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Introduction
Age estimation has many applications. Important appli- 

cations include estimation of age for those who do not 
know their birth date and the use of age estimation in 
identification of bodies. Estimation methods include  
using radiographs to examine epiphysial fusion of long 
bones,1 to examine hands and wrists2 and to examine cer-

vical vertebrae,3 observing changes in the pubic symphy-
sis,4 and evaluating fusion of the skull’s sutures.5 

Teeth are another structure in the body that can be used 
for age estimation. Age estimation from teeth can be  
accomplished using an understanding of dental eruption 
and tooth formation.6 Few age estimation studies of Thai 
subjects, which use these methods, exist.7-10 Raungpaka8 
found a high correlation between dental age and chrono-
logical age when she evaluated the development of 14 
permanent teeth (seven types of permanent teeth in the 
right maxilla and mandible, not including third molars) 
in panoramic radiographs using the dental development 
score proposed by Gat et al.11 Krailassiri et al.10 report-
ed a relationship between dental calcification stage and 
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Abstract

Purpose: This study assessed the accuracy of age estimates produced by a regression equation derived from lower 
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coefficient and descriptive statistics.
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skeletal maturity stage using Demirjian scores12 for dental 
calcification. However, they found that calcification stage 
in third molars had the lowest correlation when used to 
predict skeletal maturity. In general, age estimation from 
erupted and erupting teeth proves useful only up until age 
14. When all teeth, except third molars, have erupted and 
are completely formed, estimation is difficult. Therefore, 
between the ages of 14 and 21, only third molar develop-
ment provides information on which age estimates can 
be based.13-19 Consequently, third molar development has 
been the basis of many age estimation studies.

While such studies have been performed in various 
countries, the literature includes reference to only one 
such study in Thailand.9 We performed our study to esti-
mate the relationship between chronological age and third 
molar development stage in a Northern Thai population 
and to assess the accuracy of estimates based on the re-
sulting equation.

Materials and Methods
This retrospective study made use of the patient archive 

at our Radiology clinic. Two stages comprised this study. 
The first estimated the relationship between chronolog-
ical age and stage of third molar development and was 
based upon panoramic radiographs of Thai patients at the 
Faculty of Dentistry, Chiang Mai University. In the first 
stage of the study, a total of 614 panoramic radiographs of 
341 female and 273 male patients aged 9 to 20 years who 
came to the Radiology Clinic of the Faculty of Dentistry, 
Chiang Mai University during January to December 2005 
were evaluated. The panoramic radiographs were made 
using a Planmeca Proline machine (Planmeca Proline 
2002, Planmeca Oy, Helsinki, Finland). To be included in 
the study, patients had to be healthy and free of systemic 
disease, fall within the study’s age range and show no de-
velopmental disturbances of the teeth. Patients’ medical 
records confirmed that the subjects met these inclusion 
criteria.

The panoramic radiographs were evaluated to deter-
mine the development stage of each subject’s third mo-
lars. Our study modified Gat’s scoring system with the 
development of third molars catagorized as follows: score 
0: no development of the third molar follicle, score 1: 
radiolucent area of the third molar seen, but without cal-
cification, score 2: calcification of the third molar, up to 
half of the crown, score 3: calcification of the third molar, 
from more than half of the crown to complete crown for-
mation, but without root formation, score 4: root forma-

tion begun, but less than half of the root length formed, 
score 5: root formation, more than half and up to full root 
length formed, but the apex remains open, score 6: com-
pletion of root apex closure. Figure 1 presents the draw-
ings representing the stage of development corresponding 
to each score.

The first stage of the study was carried out by three ob-
servers who scored the stage of third molar development. 
The observers used a viewing box in a room with subdued 
light. A mask was placed around the area of interest on 
each radiograph. Observers viewed the radiographs twice 
with a week between each session. They were trained and 
their scoring calibrated by means of practice scoring ses-
sions so that there was no significant difference among 
the observers. If a difference arose in scoring a particular 
radiograph, a discussion followed to produce a consensus 
score.

The chronological age of each patient was calculated 
by subtracting the patient’s date of birth from the date of 
radiographic examination, followed by rounding. If a pa-
tient was six months older than his or her nominal age, 
the nominal age was rounded up to the next whole num-
ber. Otherwise, the patient’s nominal age was recorded. 
For example, the recorded age for a patient aged 10 years 
and 4 months would have been 10 years. The recorded 

Fig. 1. The drawings represent the stage of development of the 
third molar which is the modified Gat’s scoring system.

Score 1	 Score 4

Score 2	 Score 5

Score 3	 Score 6
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age of another patient, aged 10 years and 7 months would 
have been 11 years. This rounding was introduced be-
cause, in legal matters, only whole-numbered ages are 
considered in Thailand.

The Mann-Whitney U test was employed to detect dif-
ferences in the relationship between tooth development 
stage and age for males and females and a step-wise re-
gression analysis was used to formulate the equation.

The second stage of the study then tested the accuracy 
of the regression equation in predicting chronological age. 
The second stage sample consisted of 539 subjects, aged 
9 to 24 years, who visited the Faculty of Dentistry, Chi-
ang Mai University between June 2006 and June 2008. 
Panoramic radiographs of the patients were made using 
the Planmeca Proline machine (Planmeca Proline 2002, 
Planmeca Oy). As in the first stage, patients included in 
the study had to be healthy and free of systemic disease, 
fall within the study’s age range and show no develop-
mental disturbances of the teeth. Patients’ medical records 
confirmed that the subjects met these inclusion criteria.

Stage-of-development scores for the mandibular third 
molars were determined by two oral and maxillofacial ra-
diologists. They evaluated the radiographs and then assi
gned each molar a modified Gat score.

A calibration session for the two observers was con-
ducted before subject radiographs were scored. In the 
calibration session, a random sample of 100 panoramic 
radiographs was selected for evaluation using a viewing 
box in a room with subdued light and a mask around the 
area of interest on each radiograph. Each observer eval-
uated the panoramic radiographs twice with a two-week 
interval between evaluations. Scores from both observers 
were compared using Kappa analysis. In cases where the 
observers assigned different scores, both observers re-
viewed the radiograph together and agreed upon a final 
score for tooth development in that case.

After the calibration session, observation sessions were 
conducted in the same fashion with no more than 100 ra-
diographs reviewed per session to prevent visual fatigue.

Finally, analysis was performed using data from the 
second part of the study. Application of the first part’s 
regression equation to scores assigned in the second part 
produced an estimated age for each patient. Correlation 
between estimated ages and known chronological ages 
of subjects in the study’s second part was analyzed by 
means of the Pearson correlation coefficient. Accuracy of 
the equation’s age estimates was assessed allowing a ±
1 year range of error and allowing a ±2 years range of  
error, both centered on each subject’s known chronolog-

ical age. In addition, the accuracy of age estimates based 
on mandibular left and right third molars was compared.

Results
The results from the first stage of the study show a 

strong relationship between the stage of development of 
the mandibular left third molar and the chronological age 

(r = 0.818). The results also show a difference between 
the sexes in the rate of third molar development. Males 
exhibited faster development than their female counter-
parts in all four third molars. Stepwise regression anal-
ysis supported inclusion of the independent variables 
modified Gat score of the mandibular third molar and 
sex in the regression equation. Estimation of parameters 
using the first stage data set produced the following equa-
tion: Y = 9.309 + 1.673 mG + 0.303S (Y = estimated age, 
mG = modified Gat score, S = sex (male = 0, female = 1)).

In the second stage, 539 subjects with panoramic ra-
diographs in the archive met the inclusion criteria and 
were included in the study. There were 210 male and 329 
female patients in this set of subjects. The distribution of 
age and sex in the set is shown in Table 1.

Observers scored the development of 539 mandibular 
left and 537 mandibular right third molars. The panoram-
ic radiographs of two subjects exhibited severe distortion 
of the right third molar image, preventing them from be-
ing scored. Tables 2 and 3, respectively, present the dis-
tribution by age of mandibular left and right third molar 
development in the set. 

The degree of intra-observer agreement ranged from 
good to very good, with Kappa scores ranging from 0.786 
to 0.853. The degree of inter-observer agreement was 
very good, with a Kappa score of 0.817.

Our analysis found a significant correlation between 
ages estimated by the regression equation introduced in 
this article and the subjects’ chronological ages. Age esti-
mation by means of the mandibular left third molar result-

Table 1. Sex and age distribution of the study group

Age (year)   Male   Female Total

  9-11 16 20 36
12-14 30 47 77
15-17 54 71 125
18-20 85 137 222
21-23 23 50 73
≥24 2 4 6

Total 210 329 539
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ed in r = 0.818 and by means of the mandibular right third 
molar resulted in r = 0.808, with p≤0.01 in both cases.

On average, the difference between estimated and act
ual ages in the second part of the study was 0.76 years 
using the mandibular left third molar and 0.74 years using 
the mandibular right third molar. The standard deviations 
of the differences were 2.00 years and 2.05 years, respec-
tively (Table 4). Allowing for a range of error of ±1 year, 
51% and 49% of ages estimated by means of the mandib-
ular left and right third molars, respectively. were deemed 
accurate. Allowing for a range of error of ±2 years, 77% 
and 76% of ages estimated by means of the mandibular 
left and right third molars, respectively, were deemed 
accurate (Table 5).

Using actual age ±2 years as our measure of accuracy, 
this study found that between 61.1% and 96.0% of man-
dibular left third molar age estimates were accurate across 
the four three-year age ranges used to group subjects aged 
9 to 20 years. For estimates based upon mandibular right 
third molar development, accuracy ranged from 55.6% to 
96.8% (Table 6). Accuracy varied little between estimates 
based on left and right mandibular third molar develop-
ment. However, accuracy dropped dramatically for pa-
tients older than 20. None of the estimates for subjects 24 
and older were deemed accurate 

When estimates were grouped by modified Gat score, 
with estimates falling within two years of actual age con-
sidered accurate, we found consistently high accuracy 

Table 2. Frequency of modified Gat score for the left mandibular third molar, by subject age group

Age (years) 0 1 2 3 4 5 6 Total

  9-11 4
(11.1%)

8
 (22.2%)

15
(41.7%)

8
(22.2%)

1
(2.8%)

0
(0%)

0
(0%)

36

12-14 1
(1.3%)

1
(1.3%)

16
(20.8%)

49
(63.6%)

8
(10.4%)

2
(2.6%)

0
(0%)

77

15-17 0
(0%)

1
(0.8%)

0
(0%)

39
(31.2%)

60
(48.0%)

22
(17.6%)

3
(2.4%)

125

18-20 0
(0%)

0
(0%)

0
(0%)

5
(2.3%)

51
(23.0%)

120
(54.1%)

46
(20.7%)

222

21-23 0
(0%)

0
(0%)

0
(0%)

2
(2.7%)

6
(8.2%)

38
(52.1%)

27
(37.0%)

73

≥24 0
(0%)

0
(0%)

0
(0%)

0
(0%)

0
(0%)

2
(33.3%)

4
(66.7%)

6

Total 5 10 31 103 126 184 80 539

Table 3. Frequency of modified Gat score for the right mandibular third molar, by subject age group

Age (years) 0 1 2 3 4 5 6 Total

  9-11 2
(5.6%)

8
(22.2%)

15
(41.7%)

10
(27.8%)

1
(2.8%)

0
(0%)

0
(0%)

36

12-14 1
(1.3%)

3
(3.9%)

11
(14.3%)

51
(66.2%)

9
(11.7%)

2
(2.6%)

0
(0%)

77

15-17 0
(0%)

0
(0%)

0
(0%)

37
(29.8%)

61
(49.2%)

22
17.7%)

4
(3.2%)

124

18-20 0
(0%)

0
(0%)

0
(0%)

6
(2.7%)

52
(23.5%)

114
(51.6%)

49
(22.2%)

221

21-23 0
(0%)

0
(0%)

0
(0%)

3
(4.1%)

4
(5.5%)

43
(58.9%)

23
(31.5%)

73

≥24 0
(0%)

0
(0%)

0
(0%)

0
(0%)

0
(0%)

2
(33.3%)

4
(66.7%)

6

Total 3 11 26 107 127 183 80 537
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(66.7%-87.1% left side, 66.7%-86.3% right side) across 
the range of scores. The modified Gat score of 4 present-
ed the lowest level of accuracy for estimates based on 
mandibular left third molar development and the second 
lowest level of accuracy for estimates based on mandibu-
lar right third molar development (Table 7).

Discussion 
In the first part of our study, we developed a regression 

equation that relates age to stage of third molar develop-
ment and sex. Third molar development was classified 
using a scoring system modified from the work of Gat. 
Gat’s study compared third molar development scores in 
boys and girls aged 5 to 13 years, but did not estimate an 
equation relating age to score. Gat’s tooth development 
scores classified stages of crown calcification and root 
formation and ranged from 0 to 5. For mathematical rea-
sons, we modified Gat’s scoring, identifying 7 stages of 
development, scored on a scale from 0 to 6. 

Mesotten et al.20 presented equations for age estima-
tion in their study of third molar crown and root devel-
opment in the Belgian population. These equations based 
their estimates on the devlopmental stages of all four 
third molars with tooth development divided into 10 stag-
es. The separate equations for age estimation in males 

and females follow: age estimate for males = 10.2000 +  
0.5122UL + 0.5273LL, Age estimate for females =  
13.6206 + 0.1933UR + 0.5080LR, where UR = the tooth 
development score for the maxillary right third molar, 
UL = the tooth dvelopment score for the maxillary left 
third molar, LR = the tooth development score for the 
mandibular right third molar, LL = the tooth development 
score for the mandibular left third molar. They found that 
these equations worked well only when estimating ages 
for subjects aged 16 to 18 years. When compared to the 
equations in Mesotten et al., our equation requires ex-
amination of only one mandibular third molar, making it 
simpler to use. For cases in which a subject’s mandibular 
left third molar is missing, our equation can be applied to 
a modified Gat score based on mandibular right third mo-
lar development with an expectation that the application 
will produce a similar rate of accuracy. The correlation 
between age estimates and actual age differed little when 
mandibular left third molar (r = 0.818) and mandibular 
right third molar (r=0.808) were the basis of scores. More
over, we found our equation accurate within ±2 years 
when estimating age across a wider range of ages (9 to 20 
years old), with accuracy >80% when the subjects’ ages 
fell within the range 12 to 20 years old (Table 6).

The standard deviation of age estimation errors was 2.00 
when scores were based on mandibular left third molar 
development and 2.05 when scores were based upon man-
dibular right third molar development. These results were 
similar to results in other studies. Thevissen et al.9 re-
sported standard deviations ranging from 1.74 to 1.90 for 
age estimation based on scoring the development of third 
molars in the Thai population. In the study by Mesotten 
et al., cited earlier, they found standard deviations of 1.52 
and 1.56, respectively, for male and female age estimates 
produced by their equations. Willerhausen et al.21 reported 
a margin of error of ±2-4 years in their study using third 
molars to estimate age in a group of Europeans aged 15 

Table 4. Descriptive statistics for the differences between real age 
and age estimated by the equation

Calculated from the score 
 for the left mandibular 

third molar

Calculated from the score
for  the right mandibular 

third molar

Mean
Standard
deviation
Minimum
Maximum
N

0.76
±2.00

-6
8

539

0.74
±2.05

-6
8

537

Table 5. Accuracy of the age estimates, left/right third molars, ranges of error ±1 year/±2 years

Range of error ±1 year Range of error ±2 years

Calculated from the score 
for the left mandibular  

third molar

Calculated from the score  
for the right mandibular  

third molar

Calculated from the score  
for the left mandibular  

third molar

Calculated from the score  
for the right mandibular 

 third molar

Accurate 274
(50.8%)

265
(49.2%)

413
(76.6%)

408
(75.7%)

Inaccurate 265
(49.2%)

272
(50.8%)

126
(23.4%)

129
(24.3%)

Total 539 537 539 537
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to 24 years. Darji et al.22 reported that they found a strong 
positive correlation between third molar developmental 
stage and chronological age in an Indian population with 
a standard deviation of 2 years at each stage. Bagherpour 
et al.23 studied young Iranian adults and presented for-
mulas for male and female age estimation. They reported 
a standard deviation of 1.4 years for males and of 1.56 
years for females.

Although our scoring system, modified from Gat’s 
study, was simple to use because it divided third molar de-
velopment into only seven stages, its specification might 
have contributed to the high standard deviation found in 
our study. In particular, the seven stages used might not 
provide the correct degree of refinement to ideally dis-
tinguish age difference. Table 7 shows that age estimates 
associated with a score of 4 proved least, or next to least, 
accurate. We speculate that a score of 4, which is associ-
ated with root formation up to no more than half of the 
root length, cannot be consistently assigned. In practice, 
this length can only be measured when root formtaion is 
complete. Before root formation is complete, final root 
length cannot be known, perhaps leading to incorrect as-
signment of development stage.

Our equation produced its lowest rate of accuracy for 
subjects aged 9 to 11 years. Even when we allowed accep- 
tance of estimates within two years of actual age, only 

61.1% of left side and 55.6% of right side estimates fell 
within the range of error. We speculate that this low-
er level of accuracy relates to the wide range of scores 

(from 0 to 4) observed in subjects falling within this age 
group. This finding is consistent with results in studies by 
Uzamis et al.16 and Balonos et al.17 They reported wide 
ranges of third molar development rates in the early stag-
es of development. Moreover, the number of subjects fall-
ing within this age range in our study was small, account-
ing for only 8.9% of the number studied. Further investi-
gation with a larger sample drawn from this age group is 
recommended.

We note that the methods of our study produced poor 
age estimates for those older than 20 years of age. For 
subjects older than 20, root formation was complete, 
which meant that these subjects were all assigned a Gat 
score of 6. Consequently, age estimates were all identical.

The subjects in this study were all drawn from a North-
ern Thai population. Differences in environment, culture 
and the ethnic composition of different parts of the coun-
try might affect the distribution of tooth development 
rates. Therefore, the accuracy of our equation should be 
evaluated for groups living elsewhere in Thailand and for 
populations elsewhere in the ASEAN community. 

In summary, this study’s equation is simple to apply, 
requiring only two pieces of information: sex and a score 

Table 6. Accuracy of the age calculated from the score allowing a range of error of ±2 years, by subject age range

Age (years)
Age calculated from the score for  

the left mandibular third molar
Age calculated from the score for  
the right mandibular third molar

Accurate (%) Inaccurate (%) Accurate (%) Inaccurate (%)

  9-11
12-14
15-17
18-20
21-23
≥24

61.1
81.8
96.0
83.3
31.5
  0.0

  38.9
  18.2
    4.0
  16.7
  68.5
100.0

55.6
80.5
96.8
83.8
26.0
  0.0

  44.4
  19.5
    3.2
  16.2
  74.0
100.0

Table 7. Accuracy of the age calculated from the score allowing a range of error of ±2 years, by modified Gat score

Modified  
Gat score

Age calculated from the score for  
the left mandibular third molar

Age calculated from the score for  
the right mandibular third molar

Accurate (%) Inaccurate (%) Accurate (%) Inaccurate (%)

0
1
2
3
4
5
6

80.0
80.0
87.1
76.7
66.7
77.2
86.3

20.0
20.0
12.9
23.3
33.3
22.8
13.8

66.7
81.8
84.6
74.8
70.9
74.3
86.3

33.3
18.2
15.4
25.2
29.1
25.7
13.8
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indicating stage of lower third molar development. We 
found this equation suitable for estimating the age of peo-
ple whose actual age ranged from 9 to 20 years, with ap-
proximately 50% of age estimates falling within one year 
of actual age and approximately 75% of age estimates 
in our validation study falling within two years of actual 
age.

We recommend further testing of this study’s estimation 
equation and adjustments to improve its accuracy. Factors 
that might improve accuracy include patients̓ height and 
the eruption height of impacted third molars.24
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