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Abstract

Objective: The present study aimed to evaluate the possibility of sex and age estimation in a Brazil-
ian sample, using the following five mandibular measurements: coronoid height, gonial angle, bigo-
nial distance, ramus height, maximum length. Material and methods: In total, 103 mandibles were
measured, 53 female and 50 male, grouped according to the age in 5 different groups. Two differ-
ent observers performed all these measurements. For statistical analysis, one-way ANOVA was used
with a significance level of 5% to verify if the mandibular measurements were related to age. The Stu-
dent t-test was used for comparisons between the sex samples. Eighty three samples were used to
develop a logistic regression model. The intra-observer and inter-observer differences were evalu-
ated using the Kappa coefficient. Results: The sex differences were statistically significant in all the
variables, and all of them were larger in men, apart from the variable related to the gonial angle (GA),
which was larger in women. For the logistic regression formula, the variables used were: bigonial dis-
tance and mandibular ramus, with 90% accuracy. For age, the measurements did not show a pattern.
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Key words

The inter and intra-observer values were greater than 0.85. Conclusion: In conclusion, it is possible
to estimate sex using mandibular measurements, but it is not recommended to use these measure-

ments for age estimation.

Introduction

The identification of unknown human remains in cases
of putrefaction, skeletonization or mutilation is common in
forensic practice (1,2), and in these cases, secondary meth-
ods, such as the establishment of an anthropological profile,
are useful and important (3), through the sex, age, ancestry,
and stature estimation, among other parameters of forensic
interest.(3,4)

Sex is highly important for forensic purposes, mainly be-
cause it is necessary to estimate other anthropological param-
eters.(4,5) There are different methodologies for estimation,
which involve analyses of teeth and bones.(6-9) Several au-
thors have studied the mandible for sex and age estimation,
mainly because it is robust and protected by the facial muscu-
lature, making it easier to be found intact. (10)

Additionally the adult mandible can be used to estimate
sex with a high degree of accuracy(5,7), the average values of
mandibular measurements are larger for men than for wom-
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Uvod

Identifikacija nepoznatih ljudskih ostataka u slucaju ras-
pada ili saka¢enja uobicajena je u forenzickoj praksi (1, 2), a
u tim su slucajevima korisne i vazne sekundarne metode, po-
put uspostavljanja antropoloskog profila (3) putem spola, do-
bi, roda i stasa, medu ostalim parametrima od forenzickog in-
teresa (3,4).

Spol je vrlo vazan za forenzicke svrhe, uglavnom zato $to
je potreban za procjenu drugih antropoloskih parametara (4,
5). Postoje razli¢ite metodologije za procjenu koje ukljucuju
analizu zuba i kostiju (6 — 9). Nekoliko autora proucavalo je
mandibulu za procjenu spola i dobi, uglavnom zbog toga $to
je robusna i zadti¢ena muskulaturom lica, $to omogucuje da
ostane intaktna (10).

Uz to, mandibula odraslih moze se upotrijebiti za procje-
nu spola s visokim stupnjem toc¢nosti (5, 7), a prosjecne vri-
jednosti mjerenja veée su kod muskaraca negoli kod Zena (5,
7, 11). Kada se proucava odnos gonijalnog kuta i spola, neki
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en.(5,7,11) When studying the relationship between the go-
nial angle and sex, some authors observed that the mean value
is larger in women than it is in men.(11,12) Results obtained
in several studies showed that the mandibular ramus and the
coronoid height have a high discriminatory power for each
sex, and can be used for sexual differentiation. (5,6,8)
Usually methods of age estimation involve bone and den-
tal analysis.(13-16) Bone measurements have been very use-
ful in these cases, because they are fast and simple to apply.
The mandibular ramus is generally intact when identification
is required, and has therefore been the subject of much re-
search to estimate age.(17) The gonial angle changes during
life, at birth being rather obtuse, then decreasing as one grows
up, and increasing again in old age.(18) During growth, the
mandibular ramus increases more in height than the man-
dibular body in length, making the angle more acute.(18,19)
There is a scientific consensus that genetic influences skel-
etal features, and because of that the miscegenation presented
in Brazil makes difficult to estimate age and sex based on in-
ternational measurements and methodologies, since they were
often for European populations. (6,8,10) It is very important
that each population have their own measurements and for-
mula to estimate age and sex, (6,8,10) validating or creating
methods for Brazilian population. Thinking in this impor-
tance, the present study aimed to evaluate sex and age estima-
tion in a Brazilian sample, using mandibular measurements.

Material and methods

The study was approved by the Ethics Committee on Re-
search under number CAAE: 50415215.0.0000.5419, fulfill-
ing all the requirements of the Brazilian Resolution 466/12.
(20)

In total, 103 mandibles were measured, 53 female and 50
male, from the Bone Museum of the Department of Social
Dentistry (UNICAMBP, Piracicaba Dental School). This mu-
seum consists of a contemporary sample. The ancestry is dif-
ficult to estimate since the population of Brazil is heteroge-
neous and mixed. Only mandibles in good conditions were
included: mandibles without fractures and with previous re-
cords about sex and age. Mandibular bones with presence of
trauma, malformation, bone lesions or deformities that did
not provide a complete mandible were excluded, as well as
the ones which had no prior record of sex and age.

The following five measurements were used: coronoid
height, gonial angle, bigonial distance, ramus height and
maximum length. All these measurements were performed
by two observers, without access of the data from the skel-
etons (age and sex), and without talking to each other. The
measurements were repeated, for both observers, a month af-
ter the first measurement, in 30% of the sample.

The measurements were performed in some specific land-
marks of the mandible, based on the book “Human Osteol-
ogy” (21). The measurement of the coronoid height process
was performed using the Coronion (Cr) - the point at the
tip of the coronoid process of the mandible, and the Gonion
(Go) — point along the rounded posteroinferior corner of the
mandible, between the ramus and the body, as can be seen in
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su autori zapazili da je srednja vrijednost veca kod Zena ne-
goli kod muskaraca (11, 12). Rezultati dobiveni u nekoliko
istrazivanja pokazali su da ramus mandibule i visina korono-
ida imaju visoku diskriminacijsku snagu za oba spola i mogu
se koristiti za spolno razlikovanje (5, 6, 8).

Obi¢no metode procjene dobi uklju¢uju analizu kostiju i
zuba (13 — 16). Mjerenja na kostima u tim su slu¢ajevima vr-
lo korisna jer su brza i jednostavna za primjenu. Ramus man-
dibule opcenito je intaktan te je stoga bio predmetom mno-
gih istrazivanja u kojima se procjenjivala dob (17). Gonijalni
kut mijenja se tijekom zivota — pri rodenju je prilicno nagla-
$en, a smanjuje se kako osoba raste i ponovno se povecava u
starosti (18). Tijekom rasta ramus mandibule povecava se vi-
$e u visinu negoli u duzinu tijela mandibule te ¢ini kut ostri-
jim (18, 19).

Postoji znanstveni konsenzus da genetika utje¢e na ko-
Stana obiljezja, pa zbog toga mijesanje rasa u Brazilu oteza-
va procjenu dobi i spola na temelju medunarodnih mjerenja
i metodologija jer su one Cesto bile namijenjene za europsku
populaciju (6, 8, 10). Vtlo je vazno da svaka populacija ima
vlastita mjerenja i formule za procjenu dobi i spola (6, 8, 10)
na temelju kojih se mogu potvrditi ili stvoriti metode za bra-
zilsku populaciju. Imajuéi to na umu, cilj ovog istrazivanja
bio je, koriste¢i se mjerenjem mandibule, procijeniti spol i
dob u brazilskom uzorku.

Materijal i metode

Istrazivanje je odobrilo Eticko povjerenstvo za istrazivanja
pod brojem CAAE: 50415215.0.0000.5419 i ispunjavalo je
sve zahtjeve Brazilske rezolucije 466/12 (20).

Ukupno su izmjerene 103 mandibule — 53 Zenskih i 50
muskih iz Muzeja kostiju Odjela za socijalnu stomatologiju
(UNICAMP, Stomatoloska skola Piracicaba). U tom su mu-
zeju suvremeni uzorci. Podrijetlo je tesko procijeniti s obzi-
rom na to da je stanovnistvo Brazila raznoliko i mijesano.
Ukljucene su samo mandibule u dobrom stanju — dakle, do-
nje Celjusti bez prijeloma i sa zapisima o spolu i dobi. Man-
dibularne kosti s traumama, malformacijama, lezijama ili
deformacijama bile su iskljucene, kao i kosti za koje se sa si-
gurno$¢u nisu znali spol i dob.

Obavljeno je sljede¢ih pet mjerenja: visina koronoida, go-
naijalni kut, bigonijalna udaljenost, visina ramusa i maksi-
malna duljina. Sve su to u¢inila dva promatraca, bez pristupa
podatcima o kosturu (dob i spol) i bez medusobnog razgovo-
ra. Oba promatraca ponovila su mjerenja mjesec dana nakon
prvog mjerenja na 30 % uzoraka.

Mjerenja su provedena na nekim specifi¢nim orijentacij-
skim to¢kama mandibule temeljenima na knjizi Ljudska oste-
ologija (21). Mjerenje visine koronoida obavljeno je izme-
du tocaka coronion (Cr) — tocke na vrhu koronoidnog nastavka
mandibule i gonion (Go) — tocke duz zaobljenoga posteroin-
feriornog ugla mandibule, izmedu ramusa i tijela, kao $to se
moze vidjeti na slici 1. A. Gonijalni kut (GA) nastaje sjeci-
stem tijela i ramusa mandibule, kako je istaknuto na slici 1.
B. Mjerenje bigonijalne udaljenosti provedeno je izmedu to-
¢aka gonion (Go) na objema stranama, kao $to je prikazano
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Figure 1-A. The gonial angle (GA) is formed by the intersec-
tion between the mandibular body and the mandibular ra-
mus, as highlighted in Figure 1-B. The measurement of bigo-
nial distance was taken between the two Gonion (Go) points
on both sides, as observed in Figure 1-C. The measurement
of the mandible ramus height was performed using the Con-
dylion superior (Co) - the most superior point on the man-
dibular condyle, and the Gonion (Go), as can be seen in Fig-
ure 1-D. And the measurement of the mandible maximum
length was performed using the Condylion (Co), and the Po-
gonion (Pg) — most anterior midline point of the chin of the
mandible, represented in Figure 1-E.

All distances, with the exception of the gonial angle, were
measured with the aid of a 0.1mm resolution digital caliper
and +/- 0.1mm accuracy of the Western™ brand (Etilux™, Sao
Paulo, Brazil) showing the measurement performed in mil-
limeters. For the determination of the gonial angle, a 180°
protractor was used in such a way that the protractor ruler
touched the base of the mandible, and the degree marker was
tangent to the posterior edge of the mandibular ramus, thus
finding the value of the angle.

The mandibles were grouped according to age: G1: 0-20
years; G2: 21-40 years; G3: 41-60 years; G4: 61-80 years;
G5: 80-100 years, regardless of sex. The sample size of the
groups was: 4, 24, 29, 35, 11 samples, respectively.

For statistical analysis, the one-way ANOVA was per-
formed, with a 5% significance level to verify if the mandibu-
lar measurements were related to age. The Student t-test was
applied for comparisons between the sex samples. These tests
were performed using Graphpad Prism Software version 7.01
for Windows (GraphPad™, La Jolla, California, USA). Both
tests were run on unpaired samples. A logistic regression mod-
el was developed using 83 samples which were chosen ran-
domly, and then, 20 measurements were used for testing this
model. A stepwise automatic selection was used for choosing
the best measurements for sex estimation. The intra-observer
and inter-observer differences were evaluated for each mea-
surement performed on the mandibles by the intra-class cor-
relation coefficient (ICC), using the Kappa coefficient.
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na slici 1. C. Mjerenje visine ramusa mandibule obavljeno
je izmedu tocaka Condylion superior (Co) — najvise tocke na
mandibularnom kondilu i gonion (Go), kao $to se moze vi-
djeti na slici 1. D. A maksimalna duzina mandibule izmjerena
je izmedu tocaka condylion (Co) i pogonion (Pg) — najanteri-
ornije srednje tocke brade prikazane na slici 1. E.

Sve udaljenosti, osim gonijalnog kuta, izmjerene su digi-
talnom pomi¢nom mjerkom razlu¢ivosti 0,1 mm i to¢nosti
+/- 0,1 mm proizvodaca Western™ (Etilux ™, Sao Paulo, Bra-
zil) koja prikazuje vrijednosti u milimetrima. Za odredivanje
gonijalnog kuta upotrijebljen je kutomjer od 180° na takav
nacin da je centar dotaknuo bazu mandibule, a oznaka stup-
nja bila je tangenta prema straznjem rubu ramusa mandibu-
le, ¢ime je odredena vrijednost kuta.

Mandibule su grupirane prema dobi: G1 = 0 do 20 godi-
na; G2 = 21 do 40 godina; G3 = 41 do 60 godina; G4 = 61
do 80 godina; G5 = 80 do 100 godina, bez obzira na spol.
Veli¢ina uzorka po skupini bila je: 4, 24, 29, 35 i 11 uzoraka.

Za statisticku analizu primijenjena je jednosmjerna
ANOVA s razinom znacajnosti od 5 % kako bi se provjerilo
jesu li vrijednosti mjerenja mandibule bile povezane s dobi.
Studentov t-test primijenjen je za usporedbu uzoraka prema
spolu. Ti su testovi izvedeni koriStenjem softvera Graphpad
Prism verzije 7.01 za Windowse (GraphPad ™, La Jolla, Kali-
fornija, SAD). Oba su testa provedena na nesparenim uzorci-
ma. Logisticki regresijski model razvijen je s pomocu 83 na-
sumi¢no odabrana uzorka, a zatim je 20 mjerenja koristeno
za testiranje modela. Postupni automatski odabir koristen je
za izbor najboljeg mjerenja za procjenu spola. Razlike unutar
i izmedu promatraca ocjenjivane su za svako mjerenje koje se
provodilo na mandibulama s pomo¢u koeficijenta korelacije
unutar klase (ICC) koriste¢i se kappa koeficijentom.

Figure 1 Didactic scheme for the measurements performed: (A) coronoid

height measurement (Cr-Go); (B) determination of the gonial
angle (GA); (C) measurement of the bigonial distance (Go-Go);
(D) measurement of ramus height (Co-Go); and (E) measurement
of the mandible maximum length (Co-Pg).

Slika 1. Didakti¢ka shema provedenih mjerenja: (A) mjerenje visine

tocke coronoid (Cr — Go); (B) odredivanije gonijalnog kuta (GA);
(©) mjerenje bigonijalne udaljenosti (Go — Go); (D) mjerenje
visine ramusa (Co — Go); (E) mjerenje maksimalne duljine
mandibule (Co — Pg)
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Results

The results for sex estimation are described in Table 1. All
the measurements were statistically significant, since they had
a value of p<0.01 and all of them were larger in men, except
for the gonial angle (GA), which was larger in women.

All the variables were analyzed to develop the logistic re-
gression formula, however, the following two variables were
better sex predictors: bigonial distance and mandibular ra-
mus. Because of that, those variables were chosen to compose
the following logistic regression formula (Figure 2). If the val-
ue for sex from the model is higher than 0.5, it is classified as
male and if is lower than 0.5, it is classified as female. The ac-
curacy of the proposed model was 90%.

The mandibles grouped according to age with the mean
and respective standard deviation of each of the measure-
ments can be better analyzed in Table 2.

Mjerenja mandibule na brazilskom uzorku

Rezultati

Rezultati procjene spola opisani su u tablici 1. Sva mjere-
nja bila su statisticki znacajna s vrijednostima p < 0,01 i sve
vrijednosti mjerenja bile su ve¢e kod muskaraca, osim goni-
jalnog kuta (GA) koji je bio veéi kod Zena.

Sve su varijable analizirane kako bi se dobila formula lo-
gisticke regresije, no sljedece su varijable bile bolji prediktori
spola: bigonijalna udaljenost i ramus mandibule. Zbog toga
su izabrane za sastavljanje sljedece logisticke regresijske for-
mule (slika 2.). Ako je vrijednost za spol iz modela bila ve-
¢a od 0,5, uzorak je klasificiran kao muski, a ako je bila niza
od 0,5, klasificiran je kao Zenski. To¢nost predlozenog mode-
la bila je 90 %.

Mandibule grupirane prema dobi sa srednjim vrijednosti-
ma i odgovaraju¢im standardnim devijacijama svakog mjere-
nja mogu se bolje analizirati u tablici 2.

Table1  Range in millimeters, of the values found in the measurements to estimate the sex with the respective value of p.
Tablica 1. Raspon u milimetrima vrijednosti mjerenja za procjenu spola s odgovarajuc¢om vrijednosti p.
Measurements ® Mjerenje = Range (mm) ¢ Raspon (mm) Value of p ® Vrijednost p
Female ¢ Zensko Male * Musko
Co-Go 45.88 - 62.4 52.05-69.3 <0.0001
Cr-Go 42.4-70.75 51 - 69.75 <0.0001
GA 118 - 140 104 -139.8 0.0064
Go-Go 81.65-94.9 87.85-111.2 <0.0001
Co-Pg 101.2-125.8 112.6-129.7 <0.0001

Table 2

Mean and standard deviation of the values of the mandibular measurements for the age estimation.

Tablica 2. Srednja vrijednost i standardna devijacija odstupanja vrijednosti mjerenja mandibule za procjenu dobi

Measurements ®

Mean (Standard deviation) ¢ Srednja vrijednost (standardna devijacija)

Mjerenje Gl G2 G3 G4 G5
Co-Go 54.37 (6.5) 58.84 (4.57) 53.9 (5.55) 54.48 (6.96) 52.78 (5.17)
Cr-Go 56.77 (8.38) 59.69 (6.96) 53.93 (3.48) 56.09 (8.43) 55.57 (4.51)
GA 118.5 (2,39) 122.4 (8.07) 129.6 (7.75) 126.2 (8.66) 131.1 (4.11)
Go-Go 83.68 (5.07) 94.11 (6.45) 91.7 (6.40) 94.53 (8.16) 89.72 (6.53)
Co-Pg 109 (8.17) 119.1 (4,93) 117.7 (7.32) 116.9 (6.60) 116 (7.27)
Table 3 Inter-observer and intra-observer correlation index.

Tablica 3. Indeks korelacije izmedu i unutar promatraca

— Inter-observer ®
Measurement * Mjerenje

Intra-observer 1 ® Intra-observer 2 ®

Izmedu promatraca Unutar promatraca 1 Unutar promatraca 2
Co-Go 0.93 0.89 0.94
Cr-Go 0.92 0.97 0.99
GA 0.89 0.97 0.97
Go-Go 0.92 0.97 0.99
Co-Pg 0.93 0.85 0.97

exp

—24,3960+0,1525+bigonial distance+0,1812+mandibular ramus

Figure 2 Formula for sex estimation is developed using the
following two measurements: bigonial distance and
mandibular ramus. Values higher than 0.5 were
classified as male, and if lower than 0.5 they were
classified as female.

Sexo =

1+ exp—24,3950+0.1525*b£ganim distance+0,1812*mandibular ramus Slika 2.

Formula za procjenu spola dobivena je koristenjem
sljedecih dvaju mjerenja: bigonijalne udaljenosti

i ramusa mandibule. Vrijednosti vece od 0,5
klasificirane su kao muske, a nize od 0,5 kao Zenske.
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Groups G2 and G3 did have a statistically significant dif-
ference between them in three variables: Co-Co; Cr-Go; GA,
with value of p<0.05. Furthermore, it was observed that com-
paring the groups in the variable Co-Go, the G2 also had
a statistically significant difference (p<0.05) with G3, G4,
G5. However, the groups G4 and G5 demonstrated a sta-
tistical relevance only regarding this variable. The measure-
ments of bigonial distance (Go-Go) and maximum length of
the mandible (Co-Pg), had no groups that were statistically
relevant. There was an increase in the gonial angle (GA) in all
the groups, except for G4, where there was a small decrease
in value. The other measurements did not have an increase or
decrease pattern in values from G1 to G5.

The agreement analysis of inter-observers had values
greater than 0.89, and the intra-observer agreement analysis
had values ranging from 0.85 to 0.99 (Table 3).

Discussion

The methodology used is useful for sex estimation with
high accuracy, especially the measurements of Go-Go and
Co-Go. It was possible to create a logistic regression mod-
el using those measurements that presented 90% accuracy
for sex estimation in this sample. However, this methodolo-
gy was not ideal for prediction the age; only Co-Go was ef-
fective for this purpose. The study had high values in the in-
ter and intra-observer analysis, showing good accuracy in the
measurements made for the same person or for more than
one observer. This indicates that the methodology is repro-
ductive, thus being useful in forensic cases.

There is a scientific consensus that males have measure-
ments larger than females. This study shows that in mandi-
bles measurements it is no different, therefore, agreeing with
other cited authors (5-7,10,22-24). Gillet et al. (24), using
a multislice computed tomography, found larger values for
males than females. They concluded that the mandible is not
the most dimorphic structure among other cephalic struc-
tures, but a useful tool when only this structure is available
and not the entire skull. Another Brazilian study (7) was able
to create discriminant functions with mandibular measure-
ments, and they concluded that the mandible variables are
important for sex estimation. However, GA is a very discrep-
ant measurement, sometimes being larger in males (5,7,22),
other times in females (11,12,23,25), which was the case in
our study. Belaldavar et al. (25) used only the gonial angle for
sexual dimorphism, and their values were higher for females,
although the sex prediction with this measurement was low
and not useful for forensic purposes. The gonial angle may
be related to the size of the mandible, the smaller the ramus,
more obtuse is the angle (18), thus explaining why we found
higher values for females than males.

It was observed that bigonial distance and mandibular ra-
mus were the most dimorphic variables, being able to develop
one logistic regression model with 90% accuracy. Vodanovic
et al. (10) using 18 mandible variables, found that the length
of the mandibular body; mandibular angle; and a minimum
ramus breadth provided the best separation of the sexes, thus
disagreeing with our study. However, the accuracy in their
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Skupine G2 i G3 imale su statisticki znacajnu razliku iz-
medu triju varijabla: Co — Co, CR - Go i GA, s vrijedno$¢u
p < 0,05. Nadalje, uoceno je da je, usporedujuéi skupine pre-
ma varijabli Co — Go, skupina G2 imala statisticki znacajnu
razliku (p < 0,05) u odnosu prema G3, G4, G5. No, skupi-
ne G4 i G5 pokazale su statisticku zna¢ajnost samo u toj vari-
jabli. Mjerenja bigonalne udaljenosti (Go — Go) i maksimal-
ne duzine andibule (Co — Pg) ni u jednoj skupini nisu bile
statisticki znacajne. U svim skupinama povecan je gonijalni
kut (GA), osim u G4 gdje je zabiljezen mali pad vrijednosti.
Ostala mjerenja nisu imala obrazac povecanja ili smanjenja
vrijednosti u skupinama od G1 do G5.

Analiza podudarnosti medu promatra¢ima imala je vri-
jednosti vece od 0,89, a analiza podudarnosti unutar proma-
traca dala je vrijednosti od 0,85 do 0,99 (tablica 3.).

Rasprava

Primijenjena metoda korisna je za procjenu spola s veli-
kom preciznos¢u, posebno za mjerenja Go — Go i Co — Go.
Mogao se kreirati logisticki regresijski model primjenom
onih mjerenja koja su u ovom uzorku pokazala 90 % to¢nosti
pri procjeni spola. Medutim, ta metodologija nije bila idealna
za predvidanje dobi; samo je Co — Go bio u¢inkovit u tu svr-
hu. U istrazivanju su dobivene visoke vrijednosti podudarno-
sti izmedu i unutar promatraca, $to upucuje na zadovoljava-
ju¢u to¢nost u mjerenjima i za pojedinca i za vise od jednog
promatraca. To pokazuje da je metodologija reproduktivna
pa je korisna u forenzicke svrhe.

Postoji znanstveni konsenzus da su izmjerene vrijedno-
sti kod muskaraca vece negoli kod zena. Ovo istrazivanje po-
kazuje da se to u mjerenjima mandibule ne razlikuje, dakle,
u skladu je s ostalim citiranim autorima (5 — 7,10, 22 — 24).
Gillet i suradnici (24) utvrdili su vece vrijednosti za muskar-
ce u odnosu prema zenama s pomocu viSeslojne racunalne
tomografije. Zaklju¢ili su da mandibula nije najdimorfnija
struktura medu ostalim cefali¢nim strukturama, nego je ko-
ristan alat kada je dostupna samo ona, a ne cijela lubanja.
Autori jednoga drugog brazilskog istrazivanja (7) uspjeli su
stvoriti diskriminiraju¢e funkcije s mjerenjima mandibule i
zakljuceno je da su varijable mandibule vazne za procjenu
spola. No GA je vrlo varijabilna mjera, katkad ve¢a kod mus-
karaca (5, 7, 22), katkad kod Zena (11, 12, 23, 25), $to je bio
slucaj i u naSem istrazivanju. Belaldavar i suradnici (25) upo-
trijebili su samo gonijalni kut za spolni dimorfizam i njihove
su vrijednosti bile vece za Zene, iako je predvidanje spola s tim
mjerenjem nisko i nije korisno za forenzicke svrhe. Gonijalni
kut motze biti povezan s veli¢inom mandibule — $to je manji
ramus, to¢niji je kut (18), i objasnjava zasto smo utvrdili vece
vrijednosti za zene negoli za muskarce.

Uoceno je da su bigonijalna udaljenost i mandibularni
ramus najdimorfnije varijable, ¢ime je dobiven logisticki re-
gresijski model s 90 % to¢nosti. Vodanovi¢ i suradnici (10)
su s pomocu 18 varijabli mandibule utvrdili da su duzina ti-
jela mandibule, mandibularni kut i minimalna Sirina ramu-
sa omogucili najbolje razlikovanje spolova, $to se ne poduda-
ra s rezultatima naseg istrazivanja. Medutim, koriste¢i se s 9
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study was 92.06% using 9 variables, value close to presented
in this study (90%), using only 2 variables. It is worth men-
tioning that Vodanovic et al. (10) observed that with less vari-
ables such as three or one, this accuracy is lower, 88.24% and
09.23% to 81.36% respectively.

In our study it was not possible to use the same size of
samples in each age group, however, this was also the case in
other studies (17,19,26) and in those, it was considered ef-
fective for age estimation. Gonial angle showed to increase
with age (19,27), but another study found that this measure-
ment decreases with age (26), which seems to be more log-
ical, since the angle is inversely proportional with the mea-
surement of the mandibular ramus which increases with age
(19,28). In this study, the bigonial distance did not have val-
ues with an increase or decrease pattern, agreeing with an-
other study (17). However, because of the increase of the
entire mandible with age, this measurement was supposed
to grow as observed in other studies (17,19). Regarding the
mandible maximum length, it decreased with older age. Even
though no pattern was found, Rajkumari et al. (23) were able
to create a multiple linear regression to predict the age using
mandible measurements, some of them similar to ours. This
would be explained precisely by the fact that if the gonial an-
gle decreases with age, the mandibular ramus will be closer to
the mandibular mentum, thus making the mandible maxi-
mum length smaller.

When the intra and inter-observer evaluations were per-
formed, all values were high, showing that the study could
be reproduced by anyone. In contrast, Gamba et al. (22), de-
spite using measurements that were the same or similar to
those of the present study, found very contrasting values for
intra and inter-observer evaluations. Their research, however,
performed the measurements in computed tomography and
not in bone pieces directly, with which can be inferred that it
is better to perform measurements on bone structures rath-
er than on images, even if those images are shown to be ac-
curate.

One limitation found in this study was the sample: once
it needed to be identified, having the correct sex and age and
not just the estimation of those variables, we did not have ma-
ny samples available to use. Because of that, it was not pos-
sible to have the same number of samples in age groups. This
probably brings some complications to our results for age es-
timation. However, with a regular number of sample (27,28)
or with different size of samples in each group (17,19,20), it
was considered effective for age estimation, with high degree
of accuracy (28).

Conclusion

It is difficult to estimate age and sex, which would be
based on international measurements and methodologies in
the Brazilian mixed population, since these methods are of-
ten based on European populations. It is important to de-
velop specific formulas or to validate methodologies in Bra-
zilian population, because it is normal in forensic practice
to use some modified international methodologies, especial-
ly if they are metric ones. This research showed to be impor-
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varijabli, to¢nost u njihovu istrazivanju iznosila je 92,06 %,
$to je vrijednost sli¢na onoj u ovom istrazivanju (90 %), a ko-
ristili smo se samo s dvjema varijablama. Vrijedno je spome-
nuti da su Vodanovi¢ i suradnici (10) primijetili da je s ma-
nje varijabli, poput tri ili jedne, ta to¢nost manja 88,24 % i
69,23 % do 81,36 %.

U nasem istrazivanju nije bilo moguée upotrijebiti istu
veli¢inu uzorka u svakoj dobnoj skupini, no to je bio slu-
¢aj i u drugim istrazivanjima (17, 19, 26). Pokazalo se da se
gonijalni kut povecava s godinama (19, 27), ali u jednom je
drugom istrazivanju istaknuto da se ta vrijednost smanjuje s
dobi (206), $to se ¢ini logi¢nijim jer je kut obrnuto proporci-
onalan mjeri mandibularnog ramusa koji se povecava s do-
bi (19, 28). U ovom istrazivanju bigonijalna udaljenost nije
imala obrazac povecanja ili smanjenja, $to je u skladu s dru-
gim istrazivanjima (17). No s obzirom na rast cijele mandi-
bule s godinama, ta bi vrijednost takoder trebala rasti, $to
je opazeno i u drugim istrazivanjima (17, 19). Kad je rije¢
o maksimalnoj duzini mandibule, ona se smanjivala u stari-
joj dobi. lako nije pronaden obrazac, Rajkumari i suradnici
(23) uspjeli su stvoriti visestruku linearnu regresiju za predvi-
danje dobi mjerenjem mandibule od kojih su neka sli¢na na-
sima. To bi se objasnilo ¢injenicom da ée se, ako se gonijal-
ni kut s godinama smanjuje, mandibularni ramus pribliZiti
mandibularnom mentumu, ¢ime ¢e se najveca duzina man-
dibule smanjiti.

Pri analizi podudarnosti unutar i izmedu promatraca sve
su vrijednosti bile visoke, $to pokazuje da istrazivanje mo-
ze reproducirati bilo tko. Suprotno tomu, Gamba i suradni-
ci (22), unato¢ provodenju mjerenja koja su bila ista ili sli¢cna
onima iz ovoga istrazivanja, dobili su vrlo razlicite vrijedno-
sti za vijednovanja unutar i izmedu promatraca. No u njiho-
vu su se istrazivanju mjerenja provodila s pomocu racunalne
tomograﬁje, a ne izravno na kostima, iz éega se moze izvesti
zakljucak da je bolje obavljati mjerenja na kostanim struk-
turama, a ne na slikama, ¢ak ako se te slike pokazu to¢nima.

Ogranicenje u ovom istrazivanju bio je uzorak — nismo
imali mnogo uzoraka s poznatim spolom i dobi. Zbog to-
ga nije bilo mogude imati jednak broj uzoraka u svim dob-
nim skupinama. To vjerojatno dovodi do nekih komplika-
cija u nasim rezultatima za procjenu dobi. No uz adekvatan
broj uzoraka (27, 28), ili s razli¢itom veli¢inom uzorka u sva-
koj skupini (17, 19, 26) metoda bi se mogla smatrati u¢in-
kovitom za procjenu dobi, s visokim stupnjem toc¢nosti (28).

Zakljucak

Tesko je procijeniti dob i spol na temelju medunarod-
nih mjera i metodologijama u mjesovitoj populaciji Brazila,
jer se te metode cesto temelje na europskoj populaciji. Vaz-
no je razviti odredene formule ili potvrditi metodologije na
brazilskoj populaciji s obzirom na to da je u forenzickoj prak-
si normalno upotrebljavati neke modificirane medunarodne
metodologije, pogotovo ako su metricke. Ovo se istrazivanje
pokazalo vaznim jer je dobivena formula za procjenu spola na
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tant, since the developed formula for sex estimation in Bra-
zilian presented 90% accuracy, hence it is possible to estimate
sex using mandibular measurements. However, the age esti-
mation does not follow a pattern between the groups, there-
fore it is not recommended to use only these measurements
for this purpose.
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Sazetak

Svrha rada: Cilj ovog istrazivanja bio je ispitati mogucnost procjene spola i dobi na brazilskom uzor-
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brazilskoj populaciji s 90-postotnom toénoséu. Zato je mo-
guce procijeniti spol koriste¢i se mjerenjem mandibule. No
procjena dobi ne slijedi obrazac izmedu skupina i zato se ne
preporucuje upotrebljavati samo ta mjerenja u tu svrhu.
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ku na temelju sljedecih pet mjera na mandibuli: visine koronoida, gonijalnog kuta, bigonijalne uda-

lienosti, visine ramusa i maksimalne duzine. Materijal i metode: Ukupno su izmjerene 103 donje ce-
ljusti — 53 Zenskih i 50 muskih, a bile su grupirane prema dobi u pet razli¢itih skupina. Sva mjerenja
obavila su dva promatraca. Za statisticku analizu koristena je jednosmjerna ANOVA s razinom znacaj-
nosti od 5 % kako bi se provjerilo jesu li vrijednosti mjerenja mandibule povezane s dobi. Studentov
t-test upotrijebljen je za usporedbu uzoraka spola. Osamdeset tri uzorka koristena su za izradu mo-
dela logisticke regresije. Razlike unutar i izmedu promatraca ocijenjene su kappa koeficijentom. Re-
zultati: Razlike u spolu bile su statisticki znacajne u svim varijablama, a sve vrijednosti bile su vece
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kod muskaraca, osim varijable koja se odnosila na gonijalni kut (GA) koji je bio veci kod Zena. Za for-

mulu logisticke regresije upotrijebljene su varijable: bigonijalna udaljenost i mandibularni ramus, s
90-postotnom tocnoscu. Za dob mjerenja nisu pokazala odredeni obrazac. Vrijednosti unutar i izme-
du promatraca bile su vece od 0,85. Zaklju¢ak: Zakljuceno je da se mjerenjem mandibule moze pro-
cijeniti spol, ali ne preporucuje se upotrijebiti ta mjerenja za procjenu dobi.
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