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ORİJİNAL ARAŞTIRMA

AABBSS  TTRRAACCTT OObbjjeeccttiivveess::  To assess the maturation stages of permanent maxillary and mandibular
2nd and 3rd molar teeth according to age and establish any relation of congenital absence of 3rd
molar regarding maturation stages of 2nd molars. MMaatteerriiaall  aanndd  MMeetthhooddss::  Digital panoramic radi-
ographs present in the archive of the radiology department taken from 1070 patients (678 females,
392 males; age range 4-20 years) were evaluated. The maturation stages of the teeth were assessed
according to the Demirjians method (a-h stages). In addition, ‘no follicle’ and ‘follicle’ stages were
also evaluated. Symmetry in maturation between teeth on the left and right quadrant was also eva-
luated. Descriptive statistics, Mann Whitney U test, Wilcoxon rank sum test and probability values
were used for statistical analysis. RReessuullttss::  All maxillary and mandibular molar teeth of males reac-
hed to the h stage earlier than females (p<0.05). Maxillary and mandibular 2nd molars showed
symmetric maturation among females and males (p>0.05). Contrary, maxillary and mandibular 3rd
molars in males and maxillary 3rd molars in females did not show symmetric maturation (p<0.05).
The probability of 3rd molar absence was too high in cases when the maxillary and mandibular
2nd molar teeth reached to the f stage and the follicle 3rd molar is absent among females and males.
CCoonncclluussiioonn:: All 2nd and 3rd molar teeth of males completed their maturation earlier than females.
These reference values for maturity of 2nd and 3rd molar teeth could be useful in age determina-
tion and the evaluation for congenital agenesis of 3rd molars.

KKeeyy  WWoorrddss:::: Radiography; age determination by teeth; molar 

ÖÖZZEETT  AAmmaaçç:: Daimi mandibular ve maksiller 2. ve 3. molar dişlerin yaşa göre maturasyon
evrelerinin incelenmesi ve 3. molar dişlerin konjenital eksikliği ile 2. molar dişlerin maturasyon
evreleri arasındaki ilişkinin değerlendirilmesidir. GGeerreeçç  vvee  YYöönntteemmlleerr::  Çalışmada radyoloji kliniği
arşivinde mevcut olan 1070 hastaya ait (678 kadın, 392 erkek; yaş aralığı 4-20 yıl) dijital panoramik
görüntüler değerlendirildi. Dişlerin maturasyon düzeyleri Demirjian’ın yöntemine göre (a-h
evreleri) incelendi. Bu yöntemin yanısıra ‘folikül yok’ ve ‘folikül aşamasında’ şeklinde değer-
lendirme de yapıldı. Ayrıca, sağ ve sol 3. molar dişlerin maturasyon evreleri arasında simetri olup
olmadığı incelendi. Verilerin istatistiksel analizi tanımlayıcı istatistik, Mann-Whitney U testi,
Wilcoxon Signed Ranks testi ve olasılık değerleri hesaplanarak yapıldı. BBuullgguullaarr:: Tüm maksiller ve
mandibular 2. ve 3. molar dişlerin ‘h evresine’ erkeklerde kadınlara göre daha erken yaşta eriştiği
saptandı (p<0,05). Sağ ve sol maksiller ve mandibular 2. molar dişlerin maturasyonlarının kadınlarda
ve erkeklerde simetrik olduğu anlaşıldı (p>0,05). Buna karşın, erkeklerde maksiller ve mandibular
3. molarların, kadınlarda da maksiller 3. molarların maturasyonlarının simetrik olmadığı belirlendi
(p<0,05). Kadınlarda ve erkeklerde maksiller ve mandibular dişlerin f evresine ulaştığı halde 3.
molar dişin folikülünün hala oluşmaması durumunda ilgili çenedeki 3. molar dişin konjenital olarak
eksik olma olasılığının bulunduğu saptandı. SSoonnuuçç:: 2. ve 3. molar dişlerin erkeklerde kadınlara göre
daha erken yaşta maturasyonunu tamamladığı bulgulandı. Bu dişlerin maturasyonu için elde edilen
referans değerleri yaş tayininde ve 3. molar dişin konjenital eksiklik olasılığının belirlenmesinde fay-
dalı olacaktır

AAnnaahhttaarr  KKeelliimmeelleerr  Radyografi; dişlerden yaş tespiti; azı dişi 

TTuurr  kkii  yyee  KKllii  nniikk  llee  rrii  JJ  DDeenn  ttaall  SSccii  22001166;;2222((22))::111155--2211



ental age determination is useful on diag-
nosis, treatment goals, treatment planning,
and the eventual outcome of orthodontic

treatment, forensic science, archaeology, and an-
thropology.1,2

Radiographic images have become an essen-
tial aid for human identification, particularly
with the refinement of techniques and the incor-
poration of information technology resources. It
is a simpler and cheaper method for age determi-
nation compared with histological and biochem-
ical methods.1

Panoramic radiography is a commonly used
radiographic technique in dental clinics for pro-
ducing an image of the maxillary and mandibular
teeth and their supporting structures.3 Evaluation
of tooth calcification stages from panoramic radi-
ographs might be clinically useful as a maturity in-
dicator of the pubertal growth period..1 A method
described by Demirjian4 is widely used in studies
for the assessment of maturation of teeth. It iden-
tifies eight calcification stages for each tooth, rang-
ing from the calcification of the tip of a cusp to the
closure of the apex.4 Researches showed high
inter and intra-observer agreement levels5-7 and
correlation between estimated and real age.8-10

Up to now several studies have been undertaken
in different populations to explore the usefulness
of the third molar as a reliable age indicator11-13 as
the development of these teeth starts in childhood
and continues during or late adolescence. These
studies showed that dental development varies
slightly between different populations, making pop-
ulation-specific studies necessary.14 In addition, cor-
relation between the 2nd molar maturation stage and
third molar congenital absence according to the
method of Demirjian from panoramic radiographs
has also been reported.4,15

Based upon this evidence, the aim of this
study was to establish maturation ages for per-
manent 2nd and 3rd molars and to assess any rela-
tion between maturation stage of 2nd molars and
agenesis of 3rd molar in Turkish children and
young adults having no dentoalveolar anomaly. 

MATERIAL AND METHODS

In this retrospective study, digital panoramic radi-
ographs (Veraviewepocs 2D, Morita USA) of 1070
patients with an age range of 4-20 present in the
radiology archive were evaluated. The examined
patients reflect the Turkish population since
Ankara is a city where individuals form every
province of Turkey come to receive health care.

The patient selection criteria included:

-To be Turkish and with mother and father
having Turkish nationality. 

-Having no signs of trauma, medical or sur-
gical disease. 

-All maxillary and mandibular 2nd molar
teeth were erupted in normal position or the buds
of these teeth were in normal position.

Patient exclusion criteria included:

-Inadequate radiographic image clarity. 

-One or more excess or absent teeth in the
dentition; except for 3rd molars and/or pathology
affecting teeth formation or jaws.  

The developmental stage of each maxillary
and mandibular permanent 2nd molar and pres-
ence and development stages of 3rd molars were
assessed according to the method described by
Demirjian et al.44  Stage 0 representing ‘no follicle’
and stage 1 representing ‘follicle’ were added to
this method (Figure 1).

The panoramic radiographs were evaluated
on a 17 inch monitor under subdued lightning in a
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FIGURE 1:Schematic drawings of the developmental stages of the teeth
(modified from Demirjian et al.)4 Figure legend: Schematic drawings of the
developmental stages of the teeth (modified from Demirjian et al.)4



quiet room. The radiographs were evaluated by
two maxillofacial radiologists having at least 10
years of experience in the field. Any disagreement
during stage description of the teeth was solved by
forced consensus. 

The mean age and standard deviation (SD) for
‘no follicle’ and tooth development stages (a,b,c,d,
e,f,g,h) was calculated for each tooth examined in
the study. Any difference between mean ages of all
teeth stages for genders were evaluated with
Mann-Whitney U test. Symmetry in maturation of
teeth present on maxilla and mandible was assessed
with Wilcoxon Signed Ranks test. Probability val-
ues of maxillary and mandibular 3rd molars absence
were calculated for the total of the sample and gen-
ders.

RESULTS

According to the analysis of the verifying data,
63.4% of the patients were female and 36.6% were
male. The patients were aged between 4 and 20
years old (mean: 15.36, sd:3.92). 

Among all evaluated teeth, 96 (9.0%) of right
maxillary 3rd molar, 89 (8.3%) of left maxillary 3rd

molar, 74(6.9%) of right mandibular 3rd molar and
80(7.5%) of mandibular left 3rd molars were con-
genitally absent.

‘Stage a’ was only present for one patient and
could not be assessed for maxillary and mandibular

2nd molars. On the other hand, an evaluation could
be made for maxillary and mandibular 3rd molars.
These teeth started to calcify at approximately 9
years and no significant difference was present be-
tween genders. Maxillary and mandibular 2nd mo-
lars reached to ‘h stage’ in 17.50 years , 17 years and
3rd molars in 19 years , 18 years in females and
males respectively. Significant difference was pres-
ent between the ‘h stage’ for right and left maxil-
lary and mandibular 2nd and 3rd molar teeth
between females and males (p<0.05). All molar
teeth of males completed their maturation earlier
than females (Tables 1 and 2).

Maxillary and mandibular 2nd molars showed
symmetric maturation among females and males
(p>0.05). Contrary, maxillary and mandibular 3rd
molars in males and maxillary 3rd molars in fe-
males did not show symmetric maturation
(p<0.05) (Table 3). 

The probability of 3rd molar absence was too
high in cases when the maxillary and mandibular
2nd molar teeth reached to the f stage in the total,
and among females and males and the follicle 3rd

molar is absent (Tables 4-7). 

DISCUSSION

Radiography is a simple and cheap method for the
assessment of teeth maturation.1 Krailassiri et al.1

suggested that tooth calcification stages from
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17 27 37 47

Mean Mean Mean Mean

SD SD SD SD

Stage Female Male p-value Female Male p-value Female Male p-value Female Male p-value

e 9.44 9.78 0.051 9.44 9.80 0.046* 9.34 9.88 0.006* 9.34 9.88 0.006*

1.42 1.03 1.42 1.036 1.18 0.99 1.18 0.99

f 9.94 10.28 0.341 9.94 10.25 0.423 10.00 10.30 0.561 10.00 10.30 0.561

0.87 0.79 0.873 0.81 0.93 7.95 0.935 0.79

g 12.30 12.20 0.931 12.30 12.20 0.931 12.93 12.75 0.668 12.93 12.75 0.668

2.12 1.74 2.12 1.74 2.21 1.966 2.21 1.96

h 17.56 17.17 0.005* 17.56 17.17 0.005* 17.71 17.41 0.018* 17.71 17.41 0.018*

2.19 1.96 2.19 1.96 2.09 1.86 2.09 1.86

TABLE 1: Mean and SD for the maturation stages of the 2nd molars.

17: Right maxillary 1st molar 27: Left maxillary 1st molar 37: Left mandibular 1st molar 47:Right mandibular 1st molar.
SD: Standard deviation.



panoramic radiographs might be clinically useful as
a maturity indicator. According to this we evaluated
the maturity stages of all maxillary and mandibular
molar teeth form panoramic radiographs. 

The mean age for starting of calcification could
not be evaluated for the maxillary and mandibular
2nd molars as ‘stage a’ was only present for one max-
illary 2nd molar in 1 female patient and not for
mandibular 2nd molars. Maxillary and mandibular
3rd molars started to calcify (stage a) at approxi-
mately 9 years. No significant difference was pres-
ent between females and males. Our results show
slight difference with Uzamış et al.16 who evaluated
400 panoramic radiographs and reported that the
earliest age for maxillary 3rd molar crypt formation
was 8 years, and 7 for mandibular 3rd molars among
Turkish children.

Maxillary and mandibular 2nd molars matured
in 17.50, 17 years and 3rd molars in 19, 18 years in

females and males respectively. All molar teeth of
males completed their maturation earlier than fe-
males. Svanholt and Kjaer reported a significant
difference in dental maturity between males and
females; except for the maxillary 2nd premolar fa-
voring earlier maturation among females.17 They
also reported that mandibular canines matured sig-
nificantly earlier than the maxillary canines in fe-
males and no significant difference was observed
in the maturation of the premolars and 2nd molars
between the jaws. Contrary to our results regarding
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18 28 38 48

Mean Mean Mean Mean

SD SD SD SD

Stage Female Male p-value Female Male p-value Female Male p-value Female Male p-value

No 10.96 8.70 0.019* 10.26 8.33 0.063 8.27 8.66 1.000 7.32 9.27 0.060

follicle 4.87 3.56 4.55 2.98 2.57 3.58 2.55 3.89

Follicle 9.13 9.43 0.370 9.10 8.56 0.170 8.90 9.02 0.132 8.67 8.76 0.608

0.30 0.55 0.59 0.80 1.20 0.59 0.90 0.95

a 9.71 9.64 0.936 9.80 9.00 0.074 9.58 9.55 1.000 9.25 9.74 0.149

1.20 0.65 1.00 0.63 1.10 1.14 0.55 1.17

b 9.27 10.38 0.001* 9.10 10.06 0.001* 9.94 10.78 0.029* 10.00 10.75 0.019*

0.46 1.16 0.316 0.93 1.16 1.35 1.29 1.24

c 11.26 11.03 0.547 11.44 11.04 0.310 12.39 11.06 0.000* 12.26 11.54 0.032*

1.59 1.48 1.67 1.39 1.39 1.34 1.50 1.95

d 13.60 13.06 0.180 13.22 13.40 0.555 14.61 13.86 0.108 14.29 13.52 0.075

1.91 1.79 1.80 1.93 2.00 2.21 2.10 2.20

e 15.31 14.67 0.035* 15.27 14.76 0.133 15.59 15.71 0.220 15.68 15.52 0.868

1.83 1.97 1.79 2.08 1.84 2.12 1.93 2.074

f 16.68 16.72 0.588 16.92 16.72 0.843 17.16 16.24 0.005* 16.97 16.87 0.589

1.87 1.55 1.86 1.55 1.81 1.75 1.89 1.74

g 17.60 16.92 0.024* 17.66 16.91 0.016 17.98 17.00 0.001* 18.04 17.00 0.000*

1.55 1.34 1.59 1.42* 1.42 1.60 1.42 1.52

h 19.23 18.83 0.001* 19.22 18.74 0.000* 19.53 19.53 0.000* 19.50 18.95 0.000*

0.98 1.02 0.98 1.07 0.79 1,04 0.79 1,04

TABLE 2: Mean and SD for the maturation stages of the 3rd molars.

18: Right maxillary 1st molar 28: Left maxillary 1st molar 38: Left mandibular 1st molar 48:Right mandibular 1st molar.
SD: Standard deviation

Tooth  no Female p-value Male p-value

27-17 1.000 0.157

47-37 1.000 1.000

28-18 0.700 0.001*

48-38 0.001* 0.000*

TABLE 3: Comparison of molar teeth present in the right
and left quadrant of females and males (Wilcoxon Signed
Ranks test).



3rd molar teeth, Orhan et al. evaluated 1134
panoramic radiographs and reported that maxillary
and mandibular 3rd molars matured generally at 20

years old both in females and males and Şişman et
al.5,14 evaluated 900 panoramic radiographs and re-
ported that mandibular 3rd molars matured ap-
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18 crypt stage 18 crypt not 28 crypt stage or 28 crypt not 

or later occurred Probability of 18 later occurred Probability of 28  

17 Stage N N occurrence 27 Stage N N occurrence

a 0 1 1.000 a 0 0 0.000

b 0 7 1.000 b 0 8 1.000

c 1 4 0.800 c 1 4 0.800

d 1 30 0.967 d 1 30 0.967

e 50 32 0.390 e 50 3 0.382

f 60 1 0.016 f 60 2 0.032

g 129 2 0.155 g 131 0 0.000

h 733 19 0.026 h 738 14 0.018

TABLE 4: Maxillary 2nd and 3rd molar maturity and probability of congenital absence of maxillary 
3rd molars in the total sample.

38 crypt stage 38 crypt not Probability of 38 48 crypt stage or 48 crypt not Probability of 48 

or later occurred occurrence later occurred occurrence

37 Stage N N 47 Stage N N

a 0 0 0.000 a 0 0 1.000

b 0 5 1.000 b 0 5 0.900

c 1 9 0.900 c 1 9 0.890

d 1 38 0.974 d 4 35 0.175

e 61 13 0.175 e 61 13 0.017

f 56 5 0.081 f 60 1 0.016

g 164 8 0.046 g 168 4 0.023

h 707 2 0.002 h 702 7 0.009

TABLE 5: Mandibular 2nd and 3rd molar maturity and probability of congenital absence of mandibular 3rd

molars congenital absence in the total sample.

17 Stage Probability  of 18 occurrence 27 stage Probability of 28 occurrence 

Female Male Female Male

a 0.000 0.000 a 0.000 0.000

b 1.000 0.000 b 1.000 1.000

c 0.000 0.800 c 0.000 0.800

d 1.000 0.961 d 1.000 0.000

e 0.611 0.217 e 0.611 1.800

f 1.000 0.023 f 1.000 0.045

g 0.032 1.000 g 1.000 1.000

h 0.023 0.029 h 0.016 0.024

TABLE 6: Probability of congenital absence of maxillary 3rd molars according to maturation
stages of maxillary 2nd molars among genders.



proximately at 22 years. Gunst et al assessed 2513
panoramic radiographs of patients of Belgian Cau-
casian origin and found that males matured ear-
lier than females.18 In addition they reported that
the chance for maturation of 3rd molars in a Cau-
casian individual to be older than 18 years was
96.3% or 95.1% for males and females.

Symmetry in maturation was found for maxil-
lary and mandibular 2nd molar teeth. On the other
hand, significant difference was present for maxil-
lary and madibular 3rd molars, except for right max-
illary 3rd molars in females. Svanholt and Kjaer
reported differences in maturity between the left
and right sides were non-significant among Dan-
ish children.17 In addition they reported no signif-
icant differences in the maturation of the premolars
and 2nd molars between the jaws. Orhan et al.5 re-
ported symmetry in completion of maturation of
3rd molars in both genders.

In general, for both genders, it could be said
that when right and left side maxillary 2nd molars
have reached the f stage and if there is no follicle of
same side 3rd molar it could be concluded that the
3rd molar is congenitally missing. Likely, it could
be postulated that when the mandibular 2nd molar
have reached the g stage the same side 3rd molar is
congenitally missing. Liversidge et al.19 assessed
1749 radiographs belonging to White and
Bangladeshi individuals and reported that as the
root of the 2nd molar developed the likelihood of 3rd

molar crypt formation decreased. In addition, after
the half of the root of the 2nd molar has been de-

veloped the occurrence of 3rd molar crypt was un-
likely. Baba-Kawano et al.15 evaluated panoramic
radiographs of 96 patients in a longitudinal study
according to the method of Demirjian. They as-
sumed that when the tooth germ of the lower third
molar had not appeared at stage 7 of formation of
the second molar, the probability of the third molar
being missing was 100%. Moreover, they con-
cluded that the highest correlation existed between
the age at the beginning of formation of the third
molar and the formation stage of the second molar
and late formation of tooth germs was one of the
factors that led to the congenital absence of lower
third molars. The advantage of such assessment of
congenital absence and maturation of 3rd molars is
that it could make it possible to evaluate the con-
genital absence and maturation stages of the 3rd

molars in cases where patients’ age is not kwon. 

Dentoalveolar anomaly has an influence on
congenital absence of teeth. Oligodontia, the con-
genital absence of six or more permanent teeth, is
a common developmental anomaly of human den-
tition having genetic basis.20 According to the re-
sults of a study in which tooth agenesis was
evaluated with two-dimensional area measure-
ments most of the patients had significant decreases
maxillary jaw size and relatively few had signifi-
cant changes in mandibular jaw size.21 Çelikoğlu et
al. reported that permanent tooth agenesis, mi-
crodontia of maxillary lateral incisors, and total
dental anomalies are more frequently associated
with agenesis of 4 third molars than with the
presence of third molars.22 Therefore, it should be
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37 Stage Probability  of 38 occurrence 47 stage Probability of 48 occurrence 

Female Male Female Male

a 0.000 0.000 a 0.000 0.000

b 1.000 1.000 b 1.000 1.000

c 1.000 0.833 c 1.000 0.833

d 1.000 0.965 d 0.100 0.965

e 0.218 0.142 e 0.218 0.142

f 0.235 0.022 f 1.000 0.023

g 0.047 0.045 g 1.000 0.045

h 1.000 0.010 h 1.000 0.038

TABLE 7: Probability of congenital absence of mandibular 3rd molars according to maturation
stages of mandibular 2nd molars among genders.
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kept in mind that the results obtained from the
present study were collected from patients having
no dentoalveolar anomaly and difference may be
present in patients having such anomaly. 

CONCLUSION

All maxillary and mandibular molar teeth of males
matured earlier than females. All 2nd molars in
both genders showed symmetric maturation. On

the other hand no symmetry was present for
maxillary and mandibular 3rd molars among males
and maxillary 3rd molars among females. The
probability of 3rd molar absence was too high in
cases when the maxillary and mandibular 2nd

molar teeth reached to the f stage and the follicle
3rd molar is absent. These reference values could
be useful among Turks for age determination and
evaluation of probability of 3rd molar agenesis.
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