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study by Holland [6], the base of the cranium was exposed 
to temperatures equivalent to fire accidents. It was observed 
that the basicranial dimensions were not altered significantly 
despite subjugation to high temperatures. This study proves 
that the anatomical structures such as the hard palate located 
in this region are heat resistant and hence ideal for sex 
determination [6]. In a study by Rogers [7], 17 morphological 
features of the cranium were analyzed for accurate sexing. 
This included nasal aperture, zygomatic extension, malar size 
and rugosity, supra-orbital ridge, chin form, nuchal crest, 
mastoid size, nasal size, mandibular symphysis and ramus 
size, forehead shape, and hard palate [7]. Mahakkanukrauh 
et al. [8] have analyzed 25 cranial dimensions of which 24 
exhibit statistically significant sexual dimorphism. Bony 
parameters such as the maximum length of humerus and its 

Introduction

Sex determination of skeleton is a preliminary step in every 
medicolegal investigation and the cranium and the pelvis are 
the most reliable sex determinants [1, 2]. It is often difficult 
to determine sex accurately in burns and explosions [3, 4]. 
The soft tissue distortion and bony fragmentation caused by 
heat often impedes sex determination [5]. In a simulation 
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Abstract: Sex determination is the preliminary step in every forensic investigation and the hard palate assumes significance 
in cranial sexing in cases involving burns and explosions due to its resistant nature and secluded location. This study analyzes 
the sexing potential of incisive foramen to posterior nasal spine length, palatine process of maxilla length, horizontal plate of 
palatine bone length and transverse length between the greater palatine foramina. The study deviates from the conventional 
method of measuring the maxillo-alveolar length and breadth as the dimensions considered in this study are more heat 
resistant and useful in situations with damaged alveolar margins. The study involves 50 male and 50 female adult dry skulls of 
Indian ethnic group. The dimensions measured were statistically analyzed using Student’s t test, binary logistic regression and 
receiver operating characteristic curve. It was observed that the incisive foramen to posterior nasal spine length is a definite sex 
marker with sex predictability of 87.2%. The palatine process of maxilla length with 66.8% sex predictability and the horizontal 
plate of palatine bone length with 71.9% sex predictability cannot be relied upon as definite sex markers. The transverse length 
between the greater palatine foramina is statistically insignificant in sexing crania (P=0.318). Considering a significant overlap 
of values in both the sexes the palatal dimensions singularly cannot be relied upon for sexing. Nevertheless, considering the 
high sex predictability of incisive foramen to posterior nasal spine length this dimension can definitely be used to supplement 
other sexing evidence available to precisely conclude the cranial sex.
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vertical head diameter exhibit a combined accuracy of 87% 
[9]. It is clear from these studies that providing a conclusive 
report on sex usually requires combined analysis of more than 
one sexually dimorphic parameter. Therefore, every study 
that defines new parameters helps in confirming sex more 
precisely. The hard palate is a bony structure separating the 
oral and nasal cavities, formed by the union of the palatine 
processes of maxillae and the horizontal plates of palatine 
bones linked by a cruciform suture [10]. There is sufficient 
scientific literature regarding the variability of palatal 
dimensions [11-14]. There are also studies on palatal rugal 
patterns that conclusively establish their sexing significance 
[15, 16]. Some authors have analyzed the palatal dimensions 
using computed tomography (CT) scans and confirmed 
their sexing significance [17]. Others have analyzed palatal 
dimensions in dry skulls where the maxillo-alveolar length 
and maxillo-alveolar breadth were conventionally used as 
sexing parameters [18]. However, we have deviated from 
the conventional method by measuring the length from 
the posterior margin of the incisive foramen to the tip of 
the posterior nasal spine. This dimension was statistically 
analyzed and was found to have 87.2% sex predictability. The 
reason for deviating from the traditional method is that in 
high amplitude fire accidents and explosions this dimension 
is always preserved as it lies in the midline. Moreover, studies 
also show that the bone density of palate is maximum in the 
incisive canal zone and in the median area behind the incisive 
foramen [19]. Further, this dimension remains unaffected 

by damage to the alveolar margins as they are excluded from 
measurement. The study also analyzes the sex predictability 
of palatine process of maxilla and horizontal plate of palatine 
bone as in some situations only bone fragments are available 
for forensic analysis. 

Materials and Methods

This study involving 100 adult dry skulls was conducted in 
the Department of Anatomy in one of the medical institutes 
in India. Only adult skulls that were completely ossified 
without any skeletal deformities were included in the study. 
Skulls with palatal defects were excluded. All skulls were 
procured from Urva cemetery, Ladyhill, Mangaluru city, 
Karnataka state, India. The 100 skulls included 50 male skulls 
and 50 female skulls aged between 26 to 65 years. All palatal 
dimensions were measured using a sliding digital calliper 
(Lianying 0005, Zhejiang, China) graduated to the last 0.01 
mm. 

Methodology
Specific landmarks were first defined on the hard palate. 

When the palatine processes of the maxillae and the horizon
tal plates of palatine bones meet at a single point, as shown 
in Fig. 1, that point was defined as ‘common meeting point’ 
(CMP). When the palatine processes of the maxillae and the 
horizontal plates of palatine bones do not meet at a single 
point, as shown in Fig. 2, the anterior meeting point and the 

CMP

Fig. 1. The sutural morphology when all the palatine bones meet at a 
common point. CMP, common meeting point.

PMP

AMP

Fig. 2. The sutural morphology when the palatine bones do not meet 
at a common point. AMP, anterior meeting point; PMP, posterior 
meeting point. 
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posterior meeting point were defined. 
When all the four palatine bones meet at a common point, 

the sagittal dimensions were measured as shown in Figs. 
3–5. The incisive foramen to posterior nasal spine length was 
measured as shown in Fig. 3. This measurement was taken 
from the posterior end of the incisive foramen to the tip of the 
posterior nasal spine. The palatine process of maxilla length 
was measured as shown in Fig. 4. This measurement was 
taken from the posterior end of the incisive foramen to the 
CMP. The horizontal plate palatine bone length was measured 

as shown in Fig. 5. This measurement was taken from the 
CMP to the tip of the posterior nasal spine. 

When all the four palatine bones do not meet at a common 
point, the sagittal dimensions were measured as shown in 
Figs. 6–8. The incisive foramen to posterior nasal spine length 
was measured as shown in Fig. 6. This measurement was 
taken from the posterior end of the incisive foramen to the tip 
of the posterior nasal spine. The palatine process of maxilla 
length was measured as shown in Fig. 7. This measurement 
was taken from the posterior end of the incisive foramen to 

PNSPNS

CMPCMP

IFIF

Fig. 3. The incisive foramen (IF) to posterior nasal spine (PNS) length 
when the bones meet at a point. CMP, common meeting point.

CMPCMP

IFIF

Fig. 4. The palatine process of maxilla length when the bones meet at a 
point. CMP, common meeting point; IF, incisive foramen.

CMPCMP

PNSPNS

Fig. 5. The horizontal plate palatine bone length when the bones meet 
at a point. CMP, common meeting point; PNS, posterior nasal spine.

PNSPNS

IFIF

PNSPNS
IFIF

Fig. 6. Incisive foramen to posterior nasal spine (PNS) length when 
bones do not meet at a point. IF, incisive foramen.
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the anterior meeting point. The horizontal plate palatine bone 
length was measured as shown in Fig. 8. This measurement 
was taken from the anterior meeting point to the tip of the 
posterior nasal spine. 

The transverse length between the greater palatine fora
mina was measured as shown in Fig. 9. This measurement 
was taken from the inner margin of right greater palatine 
foramen to the inner margin of the left greater palatine fora

men. 
All the dimensions were measured by a single observer 

to prevent inter-observer errors. All measurements were re
peated twice by the observer and the results were compared. 
If there was a difference of more than 0.1 mm then a third 
measurement was taken [20]. Intra-examiner reliability was 
evaluated by re-measuring 31 skulls after ten days. 

Statistical analysis
The dimensions measured were statistically analysed using 

SPSS version 20.0 (IBM Co., Armonk, NY, USA), two tailed 
Student’s t test (P<0.05), linear correlation, binary logistic 
regression and receiver operating characteristic curve. Paired 
t test and Dahlberg’s index was used to check systematic and 
casual error and the intra-examiner reliability. Binary logistic 
regression was applied to obtain an equation that determines 
the sex of the individual. An equation was obtained for 
each variable measured and on applying the equation to 
the variable value a predicted value was obtained. In this 
equation, the cut off value was 0.5 and hence if the predicted 
value was equal to or more than 0.5, it was considered female 
and less than 0.5, it was considered to be male. The predicted 
probabilities of binary logistic regression were analyzed using 
receiver operating characteristic curve. The receiver opera
ting characteristic curve is an indicator of the equation’s 
ability to distinguish two groups and the area under the curve 
measures the strength of the equation. If the area is less than 

IF
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Fig. 7. Palatine process of maxilla length when the bones do not meet 
at a common point. AMP, anterior meeting point; IF, incisive foramen.

AMP

PNS

P
N
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A
M

P

Fig. 8. Horizontal plate palatine bone length when the bones do not 
meet at a point. AMP, anterior meeting point; PNS, posterior nasal 
spine.

LGPFLGPF RGPFRGPF

Fig. 9. Transverse length between the greater palatine foramina mea­
sured in the study. LGPF, left greater palatine foramen; RGPF, right 
greater palatine foramen.
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0.5, it indicates that any observation is a matter of chance 
and a value close to 1 indicates that the equation strongly 
discriminates two groups. 

Results

The mean incisive foramen to posterior nasal spine length 
was greater than the mean transverse length between the 
greater palatine foramina with a P-value of <0.001, and by 
conventional criteria this difference is considered extremely 
statistically significant and is also consistent with the shape of 
the hard palate. The descriptive statistics of all the dimensions 
and their significance is summarized in Table 1. It is evident 
from the table that all the dimensions except the transverse 
length between the greater palatine foramina are statistically 
significant in sexing the crania. The incisive foramen to 
posterior nasal spine length has a P-value less than 0.001 
and hence is extremely significant in sex determination. The 
palatine process of maxilla length and the horizontal plate 
palatine bone length have a P-value of 0.004 and a P-value less 
than 0.001, respectively. Both the values are less than 0.05 and 
hence statistically significant. The transverse length between 
the greater palatine foramina has a P-value of 0.318 and hence 
is statistically insignificant. This implies that all the three 
anteroposterior dimensions of the hard palate are sexually 
dimorphic but the transverse dimension between the greater 
palatine foramina does not exhibit sexual dimorphism. 

Binary logistic regression analysis was used to obtain an 
equation that can determine the sex of the individual. The 
regression equations obtained for each of these significant 
variables and their significance is depicted in Table 2. It was 
observed that all the equations have a P-value less than 0.05 
and hence are statistically significant. 

The sex predictability percentage of individual dimensions 
was calculated using receiver operating characteristic curve. 
The area under the curve is a measure of strength of the equa
tion and hence a measure of sex predictability of the variable. 
The predicted probabilities of binary logistic regression were 
analyzed using this curve. The area under the curve was 0.872 
for incisive foramen to posterior nasal spine length, 0.668 for 
palatine process of maxilla length, and 0.719 for horizontal 
plate palatine bone length. All the values of area are more than 
0.5 which suggest that the variables significantly discriminate 
the two groups which in this case are males and females. 

As observed the incisive foramen to posterior nasal spine 
length with sex predictability of 87.2% is a definite sex marker. 
However, the palatine process of maxilla length with 66.8% 
sex predictability and the horizontal plate of palatine bone 
length with 71.9% sex predictability cannot be relied upon 
as definite sex markers. The receiver operating characteristic 
curve for incisive foramen to posterior nasal spine length is 
shown in Fig. 10, for palatine process of maxilla length (Fig. 
11) and for horizontal plate palatine bone length (Fig. 12). 

No linear correlation was observed between the sex-
pooled incisive foramen to posterior nasal spine length and 
the transverse length between the greater palatine foramina 
(Pearson correlation value of –0.118 and an insignificant 

Table 1. Descriptive statistics of all the dimensions and their significance
Dimension measured  

in millimetre
Mean±SD Sex Mean±SD P-value

Incisive foramen to posterior nasal 
   spine length

41.75±2.98 Male 43.54±2.53 <0.001
Female 39.95±2.23

Palatine process of maxilla length 26.66±2.45 Male 27.36±2.22 0.004
Female 25.96±2.48

Horizontal plate of palatine bone 
   length

15.09±2.66 Male 16.18±2.65 <0.001
Female 13.99±2.19

Transverse length between the 
   greater palatine foramina

30.69±3.19 Male 30.37±3.30 0.318
Female 31.01±3.18

P<0.05, dimension is statistically significant in sexing; P≤0.001, dimension is 
extremely significant in sexing.

Table 2. Regression equations obtained by BLR and their significance
Dimension measured in millimetre BLR model P-value

Incisive foramen to posterior nasal spine length (I) 30.018–0.720 (I) <0.001
Palatine process of maxilla length (P) 7.196–0.269 (P) 0.006
Horizontal plate of palatine bone length (H) 5.576–0.37 (H) <0.001
BLR, binary logistic regression. P<0.05, dimension is statistically significant in 
sexing; P≤0.001, dimension is extremely significant in sexing.
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Fig. 10. The receiver operating characteristic (ROC) curve for incisive 
foramen to posterior nasal spine length.
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P-value of 0.244). 

Discussion

Forensic anthropology is a branch of science, which 
applies scientific information regarding sexually dimorphic 
traits exhibited by the human skeleton for administration of 
law and justice [21]. Human cranial and pelvic components 
exhibit significant sexual dimorphism and hence, are consi
dered to be foremost in predicting skeletal sex with high 
accuracy [22]. The mastoid triangle, foramen magnum, hard 
palate, zygomatic arch, the pterion position, supra-orbital 
ridges, forehead slope and the orbital margins, are only a 
few of the several sexually dimorphic parameters, validated 
in the cranium by researchers across the globe in diverse 
populations [23-26]. The significance of hard palate in 
cranial sexing is attributed to its resistant nature and secluded 
anatomical position in the base of the skull. Hence, it is often 
available for forensic analysis even when the surface skeletal 
components are damaged as in fire accidents and explosions 
[6]. The skeletal components forming the hard palate develop 
by membranous ossification [27]. Despite membranous 
development the hard palate is highly resistant to heat [6]. 
Moreover, its bone density is maximum in the incisive canal 
zone and in the median area behind the incisive foramen 
[19]. Hence, in this study we have statistically analyzed this 
region of maximum bone density of the hard palate extending 
from the incisive canal to the posterior nasal spine. This 
dimension was found to have 87.2% sex predictability which 
is considered significant for forensic anthropology.

The conventional method of studying the palate in a dry 
adult skull involves measurement of maxillo-alveolar length 
and maxillo-alveolar breadth [18]. Here, two bony landmarks 
namely the prosthion and the alveolon are defined. The 
prosthion is the anterior point on the alveolar border of 
maxilla in the mid-sagittal plane between the two central 
incisors. The alveolon is the point where the mid-sagittal 
plane intersects a transverse plane at the posterior margin 
of the maxillary alveolar processes [28]. The linear distance 
between the prosthion and alveolon is the maxillo-alveolar 
length. The maximum breadth at the second maxillary molar 
from the outer surface of one alveolar border to the outer 
surface of the other is the maxillo-alveolar breadth [28]. In a 
study by Ramamoorthy et al. [18], the maxillo-alveolar length 
was found to be extremely significant in cranial sexing with 
a P-value of 0.001. The maxillo-alveolar breadth was found 
to be insignificant with a P-value of 0.103 [18]. However, 
in this study the sex predictability percentage or sexing 
accuracy of these dimensions was not determined and only 
their significance was ascertained. In a scenario, where the 
alveolar margins are pathologically deformed or fragmented 
due to trauma these conventional dimensions cannot be 
used for cranial sexing. In such situations the dimensions 
measured in this study assume significance as they do not 
involve the maxilla and the alveolar margins. The incisive 
foramen to posterior nasal spine length lies in the midline 
and is usually preserved for forensic sexing. In a study by 
Nishii et al. [19], in 160 cone-beam CT scans, it was observed 
that the palatal bone density and thickness was maximum 
in the incisive canal zone and in the median area behind the 
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Fig. 11. The receiver operating characteristic (ROC) curve for palatine 
process of maxilla length.
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tal plate palatine bone length.
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incisive foramen. This implies that the dimension extending 
from the posterior margin of incisive foramen to the tip of 
the posterior nasal spine is the most heat resistant part of the 
palate and hence is most suitable for forensic sexing.

In the present study, the incisive foramen to the posterior 
nasal spine length is proven to be the most reliable palatal 
dimension with 87.2% sexing accuracy. The palatine process 
of maxilla length with 66.8% sex predictability and the 
horizontal plate of palatine bone length with 71.9% sex 
predictability cannot be relied upon as definite sex markers. 
The transverse length between the greater palatine foramina 
is insignificant in sexing the crania. 

In a study in 100 adult dry skulls, the incisive fossa to 
basion length was found to be extremely significant in 
cranial sexing with a P-value of 0.004. The incisive fossa to 
greater palatine foramina length was found to be moderately 
significant with a P-value less than 0.05. The transverse 
dimension between the greater palatine foramina was 
insignificant in sexing with a P-value of 0.593. Two logistic 
regression models were derived for sex determination. The 
first model based on incisive fossa to basion length, incisive 
fossa to right greater palatine foramen length and incisive 
fossa to left greater palatine foramen length determined sex 
with 63% accuracy. The second model based on incisive fossa 
to basion length determined sex with 65% accuracy [29]. In 
another similar study, involving 200 adult dry skulls using 
logistic regression and discriminate function, the incisive 
fossa to basion length was found to have a sexing accuracy 
of 79.9% [30]. From the above mentioned studies, it can be 
inferred that the incisive fossa to basion length has a sexing 
accuracy of 65% to 79.9%. 

In another study involving 1,200 sinus CT scans of hard 
palate, it was observed that orale-spina nasalis posterior 
distance, the greater palatine canal depth and the anterior 
width of palatal arch exhibited significant sexual dimorphism. 
All the dimensions measured were found to be extremely 
significant in cranial sexing with a P-value less than 0.001. 
In this study, two logistic regression equations were derived. 
The first equation was based on orale-spina nasalis posterior 
distance and had a sexing accuracy of 68.35%. The second 
equation was based on right greater palatine canal depth, 
orale-spina nasalis posterior distance and the anterior width 
of palatal arch and had a sexing accuracy of 78.37% [17]. 
The orale-spina nasalis posterior distance measured in this 
study is marginally longer than the incisive fossa to posterior 
nasal spine distance measured in our study. The orale being 

a fixed bony landmark seen on the CT-scan is located a few 
millimetres anterior to incisive fossa. In our present study, the 
incisive fossa to posterior nasal spine distance has a sexing 
accuracy of 87.2% and in this study, the orale-spina nasalis 
posterior distance has a sexing accuracy of 68.35%. 

In a three dimensional study on the hard palate and basi
cranium in 176 adult dry skulls, it was observed that the 
palate was deeper and longer and the cranial base shorter 
in males than females. The study concluded that if both the 
shape and size of palate and basicranium were combined, it 
was possible to determine sex with an accuracy of 90.4% for 
basicranium and 74.8% for hard palate [31]. 

From the studies mentioned above, it may be inferred, that 
the sagittal dimensions of the hard palate and the basicranium 
are extremely significant in sexing the crania. The maxillo-
alveolar length was extremely significant with a P-value 
of 0.001 [18]. The orale-spina nasalis posterior distance in 
CT scans was also extremely significant with a P-value less 
than 0.001 [17]. In our present study all the three sagittal 
dimensions were extremely significant; the incisive fossa to 
posterior nasal spine distance with P-value less than 0.001, 
the palatine process of maxilla length with P-value of 0.004, 
and the horizontal plate palatine bone length with P-value less 
than 0.001. The incisive fossa to basion length was also found 
to be extremely significant with a P-value of 0.004 [29].

Similarly, the sagittal dimensions are consistently accurate 
in sexing the crania. The sexing accuracy means, the accu
racy of the regression model derived in the respective stu
dies using specific dimensions that exhibited significant 
sexual dimorphism. The sexing accuracy is described as a 
percentage. The orale-spina nasalis posterior distance in CT 
scans showed an accuracy of 68.35% [17]. In our present 
study the incisive fossa to posterior nasal spine distance 
showed a sexing accuracy of 87.2%, the palatine process of 
maxilla length an accuracy of 66.8% and the horizontal plate 
of palatine bone length, an accuracy of 71.9%. The incisive 
fossa to basion length showed a sexing accuracy of 65% in 
one study [29] and 79.9% in another [30]. The accuracy of 
individual palatal dimensions in cranial sexing as observed 
by diverse authors is summarized in Table 3. The accuracy of 
combined palatal dimensions in cranial sexing as observed by 
diverse authors is summarized in Table 4.

We can also infer that the transverse dimensions of the 
palate do not exhibit sexual dimorphism. The maxillo-
alveolar breadth was found to be insignificant with a P-value 
of 0.103 [18]. The transverse distance between the greater 
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palatine foramina was found to be insignificant in the present 
study with a P-value of 0.318 and in the study by Nascimento 
Correia Lima et al. [29] with a P-value of 0.593. 

A literature defined conclusion on sexual dimorphism 
of hard palate dimensions can also be established based on 
this study and other studies preceding it. It can be stated that 
several dimensions of hard palate such as incisive fossa to 
posterior nasal spine length, incisive fossa to greater palatine 
foramina length, palatal size and shape, palatal depth, orale-
spina nasalis posterior distance, the greater palatine canal 
depth and the anterior width of palatal arch in CT scans, 
maxillo-alveolar length and incisive fossa to basion length 
exhibit significant sexual dimorphism.

The incisive foramen to posterior nasal spine length is 
a definite sex marker in cranial sexing with an accuracy of 
87.2%. This dimension assumes significance in sexing crania 
associated with distorted alveolar margins where the maxillo-
alveolar length cannot be accurately measured. Previous 
studies have shown that the incisive canal zone and the area 
behind the incisive foramen are the thickest regions of the 
palate. Therefore, this dimension is the most resistant part of 
the palate and also has a secluded anatomical location and 
hence is usually available for forensic analysis. The palatine 
process of maxilla length with 66.8% sex predictability and 
the horizontal plate of palatine bone length with 71.9% sex 
predictability cannot be relied upon as definite sex markers. 
The transverse length between the greater palatine foramina 
is statistically insignificant in sexing crania. Considering 
a significant overlap of values in both the sexes the palatal 
dimensions singularly cannot be relied upon for sexing. 
Nevertheless, considering the high sex predictability 
of incisive foramen to posterior nasal spine length this 
dimension can definitely be used to supplement other sexing 
evidence available to precisely conclude the skeletal sex.
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