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ABSTRACT

Background. Gender identification by using skeletal identification is an important tool in forensic, medico-legal, bio-
arkeology, and anthropology. Traditional morphological methods depended on the anthropologist subjectivity that
caused a significant difference among the observer. This study aims to develop the discriminant function for gender
prediction in a Surabaya-Indonesia population age ranges 15-25-year-olds by using a panoramic radiograph. This
research used 273 panoramic radiographs consisted of 129 male panoramic radiographs and 144 female panoramic
radiographs. The researchers measured 11 parameters of the jaw such as two gonial angles, two mandibular ramus
heights, two mandibular ramus widths, two mandibular corpus lengths, two nasal line maxilla, and anterior mandibular
corpus heights. The researchers analyzed the data by using the discriminant analysis of the IBM SPSS statistic 24.

Results. the result of our study shows there were significant differences in the jaw morphometry between males and
females, except the mandibular ramus widths. The jaw size in males was larger than that of the female. The biggest
dimorphism variables based on the Wilks lambda value were gonial angles, mandibular ramus heights, mandibular
corpus lengths, and nasal lines. While the smallest dimorphism variables were mandibular ramus widths. The accuracy
of discriminant analysis for each variable ranges from 47.3% to 93.8%.

Conclusion. This preliminary study in Surabaya-Indonesia population age ranges 15-25-year-olds by using panoramic
radiograph shows the highest accuracy of gender prediction by using discriminant function was obtained from the
combination of the nine jaw parameters.
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INTRODUCTION

Gender estimation is a key component of the individual
biological profile to achieve the goal of forensic antropology™
Gender identification by using skeletal identification is an
important tool in forensic, medico-legal, bio-arkeology, and
anthropology. The methods of gender determination may vary
depending on the available bones." Generally, the methods
of gender estimation were grouped into two categories i.e. the
method that focused on size and robusticity of anatomy feature
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The accuracy of gender determination depends on the
number of bone fragments and available parts of skeletons.
'The skull, pelvis, and femora are the most useful anatomy
for radiological gender determination. Korgman stated that
the gender determination accuracy of complete skeletal
bone was 100%, gender determination by using pelvis bone
was 95%, gender determination by using the skull was 90%,
gender determination by using pelvis bone and skull was 98%,
and gender determination by using long bones was 80%.°

When the entire skeletons are not available, the skull
can be an accurate gender identification tool.>* The skull is
the most dimorphic bones after the pelvis. In case the skull
was not complete either, mandibular plays an important role
in gender determination due to dimorphism of mandibular.
In addition, mandibular is the largest and the strongest bone
in the skull. Mandibular dimorphisms vary depending on
races, ages, and masticatory muscle activities.>*’

There were several studies about gender determination
based on mandibular shape and morphometry in puberty
samples; the results showed that pre-pubertal mandibular
dimensions were not consistent.*” Conquerell et al. had
stated that mandibular dimorphism changed during the
development. Gender determination by using mandibular
morphometric could not be detected at ages ranged 4-14
years old because there were different growths and develop-
ment patterns between males and females. The mandi-
bular shape dimorphism could be used on post-pubertal
gender determination.’

The changes in mandibular shape and size can be
observed by using a radiograph series. Radiography can assist
in giving accurate dimensions for which certain formulae
can be applied for gender determination.' There have been
several studies representing that it is proven that a panoramic
radiograph can be used to evaluate the jaw morphometric.
Dental practitioners usually use a panoramic radiograph to
evaluate vital structures of the jaw, to evaluate jaw morpho-
logy as soon as the ages change in the different genders,
and it represents the bilateral anatomy of the jaw.!*!!2

Traditional morphological methods depended on
the anthropologist subjectivity understanding in sexual
dimorphism of the jaw, it caused a significant difference among
the observers.” Therefore; we needed to devise the reliably
discriminant analytical methods for dimorphic fragment
bones. Discriminant function analysis is increasingly used to
determine sex from the skeleton, but it’s limited to a specific
population. This present study was undertaken to develop the
discriminant function for gender prediction in a Surabaya-
Indonesia population age ranges 15-25 years by using a
panoramic radiograph and to determine the most dimorphic
parameter of the jaw taken on the panoramic radiograph.

MATERIALS AND METHODS

This research method uses an analytical cross-sectional
design. The researcher conducted the study from December

2018 until February 2019, the location of the research was
at oral maxillofacial radiology department dental hospital
at Airlangga University, Surabaya, Indonesia. This research
obtained approval from the Ethics Committee Faculty of
Dental Medicine, Airlangga University, Surabaya (no: 602/
HRECC.FODM/IX/2019).

The research population was panoramic radiographs
taken from patients aged 15 to 25 years who came to the dental
radiology installation dental hospital Airlangga University,
Surabaya, Indonesia in January 2018-December 2018. The
panoramic radiographs were taken from Instrumentarium
OP 200D-1 Digital Panoramic and Cephalometric System
(70 kVp, 8 mA, 12s).

The samples included in this study were good quality
panoramic radiographs. Exclusion criteria used in this study
were panoramic radiographs with growth abnormalities of
the jaw, the mandibular panoramic radiographs with patho-
logical lesions, such as cysts or tumors, and the panoramic
radiographs with a fractured jaw.

'This research used 273 panoramic radiographs consisted
of 129 male panoramic radiographs and 144 female
panoramic radiographs. The panoramic radiographs were
evaluated by two radiologists. We used IG Measure soft-
ware to measure the parameter on panoramic radiographs
(Figure 1). The images were evaluated by the same observer
for a second time after two weeks for intra-examiner
calibration and to determine the reliability of the jaw
measurements. The radiologist took the measurement twice
and used the average result from the measurement as the final
result. The intra- and inter-observer agreement was analyzed
by using Cohen-Kappa analysis of the IBM SPSS statistic
24. A radiologist did the measurement on both the left and
right sides of the jaws. All of the variable measurements
except the anterior mandibular corpus height measurement
were obtained on both right and left side, assuming that
the perfect bilateral symmetry human face was rarely found.
The researchers measured some variables:

1. Gonial angles: the angles measured from the intersection
of inferior mandibular corpus and posterior mandibular
ramus borders.

2. Mandibular ramus height: The distance from Condylion
point (Co: the most superior point of condyle) to Gonion
point (Go: the most inferior and posterior point of the
angle of the mandible).

3. Mandibular ramus widths: the
posterior diameter of the mandibular ramus.

4.  Mandibular corpus length: the distance from Gonion
point to Menton point (Me: the lowest point on the
mandibular symphisis on the mid-sagittal line).

5. Anterior mandibular corpus height: the distance from
alveolar crest to mandibular inferior border in mid-
sagittal line.

6. Nasal line maxilla: the distance from anterior nasal spine
point to pterigomaxilla.

smallest anterior-
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Figure 1. Image shows the measurement of 11 parameters on panoramic radiograph.

The researchers analyzed the data by using the
discriminant analysis of the IBM SPSS statistic 24. The
aims of the discriminant analysis were:

a. To differentiate male and female groups’ determinant
based on the categories

b. To test the significant differences of the jaw morpho-
metric by using discriminant analysis

c. To determine the jaw parameters which make the
significant differences between male and female groups
by using discriminant analysis.

RESULT

The inter- and intra-observer analyses revealed that all
variables presented good agreement with kappa coeflicients
greater than 0.72. Figures 2 and 3 show the average values
of the jaw parameters on male and female groups. The
research result in Figures 2 and 3 represents that the
mandibular and maxilla size in males and larger than those
of females.

Based on Table 1 (Wilks lambda test) shows that
the P-value is 0.000 < 0.05, it means there is a significant
difference between male and female jaw morphometric,
except on the mandibular ramus width (P-value: 0.585).
The biggest dimorphism variable based on the Wilks
lambda value was gonial angles, mandibular ramus heights,
mandibular corpus lengths, and nasal lines. While the
smallest dimorphism variable was mandibular ramus width.

Table 2 shows the discriminant analysis results, such as
discriminant function and cut-off values. The discriminant
functions were formulated by multiplying the variable
coeflicients. The gender prediction can be determined from
the calculation results of the discriminant function and
compared to the cut-off values. If the discriminant values
were greater than the cut-off points, they indicate the male
groups. If the discriminant values were less than the cut-off
points, they indicate the female groups.

Table 3 presents the prediction percentage of gender
determination based on each discriminant function from
the Surabaya population sample for the right and the left

Table 1. Wilks lambda score between males and females

Variable

Right gonial angle (RGA)
Right ramus height (RRH)
Right ramus width (RRW)
Right corpus length (RCL)
Left gonial angle (LGA)
Left ramus height (LRH)
Left ramus width (LRW)
Left corpus length (LCL)
Mandibular corpus height in symphysis region (MCHS)
Right Nasal Line (RNL)
Left Nasal Line (LNL)

Gender
Wilks lambda score Sig
Male Female
129 144 0.916 0
129 144 0.295 0
129 144 0.999 0.585
129 144 0.821 0
129 144 0.944 0
129 144 0.304 0
129 144 0.984 0.039
129 144 0.830 0
129 144 0.739 0
129 144 0.862 0
129 144 0.894 0
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Figure 2. The average values for the 11 parameters in male age range 15-25 year olds.
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Figure 3. The average values for the 11 parameters female age range 15-25 year olds.
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Table 2. Discriminant analysis

Table 2a. Discriminant function by using the right nasal line and the mandibular right side parameters

Variable Function coefficient Discriminant Function Cut off point Determination
Right gonial angle (RGL) -0.008
Right ramus height (RRH) 0.158
Right ramus width (RRW) -0.045 =-13.640 - (0.008 RGL) + Lo
Right corpus length (RCL) 0.041 0.158 RRH - 0.45RRW + If Zscore > -0.00077 indicates male
Mandibular corpus height in 0.028 0.041 RCL + 0.028MCHS -0.00077 Lo
symphysis region (MCHS) +0.005 RNL If Zscore < -0.00077 indicates female
Right Nasal Line (RNL) 0.005

Constanta: -13.64

Table 2b. Discriminant function by using the left nasal line and the mandibular left side parameters

Variable Function coefficient Discriminant Function Cut off point Determination
Left Gonial Angle (LGA) -0.005
Left ramus height (LRH) 0.157
Left ramus width (LRW) -0.039 =-13.011 - (0.008 SGKi) + Lo
Left corpus length (LCL) 0.044 0157 TRKi - 0.39 LRKi + If Zscore > -0.00044 indicates male
Mandibular corpus height in 0.033 0.44 LKKi + 0.033TM - -0.00044 o
symphysis region (MCHS) 0.015 NLKi If Zscore < -0.00044 indicates female
Left Nasal Line (LNL) -0.015

Constanta: -13.011

Table 2c. Discriminant function by using the mandibular right side and the mandibular left side

Variable Function coefficient Discriminant Function Cut off point Determination
Right gonial angle (RGA) 0.008
ght ramus height (RRH) 0.097
Right ramus width (RRW) -0.047
Right corpus length (RCL) 0.032 Z =-13.520 - (0.008 RGA) +
Left gonial angle (LGA) -0.016 0.097 RRH - 0.47RRW + If Zscore > -0.000165 indicates male
Left ramus height (LRH) 0.067 0.32 RCL - 0.016LGA + -0.000165
Left ramus width (LRW) -0.001 0.067 LRH - 0.001LRW + If Zscore < -0.000165 indicates female
Left corpus length (LCL) 0.01 0.010 LCL + 0.026 MCHS
Mandibular corpus height in 0.026

symphysis region (MCHS)

Constanta: -13.52

Table 2d. Discriminant function by using gonial angle and mandibular corpus parameters mandibular left and right

Variable Function coefficient Discriminant Function Cut off point Determination
Right gonial angle (RGA) -0.015
Right corpus length (RGL) 0.045
Left gonial angle (LGA) -0.058 Z =-7.244 - (0.015 RGA) + If Zscore > -0.00011 indicates male
Left corpus length (LCL) 0.039 0.45 RGL - 0.058LGA + -0.00011
Mandibular corpus height in 0.197 0.039 LCL + 0.197MCHS If Zscore < -0.00011 indicates female

symphysis region (MCHS)

Constanta: -7.244

Table 2e. Discriminant function by using mandibular ramus height and corpus length parameters

Variable Function coefficient Discriminant Function Cut off point Determination
Right ramus height (RRH) 0.101
Right corpus length (RCL) 0.011
Left ramus height (LRH) 0.065 Z=-15.235+0.101 RRH + If Zscore > -0.00044 indicates male
Left corpus length (LCL) 0.024 0.011 RCL + 0.065LRH + -0.00044
Mandibular corpus height in 0.017 0.024 LCL + 0.17MCHS If Zscore < -0.00044 indicates female

symphysis region (MCHS)

Constanta: -15.235
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Table 3. The percentage of correct classifications for the discriminant functions

L. . Total Male Sample  Total Female Sample Correct
Discriminant Function _— . .
N=129 % N= 144 % Classification %
Z =-13.640 - (0.008 RGA) + 0.158 RRH - 0.45RRW + 0.041RCL + 0.028MCHS 121 93.80% 137 95.10% 94.50%
+0.005 RNL
Z=-13.011 - (0.008 LGA) + 0.157 LRH - 0.39 LRKi + 0.44 LKKi + 0.033TM - 118 91.50% 135 93.80% 92.70%
0.015 LNL
Z=-13.520 - (0.008 RGA) + 0.097 RRH - 0.47RRW + 0.32 RCL - 0.016LGA + 123 95.30% 137 95.10% 95.20%
0.067 LRH - 0.001LRW + 0.010 LCL + 0.026 MCHS
Z=-7.244 - (0.015 RGA) + 0.45 RGL - 0.058LGA + 0.039 LCL + 0.197MCHS 104 80.60% 115 79.90% 80.20%
Z=-15.235+0.101 RRH + 0.011 RCL + 0.065LRH + 0.024 LCL + 0.17MCHS 123 95.30% 136 94.40% 94.90%

Table 4. The discriminant function and the accuracy of the discriminant function each variable

Variable Unstandardized coefficient Centroid Cut off point Accuracy
RGA ggzsianta - -23.230 fn;?rln;eoos;gs 0.000066 63.00%
LeA (()Zg:s:ianta =-22.904 gi:zleoozggs) -0.00018 60.40%
RRH 2§:s:ianta - -11.579 22;;6123158 -0.00025 93.80%
LRH (()Zgrlés7tanta --11.129 gi:z:l;'?szs -0.000021 92.30%
RRW Camanta = -9.386 foele: D51 0.00019 47.30%
LRW ggfsétanta - 9.433 ?;i:ilglg?l’w 0.000077 49.50%
RCL gg:s(;anta - -17.576 2?:133%09.3140 -0.000077 68.10%
et (()Zgr?:tanta - -17.429 fn;ilnzzleof(;iﬂ -0.00031 66.30%

McHS gf:s:ianta =-9.837 Z?rllzzlg'%,géo 0.00042 73.30%
RNL ggr?ftanta - -12.696 2133%%78 -0.00045 65.90%
LNL gg:s:ianta - -12.861 fn;?rlglg'?gém 0.00015 64.80%
side. It shows that the accuracies of discriminant function DISCUSSION

varied depending on the various variables. We measured
the right side and the left side of the jaw to detect any
differences in classification accuracy. The accuracies of
discriminant function on the left side (92.7%) are lower
than on the right side (94.5%). The accuracies range from
80.20% to 95.20%. The combination of the mandibular right
and left side has the highest accuracies in the discriminant
analysis (95.2%).

Table 4 presents all of the parameter functions and the
gender determination accuracies by using each parameter.
The accuracy for each variable ranged from 47.3% to
93.8%. Right ramus height has the highest accuracy in the
discriminant analysis (93.8%). The lowest accuracy was the
right ramus width (47.3%). The right-side measurements
exhibited slightly better performance compared with the
left side measurement.

Gender dimorphism referred to the difference in sizes,
shapes, and appearances between male and female anatomy.
Recently, there were many gender dimorphism studies
by using metric parameters with reliable results.!t131415
‘Therefore, we can apply gender dimorphism on the gender
determination skeletons by using discriminant analysis.
The discriminant function analysis in our studies is used
to quantify the assessment of the jaw morphology.

The mandibular and maxilla are the bones that provide
information about genders. Both mandibular and maxilla
have different morphology changes between males and
females. Each of the 11 variables measured on mandibular
and maxilla of the Surabaya population showed statistically
significant on gender differences between sexes, except the
mandibular ramus widths. Our results suggest that the
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mandibular and maxilla size in males is greater than those
of females. Therefore; we conclude that there is a gender
dimorphism of the jaw in our population. Our result studies
are the same as the studies done by Datta et al., Dong et al.,
Laowansari et al., and Liu et al.!61718

Datta et al. studies presented 12 parameters of the
mandibular such as gonial angle, bigonial width, ramus
height, bicondylar breadth, mandibular length, length of
the lower jaw, mandibular index, body thickness, coronoid
height, bimental breadth, symphyseal height, and body
height were the useful tools for gender determination. It was
because all the other parameters showed significant gender
differentiation with high accuracies.’®

Dong et al. studies in Han Chinese population found
there was a significant sexual dimorphism in the examined
ten parameters of the mandibular (bi-condylar breadth,
bi-gonial breadth, bi-antegonial notch breadth, bi-mental
foramina breadth, the distance between mental foramen
and mandibular inferior border, maximum mandibular
ramus breadth, maximum mandibular length, maximum
mandibular ramus height, maximum mandibular body length,
mandibular angle, and mental angle). The accuracies of sex
determination between 61.1 and 81.8%."7

Laowansari et al. result studies present that there were
significant differences in maxilla size between males and
females, the male maxilla was greater than that of females."
'The research done by Datta et al., Dong et al., and Liu et al.
showed that the males mandibular were greater than that of
females.'®'" The size differences between males and females
were caused by different bone remodeling patterns. It has
been found that many factors influenced the bone remodeling
patterns such as genetics, races, muscle mass, masticatory
muscle activities, gender hormone, and socio-economy
environment.”*?' 'The male bone growth mainly occurs in
periosteal, whereas the female bone growth mainly occurs in
the endosteal, it causes the bone volume, and the bone sizes
in males are greater than those of females.?*

Based on Figures 2 and 3, our study results in the 15-25
years old samples, ramus height shows the greatest univariate
gender dimorphism followed by corpus height in the
symphysis region. The least univariate gender dimorphism
was the ramus width. The overall prediction rate using all
nine variables was 95.2%. When we removed nasal lines
and the ramus widths, the accuracy was 80.20%. When we
combined mandibular ramus height, mandibular corpus
length, and mandibular corpus height the accuracy was
adequate (94.90%). It means that mandibular ramus height
and mandibular corpus height in the symphysis region are
a good indicator of gender determination.

'The mandibular showed gender dimorphism from an early
stage of life.* Nevertheless, mandibular gender dimorphism
is reduced during childhood (between the ages of 4 and 14),
and it becomes most prominent during adulthood.’ Several
studies investigated the mandible to determine the gender
in sub-adult samples, even though some researchers argue

Radiomorphometric of the Jaw for gender prediction

that the skull bones have limited value before puberty.?2
Based on the Pillai T et al. studies in Tirupai-India, there
are six parameters of the mandibular that could be used to
identify the gender such as right mandibular ramus height,
corpus mandibular thickness, the jaw arch, inter-incisive
with, mandibular indexes, and gonial angles. Their studies
showed that the accuracy of unknown mandibular bone to
determine gender using their methods was 75%.%” Wankhede
et al. result studies showed that six of the ten mandibular
variables which were examined such as bicondylar breadth,
projection length of the corpus of mandible, symphyseal
height, coronoid breadth of the lower jaw, the height of the
mandibular corpus, and corpus thickness of the mandibular
body showed the best gender dimorphism. They conclude
that those six parameters of the mandibular could be used
for gender determination in Central Indian population with
an accuracy rate that varies from 81.7 to 85.4%.%

Loth et al. researched a non-metric method towards
sub-adult population South Africa showed the different
shapes in symphysis region and anterior mandibular corpus
could be used to predict the gender, the accuracy was above
80%.%” Based on Akhlagi et al. studies in subadult Iranian
samples, the mandibular anthropometric parameters are
not very helpful in sex determination below the age of 12.
However, if only the mandibular is available, symphysial
height and mandibular bigonial breadth could be used to
gender determination. In the 12-19 age group, the accuracy
of symphysial height and bigonial breadth in the differen-
tiation of gender was 69% and 86.2%, respectively.*

Kharoshah et al. stated that the parameters of the
mandibular which had significant differences between
males and females were bicondylar widths, gonial angles,
and mandibular ramus widths. The accuracy of gender
determination by using this parameter was about 83.6%
in males and 84.2% in females. On the contrary, our result
studies presented that there were no significant differences
between males’ and females' ramus widths. The differences
in the metric measurements indicated that the value
may differ among the population depending upon the
regional, geographic, environmental factors, genetics, and
hormonal factor.?!

In Saudi population aged ranging from 10-60 years
old, Sandeepa et al. studied nine mandibular parameters and
noted that mandibular ramus widths, mandibular corpus
heights in molar region, coronoid height, condyle height, and
mandibular corpus height in premolar region had the highest
dimorphism value. While the lowest dimorphism values were
gonial angles and bigonial widths. The average accuracy for
gender determination by using discriminant function varied
from 54.8% to 92.75%%. The highest accuracy value was
obtained from the combination of 9 parameters (maximum
ramus breadth, minimum ramus breadth, maximum
condylar height, maximum ramus height, maximum coronoid
height, gonial angle, bigonial width, body height in premolar

area, body height in molar area).*?
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In 2019, Bertsatos et al. studied 194 mandibles of adult
Greek aged ranging 19-99 years old. The research result
showed that only five parameters of the mandible exhibited
a cross-validated correct classification percentage over 75%.
These parameters concerned the right-side measurements:
ramus height, maximum ramus height, coronoid height,
coronion-gonion length, and maximum mandible length.
Their study produced several suitable discriminant functions
based on mandibular measurements that can be used
for gender determination unidentified individuals in the
Modern Greek population *

Lopez-Capp et al. did the studies towards the Brazilian
population aged ranging 18-104 years old found that among
the 21 parameters of the mandible analyzed, the greatest
sexual dimorphism was the bigonial breadth, minimum ramus
breadth right, left maximum ramus heights, mandibular
length, and bicondylar breadth. The discriminant analysis
revealed the accuracy varied from 49 to 79%. The greatest
accuracy was bigonial breadth (79%), and the lowest accuracy
was left body thickness at the mental foramen (49%).%

Based on our research and the other researches towards
different population we can say that the accuracy of discri-
minant analysis varies depending on the type of parameter,
the amount of parameter, and the population variation.
The limitation of our study is the small sample size used
in this present study. Therefore, we suggest that for future
researches, use larger samples and various populations to
assess the effectiveness of this gender determination method.

CONCLUSION

'This preliminary study in Surabaya-Indonesia population
age ranges 15-25-year-olds by using a panoramic radiograph
shows the highest accuracy of gender prediction by using
discriminant function was obtained from the combination
of the nine parameters. The ramus height is the greatest
gender dimorphism, and the least gender dimorphism
is ramus width. We hope that the derived discriminant
function can be used as a reference for gender prediction in
future researches, especially in dental forensic science.
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