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Abstract
Objective:	This	study	aimed	to	explore	the	accuracy	of	three	established	approaches	for	legal	age	
threshold	estimation	in	a	Croatian	sample.	Materials and methods:	Olze’s	third	molar	eruption	stag-
es,	Haavikko	stages,	and	Demirjian	stages	were	applied	in	583	orthopantomograms	of	Croatian	chil-
dren	and	adolescents	aged	10.00-20.99	years	old.	The	left	mandibular	second	and	third	molar	were	
assessed.	Tooth	formation	and	eruption	chronology	were	established.	Receiver	operating	character-
istic	(ROC)	curves	were	performed	to	assess	the	classification	ability	of	predictive	variables	for	esti-
mating	16-	and	18-year-old	thresholds.	Results: Havikko	stage,	Demirjian	stage	and	eruption	stages	
in	tooth	37	performed	poorly	for	16-year-old	and	18-year-old	thresholds.	Tooth	38	provides	valuable	
information	for	these	two	age	thresholds	estimation.	For	16-year-old	threshold,	Haavikko	Stage	Rc	
and	Demirjian	Stage	G	both	yielded	Sp	over	98%	and	Bayes	PTP	over	95%	in	both	sexes.	.	Eruption	
stage	C	yielded	Sp	over	98%,	Bayes	PTP	over	96%	in	males,	and	lower	in	females	(Sp	96.7%,	Bayes	
PTP	88.2%).	For	18-year-old	threshold,	Haavikko	stage	Ac	and	Demirjian	stage	H	both	yielded	100%	
Sp	and	Bayes	PTP.	Eruption	stage	D	yielded	Sp	over	96%,	Bayes	PTP	over	90%	in	both	sexes,	slight-
ly	higehr	in	females	than	males.	Mean	age	of	tooth	37	at	Haavikko	stage	Ac,	Demirjian	stage	F,	H	and	
eruption	stage	D	was	statistically	lower	in	females	(p<0,05).	Conclusion:	Croatian	population-based	
data	on	dental	maturity	were	presented.	Haavikko	stage	Rc,	Demirjian	stage	G,	eruption	stage	C	and	
respective	advanced	stages	in	tooth	38	are	effective	for	16-year-old	threshold	classification.	Haavik-
ko	stage	Ac,	Demirjian	stage	H	and	eruption	stage	D	are	effective	for	18-year-old	threshold	classifi-
cation.	
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Introduction

Forensic age estimation, a vital component of forensic 
odontology, holds substantial significance in legal and inves-
tigative scenarios where estimating an individual’s age is im-
perative. Accurate age estimation aids in establishing identi-
ties, thus resolving legal disputes, and contributing crucial 
information to forensic investigations (1–3). Despite its im-
portance, the accuracy of age estimation methods is con-
tingent on their applicability to specific populations, ne-
cessitating continuous research and validation, especially in 
populations with limited data (4,5). 

Uvod

Forenzička procjena dobi, vitalna komponenta foren-
zičke odontologije, iznimno je važna u pravnim i istražnim 
postupcima kada je imperativ procjena starosti pojedinca. 
Točna procjena dobi pomaže u utvrđivanju identiteta, rje-
šavanju pravnih sporova i pridonošenju ključnih informacija 
forenzičkim istragama (1 – 3). Unatoč važnosti, točnost me-
toda procjene dobi ovisi o njihovoj primjenjivosti na odre-
đene populacije, što zahtijeva kontinuirano istraživanje i va-
lidaciju, osobito u populacijama s ograničenim podatcima 
(4, 5). 



w
w

w
.a

sc
ro

.h
r

Procjena dentalne dobiShi i sur. 195

Age estimation in children and young adults is a critical 
facet of forensic odontology, playing a pivotal role in legal 
and investigative contexts where establishing an individual’s 
age is essential. Various age estimation scoring systems have 
been developed based on tooth morphology changes dur-
ing dental maturation. These methods encompass a range 
of approaches, from morphological assessments, such as the 
method by Nolla 1960, Moorrees et al. 1963, Haavikko et 
al. 1970, and Demirjian et al. 1973, to metric-based meth-
ods such as measurement of open apices which was estab-
lished by Cameriere (1,6–11). Tooth mineralization methods 
are rooted in the morphological characteristics of developing 
permanent teeth, yielding an estimated age point by refer-
ence to the age medians for each tooth formation stage giv-
en in the original research or by referring to scores and age 
conversion tables. Underestimation by the Haavikko method 
was observed in most populations, ranging from 0.09~1.95 
years (12–24). Conversely, the Demirjian method overesti-
mates age in most populations (21,25–28). The Cameriere 
third molar index I3M, measured as the ratio between the two 
apical pulp widths and the total tooth length, is often em-
ployed to differentiate age threshold of legal significance. 
In Croatian samples, the I3M cut-off value of 0.08 for the 
18-year threshold proved reliable with high sensitivity, spec-
ificity, and accuracy (29). Previous studies have emphasized 
its value in various populations (30–32). 

The third molar eruption is another significant age indi-
cator. Olze and Schmeling divided third molar eruption in-
to four stages and provided reference data on wisdom tooth 
eruption for Caucasian, Asian, and African subjects (5). In 
some populations, this method proved reliable in estimating 
the most probable ages according to the chronology of erup-
tion stages (33). Reportedly, stage D may exclude those un-
der the age of eighteen, but results were inconsistent among 
populations (34,35). In late adolescence and early adulthood, 
most permanent teeth have reached maturity apart from sec-
ond and third molars, which play a crucial role in age assess-
ment during this phase and in determining attainment of 
age of legal significance. 

In the context of the Croatian population, there remains 
a notable gap in comprehensive studies addressing dental age 
assessment, prompting a comprehensive investigation into 
the efficacy of established and novel approaches. It has been 
established that dental development varies among popula-
tions, thus emphasizing the need for population-specific val-
idation. 

This study addresses this gap by encompassing all three 
age estimation methods in a diverse sample of Croatian ado-
lescents and young adults. By applying Haavikko, Demirji-
an, and Olze’s third molar eruption stages, this study aimed 
to capture the full spectrum of molars formation and erup-
tion in Croatian adolescents and young adults. Besides, it 
aimed to refine age assessment practices in the Croatian con-
text.

Procjena dobi djece i mladih odraslih kritičan je aspekt 
forenzičke odontologije i ključna je u pravnim i istražnim 
kontekstima pri čemu je utvrđivanje dobi pojedinca iznimno 
važno. Razvijeni su različiti sustavi bodovanja za procjenu 
dobi koji se temelje na promjenama morfologije zuba tijekom 
njihova sazrijevanja. Te metode obuhvaćaju niz pristupa – od 
morfoloških procjena, kao što je metoda prema Nolli (1960.), 
zatim Moorreesa i suradnika (1963.), Haavikka i suradnika 
(1970.) te Demirjiana i suradnika (1973.) do metričkih me-
toda kao što je mjerenje otvorenih vrhova zubnih korjenova 
koje je uspostavio Cameriere (1,6 – 11). Metode mineraliza-
cije zuba ukorijenjene su u morfološkim karakteristikama ra-
zvoja trajnih kutnjaka i daju procijenjenu dobnu točku refe-
rencijom na srednje dobi za svaku fazu formiranja zuba danu 
u izvornom istraživanju ili referencijom na rezultate i tablice 
pretvorbe dobi. Podcjenjivanje metodom Haavikka primije-
ćeno je u većini populacija, u rasponu od 0,09 – 1,95 godina 
(12 – 24). Nasuprot tomu, Demirjianova metoda precjenju-
je dob u većini populacija (21, 25 – 28). Cameriereov indeks 
trećeg molara I3M, mjeren kao omjer između dviju širina 
apikalne pulpe i ukupne duljine zuba, često se koristi za razli-
kovanje dobnoga praga od zakonskog značenja. U hrvatskim 
uzorcima granična vrijednost I3M-a od 0,08 za 18-godišnji 
prag pokazala se pouzdanom uz visoku osjetljivost, specifič-
nost i točnost (29). Prethodne studije isticale su njegovu vri-
jednost u različitim populacijama (30 – 32).

Nicanje trećeg kutnjaka još je jedan važan pokazatelj sta-
rosti. Olze i Schmeling podijelili su njegovo nicanje u četiri 
faze i pružili referentne podatke o nicanju umnjaka za kav-
kazoide, azijske i afričke etničke skupine (5). U nekim se po-
pulacijama ta metoda pokazala pouzdanom u procjeni naj-
vjerojatnije starosti prema kronologiji stadija erupcije (33). 
Navodno stadij D može isključiti one mlađe od osamnaest 
godina, ali rezultati su bili nedosljedni među populacijama 
(34, 35). U kasnoj adolescenciji i ranoj odrasloj dobi većina 
trajnih zuba dosegnula je zrelost, osim drugoga i trećega kut-
njaka koji su ključni u procjeni dobi tijekom te faze i u odre-
đivanju dostizanja dobi od zakonskog značenja.

U kontekstu hrvatske populacije ostaje vidljiv nedostatak 
u sveobuhvatnim studijama koje se bave procjenom dental-
ne dobi, što potiče temeljito istraživanje učinkovitosti utvr-
đenih i novih pristupa. Utvrđeno je da dentalni razvoj varira 
među populacijama te se ističe potreba za populacijski speci-
fičnom validacijom.

Ovo istraživanje rješava taj nedostatak tako što obuhvaća 
sve tri metode procjene dobi na različitom uzorku hrvatskih 
adolescenata i mladih odraslih osoba. Primjenom Haavikko-
vih, Demirjianovih i Olzeovih faza erupcije trećeg molara, 
ova studija ima za cilj obuhvatiti cijeli spektar formiranja i 
nicanja molara kod hrvatskih adolescenata i mladih odra-
slih osoba te poboljšati praksu procjene dobi u hrvatskom 
kontekstu.
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Materials and methods

Materials
A total of 583 samples were collected retrospectively at 

University Hospital Centre Zagreb between January 2019 
and February 2024. Samples were divided into eleven age 
groups (Table 1). Orthopantomograms (OPGs) were ret-
rospectively imported from the medical imaging system 
along with individual birth, sex, and acquisition date. No 
identifiable personal information was retrieved. Each sam-
ple’s chronological age (CA) was calculated in Microsoft Ex-
cel (Microsoft Corporation, Redmond, WA) by the formula 
CA= (acquisition date of OPG- date of birth)/ 365.25 days. 
The Ethics Committee of the University of Zagreb School 
of Dental Medicine and University Hospital Center Zagreb 
granted the ethics approval for this study.

The inclusion criteria included Croatian ethnic origin; 
aged between 10.00 and 21.99; the presence of left mandib-
ular second and third molars; no apparent mandibular le-
sions; no history of disease, medication, trauma, or surgery 
that potentially influence the development of left mandib-
ular permanent teeth; no history of orthodontic treatment. 
The exclusion criteria included incomplete individual infor-
mation; poor image quality or left mandibular molars were 
not clearly visualized; absence of molars 37 and 38; and den-
tal anomalies. 

Materijali i metode

Materijali
U KBC-u Zagreb retrospektivno su prikupljena 583 

uzorka od siječnja 2019. do veljače 2024. te su podijeljeni 
u jedanaest dobnih skupina (tablica 1.). Ortopantomogrami 
(OPG) su retrospektivno uvezeni iz medicinskog sustava sni-
manja zajedno s pojedinačnim rođenjem, spolom i datumom 
stjecanja. Nisu pronađeni osobni podatci koji se mogu iden-
tificirati. Kronološka starost (CA) svakog uzorka izračuna-
ta je u programu Microsoft Excel (Microsoft Corporation, 
Redmond, WA) prema formuli CA = (datum nabave OPG – 
datum rođenja)/ 365,25 dana. Etička povjerenstva Stomato-
loškog fakulteta Sveučilišta u Zagrebu i KBC-a Zagreb dala 
su suglasnost za ovu studiju.

Kriteriji za uključivanje bili su hrvatsko etničko podrije-
tlo, dob između 10,00 i 21,99 godina, prisutnost drugoga i 
trećega kutnjaka lijeve mandibule, bez vidljivih mandibular-
nih lezija, bez povijesti bolesti, lijekova, trauma ili operacija 
koje potencijalno utječu na razvoj trajnih zuba lijeve čeljusti 
i bez povijesti ortodontskog liječenja. Kriteriji za isključiva-
nje obuhvaćali su nepotpune pojedinačne informacije, slije-
de loša kvaliteta slike ili ako lijevi molari donje čeljusti ni-
su jasno vizualizirani, odsutnost kutnjaka 37 i 38 i dentalne 
anomalije.

Age Group Females Males Total

10-11 14 10 24
11-12 21 24 45
12-13 46 35 81
13-14 45 28 73
14-15 47 34 81
15-16 38 48 86
16-17 32 31 63
17-18 29 38 67
18-19 14 10 24
19-20 7 17 24
20-21 7 8 15
Total 300 283 583

Table 1	 Sample	distribution	by	sexes	and	age
Tablica 1.	 Distribucija	uzorka	prema	spolu	i	dobi

Methods
Haavikko, Demirjian, and Olze’s third molar eruption 

staging method was used to evaluate the formation and erup-
tion of the left mandibular second and third molars, similar 
to prior study (36). According to the Haavikko scoring sys-
tem, the formation of permanent molars was divided into 
twelve stages: six stages for crown formation and six stages 
for root formation (Figure 1). Demirjian scoring system, per-
manent molars were divided into eight stages (A-H) (Figure 
2). According to Olze’s third molar eruption staging meth-
od, the third molar eruption was divided into four stages (A 
- D) (Figure 3). 

OPGs were evaluated by two well-skilled observers using 
children’s age estimation methods. One month after the first 
observer evaluated all samples, about 10% of samples were 

Metode
Haavikkova, Demirjianova i Olzeova metoda određiva-

nja stupnjeva erupcije trećega molara korištena je za procjenu 
formiranja i erupcije drugoga i trećega molara lijeve donje če-
ljusti, slično kao u prethodnoj studiji (36). Prema Haavikko-
vu sustavu bodovanja, formiranje trajnih kutnjaka podijelje-
no je u dvanaest faza: šest za formiranje krunica i šest za 
formiranje korijena (slika 1.). U Demirjianovu sustavu bodo-
vanja trajni kutnjaci podijeljeni su u osam stupnjeva (A – H) 
(slika 2.). Prema Olzeovoj metodi određivanja stadija erupci-
je trećeg molara, erupcija toga zuba podijeljena je u četiri sta-
dija (A – D) (slika 3.).

OPG-ove su ocjenjivala dva vješta promatrača koristeći 
se metodama za procjenu dobi djece. Mjesec dana nakon što 
je prvi promatrač procijenio sve uzorke, njih oko 10 % nasu-
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Figure 1	 Boxplot	of	age	distribution	by	Haavikko	stages	in	tooth	37
Slika 1.	 Okvirni	prikaz	distribucije	starosti	po	Haavikko	stadijima	zuba	37
Figure 2	 Boxplot	of	age	distribution	by	Haavikko	stages	in	tooth	38
Slika 2.	 Okvirni	prikaz	distribucije	starosti	po	Haavikko	stadijima	zuba	38
Figure 3	 Boxplot	of	age	distribution	by	Demirjian	stages	in	tooth	37
Slika 3.	 Okvirni	prikaz	distribucije	starosti	po	Demirjianovim	stadijima	zuba	37
Figure 4	 Boxplot	of	age	distribution	by	Demirjian	stages	in	tooth 38 
Slika 4.	 Okvirni	prikaz	distribucije	starosti	prema	Demirjianovim	stadijima	zuba	38
Figure 5	 Boxplot	of	age	distribution	by	eruption	stages	in	tooth	37
Slika 5.	 Boksplot	distribucije	starosti	prema	stadijima	nicanja	zuba	37
Figure 6	 Boxplot	of	age	distribution	by	eruption	stages	in	tooth	38
Slika 6.	 Boksplot	distribucije	starosti	po	stadijima	nicanja	zuba	38

R1/4

R1/2

R3/4

Rc

Ac

12 14 16 18 20
Chronological age

H
aa

vi
kk

o 
st

ag
es

 to
ot

h 
37

sex
F

M

Ci

Cco

CR1/2

CR3/4

Crc

R1/4

R1/2

R3/4

Rc

Ac

12 14 16 18 20
Chronological age

H
aa

vi
kk

o 
st

ag
es

 to
ot

h 
38

sex
F

M

E

F

G

H

12 14 16 18 20
Chronological age

D
em

irj
ia

n 
st

ag
es

 to
ot

h 
37

sex
F

M

A

B

C

D

E

F

G

H

12 14 16 18 20
Chronological age

D
em

irj
ia

n 
st

ag
es

 to
ot

h 
38

sex
F

M

A

B

C

D

12 14 16 18 20
Chronological age

O
lze

 e
ru

pt
io

n 
st

ag
es

 to
ot

h 
37

sex
F

M

A

B

C

D

12 14 16 18 20
Chronological age

O
lze

 e
ru

pt
io

n 
st

ag
es

 to
ot

h 
38

sex
F

M

1.

3.

5.

2.

4.

6.



w
w

w
.a

sc
ro

.h
r

Dental Age EstimationShi et al.198

randomly selected and reevaluated by the first and second 
observers, respectively. 

Statistical	analysis
Statistical analysis was performed using R version 4.3.2 

(R Core Team, Vienna, Austria). The significance level was 
set at 0.05. Cohen’s kappa measured the intra- and interob-
server agreement. 

A receiver operating characteristic (ROC) curve analysis 
was performed to assess the classification ability of predictive 
variables. The areas under the ROC curve (AUC), accuracy 
(Acc), sensitivity (Se), specificity (Sp), and likelihood ratios, 
Positive Likelihood Ratio (LR+), Negative Likelihood Ratio 
(LR-), negative precision (NP), positive precision (PP) and 
Bayes post-test probability (Bayes PTP) were calculated to 
evaluate classification performance. Youden’s index (J) was 
used to determine the optimal cut-off value or stage. Perfor-
mance measures were calculated by 2×2 contingency table 
by each cut-off. In this study, sensitivity represents the pro-
portion of true positives, indicating the individuals at the 
optimal cut-off stage who were correctly classified as being 
16 years of age or 18 years of age, or older. As for specifici-
ty, it represents the proportion of true negatives. In this con-
text, it would indicate the individuals correctly classified as 
below the age thresholds (16 or 18 years). AUC represents 
the overall performance of the logistic model in discriminat-
ing between individuals above the age thresholds and those 
below. A higher AUC indicates better discriminatory abil-
ity, with 0.5 indicating no discriminatory ability (random 
guessing) and 1 indicating perfect discrimination. An AUC 
between 0.7~0.8 represents acceptable discrimination abili-
ty. An AUC between 0.8~0.9 represents good discrimination 
ability, while an AUC above 0.9 indicates excellent discrim-
ination ability. LR+ measures how much more likely a posi-
tive result (classifying an individual as above the age thresh-
old) is in individuals who are above the threshold compared 
to those below. A higher LR+ indicates stronger evidence for 
correctly identifying individuals above the threshold. LR- 
measures how much less likely a negative result (classifying 
an individual as below the age threshold) is in individuals 
who are above the threshold compared to those below. A low-
er LR- indicates stronger evidence for correctly identifying 
individuals below the threshold. The Bayes post-test proba-
bility (p) of being 16 or 18 years of age or older was calculat-
ed using Bayes’ theorem: 

Probability p0 was calculated as the proportion of 
18.00~20.99 years population to 15.00~20.99 years popula-
tion for 18-year-old threshold, and 16.00~20.99 years pop-
ulation to 11.00~20.99 years population for 16-year-old 
threshold with data from the Census of Population, House-
holds, and Dwellings in 2021 - Population of Republic of 
Croatia on 31 August 2021.

Age distribution of tooth 37 and tooth 38 by stages by 
each method was characterized by the median, mean, inter-
quartile range (IQR), standard deviation (SD), maximum, 

mično je odabrano i ponovno ih je procijenio prvi, pa dru-
gi promatrač.

Statistička	analiza
Statistička analiza provedena je s pomoću R verzije 4.3.2 

(R Core Team, Beč, Austrija). Razina značajnosti postavljena 
je na 0,05. Cohenovom kappom izmjereno je slaganje unutar 
promatrača i između njih.

Obavljena je analiza krivulje radnih karakteristika prija-
mnika (ROC) kako bi se procijenila mogućnost klasifikacije 
prediktivnih varijabli. Površine ispod ROC krivulje (AUC), 
točnost (Acc), osjetljivost (Se), specifičnost (Sp) i omjeri vje-
rojatnosti, omjer pozitivne vjerojatnosti (LR+), omjer nega-
tivne vjerojatnosti (LR-), negativna preciznost (NP), pozitiv-
na preciznost (PP) i Bayesova vjerojatnost nakon testa (Bayes 
PTP) izračunate su za procjenu učinkovitosti klasifikacije. 
Youdenov indeks (J) korišten je za određivanje optimalne 
granične vrijednosti ili stadija. Mjere učinka izračunate su 
prema tablici nepredviđenih slučajeva 2 × 2 za svako granič-
no razdoblje. U ovoj studiji osjetljivost predstavlja udio istin-
skih pozitivnih rezultata, upućujući na pojedince u optimal-
noj graničnoj fazi koji su ispravno klasificirani kao osobe od 
16 ili 18 godina ili više. Kad je riječ specifičnosti, ona je za-
pravo udio istinskih negativa. U ovom kontekstu to bi ozna-
čavalo pojedince koji su ispravno klasificirani kao ispod dob-
nih pragova (16 ili 18 godina). AUC je, pak, ukupna izvedba 
logističkog modela u razlikovanju pojedinaca iznad dobnih 
pragova od onih ispod. Veći AUC upućuje na bolju diskri-
minatornu sposobnost, pri čemu 0,5 upozorava na nepostoja-
nje diskriminatorne sposobnosti (nasumično pogađanje), a 1 
na savršenu diskriminaciju. AUC između 0,7 – 0,8 pokazuje 
prihvatljivu sposobnost razlikovanja. AUC između 0,8 – 0,9 
pokazuje dobru sposobnost razlikovanja, a AUC iznad 0,9 
upućuje na izvrsnu sposobnost razlikovanja. LR+ mjeri ko-
liko je vjerojatniji pozitivan rezultat (klasificiranje pojedinca 
kao iznad dobnoga praga) kod pojedinaca koji su iznad praga 
u usporedbi s onima ispod. Viši LR+ upućuje na jače dokaze 
za točnu identifikaciju pojedinaca iznad praga. LR- mjeri ko-
liko je manja vjerojatnost negativnog rezultata (klasificiranje 
pojedinca kao ispod dobnoga praga) kod pojedinaca koji su 
iznad praga u usporedbi s onima ispod. Niži LR- upućuje na 
jače dokaze za točnu identifikaciju pojedinaca ispod praga. 
Bayesova post-testna vjerojatnost (p) da imate 16 ili 18 godi-
na ili više izračunata je s pomoću Bayesova teorema.

Vjerojatnost p0 izračunata je kao udio 18.00 – 20.99 
godina populacije prema 15.00 – 20.99 godina populaci-
je za prag od 18 godina, i 16.00 – 20,99 godina popula-
cije prema 11,00 – 20,99 godina populacije za 16-godišnji 
prag s podatcima iz Popisa stanovništva, kućanstava i stano-
va 2021. (Stanovništvo Republike Hrvatske na dan 31. ko-
lovoza 2021.).

Dobna distribucija zuba 37 i 38 prema stadijima sva-
ke metode karakterizirana je medijanom, prosjekom, inter-
kvartilnim rasponom (IQR), standardnom devijacijom (SD), 
maksimumom i minimumom. Proveden je neovisni t-test za 
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and minimum. An independent t test was used to compare 
the difference between sexes. Box plots with points were gen-
erated to visualize the distribution. 

Results

The intra-rater and inter-rater agreements are shown in 
Table 2. Fleiss’ Kappa points to almost perfect agreement 
for both intra- and inter-rater by three methods in tooth 37 
and 38. 

Chronology	of	tooth	37	by	Haavikko	method	and	age	
threshold	estimation

At stage Ac, mean age is statistically lower in females 
(p<0,05) (Table 3). In the boxplot, most stages were distrib-
uted before the 16-year-old line except for a few cases at stage 
Ac; a range of IQR is wider in advanced stages (Figure 1).

ROC curve analysis showed that the Haavikko stage in 
tooth 37 performs poorly for the 16-year-old threshold, ex-
hibiting very low classification metrics (Table 4). Additional-
ly, it is even less effective for the 18-year-old threshold, with 
lower classification metrics for both sexes.

usporedbu razlika između spolova. Okvirni dijagrami s toč-
kama generirani su za vizualizaciju distribucije.

Rezultati

Podudarnost mjerenja između dvaju mjeritelja te jednoga 
mjeritelja u dvama razdobljima prikazana je u tablici 2. Fle-
issova kappa pokazuje gotovo savršenu podudarnost mjere-
nja između dvaju mjeritelja te jednog mjeritelja tijekom dva-
ju razdoblja za sve tri metode korištene na zubima 37 i 38. 

Kronologija	zuba	37	prema	Haavikkovoj	metodi	i	
klasifikacija	dobnoga	praga

U stadiju Ac srednja dob statistički je niža kod žena (p < 
0,05) (tablica 3.). U kutijastom dijagramu (boxplot) većina 
stadija bila je raspoređena prije 16-godišnje linije, osim u ne-
koliko slučajeva u fazi Ac; raspon IQR-a širi je u uznapredo-
valim stadijima (slika 1.).

Analiza ROC krivulje pokazala je da Haavikkov stadij u 
zubu 37 postiže loše rezultate za 16-godišnji prag i pokazuje 
vrlo nisku klasifikacijsku metrike (tablica 4.). Dodatno, još je 
manje učinkovit za prag od 18 godina, s nižom klasifikacij-
skom metrikom za oba spola.

Table 2	 Intra-observer	and	inter-observer	agreement	of	three	methods	in	tooth	37	and	38	by	Fleiss’	Kappa
Tablica 2.	 Mjerenje	dva	promatrača	tri	metode		zubi	37	i	38	prema	Fleiss'	Kappa

Intra-rater Inter-rater
Tooth Haavikko Demirjian Eruption Haavikko Demirjian Eruption

37 0.894 1.000 0.976 0.899 0.951 0.957
38 0.833 0.967 0.963 0.832 0.908 0.823

Stages
Female Male

P*

N Median Mean (SD) IQR Q1 Q3 Min Max N Median Mean (SD) IQR Q1 Q2 Min Max
R1/4 3 10.84 10.92(0.31) 0.30 10.75 11.06 10.66 11.27 3 11.34 11.07(0.77) 0.73 10.77 11.50 10.20 11.67 0.7825
R1/2 6 10.75 10.84(0.65) 0.78 10.36 11.13 10.15 11.87 7 11.60 11.99(1.54) 1.62 10.96 12.58 10.43 14.81 0.1074
R3/4 16 11.24 11.39(0.70) 1.02 10.96 11.99 10.34 12.83 22 11.75 12.05(0.95) 1.27 11.48 12.76 10.47 13.82 0.0192
Rc 87 12.96 12.98(1.19) 1.76 12.21 13.97 10.02 15.28 73 12.96 13.09(1.30) 1.72 12.22 13.95 10.28 16.96 0.58
Ac 188 15.89 15.94(1.98) 2.72 14.55 17.27 11.50 20.97 178 16.40 16.57(1.89) 2.34 15.35 17.68 12.51 20.90 0.0019**

Note: N, number of individuals within specific stage; IQR, intraquartile range; Q1,first quartile; Q3, third quartile; Min, minimal; Max, maximal; 
SD, standard deviation, *Independent t-test. ** P<0.05

Table 3	 Age	distribution	by	Haavikko	stages	in	Tooth	37
Tablica 3.	 Dobna	distribucija	po	Haavikko	stadijima	zuba	37

Threshold 16-year-old
Sex Females Males

Stage Ac
AUC 0.765(0.732-0.799) 0.778(0.739-0.778)
Accurarcy 67.0% (61.4%-72.3%) 72.4% (66.8%-77.6%)
Sensitivity 100.0% (95.9%-100.0%) 98.1% (93.2%-99.8%)
Specificity 53.1% (46.1%-60.0%) 57.5% (49.9%-64.9%)
LR+ 2.13 (0.97-1) 2.31 (0.94-1)
LR- 0 (0-0.53) 0.03 (0-0.49)
Precision (Positive) 47.3% (40.0%-54.7%) 57.3% (49.7%-64.7%)
Precision (Negative) 100.0% (96.8%-100.0%) 98.1% (93.3%-99.8%)
Post-test Probability 67.2% (61.7%-72.6%) 68.9% (63.2%-74.3%)
Note: Values are reported with 95% confidence intervals in the parenthesis.

Table 4	 Measures	of	classification	ability	of	Haavikko	
stage	in	tooth	37	for	16-year	threshold

Tablica 4.	 Mjere	sposobnosti	klasifikacije	Haavikkovog	
stadija	zuba	37	za	16-godišnji	prag
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Stages
Females Males

p*

N Median Mean (SD) IQR Q1 Q3 Min Max N Median Mean (SD) IQR Q1 Q3 Min Max
Ci 5 12.08 11.89(1.49) 1.60 10.66 12.27 10.34 14.09 6 11.43 11.19(0.58) 0.67 10.92 11.58 10.20 11.67 0.3665

Cco 14 12.06 12.14(1.00) 1.47 11.36 12.82 10.55 13.94 5 11.83 12.35(0.94) 1.46 11.63 13.08 11.60 13.62 0.6874
CR1/2 21 12.34 12.24(1.24) 1.67 11.21 12.88 10.15 14.40 12 11.71 11.98(1.37) 1.74 10.99 12.73 10.43 14.75 0.5905
CR3/4 68 12.73 13.07(1.90) 1.96 12.00 13.95 10.02 18.68 57 12.77 12.97(1.40) 1.93 11.87 13.80 10.28 16.85 0.7322

Crc 43 14.01 14.16(1.34) 1.79 13.42 15.21 11.76 16.67 26 13.75 13.81(1.26) 1.68 12.82 14.50 11.58 16.39 0.288
R1/4 68 15.23 15.33(1.51) 2.27 14.49 16.76 12.48 18.58 65 15.15 14.91(1.61) 2.40 13.59 15.99 10.62 18.08 0.1289
R1/2 33 16.18 16.39(1.78) 1.94 15.44 17.38 12.97 20.92 32 15.97 16.45(1.64) 2.20 15.32 17.52 14.11 20.83 0.8962
R3/4 28 16.53 16.69(1.50) 1.59 15.85 17.44 13.85 19.47 26 16.79 16.81(1.26) 1.75 15.77 17.52 14.59 19.76 0.7486
Rc 12 18.02 17.85(1.57) 1.77 17.05 18.83 15.06 20.25 35 17.42 17.50(1.19) 1.07 16.81 17.89 14.81 19.97 0.485
Ac 8 19.90 19.67(0.94) 1.10 19.17 20.26 18.09 20.97 19 19.69 19.57(0.83) 1.03 19.12 20.15 18.02 20.90 0.7955

Note:N, number of individuals within specific stage; IQR, intraquartile range; Q1,first quartile; Q3, third quartile; Min, minimal; Max, maximal; 
SD, standard deviation, * independent t-test.

Table 5	 Age	distribution	by	Haavikko	stages	in	Tooth	38
Tablica 5.	 Dobna	distribucija	po	Haavikko	stadijima	zuba	38

Threshold 16-year-old 18-year-old
Sex Females Males Females Males

Stage Rc Ac
AUC 0.596(0.554-0.596) 0.737 (0.688-0.737) 0.643 (0.558-0.643) 0.771(0.688-0.771)
Accurarcy 75.7% (70.4%-80.4%) 80.2% (75.1%-84.7%) 93.3% (89.9%-95.9%) 94.3% (91.0%-96.7%)
Sensitivity 20.2% (12.4%-30.1%) 49.0% (39.1%-59.0%) 28.6% (13.2%-48.7%) 54.3% (36.6%-71.2%)
Specificity 99.1% (96.6%-99.9%) 98.3% (95.2%-99.7%) 100% (98.7%-100%) 100.0% (98.5%-100%)
LR+ 21.34 (0.13-1.00) 29.26 (0.41-1) 0.23(0.15-1) 0.53 (0.39-1)
LR- 0.81 (0.13-1.00) 0.52 (0-0.04) 0.71 (0-0.80) 0.46 (0-0.01)
Precision (Positive) 90.0% (68.3%-98.8%) 94.4% (84.6%-98.8%) 100% (63.1%-100%) 100.0% (82.4%-100%)
Precision (Negative) 74.6% (69.1%-79.6%) 76.9% (70.8%-82.2%) 93.2% (89.6%-95.8%) 93.9% (90.3%-96.5%)
Post-test Probability 95.3% (92.3%-97.4%) 96.6% (93.6%-98.3%) 100% (98.8%-100%) 100.0% (98.7%-100%)
Note: Values are reported with 95% confidence intervals in the parenthesis.

Table 6	 Measures	of	classification	ability	of	Haavikko	stages	in	tooth	38	for	16-year	and	18-year-old	thresholds.
Tablica 6.	 Mjere	sposobnosti	klasifikacije	Haavikko	stadija		zuba	38	za	16-godišnje	i	18-godišnje	pragove

Kronologija	zuba	38	prema	Haavikkovoj	metodi	i	
klasifikacija	dobnoga	praga

Nije uočena statistička razlika između žena i muškaraca 
(tablica 5.). U kutijastom dijagramu, srednjih 50 % Crc-a i 
R1/4, Rc-a kod žena te srednja vrijednost, raspoređeni su vi-
še udesno (veća dob) (slika 2.). U stadiju R1/4 – R3/4 kutije 
su bile šire od ostalih stadija kod oba spola.

Analiza ROC krivulje pokazala je da, za prag od 16 go-
dina, stadij Rc daje Sp veći od 98 %, a Bayesov PTP veći od 
95 % u oba spola (tablica 6). Te su vrijednosti čak i veće u 
naprednijoj fazi, u Ac-u. Za prag od 18 godina, stupanj Ac 
daje 100 % Sp-a i Bayesov PTP. No Se je u tim fazama op-
ćenito nizak zbog velikoga udjela lažno negativnih slučaje-
va (tablica 14.).

Kronologija	zuba	37	prema	Demirjianovoj	metodi	i	
klasifikacija	dobnoga	praga

U stadiju F i H srednja dob statistički je niža kod žena 
(p < 0,05) (tablica 7.). Analiza ROC krivulje pokazala je da, 
slično nalazu u Havikkovu stadiju, Demirjianov stadij u zu-
bu 37 daje loše rezultate za 16-godišnje i 18-godišnje prago-
ve (tablica 8.).

Chronology	of	tooth	38	by	Haavikko	method	and	age	
threshold	classification

No statistical difference was observed beween females 
and males (Table 5). In the boxplot, the middle 50% of Crc, 
R1/4 and Rc in females, as well as the means, is distributed 
more to the right (older age) (Figure 2). In stage R1/4 - R3/4, 
the boxes were wider than in other stages in both sexes.

ROC curve analysis showed that, for 16-year-old thresh-
old, Stage Rc yielded Sp over 98% and Bayes PTP over 95% 
in both sexes (Table 6). These values were even higher at the 
more advanced stage, Ac. For 18-year-old threshold, stage Ac 
yielded 100% Sp and Bayes PTP. However, Se were gener-
ally low by these stages, due to high propotion of false nega-
tive cases (Table 14). 

Chronology	of	tooth	37	by	Demirjian	method	and	age	
threshold	classification

At stage F and H, mean age is statistically lower in fe-
males (p<0,05) (Table 7). ROC curve analysis showed that, 
similar to the finding by Havikko stage, Demirjian stage in 
tooth 37 performed poorly for 16-year-old and 18-year-old 
thresholds (Table 8). 
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Chronology	of	tooth	38	by	Demirjian	method	and	age	
threshold	classification

Similarly, no statistical difference was observed beween 
females and males (Table 9). In the boxplot, the middle 50% 
of Demirjian E and G stages in females were wider and more 
to the right than in males. In stage C, E-F, the boxes were 
wider than other stages in both sexes (Figure 4).

ROC curve analysis showed identical results by Haavik-
ko stages. For 16-year-old threshold, Stage G yielded Sp over 
98% and Bayes PTP over 95% in both sexes. These values 
are even higher at the more advanced stage, H (Table 10). For 
18-year-old threshold, stage H yielded 100% Sp and Bayes 
PTP. However, Se were generally low by these stages, due to 
high propotion of false negative cases (Table 14). 

Chronology	of	tooth	37	by	Olze	eruption	stage	and	age	
threshold	classification

In both females and males, stage D exhibited the largest 
IQR and SD. Mean age at stage D was statistically lower in 
females (p<0,05) (Table 11). In both females and males, stage 
D exhibited the widest IQR (Figure 5). ROC curve analysis 
showed that eruption stages in tooth 37 were not effective 
for either age thresholds with very low classification metrics. 

Chronology	of	tooth	38	by	Olze	eruption	stage	and	age	
threshold	classification

No statistical difference was observed beween females 
and males (Table 9). The age distribution of tooth 38 erup-
tion stage was mainly wide (Figure 6). ROC curve analysis 
showed that stage C yielded Sp over 98%, Bayes PTP over 
96% in males, these values were lower in females (Sp 96.7%, 

Kronologija	zuba	38	prema	Demirjianovoj	metodi	i	
klasifikacija	dobnoga	praga

Slično tomu, nije uočena statistička razlika između žena 
i muškaraca (tablica 9.). U dijagramu je srednjih 50 % De-
mirjianova E i G stadija kod žena šire i više udesno nego kod 
muškaraca. U stadiju C, E – F kutije su bile šire od ostalih 
stadija u oba spola (slika 4.).

Analiza ROC krivulje pokazala je identične rezultate pre-
ma Haavikkovim stupnjevima. Za prag od 16 godina stadij 
G daje Sp veći od 98 % i Bayesov PTP veći od 95 % u oba 
spola. Te su vrijednosti čak i veće u naprednijoj fazi H (tabli-
ca 10.). Za prag od 18 godina stupanj H daje 100 % Sp-a i 
Bayesov PTP. No Se je općenito nizak u tim fazama zbog ve-
likoga udjela lažno negativnih slučajeva (tablica 14.).

Kronologija	zuba	37	prema	Olzeovu	stupnju	nicanja	i	
klasifikaciji	dobnoga	praga

I kod žena i kod muškaraca stadij D pokazuje najveći 
IQR i SD. Prosječna dob u stadiju D statistički je niža kod 
žena (p < 0,05) (tablica 11.). I kod žena i kod muškaraca sta-
dij D pokazuje najširi IQR (slika 5). Analiza ROC krivulje 
pokazala je da stadiji nicanja zuba 37 nisu bili učinkoviti ni 
za jedan dobni prag s vrlo niskim klasifikacijskim metrika-
ma.

Kronologija	zuba	38	prema	Olzeovu	stupnju	nicanja	i	
klasifikaciji	dobnoga	praga

Nije uočena statistička razlika između žena i muškaraca 
(tablica 9.). Dobna distribucija stadija nicanja zuba 38 bila je 
uglavnom široka (slika 6.). Analiza ROC krivulje pokazala je 
da stupanj C daje Sp veći od 98 % i Bayesov PTP veći od 96 
% kod muškaraca, a te su vrijednosti niže kod žena (Sp 96,7 

Stages Female Male
p*

N Median Mean (SD) IQR Q1 Q3 Min Max N Median Mean (SD) IQR Q1 Q3 Min Max
E 8 10.99 10.98(0.59) 0.75 10.58 11.33 10.15 11.87 10 11.47 11.71(1.38) 1.01 10.87 11.88 10.20 14.81 0.1508
F 18 11.22 11.36(0.72) 1.07 10.92 12.00 10.34 12.83 21 11.63 11.96(0.89) 1.22 11.47 12.70 10.47 13.39 0.0247**

G 87 13.01 13.00(1.19) 1.77 12.24 14.01 10.02 15.28 75 12.96 13.09(1.29) 1.65 12.23 13.88 10.28 16.96 0.6313
H 187 15.92 15.95(1.98) 2.71 14.57 17.28 11.50 20.97 177 16.42 16.59(1.87) 2.33 15.35 17.68 12.51 20.90 0.0015**

Note: N, number of individuals within a specific stage; IQR, intraquartile range; Q1, first quartile; Q3, third quartile; Min, minimal; Max, maximal; 
SD, standard deviation, *independent t-test, **P<0.05

Table 7	 Age	distribution	by	Demirjian	stages	in	Tooth	37
Tablica 7.	 Dobna	distribucija	po	Demirijanovim	stadijima	zuba	37

Threshold 16-year-old
Sex Females Males

Stage H
AUC 0.768(0.734-0.768) 0.778(0.739-0.817)
Accurarcy 67.3% (61.7%-72.6%) 72.8% (67.2%-77.9%)
Sensitivity 100.0% (95.9%-100.0%) 98.1% (93.2%-99.8%)
Specificity 53.6% (46.6%-60.4%) 58.1% (50.5%-65.4%)
LR+ 2.2(0.9-1) 2.3 (0.9-1)
LR- 2.2 (0.9-1) 0 (0-0.5)
Precision (Positive) 47.6% (40.3%-55.0%) 57.6% (50.0%-65.0%)
Precision (Negative) 100.0% (96.8%-100.0%) 98.1% (93.4%-99.8%)
Post-test Probability 67.4% (61.7%-72.6%) 69.2% (63.5%-74.6%)
Note: Values are reported with 95% confidence intervals in the parenthesis.

Table 8	 Measures	of	classification	ability	of	
Demirjian	stage	in	tooth	37	for	16-year	
threshold.

Tablica 8.	 Mjere	sposobnosti	klasifikacije	
Demirjianovih	stadija	zuba	37	za	16-godišnji	
prag
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Female Male
P*

Stages N Median Mean (SD) IQR Q1 Q3 Min Max N Median Mean (SD) IQR Q1 Q3 Min Max
A 6 11.37 11.67(1.44) 1.64 10.58 12.22 10.34 14.09 6 11.43 11.19(0.58) 0.67 10.92 11.58 10.20 11.67 0.4753
B 15 12.16 12.32(0.87) 1.19 11.75 12.94 11.10 13.94 9 12.39 12.38(0.80) 1.46 11.63 13.08 11.47 13.62 0.8618
C 86 12.61 12.75(1.58) 2.23 11.50 13.74 10.02 17.79 64 12.68 12.75(1.39) 1.90 11.68 13.57 10.28 15.90 0.9992
D 40 13.84 14.05(1.28) 1.60 13.39 14.99 11.76 16.67 24 13.75 13.74(1.23) 1.70 12.80 14.49 11.58 16.39 0.3407
E 96 15.30 15.56(1.55) 2.28 14.61 16.89 12.48 18.85 97 15.42 15.39(1.76) 1.76 14.38 16.14 10.62 20.83 0.57
F 37 16.56 16.97(1.64) 2.06 15.92 17.98 13.85 20.92 29 16.85 16.77(1.22) 1.71 15.66 17.38 14.59 19.76 0.6887
G 12 18.02 17.85(1.57) 1.77 17.05 18.83 15.06 20.25 35 17.53 17.51(1.19) 1.07 16.81 17.89 14.81 19.97 0.4986
H 8 19 19.69 19.57(0.83) 1.03 19.12 20.15 18.02 20.90 0.7955

Note: N, number of individuals within a specific stage; IQR, intraquartile range; Q1, first quartile; Q3, third quartile; Min, minimal; Max, maximal; 
SD, standard deviation; * independent t-test.

Table 9	 Age	distribution	by	Demirjian	stages	in	Tooth	38
Tablica 9.	 Dobna	distribucija	po	demirjianskim	stadijima	zuba	38

Threshold 16-year-old 18-year-old
Sex Females Males Females Males

Stage G H
AUC 0.596 (0.554-0.596) 0.737 (0.688-0.737) 0.643 (0.558-0.643) 0.771 (0.688-0.771)
Accurarcy 75.7% (70.4%-80.4%) 80.2% (75.1%-84.7%) 93.3% (89.9%-95.9%) 94.3% (91.0%-96.7%)
Sensitivity 20.2% (12.4%-30.1%) 49.0% (39.1%-59.0%) 28.6% (13.2%-48.7%) 54.3% (36.6%-71.2%)
Specificity 99.1% (96.6%-99.9%) 98.3% (95.2%-99.7%) 100% (98.7%-100%) 100% (98.5%-100%)
LR+ 21.34 (0.13-1) 29.26 (0.41-1) Inf (0.2-1) Inf (0.4-1)
LR- 0.81 (0-0.03) 0.52 (0-0.04) 0.7 (0-0.8) 0.5(0-0.01)
Precision (Positive) 90.0% (68.3%-98.8%) 94.4% (84.6%-98.8%) 100% (63.1%-100%) 100% (82.4%-100%)
Precision (Negative) 74.6% (69.1%-79.6%) 76.9% (70.8%-82.2%) 93.2% (89.6%-95.8%) 93.9% (90.3%-96.5%)
Post-test Probability 95.3% (92.3%-97.4%) 96.6% (93.6%-98.3%) 100% (98.8%-100%) 100% (98.7%-100%)
Note: Values are reported with 95% confidence intervals in the parenthesis.

Table 10	 Measures	of	classification	ability	of	Demirjian	stage	in	tooth	38	for	16-year	and	18-year-old	thresholds.
Tablica 10.	 Mjere	sposobnosti	klasifikacije	Demirjianovog	stadija	zuba	38	za	16-godišnje	i	18-godišnje	pragove

Female Male
p

Stages N Median Mean (SD) IQR Q1 Q3 Min Max N Median Mean (SD) IQR Q1 Q3 Min Max
A 5 10.84 10.77(0.41) 0.24 10.66 10.90 10.15 11.27 1 11.15 11.15(-) 0.00 11.15 11.15 11.15 11.15 -
B 4 10.81 10.96(0.73) 0.99 10.39 11.38 10.34 11.87 14 11.65 12.01(1.42) 2.27 10.92 13.18 10.20 14.81 0.0718
C 53 12.73 12.92(1.68) 2.49 11.63 14.12 10.04 17.30 36 12.60 12.56(1.27) 1.77 11.52 13.29 10.50 15.56 0.2524
D 238 15.09 15.22(2.25) 3.42 13.49 16.91 10.02 20.97 232 15.82 15.76(2.3) 3.23 14.18 17.40 10.28 20.90 0.0112

Note: N, number of individuals within a specific stage; IQR, intraquartile range; Q1, first quartile; Q3, third quartile; Min, minimal; Max, maximal; 
SD, standard deviation; * independent t-test; ** P<0.05

Table 11	 Age	distribution	by	eruption	stages	in	tooth	37
Tablica 11.	 Dobna	distribucija	po	stadijima	nicanja	zuba	37

Females Males
p*

Stages N Median Mean (SD) IQR Q1 Q3 Min Max N Median Mean (SD) IQR Q1 Q3 Min Max
A 206 13.55 13.70(1.93) 2.56 12.31 14.87 10.02 19.50 156 13.26 13.64(1.93) 2.81 12.21 15.01 10.20 20.06 0.751
B 64 16.29 16.43(1.68) 2.01 15.41 17.43 12.48 20.92 76 16.10 16.27(1.68) 2.13 15.19 17.31 12.60 20.90 0.583
C 19 17.42 17.39(1.74) 2.65 16.07 18.72 14.35 20.27 31 17.54 17.78(1.41) 2.63 16.76 19.39 15.35 20.08 0.4161
D 11 18.65 18.30(2.17) 2.52 17.39 19.90 13.92 20.97 20 18.57 18.63(1.36) 2.05 17.68 19.73 16.48 20.70 0.6568

Note:N, number of individuals within specific stage; IQR, intraquartile range; Q1,first quartile; Q3, third quartile; Min, minimal; Max, maximal; 
SD, standard deviation; * independent t test. 

Table 12	 Age	distribution	by	eruption	stages	in	tooth	38
Tablica 12.	 Dobna	distribucija	po	stadijima	nicanja	zuba	38
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Bayes PTP 88.2%). At stage D, these values were higher for 
the same age threshold. For 18-year-old threshold, stage D 
yielded Sp over 96%, Bayes PTP over 90% in both sexes, 
slightly higehr in females than males. Se were generally low-
er by any of the stages for either threshold due to high propo-
tion of false negative cases (Table 13; Table 14). 

Discussion

In forensic age estimation contexts, where the presence or 
absence of specific developmental changes occurred during 
formation and eruption stages, can help differentiate legal 
age thresholds. This study investigated the chronological se-
quence of formation and eruption of the left mandibular sec-
ond and third molars in Croatian populations using multiple 
methodologies, aiming to distinguish individuals around the 

%, Bayesov PTP 88,2 %). U fazi D te su vrijednosti više za 
isti dobni prag. Za prag od 18 godina stadij D daje Sp veći 
od 96 % i Bayesov PTP veći od 90 % u oba spola, malo viši 
kod žena nego kod muškaraca. Se je općenito niži za bilo ko-
ji stupanj za bilo koji prag zbog velikoga udjela lažno nega-
tivnih slučajeva (tablice 13. i 14.).

Rasprava

U kontekstu forenzičke procjene dobi, prisutnost ili od-
sutnost specifičnih razvojnih promjena koje su se dogodile 
tijekom formiranja i erupcije može pomoći u razlikovanju 
zakonskih dobnih pragova. Ova studija istražuje kronološ-
ki slijed formiranja i nicanja drugoga i trećega molara lije-
ve donje čeljusti u hrvatskoj populaciji korištenjem više me-
todologija, sa svrhom razlikovanja pojedinaca kad je riječ o 

Threshold 16-year-old 18-year-old
Sex Females Males Females Males

Stage C D
AUC 0.613 (0.565-0.613) 0.722 (0.673-0.722) 0.618 (0.536-0.618) 0.655 (0.575-0.655)
Accuracy 75.7% (70.4%-80.4%) 79.2% (73.9%-83.7%) 91.7% (87.9%-94.5%) 89.0% (84.8%-92.4%)
Sensitivity 25.8% (17.1%-36.2%) 46.2% (36.3%-56.2%) 25.0% (10.7%-44.9%) 34.3% (19.1%-52.2%)
Specificity 96.7% (93.3%-98.7%) 98.3% (95.2%-99.7%) 98.5% (96.3%-99.6%) 96.8% (93.7%-98.6%)
LR+ 7.79 (0.18-1) 27.54 (0.38-1) 17.00 (0.12-1) 10.63 (0.21-1)
LR- 0.77 (0-0.06) 0.55 (0-0.04) 0.76 (0-0.03) 0.68 (0-0.06)
Precision (Positive) 76.7% (57.7%-90.1%) 94.1% (83.8%-98.8%) 63.6% (30.8%-89.1%) 60.0% (36.1%-80.9%)
Precision (Negative) 75.6% (70.0%-80.6%) 75.9% (69.8%-81.2%) 92.7% (89.1%-95.4%) 91.3% (87.2%-94.4%)
Post-test Probability 88.2% (84.1%-91.7%) 96.4% (93.6%-98.3%) 94.2% (91.1%-96.7%) 91.1% (87.2%-94.2%)
Note: Values are reported with 95% confidence intervals in the parenthesis.

Table 13	 Measures	of	classification	ability	of	Olze	eruption	stages	in	tooth	38	for	16-year	and	18-year	thresholds
Tablica 13.	 Mjere	sposobnosti	klasifikacije	Olzeovih	stadija	erupcije	zuba	38	za	16-godišnje	i	18-godišnje	pragove

Test
Age

Test
Age

≥16 <16 ≥18 <18

Females

HM2 stage Ac 89 99 - - -
earlier stages 0 112 - - -
HM3 stage Rc 18 2 HM3 stage Ac 8 0
earlier stages 71 209 earlier stages 20 272
DM2 stage H 89 98 - - -
earlier stages 0 113 - - -
DM3 stage G 18 2 DM3 stage H 8 0
earlier stages 71 209 earlier stages 20 272
OM3 stage C 23 7 OM3 stage D 7 4
earlier stages 66 204 earlier stages 21 268

Males

HM2 stage Ac 102 76 - - -
Other stages 2 102 - - -
HM3 stage Rc 51 3 HM3 stage Ac 19 0
earlier stages 53 176 earlier stages 16 248
DM2 stage H 102 75 - - -
Other stages 2 104 - - -
DM3 stage G 51 3 DM3 stage H 19 0
earlier stages 53 176 earlier stages 16 248
OM3 stage C 48 3 OM3 stage D 12 8
earlier stages 56 176 earlier stages 23 240

Table 14	 Confusion	matrix	of	cut-off	stages	in	classifying	16-	and	18-year-old	thresholds
Tablica 14.	 Matrica	zabune	graničnih	vrijednosti	u	klasifikaciji	pragova	od	14	i	16	godina
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pivotal age thresholds of those who were from 16 years of age 
to 18 years of age. Within the Croatian legal framework, in-
dividuals attain adulthood and assume full criminal respon-
sibility at age 18. However, individuals aged 16 do not carry 
the same legal status as adults but can still face prosecution 
and sentencing for serious criminal offenses, including vio-
lent crimes or property crimes. 

Our findings have revealed that tooth 37 is not effective 
for either age thresholds by any of the methods. Tooth 38, on 
the other hand, provided valuable information for these two 
age thresholds estimation. For 16-year-old threshold classifi-
cation, in both sexes, Haavikko stage Rc, Demirjian stage G 
and eruption stage C in tooth 38 are effective with high Sp 
and Bayes PTP except for low Se due to high propotioon of 
false negative cases (Table 14). At advanced stage by either 
of the method, Sp and Bayes PTP are expected to be higher 
when classifying 16-year-old threshold. 

For 18-year-old threshold classification, in both sexes, 
Haavikko stage Ac and Demirjian stage H in tooth 38 were 
highly effective with 100% Sp and 100% Bayes PTP. Erup-
tion stage D was also effective with Sp over 96% and Bayes 
PTP over 90%. However, all Se were low due to high pro-
potioon of false negative cases (Table 14). With very high Sp 
and Bayes PTP, it is most likely that an individual at Haavik-
ko stage Ac, Demirjian stage H, or eruption stage D is over 
18 years old. However, if an individual is at earlier stages 
than any of the abovementioned, it is inaccurate to conclude 
that he or she is younger than 18 with low Se. 

Previous research found that Demirjian stage H is a re-
liable indicator for age of majority estimation across diverse 
populations (35,37–42). In a study in Austrian males, for 
each of the four third molars at stage H, the likelihood to be 
over 18 years showed 98–100% probability; the probability 
was about 93% for eruption stage D(35). This study has con-
firmed the reliability of Demirjian stage H in classifying age 
of majority. Moreover, Haavikko stage Ac, Demirjian stage 
H, and eruption stage D in tooth 38 are all highly effective 
in both sexes. High Sp is critical for ensuring low false posi-
tive in forensic context. Compared with the third molar in-
dex, Haavikko stage Ac, Demirjian stage H displayed simi-
lar classification ability to the third molar index cut-off value 
0.08(29). Contrary to earlier studies, which suggested limit-
ed utility(35), this study demonstrates that eruption stage D 
is effective for the 18-year-old threshold. 

Demirjian and Haavikko methods proved valuable and 
reliable in assessing the age of Croatian children with a strong 
correlation between dental age and chronological age (43). In 
a previous study by Brkić et al., Demirjian method demon-
strated greater accuracy in estimating the age of Croatian 
children aged between 6 and 13.9 compared to the Haavik-
ko method (13). However, regarding legal age threshold esti-
mation, both methods yielded strikingly similar outcomes at 
optimal stages characterized by the completion of crown and 
root formation and the closure of the apex. Similar finding 
was reported in Portuguese population in estimating 18-year 
old threshold by these two methods in tooth 38 (44). This 
consistency is to be expected, given the substantial overlap in 
the staging criteria employed by these two methods.

ključnim dobnim pragovima od 16 i 18 godina. Unutar hr-
vatskoga pravnog okvira pojedinci postaju punoljetni i pre-
uzimaju punu kaznenu odgovornost s navršenih 18 godina. 
Međutim, pojedinci sa 16 godina nemaju isti pravni status 
kao odrasli, ali još se uvijek mogu suočiti s kaznenim progo-
nom i kaznom za teška nedjela, uključujući nasilne zločine 
ili imovinsku štetu.

Naši nalazi otkrivaju da zub 37 nije učinkovit ni za jedan 
dobni prag ni po jednoj od metoda. Zub 38, s druge strane, 
pruža informacije o vrijednosti za procjenu tih dvaju dob-
nih pragova. Za klasifikaciju praga od 16 godina, u oba spo-
la, Haavikkov stadij Rc, Demirjianov stadij G i stadij erup-
cije C u zubu 38 učinkoviti su s visokim Sp-om i Bayesovim 
PTP-om, osim niskoga Se-a zbog velikog udjela lažno nega-
tivnih slučajeva (tablica 14. ). U uznapredovalom stadiju bilo 
kojom metodom, očekuje se da će Sp i Bayesov PTP biti viši 
pri klasificiranju praga od 16 godina.

Za klasifikaciju praga od 18 godina, kod oba spola, Haa-
vikkov stadij Ac, Demirjianov stadij H i kod zuba 38 vrlo su 
učinkoviti sa 100 % Sp-a i 100 % Bayesova PTP. Stadij erup-
cije D također je učinkovit sa specifičnošću većom od 96 % 
i Bayesovim PTP-om većim od 90 %. Međutim, svi Se-i su 
niski zbog velikog udjela lažno negativnih slučajeva (tablica 
14.). S vrlo visokim Sp-om i Bayesovim PTP-om vrlo je si-
gurno da je osoba na Haavikkovu stupnju Ac, Demirjiano-
vu stupnju H ili stupnju erupcije D starija od 18 godina. No 
ako je pojedinac u ranijim fazama od bilo koje od gore nave-
denih, netočno je zaključiti da je on ili ona mlađi od 18 go-
dina s niskim Se-om.

Prethodno istraživanje pokazalo je da je Demirjianov sta-
dij H pouzdan pokazatelj za procjenu punoljetnosti u razli-
čitim populacijama (35, 37 – 42). U studiji na austrijskim 
muškarcima, za svaki od četiri treća kutnjaka u stadiju H, 
vjerojatnost da će biti stariji od 18 godina pokazala je od 98 
do 100 % vjerojatnosti; vjerojatnost je bila oko 93 % za stu-
panj erupcije D (35). Ova studija potvrđuje pouzdanost De-
mirjianova stupnja H u klasifikaciji punoljetnosti. Štoviše, 
Haavikkov stadij Ac, Demirjianov stadij H i stadij erupcije 
D u zubu 38 vrlo su učinkoviti u oba spola. Visoki Sp kriti-
čan je za osiguravanje niskoga lažno pozitivnoga u forenzič-
kom kontekstu. U usporedbi s trećim molarnim indeksom, 
Haavikkovim stupnjem Ac, Demirjianov stupanj H pokazao 
je slično svojstvo klasifikacije kao granična vrijednost trećega 
molarnoga indeksa od 0,08 (29). Suprotno ranijim studijama 
koje su sugerirale ograničenu korisnost (35), ova studija po-
kazuje da je stadij erupcije D učinkovit za 18-godišnji prag.

Metode Demirjiana i Haavikka pokazale su se vrijedni-
ma i pouzdanima u procjeni dobi hrvatske djece s jakom ko-
relacijom između dentalne i kronološke dobi (43). U pret-
hodnoj studiji Brkića i suradnika, Demirjianova metoda 
pokazala je veću točnost u procjeni dobi hrvatske djece u 
dobi od 6 do 13,9 godina u odnosu na Haavikkovu metodu 
(13). Međutim, kad je riječ o procjeni zakonske starosne gra-
nice, obje metode daju nevjerojatno slične rezultate u opti-
malnim fazama koje karakterizira završetak formiranja kru-
nice i korijena te zatvaranje vrha. Sličan nalaz zabilježen je u 
portugalskoj populaciji u procjeni 18-godišnjega praga tim 
dvjema metodama u zubu 38 (44). Ta dosljednost je očeki-
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The timing of formation and eruption stages of third mo-
lars exhibits variability across different populations and eth-
nic groups, influenced by a combination of genetic, environ-
mental, and dietary factors (5). In addition, study samples 
size and age structure have direct impact on the age distri-
bution by stages (45). In comparison with central southern 
and southwestern Han populations (38,46), German pop-
ulation (47), and Portuguese population (48), on average, 
tooth 38 reached stage H 1-2 years earlier in Croatian pop-
ulation. Compared with a latest study in Portuguese popu-
lation (44), Croatian samples tooth 38 in this study reached 
most stages 1-2 years earlier by both Haavikko and Demir-
jian method, except for samples at stage E and females at 
stage R1/4. This finding suggests potential advanced matura-
tion in tooth 38. However, it is crucial to interpret this find-
ing cautiously. Aside from ethnic differences, factors such as 
sample sizes, age ranges, and age structures must be consid-
ered when comparing. These factors significantly impact the 
comparability and generalizability of the results. 

In this study sample, second molar completes formation 
and fully erupt earlier in females than males (p<0.05). Third 
molar formation and eruption pattern is similar for both sex-
es. The age at which third molar eruption stages C-D oc-
cur was observed to be 1-3 years earlier in both sexes com-
pared to a previous study involving Croatian children and 
adolescents spanning ages 10 to 25 years, thus suggesting ad-
vanced gingival and complete emergence in the present Cro-
atian population (49). In comparison with other populations, 
the timing of gingival and complete emergence is general-
ly advanced in present population, although not for alveo-
lar emergency; alveolar emergency is delayed for 1-2 years, 
but 2-3 years earlier in gingival and complete emergence in 
present population than northern Chinese population (50); 
complete emergence was 1-3 years earlier in comparison to 
third molar eruption in first nations people of Canada (33); 
1-3 years earlier for alveolar, gingival and complete emergen-
cy compared with Austrian males (35); Alveolar emergen-
cy was 1.1 years earlier in Portuguese females and 2.4 years 
earlier in Portuguese males, but gingival emergency was 1.1 
years and 0.5 years delayed respectively(51). The findings 
suggest significant variations in the timing of third molar 
eruption across different populations. These differences un-
derscore the importance of considering population-specific 
norms when using third molar eruption stages for age esti-
mation or other forensic purposes. Furthermore, this study 
uncovered significant variability in the timing of molar erup-
tion compared to formation stages within the same popula-
tion. This pattern has been noted in other populations as well 
(35,49,51). Such variability could potentially compromise the 
reliability of eruption stage assessments when estimating age 
thresholds. A previous study compared staging method of 
Olze et  al. with five stages (52), method of Willmot et  al. 
(53)with four stages and a new classification with six stages, 
and results showed very similar values for correlation with 
age and reliability among these three methods (34). How-
ever, it is worth noting that the original Olze staging meth-
od, which includes four stages, was not compared with these 
three methods. Therefore, it remains uncertain whether re-

vana, s obzirom na značajno preklapanje u kriterijima stadija 
kojima se koriste te dvije metode.

Vrijeme formiranja i faza nicanja trećih kutnjaka poka-
zuje varijabilnost među različitim populacijama i etničkim 
skupinama, pod utjecajem kombinacije genetskih, okolišnih 
i prehrambenih čimbenika (5). Uz to, veličina ispitivanih 
uzoraka i dobna struktura izravno utječu na dobnu distribu-
ciju po stadijima (45). U usporedbi s populacijom središnje-
ga južnoga i jugozapadnoga Hana (38, 46), s njemačkom po-
pulacijom (47) i s portugalskom populacijom (48), u našem 
istraživanju u prosjeku je zub 38 dosegnuo stadij H godinu 
do dvije ranije u hrvatskoj populaciji. U usporedbi s najnovi-
jom studijom u portugalskoj populaciji (44), hrvatski uzor-
ci zuba 38 u ovoj studiji dostigli su većinu stadija godinu do 
dvije ranije i prema Haavikkovoj i prema Demirjianovoj me-
todi, osim uzoraka u stadiju E i žena u stadiju R1/4. Ovaj na-
laz upućuje na potencijalno uznapredovalo sazrijevanje u zu-
bu 38. No ključno je oprezno tumačiti ovaj nalaz. Uz etničke 
razlike, pri usporedbi moraju se uzeti u obzir čimbenici kao 
što su veličina uzorka, dobni rasponi i dobne strukture. Ti 
čimbenici značajno utječu na usporedivost i mogućnost ge-
neralizacije rezultata.

U ovom ispitivanom uzorku drugi kutnjak završava for-
miranje i potpuno izbija ranije kod žena nego kod muška-
raca. Način formiranja i nicanja trećeg kutnjaka sličan je u 
oba spola. Uočeno je da je dob u kojoj se pojavljuju stupnjevi 
erupcije trećeg molara C-D godinu do tri godine ranije u oba 
spola u usporedbi s prethodnom studijom koja je obuhvaća-
la hrvatsku djecu i adolescente u dobi od 10 do 25 godina, 
što upućuje na nicanje u sadašnjoj hrvatskoj populaciji (49). 
U usporedbi s drugim populacijama, vrijeme gingivalnoga i 
potpunoga nicanja općenito je naprednije u sadašnjoj popu-
laciji, iako ne i za alveolarno nicanje – alveolarna resorpcija 
kasni godinu do dvije, ali dvije do tri godine ranije u gingi-
vi i potpunom nicanju u sadašnjoj populaciji nego u popu-
laciji sjeverne Kine (50); potpuno nicanje bilo je godinu do 
3 godine ranije u usporedbi s erupcijom trećeg kutnjaka me-
đu prvim narodima Kanade (33); godinu do tri godine rani-
je za alveolarnu, gingivnu i potpuni završetak rasta u uspo-
redbi s austrijskim muškarcima (35). Alveolarna erupcija bila 
je 1,1 godinu ranije kod portugalskih žena i 2,4 godine rani-
je kod portugalskih muškaraca, ali gingivalni eruptivni sta-
dij kasnio je 1,1 godinu, odnosno 0,5 godina (51). Rezultati 
sugeriraju značajne varijacije u vremenu nicanja trećeg kut-
njaka među različitim populacijama. Te razlike ističu važ-
nost razmatranja normi specifičnih za populaciju kada se ko-
riste stupnjevi erupcije trećeg molara za procjenu dobi ili u 
druge forenzičke svrhe. Nadalje, ova je studija otkrila zna-
čajnu varijabilnost u vremenu nicanja molara u usporedbi sa 
stadijima formiranja unutar iste populacije. To je uočeno i u 
drugim populacijama (35, 49, 51). Takva varijabilnost mogla 
bi ugroziti pouzdanost procjene stadija erupcije pri procje-
ni pragova starosti. Prethodno istraživanje usporedilo je me-
todu stadija Olzea i suradnika s pet stupnjeva (52) i metoda 
Willmota i suradnika (53) s četiri stupnja i novom klasifi-
kacijom od šest stupnjeva, a rezultati su pokazali vrlo slične 
vrijednosti korelacije s dobi i pouzdanosti između triju me-
toda (34). Međutim, potrebno je napomenuti da izvorna Ol-
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zeova metoda, koja uključuje četiri faze, nije uspoređivana s 
tim trima metodama. Stoga ostaje neizvjesno hoće li usavrša-
vanje sustava stupnjevanja poboljšati njegovu izvedbu u pro-
cjeni dobi.

Ovo istraživanje uglavnom je ograničeno zbog neravno-
mjerne distribucije uzoraka i dobne strukture. Autori budu-
ćih studija trebali bi istražiti učinkovitost tih metoda s urav-
noteženijim uzorcima. Također je važno napomenuti da je 
ovaj zaključak izveden iz podataka temeljenih na populaci-
ji, a njegova primjenjivost možda nije univerzalna zbog vari-
jabilnosti u dentalnom razvoju i potencijalnih netočnosti u 
metodama procjene dobi koje bi mogle utjecati na pouzda-
nost procjene dobnih pragova.

Zaključak

Ova studija predstavila je populacijske podatke o dental-
noj zrelosti i ponudila robusnu osnovu za procjenu dobnoga 
praga u hrvatskom pravnom i istražnom sustavu. Formira-
nje i nicanje lijevoga donjeg trećeg kutnjaka pružaju vrijedne 
informacije za klasifikaciju dobnih pragova. Haavikkov sta-
dij Rc, Demirjianov stadij G, stadij erupcije C i odgovarajući 
uznapredovali stadiji u zubu 38, učinkoviti su za klasifikaciju 
praga od 16 godina. Haavikkov stadij Ac, Demirjianov stadij 
H i erupcijski stadij D učinkoviti su za 18-godišnju klasifi-
kaciju praga. Drugi kutnjak lijeve donje čeljusti završava for-
miranje i potpuno izbija ranije kod žena. Istraživanje je po-
kazalo da je korištenje formiranja i erupcije drugoga donjeg 
kutnjaka za procjenu praga starosti ograničeno.
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održanoj	4.	lipnja	2020.	godine	–	broj	odluke:	05-PA30-XVIII-6/2020.	
Etičko	povjerenstvo	KBC-a	Zagreb	na	svojoj	272.	redovitoj	sjednici	ta-
kođer	 je	 odobrilo	 ovo	 istraživanje.	 Studija	 je	 provedena	u	 skladu	 s	
etičkim	standardima	Helsinške	deklaracije	(Finska).
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analiza,	istraživanje,	validacija,	pisanje	-	izvorni	nacrt,	pregled	i	uređi-
vanje;	S. A. M.	-	Sređivanje	podataka,	resursi,	pisanje	-	pregled	i	ure-
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fining the staging system would improve its performance in 
age estimation.

This study is mainly limited due to the uneven distribu-
tion of samples and age structure. Future study should ex-
plore the effectiveness of these methods with more balanced 
samples. Also, it is important to note that this conclusion is 
drawn from population-based data, and its applicability may 
not be universal due to variability in dental development and 
potential inaccuracies in age assessment methods that could 
affect the reliability of estimating age thresholds. 

Conclusion

This study presented population-based data on dental 
maturity and offered a robust foundation for age threshold 
estimation in Croatian legal and investigative settings. For-
mation and eruption of left mandibular third molar provide 
valuable information for age thresholds estimation. Haavik-
ko stage Rc, Demirjian stage G, eruption stage C and respec-
tive advanced stages in tooth 38 are effective for 16-year-old 
threshold estimation. Haavikko stage Ac, Demirjian stage H 
and eruption stage D are effective for 18-year-old threshold 
estimation. Left mandibular second molar completes forma-
tion and fully erupts earlier in females. The use of formation 
and eruption of second molar for age threshold estimation 
is limited. 
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Sažetak
Cilj: Istraživala	se	točnost	triju	utvrđenih	pristupa	za	procjenu	zakonskoga	dobnoga	praga	u	hrvat-
skom	uzorku.	Materijali i metode: Olzeovi	stadiji	nicanja	trećeg	kutnjaka,	Haavikkovi	stadiji	i	Demir-
jianovi	stadiji	primijenjeni	su	na	583	ortopantomograma	hrvatske	djece	i	adolescenata	u	dobi	od	10	
do	20,99	godina.	Procijenjeni	su	drugi	i	treći	molar	lijeve	donje	čeljusti.	Utvrđena	je	kronologija	na-
stanka	i	nicanja	zuba.	Krivulje	radnih	karakteristika	(ROC)	izvedene	su	da	bi	se	procijenila	sposob-
nost	klasifikacije	prediktivnih	varijabli	za	procjenu	16-godošnjih	 i	18-godišnjih	pragova.	Rezultati: 
Havikkov	stadij,	Demirjianov	stadij	i	stadiji	erupcije	u	zubu	37	pokazuju	loše	rezultate	za	pragove	od	
16	i	18	godina.	Zub	38	pruža	informacije	o	vrijednosti	za	ta	dva	praga	starosti.	Za	16-godišnji	prag	
Haavikkov	stadij	Rc	i	Demirjianov	stadij	G	daju	Sp	veći	od	98	%	i	Bayesov	PTP	veći	od	95	%	za	oba	
spola.	Stadij	erupcije	C	daje	Sp	veći	od	98	%,	Bayesov	PTP	veći	od	96	%	kod	muškaraca,	a	kod	žena	
je	niži	(Sp	96,7	%,	Bayesov	PTP	88,2	%).	Za	18-godišnji	prag	Haavikkov	stadij	Ac	i	Demirjianov	stadij	
H	daju	100-postotni	Sp	i	Bayesov	PTP.	Stadij	erupcije	D	daje	Sp	veći	od	96	%,	Bayesov	PTP	veći	od	90	
%	u	oba	spola,	a	malo	je	veći	kod	žena	nego	kod	muškaraca.	Prosječna	starost	zuba	37	u	Haavikko-
vu	stadiju	Ac,	Demirjianovu	stadiju	F,	H	i	stadiju	nicanja	D,	statistički	je	niža	kod	žena	(p	<	0,05).	Za-
ključak: Prikazani	su	podatci	o	zrelosti	zuba	u	Hrvatskoj.	Haavikkov	stadij	Rc,	Demirjianov	stadij	G,	
stadij	erupcije	C	i	odgovarajući	uznapredovali	stadiji	u	zubu	38,	učinkoviti	su	za	klasifikaciju	praga	
od	16	godina.	Haavikkov	stadij	Ac,	Demirjianov	stadij	H	i	erupcijski	stadij	D,	učinkoviti	su	za	18-go-
dišnju	klasifikaciju	praga.
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