2016), conducted in 202 study subjects, revealed 
a statistically significant difference in bizygomat-
ic distance between males and females, but no 
statistical difference was observed among dif-
ferent age groups. These results were in accor-
dance with our present study, where a significant 
difference was noted in the bizygomatic distance 
between males and females, with males depicting 
comparatively higher values than females. There 
was a significant difference in bizygomatic dis-
tance among the different age groups.

In a study by Meral et al. (2021) on estimation 
of sex from computed tomography images of skull 
measurements in an adult Turkish population, 
they evaluated the skull measurements of 300 
males and 300 females. Maximum cranial length, 
maximum cranial breadth, bimastoid diameter, 
bizygomatic diameter, and bigonial breadth were 
measured by computed tomography. They found a 
significant difference between males and females 
with an accuracy of 88%. Results of the present 
study were in accordance with this previous study 
with a significant difference in bizygomatic dis-
tance between males and females. 

González-Colmenares et al. (2019), in their 
study on sex estimation from skull base radio-
graphs in a contemporary Colombian population, 
measured five parameters, including maximum 
cranial base length, foramen magnum length and 
breadth, maximum cranial breadth, and bizygo-
matic breadth. Sexual dimorphism was observed 
in all the variables statistically, whereas in the 
present study only bizygomatic distance was con-
sidered, which showed sexual dimorphism.

In our previous study on bizygomatic distance 
and maxillary sinus dimensions as predictors for 
age estimation using CBCT, the results showed a 
difference in mean values among different age 
groups, although it was statistically non-signifi-
cant (Aishwarya et al., 2021). But the results of the 

present study showed a significant difference in 
bizygomatic distance among the age groups, and 
the results were statistically significant with a p 
value of 0.008.

CONCLUSION
The current study sought to determine wheth-

er bizygomatic distance could be used as a good 
predictor of age and gender. The results obtained 
in the present study revealed that bizygomatic 
distance shows anatomical variations between 
different ages groups and sex groups. Males re-
vealed statistically significant higher values than 
females. The bizygomatic distance also showed 
significant difference among different age groups. 
Therefore, it can be concluded that the linear 
measurements of bizygomatic distance on CBCT 
images can be used in forensic anthropology as 
an aid for age estimation and sex determination. 
Interpopulation differences do not allow estab-
lishing a range of standardized measurements.
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SUMMARY 
Anatomy skills are considered essential in all 

aspects of medical practice, and more so now 
than before with increasing use of diagnostic 
imaging techniques and advanced surgery. In 
conjunction with the revision of the medical study 
curriculum at the University of Oslo in 2014, we 
investigated Norwegian physicians’ assessment 
of their own anatomy knowledge and the 
educational provision of anatomical skills during 
and after specialization. A total of 902 Norwegian 
physicians divided into the specialties of general 
medicine, internal medicine, surgery, neurology 
and radiology responded to an anonymous survey. 

As many as 73% of the physicians had at 
some time point experienced insufficient 
anatomy knowledge in their own practice, most 
commonly among surgeons and neurologists. The 
respondents expressed a need for supplementary 
educational provision in anatomy during and after 
specialization, and 36% were unfamiliar with 

such offers. Notably, dissection courses seemed 
unavailable during specialization. 

Our findings demonstrate a requirement for an 
improved supply of anatomy education during 
and after specialization. Anatomy courses that 
combine dissection, radiological images and 
clinical application would seem desirable.

Key words: Anatomy – Anatomy education 
– Anatomy and medical education – Clinical 
anatomy – Anatomy teaching

INTRODUCTION 
Anatomy skills are fundamental in most areas of 

medical clinical practice. Academic communities 
have expressed concerns about the reduction 
of the extent and quality of anatomy teaching in 
many medical curricula (Gogalniceanu et al., 2008; 
Drake et al., 2009, Craig; Tait et al., 2010; Drake et 
al., 2014; Sbayeh et al., 2016). Gogalniceanu et al. 
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(2008) claims that accumulated evidence indicates 
a worldwide decline in the absolute resources and 
time allocated to anatomy teaching, attributed to 
the high costs of maintaining dissection facilities, 
curricular overcrowding by non-science-based 
lectures, and a general disenchantment of 
university faculties with anatomy as a subject.

Furthermore, the significant increase in 
medical knowledge and technological advances 
already entails greater demands for detailed 
anatomy knowledge and technical skills during 
specialist education. Technological developments 
may also have a positive impact on acquiring 
anatomy skills, especially with regard to improved 
learning and guiding methods (audiovisual/3D 
programs/presentations, guiding apps). However, 
the development of new imaging methods and 
minimally invasive surgical techniques has 
changed the way in which anatomy needs to be 
viewed and abstracted. Future doctors will need 
to conceptualize anatomy from the perspective 
of angiography, ultrasound imaging, computed 
tomography, laparoscopy, and endoscopy. 
These are currently not directly addressed in 
many undergraduate curricula, giving rise to a 
discrepancy between the requirements of clinical 
practice and the delivery of medical school and 
postgraduate education.

Several institutions internationally have 
recently established clinically oriented anatomy 
courses, mainly based on macro-anatomy training 
on cadavers (D’Antoni et al., 2019; Meredith et al., 
2019; Clifton et al., 2020). Currently, there are few 
clinically oriented anatomy courses for specialist 
training available in Norway. 

With improved imaging/computational tech-
nologies and possibilities for diagnostic imaging 
allowing more advanced and complicated surgi-
cal procedures, we hypothesize that doctors in 
specialization perceive insufficient anatomical 
knowledge, and experience need for improved ac-
cess to anatomical training also after their basic 
medical training.

To explore this in a Norwegian context, we 
surveyed physicians’ assessment of their 
own anatomy knowledge and the demand for 
clinically oriented anatomy teaching among a 

representative sample of Norwegian physicians, 
being either clinical specialists or in clinical 
specialization. 

Medical training in Norway is provided by four 
major universities in collaboration with the local 
state-owned hospitals. These four universities 
educate around 600 Norwegian physicians 
yearly. Traditionally, however, a relatively large 
proportion of Norwegian medical students 
receive their medical education abroad. Currently 
nearly half of these students are trained abroad 
(Grimstad, 2019). This is far more than the average 
for OECD countries. The preferred campuses have 
in recent years been located in Poland, Hungary, 
Slovakia, Denmark, Czech Republic, Latvia and 
Germany (accounting for more than 90% of 
students). 

A representative sample of 902 Norwegian 
physicians were asked to assess their own 
anatomy knowledge and the perceived demand 
for clinically oriented anatomy teaching.  The high 
proportion of foreign students made it possible 
to compare the individual outcome of anatomy 
teaching in Norway with that of international 
universities.

Our survey revealed that the majority of 
physicians have experienced insufficient anatomy 
knowledge in their own practice, most commonly 
among surgeons and neurologists. Physicians 
trained outside Norway rated their anatomy skills 
better than physicians trained in Norway. Our 
findings thus confirm a demand for improved 
anatomy skills among clinicians, and indicate that 
an offer of postgraduate clinical anatomy courses 
is warranted in Norway.

MATERIAL AND METHODS 

Pilot study 

Six physicians representing the specialties 
of orthopedics, gynecology and obstetrics, 
neurology, gastroenterological surgery, radiology 
and ear-nose-throat were interviewed on issues 
related to clinical anatomy. The information that 
emerged was used as the starting point for an 
online survey on a random sample of Norwegian 
physicians.
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Survey 

The survey was conducted in December 2015 
and contained 25 questions about Norwegian 
physicians’ assessment of their own anatomy 
skills and of the anatomy teaching they received 
during medical school and specialization (El-
lingsen et al., 2016). A six-point scale of the ordi-
nal level and nominal level was used to provide 
graded answers. A link to the questionnaire was 
sent out via email to a random sample of mem-
bers of five professional specialist associations in 
the Norwegian Medical Association: Norwegian 
Internal Medicine Association, Norwegian Sur-
gical Association, Norwegian Neurological Asso-
ciation, Norwegian Radiological Association and 
Norwegian Association for General Medicine. In 
each of these associations, 500 members were 
drawn at random (with the exception of the Nor-
wegian Neurological Association, where all 492 
members with registered email addresses were 
selected). A total of 2491 members were contac
ted (one E-mail address out of 2492 was rejected).

Ethical considerations 

The survey was fully anonymous, with no 
registration of personal data, not requiring 
ethics committee approval in Norway (https://
rekportalen.no/).

Statistics 

Statistical analyses were performed using IBM 
SPSS Statistics (SPSS). Continuous variables were 
analyzed with T-test for comparison of means. 
Categorical variables were analyzed by Chi 
Square test. Tables and figures were created using 
Microsoft Office Excel.

RESULTS 

Respondents

Responses were received from 902 (36.2%) 
physicians. Without an established relationship 
with the recipient, it is claimed that a response 
rate of >20% must be considered acceptable 
(Noel and Huang, 2019). Demographic data on the 
respondents are presented in Table 1; regarding 
gender, medical school (including Norway vs 

abroad), year of graduation and specialization 
status/time. 

Table 1. Demographic data on the 902 respondents regarding 
gender, medical school (including Norway vs abroad), year of 
graduation and specialization status/time.

Respondent demographics n=902

Gender
n=902

Female: 452 (50,1%)
Male: 450 (49,9%)

Medical school
n=902

Abroad: 330 (36,6%)  
Oslo (UiO): 242 (26,7%)   
Bergen (UiB): 157 (17,4%)  
Trondheim (NTNU): 98 (10,9%)  
Tromsø (UiT): 75 (8,3%)

Year of graduation 
from medical school
n=902

1970-79: 1 (0,1%)   
1980-89: 45 (5,0%)   
1990-99: 240 (26,6%)
2000-09: 436 (48,3%)   
2010-15: 180 (20,0%)

Speciality status / 
Time in speciality
n=901

In specialization: 413 (45,8%)  
Specialist < 5 years: 181 (20,1%)   
Specialist 5-10 years: 174 (19,3%)  
Specialist 11-20 years: 117 (13,0%)  
Specialist > 20 years: 16 (1,8%)

Distribution among 
specialities
n=892

General medicine: 158 (17,7%) 
Internal medicine: 174 (19,5%) 
Surgery 210 (23,5%) 
Neurology 141 (15,8%) 
Radiology 209 (23,4%)

In our sample population, 37% of physicians 
had been educated abroad, which provides 
opportunities for comparing the individual 
outcome of anatomy teaching in Norway with that 
of international universities. The respondents 
were not asked about their nationality, but we 
know (Grimstad, 2019) that more than 95% of 
students, including those educated abroad, are 
Norwegian citizens. 

Ten participants who could not be categorized 
into any of the specialties were excluded from 
analyses that dealt with distribution among 
specialties. Most of the respondents (95%) had 
completed their education after 1990.

Physicians’ assessment of their own anatomy 
knowledge

The respondents were asked to give an 
assessment of their own anatomy knowledge at 
different times in their careers, on a graded scale 
from 1 to 6 (Fig. 1; 1: Too poor for good clinical 
practice; 6: More than sufficient for good clinical 
practice). The median value was 4 for ‘Post 
medical school’ and ‘In specialization; current’, 
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while increasing to 5 for ‘Post specialization’ and 
‘Specialists; current’. These stages have been 
defined in the legend. (Grade-partitioned data not 
shown).

The average self-assessment of anatomy know
ledge after completing specialization (4.58) and 
current among specialists (4.64) was significantly 
higher than retrospectively assessed after com-
pleting medical studies (4.30; p <0.001) (Fig. 1). 
Among the specialists who reported inferior (1-
3) anatomy knowledge after medical school, the 
anatomy knowledge after completion of specia
lization was assessed as significantly better (2.82 
vs 4.12; p <0.001). The specialists who assessed 
that they had superior anatomy knowledge (4-
6) after medical school reported no change after 

completing the specialization. Stratification of the 
groups according to place of study showed that 
physicians who had studied abroad scored their 
own anatomy knowledge after medical school sig-
nificantly higher than physicians who had stud-
ied in Norway (4.47 vs 4.20; p <0.001), and twice 
as high a percentage indicated a value of 6; that 
is, more than adequate for good clinical practice 
(23.1% vs 11.6%; data not shown). When compar-
ing the four universities in Norway, there were no 
significant differences (data not shown).

Surgeons and radiologists reported improved 
anatomy skills over time

There was no difference between the specialties 
regarding anatomy knowledge at graduation from 
university (Fig. 1). 

Fig. 1.- Physicians’ self-assessment of anatomy knowledge at different times in their careers; average scores (grades 1-6), with 95% 
confidence intervals. The above panel shows the overall results and stratification according to study site (abroad vs Norway) and 
score at graduation (1-3 vs 4-6). In the below panel the results are broken down by specialty. 
Post medical school: Retrospective assessment of anatomy knowledge at graduation from medical school. In specialization; current: 
Current assessment of anatomy knowledge among those currently in specialization. Post specialization: Retrospective assessment 
of anatomy knowledge at completion of specialization. Specialists; current: Current assessment of anatomy knowledge among 
current specialists. 
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At a later stage in their careers, surgeons and 
radiologists considered their anatomy skills to 
be significantly better than general practitioners, 
internal medics and neurologists (p <0.001). 
Surgeons and radiologists assessed their anatomy 
knowledge progressively better over time, while 
a similar trend was not present among the other 
specialties.

High proportion of physicians with experience 
of inadequate anatomy skills

As much as 73.1% of physicians reported having 
experienced inadequate anatomy skills in their 
occupational practice (Fig. 2), with the highest 
proportion among radiologists and neurologists 
and the lowest proportion among internists.

When asked about the importance of anatomy 
skills in the specialty, there were significantly 
higher scores among surgeons, neurologists 
and radiologists (p < 0.001). The physicians who 
assessed the importance of good anatomy skills in 
their specialty as high (value 5-6) were more likely 
to have experienced inadequate anatomy skills 
than physicians who rated anatomy skills in their 
specialty as less important (75.1% vs. 62.1%; p = 
0.002).

The experience of inadequate anatomy skills 
also depended on time in the specialty. A large 
majority of physicians under specialization 
(79.0%) responded that they had experienced 
inadequate anatomy skills in their practice, while 
this proportion was lower among physicians who 

Fig. 2.- Proportion of doctors who had experienced inadequate anatomy knowledge in their practice (Yes/No), broken down by 
specialty (upper panel), degree of importance of anatomy in specialty and time in specialization (lower panel). The upper diagram 
also shows average values (solid line) for assessing the importance of anatomy in one’s own specialty (1: Less important; 6: Very 
important). 95% confidence intervals are plotted in all graphs.
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had practiced as specialists for less than 5 years 
(69.4%), 5-10 years (66.1%), 11-20 years (70.8%) 
and over 20 years (50.0%) (Fig. 2).

Among physicians who had studied abroad, 
a lower proportion (69%) reported inadequate 
anatomy skills, compared with physicians that had 
studied in Norway, almost reaching significance 
(69.2% vs 75.2%; p = 0.055; data not shown).

Anatomy teaching in medical school seemed 
sufficient and more relevant for clinical 
examinations than clinical procedures

The amount of anatomy teaching during medical 
school was consistently assessed as sufficient, as 
77.8% entered the values 3 or 4, on a scale of 1 to 
6, where 1 is too little and 6 is too much (data not 
shown).

Physicians educated abroad experienced the 
amount of anatomy teaching in medical school 
as significantly greater than physicians trained 
in Norway (4.00 vs. 3.36; p <.001) (Fig. 3; upper 
panel), and a higher proportion entered the 
values 5 or 6 (30.5% vs. 6.7%). Among physicians 
educated in Norway, the amount of anatomy 
teaching during medical school was considered 
significantly less at the University of Tromsø 
compared to the University of Oslo (UiO) (3.11 
vs. 3.38; p = 0.008) and the University of Bergen 
(UiB) (3.11 vs 3.46; p = 0.003), but not significant 
compared to the Norwegian University of Science 
and Technology (NTNU) (3.11 vs. 3.31). 

The evaluation of the relevance of anatomy 
teaching at university for clinical examinations and 
clinical procedures is shown in Fig. 3 (lower panel). 

Fig. 3.- Physicians’ assessment of the amount of anatomy teaching in medical school (upper panel) and the relevance of anatomy 
teaching for clinical examination and clinical procedures (lower panel), broken down by study site; average scores (grades 1-6), 
with 95% confidence intervals. 
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The experience of relevance to clinical procedures 
was indicated as significantly lower than relevance 
to examinations (mean value 4.27 vs. 4.45; p < 
0.001).  Physicians educated abroad rated the 
teaching’s relevance for clinical procedures 
significantly higher than physicians educated in 
Norway (4.46 vs 4.16; p <0.001), and almost as high 
as the relevance for clinical examination (4.50).

Anatomy teaching during and after specializa-
tion was indicated as insufficient

The provision of anatomy during specialization 
was reported as insufficient by a predominant 
proportion of Norwegian physicians (Fig. 4; upper 
panel). 

The average value for the amount of anatomy 
teaching during specialization was however 

decent (3.04), but significantly lower than that 
stated for the medical study (3.04 vs 3.59; p 
<0.001). 

Radiologists (3.43; p <0.001) and internists 
(3.19; p = 0.033) were significantly more satisfied 
with the amount of anatomy teaching than the 
average for the other specialties.

The offer for learning and maintaining anatomy 
skills after medical school was considered inade-
quate. As much as 36.1% of physicians reported 
that they were not familiar with existing anatomy 
teaching offered to clinicians, and among the re-
maining 73.9% perceived the teaching provision 
as inadequate (value 1-3; data not shown). The 
neurologists were most satisfied with their anat-
omy training possibilities, but there was little di
fference between the specialties.

Fig. 4.- Assessment of the amount of anatomy and the availability of anatomy teaching in specialization (grades 1-6/0-6), as well as 
evaluation of the need for more anatomy (Yes/No) (upper panel); average scores and proportion ‘Yes’, with 95% confidence intervals.
Average assessment of methods for learning anatomy during medical school (grades 0-6) (lower panel), with 95% confidence intervals.
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Online survey/questionnaire for Norwegian physicians

A. BASIC DATA 
Are you?:
Man
Woman

At which university did you study medicine? 
Universitety of Oslo (UiO)
Norwegian University of Science and Technology (NTNU) 
University of Bergen (UiB)
University of Tromsø (UiT)
Abroad

When did you finish medical school? 
After 2010
2000-2009
1990-1999
1980-1989
1970-1979
1960-1969
Prior to 1959

What specialties do you have or are you specializing in?
[List of specialities]

Hvor lenge har du praktisert som spesialist innenfor din nåværende 
spesialitet?
Er under spesialisering
Under 5 år
5-10 år
11-20 år
Over 20 år

How long have you been practicing as a specialist in your current 
specialty?
Is under specialization
Less than 5 years
5-10 years
11-20 years
More than 20 years

B. ANATOMY IN MEDICAL SCHOOL
On a scale of 1 to 6, what do you think about the amount of anatomy 
teaching in medical school?
1: Too little, 2, 3, 4, 5, 6: Too much

What learning methods did you use to learn anatomy in your 
medical studies, and how much benefit do you think you received?
0: Not applicable, 1: Minimum yield, 2, 3, 4, 5, 6: Very large yield
•	Lectures				  
•	Selfstudy of atlas/textbook
•	Dissection (The students dissect themselves)
•	Self-study of ready-made preparations
•	Demonstration of pre-prepared preparations by anatomy teacher or 

more experienced students
•	Self-study of plastic models
•	Videos
•	Data programs, including apps

What did you think about your anatomy knowledge after graduating 
from medical school?
1: Too poor for god clinical practice, 2, 3, 4 , 5, 6: More than sufficient 
for good clinical practice

How clinically relevant do you think the anatomy teaching at the 
medical school was to be able to do a clinical examination?
1: Completely irrelevant, 2, 3, 4, 5, 6: Optimal

How clinically relevant do you think the anatomy teaching at the 
medical school was to be able to perform medical procedures?
1: Completely irrelevant, 2, 3, 4, 5, 6: Optimal

C. ANATOMY DURING SPECIALIZATION
Do you think that good anatomy knowledge is important in your 
specialty?
1: Less important, 2, 3, 4, 5, 6: Very important

What do you think about your anatomy knowledge right after 
completing your specialization?
1: Too poor for god clinical practice, 2, 3, 4 , 5, 6: More than sufficient 
for good clinical practice

What do you think about your anatomy knowledge now?
1: Too poor for good clinical practice, 2, 3, 4 , 5, 6: More than sufficient 
for good clinical practice

Have you experienced having deficient anatomy knowledge in your 
practice?
Yes, No

Did you need to learn more anatomy during the specialization?
Yes, No

If yes to the previous question: To what extent did you use any of 
these methods to learn more anatomy during the specialization?
1: To a very small degree, 2, 3, 4, 5, 6: To a very large extent
•	Self-study of atlas/textbook
•	Self-study of plastic models
•	Dissection (of preprepared bodies)
•	Lectures by experienced specialist
•	Lectures by anatomist
•	Exercise in the autopsy room at the hospital
•	Self-study of radiological images
•	Study of radiological images under the guidance of a radiologist
•	Videos
•	Simulators
•	Data programs, including apps
•	Other methods > Text field for additional information on other methods
To what extent did you use any of these methods during your 
specialization to learn clinical skills or procedures?
0: Not applicable, 1: To a very small degree, 2, 3, 4, 5, 6: To a very large 
extent
•	Self-study of textbook/web sites
•	Observing others executing the procedure
•	Performing the procedure under supervision
•	Exercise on plastic models/dolls
•	Exercise on preprepared bodies/preparations
•	Exercise in the autopsy room at the hospital
•	Simulators
•	Self-study of radiological images
•	Videos explaining the procedure
•	Data programs, including apps
•	Other methods > Text field for additional information on other methods
If you have used radiology, simulators or carcasses to learn anatomy 
or clinical skills during the specialization, where have you used this?
In Norway
Abroad
Both

Do you think the teaching in your specialization is sufficient?
1: Too little, 2, 3, 4, 5, 6: Too much

D. EDUCATIONAL PROVISION
What do you think about the teaching provision in Norway to learn 
or maintain anatomy knowledge and clinical skills after the basic 
education as a doctor?
0: Not familiar with offers, 1: Very deficient, 2, 3, 4, 5, 6: Optimal
Do you have contact with medical students in your work?
Yes, No

If Yes >
What do you think about today’s medical students’ anatomy 
knowledge? 
1: Very deficient, 2, 3, 4, 5, 6: Very good  
Can you elaborate on your opinions about today’s medical 
students’ anatomy knowledge?  Feel free to come up with 
examples.
Text field

Do you have any advice or comments on how you could possibly 
improve the offer of clinically oriented anatomy teaching at the 
medical school or in the continuing education of doctors?
Text field
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When asked (yes/no) about the need for more 
anatomy in specialization, surgeons, neurologists 
and radiologists answered affirmatively in as 
much as 90-95%, significantly higher than general 
practitioners and internal medics. 

The discepancy between the relatively high mean 
value for the amount of anatomy in specialization 
(3.04), compared with the low ratings for supply 
and high for need, are dealt with in the Discussion 
section.

Dissection was considered particularly valu-
able for learning anatomy in medical school

When asked about the preferred means of 
learning anatomy, there were a number of 
significant differences in the evaluation of the 
benefit of different methods (Fig. 4; lower panel) 
in medical school compared to in specialization. 
During medical school, studies of atlas/textbooks 
(average score 4.81) and cadaveric dissection 
courses (4.68) were valued higher than the use of 
computer programs (1.00) and video (1.34). For 
the learning of anatomy during specialization, 
the use of atlases and textbooks was considered 
significantly more valuable than studies of 
radiological images, which were ranked in second 
place (4.84 vs. 4.17; p < 0.001). 

During specialization, dissection courses, 
autopsies, the use of a simulator and lectures 
by anatomists were considered to be relatively 
insignificant, and were stated as ‘not applicable’ 
by a large proportion of the respondents.

DISCUSSION
Inspired by a several year-long revision of the 

University of Oslo medical study plan starting in 
2014, we conducted an electronic, anonymous 
survey regarding anatomy skills and teaching 
provision in anatomy, among a random sample of 
Norwegian physicians during specialization and 
ready-made specialists.

More clinically angled anatomy teaching?

Our findings regarding clinical relevance 
suggest a desire for more clinically angled 
anatomy education among physicians. As the 
medical knowledge base is constantly increasing 

and ever larger amounts of information are to 
be included in the medical study plan, it may be 
rational to make the basic anatomy teaching more 
clinically oriented (Drake et al., 2009; Craig et al., 
2010). Furthermore, it has been reported that 
anatomy teaching with a clinical context improves 
learning and long-term memory (Bergman et al., 
2008; Fincher et al., 2009) – and thus the clinical 
application.

Despite the findings that the amount of anatomy 
teaching in medical school seemed sufficient, a 
high proportion of physicians had experienced 
a lack of anatomy skills in practice. An obvious 
reason is that in most specialties detailed 
anatomy skills are required within a fairly specific 
area. The goal of basic education in anatomy is 
to provide general anatomy knowledge sufficient 
for good medical practice. Much of the detailed 
anatomy knowledge, relevant to each specialty, 
must therefore be acquired during specialization 
- in interaction with clinical application and 
during courses.

Assessment of ultrasound, CT and MRI images 
has become an important part of clinical everyday 
life in most specialties (Murphy et al., 2014; 
Geitung and Grottum, 2016). It therefore seems 
natural that clinically oriented anatomy teaching, 
both in basic and postgraduate education, should 
include knowledge relevant to the evaluation of 
radiological images (Ganske et al., 2006; Phillips 
et al., 2013).

Physicians educated abroad were more 
satisfied with their anatomy skills

Physicians who had studied abroad rated their 
anatomy skills as significantly better and the 
teaching’s relevance for clinical procedures as 
significantly higher than physicians educated 
in Norway. Furthermore, a lower proportion of 
physicians educated abroad reported inadequate 
anatomy skills in their practice. This may indicate 
that foreign campuses have a greater volume or 
a more intensive type of teaching. And it may 
be consistent with a more progressive attitude 
towards clinical anatomy abroad (Meredith et al., 
2019; Clifton et al., 2020). One may also wonder 
whether doctors educated abroad have a greater 
need to assert their educational status and 
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background (almost all of them are Norwegian 
citizens).

Need for strengthening of anatomy teaching 
during and after specialization

None of the specialist groups involved in the 
survey were satisfied with the teaching provision 
during specialization, and there seems to be a 
clear need for strengthening of this field. We 
consider that the relatively high mean value (3.04) 
for the amount of anatomy in specialization, 
compared with the low ratings for supply and 
high for need, may be conditioned by an unclear 
question, unfortunately not specifying anatomy 
teaching (cfr Questionnaire in Supplement).

The importance of having clinically relevant 
further education programs in anatomy after 
primary education is emphasized in a prospective 
UK study (Bhangu et al., 2010) in which only 
14% of last-year students felt confident in their 
anatomy skills with regard to clinical practice. 
General practitioners, internists and neurologists 
reported declining anatomy knowledge after 
specialization. Several of the physicians requested 
targeted “refresher courses” in anatomy. But also 
among surgeons and radiologists, who considered 
their anatomy knowledge to be steadily rising from 
the end of medical school, more anatomy teaching 
was called for during specialization. Such services 
exist to a very limited extent in Norway today, and 
we are aware that Norwegian physicians have 
sought services in clinical anatomy abroad.

Teaching methods for courses during and after 
specialization

Studies of radiological images were among 
the most commonly used methods for learning 
anatomy during specialization, second only to 
studies of atlases/textbooks. During medical 
school, dissection was one of the most popular 
methods for learning anatomy. However, 
during specialization dissection was mostly 
considered irrelevant, presumably because 
dissection courses are almost unavailable. In 
free text fields several physicians expressed the 
desire for dissection and cadaver training in 
specialization. 

It should raise concern that clinical procedures 
are often practised for the first time in patients. 
In many countries, there has been a decrease in 
open surgical volume among residents (Damadi 
et al., 2007), accompanied by diminished self-
reported operative confidence and expert ratings 
of the operative ability (Fonseca et al., 2014). 
The opportunity to practice specific procedures 
on cadavers in advance will potentially improve 
patient safety (Sharma et al., 2016). Several foreign 
institutions offer courses where surgeons practice 
practical procedures on cadavers (Cabello et al., 
2015; Ruiz-Tovar et al., 2019; Desai, 2021; Flynn, 
2021). 

Newer methods for preserving cadavers, 
especially the so-called “soft preservation” 
developed by the anatomist Walter Thiel 
(University of Graz, Austria), have at many 
universities replaced traditional formalin fixation 
(Thiel, 1992; Thiel, 2002; Balta et al., 2015) and 
opened up completely new possibilities for 
surgical skills training. The benefits are described 
as significant, with regard to natural colors and 
elasticity, as well as minimal formalin toxicity 
(Sutherland et al., 2006; Ahmed et al., 2015). This 
includes the possibility to perform laparoscopic 
procedures (Willaert et al., 2013), which is 
excluded on rigid, formalin-fixed carcasses.

An optimal teaching model for courses under 
specialization could conceivably combine 
dissection courses, preferably on soft-preserved 
carcasses, with demonstration of radiological 
images and the rehearsal of clinical procedures.

Limitations

The survey achieved a response rate of 36.2%. 
Although the sample of physicians who responded 
corresponded well with the Norwegian Medical 
Association’s membership statistics in terms 
of campus and gender distribution, it cannot be 
ruled out that the respondents are particularly 
concerned with the topic, making the sample less 
representative.

We have not checked for possible confounding 
factors. Therefore, one should be cautious in 
interpreting the relationships presented as 
statistically significant. The questions we have 
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asked are partially retrospective, which obviously 
carries a risk of misreporting. The survey was 
done at the end of 2015. The teaching provision 
in anatomy at medical school in Oslo has changed 
since then. Anatomy is now taught collectively 
for the first two years of the study, and the 
exam in anatomy is conducted as a 45 minute 
individual oral test. We nevertheless consider 
our results informative and relevant for the 
present day situation, particularly regarding the 
inadequate provision of anatomy during and after 
specialization.

CONCLUSIONS
A remarkably high proportion (73%) of 

Norwegian physicians had experienced 
inadequate anatomical knowledge in their 
professional practice. The offer for learning 
and maintaining anatomy knowledge and skills 
after specialization was considered deficient. 
And a predominance of physicians requested 
an improved continuing education offer in 
specialization. A desirable approach would 
involve more clinically relevant anatomy teaching 
with demonstration of radiological images and 
rehearsal of clinical procedures, preferably using 
soft-preserved carcasses.

To our knowledge, there have been no previous 
studies on Norwegian physicians’ anatomy 
skills. While our study is based on self-reported 
knowledge, future studies acquiring more 
objective data through knowledge tests are 
warranted.
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SUMMARY
Considered an absolute unchanging truth, 

and not research-led, human anatomy has been 
subject to a steady decline in course hours and 
funding. However, this is a misconstruction, as 
anatomy plays an important role in the clinical 
and surgical field, with the need of evidence-
based data, more so now than ever. Research in 
anatomy not only establishes an evolutionary 
and functional database with variability between 
populations, sex, and age, but develops the 
tools needed for patient safety, development of 
prostheses, technology and surgical materials, 
improves interpretation of imaging studies, and 
provides evidence of clinical and anatomical 
implications. Evidence-based education is an 
exponentially growing field in anatomical sciences, 
providing the best evidence for technological and 
pedagogical strategies integrated in the classroom 
and laboratory. The gold-standard cadaveric 
dissections are currently only one of the wide 
range of educational resources available, with 
imaging studies and clinical scenarios playing 
an important role. Anatomy research needs to 
be continued, evolving with the generations the 
availability of new resources and the demands of 

the field. This review breaks down the available 
data, recommendations, and guidelines, as well as 
the importance behind the continuing research in 
anatomical sciences. 

Key words: Human anatomy – Anatomical 
variants – Anatomical sciences – Anatomy 
education – Evidence-based anatomy – Imaging 

INTRODUCTION
Human anatomy as a discipline has historically 

been the study of the structure and form of 
the body, as well as the relationships between 
the different regions. It has been in constant 
transformation since ancient Mesopotamia 
and the Greek era, with documents such as the 
Corpus Hippocraticum associated with medical 
education, Hippocrates “Father of Medicine,” 
and the first evidence of anatomical research 
and documentation (Edelstein, 1939; López 
Férez, 1986; Persaud et al., 2014). New dissection 
techniques were developed, on which Aristotle 
based human anatomy by comparison with 
animal anatomy to establish the fundamentals 
of clinical medicine (Blits, 1999; Crivellato and 
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Ribatti, 2007). Galen’s anatomy also used animal 
dissection to base the theory of humoralism, as 
human dissection was strictly prohibited in this 
era, limiting the evolution of this science. 

It was during the Renaissance era when research 
influenced the views of modern anatomy in 
medicine (O’Rahilly, 1997; Cosans, 2015). Leonardo 
da Vinci contributed with his detailed anatomical 
drawings based on observation. Corpses were 
incorporated into anatomical studies, leading to a 
more systematized study of the human anatomy, 
and an understanding of the development, 
structure, and functioning of the body (García 
Barrios et al., 1999; Álvarez Guisbert and Ro, 
2007). the attempt to compensate for lacunae in 
knowledge was what led Andreas Vesalius to the 
publication of his work De humanis corporis fabrica. 
His conclusions would set the guidelines for a clear 
comprehension of anatomy (Malomo et al., 2006; 
Romero Reveron, 2007), and the beginning of a 
surgical revolution (Mottershead, 1980; Toledo-
Pereyra, 2008; Markatos et al., 2020). However, 
anatomical knowledge was limited by the scarcity 
of dissections that reveals absolute truths to the 
science. 

An era of cadaveric anatomy provided a more 
precise tool for teaching. However, learning was 
limited by a small sample of bodies, without 
consideration of the individuals’ characteristics, 
race, diseases, or causes of death. There was a 
lack of variability and a belief in absolute truths 
that were later proved erroneous. Preservation 
techniques also limited the time and availability 
of specimens, in which structures may change in 
different aspects. This constrained anatomical 
research to only descriptive, sometimes 
comparative studies. 

With time and the progression of technology 
and preservation techniques, the use of cadavers 
was simplified. Embalming techniques changed 
from alcohol immersion to the intra-arterial 
use of chemicals with antimicrobial properties 
which allowed the conservation of histological 
appearance, providing anatomists with a wider 
usability and time frame of usage (Brenner, 
2014). The Thiel technique even allows for the 
preservation of natural colors, without the release 
of harmful volatile substances. Plastination, 

based on curable polymers, allows the dry, 
odorless, durable, non-toxic preservation of 
specimens stored at room temperature, although 
the technique requires expensive and specialized 
infrastructure (Mahajan et al., 2016). Regardless 
of the technique, anatomists seek to preserve 
the tissue for longer periods, conserving natural 
characteristics such as color, tissue softness, and 
joint mobility. This provided the modernization of 
gross anatomy research (Brenner, 2014; Balta et 
al., 2015).

With the scientific evolution of anatomical 
studies, the teaching of gross anatomy continued 
as a traditional and methodical science, as 
was the case for several centuries. With the 
use of bodies, several anatomists continued to 
contribute to anatomical knowledge. During the 
last two decades of the 20th century, the discipline 
began an important transformation with the 
incorporation of clinical anatomy and advances 
in teaching (Higgs, 1992; Elizondo-Omaña and 
López, 2008; Elizondo-Omaña et al., 2010; Estai 
and Bunt, 2016). Slowly, problem-based learning 
and computer-based learning were implemented, 
with research showing a clear benefit towards the 
understanding and application of this discipline. 
Students’ interest peaked with the study of clinical 
cases and the use of digital tools to learn anatomy, 
complemented with dissections (Walsh and Bohn, 
1990; Levine et al., 1999; Older, 2004; Yiou and 
Goodenough, 2006; Papa and Vaccarezza, 2013). 
This allowed for the modernization of research, 
education, and the teaching of anatomy (Drake et 
al., 2009; Mitchell and Batty, 2009; Sugand et al., 
2010; Khalil et al., 2018).

CURRENT PERSPECTIVE
Modern medicine has been transitioning into an 

evidence-based practice. Gross anatomy, seen as 
a discipline not research-led, has been subject to 
a steady decline in the curricula as a stand-alone 
subject (Yammine, 2014b; McBride and Drake, 
2018). Gross human anatomy cannot be left 
behind. Vertical integration of anatomy has been 
implemented in many universities, providing 
assessment strategies to assure that anatomical 
knowledge and education be kept to the needed 
standard (Bregman et al., 2011). Senior students 
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and more mature medical residents who have 
developed broader clinical reasoning can 
integrate anatomical knowledge (Rajan et al., 
2016; Morgan et al., 2017; Quiroga-Garza et al., 
2020). Anatomy research must be maintained 
and furthered purposefully. 

Research in anatomy has been developed with 
the objective not only of establishing the prevalence 
of variability between different populations, sex, 
and age, but also of understanding the clinical 
implications it may have. A detailed study of 
anatomy helps healthcare providers increase 
patient safety during surgical procedures, aids in 
the development of prostheses, technology and 
surgical materials, improves the interpretation 
of imaging studies, and provides evidence for 
these. This is not only through the use of human 
bodies, but also imaging studies and the use of 
trans-operative surgical videos. This is what 
must be called an evidence-based anatomy (EBA) 
(Yammine, 2014a). 

EVIDENCE-BASED ANATOMY
The study of anatomy is relevant to modern 

medicine, creating a high value in patient 
safety during surgical procedures (Clifton et al., 
2020; Dee et al., 2021). Previous studies have 
demonstrated that an important percentage of 
mala praxis lawsuits are due to surgical errors 
attributed to “ignorance about anatomical 
variations” (10%) (Cahill and Leonard, 1999) and 
“abnormal or difficult anatomy” (13%) (Rogers et 
al., 2006). 

The Evidence-Based Medicine (EBM) concept 
was first described in 1992 (Guyatt et al., 1992). 
It proposed a shift from a pathophysiological 
comprehension, non-systematized, intuition-
based clinical practice to an EBM that requires 
efficient literature searching and the application 
of guidelines and recommendations based on the 
evaluation of the best available evidence (Guyatt 
et al., 1992; Sackett et al., 1996; Phillips, 2014). 
Evidence is hierarchically classified from the 
highest impact (Level 1, i.e., systematic reviews of 
randomized controlled trials) to the lowest (Level 
5, i.e., expert opinions) (Uman, 2011; Phillips, 
2014; Henry et al., 2017). 

Most anatomical studies in the literature 
are cross-sectional or prevalence-based with 
epidemiological ends (Yammine, 2014a). These 
include anatomical structure measurements 
with a range of “normality” and its statistical 
description, inconstant structure frequencies, and 
inferential basic statistics looking for associations 
between variables or groups (sex, age, ethnicity).

As it is difficult to perform randomized controlled 
trials for anatomical studies, meta-analytical 
results of anatomical studies are considered the 
base of the EBA. Systematized guidelines for the 
realization of anatomical systematic reviews 
have been published (Yammine, 2014a; Henry 
et al., 2016). This has aided in understanding 
anatomical variations, which may be due to 
the differences in population, ethnicity, age, 
sex, medical history, as well as methodological 
discrepancies (Rodríguez-Niedenführ et al., 
2001; Bergman’s Comprehensive Encyclopedia of 
Human Anatomic Variation, 2016; Abou-Foul and 
Borumandi, 2016; Ling and Smoll, 2016; Martínez-
González et al., 2017; Popieluszko et al., 2018; 
Santos et al., 2018; Hernandez-Trejo et al., 2020; 
Muñoz-Leija et al., 2020) For these reasons, AQUA 
(Anatomical Quality Assessment) guidelines were 
published as recommendations for researchers 
to ensure a higher quality of anatomical studies 
as well as publications (Henry et al., 2016; Henry 
et al., 2017; Henry, Skinningsrud, et al., 2018; 
Henry, Vikse, et al., 2018). 

RESEARCH IN ANATOMY
Research in anatomy has shifted during the 

last couple of decades. This is most evident in 
anatomy journals and publications. Although 
basic gross anatomy regarding structure, 
function, development, and evolution is still 
widely published, a much larger field has opened 
with a refocus of traditional journals, and the 
emergence of new journals to publish anatomical 
research oriented towards the clinical and surgical 
application, and the advances in the educational 
field, which has exponentially grown. 

Medical education has been constantly 
changing with a direct impact on modern 
anatomy teaching. Contemporarily, more 
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anatomy courses are being part of an integrated 
curriculum in medical schools. Course hours have 
had a downward trend in the last two decades, 
due to curricular approaches, class size, and 
other parameters. However, this trend seems to 
be stabilizing (Drake, 2014; McBride and Drake, 
2018; Salinas-Alvarez et al., 2020). It has evolved 
from the days of long and continuous lectures to 
the promotion of active learning, where people 
might benefit more from different learning styles 
(visual, auditory, kinesthetic, others) (Carmichael 
and Pawlina, 2000; Gregory et al., 2009; Andrew 
Jay et al., 2013; Morton and Colbert-Getz, 2017). 
Additionally, integration with clinical medicine 
throughout the course gives students a reason to 
learn (Lachman and Pawlina, 2006; Drake, 2014; 
Drake et al., 2014). Through these activities, 
anatomical education aims to generate in the 
student acquisition of anatomical knowledge 
and the development of clinical reasoning skills 
(Elizondo-Omaña and López, 2008; Elizondo-
Omaña et al., 2010; Quiroga-Garza et al., 2020; 
Gonzalez-Navarro et al., 2021). 

Evidence-based education is also guiding the 
integration of curricula and the approach to 
teaching anatomy. Educational journals are on the 
rise, with an increased number of submissions, 
publications, and citing. Educational studies 
need to follow recommendations of competency-
based objectives to improve the quality of reports, 
avoiding the over-use of technology (Ganguly, 
2010; Cohen et al., 2015; Estai and Bunt, 2016; 
Clunie et al., 2018; Krebs et al., 2021). Systematic 
reviews and meta-analyses are providing the best 
evidence for the implementation of technological 
and pedagogical strategies integrated into 
anatomy education (Bergman et al., 2008; 
Campos et al.,, Sugand and Mirza, 2013; Akçayır 
and Akçayır, 2017; Li et al., 2017; Clunie et al., 
2018; Langlois et al., 2020). However, these must 
be evaluated and adapted to each environment 
and individual circumstance in each school and 
university. 

The integration of classroom knowledge and 
laboratory activities is an important competence. 
Traditionally, dissection has been the pillar of 
anatomy, developing professional, bioethical, and 
psycho-emotional skills in students (Elizondo-

Omaña et al., 2005; Ghosh, 2017; Quiroga-Garza 
et al., 2017). However, obtaining human tissue 
may be a challenge for several reasons including 
financial, ethical, legal, and cultural (AbouHashem 
et al., 2015; Quiroga-Garza et al., 2017; Ciliberti et 
al., 2018; Habicht et al., 2018; Hasselblatt et al., 
2018; McBride and Drake, 2018; Champney et al., 
2019; Kostorrizos et al., 2019; Zhang et al., 2020). 
Cadaver use is decreasing, with alternatives for 
learning gross anatomy on the rise (McBride and 
Drake, 2018; McMenamin et al., 2018). A variety 
of technological educational resources have 
emerged in recent years to solve these obstacles, 
with a wide range of peer-reviewed articles 
discussing their effectiveness (Vázquez et al., 
2007; Estai and Bunt, 2016; Zargaran et al., 2020; 
Krebs et al., 2021). 

Imaging has become an increasingly important 
component in the teaching of anatomy, enhancing 
the quality and efficiency of learning (Pawlina 
and Drake, 2015; Grignon et al., 2016; Royer, 
2016; Patel et al., 2017). Clinical cases ensured 
engagement between anatomical knowledge and 
clinical scenarios, promoting clinical reasoning 
to encourage learning outside the classroom 
settings and ultimately improving the decision-
making skills (Elizondo-Omaña et al., 2010, 2020; 
Perumal et al., 2016; Dinesh Kumar et al., 2020; 
M. Muñoz-Leija et al., 2020; Salinas-Alvarez et al., 
2020). Three-dimensional (3D) printing includes 
an accurate duplication of anatomical structures 
with both visual and haptic value, and financial 
alleviation (AbouHashem et al., 2015; Vaccarezza 
and Papa, 2015). Students can actively interact 
with the models, creating an integration of 
kinesthetic and visual learning, highly valuable 
with complicated anatomical structures (Erolin, 
2019). More recently, augmented- and virtual-
reality technologies allow students to manipulate 
a virtual 3D model of an anatomical structure 
and navigate around them. Interactive hologram 
teaching technology is currently being developed 
and experimented (Kuehn, 2018; Darras et al., 
2019; Pennefather and Krebs, 2019).

All these tools have aided in the purpose of 
anatomical studying and its implications in clinical 
scenarios. However, for a student to integrate this 
knowledge, the transfer must be vertical. Many 
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anatomy courses are now spread throughout 
the curricula, providing senior students with 
an anatomical review in each clinical rotation. 
(Bregman et al., 2011; Rajan et al., 2016; Morgan et 
al., 2017). Constant exposure helps students recall 
the anatomical knowledge needed, to improve 
their clinical thinking and reasoning, significantly 
improving their assessment and understanding 
(Murphy et al., 2014; Osborn et al., 2014).

THE IMPACT OF IMAGING IN 
ANATOMICAL RESEARCH AND 
EDUCATION 

The change in understanding gross human 
anatomy due to imaging techniques cannot be 
overestimated, as their nature allows users to 
visualize it in the living (Ganguly, 2010). X-rays, 
ultrasound, computerized tomography, magnetic 
resonance imaging, and digital subtraction 
angiography, have advanced the quality and 
precision of anatomical research. It broadens 
the options of protocol design and methods, 
facilitates a larger sample size, and enhances 
the confidence interval. The imaging software 
provides millimetric precision to measurements 
in an objective, reliable, and reproducible 
manner. It facilitates access to deep structures 
without the necessity of laborious and lengthy 
dissections that could alter its structural integrity. 
Most hospitals count with imaging databases, 
which upon approval of the Research and Ethics 
Committees, are of easy access, making them 
an attractive and effective method for anatomy 
researchers (Tregaskiss et al., 2007; Elizondo-
Omaña and López, 2008; Elizondo-Omaña et al., 
2010; Grignon, Oldrini and Walter, 2016; Kobatake 
and Masutani, 2017).

Imaging also revolutionized anatomy education. 
It allows an easier and three-dimensional 
understanding of anatomy for students. Typical 
anatomy can be compared to pathological 
findings. Ultrasounds can be used to view real-
time anatomy. It has aided in the development 
of anatomical virtual and augmented reality. All 
these, without the need for expensive dissection 
laboratories (Machado et al., 2013; Phillips et al., 
2013; Pawlina and Drake, 2015; Estai and Bunt, 
2016; Moro et al., 2017).

ANATOMICAL VARIANTS AND THEIR 
IMPORTANCE IN CLINICAL SCENARIOS

Normalis means “by the rule or pattern”. 
“Normal anatomy” refers to the ideal, typical, 
mean, natural, or most frequent (Moore, 1989). 
However, in the study of anatomy, normality 
involves a range of normal variations. Abnormal 
variables can be major or minor, derived from 
aberrant development processes during the 
formation of a structure by genetic, chromosomal, 
or environmental influences (Sañudo et al.,, 2003; 
Bergman’s Comprehensive Encyclopedia of 
Human Anatomic Variation, 2016).

Galen and Vesalius noted variations in 
their respective investigations. Expressions 
like “always”, “usually”, “frequently”, “more 
frequently”, “sometimes”, “not always”, “rarely” 
and, “very rarely”, can be found in their works 
(Straus et al., 1943). Centuries and several 
dissections were the basis to establish the 
concepts of normality, abnormality, and variations 
of the human body, thanks to the reported 
knowledge in works of many biologists, clinicians, 
and anatomists since the 19th century until today 
(Sañudo et al., 2003; Bergman’s Comprehensive 
Encyclopedia of Human Anatomic Variation, 
2016). 

Despite numerous studies carried out over the 
years, the anatomy of structures continues to be 
researched. Significant variability of the shaping 
of systems and regions has been drawing attention 
for years and inspires targeted research projects. 
The future of anatomical research depends 
greatly on the imaging methods for anatomical 
variabilities. These can be gathered into three 
categories: morphometrical, consistency, and 
spatial (Yammine, 2014a).

Anatomical variability is valuable not only 
from the anatomical point of view but also in the 
clinical aspect, due to their implications (Cahill 
and Leonard, 1999; Rogers et al., 2006). For 
example, the atypical variations of the anterior 
cerebral artery and the communicant anterior 
artery increase the risk of stroke (Jiménez-Sosa 
et al., 2017). To understand the pathophysiology 
of compartment syndrome of the foot and develop 
viable treatment options, a clear knowledge 



Importance of research in anatomy

482

of the foot compartments is needed (Vazquez-
Zorrilla et al., 2020). At a diagnostic level for 
perineural metastasis, it is useful to keep in mind 
the variations in the asymmetry of the skull base 
canals (Barrera-Flores et al., 2017). At a surgical 
level, to avoid complications in a paranasal 
sinuses surgery, ethmoidal roof variations and 
differences between gender must be considered 
(Muñoz-Leija et al., 2018). At a treatment level, 
the location (origin, pattern, branches) of the 
bronchial arteries is vital for their embolization to 
control massive hemoptysis (Esparza-Hernández 
et al., 2017), or of the external carotid artery when 
performing a neck procedure (Herrera-Núñez 
et al., 2020). Justification of procedures, such as 
the measurement of the pelvic and birth canal 
to determine cephalopelvic disproportion were 
an indication for a cesarean section (Vázquez-
Barragán et al., 2016). The physiological changes 
of the recto-vaginal septum due to gynecological 
history influence the risk of fistulae formation 
(Rodríguez-Abarca et al., 2020). The influence of a 
higher hippocampal volume to achieve remission 
in depression (Zarate-Garza et al., 2021). 
Facilitating a procedure such as right internal 
jugular vein catheterization by increasing its size 
with a degree of head-down tilt position (Garcia-
Leal et al., 2021). Determining the associated 
musculoskeletal symptoms or evolutionary 
effects new tendencies may cause, such as the 
morphological changes of the hand due to chronic 
use of smart devices (Fuentes-Ramírez et al., 
2020).

Anatomical studies have proven to be beneficial 
in the development of prostheses of the inferior 
(Adam et al., 2002) and superior limbs (Wood et 
al., 1989; Boileau and Walch, 1997; Pearl, 2005; 
Mansat et al., 2013), vertebral column screws and 
material (Morales-Avalos et al., 2012; Ramos-
Davila et al., 2021), the development of hearing 
devices (Van De Water, 2012; Guzman-Perez et al., 
2021), among others (Fantini et al., 2013; Negi, 
Dhiman and Sharma, 2014; Saunders et al., 2014). 
Defining the anatomy of clinical implications 
behind these will continue to be a valuable tool in 
medical development and patient safety.

ANATOMICAL EDUCATION IN A 
MILLENNIAL GENERATION 

Currently, the millennial generation (born 
between 1980-1996), is the most prevalent in 
medical students (Ruzycki et al., 2019). New 
generations appear as cultural and technological 
changes emerge over time. It is important to 
understand the differences and needs of current 
generations in medical education, as this shared 
context confers a set of shared values and 
beliefs among generation members (Borges et 
al., 2006; Krebs et al., 2021). In consequence, 
each generation differs in career expectations, 
personal life, and education. 

Medical education has been in a continuous 
adaptation to meet generational needs and 
maintain with technological advances, attempting 
to improve the education and training of future 
physicians. Millennials are the first ones to grow 
up with computer access in parallel with internet 
growth; they are confident with technology and 
prefer self-study using electronic resources. 
This generates a challenge, primarily for the 
older academic staff, due to the generation 
and technology (Smith, 2005; Ganguly, 2010; 
Eckleberry-Hunt and Tucciarone, 2011; Birden 
et al., 2014; Ruzycki et al., 2019). Educators must 
focus on assuring any technological or pedagogic 
tool emphasizes the core values behind medical 
education and professionalism (Krebs et al., 
2021). 

FUTURE PERSPECTIVES
Anatomical sciences are pillars of medical 

education. Even with the decline of anatomy hours, 
it is a science integrated into the curriculum, 
being taught at all levels as the medical student 
advances in their training. (Drake, 2014; Drake, 
McBride, et al., 2014; McBride and Drake, 2018; 
Salinas-Alvarez et al., 2020).

Anatomical knowledge and its application are 
continuous through the student evolution from a 
medical student to a resident, to an attendant. Its 
importance goes beyond the surgical specialties, 
although there is a clear advantage in patient 
safety and advancement. Evidenced-based 
studies must be performed. 
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