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SUMMARY: Sex estimation is an essential step in personal identification and a cornerstone for developing biological profile
from skeletal remains. The present study aimed to evaluate the role of maxillary arch widths and lengths as unique pattagneters i
estimation of sex in Egyptian populations. Maxillary arch measurements were collected from 1410 subjects where palatalampressi
were obtained from each participant. Fourteen maxillary inter-teeth widths and lengths that excluded teeth dimensionsglegre incl
The current study revealed that among the studied population, Egyptian men showed significant differences (p<0.05) irraknieasu
except widths related to the second molar, inter-second premolar length, and mesial inter-second molar length. Mosffiohtite sign
sex predictors were related to the first molar. The distal inter-first molar length is the best sex predictor with tharbayhbeter
Curve =0.771, at the cut-off value >34.57 mm, it could predict the sex with sensitivity of 69.8 %, specificity of 58.8 % @Hhdle
first molar could be considered as one of the most valid and reliable teeth in estimating sex in Egyptian populationsstineseems
may be used as a reference in different populations in cases of mass disaster or relevant events
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INTRODUCTION

Identification of deceased bodies and human remaiftge same race (Shahat al, 2013). These findings were
is a crucial forensic issue that still represents a major dilemrgpserved among Nigerian, Iragi, American, and other
in justice (Patel & Joshi, 2016). Although DNA analysis iopulations (Ibeachet al, 2015). Various parameters were
the most popular method in forensic identification, fevihcluded in different studies regarding maxillary teeth
countries have the budget for DNA collection and analysifeasurements (Rani, 2017). Among most of them, tooth
following mass disasters. Sex determination is an essenti#hensions were commonly used and pointed out significant
step in personal identification and a cornerstone f@jifferences between men and women in the majority of
developing biological profile from skeletal remainsprevious studies (Iscan & Kedici, 2003; Grewizdl, 2017).
(Capitaneantet al, 2017; Nagarest al, 2018). Many
conditions may make the identification process a difficult However, to the best of our knowledge, no studies had
mission; putrefaction is one of them, as it renders visupken conducted to assess the sex using inter-teeth
identification almost impossible after 24-48 h (Morgdn measurements with the exclusion of tooth dimensions.
al., 2006). Identification by bony and dental measurementgoreover, local data collection is also greatly important due
is an established method that is an easy, short responstgghe existence of ethnic differences in dental arch dimension.
accurate, and long-lasting tool (Perestal, 2010). In forensic identification, accurate ethnicity data associated

with forensic odontology are essential in informing health

Dental measurements showed variations betweegperts, especially the forensic odontologist Ighbal (2009).
men and women in different ethnic populations with memhe data related to dental measurement in sex estimation are
tending to have greater palatal dimensions than women@ft well documented in Egyptian populations.
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Therefore, the present study aimed to evaluate tlkepartment during the study period. Palatal impressions
role of maxillary arch widths and lengths, with exclusion ofvere obtained according to Vernea al. (2014). The
the teeth size, as unique parameters in sex assessment amohgiteer’s mouth was cleaned and carefully inspected to
Egyptian populations. ensure its reliability in the study. In a sterilised rubber
bowel, plain water was added to a measured amount of
rapid set flavoured alginate powder. They were mixed with
MATERIAL AND METHOD a stainless-steel spatula for 30 seconds and shaken to
eliminate air bubbles, if any. The alginate paste was
transferred into a suitable sized partially perforated tray.
Study design and settingThis is a cross-sectional studyThen, the tray was inserted into the mouth and firmly
which was carried out during the period from January 1giressed against the volunteer’s palate for 90 seconds.
2019 to January 1st, 2020. The included participants wdbeiring this time, subjects were asked to keep the mouth
recruited from patients who presented to outpatient’s hosgipen. After complete transformation into semisolid, the
tal department in Faculty of Medicine, Tanta Universityimpression was gently removed and washed under running
Egypt. water to be cleaned of saliva and debris and immediately
filled with the plaster of Paris to obtain the most accurate
Sample size.The cases involved were recruited usinglental cast. After hardening of the casts, they were carefully
convenience sampling techniques to approach the largegamined to exclude those with any artefacts.
number of participants. The current study was conducted on
1410 volunteers divided into two subgroups: the first groupental measurementsUnder direct illumination, palatal
was composed of 890 women, and the second groopasurements were obtained using a Vernier calliper (150-
consisted of 520 men. mm calliper calibrated to 0.05 mm). The measurements
were obtained where the buccolingual dimensions of the
Participants Inclusion and exclusion criteria. Adults teeth were excluded from the measurements as mentioned
within the age range of 18-55 years with complete maxillagbove (Ahmad, 2009). Figure 1 illustrates the maxillary
dentation from central incisors to second molar teeth weaech width measurements. The inter-first premolar width
included in our study. We excluded individuals with(4—4) and inter-second premolar width (5-5) are the linear
abnormal teeth number (congenitally absent teeth, decidualistances between the lingual cusp tips of the maxillary
tooth retention, supernumerary teeth) or shape (overjetfast premolars and second premolars, respectively.
overbite teeth) that may affect dental arch measuremep
and those who have dental caries or teeth attrition that co
affect the size and form of the dental arch. Moreover, patie
with history of orthognathic surgery and orthodontig
treatment, those who have cleft palate and/or pala
asymmetries, those who have artificial palatal grafts, Hea
calculus deposits and hypoplastic defects along ceme
enamel junction and those with known allergy to impressid
materials were excluded.

Ethical approval and consent for participate.The current
study was conducted in accordance with the ethical standa
of the Declaration of Helsinki. Data collection was performe
after obtaining approval of research ethical committees fro
the Faculty of Medicine, Tanta University, Egypt (numbe
33730/3/20). Furthermore, written informed conse
explaining the manoeuvre and volunteer rights was obtain

from each participant. Fig. 1. Maxillary dental arch width measurements.

Data collection tools

Regarding the molars, six measurements of the first
Palatal impression preparation procedure. The and second maxillary molars were recorded. Concerning the
manoeuvre was explained to the participants meeting tfiest molar, the mesial inter-first molar width (6—6 mesial)
inclusion criteria and presented to outpatient’s hospitéd the first molars, mid inter-first molar middle width (6-6
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mid) is the linear distance between the most promineimdependent investigators recorded the measurements of 50
gingivolingual points of the first molars, and lastly the distalolunteers (25 males and 25 females) at two separate times
inter-first molar width (6-6 distal) is the linear distancewith an interval of one-week. To calculate the inter-observer
between the distal lingual cusp tips of the first molars (Akrror, among the 50 volunteers, the studied measurements
Zubair, 2015). Regarding the second molar, the inter-secowere recorded in separate spread sheets by two different
molar widths (7-7 mesial, mid, and distal) were measured @ssessors: A dentist and a forensic pathologist. Both, intra-
the same method conducted for the first molar (Raefcci observer and inter-observer error rates were calculated for
al., 2015). the different measurements utilizing t-test. Also, we
calculated the technical error of measurement (TEM) for all
Maxillary lengths were expressed as verticaihcluded measurements.
distances (1- X), where 1 refers to the point of mesial contact
of upper central incisors and X is a point in the middle of &tatistical analysisThe obtained data were analyzed using
line representing the width between the correspondirtige Statistical Package for the Social Sciences version 27
maxillary teeth. These measurements involved six lengttsaftware program (IBM Corporation, Armonk, NY, USA).
The inter-first premolar length (1-4) measured from a poiBtach cohort was analyzed separately to avoid racial
of mesial contact surface of upper central incisor to thdfferences between the populations. The data were tested
midpoint of the linear distance between the inter-firdor normality using the Shapiro-Wilk test. The values were
premolar width mentioned above. The inter-seconexpressed as means and standard deviations (SDs) on 95 %
premolar length (1-5) is highlighted as the line joining theonfidence interval. Regarding the different palatal
point 1 with a point at the middle of the inter-secontheasurements, males and females were compared using
premolar width. The inter-molar lengths were coded as (lhdependent sample t-test. Univariate and multivariate binary
6 mesial), (1-6 distal) for the inter-first molar and (1-7ogistic regression was carried out to assess the significance
mesial), (1-7 distal) for inter-second molar lengths. Botbf different measurements as sex predictors. Receiver
molar lengths were expressed by vertical lines passiogerating characteristic ROC curves were elaborated for the
through the point of mesial contact of upper central incisonseasurements showing the highest areas under curves.
and points at the middle of the inter-first molar width an@ermissible limit of error (alpha) of 0.05 and study power
inter-second molar width consecutively as depicted in F80 % were considered.
gure 2. Data were collected in a spreadsheet for every
participant and coded with secret number. In addition to
the measurement, demographic data, including age, sBESULTS
and residence for each volunteer, were recorded.

The results of intra-observer and inter-observer errors
revealed no significant difference in all studied
measurements (p > 0.05). TEM values were low and ranged
between 0.09 and 0.25 for intra-observer error and between
0.12 and 0.39 for inter-observer error.

In the current study, women (890) constituted 63.12
% of the total participants, while men (520) represented 36.88
%. Regarding the residency of studied populations, 35.3 %
of participants lived in urban areas, while 64.7 % lived in
rural areas. Furthermore, 40.1 % of the included subjects
were educated, while approximately 59.9 % were illiterates.
In addition, 30 % of the participants were employed, 20.8 %
were housewives, 40.2 % worked as farmers, and 9 % did
not report any working activities.

Fig. 2. Maxillary dental arch length measurements. The mean age of the participants was 33.62+10.01

years, and the range was from 18 to 55 years. The mean age
Method error. In order to increase the objectivity of thedid not show any significant differences between the studied
current study, intra-observer and inter-observer error wegeoups (p> 0.05) (mean+SD for women = 33.82+10.42 years,
considered. To reduce the intra-observer error, twend for men = 37.47+12.41 and p = 0.66).
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Table | depicts the different measurements amongolar. Regarding the palatal lengths, all measurements,
Egyptian men and women. All measurements were lengthiexcept the inter-second premolar length and mesial inter-
in men than women. This difference was significant (p< 0.05econd molar length, showed significant differences between
in all width measurements, except those related to the secomein and women (p< 0.05).

Table I. Maxillary arch measurements in Egyptian participants involved in the current study.

Maxillary arch measurement All Men Women p Mean 95 % CI of the
participants N =520 N = 890 differe difference
n =1410 nce
Mean+SD Mean+SD Mean+SD L ower Upper

Inter-first premolar width (4-4) 31.82+2.60 32.45+2.64 31.45+2.52 0.03* 0.99 0.09 1.89
Inter-second premolar width (5-5) 36.70+3.32 37.67+3.71 36.05+2.88 0.01* 1.62 0.38 2.86
Mesid inter-first molar width (6-6 mesial) 40.92+3.65 42.32+3.84 40.05+3.26 0.00* 2.26 0.95 3.57
Mid inte -first molar width (6-6 mid) 34.81+3.44 35.84+3.78 34.24+3.12 0.01* 1.60 0.37 2.83
Distal inter-first molar width (6-6 distd) 43.31+3.45 44.31+3.97 42.70+2.97 0.02* 1.60 0.24 297
Mesid inter-second molar width (7-7 46.60+3.81 47.39+3.98 46.12+3.65 0.08 1.27 0.15 2.69
mesiad)

Mid inte -second molar width (7-7 mid) 39.61+3.27 40.36+3.49 39.14+3.05 0.06 1.22 0.08 2.52
Distal inter-second molar width (7-7 48.07+4.26 48.56+3.28 47.76+4.79  0.39 0.79 1.03 2.63
distal)

Inter-first premolar length (1- 4) 16.43+1.98 17.11+2.26 16.03+1.69 0.00* 1.08 0.402 1.75
Inter-second premolar length (1-5) 23.09+2.49 23.59+2.70 22.78+2.32 0.077 0.81 0.09 1.70
Mesid inter-first molar length (1-6 29.95+2.85 30.73+2.58 29.49+2.92 0.02r 1.25 0.19 2.29
mesid)

Distal inter-first molar | ength (1-6 distal) 34.52+2.91 35.85+3.01 33.68+2.52 0.00* 2.17 1.12 3.22
Mesid inter-second molar length (1-7 40.42+3.05 41.08+2.90 40.04+3.09 0.08 1.03 0.13 2.19
mesiad)

Distal inter-second molar length (1-7 43.84+3.15 44.64+2.96 43.23+3.18 0.04* 142 0.06 2.77
distal)

*Significance at p < 0.05; Cl, confidence interval.

Table Il. Univariate and multivariate analysis of maxillary arch measurements among Egyptian participants involved intheidyrre

Maxillary arch measurement Univariate| ogistic regression Multivariate logistic regression
P OR 95 % ClI for OR P OR 95 % ClI for OR
Lower Upper L ower Upper
Inter-first premolar width (4-4) 0.03* 0.99 0.09 1.89 0.14 0.87 -0.31 204
Inter-second premolar width (5-5) 0.01* 1.62 0.45 2.79 0.03* 1.63 0.12 3.15
Mesid inter-first molar width (6-6 mesial) 0.00* 2.26 0.95 357 0.00* 2.49 0.99 3.99
Mid inter-first molar width (6-6 mid) 0.01* 1.60 0.37 2.83 0.06 1.61 -0.08 3.29
Distal inter-first molar width (6-6 distal) 0.01* 161 0.34 2.87 0.00* 2.53 1.05 4.01
Inter-first premolar lenath (1-4) 0.00* 1.08 0.40 1.75 0.01* 1.25 0.38 213
Mesid inter-first molar lenath (1-6 mesid) 0.02* 1.25 0.19 2.29 0.04* 1.29 0.06 254
Distal inter-first molar | ength (1-6 distal) 0.00* 217 112 3.22 0.01* 1.88 0.55 321
Distal inter-second molar length (1-7 distal) 0.04* 142 0.06 2.78 0.05 1.55 0.23 2.88

*Significance at p < 0.05; Cl, confidence interval, OR odds ratio.

Univariate and multivariate logistic regression prediction (p< 0.05). Most of the significant predictors (four
analysis were conducted to ascertain the effects of the ningt of six) were related to the first molar including the mesial
measurements that showed significant differences betweéner-first molar width, the distal inter-first molar width, the
both groups on sex prediction (Table 11). Out of thesanesial inter-first molar length, and the distal inter-first mo-
measurements, six measurements showed significant skex length.
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ROC curves of the six significant predictors showedm, the distal inter-first molar length could predict the sex
that distal inter-first molar length is the best sex predictavith sensitivity of 69.8 %, specificity of 58.8 %, p<0.05 as
with the highest AUC =0.771, at the cut-off value >34.58hown in Table Il and Figure 3.
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Fig. 3. Receiver operating characteristic ROC curves of the significant sex predictors in the Egyptian population.

Table Ill. Receiver operating characteristic ROC curves of the significant sex predictors in the Egyptian population.

Pal atal measurement Cudifvalue o ity Specificity AUC Pvaue
(mm)
Inter-second premolar width (5-5) 37.13 56 % 66.2% 0.647 0.01*
Mesid inter-fird molar width (6-6 mesial) 41.23 60% 64.4% 0.667 0.01*
Distal inter-first molar width (6-6 distal) 419 57.8% 57.3% 0.629 0.02*
Inter-first premola length (1-4) 16.53 60 % 61.6 % 0.647 0.00*
Mesid inter-fire molar | ength (1-6 mesia) 30.37 52.3% 66.7 % 0.639 0.01*
Distd inter-first molar length (1-6 distd) 3457 69.8 % 58.8% 0.771 0.00*

*Significance at p < 0.05, AUC: Area Under Curve

DISCUSSION

Dental arch measurements are good identificatidhemselves within the dental arch measurement (Iscan &
tools due to their high resistance to trauma and putrefactidtgdici; Al-Zubair) while others utilised the central fossa
There are increasing concerns on the use of dental afftinolars as a reference point on both sides (Rao & Kiran,
measurements as sex predictors as they are easy a8#6).
inexpensive and could be of great use in mass disasters
(Naranget al, 2015). Previous studies reported significant In the present study, we hypothesized that some
differences in tooth size between men and womdilatal measurements which have been established between
(Capitaneanet al). Other studies implemented differentlingual surfaces of teeth with exclusion to the tooth size
dental measurements; most of them included tH@uld precisely assess the sex among different populations.
mesiodistal and/or buccolingual dimensions of teetfo the best of knowledge, the present study is the only
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prospective study conducted among Egyptian populati@opulations. This was similar to the finding reported in
and excluded tooth size compared with palatadnother study conducted lifgandan (Okorét al).
measurements among men and women. In the current study,
the most significant measurements that could assess sex is Few studies supported combining both inter-molar
that of the first molar. The role of the first molar as seand inter-premolar widths as good sex predictors.
predictor was mostly overlooked by the majority of previou€hinagoromet al (2018) suggested the preference of inter-
studies, as the premolars and canines were mostly involvpdemolar and inter-molar widths as sex predictors. On the
same line and among the Ikwerres Nigerian population,
The results obtained in the current study showdbdeachuet al suggested the inter-first premolar and inter-
that Egyptian men recorded significantly higher differerfirst molar widths as sex predictors.
dental arch measurements compared with women of the
same ethnicity. These results were in agreement with other ~ Concerning palatal lengths, the present study reported
studies conducted on different populations, such as Yemsignificant differences in some measured maxillary palatal
(Al-Zubair; Turkish (Iscan & Kedici), Chinese (Ling & lengths between men and women. These observations were
Wong, 2009), Indian (Rani), Saudi (Alkadttial, 2018), similar to the results reported in a previously conducted study
and Ugandan (Okoeit al, 2015). They reported significant by Patel & Joshi who documented significant lengthier inter-
differences between men and women regarding tliest molar length in men compared to that in women. In
different palatal measurements. These findings could besparity with the results obtained in the current study, Al-
attributed to the larger size of the male skeleton compargdbair reported significant differences in palatal length
to the female skeleton, and the same might apply to thetween Yemeni men and women; surprisingly, women
palatal lengths (Husseet al, 2009). recorded higher values than men. The palatal length
mentioned in their study is equivalent to the distal inter-first
Concerning the inter-molar measurements, thaolar length included in the current study (Al-Zubair).
results obtained in the current study showed that men have
significantly wider inter-first molar measurements than Partially agreed results were obtained by Alkaathi
women regarding all inter-first molar widths. These result., who conducted their study among the Saudi population.
were in agreement with Al-Zubair, who conducted theifhey mentioned significant differences between men and
study in Yemeni populations and reported a significamtomen regarding the inter-premolar and inter-molar widths
higher mesial inter-first molar width in the men comparednd reported nonsignificant differences between both sexes,
that women. Similar results were obtained elsewhere (Reegarding all measured maxillary palatal lengths (Alkadhi
& Kiran). Another study conducted in India pointed ougt al). As previously mentioned, these differences might be
the same finding besides suggesting the maxillary inteattributed to the different ethnicities.
first molar width as a more accurate sex predictor than the
maxillary inter-canine width (Bano & Babu, 2018). Al-
Khatib et al used a stereophotogrammetrical system @ONCLUSIONS
Southeast Asian Malays and reported similar results (Al-
Khatibet al, 2011). Added to the previous agreeing studies,
Patel & Joshi also reported highly significant differences In the Egyptian populations, men showed significant
in maxillary arch width and length between men antigher palatal widths and lengths than women of the same
women, with men having larger measurements (Patel &hnicity. Excluding the mesiodistal and buccolingual
Joshi, 2016). These proposed measurements are equivatigmensions of the teeth, the inter-first molar dimensions,
to the inter-first molar width included in the present studyspecially the distal inter-first molar, length could be utilised
as reliable sex predictors with acceptable degree of accuracy.
Regarding the inter-premolar widths, the maxillaryfhe current study recommends studying the role of first
inter-first premolar widths were significantly larger in menmolar in sex assessment in other populations.
This was consistent with the results of two different studies
conducted in the Indian populations Greeishl. Grewal
et al reported that the inter-first premolar width (horizonACKNOWLEDGMENTS
tal distance between buccal cusp tips of maxillary first
premolar teeth on both sides) could be used as a sex
predictor with good predictive value. Concerning the inter- The authors extend their appreciation to the Deanship
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