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Abstract

Objective: To study the applicability of third molar for age estimation in teenager of Shanghai Han population in
China.

Methods: The third molars of 501 Han population teenagers of Shanghai from Shanghai Ninth Hospital were
classified with Demirjian’s classification method. There were 168 males and 333 females involved in this study and
the chronological ages ranged from 11 to 20 years. Wilcoxon test and correlation analysis was performed to find the
difference between third molars. Mann-Whitney and T-test were employed to find the difference between the males
and females.

Results: (1) The results of Mann-Whitney and T-test showed that there is no difference in the growth of third
molars between males and females. (2) Pearson test illustrated that there was a high correlation between 18 and 28,
38 and 48 (girl R=0.90 and 0.92, boy R=0.91 and 0.92, P<0.01), while there was a low correlation between 18 and
48, 28 and 38 (girl R=0.57 and 0.51, boy R=0.53 and 057, P<0.01). Wilcoxon test showed that there is no statistical
significance between two side molars (P>0.05), on the contrast, outstanding statistical significance between
mandibular and maxillary molars (P<0.01). (3) When the classification of wisdom molar reached to C, D and G, more
than 83% is under 14-year, more than 97% under 16-year, more than 57% over 16-year and more than 50% under
18-year respectively. Conclusion Third molar could be used to estimate the age of teenagers. But there is different
accuracy rate for the different classification of the third molar.

Keywords: Forensic dentistry; Age determination; The third molar;
Demirjian’s method; Adolescent; Han nationality

Introduction
It is an important and difficult job to determine chronological age.

The latest Meta-Analysis find that Demirjian’s classification method
could be used to estimate 3.5~16.9 years old people by permanent
teeth except third molar [1]. It is well known that third molar erupt
after 18-year-old and grow completely after 22-year-old. So, they are
used to estimate over 16-year-old teenagers, though the development
of third molar is different from people to people. However, it is an
effective method to estimate age.

Olze et al. [2] found that there is difference among different races
assessing age by third molar with Demirjian’s classification method.
And there is no study data in the field in China. Based on the reliability
and operability of Demirjian’s classification method, our research is to
find out the degree of mineralization of third molar in young people
and to estimate the chronological age.

Materials and Methods

Materials
In this retrospective study, orthopantomograms of 501 Chinese Han

people of known chronological age and gender were selected; 168 were
males and 333 were females and their ages ranged from 11 to 20 years.
The radiographs of healthy children were randomly selected from
patients attending the Orthodontic Department of Shanghai Ninth
People’s Hospital Affiliated to Shanghai Jiao Tong University School of
Medicine, Shanghai. Table 1 shows the gender and age distribution of
orthopantomograms. Table 2 shows the gender distribution of third
molar. The criteria for inclusion in the sample were the availability in
their clinical records of an orthopantomogram of adequate quality, and
no history of medical or surgical disease that could affect the presence
and development of mandibular permanent teeth. Exclusion criteria
included: image deformity affecting mandibular permanent tooth
visualization, hypodontia, or gross pathology. The chronological age
for each subject was calculated by the date of taking panoramic
radiograph and the date of birth, having been converted to a two
decimal age.
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Methods
Every third molar was classified by two experts according to the

Demirjian’s classification method. When the development of a tooth is
between two stages, its stage was identified to the previous stage in our
study. And this rule is also used in the situation when two experts gave
different grades.

In the study, Federation Dentaire International Numbering System
(FDI) is employed. The maxillary right third molar is marked as 18, the
maxillary left third molar is marked as 28, the mandibular left third
molar is marked as 38, and the mandibular right third molar is marked
as 48.

Microsoft® Office Excel® 2007 was employed to manage data, which
include chronological age, gender, stages of mineralization of each
third molar and so on.

Age Male Female Summary Frequent (%)

11.00~ 14 36 50 9.98

12.00~ 37 89 126 25.15

13.00~ 47 90 137 27.35

14.00~ 33 46 79 15.77

15.00~ 22 29 51 10.18

16.00~ 10 20 30 5.99

17.00~ 4 10 14 2.79

18.00~ 1 7 8 1.60

19.00~20.00 0 6 6 1.20

Summary 168 333 501 100.00

Table 1: Age and sex distribution (Han).

Age Male Female Summary

18 135 257 392

28 144 252 396

38 156 298 454

48 155 298 453

Summary 590 1105 1695

Table 2: Sex distribution of every third molar.

Statistics analysis
In our study, Wilcoxon and Pearson test was performed to find out

the correlation between any two third molars. Meanwhile, the
difference of development of third molar in gender was tested by
Mann-Whitney U test.

For every classification of third molar, mean age ± standard
deviation, max, min and percentile (25%, 50% and 70%) were
calculated. After this, the further tests were done, which include
independent T test and the accuracy of assessing 14, 16 and 18
respectively.

All of statistics analysis was performed by SPSS15.0® for Windows.

Results
The results of Pearson test and Mann-Whitney U test are listed in

Tables 3-5. These illustrates that there is strong correlation between 18
and 28, 38 and 48 (girl, R=0.90 and 0.92, boy, R=0.91 and 0.92,
P<0.01), while there is weak correlation between 18 and 48, 28 and 38
(girl, R=0.57 and 0.51, boy, R=0.53 and 0.57, P<0.01). Wilcoxon test
(Table 5 shows that there is no statistical significance between 18 and
28, 38 and 48 (P>0.05) and notable statistical significance between 18
and 48, 28 and 38 (P<0.01).

The mean age ± standard deviation, max, min and percentile (25%,
50% and 70%) of every classification of third molar is showed in Tables
6 (male) and 7 (female) respectively. T-test proved that there is no
statistical significance between boy and girl (P>0.05). Tables 8 and 9
shows the probability to estimate legal sensitive age 14-year old age,
16-year old age and 18-year old age.

Discussion
The accuracy of age determined by tooth is various by different

methods. Those who are older than 12 years age have got 28
permanent teeth expect the third molar, which always erupt in 18-year
and completely calcify after 30-year. Sometimes, third molar never
erupt in the life. However, third molar can be used to determine the
youngster’s age.

Olze et al. [3] found more reliable with Demirjian’s method than
Gleiser and Hunt method, Gustafson and Koch method, Harris and
Nortje method, and Kullman method. Besides above, the great reason
selected by our study contributed to the highest relationship between
determined age and chronological age.

It is reported by several studies that linear correlation between the
development of third molar and chronological age is marked [4-7].
While our study shows that the relationship is higher in female than in
male, the contrary result (r2 in male=0.54, r2 in female=0.45) is found
by Prieto et al. [8].

There is high relationship (Table 5) between 18 and 28, 38 and 48
respectively, certified by other research [4,8-14]. There is, however, no
relationship between 18 and 48, 28 and 38. And the result is proved by
Wilcoxon test (Table 5). In female, when the third molar is classified as
stage A, B, C, F, G and H, the chronological age estimated by 18 is
underestimated 0.72-year age, 0.10-year age, 0.09-year age, 2.64-year
age, 0.15-year age and 0.68-year age respectively than by 48.
Meanwhile, 0.40-year age, 0.06-year age, 0.24-year age, 0.52-year age,
1.42-year age and 0.23-year age is underestimated by 28 respectively
than by 38. When the third molar is classified as stage D, the
chronological age estimated by 18 and 28 is overestimated to 0.54-year
age and 0.52-year age respectively than by 48 and 38. It’s a pity that the
18 and 28 subjects in stage E of both female and male, in stage F and A
of male is absence. In male, when the third molar is classified as B and
G, the chronological age is underestimated to be 0.20-year age and
0.81-year age by 18 than 48 and 0.37-year age and 0.81-year age by 28
than 38. When the stage of classification is C, D and H, 0.15-year age,
0.37-year age and 2.06-year age are overestimated by 18 than 48 and
0.26-year age, 0.45-year age and 2.06-year age by 28 than 38.

As a consequent, our study shows that the mineralization of
maxillary third molar is earlier, faster than mandibular one in female.
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Those are in common with the results of Olze et al. [15] and Bolanos et
al. [16].

The mineralization difference of third molar between male and
female is not found by Mann-Whitney test and T-test (Tables 4 and 5).
And this is in common with the results studied by Orhan et al. [4] in
Turkey and by Olze et al. [17] in Japan. The male third molar
mineralizes earlier than female in west south China [14]. The feature
has also been proved by the studies in Australia [13] and Portugal [18].

Age Male Female

18 0.32 0.47

28 0.38 0.41

38 0.50 0.52

48 0.50 0.58

Table 3: Pearson’s correlation between third molar and age (P<0.01).

18 28 38 48

Mann-Whitney 17226.50 17633.50 22038.00 22496.00

U

P 0.86 0.50 0.26 0.57

Table 4: Mann-Whitney U test between male and female.

Pearson Correlation** Wilcoxon Test

Female Male

Female Male

Z Sample Z Sample

18 and
28 0.90 0.91 -0.46* 236 1.51* 130

38 and
48 0.92 0.92 1.02* 290 -0.42* 154

18 and
48 0.57 0.53 6.17** 248 4.27** 130

28 and
38 0.51 0.57 4.84** 243 5.05** 139

Note:*P>0.05;**P<0.01

Table 5: The relationship between third molars.

Stage Molars Sample x̅ ± S Min Max

Percentiles

25% 50% 75%

A 38 1 12.00 ± - 12.00 12.00 12.00 12.00 12.00

48 2 13.02 ± 1.44 12.00 14.03 12.00 13.02 -

18 11 12.99 ± 1.13 11.00 15.60 12.58 12.90 13.39

B 28 7 12.82 ± 1.03 11.00 13.86 12.09 12.99 13.82

38 5 13.19 ± 1.41 11.08 14.47 11.85 13.39 14.44

48 8 13.20 ± 1.10 11.08 14.47 12.66 13.19 14.26

18 6 12.56 ± 1.16 11.00 14.23 11.46 12.62 13.53

C 28 17 12.81 ± 0.96 11.00 14.32 12.35 12.90 13.51

38 8 12.55 ± 1.31 11.00 15.28 11.56 12.58 12.94

48 7 12.41 ± 1.42 11.00 15.28 11.54 12.09 12.99

18 113 13.95 ± 1.42 11.00 17.70 13.00 13.94 14.93

D 28 114 13.99 ± 1.45 11.00 17.38 12.94 13.90 15.09

38 106 13.54 ± 1.29 11.00 17.70 12.77 13.41 14.33

48 101 13.58 ± 1.34 11.00 17.70 12.76 13.41 14.35

28 2 15.02 ± 0.83 14.43 15.61 14.43 15.02 -

E 38 22 15.09 ± 1.40 12.00 17.26 14.19 15.28 16.18

48 23 14.86 ± 1.41 12.00 17.26 14.03 14.98 15.67

F 38 5 15.23 ± 0.57 14.43 15.88 14.68 15.34 15.72

48 5 15.23 ± 0.57 14.43 15.88 14.68 15.34 15.72
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18 3 15.34 ± 2.31 12.86 17.42 12.86 15.74 -

G 28 3 15.34 ± 2.31 12.86 17.42 12.86 15.74 -

38 7 16.15 ± 1.81 12.86 18.62 15.54 16.13 17.42

48 7 16.15 ± 1.81 12.86 18.62 15.54 16.13 17.42

18 1 18.62 ± - 18.62 18.62 18.62 18.62 18.62

H 28 1 18.62 ± - 18.62 18.62 18.62 18.62 18.62

38 2 16.56 ± 1.16 15.74 17.38 15.74 16.56 -

48 2 16.56 ± 1.16 15.74 17.38 15.74 16.56 -

*Male and Female T-test of average age, P>0.05.

Table 6: The age distribution as per stages of Demirjian’s (Male).

Stage Molars Sample x̅ ± S Min Max

Percentiles

25% 50% 75%

18 2 12.45 ± 0.45 12.13 12.76 12.13 12.45 -

A 28 1 12.13 ± - 12.13 12.13 12.13 12.13 12.13

38 6 12.53 ± 0.81 11.16 13.58 11.99 12.62 13.08

48 3 13.16 ± 0.74 12.49 13.95 12.49 13.04 -

18 11 12.39 ± 1.26 11.00 15.24 11.00 12.23 13.01

B 28 9 13.07 ± 2.17 11.00 18.18 11.72 12.43 13.76

38 12 13.13 ± 1.19 11.00 15.26 12.14 13.34 13.97

48 13 12.49 ± 1.08 11.00 14.34 11.50 12.58 13.40

18 23 12.58 ± 0.80 11.00 14.26 12.10 12.50 13.00

C 28 26 12.36 ± 0.86 11.00 13.75 11.47 12.61 13.00

38 11 12.60 ± 1.39 11.00 15.79 11.11 12.71 13.07

48 9 12.67 ± 0.80 11.11 13.73 12.19 12.71 13.33

18 211 13.94 ± 1.71 11.00 19.55 12.68 13.64 14.98

D 28 206 13.96 ± 1.73 11.00 19.55 12.73 13.64 14.92

38 217 13.43 ± 1.48 11.00 18.26 12.41 13.22 14.10

48 217 13.40 ± 1.43 11.00 18.26 12.41 13.21 14.09

E 38 21 15.27 ± 1.41 12.63 17.50 14.34 15.52 16.40

48 26 15.41 ± 1.48 12.63 17.62 14.27 15.53 16.57

18 1 12.85 ± - 12.85 12.85 12.85 12.85 12.85

F 28 2 14.93 ± 2.93 12.85 17.00 12.85 14.93 -

38 17 15.44 ± 1.63 12.85 18.71 13.85 15.62 16.67

48 17 15.49 ± 1.90 12.85 19.01 13.72 15.53 16.89

18 5 17.48 ± 1.68 15.54 19.36 15.71 18.22 18.89
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G 28 5 16.32 ± 2.02 13.57 18.42 14.56 15.87 18.32

38 12 17.75 ± 1.51 15.54 19.55 16.15 17.98 19.13

48 11 17.63 ± 1.53 15.54 19.55 16.12 17.73 19.16

18 4 18.35 ± 1.20 17.00 19.63 17.18 18.38 19.48

H 28 3 18.80 ± 0.97 17.73 19.63 17.73 19.03 -

38 2 19.03 ± 0.86 18.42 19.63 18.42 19.03 -

48 2 19.03 ± 0.86 18.42 19.63 18.42 19.03 -

*Male and Female T-test of average age, P>0.05.

Table 7: The age distribution as per stages of demirjian’s (female).

Stage Molars Sample ≤ 14 ≥ 14 ≤ 16 ≥ 16 ≤ 18 ≥ 18

A 38 1 100.00% (1) - (-) 100.00% (1) - (-) 100.00% (1) - (-)

48 2 50.00% (1) 50.00% (1) 100.00% (2) - (-) 100.00% (2) - (-)

18 11 90.91% (10) 9.09% (1) 100.00% (11) - (-) 100.00% (11) - (-)

B 28 7 100.00% (7) - (-) 100.00% (7) - (-) 100.00% (7) - (-)

38 5 60.00% (3) 40.00% (2) 100.00% (5) - (-) 100.00% (5) - (-)

48 8 75.00% (6) 25.00% (2) 100.00% (8) - (-) 100.00% (8) - (-)

18 6 83.33% (5) 16.67% (1) 100.00% (6) - (-) 100.00% (6) - (-)

C 28 17 88.24% (15) 11.76% (2) 100.00% (17) - (-) 100.00% (17) - (-)

38 8 87.50% (7) 12.50% (1) 100.00% (8) - (-) 100.00% (8) - (-)

48 7 85.71% (6) 14.29% (1) 100.00% (7) - (-) 100.00% (7) - (-)

18 113 53.10% (60) 47.79% (54) 92.92% (105) 7.08% (8) 100.00% (113) - (-)

D 28 114 51.75% (59) 49.12% (56) 92.11% (105) 7.89% (9) 100.00% (114) - (-)

38 106 68.87% (73) 32.08% (34) 97.17% (103) 2.83% (3) 100.00% (106) - (-)

48 101 69.31% (70) 31.68% (32) 95.05% (96) 4.95% (5) 100.00% (101) - (-)

28 2 - (-) 100.00% (2) 100.00% (2) - (-) 100.00% (2) - (-)

E 38 22 18.18% (4) 81.82% (18) 68.18% (15) 31.82% (7) 100.00% (22) - (-)

48 23 21.74% (5) 78.26% (18) 78.26% (18) 21.74% (5) 100.00% (23) - (-)

F 38 5 - (-) 100.00% (5) 100.00% (5) - (-) 100.00% (5) - (-)

48 5 - (-) 100.00% (5) 100.00% (5) - (-) 100.00% (5) - (-)

18 3 33.33% (1) 66.67% (2) 66.67% (2) 33.33% (1) 100.00% (3) - (-)

G 28 3 33.33% (1) 66.67% (2) 66.67% (2) 33.33% (1) 100.00% (3) - (-)

38 7 14.29% (1) 85.71% (6) 42.86% (3) 57.14% (4) 85.71% (6) 14.29% (1)

48 7 14.29% (1) 85.71% (6) 42.86% (3) 57.14% (4) 85.71% (6) 14.29% (1)

18 1 - (-) 100.00% (1) - (-) 100.00% (1) - (-) 100.00% (1)

H 28 1 - (-) 100.00% (1) - (-) 100.00% (1) - (-) 100.00% (1)
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38 2 - (-) 100.00% (2) 50.00% (1) 50.00% (1) 100.00% (2) - (-)

48 2 - (-) 100.00% (2) 50.00% (1) 50.00% (1) 100.00% (2) - (-)

Note: (N) represents the number of sample.

Table 8: The probability of estimating 14-year, 16-year and 18-year by third molars (Male).

Stage Molars Sample ≤ 14 ≥ 14 ≤ 16 ≥ 16 ≤ 18 ≥ 18

A 18 2 100.00% (2) - (-) 100.00% (2) - (-) 100.00% (2) - (-)

28 1 100.00% (1) - (-) 100.00% (1) - (-) 100.00% (1) - (-)

38 6 100.00% (6) - (-) 100.00% (6) - (-) 100.00% (6) - (-)

48 3 100.00% (3) - (-) 100.00% (3) - (-) 100.00% (3) - (-)

B 18 11 90.91% (10) 9.09% (1) 100.00% (11) - (-) 100.00% (11) - (-)

28 9 77.78% (7) 22.22% (2) 88.89% (8) 11.11% (1) 88.89% (8) 11.11% (1)

38 12 75.00% (9) 25.00% (3) 100.00% (12) - (-) 100.00% (12) - (-)

48 13 92.31% (12) 7.69% (1) 100.00% (13) - (-) 100.00% (13) - (-)

C 18 23 95.65% (22) 4.35% (1) 100.00% (23) - (-) 100.00% (23) - (-)

28 26 100.00% (26) - (-) 100.00% (26) - (-) 100.00% (26) - (-)

38 11 90.91% (10) 9.09% (1) 100.00% (11) - (-) 100.00% (11) - (-)

48 9 100.00% (9) - (-) 100.00% (9) - (-) 100.00% (9) - (-)

D 18 211 60.66% (128) 40.76% (86) 87.20% (184) 12.80% (27) 97.63% (206) 2.37% (5)

28 206 61.65% (127) 39.81% (82) 87.38% (180) 12.62% (26) 96.60% (199) 3.40% (7)

38 217 71.89% (156) 29.49% (64) 93.55% (203) 6.45% (14) 98.62% (214) 1.38% (3)

48 217 72.81% (158) 28.57% (64) 94.47% (205) 5.53% (12) 98.62% (214) 1.38% (3)

E 38 21 23.81% (5) 76.19% (16) 66.67% (14) 33.33% (7) 100.00% (21) - (-)

48 26 19.23% (5) 80.77% (21) 61.54% (16) 38.46% (10) 100.00% (26) - (-)

F 18 1 100.00% (1) - (-) 100.00% (1) - (-) 100.00% (1) - (-)

28 2 50.00% (1) 50.00% (1) 50.00% (1) 50.00% (1) 100.00% (2) - (-)

38 17 29.41% (5) 70.59% (12) 58.82% (10) 41.18% (7) 94.12% (16) 5.88% (1)

48 17 35.29% (6) 64.71% (11) 58.82% (10) 41.18% (7) 88.24% (15) 11.76% (2)

G 18 5 - (-) 100.00% (5) 40.00% (2) 60.00% (3) 40.00% (2) 60.00% (3)

28 5 20.00% (1) 80.00% (4) 60.00% (3) 40.00% (2) 60.00% (3) 40.00% (2)

38 12 - (-) 100.00% (12) 16.67% (3) 83.33% (10) 50.00% (6) 50.00% (6)

48 11 - (-) 100.00% (11) 18.18% (2) 81.82% (9) 54.55% (6) 45.45% (5)

H 18 4 - (-) 100.00% (4) - (-) 100.00% (4) 50.00% (2) 50.00% (2)

28 3 - (-) 100.00% (3) - (-) 100.00% (3) 33.33% (1) 66.67% (2)

38 2 - (-) 100.00% (2) - (-) 100.00% (2) - (-) 100.00% (2)
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48 2 - (-) 100.00% (2) - (-) 100.00% (2) - (-) 100.00% (2)

Table 9: The probability of estimating 14-year, 16-year and 18-year by third molars (Female).

It is reported that 99.5% (male) and 99.3% (female) Australian
youngster is at least 18-year age when third molar mineralization
reaches stage H [13]. Our findings are: When 18, 28, 38 and 48 is
classified as stage H respectively, 50%, 66.7%, 100% and 100%
Shanghai female and 100%, 100%, 100% and 100% Shanghai male are
beyond 18-year-old. When 38, 48 are classified as stage G, 83.3% and
81.8% female are beyond 16-year-old and 50% and 54.5% female are
below 18-year-old. Meanwhile, 57.1% and 57.1% male are beyond 16-
year-old and 85.7% and 85.7% male are below 18-year-old. When 18,
28, 38 and 48 are classified as stage D, 87.2%, 87.4%, 93.6%, 94.5%
female and 92.9%, 92.1%, 97.2%, 95.1% male are below 16-year-old
respectively. When 18, 28, 38 and 48 are classified as stage C, 95.7%,
100%, 90.9%, 100% female and 83.3%, 88.2%, 87.5% and 85.7% male
are below 14-year-old respectively. This study, however, indicates that,
stage C, D and G is respectively landmark for judging less than 14
years old, 16 years old and 18 years old.

The study shows that the difference between the groups, and
difference from other studies, may be closely related to the sample
specificity. What Olze et al. [19] studied has shown this before.
Although this view has not been further confirmed, but was really
found by some going researches. However, some expert holds that
there is no evidence of difference among countries in third molar
development [20]. Based on these, we do not recommend that the
results are used to other population.

Conclusion
Our study concludes that there is no difference between female and

male in third molar development, and between both sides. The
significant difference, although, is found between 18 and 48, 28 and 38.

Stage C, D and G is respectively landmark for judging less than 14-
year-old, 16-year-old and 18-year-old. As a conclusion, third molar
could be used to estimate the age of Shanghai teenagers. But there is
different accuracy rate for the different classification of the third molar.
The further study will be done.
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