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Abstract
Introduction Third molar development, in comparison to oth-
er teeth in the dentition, has the greatest variation in morphol-
ogy, anatomical position, and time of development and erup-
tion, and its reliability for chronological age estimation is
controversial. The aim of the present study was to evaluate
third molar development and its relation to chronological age
using panoramic radiography.
Material and methods A total of 2536 digital panoramic
radiographs of individuals aged between 5 and 26 years were
selected. The developmental status of the third molars was
assessed using eight-stage developmental scoring proposed by
Demirjian et al., with one modification: a stage 0 was added.
The collected data were entered into a checklist and subjected
to statistical analyses.
Results The mean ages of the first appearance of third molar
bud, complete crown formation, and root apex closure were
around 9, 14, and 22 years, respectively. In both jaws, third
molar development occurred symmetrically, and sexual

dimorphism was observed at some developmental stages.
Finally, two formulas were presented to estimate age of the
juveniles and adolescents based on their gender and develop-
mental stages of the third molars, and validated on a second
sample consisting of 523 individuals aged between 8 and 22.
Conclusion Assessment of third molar development was
found to be a reliable method for age estimation of individuals
between 11 and 22 years. Because of possible ethnic and
geographic differences in third molar development, popula-
tion specific researches were recommended.
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Introduction

Assessment of the stages of third molar development is of
great clinical importance, as it helps surgeons tomake a proper
prediction as to whether an impacted tooth will erupt normally
into the oral cavity or not. It can also be used to make a
decision about timing of the impacted tooth removal and
determining the degree of surgical difficulty. Furthermore,
assessment of the stages of third molar development is an
important part of the decision making and treatment planning
for autologous transplantation of the third molar to replace a
hopeless first or second molar. Other specialists including
orthodontists and pedodontists frequently use the dental age
for diagnostic and treatment planning purposes.

In addition to its clinical importance, evaluation of the third
molar development can be useful for the estimation of chro-
nological age for medicolegal and other purposes. According
to the recommendations of the international and interdisciplin-
ary study group on the forensic age estimation, forensic age
assessment should comprise three independent parts including
the physical examination (anthropometric measurements and
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sexual maturity assessments), the X-ray examination of the
left hand, and a dental examination (assessment of dental
status and evaluation of an orthopantomogram) [1]. In late
adolescence and early adulthood, whenmost of the teeth are in
the process of apical closure, the third molars are the only
teeth still in development that can be used for age estimation.
Moreover, the accuracy of indices for sexual maturity, skeletal
age, and somatic maturity inevitably decreases in this partic-
ular age span [2–5].

The development of each individual can be affected by
hormonal, nutritional, genetic, climatic, and environmental
factors [6, 7]. However, it has been reported that tooth devel-
opment is less affected by external factors and endocrine
disorders when compared to other developmental events, such
as the bone mineralization [8–10].

However, third molar tooth, in comparison to other teeth in
the dentition, has the greatest variation in morphology, size,
anatomical position, and time of development and eruption,
and there is no consensus among investigators concerning the
reliability of third molar development as a reliable chronolog-
ical age indicator [11–18]. To study the wisdom tooth devel-
opment and its relation to chronological age, a relatively large
sample size, an objective staging system for tooth develop-
ment, an appropriate age range for individuals being studied,
and proper assessment of examiner errors are required. Fur-
thermore, if an age estimation method based on third molar
development is developed, it should be validated on a second
sample of individuals.

The aim of the present study was to evaluate third molar
development and its relation to chronological age using pan-
oramic radiography.

Materials and methods

The protocol of this study was approved by our institutional
review board and Ethics Committee.

A total of 2536 digital panoramic radiographs of individ-
uals aged between 5 and 26 years were randomly obtained
from various private dental clinics of Iran. Only
orthopantomograms with known age and gender were includ-
ed in the study. The exclusion criteria were as follows: image
deformity and gross pathology affecting the area of interest,
hypodontia, and radiographs showing any anomaly or system-
ic disease influencing the tooth development.

The developmental status of the third molars was assessed
using eight-stage developmental scoring (from A to H) pro-
posed by Demirjian and colleagues [19], with one modifica-
tion: a stage 0 was added.

Stage 0—radiolucent bud with no calcification.
Stage A—calcification of cusp tips without coalescence
of different calcifications.

Stage B—coalescence of the mineralized cusp tips, with
recognizable coronal morphology.
Stage C—formation of nearly half of the crown and
beginning of dentin deposition.
S tage D—comple te c rown format ion up to
cementoenamel junction.
Stage E—root length shorter than the crown height.
Stage F—root length equal or greater than the crown
height.
Stage G—complete root formation with open apical
foramen.
Stage H—complete closure of apical root end.

The panoramic radiographs were assigned a unique code
number to blind the observers, and evaluated by two well-
trained examiners. To assess intra- and inter-observer reliabil-
ities, 250 radiographs, representing 10% of all radiographs,
were randomly selected and evaluated twice by the same
observers within an interval of 4 weeks.

Statistical analyses were performed using SPSS 16.0
(SPSS Inc., Chicago, IL) software. To analyze the data, sev-
eral statistical tests including Cohen’s Kappa, independent
sample t test, Mann-Whitney, Spearman correlation, and

Table 1 Age and sex
distribution of the
studied population

Age (years) Gender Total

Male Female

5 16 11 27

6 33 21 54

7 49 51 100

8 54 114 168

9 82 100 182

10 76 102 178

11 58 86 144

12 61 75 136

13 33 51 84

14 32 63 95

15 31 62 93

16 31 43 74

17 34 51 85

18 42 57 99

19 39 63 102

20 45 84 129

21 68 119 187

22 50 104 154

23 58 98 156

24 50 99 149

25 38 88 126

26 2 12 14

Total 982 1554 2536
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Friedman tests were used. Finally, multiple regression analysis
was utilized to estimate age of an individual based on the sex
and third molar developmental stage. The level of significance
in present study was defined as p<0.05.

Results

Assessment of intra-observer and inter-observer agreements
for the upper third molar developmental stages yielded kappa

values of 0.91 and 0.87, respectively, and for the lower third
molar developmental stages, 0.93 and 0.88, respectively.

The number of individuals included in this investigation
was 2536, and their mean age was 15.7±6 years, ranging from
5 to 26 years (Table 1).

The mean and standard deviation of age of the
Demirjian stages are presented in Table 2. In this study,
no maxillary and mandibular third molar bud was ra-
diographically evident at age 5 years. Although the first

Table 2 Mean and standard deviation of age at different Demirjian stages (from 0 to H)

Demirjian stage Tooth Male Female p value

N Mean SD N Mean SD

0 UL 7 9.00 0.99 17 9.41 1.17 0.426

UR 8 9.25 1.03 10 9.40 1.35 0.779

LR 53 9.08 1.34 80 8.88 1.34 0.401

LL 48 9.08 1.49 85 9.13 1.40 0.862

A UL 31 9.32 1.53 43 9.42 1.56 0.794

UR 29 9.52 1.52 46 9.37 1.46 0.677

LR 61 9.72 1.49 83 9.55 1.31 0.479

LL 61 9.64 1.56 68 9.47 1.39 0.518

B UL 66 10.53 1.67 74 9.85 1.47 0.012

UR 53 10.26 1.24 67 10.04 1.54 0.402

LR 90 10.56 1.22 97 10.06 1.36 0.010

LL 95 10.46 1.27 102 10.11 1.42 0.067

C UL 48 11.21 1.27 71 11.25 1.34 0.855

UR 55 11.27 1.35 68 11.22 1.42 0.837

LR 44 11.86 1.83 83 12.01 1.31 0.600

LL 44 11.85 1.75 82 12.06 1.27 0.430

D UL 73 13.70 2.58 148 13.41 2.36 0.437

UR 71 13.55 2.32 155 13.42 2.44 0.706

LR 52 13.77 2.21 124 13.78 2.30 0.972

LL 57 13.91 2.22 125 14.02 2.47 0.787

E UL 39 15.00 2.14 72 15.56 2.18 0.201

UR 41 15.12 2.11 74 13.68 2.19 0.191

LR 50 15.22 1.94 92 16.09 2.35 0.028

LL 46 15.35 2.10 89 15.92 2.35 0.167

F UL 35 16.57 1.97 77 16.88 2.13 0.465

UR 35 16.49 1.38 76 17.13 2.38 0.075

LR 39 17.10 2.44 62 17.52 2.54 0.421

LL 39 16.97 2.46 61 17.36 2.25 0.422

G UL 41 18.10 2.40 82 19.12 2.15 0.018

UR 40 18.08 2.43 86 18.95 2.30 0.059

LR 42 18.21 1.88 87 19.22 2.22 0.013

LL 37 18.05 1.85 83 19.20 2.24 0.004

H UL 293 21.56 2.21 448 22.11 2.12 0.001

UR 292 21.59 2.20 441 22.13 2.08 0.001

LR 296 21.60 2.15 437 22.17 2.11 0.001

LL 287 21.55 2.18 443 22.20 2.06 0.001

UL upper left third molar, UR upper right third molar, LR lower right third molar, LL lower left third molar

Oral Maxillofac Surg (2015) 19:183–189 185



appearance of the third molar bud in both maxillary and
mandibular bones occurred at the ages between 6 and
13 years, the mean age was 9.1 years in males and
9.2 years in females. In both jaws, completion of the
tooth development (closure of apical root end) occurred
at the ages between 16 and 26 years, with the mean age
of 21.6 years in males and 22.2 years in females.

The mean age at developmental stages B, G, and H
for upper left third molar; stage H for upper right third
molar; stages B, E, G, and H for lower right third
molar; and stages G and H for lower left third molar
was significantly different (p<0.05) between males and
females.

Spearman correlation coefficients demonstrated a strong
correlation (≥0.96) between developmental stages of four
third molars in both males and females (Table 3).

Comparison of tooth development between four examined
third molars revealed no significant difference between con-
tralateral teeth in both maxilla and mandible. However, a
statistically significant difference was found between upper
and lower third molars (Table 4).

In present study, multiple regression analysis was used to
estimate age of an individual based on gender and third molar
developmental stages, and two regression models were devel-
oped. The models 1 and 2 were based on developmental
stages of lower and upper third molars, respectively.

Model 1 : age ¼ 6:927 þ 0:881 � L**ð Þ− 0:237 � gender*ð Þ

Model 2 : age ¼ 6:065 þ 0:972 � U***ð Þ− 0:254 � gender*ð Þ

*Gender for males=1; gender for females=0.
**L=sum of developmental scores of lower right and left

third molars.
***U=sum of developmental scores of upper right and left

third molars.
Demirjian stages of 0 to H are scored 0 to 8, respectively.
According to adjusted R squared, 0.85 and 0.82 of varia-

tions was reported through mentioned predictors in model 1
and 2, respectively. The most accurate age for application of
these two models was between 11 and 22 years (Fig. 1). The
results, showed a significant effect (p<0.05) for both gender
and sum of the lower/upper third molars developmental scores
(Table 5).

Discussion

Assessment of the stage of third molar development is com-
monly used by dental and medical practitioners for diagnostic
and treatment planning purposes, and may help these practi-
tioners and medicolegal professionals, in estimating the age of
unidentified or undocumented juvenile suspects. Although in

Table 3 Spearman
correlation coefficients
between developmental
stages of four third
molars

UL upper left third
molar, UR upper right
third molar, LR lower
right third molar, LL
lower left third molar

UL UR LR LL

Male

UL 1.00 0.99 0.98 0.98

UR 0.99 1.00 0.98 0.98

LR 0.98 0.98 1.00 0.99

LL 0.98 0.98 0.99 1.00

Female

UL 1.00 0.99 0.97 0.97

UR 0.99 1.00 0.96 0.97

LR 0.97 0.96 1.00 0.99

LL 0.97 0.97 0.99 1.00

Total

UL 1.00 0.99 0.97 0.98

UR 0.99 1.00 0.97 0.97

LR 0.97 0.97 1.00 0.99

LL 0.98 0.97 0.99 1.00

Table 4 Comparison of tooth development between four studied third molars

UL–UR LR–UR LL–UR LR–UL LL–UL LL–LR

Male

Statistic −0.950 −5.454 −4.678 −5.007 −4.774 −1.434
Significance 0.342 0.001 0.001 0.001 0.001 0.151

Female

Statistic −0.107 −8.231 −8.335 −8.603 −8.632 −1.222
Significance 0.915 0.001 0.001 0.001 0.001 0.222

Total

Statistic −0.506 −9.888 −8.335 −9.526 −9.769 −0.077
Significance 0.613 0.001 0.001 0.001 0.001 0.939

UL upper left third molar, UR upper right third molar, LR lower right third molar, LL lower left third molar
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young children, most of the permanent teeth are in the process
of completing their development and mineralization, in juve-
niles and adolescents, the third molars represent the only teeth
that continue maturing until a later age and are thereby very
important for age calculation [20, 21].

In previous studies, various methods for classification of
tooth developmental stages were used [22–24]. To increase
the level of intra-observer and inter-observer agreements,
some authors preferred to use classification systems with
fewer stages. However, less accurate age estimation would
be expected using these methods. In a study by Dhanjal et al.,
comparing reproducibility of several staging systems for third
molar development, Demirjian et al.’s method showed the best
results [25, 26].

In present study, the use of staging system proposed by
Demirjian and colleagues was preferred, because it has been
shown to be a simple, accurate, reproducible, and practical
method. The “very good” level of intra-observer and inter-
observer agreement obtained in present study further verified
the good reproducibility and reliability of Demirjian’s classi-
fication reported by previous studies [23, 24, 26, 27].

In present investigation, the mean ages of the first appear-
ance of third molar bud, complete crown formation, and root
apex closure were around 9, 14, and 22 years, respectively. In
a study by Li et al., the mean age of the first appearance of
third molar tooth bud in a Western Chinese population dif-
fered between maxilla and mandible, sides of the jaws, and
among different genders, and ranged from 7.7 to 11.8 years.
The reported mean ages for complete crown formation and
root apex closure were around 14 and 21 years, respectively
[23]. In an investigation by Lee et al. on Korean population,
mean age of the first appearance of third molar bud, complete
crown formation, and root apex closure were around 10, 14,
and 21 years, respectively [27]. In Turkish population, it was
reported that complete crown formation, and root apex closure
occurred at mean ages of 15 and 21 years, respectively [22]. In
Spanish people, the onset of mandibular third molar formation
was observed at a variable ages ranging from 5.8 to 14.5 years.
However, complete crown formation occurred at the mean age
of 14 years [28].

Some investigators suggested that third molar tooth, in
comparison to other teeth in the dentition, had the greatest
variation in morphology, size, anatomical position, and time

Fig 1 Age prediction using gender and developmental stage of third molar teeth. L sum of developmental scores of lower third molars, U sum of
developmental scores of upper third molars

Table 5 Multiple regression results for predicting age using gender and
developmental stages of upper and lower third molars

Model Variable Estimate SE p value

1 Constant 6.927 0.192 <0.001

La 0.881 0.009 <0.001

Gender −0.237 0.102 0.020

2 Constant 6.065 0.151 <0.001

Ub 0.972 0.012 <0.001

Gender −0.254 0.113 0.024

a Sum of developmental scores of lower right and left third molars
b Sum of developmental scores of upper right and left third molars
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of development and eruption, and assessment of its develop-
mental stages and relation to chronological age might not be
reliable [13, 15, 17]. However, present study, in agreement
with several other investigations showed that assessment of
the third molar developmental stages was a reliable and useful
method for age estimation [11, 22–28]. Sample size, method-
ology of the study, staging system of third molar development
being used, and age range of individuals being studied are
among factors that could affect the result of a study and should
be considered by investigators.

In present study, in both maxilla and mandible, no
statistically significant difference was observed between de-
velopment of the right and left third molar teeth. This sug-
gested symmetric third molar development in both jaws,
which was in accordance with the results of several other
studies [11, 22, 24].

Present study revealed sexual dimorphism at some devel-
opmental stages of both maxillary and mandibular third mo-
lars which was in agreement with the finding of several other
studies [22, 24, 29, 30]. In contrast, in studies by Bolaños et al.
andOlze et al., no statistically significant difference was found
between males and females with regard to developmental
stages of the third molars [28, 31].

In present study, two formulas were presented to estimate
the age of individuals based on their gender and developmen-
tal stages of right and left maxillary or mandibular third
molars. The most accurate age for application of these formu-
las was found to be between 11 and 22 years. To validate the
proposed formulas, the panoramic radiographs of 523 indi-
viduals aged between 8 and 22 (a second sample of radio-
graphs from the same dental clinics) were randomly selected,
and the age of the people with the use of formulas were
predicted. The results reconfirmed the reliability and validity
of the proposed formulas for age estimation of people between
11 and 22 years, and showed the lack of sufficient accuracy for
age estimation of individuals under 11. However, at ages
under 11, other teeth in the dentition are in the process of
development, and their usage for age estimation is preferred
and recommended by the authors of present study.

The present investigation was performed on an Iranian
population with homogenous racial makeup (Aryan). Howev-
er, because of possible minor differences in third molar devel-
opment among populations of different ethnic and geographic
origin, the age estimation formulas proposed in present study
may not be applicable to other populations. Therefore, popu-
lation specific studies and validation of the proposed age
estimation formulas are recommended.

In summary, present study revealed that assessment of third
molar stages was a reliable method of chronological age
estimation. The mean ages of the first appearance of third
molar bud, complete crown formation, and root apex closure
were around 9, 14, and 22 years, respectively. In both jaws,
third molar development occurred symmetrically, and sexual

dimorphism was observed at some developmental stages.
Finally, two formulas were developed and validated to esti-
mation age of individuals between 11 and 22 years based on
their gender and developmental stages of right and left max-
illary or mandibular third molars.
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