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Abstract

Methods that use lateral teleradiography for sex estimation need to be discussed considering their
feasibility and applicability in forensic cases. Purpose: The aim of this study was to conduct a system-
atic review about the use of lateral teleradiography for sex estimation in adults. Methods: A search
was conducted on Embase, PubMed/MEDLINE, Scopus, Lilacs, Scielo, and Web of Science databas-
es. The search results were exported to Rayyan (https://www.rayyan.ai/). Subsequently, two inde-
pendent reviewers applied eligibility criteria to select studies related to the topic, resulting in nine
studies. Regarding the risk of bias, the checklist recommended by The Joanna Briggs Institute was ap-
plied. The risk of bias in all selected studies was considered low. Results: However, a meta—analysis
could not be performed, as there was no standardization in the way the data were presented. Regard-
ing the included studies, it was noted that the samples came from six countries and that the studies
presented methodological discrepancies regarding the measurements used in the analyses. As a re-
sult, the accuracy rates varied from 56.3% to 99.0%. Conclusion: It is concluded that lateral cephalo-
metric radiography can support sex estimation in adults, especially in settings with limited resources.
However, due to variations in measurement methods and landmarks across studies, future research
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should adopt standardized and more rigorous methodologies to strengthen its scientific validity.
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Introduction

The biological profile in Forensic Anthropology can be
carried out through the application of methods that estimate
sex, age, stature, and ancestrality in order to reduce the num-
ber of potential victims and contribute to the human iden-
tification process (1,2). The first step in this process is the
determination of the species, followed by the subsequent es-
timates (2,3). However, in this context, estimating sex after
species determination becomes crucial, as the result can be
decisive for other estimation methodologies that will be em-
ployed (1,2).

Concerning sex estimation in humans, the methods used
for this purpose are based on dimorphic characteristics be-
tween the sexes, which are presented through morphologi-
cal, biochemical, and metric differences in the skeleton (3-7).
There are both qualitative and quantitative methodologies
that consider different anatomical regions; however, bones
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Uvod

Bioloski profil u forenzickoj antropologiji moze se dobiti
primjenom metoda kojima se procjenjuju spol, dob, visina i
podrijetlo kako bi se smanjio broj potencijalnih zrtava i pri-
donijelo procesu identifikacije ljudi (1, 2). Prvi korak u tom
procesu jest odredivanje vrste, nakon ¢ega slijede naknadne
procjene (2, 3). No u ovom kontekstu procjena spola posli-
je odredivanja vrste postaje klju¢na zato $to rezultat moze bi-
ti odlucujuéi za druge metodologije i procjene koje ¢e se ko-
ristiti (1, 2).

Kad je rije¢ o procjeni spola ljudi, metode koje se upotre-
bljavaju temelje se na dimorfnim karakteristikama izmedu
spolova koje se prikazuju na temelju morfoloskih, biokemij-
skih i metri¢kih razlika u kosturu (3 - 7). Postoje i kvalita-
tivne i kvantitativne metodologije kojima se uzimaju u ob-
zir razlidita anatomska podru¢ja; medutim, Cesto se koriste
kosti poput zdjelice, lubanje, pa ¢ak i duge kosti zbog ista-
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such as the pelvis, skull, and even long bones, due to their
pronounced sexual dimorphism patterns, are frequently used
(3,4). Regarding the skull, quantitative approaches consist in
measurements of cranial landmarks, as well as the develop-
ment of statistical models (8,9). On the other hand, quali-
tative methods rely on observation and comparisons of the
skull and teeth morphology (5, 10, 11).

The use of skull radiographs to assess and compare the
measurements formed by cranial landmarks between male
and female individuals has been applied, for example, telera-
diography that showed significant results when analyzed for
sexual dimorphism (5, 12-14).

Nevertheless, it is known that imaging techniques such
as computed tomography and magnetic resonance imaging
are considered advanced and can provide extensive anatom-
ical detail. However, considering that lateral cephalometric
radiography is still widely used in educational and clinical
settings, particularly in countries and regions where access
to more sophisticated techniques and methodologies is hin-
dered by socioeconomic factors, it stands out as a low-cost al-
ternative and a potential solution (15, 16).

Thus, the use of lateral teleradiography in forensic con-
texts becomes relevant due to its accessibility and frequent use
in dental clinics (15). It is well known that, in cases where an
individual’s identity is being investigated, it is common for fo-
rensic professionals, such as experts, to request dental exami-
nations and records from dentists (17-19). Among the dental
records provided, lateral teleradiographs are frequently in-
cluded, especially in the field of orthodontics (20, 21). There-
fore, considering the importance of sex estimation in foren-
sic cases, as well as the common use of radiographic exams, it
is essential to evaluate the methods using lateral teleradiogra-
phy, along with the approaches conducted through this exam
to estimate sex. Therefore, this study aimed to conduct a sys-
tematic review of the use and approaches carried out through
lateral teleradiographs for sex estimation in adults.

Materials and methods

This systematic review was registered in the Internation-
al Prospective Register of Systematic Reviews (PROSPERO)
under the number CRD42023461303. Searches were con-
ducted using keywords in the Descriptors in Health Scienc-
es (DeCS), Medical Subject Headings (MeSH), and Embase
Subject Headings (Emtree), with the results including “Fo-
rensic Dentistry”, “Sex Determination by Skeleton”, “Sex
Determination”, “Cephalometry”, and “Radiography”.

These keywords were combined using Boolean operators,
thus forming the search equations for the databases Embase,
PubMed/MEDLINE, Scopus, Lilacs, Scielo, and Web of
Science described in Table 1. The search results were entered
into the Rayyan app (https://www.rayyan.ai/) to perform a
screening of the studies and remove duplicates. The search
for studies was conducted on January 8", 2025, in English,
Spanish, and Portuguese, with no restriction on the year of
publication.

The PICO strategy was followed: P — Population, I - In-
tervention, C — Comparison, and O — Outcome. Thus, the
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knutih obrazaca spolnog dimorfizma (3, 4). Sto se tice luba-
nje, kvantitativni pristupi sastoje se od mjerenja kranijalnih
orijentira, i na izradi statistickih modela (8, 9). Istodobno,
kvalitativne metode oslanjaju se na promatranje i usporedbe
morfologije lubanje i zuba (5, 10, 11).

Pri koristenju rendgenskih snimki lubanje za procjenu i
usporedbu mjerenja dobivenih kranijalnim orijentirima iz-
medu muskih i Zenskih osoba primijenjena je, primjerice,
teleradiografija koja je pokazala znacajne rezultate u analizi
spolnog dimorfizma (5, 12 - 14).

Ipak, poznato je da se tehnike snimanja, poput racunal-
ne tomografije i magnetske rezonancije, smatraju napredni-
ma i mogu pruziti opsezne anatomske detalje. No s obzirom
na to da se lateralna cefalometrijska radiografija jos uvijek
Cesto koristi u obrazovnim i klinickim okruZzenjima, poseb-
no u zemljama i regijama u kojima je pristup sofisticiranijim
tehnikama i metodologijama otezan zbog socioekonomskih
¢imbenika, istice se kao jeftinija alternativa i potencijalno
rjesenje (15, 16).

Zato koristenje lateralne teleradiografije u forenzickim
kontekstima postaje relevantno zbog dostupnosti i ¢este upo-
trebe u stomatoloskim klinikama (15). Dobro je poznato da
je u slucajevima kada se istrazuje identitet pojedinca uobi-
¢ajeno da forenzicki struénjaci, poput vjestaka, zatraze sto-
matoloske preglede i zapise stomatologa (17 — 19). Medu
dostavljenim stomatoloskim zapisima Ceste su lateralne te-
leradiografske snimke, posebno u podru¢ju ortodoncije (20,
21). Zato, s obzirom na vaznost procjene spola u forenzickim
sluajevima i na uobicajenu upotrebu radiografskih pregleda,
bitno je procijeniti metode za primjenu teleradiografija za-
jedno s pristupima provedenim u ovom pregledu za procjenu
spola. Stoga je svrha ove studije bila obaviti sustavni pregled
upotrebe i pristupa provedenih na temelju lateralnih teleradi-
ografskih snimki za procjenu spola kod odraslih.

Materijali i metode

Ovaj sustavni pregled upisan je u Medunarodni prospek-
tivni registar sustavnih pregleda (PROSPERO) pod brojem
CRD42023461303. Pretrage su obavljene s pomocu klju¢nih
rije¢i u deskriptorima u zdravstvenim znanostima (DeCS),
medicinskim predmetnim naslovima (MeSH) i embaseovim
predmetnim naslovima (Emtree), a rezultati ukljucuju sljede-
Ce sintagme: forenzicka stomatologija, odredivanje spola na te-
melju skeleta, odredivanje spola te cefalometrija i radiografija.

Te klju¢ne rije¢i kombinirane su s pomocu Booleovih
operatora, ¢ime su stvorene jednadzbe pretrazivanja za ba-
ze podataka Embase, PubMed/MEDLINE, Scopus, Lilacs,
Scielo i Web of Science opisane u tablici 1. Rezultati pretra-
zivanja uneseni su u aplikaciju Rayyan (https://www.rayyan.
ai/) kako bi se obavio pregled studija i uklonili duplikati.
Pretrazivanje studija obavljeno je 8. sije¢nja 2025. na engle-
skome, $panjolskome i portugalskome jeziku, bez ogranice-
nja godine objave.

Slijedila se strategija PICO: P — populacija, I — interven-
cija, C — usporedba i O — ishod. Zato su za ovaj sustavni pre-
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Table 1  Quantity of studies found according to the database, search language, and search equations used.

Database I S Search equations Qua.mnty of
anguage studies found
((odontologia legal” OR ‘odontologia forense’) AND ‘estimativa de
Portuguese | sexo’ OR ‘determinagio de sexo’ OR ‘predicao de sexo’ OR ‘estimativa de género’) 3
AND cefalografia OR cefalometria OR ‘telerradiografia lateral’
((‘forensic odontology’/exp OR “forensic odontology” OR ‘forensic dentistry’) AND ‘sex
Emb Enelish estimation’ OR ‘sex determination’ OR ‘sex prediction’ OR ‘gender estimation’) 6
e &8 AND cephalograph OR cephalography OR ‘lateral teleradiograph’ OR ‘lateral
teleradiography’

((odontologfa forense’ OR ‘odontologfa legal’) AND ‘estimacién del
Spanish sexo’ OR ‘determinacién del sexo’ OR ‘prediccién del sexo” OR ‘estimacion de género’) 0
AND cefalografia OR cefalometrie OR ‘telerradiografia lateral’

(,Odontologia legal”) OR (,Odontologia forense”) AND (,Estimativa de sexo”) OR
Portuguese (»Determinagio de sexo”) OR (,Predicio de sexo”) OR (,Estimativa de género”) AND 0
(Cefalografia) OR (Cefalometria) OR (,Telerradiografia lateral”)

(,Forensic odontology”) OR (,Forensic dentistry”) AND (,,Sex estimation”) OR (,,Sex
LILACS English determination”) OR (,Sex prediction”) OR (,Gender estimation”) AND (Cephalograph) 1
OR (Cephalography) OR (,Lateral teleradiograph”) OR (,Lateral teleradiography”)
(,Odontologia forense”) OR (,Odontologia legal”) AND (,Estimacién del sexo”) OR
Spanish (»Determinacién del sexo”) OR (,,Prediccion del sexo”) OR (,Estimacién de género”) AND 0
(Cefalografia) OR (Cefalometrie) OR (,Telerradiografia lateral”)

(((((((,Odontologia legal”) OR (,odontologia forense”)) AND (,Estimativa de sexo”)) OR
Portuguese (,determinagio de sexo”)) OR (,Predi¢ao de sex0”)) OR (,estimativa de género”)) AND 55
(Cefalografia)) OR (Cefalometria)) OR (,Telerradiografia lateral”)

(((((((((, Forensic odontology”) OR (,,Forensic dentistry”)) AND (,,Sex estimation”))
OR (,,Sex determination”)) OR (,,Sex prediction”)) OR (,Gender estimation”)) AND

PubMed/MEDLINE | English (Cephalograph)) OR (Cephalography)) OR (,Lateral teleradiograph”)) OR (,Lateral 143
teleradiography”)
((((((((,Odontologia forense”) OR (,Odontologia legal”)) AND (,Estimacion del sexo”))
Spanish OR (,Determinacién del sexo”)) OR (,Prediccion del sexo”)) OR (,Estimacion de género”)) 6

AND (Cefalografia)) OR (Cefalometrie)) OR (,Telerradiografia lateral”)

(,Odontologia legal”) OR (,Odontologia forense”) AND (,Estimativa de sexo”) OR
Portuguese (,Determinagio de sexo”) OR (,Predicio de sexo”) OR (,Estimativa de género”) AND 0
(Cefalografia) OR (Cefalometria) OR (Telerradiografia lateral)

(Forensic Dentistry”) OR (,Forensic Odontology”) AND (,,Sex estimation”) OR (,,Sex
SciELO English determination”) OR (,Sex prediction”) OR (,Gender estimation”) AND (Cephalograph) 1
OR (Cephalography) OR (Lateral teleradiograph) OR (Lateral teleradiography)

(,Odontologfa forense”) OR (,Odontologia legal”) AND (,Estimacién del sexo”) OR
Spanish (,Determinacion del sexo”) OR (,,Prediccion del sexo”) OR (,Estimacion de género”) AND 0
(Cefalografia) OR (Cefalometrie) OR (Telerradiograffa lateral)

(ALL (,Odontologia legal” ) OR ALL (,,Odontologia forense” ) AND ALL

(‘estimativa AND de AND sexo ) OR ALL (,,Determinagio de sexo” ) OR ALL ( ,,Predigio
de sexo” ) OR ALL (, Estimativa de género” ) AND ALL ( cefalografia ) OR ALL
(cefalometria) OR ALL ( ,Telerradiografia lateral” ) )

(ALL ( ,Forensic odontology” ) OR ALL ( ,Forensic dentistry” ) AND ALL ( ,,Sex
estimation” ) OR ALL ( ,Sex determination” ) OR ALL ( ,,Sex prediction” ) OR ALL (
,Gender estimation” ) AND ALL ( cephalograph ) OR ALL ( cephalography ) OR ALL (
,Lateral teleradiograph” ) OR ALL (,Lateral teleradiography” ) )

(ALL (,Odontologia forense” ) OR ALL ( ,Odontologifa legal” ) AND ALL ( ,Estimacién
del sexo” ) OR ALL ( ,,Determinacién del sexo” ) OR ALL ( ,,Prediccién del sexo” ) OR
ALL (,Estimacién de género” ) AND ALL ( cefalografia) OR ALL ( cefalometrie ) OR
ALL (,Telerradiografia lateral” ) )

(((((((ALL=(,Odontologia legal”)) OR ALL=(,Odontologia forense”)) AND
ALL=(,Estimativa de sexo”)) OR ALL=(,Determinacio de sexo”)) OR ALL=(,,Predi¢ao
de sexo”)) OR ALL=(,Estimativa de género”)) AND ALL=(Cefalografia)) OR
ALL=(Cefalometria)) OR ALL=(, Telerradiografia lateral”)

(((((((ALL=(,Forensic Dentistry”)) OR ALL=(,Forensic Odontology”)) AND ALL=(,Sex
estimation”)) OR ALL=(,Sex prediction”)) OR ALL=(,Gender estimation”)) AND
ALL=(Cephalograph)) OR ALL=(Cephalography)) OR ALL=(, Lateral teleradiograph”)) OR
ALL=(,Lateral teleradiography”)

((((((ALL=(,Odontologia forense”)) OR ALL=(,Odontologia legal”)) AND
ALL=(,,Estimacién del sexo”)) OR ALL=(,Determinacién del sexo”)) OR ALL=(,,Prediccién
del sex0”)) OR ALL=(,Estimacién de género”)) AND ALL=(cefalografia)) OR
ALL=(cefalometrie )) OR ALL=(, Telerradiografia lateral”)

Portuguese

Scopus English

Spanish

Portuguese

Web of Science English 245

Spanish
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studies selected for this systematic review were those that de-
scribed participants (P), who had their biological sex known
to the researchers through documentary records (I), whose
cephalometric points were assessed through lateral teleradi-
ography (C), aiming to estimate the participants’ sex (O).
Based on the PICO strategy, the following question was for-
mulated: What is the accuracy of methods using lateral tele-
radiographs to estimate sex in forensic contexts?

With the studies on Rayyan app and duplicates removed,
the first selection was made based on the study titles, and the
second on the abstracts. Subsequently, the third selection was
carried out through a full reading of each study. All selection
steps were performed independently by two researchers and,
in case of doubt regarding the inclusion of a study, a third
evaluator guided the decision-making process. Studies that
did not aim to estimate sex through lateral teleradiography
were excluded, as well as publications from scientific con-
ferences, literature reviews, book chapters, and case reports.

To assess the quality of the methodology applied by each
selected study, the Critical Appraisal Checklist for Analyt-
ical Cross Sectional Studies from The Joanna Briggs Insti-
tute”’ was used. Regarding the responses on the checklist,
there were four possible options: “yes”, “no”, “unclear”, and
“not applicable” which were ultimately used to assess wheth-
er the risk of bias was low, medium, or high. Each response
was assigned a previously standardized score, resulting in a
percentage. If the percentage was below 49%, the risk of bi-
as was defined as high; between 50% and 69%, as moderate;
and 70% or above, the risk was considered low.

Results

The search on September 4, 2023 in six databases result-
ed in 524 studies, and 199 duplicate were identified and re-
moved. The quantity of studies that proceeded to the sub-
sequent evaluation stages was 325. Conflicts regarding the
inclusion or exclusion of studies among the evaluators were
resolved at each stage. In the title selection stage, five stud-
ies (1.53%) out of the 325 required discussion among the
evaluators, while in the abstract selection stage, eight studies
(2.46%) were discussed. Altogether, in the title and abstract
selection stages, 318 studies were excluded, resulting in seven
studies for full-text reading. Subsequently, in the final stage,
four more studies were eliminated based on the eligibility
criteria, resulting in three studies being included (Figure 1).

With the three studies included at this stage, manu-
al searches were conducted using their references to verify
whether any additional studies could be included. As a re-
sult, six studies were identified and added for meeting the
eligibility criteria. So a total of nine studies were included
for evaluation, considering the theme and the objective pro-
posed in this systematic review.

In the new search conducted on January 8, 2025, 53
studies were found. Eight duplicates were resolved, and af-
ter resolving these, the quantity of studies was reduced to 45.
In the title selection stage, 44 studies were excluded, leaving
only one study. It is important to note that one of the stud-
ies excluded in this stage had already been selected in the ini-
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gled odabrane studije u kojima su opisani sudionici (P) ¢iji
je bioloski spol bio poznat istraziva¢ima iz dokumentiranih
zapisa (1), a ¢ije su cefalometrijske tocke procijenjene lateral-
nom teleradiografijom (C) s ciljem da se procijeni spol sudio-
nika (O). Na temelju strategije PICO formulirano je sljedece
pitanje: Kolika je to¢nost metoda koje se primjenjuju u late-
ralnoj teleradiografiji za procjenu spola u forenzi¢kim kon-
tekstima?

Nakon $to su uklonjene studije o aplikaciji Rayyan i du-
plikati, prvi odabir u¢injen je na temelju naslova studija, a
drugi na temelju sazetaka. Nakon toga tre¢i je odabir pro-
veden detaljnim c¢itanjem svake studije. Sve korake odabi-
ra neovisno su provela dva istrazivaca, a u slucaju dvojbe u
vezi s ukljucivanjem studije, tre¢i evaluator vodio je pro-
ces donosenja odluka. Isklju¢ene su studije kojima svrha ni-
je bila procjena spola lateralnom teleradiografijom i tekstovi
sa znanstvenih konferencija, pregledi literature, poglavlja u
knjigama i prikazi slucajeva.

Za procjenu kvalitete metodologije primijenjene u svakoj
odabranoj studiji koristen je kontrolni popis kriticke procje-
ne za analiticke presjecne studije Instituta Joanna Briggs (21).
U vezi s odgovorima na kontrolnom popisu postojale su ce-
tiri moguce opcije: ,da”, ,ne”, ,nejasno” i ,nije primjenjivo”
koje su u konaénici koristene za procjenu je li rizik od pristra-
nosti nizak, srednji ili visok. Svakom odgovoru dodijeljen je
standardizirani rezultat, Sto je rezultiralo postotkom. Ako je
postotak bio manji od 49 %, rizik od pristranosti definiran
je kao visok, izmedu 50 % i 69 % smatrao se umjerenim, a u
slucaju da je bio 70 % ili vedi, smatrao se niskim.

Rezultati

Pretraga obavljena 4. rujna 2023. u $est baza podataka re-
zultirala je s 524 studije, a identificirano je i uklonjeno 199
duplikata. Broj studija koje su uvrstene u sljedece faze evalua-
cije bio je 325. Nesuglasice medu evaluatorima u vezi s uklju-
¢ivanjem ili iskljucivanjem studija, rjesavane su u svakoj fazi.
U fazi odabira naslova za pet je studija (1,53 %) od 325 bila
potrebna rasprava medu procjenjiva¢ima, a u fazi odabira sa-
zetaka raspravljali su o njih osam (2,46 %). Ukupno je u fa-
zama odabira naslova i sazetaka isklju¢eno 318 studija, $to je
rezultiralo sa sedam studija za ¢itanje u punom tekstu. Na-
kon toga, u zavr$noj fazi, jos su Cetiri studije eliminirane na
temelju kriterija prihvatljivosti, $to je rezultiralo uklju¢iva-
njem njih triju (slika 1.).

Nakon $to su tri studije uklju¢ene u ovoj fazi, obavljena
su ru¢na pretrazivanja s pomocu njihovih referencija da bi se
provjerilo mogu li se odabrati dodatne studije. Kao rezultat
toga, identificirano je i dodano $est studija zato $to su ispu-
njavale kriterije prihvatljivosti. Dakle, uzimajuéi u obzir te-
mu i cilj predlozen u ovom sustavnom pregledu, ukupno je u
evaluaciju bilo uklju¢eno devet studija.

Tijekom nove pretrage obavljene 8. sije¢nja 2025. prona-
dene su 53 studije. Osam je duplikata rijeseno, a nakon toga
je broj studija smanjen na 45. U fazi odabira naslova iskljuce-
ne su 44 studije i ostala je samo jedna. Vazno je napomenuti
da je jedna od studija isklju¢enih u toj fazi ve¢ bila odabrana
u pocetnoj pretrazi ovog pregleda, sto je rezultiralo samo jed-
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|

{ Studies included after Initial Search (n = 9) ]

l

Records identified in databases in the Review
Update (n = 53), where:

Embase (n = 15)

LILACS (n = 0)
PubMed/MEDLINE (n = 5)
SciELO (n=1)

Scopus (n = 1)

Web of Science (n = 31)

L

l

Studies evaluated (n = 53) ]

|

Resolved duplicates (n = 8) ]

l

[ Excluded studies (n = 45), where:

By title (n = 44)
By abstract (n = 1)

l

Studies included in the Review Update (n = 0)

Studies included considering the Initial Search and
the Review Update (n =9)

[ Included ] [ Included in the Initial Search and in the Review Update ] [

tial search of this review, which resulted in only one study for
the abstract selection stage. This study was also excluded as
it did not meet the eligibility criteria. Thus, no new studies
were added in the update of this review.

Among the included studies, only two did not perform
their analyses considering only lateral teleradiography as the
sample type. In the study by Naikmasur ez 4/. (2010), (22),
the postero-anterior radiograph was also included in the
sample, while Upadhyay ez al. (2012), (23) used mandibles
from skeletal remains in addition to lateral teleradiography

(Table 2).

)
Records identified in databases (n = 524), where:
c
:g Embase (n = 66)
8 | |uacs(n=1) , B
E PubMed/MEDLINE (n = 204) —>| Resolved duplicates (n = 199)
5 SCELO (n=1)
° Scopus (n = 6)
Web of Science (n = 246)
—
T
Excluded studies (n = 318), where:
[ Studies evaluated (n = 325) ]—’ By title (n = 301)
By abstract (n = 17)
g’ [ Studies assessed for eligibility (n = 7) ]—b[ Studies excluded after full reading (n = 4) ]
=
1]
5
w [ Evaluated studies included (n = 3) ]
[ Studies found by manual search (n=6) J

Figure 1 Flowchart adapted according to the
recommendations of the Preferred
Reporting ltems for Systematic Reviews
and Meta—Analyses (PRISMA)?!, 2020
version.

nom studijom za fazu odabira sazetaka. Ta je studija takoder
iskljucena jer nije ispunjavala kriterije prihvatljivosti. Zato u
azuriranju ovog pregleda nisu dodane nove studije.

Medu ukljuéenim studijama, uzimajuéi u obzir samo la-
teralnu teleradiografiju kao vrstu uzorka, samo u dvjema nije
provedena analiza. U studiji Naikmasura i suradnika (2010.)
(22), postero-anteriorni radiogram takoder je uklju¢en u
uzorak, a Upadhyay i suradnici (2012.) (23) koristili su se, uz
lateralnu teleradiografiju, i mandibulama sa skeletnih ostata-
ka (tablica 2.).
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Table2  Description of each included study, study identification, study title, journal name, sample type, quantity of samples by sex, and
nationality (country of origin of the sample).
q Nationality
i denst:E::thion Study title Journal name Sample type sa%:l:i::llt;);' z:x (country of origin
of the sample)
Sex estimation through lateral
Domingues et al. | cephalometric analysis in a Brazilian Forensic Imagin Lateral 127 male and 125 Brazilian
(2023 sample using a binary logistic 8ing teleradiography female
regression model
- Facial indices in lateral cephalogram .
Missier et al. L . Journal of Forensic | Lateral 150 male and 150 . .
5 for sex prediction in Chennai 1Sci leradi b femal Indian (Dravidians)
(2019 population — A seminovel study Dental Sciences teleradiography emale
; A cephalometric study of sexual American Journal of | Lateral 144 male and 124 .
14
Bibby (1979 dimorphism Orthodontics teleradiography female Scottish
Determination of sex in South Lateral
Naikmasur eral. | Indians and immigrant Tibetans Forensic Science teleradiography 55 male and 50 Indian and Tibetan
(2010)2 from cephalometric analysis and International and Posteroanterior | female*
discriminant functions teleradiography
Analysis of gonial angle in relation Lateral
Upadhyay ez al. to age, gender, and dentition status Journal of Forensic weleradiopraphy and | 23 male and 50 Indian
(2012)* by radiological and anthropometric | Dental Sciences s graphy female**
methods Jaw
Belaldavar ez al. Se);lest}m?uﬁn n I.n c[hans by dllgltal | T?e J(;) uenal Lateral 149 male and 155 Indi
(2019 analysis of the gonial angle on lateral | of Odonto— teleradiography female ndian
cephalographs Stomatoloty
Determination of sex by discriminant
. function analysis and stature Forensic Science Lateral 75 male and 75 .
25
Paril ez al. (2005) by regression analysis: a lateral International teleradiography female Indian
cephalometric study
Recent Human Sexual Dimorphism
Veyre—Goulet ez al. | Study Using Cephalometric Plots Journal of Forensic | Lateral 59 male and 55 French
(2008)% on Lateral Teleradiography and Sciences teleradiography female
Discriminant Function Analysis
Qaq et al. (20197 Sex estimation using lateral E?::::;i:;zflcc Lateral 68 male and 67 Canadian and
q.eras cephalograms: A statistical analysis Repors ) teleradiography female American

*Lateral teleradiography and Posteroanterior teleradiography (does not distinguish quantity among imaging exams)

** Sample of adults

The quantity of samples used in the studies varied from
105 to 320 radiographic exams, while the population ori-
gin was diverse, with samples from Asia, America, and Eu-
rope. However, the majority of the populations were from
Asia, specifically from India. Regarding the distribution of
the sample between female and male participants, the studies
showed a balanced sample distribution, with the largest but
not statistically significant difference found in Bibby (1979),
(14), who included 144 males and 124 females (Table 2).
Concerning the age of participants in the studies, it ranged
from 17 to 72 years; however, the age range was not specified
in Bibby (1979), (14). It is worth noting that although Upad-
hyay et al. (2012), (23) used an age range of 0 to 72 years, the
authors carried out the analyses and presented the results ac-
cording to specific age ranges for adult participants, so this
study was included in this systematic review.

Regarding the methodologies employed by the studies
to estimate sex from lateral teleradiography, it was observed
that, despite common cranial landmarks in the analyses, dif-
ferent sets of variables were selected from distinct perspec-
tives (Table 3 and Table 4). For example, the study by Missier

Koli¢ina uzoraka koristenih u studijama varirala je od
105 do 320 radiografskih pregleda, a podrijetlo populacije
bilo je razlicito, s uzorcima iz Azije, Amerike i Europe. No
vedina populacija bila je iz Azije, to¢nije iz Indije. Kad je rije¢
o raspodjeli uzorka izmedu Zenskih i muskih sudionika, au-
tori studija istaknuli su uravnotezenu raspodjelu, s najve¢om,
ali ne i statisticki znacajnom razlikom pronadenom u studi-
ji Bibbyja (1979.) (14) koja je uklju¢ivala 144 muskarca i 124
zene (tablica 2.). U vezi s dobi sudionika u studijama, kreta-
la se od 17 do 72 godine, no raspon dobi nije bio naveden u
studiji Bibbyja (1979.) (14). Vrijedi napomenuti da, iako su
se Upadhy i suradnici (2012.) (23) koristili dobnim raspo-
nom od 0 do 72 godine, autori su obavili analize i predstavi-
li rezultate prema specifi¢cnim dobnim rasponima za odrasle
sudionike, pa je ta studija uklju¢ena u ovaj sustavni pregled.

Kad je rije¢ o metodologijama koristenima u studijama
za procjenu spola iz lateralne teleradiografije, uo¢eno je da
su, unato¢ zajednickim kranijalnim orijentirima u analiza-
ma, odabrani razli¢iti skupovi varijabli iz razlicitih perspekti-
va (tablice 3. i 4.). Primjerice, Missier i suradnici (2019.) (13)
razmatrali su 99 varijabli, a drugi, poput Upadhyaya i surad-
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Table 3  Anatomical landmarks, planes, angles, and provided descriptions and ranked by their importance in terms of reliability for sex

estimation, according to the studies included in this systematic review.

Landmarks/planes/angle Abbreviation Description

Mandibular Ramus lenght MLR Distance between the condylion and gonion points.

Condylion-Gnathion Co-Gn Linear measurement between Condylion (Co) and Gnathion (Gn).

Basion-nasion Ba-N The linear measurement between basion (Ba) and nasion (N).

Anterior Nasal Spine ANS Tip of bone anterior nasal spine in the median plane.

Glabella G ‘The most forward point on the midsagittal plane located between the superciliary arches.

Gonio Go Linear measurement between Condylion (Co) and Gnathion (Gn).

Sella S Mid-point of sella-turcica.

Nasion N The most anterior midline point at the frontonasal suture, where the frontal bone meets the
nasal bones.

Basion Ba The lowest point at the anterior margin of the foramen magnum in the median plane.

Condylion Co Superior most point on the head of the condyle.

Bizygomatic width Zn-Zn Distance from the right to left zygomatics.

Mandibular symphysis height Id - Me Distance between infradentale (Id) to menton (Me).

Bicondylar width Co-Co Distance from the right to the left condylion superioris.

Bigonial width Go-Go Distance from the right to the left gonion.

Articulare Ar Point f)f intersection of.the images of the posterior border of condylar process of the
mandible and the inferior border of the basilar part of occipital bone.

Opisthocranion Op Most prominent point of the occipital bone in the midline.

Mastoidale Ma Lowest point of the mastoid process.

Menton Me ‘The most inferior (caudal) and midline point on the mandibular symphysis.

Orbitale Or Lowest point on the bony orbit.

Porion Po Uppermost point of the external auditory meatus.

Mandibular plane Me - Go A tangent line 0 the average infero-posterior surface of the mandibular ramus that passes
through the articulare.

Sella-Nasion plane SN plane Line connecting sella with nasion.

Infradental I The highest and anterior most point on the alveolar process, in the median plane, between

niradentale " the mandibular central incisors.

Frankfurt Horizontal plane FH plane Lix_le connecting t'he porion (top of the earpost of the cephalostat) with the orbitale (lowest
point of bony orbit).

Ma-FH Ma-FH Perpendicular distance from the mastoid to the FH plane.

Ma-B1B2 MaHt Mastoid height from the cranial base.

B1-B2 MaWd Mastoid width at the cranial base level.

GMSN GMSN angle The angle between the glabella-to-metopion line and the sella-to-nasion line.

GMBaN GMBaN angle The angle between the glabella-to-metopion line and the basion-to-nasion line.

GPI GPT angle Glabella projection index.

GMFH GMFH angle The angle between the glabella-to-metopion line and the porion-to-orbitale line.

et al. (2019), (13) considered 99 variables, while others, such
as Upadhyay ez 4l. (2012), (23) and Belaldavar ez 4/. (2019),
(24), focused on only one specific point, the gonial angle.

Regarding the risk of bias of the selected studies, it was
noted that the level fell within values that correspond to a
low risk of bias. Among the nine studies, three reported a
75% rate of ‘yes’ responses, while one study showed an even
higher percentage, reaching 87%. Thus, five studies achieved
100% considering the quantity of “yes” responses, classifying
them as low risk of bias, as described in Table 5.

nika (2012.) (23) i Belaldavara i suradnika (2019.) (24), usre-
dotoili su se samo na jednu specificnu tocku — na kut gonija.

U vezi s rizicima za pristranost u odabranim studijama,
uoceno je da je razina pala unutar vrijednosti koje odgovara-
ju niskom riziku. Medu devet studija, u trima su autori izvi-
jestili o stopi odgovora ,,da” od 75 %, a u jednoj je taj posto-
tak bio i veéi — 87 %. Dakle, u pet studija postiglo se 100 %
ako se uzme u obzir koli¢inu odgovora s ,da” i klasificira ih
se kao studije s niskim rizikom od pristranosti, kao $to je opi-
sano u tablici 5.
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Table 4

Study
identification

Cephalometric points/variables assessed

8 cephalometric points:

Anatomical
regions

Type of
statistical
analysis

Procjena spola u forenzicke svrhe

Study identification, cephalometric points/variables assessed, anatomical regions, type of statistical analysis used, and results.

Results

G (gabella);
Or (orbitale);
. S (sella); . . - In the test sample, the model showed an accuracy
88;131;gues etal. Ba (basion); Crar}ﬁil base and Bmary.loglstlc of 84.38% in sex estimation and 82.14% in the
Po (porion); maxitia regression training sample
N (nasion);
ANS (anterior nasal spine);
PNS (posterior nasal spine)
Cranial base, The Ramus length (Ramus In), Condylion to
Missier et al. 99 cephalometri iabl maxilla, Discriminant Gnathion (Co—Gn), and ramus height showed
(2019)" cephalometric vartables mandible, and | function greater consistency regarding sex (78%). The lower
teeth anterior facial height (LAFH) showed only 52%
Base of the S—Ar—Go was the only angular variable that showed
Bibby (1979)' Aneul dli iables of the h eull skull, maxilla, ANOVA* sexual dimorphism, with a higher value for females
by nguiarand finear variables of the human sku mandible, and compared to males. The male skulls were 8.5%
teeth larger than the female skulls in the sample
Plane, linear measurements, and cephalometric
points:
Ba-ANS (facial depth);
N-ANS (upper facial height); Cranial base,
Naikmasur ezal. | Ba—N (cranial base length); maxilla, Discriminant ‘The parameters were higher in males compared to
(2010)* N-Me (anterior facial height); mandible, and function females
ANS-Me (lower facial height); teeth
I1d-Me (symphysis height);
Ar-Go (mandibular ramus height);
Me-Go (mandibular body length)
Upadh%fay etal. Gonial angle Mandible ANOVA and ‘There was no relationship between the gonial angle
(2012)* t-test and sex
The average angle was 122.7° for females and 121.1°
Belaldavar ez al. Gonial anel Mandibl Logistic for males. Logistic regression had an accuracy rate of
(2019)* oniatangie a ¢ Regression 56.3% in sex estimation. The accuracy for females
was 61.9%, and for males, it was 50.3%
10 cephalometric variables:
G-Op (maximum cranial length);
Ba-ANS (basion to the anterior nasal spine);
N-ANS (upper facial height);
Ba-N (cranial base length);
N-M (total facial height); Base of the
FsHt: (V1-V2, frontal sinus height); lull. maxill Discriminant
Patil ez al. (2005)” | Ma—SN (perpendicular distance from the mastoid skulh, maxiia, serimina 99% reliability in sex estimation
to the SN planc); mandible, and function
Ma-FH (perpendicular distance from the mastoid teeth
to the FH plane);
MaHt (Ma—B1B2, mastoid height from the cranial
base);
MaWd (B1-B2, mastoid width at the cranial base
level)
‘The average values for males in angular
measurements were lower compared to females,
Linear e)lcc;pltl for the ang[es ?MSNd(a}rllglelll)etween Fhe
Discriminant glabella to metopion line and the sella to nasion
Veyre-Goulet ez | 19 cephalometric points (8 angles, 9 linear Cranial base and | Analysis and line), C.’MEH (angle betwgen the glgbella to
% . . . metopion line and the porion to orbitale line) and
al. (2008) measurements, and one proportional measurement) | maxilla Quadratic GMBaN leb he olabell ;
Discriminant sMBa (ang] ¢ between the glabella to metopion
Analysis line and the basion to nasion line). In the linear

measurements and the proportional variable GPI
(glabella projection index), the average values for
males were higher compared to females

Qagq et al. (2019)7

22 measurements (linear, angular, area) considering
9 cephalometric points:

G (glabella);

V (vertex);

Op (opisthocranion);

Ba (basion)

N (nasion);

S (sella);

ANS (anterior nasal spine);
Po (porion);

Or (orbitale)

*The study used descriptive statistics

Cranial base,
maxilla, and
nasal region

Binary logistic
regression

An overall accuracy of 82.4% in sex estimation.

Three angular measurements (DN-S-V, DN-S-G,
DG-N-S) and one ratio for two area measurements
(G-V-Op-Ba-G/N-S-Ba~ANS-N) were the best

parameters
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Table 5 Assessment of risk of bias according to the checklist proposed by The Joanna Briggs Institute®>.

Study identification Q Q@ Q@ Q4 Q Q6 Q Q8 P?f;::‘,f“(gj)“ sk of
Domingues et al. (2023)° Yes Yes Yes Yes Yes Yes Yes Yes 100% low
Missier et al. (2019)" Yes Yes Yes Yes Yes Yes Yes Yes 100% low
Bibby (1979)* Yes Unclear | Yes Yes Unclear | Unclear | Yes Yes 75% low
Naikmasur ez 2/. (2010)* Yes Yes Yes Yes Yes Yes Yes Yes 100% low
Upadhyay et al. (2012)% Yes Yes Yes Yes Yes Yes Yes Yes 100% low
Belaldavar ez a/. (2019)* Yes Yes Yes Yes Yes Yes Yes Yes 100% low
Patil ez al. (2005)® Yes Yes Yes Yes Yes Yes Yes Yes 100% low
Veyre—Goulet et al. (2008)* Yes Yes Yes Yes Unclear | Unclear Yes Yes 75% low
Qaq et al. (2019)7 Yes Yes Yes Yes | Unclear | Unclear | Yes Yes 75% low

QI - Were the criteria for inclusion in the sample clearly defined?; Q2 - Were the study subjects and the setting described in detail?; Q3 - Was
the exposure measured in a valid and reliable way?; Q4 - Were objective, standard criteria used for measurement of the condition?; Q5 - Were
confounding factors identified?; Q6 - Were strategies to deal with confounding factors stated?; Q7 - Were the outcomes measured in a valid and

reliable way?; Q8 - Was appropriate statistical analysis used?

Discussion

The oldest study available and selected in the present re-
search used lateral teleradiography to investigate the anatom-
ical differences of the skulls of male and female to propose
assessing sexual dimorphism using lateral teleradiographs,
focusing on cephalometric points and measurements be-
tween anatomical regions where these points can be locat-
ed™. This study by Bibby (1979), (14) found that both male
and female skulls appeared to have a similar pattern, how-
ever, angular measurements such as S—Ar-Go (sella—articu-
lare—gonion) showed sexual dimorphism, with the variable
having a higher value in females compared to males. Further-
more, Bibby (1979), (14) found that male skulls were 8.5%
larger than female skulls. Thus, this systematic review aimed
to evaluate all available studies that used lateral teleradiogra-
phy for sex estimation in adults, as well as the respective ap-
proaches and reliability for forensic contexts.

The studies included in this systematic review presented
both similar and highly divergent results. It is evident that
the studies not only showed variation in methodology but al-
so in the selection of variables chosen by the authors based
on lateral teleradiography. Furthermore, other objectives be-
yond sex estimation can be observed. For instance, Upad-
hyay ez al. (2012), (23) evaluated only the gonial angle, with
the aim of studying the relationship between this angle and
dental loss, as well as the influence of sex and age on this an-
atomical point. Belaldavar er 4/. (2019), (24) also evaluated
the gonial angle, but their focus was solely on its relation-
ship with sex.

On the other hand, studies such as Missier ez a/. (2019),
(13) used 99 variables from lateral teleradiographs. Howev-
er, the average quantity of variables used across all studies in
this review was 21 parameters. Regarding methodology, all
studies employed statistical techniques to classify the vari-
ables (Table 4).

Furthermore, some variables selected by the studies
through lateral teleradiography showed a significant relation-
ship to sex. In the study by Missier ez al. (2019), (13), from
the 99 variables used, 24 were subjected to statistical anal-

Rasprava

Autori najstarije dostupne studije odabrane u ovom istra-
zivanju koristili su se lateralnom teleradiografijom za istra-
zivanje anatomskih razlika lubanja muskaraca i Zena kako
bi predlozili procjenu spolnog dimorfizma s pomocu lateral-
ne teleradiografije, fokusirajuéi se na cefalometrijske tocke i
mjerenja izmedu anatomskih regija gdje se te tocke mogu na-
laziti (14). Ta studija Bibbyja (1979.) (14) otkrila je da i mus-
ke i Zenske lubanje imaju sli¢an uzorak, no kutna mjerenja
poput S—Ar-Go (sella—articulare—gonion) pokazala su spol-
ni dimorfizam s varijablom koja ima ve¢u vrijednost kod Ze-
na u usporedbi s muskarcima. Nadalje, Bibby (1979.) (14)
je otkrio da su muske lubanje 8,5 % veée od zenskih. Za-
to je ovaj sustavni pregled imao za cilj procijeniti sve dostu-
pne studije koje su se koristile lateralnom teleradiografijiom
za procjenu spola odraslih te odgovarajuce pristupe i pouz-
danost za forenzicke kontekste.

U studijama uklju¢enima u ovaj sustavni pregled dobi-
veni su i sli¢ni i vrlo razli¢iti rezultati. O¢ito je da u studi-
jama nisu pokazane samo varijacije u metodologiji, nego i u
odabiru varijabli koje su autori odabrali na temelju lateralne
teleradiografije. Nadalje, mogu se uoditi i drugi ciljevi osim
procjene spola. Primjerice, Upadhyay i suradnici (2012.) (23)
procijenili su samo gonijalni kut sa svrhom proucavanja od-
nosa izmedu toga kuta i gubitka zuba te utjecaja spola i do-
bi na tu anatomsku to¢ku. Belaldavar i suradnici (2019.) (24)
takoder su procijenili gonijalni kut, ali njihov je fokus bio is-
klju¢ivo na njegovu odnosu sa spolom.

S druge strane, u studijama poput Missierove i suradni-
ka (2019.) (13) koristeno je 99 varijabli iz lateralnih teleradi-
ografija. Medutim, prosje¢na koli¢ina varijabli koristenih u
svim studijama u ovom pregledu bila je 21 parametar. Kad je
rije¢ o metodologijama, u svim su studijama koristene stati-
sticke tehnike za klasifikaciju varijabli (tablica 4.).

Nadalje, neke varijable odabrane u studijama na teme-
lju lateralne teleradiografije pokazale su zna¢ajnu povezanost
sa spolom. U studiji Missiera i suradnika (2019.) (13), od 99
koristenih varijabli, 24 su podvrgnute statistickoj analizi jer
su pokazale znacajne vrijednosti. Missier i suradnici (2019.)
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ysis as they showed significant values. Missier ez al. (2019),
(13) found that the mandibular ramus length, specifically
from the condyle to the gnathion (Co—Gn), as well as the ra-
mus height, showed a consistency of 78% with respect to sex,
while the lower anterior facial height had only 52%.

Domingues ez al. (2023) (3) used two angular measure-
ments (G-N-S and Po—Or—G) and one area measurement
(S-N-Or-Po) to construct a binary logistic regression mod-
el. The model showed an accuracy of 82.14% in sex estima-
tion in the training sample and 84.38% in the test sample
(3). In contrast, Bibby (1979), (14), as previously described,
found that the only angular variable that demonstrated sex-
ual dimorphism was the S—Ar-Go. Meanwhile, Qaq ez 4.
(2019), (25) highlighted three angular measurements (N-S—
V, N-S-G, and G-N-S), in addition to a ratio with two
area measurements (G—V-Op-Ba—G/N-S-Ba-ANS-N) as
the best measures. Overall, Qaq ez al. (2019), (25) demon-
strated an overall accuracy of 82.4% in sex estimation.

In turn, Veyre-Goulet ez al. (2008), (26) stated that the
angular measurement values for males were smaller com-
pared to females, with the exception of the GMSN angle
(angle between the glabella-to-metopion line and the sella-
to-nasion line), GMFH (angle between the glabella-to-me-
topion line and the porion-to-orbitale line), and GMBaN
(angle between the glabella-to-metopion line and the basi-
on-to-nasion line). However, both the linear measurements
and the glabella projection index (GPI) showed higher aver-
age values in males (25). On the other hand, Naikmasur ez
al. (2010), (22) explained that the parameters selected from
the lateral teleradiography were higher in males compared
to females.

Moreover, there were studies that used only one parame-
ter, such as Belaldavar ez 4/. (2019), (24), who analyzed only
the gonial angle and obtained average values of 122.7° and
121.1° for females and males, respectively. Additionally, in
the study by Belaldavar ez a/. (2019), (24), the logistic regres-
sion model had an accuracy rate of 56.3% in sex estimation,
with 61.9% accuracy for females and 50.3% for males. How-
ever, this result was divergent when compared to the study
by Upadhyay e a/. (2012), (23), who also used only the go-
nial angle and stated that no relationship was found between
this measure and sex.

With the study by Patil ez al. (2005), (27),it was possible
to observe that the reliability of the discriminant function
was 99%. However, some variables stood out, such as Ba—
N, MaHt, N-M, MaWd, Ba-ANS, Ma-FH, and G-Op.
In contrast, the variables FsHt, Ma—SN, and N—ANS) were
less reliable (26). Thus, it is possible to observe divergent re-
sults between the studies selected in this work, which can be
justified by the choice of different measurements and land-
marks (14, 22-27). However, the qualitative analysis dem-
onstrated that the risk of bias in the studies was low, which
is a positive factor regarding the way the authors conduct-
ed their research (Table 5). However, the anatomical regions
were different, which prevents a quantitative comparison in
this regard as presented in Table 3 and Table 4. Neverthe-
less, some points in the lateral teleradiographs stood out,
such as the mandibular ramus length, condylion-gnathion,

Procjena spola u forenzicke svrhe

(13) otkrili su da duzina mandibularnog ramusa, posebno
od kondila do gnationa (Co—Gn) i visina ramusa, pokazuju
konzistentnost od 78 % u odnosu na spol, a visina donjega
prednjeg dijela lica imala je samo 52 %.

Domingues i suradnici (2023.) (3) koristili su se dvama
kutnim mjerenjima (G-N-S i Po-Or-G) i jednim mjere-
njem povrsine (S—~N—Or—Po) za konstrukciju binarnoga lo-
gistickoga regresijskoga modela. Model je pokazao to¢nost
od 82,14 % u procjeni spola u uzorku za vjezbu i 84,38 % u
testnom uzorku (3). Suprotno tomu, Bibby (1979.) (14), kao
$to je ve¢ opisano, otkrio je da je jedina kutna varijabla koja je
pokazala spolni dimorfizam bila S—~Ar—Go. U meduvreme-
nu su Qagq i suradnici (2019.) (25) obavili tri kutna mjerenja
(N=S-V, N-8-G i G-N-S§), uz omjer s dvama povrsinskim
mjerenjima (G-V-Op-Ba—G/N-S§-Ba—ANS-N) kao naj-
boljim mjerama. Sveukupno, Qaq i suradnici (2019.) (25) po-
kazali su u procjeni spola ukupnu to¢nost od 82,4 %.

Istodobno, Veyre-Goulet i suradnici (2008.) (26) nave-
li su da su vrijednosti kutnih mjerenja za muskarce bile ma-
nje u usporedbi sa zenama, osim kutova GMSN (kut izmedu
linije glabela-metopion i linije sella-nasion), GMFH (kut iz-
medu linije glabela-metopion i linije poriona-orbitale) i GM-
BaN (kut izmedu linije glabela-metopion i linije basion-nasi-
on). Medutim, i linearna mjerenja i indeks projekcije glabele
(GPI) pokazali su vise prosjecne vrijednosti kod muskaraca
(25). Naikmasur i suradnici (2010.) (22) objasnili su da su
parametri odabrani iz lateralne teleradiografije bili visi kod
muskaraca u usporedbi sa Zenama.

Stovise, u nekim studijama autori su se koristili samo jed-
nim parametrom, poput Belaldavara i suradnika (2019.) (24)
koji su analizirali samo kut gonija i dobili prosje¢ne vrijedno-
sti od 122,7°1 121,1° za Zene, odnosno muskarce. Osim toga,
u studiji Belaldavara i suradnika (2019.) (24) logisticki regre-
sijski model imao je stopu to¢nosti od 56,3 % u procjeni spo-
la, s to¢noséu od 61,9 % za zene i 50,3 % za muskarce. No taj
je rezultat bio drukdiji u usporedbi sa studijom Upadhyaya i
suradnika (2012.) (23) koji su takoder odabrali samo gonijal-
ni kut i naveli da nisu pronasli vezu izmedu te mjere i spola.

Patila i suradnici (2005.) u svojoj su studiji pokazali da
je pouzdanost diskriminantne funkcije bila 99 %. No neke
su se varijable istaknule, poput Ba—N, MaHt, N-M, MaWd,
Ba-ANS, Ma—FH i G-Op. Suprotno tomu, varijable FsHt,
Ma-SN i N-ANS bile su manje pouzdane (26). Stoga je mo-
guce uoditi divergentne rezultate izmedu studija odabranih u
ovom radu, $to se moze opravdati izborom razlicitih mjerenja
i orijentira (14, 22 - 27). No kvalitativna analiza pokazala je
da je rizik od pristranosti u studijama bio nizak, $to je pozi-
tivan ¢imbenik kad je rije¢ o nacinu na koji su autori proveli
svoja istrazivanja (tablica 5.). Medutim, anatomske regije bile
su razlidite, $to sprjecava kvantitativnu usporedbu kao $to je
prikazano u tablicama 3. i 4. Ipak, neke tocke na lateralnim
teleradiografijama istaknule su se, poput duzine mandibu-
larne grane, kondilion-gnation, bazion-nasion, sella, gonion
i glabella, koje su bile prisutne u nekoliko skupova varijabli
sa znacajnim vrijednostima, potencijalno usmjeravajuéi bu-
duca istrazivanja. Najpouzdanije varijable i njihove kombi-
nacije prikazane su u tablici 3. — poredane su od najvaznijih
do najmanje vaznih.
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basion-nasion, sella, gonion and glabella, which were pres-
ent in several sets of variables with significant values, poten-
tially guiding future research. The most reliable variables and
their combinations are presented in Table 3, ordered from
the most to the least important.

It is important to highlight that, in this systematic re-
view, in order to include the largest possible number of sci-
entific articles, we chose not to restrict the study search to a
specific time frame. Thus, older studies were also considered,
as they provided important methodological foundations that
supported subsequent research.

Therefore, the validation, as well as the standardization
of the choice of cephalometric variables, is necessary, consid-
ering that methods in the forensic field require a well-defined
probability regarding the margin of error®. In this regard, it
is essential that studies on the use of lateral teleradiography
continue to bring improvements and contributions to foren-
sic practice. Given that, in the forensic context, specifically
in the construction of the biological profile, sex estimation is
fundamental.

Conclusion

It is concluded that lateral cephalometric radiography is
an imaging method that can be used as a complementary
tool in sex estimation of adult victims, especially in regions
with limited resources or restricted access to more sophis-
ticated imaging techniques. However, the included studies
employed different approaches regarding the measurements
and anatomical landmarks used. Therefore, it is essential that
future primary studies adopt standardized methodologies
and greater methodological rigor in order to provide stronger
scientific support for sex estimation methods based on lateral
cephalometric radiography.
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Sex Estimation for Forensic Purposes .

Vaino je istaknuti da smo u ovom sustavnom pregledu,
kako bismo ukljucili $to veci broj znanstvenih ¢lanaka, od-
lucili ne ograniciti pretrazivanje studija na odredeni vremen-
ski okvir. Zato su uzete u obzir i starije studije jer su pruzile
vazne metodoloske temelje koji su podrzali naknadna istra-
zivanja.

Stoga je validacija, kao i standardizacija izbora cefalome-
trijskih varijabli, prijeko potrebna, s obzirom na to da meto-
de u forenzickom podrucju zahtijevaju dobro definiranu vje-
rojatnost kad je rije¢ o margini pogreske (25). U tom smislu
bitno je da autori studija o koriStenju lateralne teleradiogra-
fije nastave s pobolj$anjima i doprinosima forenzickoj praksi,
zato $to je u forenzickom kontekstu procjena spola temeljna,

posebno pri konstrukeiji bioloskog profila.

Zakljuc¢ak

Lateralna cefalometrijska radiografija metoda snimanja
moze se koristiti kao komplementarni alat u procjeni spo-
la odraslih Zrtava, posebno u regijama s ogranicenim resur-
sima ili ograni¢enim pristupom sofisticiranijim tehnikama
snimanja. Medutim, autori uklju¢enih studija koristili su se
razlicitim pristupima u mjerenju i upotrebljavali su razlicite
anatomske orijentire. Zato je bitno da se u buduéim primar-
nim studijama prihvate standardizirane metodologije i po-
ve¢a metodoloska strogost kako bi se omogudila jaca znan-
stvena potpora metodama procjene spola na temelju lateralne
cefalometrijske radiografije.
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Sazetak

Metode koje se koriste za bo¢nu teleradiografiju pri procjeni spola trebaju biti razmotrene s obzirom
na njihovu izvedivost i primjenjivost u forenzickim slucajevima. Svrha: Cilj ove studije bio je prove-
sti sustavni pregled o uporabi bocne teleradiografije u procjeni spola odraslih osoba. Metode: Istra-
Zivanije je provedeno na temelju podataka iz baza Embase, PubMed/MEDLINE, Scopus, Lilacs, Scie-
lo i Web of Science. Rezultati pretraZivanja uneseni su u aplikaciju Rayyan (https://www.rayyan.ai/).
Nakon toga dva su neovisna recenzenta primijenila kriterije podobnosti za odabir studija povezanih
s ovom temom, $to je rezultiralo s devet studija. Kad je rijec o riziku od pristranosti, primijenjen je
kontrolni popis koji preporucuje The Joanna Briggs Institute. Rizik od pristranosti u svim odabranim
studijama smatran je niskim. Rezultati: Isticemo da metaanaliza nije moguca zbog nedostatka stan-
dardizacije u nacinu prezentacije podataka. Kad je rije¢ o uklju¢enim studijama, zabiljezeno je da su
uzorci bili iz Sest zemalja te da su autori pokazali metodoloske diskrepancije u vezi s koristenim mje-
rama u analizama. Kao rezultat toga, stopa tocnosti kretala se od 56,3 % do 99,0 %. Zaklju¢ak: Za-
kljucuje se da bocna cefalometrijska radiografija moze podrzati procjenu spola kod odraslih, poseb-
no u okruzenjima s ogranic¢enim resursima. No zbog varijacija medu studijama u metodama mjerenja
i oznakama, u buducim istrazivanjima trebale bi se prihvatiti standardizirane i rigoroznije metodolo-
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