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Dental Maturity in South France: A Comparison
Between Demirjian’s Method and Polynomial

Functions

ABSTRACT: The dental maturity of 1031 healthy southern French subjects aged between 2 and 18 years was studied with dental panoramic
tomograms. Demirjian’s method based on seven and eight teeth has been used to determine maturity scores as a function of age and polynomial
functions to determine age as a function of score. We give gender-specific tables of maturity scores and development graphs for each method. The
goal of these methods is different because of the nature of the predictions. The percentiles give the dental maturity compared to a standard for a
specific age, and polynomial functions give an age prediction with a confidence interval for age. The variations in dental maturity are specific to each
population. Thus, the aim of this study is to give the dental maturity standards for southern French children and to compare both the efficiency and
applicability of each method in several fields such as forensic sciences or dental health for the clinicians. The addition of the third molar increased
the reliability and the capacity of prediction up to 18 years. The polynomial functions showed the best reliability (1.3% of misclassified) and the
percentile methods the best accuracy (more or less 1.2 years, on average, between 2 and 18 years of age).
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There are several methods to estimate dental maturity that show
variation in degrees of maturation. The most frequently used meth-
ods are based on dental calcification with orthopantomograms
(5,9,14,17); these methods have the advantage of being noninvasive
and easy to use.

The most currently used method is the Demirjian’s method (4,5)
based on 8 calcification stages that represent the crown and root
calcification to the apex closure for the 7 left permanent mandibular
teeth. A score is allocated for each stage, and the sum of the scores
provides an estimation of the subject’s dental maturity. The overall
maturity score may then be converted into a dental age by using
available tables and percentiles curves. Demirjian’s study is based
on data derived from a reference sample comprising 4756 French-
Canadians children. However, Davis and Higg (2) show that the
results are less accurate if a Chinese population is computed with
Demirjian’s standards. Several authors note an overestimation of
dental age from studies based on another population if Demirjian’s
standards are used (10,19,24).

These results show the necessity to create databases representa-
tive to each population. These databases would take into account
the biological inter-ethnic differences that can present a major bias
in age estimation.

This system does not tolerate the missing data and Demirjian and
Goldstein (5) have excluded the third molar because this tooth is
often extracted. But for age prediction all the variables are important
(13), and for dental maturity the third molar is the only one giving
a prediction past 16 years of age.
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Moreover, the Demirjian’s method calculates a score as a func-
tion of age and the predictive interval is given for the maturity
score and computed to obtain an age interval. This way is adapted
for clinicians to know the deviation of the dental maturity for one
individual but is inappropriate for age determination (23,26). Sev-
eral authors (20,26) propose polynomial or multiple regressions to
obtain an age with confidence interval, as a function of score, and
also to limit the problem of missing data.

The main aim of this study was to present the development of
dental maturity in southern French girls and boys as a continuous
function of age using Demirjian’s method. The second aim was to
compare the accuracy of age determination between this method,
polynomial regression (13,22,23), and Demirjian’s method modi-
fied including the third molar.

Materials and Methods

The study sample consisted of dental panoramic tomograms
of 1031 healthy French subjects (561 girls and 470 boys) from
southern France in the period 1975 to 2000, and aged between
2 and 18 years. Subjects with missing teeth have been excluded.
These panoramics have been collected from hospitals or universi-
ties specializing in dental radiology in Bordeaux, Nice, Dijon, and
Marseille. The distribution of dental panoramics by age and sex is
given in Table la.

The seven left mandibular teeth were rated on an 8-stage scale
from A to H according to Demirjian’s method revisited (4,5). To
construct mathematical models, the stages were converted to num-
bers (from 2 to 9). Moreover, for more accuracy we added the stage 0
and the stage 1, called the crypt stage. This stage represents the time
when the bone crypt is visible without dental germ inside it. The
tooth not yet calcified, corresponds to stage 0. Then for each or-
thopantomogram there are ten stages from O to 9 for each tooth.

Each stage of the seven teeth has been given a gender specific,
biologically weighted score. A method for deriving the score is
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TABLE la—Age and sex distribution.

TABLE lc—Specific weighted scores, standardized to 100, for girls and
boys for each stage and left mandibular teeth*, Demirjian 8-teeth method

Age (years) Girls Boys Total and polynomial functions.
2-5 20 15 35 Stages Teeth
6 21 15 3 -
7 27 28 55 Girls 31 32 33 34 35 36 37 38
8 47 28 75 0 6.40
9 63 58 121 -
10 63 53 116 1 257 774
11 57 46 103 2 2.43 8.92
12 78 37 115 3 256 343 2.65 9.3l
13 53 50 103 4 255 354 383 4.10 10.22
14 33 41 94 5 258 265 315 509 575 258 651 11.04
15 36 43 79 6 310 454 540 631 681 325 8.00 12.65
16 21 24 45 7 502 540 7.19 809 870 425 9.13 13.77
17 14 19 33 8 6.66 7.02 922 982 1080 6.88 11.00 1445
18 8 13 21 9 10.61 10.89 1199 1229 1279 1094 13.84 16.65
Total 561 470 1031

TABLE 1b—Specific weighted scores, standardized to 100, for girls and
boys for each stage and left mandibular teeth*, Demirjian 7-teeth method.

Stages Teeth

Girls 31 32 33 34 35 36 37
0
1 3.08
2 2.92
3 3.07 4.11 3.18
4 3.05 4.24 4.60 491
5 3.10 3.18 3.77 6.10 6.90 3.10 7.82
6 3.71 5.44 6.47 7.57 8.17 3.89 9.59
7 6.01 6.48 8.62 9.70  10.44 5.09 1095
8 7.99 843 11.06 11.78 12.96 826 13.21
9 1273 13.07 1438 1474 1535 13.13  16.61

Boys 31 32 33 34 35 36 37
0 2.01
1 2.01 3.52
2 2.01 2.68 4.02
3 2.01 2.35 4.02 5.60
4 3.16 4.17 4.02 5.76
5 2.73 3.02 5.13 6.13 6.61 2.51 7.90
6 5.14 5.56 7.25 7.64 8.23 4.40 9.32
7 6.10 6.80 8.97 9.66 10.24 5.83  10.71
8 7.76 824 1124 11.62 1257 826 13.14
9 1260 1289 1483 1485 1548 1325 16.10

* The numbers 31 to 37 (FDI system) represent the permanent lower left first
incisor until the permanent lower left second molar; Stages: 0 to 4 =crown
calcification; 5 to 8 =root calcification; 9 = apex closure.

described in Goldstein (7) and Tanner et al. (25). These scores
and those including the third molar are given in Tables 1b and 1c.
The missing scores for the permanent lower left 2nd molar (tooth
37 in FDI system) in girls are explained by the small number of
individuals aged between 2 and 4 years. The sum of the score
for each tooth is a dental maturity score rescaled linearly to 100.
This score is converted in dental age using appropriate tables of
percentiles (Tables 2 and 3). We obtain the percentiles curves using
fifth-degree polynomial interpolation in accordance with Goldstein
(6). The percentiles curves (Figs. 1 and 2) were calculated for 1st,
5th, 16th, 50th, 84th, 95th, and 99th percentiles.

For the Demirjian’s modified method, we added the third molar in
the calculation of the dental maturity score using the same method
to obtain specific weighted score and percentiles curves (Tables 4
and 5, Figs. 3 and 4).

Boys 31 32 33 34 35 36 37 38

0 1.70  6.19
1 1.69 298 7.64
2 1.70  2.27 341 828
3 1.70 198 341 474  8.86
4 267 352 341 488 9.89
5 231 255 434 519 559 213  6.69 11.17
6 435 471 614 647 696 373 789 1225
7 516 575 759 818 868 494 9.08 13.66
8 656 697 952 984 1064 7.00 11.13 14.07
9 10.68 1091 1256 12,57 13.11 11.22 13.63 15.32

* The numbers 31 to 37 (FDI system) represent the permanent lower left first
incisor until the permanent lower left second molar; Stages: 0 to 4 =crown
calcification; 5 to 8 =root calcification; 9 = apex closure.
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FIG. 1—Dental maturity percentiles for girls, Demirjian 7-tooth method
Ist, 5th, 16th, 50th, 84th, 95th and 99th percentiles.

In another way, third-degree polynomial regression (26) was em-
ployed, with 95 and 99% CI, in calculations of age as a function
of maturity score with the mandibular eight teeth. The cubic func-
tion gives the best fit to the plots with an R? of about 0.92. The
maturity score (Tables 6 and 7, Figs. 5 and 6) is obtained using a
specific weighted score calculated for Demirjian’s method modi-
fied.

We compare the accuracy and the reliability to determine the
advantages and inconveniences of each method. The accuracy is



TABLE 2—Dental maturity score per age in southern French girls,
Demirjian 7-tooth method.
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TABLE 3—Dental maturity score per age in southern French boys,
Demirjian 7-tooth method.

Age 1% 5% 16% 50% 84% 95% 99% Age 1% 5% 16% 50% 84% 95% 99%
2.00 20.70 20.76  20.80 21.12 21.29 21.56 21.83 2.00 16.04 16.19 16.39 17.04 17.17 17.28 17.61
225 20.73 20.80 20.89 21.41 22.02 22.22 22.45 2.25 17.66 17.73 17.90 18.72 19.03 19.06 19.39
250 21.06 21.19 21.52 22.61 23.01 23.21 23.42 2.50 19.23 19.25 19.42 20.42 20.80 20.85 21.45
275 2172 21.88 22.39 2391 24.24 24.5 24.69 2.75 20.76 20.77 20.95 22.13 22.63 22.73 23.48
3.00 22.66 22.85 2347 25.31 25.69 26.06 26.24 3.00 22.27 22.33 22.50 23.85 24.53 24.67 25.48
325 2385 24.05 2474 26.80 27.33 27.85 28.02 3.25 23.75 23.76 24.07 25.60 26.50 26.67 27.45
3.50 2523 2544 26.16 28.38 29.15 29.84 30.02 3.50 25.22 25.24 25.66 27.37 28.55 28.72 29.42
375 2679 27.01 27.73 30.05 31.12 32.01 32.20 3.75 26.67 26.74 27.27 29.15 30.65 30.81 31.37
400 2848 28.72 2942 31.79 33.22 34.32 34.53 4.00 28.13 28.24 28.89 30.96 32.81 32.94 33.33
425 3027 30.55 31.22 33.61 35.44 36.76 36.99 4.25 29.58 29.76 30.54 32.79 34.99 35.11 35.51
450 32.15 3247 33.09 35.49 37.76 39.31 39.56 4.50 31.04 31.29 32.20 34.64 36.95 37.30 37.56
475 3408 3447 35.04 37.44 40.15 41.93 42.21 4.75 32.50 32.84 33.89 36.51 38.93 39.52 39.85
5.00 36.04 36.52 37.04 39.44 42.62 44.61 4493 5.00 33.98 34.41 35.59 38.40 4091 41.77 42.17
525 38.03 38.6 39.09 41.50 45.13 47.33 47.68 5.25 35.47 35.99 37.31 40.30 4291 44.02 44.51
5.50 40.01 40.71 41.16 43.59 47.68 50.07 50.46 5.50 36.98 37.60 39.05 42.23 44.93 46.29 46.87
575 4198 42.83 43.25 45.73 50.25 52.82 53.25 5.75 38.51 39.23 40.81 44.16 46.95 48.55 49.24
6.00 4393 4494 4536 47.89 52.83 55.56 56.03 6.00 40.05 40.88 42.57 46.11 48.99 50.82 51.61
6.25 4584 47.04 4746 50.08 55.40 58.27 58.79 6.25 41.62 42.56 44.36 48.06 51.04 53.08 53.99
6.50 4772 49.12 49.56 52.28 57.96 60.95 61.50 6.50 43.21 44.25 46.15 50.03 53.10 55.33 56.35
6.75 49.55 51.16 51.64 54.50 60.50 63.58 64.17 6.75 44 .81 45.96 47.96 51.99 55.17 57.57 58.50
7.00 5134 53.17 53.71 56.72 63.00 66.15 66.78 7.00 46.44 47.70 49.77 53.96 57.24 59.78 60.74
7.25 53.07 55.15 55.75 58.93 65.46 68.66 69.32 7.25 48.08 49.45 51.60 55.93 59.30 61.97 63.04
7.50 5475 57.07 57.76 61.14 67.86 71.08 71.78 7.50 49.74 51.21 53.42 57.89 61.37 64.13 65.32
775 5639 5896 59.74 63.33 70.20 73.43 74.16 7.75 51.42 52.99 55.26 59.85 63.43 66.25 67.55
8.00 5797 60.79 61.68 65.50 72.48 75.68 76.44 8.00 53.11 54.78 57.09 61.79 65.47 68.33 69.75
8.25 59.51 6258 63.59 67.64 74.68 77.84 78.62 8.25 54.82 56.58 58.92 63.72 67.50 70.37 71.89
8.50 61.00 6431 65.46 69.74 76.80 79.90 80.70 8.50 56.53 58.38 60.74 65.63 69.50 72.36 73.99
8.75 6246 66.00 67.28 71.80 78.83 81.86 82.67 8.75 58.26 60.19 62.56 67.51 71.48 74.30 76.02
9.00 63.88 67.64 69.07 73.82 80.78 83.71 84.53 9.00 59.98 62.00 64.38 69.38 73.43 76.19 77.99
9.25 6527 69.24 70.81 75.79 82.63 85.45 86.27 9.25 61.71 63.8 66.18 71.21 75.34 78.01 79.89
9.50 66.64 70.79 72.51 77.69 84.39 87.08 87.91 9.50 63.44 65.6 67.96 73.01 77.21 79.78 81.72
9.75 6799 7231 74.16 79.54 86.04 88.61 89.42 9.75 65.17 67.38 69.73 74.77 79.03 81.48 83.48
10.00 69.33 73.78 75.77 81.32 87.60 90.02 90.82 10.00 66.89 69.16 71.48 76.50 80.80 83.11 85.16
10.25 70.66 7522 77.34 83.02 89.06 91.33 92.11 10.25 68.60 70.92 73.21 78.18 82.51 84.66 86.75
10.50 71.99 76.63 78.87 84.66 90.41 92.52 93.28 10.50 70.29 72.65 74.91 79.81 84.15 86.15 88.26
10.75 73.32 78.01 80.35 86.21 91.66 93.62 94.34 10.75 71.97 74.36 76.58 81.40 85.74 87.56 89.68
11.00 74.66 79.36 81.80 87.68 92.80 94.61 95.29 11.00 73.63 76.05 78.22 82.93 87.25 88.90 91.02
11.25 76.01 80.68 83.20 89.07 93.85 95.50 96.14 11.25 75.26 77.70 79.83 84.41 88.68 90.15 92.26
11.50 77.37 81.98 84.55 90.37 94.79 96.29 96.89 11.50 76.87 79.32 81.4 85.83 90.04 91.33 93.41
11.75 78.75 83.26 85.87 91.58 95.64 97.00 97.54 11.75 78.45 80.90 82.92 87.19 91.31 92.42 94.47
12.00 80.14 84.52 87.14 92.70 96.39 97.61 98.10 12.00 79.99 82.44 84.41 88.49 92.50 93.44 95.43
12.25 81.55 85.76 88.37 93.74 97.06 98.14 98.57 12.25 81.5 83.93 85.84 89.72 93.61 94.37 96.30
12.50 8298 8697 89.55 94.68 97.63 98.59 98.96 12.50 82.97 85.37 87.23 90.88 94.62 95.23 97.08
12.75 84.41 88.16 90.68 95.53 98.12 98.97 99.27 12.75 84.39 86.76 88.56 91.97 95.54 96.00 97.77
13.00 85.85 89.33 91.77 96.29 98.53 99.29 99.52 13.00 85.78 88.10 89.84 93.00 96.37 96.70 98.37
13.25 87.30 9047 92.80 96.97 98.87 99.54 99.71 13.25 87.11 89.38 91.05 93.95 97.11 97.32 98.88
13.50 88.73 91.58 93.77 97.56 99.14 99.74 99.84 13.50 88.40 90.60 92.20 94.83 97.76 97.86 99.31
13.75 90.14 92.65 94.69 98.07 99.35 99.88 99.92 13.75 89.63 91.75 93.29 95.63 98.32 98.33 99.67
14.00 91.52 93.67 95.54 98.50 99.51 99.92 99.96 14.00 90.81 92.84 94.30 96.36 98.73 98.80 99.94
1425 9286 94.64 96.32 98.85 99.62 100 100 14.25 91.94 93.87 95.25 97.02 99.07 99.19 99.95
1450 94.13 9555 97.02 99.14 99.69 100 100 14.50 93.01 94.82 96.12 97.61 99.34 99.50 100
1475 9531 9638 97.64 99.36 99.72 100 100 14.75 94.03 95.71 96.91 98.13 99.56 99.73 100
15.00 96.39 97.13 98.16 99.53 99.73 100 100 15.00 94.99 96.52 97.62 98.57 99.72 99.90 100
1525 9724 9777 98.58 99.66 99.74 100 100 15.25 95.89 97.26 98.24 98.95 100 100 100
1550 9792 98.30 98.89 99.74 99.76 100 100 15.50 96.74 97.93 98.78 99.25 100 100 100
1575 98.42 98.79 99.07 99.79 99.81 100 100 15.75 97.53 98.53 99.23 99.50 100 100 100
16.00 98.79 99.14 99.19 99.82 99.85 100 100 16.00 98.26 99.05 99.58 99.69 100 100 100
16.25 99.12 99.21 99.32 99.85 99.87 100 100 16.25 98.95 99.51 99.74 99.81 100 100 100
16.50 99.30 99.36 99.44 99.88 99.91 100 100 16.50 99.58 99.89 100 100 100 100 100
16.75 99.44 99.50 99.59 99.92 100 100 100 16.75 100 100 100 100 100 100 100
17.00 99.52 99.60 99.74 100 100 100 100 17.00 100 100 100 100 100 100 100
symbolized by the mean differences between the lower and upper Results

limit of 99% prediction interval with the real age. The reliability of
the estimation is given by the percentage of individuals whose real
age isn’t within the 99% confidence interval. All statistical anal-
yses have been performed with SPSS and STATISTICA software
for PC.

Inter and Intra Observers’ Error

Thirty orthopantomograms (240 teeth) were examined twice by
two different observers, for boys and girls aged between 2 and
16 years. Inter and intra observers’ error was calculated and there
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FIG. 2—Dental maturity percentiles for boys, Demirjian 7-tooth method
1Ist, 5th, 16th, 50th, 84th, 95th and 99th percentiles.
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FIG. 3—Dental maturity percentiles for girls, Demirjian 8-tooth method
1st, Sth, 16th, 50th, 84th, 95th and 99th percentiles.

are no significant differences. Intra observers’ Student’s paired
t-test: t=0.0045, p=0.9964 (dof=29, a=0.05, 1-f =92%),
inter observers’ Student’s paired t-test: t=0.0271, p=0.9786
(dof =29, «=0.05, with statistical power of 85%, 1-error 3 ex-
pressed in percentage). With the t-test, the alpha error increases
when several variables are considered, leading to the use of an
ANOVA (analysis of variance) test (13,23). This method gives the
same result between two observers and for two repetitions by ob-
servers (v =, 1, v, =28 and Fy o5 < 4, 2 for each case).

Dental Maturity

Maturity score as a function of age with Demirjian’s method
with teeth 7 are presented for girls and boys in Tables 2 and 3 and
dental maturity percentile graphs for southern French in Fig. 1 for

Maturity score

0123 45678 910111213141516171819
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FIG. 4—Dental maturity percentiles for boys, Demirjian 8-tooth method
1st, Sth, 16th, 50th, 84th, 95th and 99th percentiles.

IMaturity score
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FIG. 5—Dental maturity, 95 and 99% ClI for girls, polynomial function,
R2=0, 91 Age=6, 15E-05*Score’—0, 0106*Score® + 0, 6997*Score-9,
3178 +2,01 yrs (95% CI).

girls and Fig. 2 for boys. With Demirjian’s method with teeth 8, the
maturity score is presented for girls and boys in Tables 4 and 5 and
the percentile graphs in Fig. 3 for girls and Fig. 4 for boys.

These percentile curves are a function of age and the interval is
read vertically. We have an interval for the score for each age group.
It’s a good approach to detect if the dental maturity of a subject
is “advanced” or “delayed” (20) in comparison with subjects of
the same age. However, for age prediction it’s not appropriate and
less reliable because we want an interval of age for a specific
maturity score. Of course, we can read the curves horizontally but
this approach is not statistically developed for this utilization (26).

We note that the teeth 8 system gives a prediction for the maturity
score until 18 years of age and until 16 years for the teeth 7 system.
Thus the addition of third molar increases the prediction of two
years in comparison with Demirjian’s method with 7 teeth.



TABLE 4—Dental maturity score per age in southern French girls,
Demirjian 8-tooth method.
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TABLE 5—Dental maturity score per age in southern French boys,
Demirjian 8-tooth method.

Age 1% 5% 16% 50% 84% 95% 99% Age 1% 5% 16% 50% 84% 95% 99%
200 2321 2328 2330 2347 2420 24.69 25.10 200 1842 1973 1975 20.63 2142 2198 22.46
225 2323 2332 2383 2430 2475 25.14 25.67 225 1949 2064 2134 2219 2296 23.50 24.01
250 2335 2339 2450 2524 2554 25.89 26.50 250 2055 2159 2285 2372 2450  25.04 25.59
275 2370 2374 2532 2627 2654 2691 27.58 275 21.62 2258 2431 2524 26.06 26.62 27.19
3.00 2425 2427 2626 2740 2773  28.18 28.89 3.00 2270 23.62 2572 26774 2749  28.05 28.64
325 2497 2503 2733 28.62 29.10 29.66 30.38 325 2378 2469 27.10 2824 29.15 29.70 30.52
350 2584 2603 2850 2993 30.63 31.33 32.06 350 2488 2580 2845 2973  30.81 31.41 32.24
375 2686 27.19 2977 3131 3230 33.16 33.88 375 2600 2695 2979 3124 3237 3298 34.00
4.00 2799 2850 31.13 3278 3409 35.14 35.84 4.00 27.13 2814 3112 32775 3405 34.70 35.69
425 2923 2993 3257 3432 3599 3723 37.92 425 2829 2937 3245 3428 3574 36.17 37.63
4.50 3055 3147 34.08 3593 3798 3943 40.09 450 2948 3063 3379 35.83 3745 38.07 39.40
475 3196 3310 3566 37.60 40.06 41.70 42.34 475 3069 3193 3514 37.39 39.18  40.01 41.31
5.00 3342 3480 37.29 3933 42119 44.04 44.66 500 3192 3326 3651 3898 4092  41.99 43.06
525 3494 3655 3897 41.11 4438 4642 47.02 525 3319 3462 37.89 4059 42.69 43.60 44.83
550 3650 3835 40.69 4294 4660 4883 49.42 550 3448 36.02 3930 4222 4448  45.50 46.63
575 38.09 40.18 4244 4481 4886 51.26 51.84 575 3580 3744 4074 4387 4629 4731 48.46
6.00 3971 42.03 4422 4671 51.13  53.69 54.27 6.00 37.16 3890 4220 4554 48.12 49.13 50.61
6.25 4134 4389 46.03 48.64 5340 56.11 56.69 6.25 3854 4038 4370 4724 4996 51.20 52.47
650 4298 4576 47.85 50.60 55.67 58.50 59.09 6.50 3995 41.88 4522 4895 51.82 53.27 54.55
6.75 44.63 47.61 49.67 5257 5793  60.87 61.48 6.75 4139 4341 4676  50.69 5370  55.34 56.63
7.00 4627 4946 5150 5456 60.17  63.19 63.82 7.00 4285 4496 4834 5243 5558 57.41 58.71
725 4791 5128 5333 5655 6238  65.46 66.13 725 4434 46,53 4994 5419 5747 5947 60.80
750 4954 53.08 55.16 5854 6455 67.68 68.38 750 4586 48.11 51.57 5596 5937 61.51 62.87
7775 51.16 5485 5697 60.53 66.67 69.83 70.57 7775 4740 4971 5321 57774 6126  63.53 64.94
8.00 5277 56.59 5877 6250 68.75 71.92 72.70 8.00 4895 5132 5488 5952 63.15 65.53 66.98
825 5436 5829 6055 6446 70.78  73.93 74.76 825 50.53 5294 5657 6130 6503 67.50 69.00
850 5593 5996 6230 6639 7274 75.86 76.75 850 52.12 5457 5826 63.08 6690 69.43 70.99
875 5748 61.59 6403 6829 74.64 7172 78.65 875 5372 5621 5997 6485 68.75 71.32 72.95
9.00 59.01 63.18 6573 70.17 7647  79.49 80.47 9.00 5534 5785 6168 66.61 7058  73.17 74.87
925 6052 6473 6740 72.00 7823 81.17 82.21 925 5696 5949 6339 6835 7239 7498 76.74
950 62.01 6624 69.03 7379 7991 8276 83.85 950 5859 61.12 65.11 70.07 7416 76.73 78.56
9.75 6348 6770 70.63 7553 8152 84.27 85.41 975 6023 6276 66.81 71.77 7590 78.42 80.32
10.00 6493 69.13 72.18 7722 83.04 85.69 86.87 10.00 61.86 6439 6850 7344 7759  80.06 82.02
1025 6637 7053 73770 78.86 8449  87.02 88.24 1025 6349 66.00 70.18 75.08 79.24 81.64 83.66
1050 6778 7188 75.16 8043 8585  88.27 89.51 1050 65.11 67.61 71.83 7668 80.84  83.15 85.23
10.75 69.18 7320 76.59 8194 87.13 89.43 90.69 1075  66.72 6920 7346 7824 8239 84.60 86.73
11.00  70.56 7449 7796 8339 8833  90.50 91.78 11.00 68.32 70.78 75.07 79.76  83.88  85.97 88.15
1125 7193 7574 79.29 84.77 8945 91.49 92.78 11.25 6991 7233 76.63 8123 8531 87.27 89.49
11.50 7328 7696 80.57 86.07 9048 9240 93.69 11.50 7147 7387 78.16  82.64 86.67 88.50 90.75
11.75 7461 7816 81.79 8730 9143 93.24 94.52 1175  73.02 7538 79.65 8401 8796 89.66 91.93
1200 7593 7932 8297 8845 9231 94.00 95.26 1200 7454 76.86 81.08 8531 89.19 90.74 93.01
1225 7724 80.47 84.10 89.53 93.10 94.69 95.91 1225 76.02 7831 8247 86.56 9033 91.74 94.01
1250 7853 8158 85.17 90.53 9382 9531 96.49 1250 7748 79.73 83.81 8774 9140 92.66 94.92
1275 7981 82,67 86.19 9146 9447 9586 97.00 1275 7891 81.11 85.08 88.86 9240 93.51 95.75
13.00 81.07 83.74 87.16 9230 9505 96.36 97.43 13.00 80.29 8246 8630 8991 9331 94.28 96.48
1325 8231 8479 88.08 93.07 9556 96.80 97.80 1325 81.64 8376 8746 90.89 94.14 9498 97.12
1350 8353 85.82 88.94 9377 96.00 97.18 98.11 1350 8294 85.03 88.55 91.81 9490 95.60 97.68
1375 8473 86.82 89.76 9439 9639 9752 98.36 1375 84.19 8624 89.57 92,65 9557 96.16 98.16
1400 8591 87.80 90.52 9494 96.72 97.81 98.57 1400 8540 8741 90.53 9343 96.17 96.69 98.56
1425 87.05 8875 9124 9542 97.00 98.06 98.73 1425 86.56 88.53 9142 9414 96.68 97.23 98.88
1450 88.17 89.67 9191 95.84 9723  98.27 98.85 1450  87.66 8959 9224 9478 97.13 97.64 99.13
1475  89.25 90.57 92,53  96.19 9742  98.44 98.94 1475 8871  90.60 9299 9535 9750 98.04 99.32
15.00 9029 9143 93.10 96.50 97.58  98.59 99.09 15.00 89.71 9155 93.68 95.86 97.80 98.33 99.45
1525  91.27 9225 93.63 96.75 9770 98.71 99.21 1525 90.64 9245 9430 9631 98.05 98.50 99.53
1550 9220 93.03 94.11 9696 97.80 98.80 99.30 1550 91.52 9328 9486 96.71 9823  98.70 99.56
1575 93.07 9376 9455 97.13 97.87 98.87 99.37 15775 9233  94.04 9536 97.05 9837 98.85 99.61
16.00 9386 9443 9495 9727 9793 9892 99.42 16.00 93.08 9474 95.80 9735 9846 9891 99.63
16.25 9457 95.04 9531 97.39 98.03 98.95 99.55 1625 9377 9537 9620 97.60 9851  98.95 99.67
16.50  95.19 9557 95.63 97.50 98.09 98.97 99.67 16.50 9440 9592 96,55 97.82 98.64 99.10 99.69
16,75 9570 96.03 96.04 97.61 98.19  99.02 99.72 1675 9497 9641 96.86 98.02 9876  99.13 99.72
17.00 96.09 9629 96.31 97.74 9836  99.17 99.81 17.00 9547 96.82 97.15 98.19 9890  99.23 99.75
1725 9635 96.44 9649 97.88 98.42 9931 99.86 17.25 9591 9715 9741 9836  98.99 99.30 99.80
1750 9645 96.58  96.68  98.05 9859  99.57 99.90 1750 9628 9741 97.66 9853 99.09  99.39 99.85
1775 96.49  96.78 96.85 98.28  98.79  99.65 99.95 1775 96.60 9758 9790 98.71  99.14  99.46 99.98
18.00 96.55 96.80 96.88 98.56 99.10 99.74  100.00 18.00 96.86 97.68 98.16 9892 9928 99.59  100.00
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TABLE 6—Predicted age for 95, 97, 99% CI per maturity score in girls,
polynomial function.

TABLE 7—Predicted age for 95, 97, 99% CI per maturity score in boys,
polynomial function.

Score 1% 3% 5% 50% 95% 97% 99% Score 1% 3% 5% 50% 95% 97% 99%
20.0 0.00 0.00 0.00 0.94 3.02 3.35 3.68 20.0 0.00 0.00 0.00 1.15 3.00 3.29 3.58
22.5 0.00 0.00 0.00 1.77 3.85 4.18 4.51 22.5 0.00 0.08 0.17 1.96 3.78 4.07 4.36
25.0 0.00 0.22 0.44 2.52 4.60 4.93 5.26 25.0 0.33 0.62 0.90 2.68 4.50 4.79 5.07
27.5 0.50 0.82 1.13 3.20 5.28 5.60 5.93 27.5 1.00 1.29 1.57 3.35 5.15 5.43 5.72
30.0 1.12 1.44 1.75 3.81 5.88 6.21 6.53 30.0 1.61 1.90 2.18 3.95 5.74 6.02 6.31
32.5 1.67 1.99 2.31 4.36 6.42 6.75 7.07 32.5 2.17 2.45 2.73 4.49 6.27 6.56 6.84
35.0 2.17 2.49 2.81 4.85 6.91 7.23 7.56 35.0 2.67 2.95 3.23 4.99 6.76 7.04 7.32
37.5 2.61 2.93 3.25 5.29 7.34 7.66 7.99 37.5 3.12 3.40 3.68 543 7.20 7.48 7.76
40.0 3.01 3.33 3.65 5.68 7.73 8.05 8.37 40.0 3.53 3.81 4.09 5.84 7.60 7.88 8.15
42.5 3.36 3.68 4.00 6.03 8.07 8.40 8.72 42.5 3.91 4.18 4.46 6.21 7.96 8.24 8.52
45.0 3.68 4.00 4.32 6.35 8.39 8.71 9.03 45.0 4.25 4.53 4.80 6.55 8.30 8.57 8.85
47.5 3.97 4.29 4.61 6.64 8.67 8.99 9.31 47.5 4.57 4.85 5.12 6.86 8.61 8.88 9.16
50.0 4.24 4.56 4.88 6.90 8.93 9.25 9.57 50.0 4.87 5.14 5.42 7.16 8.90 9.17 9.45
52.5 4.49 4.81 5.13 7.15 9.18 9.50 9.82 52.5 5.15 5.42 5.70 7.44 9.18 9.45 9.72
55.0 4.73 5.05 5.37 7.39 9.41 9.73 10.05 55.0 5.42 5.69 5.97 7.71 9.44 9.72 9.99
57.5 4.96 5.28 5.60 7.63 9.64 9.96 10.28 57.5 5.69 5.96 6.23 7.97 9.71 9.98 10.25
60.0 5.20 5.52 5.84 7.86 9.87 10.19 10.51 60.0 5.95 6.23 6.50 8.24 9.97 10.24 10.52
62.5 5.44 5.76 6.07 8.10  10.11 10.43 10.75 62.5 6.22 6.50 6.77 8.51 10.24  10.51 10.79
65.0 5.69 6.01 6.33 8.35 10.36 10.68 11.00 65.0 6.51 6.78 7.05 8.79 10.52 10.79 11.07
67.5 5.96 6.28 6.60 8.62 10.63 10.95 11.27 67.5 6.80 7.08 7.35 9.09 10.82 11.09 11.36
70.0 6.25 6.57 6.89 8.91 1092  11.24 11.56 70.0 7.12 7.40 7.67 9.40 11.14 1141 11.68
72.5 6.58 6.89 7.21 9.23 11.24 11.56 11.88 72.5 7.47 7.74 8.01 9.75 11.48 11.75 12.03
75.0 6.93 7.25 7.57 9.59 11.60 11.92 12.24 75.0 7.84 8.11 8.39 10.12 11.86 12.13 12.40
71.5 7.34 7.65 7.97 9.98 12.00 12.32 12.64 71.5 8.25 8.53 8.80 10.54 12.27 12.54 12.81
80.0 7.78 8.10 8.42 10.43 12.45 12.77 13.09 80.0 8.71 8.98 9.25 10.99 12.73 13.00 13.27
82.5 8.28 8.60 8.92  10.92 12.95 13.27 13.59 82.5 9.21 9.48 9.75 1149 13.23 13.50  13.77
85.0 8.84 9.16 9.48 11.48 13.51 13.83 14.15 85.0 9.76 10.03 10.31 12.04 13.78 14.05 14.32
87.5 9.47 9.79 10.10 12.09 14.14 14.46 14.77 87.5 10.37 10.64 10.92 12.65 14.39 14.66 14.93
90.0 10.16  10.48 10.80  12.78 14.84 15.15 15.47 90.0 11.04 1131 11.59 13.33 15.06 15.33 15.61
92.5 10.94 11.25 11.57 13.54 15.61 15.93 16.25 92.5 11.78 12.05 12.33 14.07 15.80 16.07 16.35
95.0 11.79 12.11 12.43 14.39 16.47 16.78 17.10 95.0 12.59 12.86 13.14 14.88 16.61 16.89 17.16
96.0 12.16  12.48 12.79 14.75 16.83 17.15 17.47 96.0 1294  13.21 13.48 15.22 16.96 17.23 17.50
97.0 12.54 12.86 13.17 15.12 17.21 17.53 17.85 97.0 13.29 13.57 13.84 15.58 17.32 17.59 17.86
98.0 12.93 13.25 13.57 15.51 17.61 17.93 18.25 98.0 13.67 13.94 14.21 15.96 17.69 17.96 18.23
98.5 13.14  13.46 13.77 15.71 17.81 18.13 18.45 98.5 13.86 14.13 14.41 16.15 17.88 18.15 18.42
99.0 13.35 13.66 13.98 15.92 18.02 18.34 18.66 99.0 14.05 14.33 14.60 16.34 18.08 18.35 18.62
99.5 13.56  13.88 14.19 16.13 18.23 18.55 18.87 99.5 14.25 1452 1480 1654  18.27 18.54  18.81

100.0 13.77 14.09 14.41 16.34 18.45 18.77 19.09 100.0 14.45 14.73 15.00 16.74 18.47 18.75 19.02

To obtain age as a function of the maturity score, we calculated a
cubic function between the real age and the maturity score for the
100 eight mandibular teeth (Y =aX>® 4+ bX? +cX+4d, with Y as age
and X as maturity score). We obtain an age prediction with 95,
AN AN 97, and 99% CI (Tables 6 and 7, Figs. 5 and 6 for girls and boys).
20 Moreover, this analysis is easy to perform to calculate new maturity
1 curves if teeth are missing or for another population.
o Girls: Age = (6, 15E — 05 % Score®) — (0, 0106 % Score?)
5 & 1 +(0, 6997 * Score) — 9, 3178
'x} il o
o i i
2 5 : 5 +2,01yrs (95% CI), £2, 33 yrs (97% CI),
é 40 : : +2, 65yrs (99% CI), R> =0, 91
= : -
a0 / I Boys: Age = (5, 50E — 05 x Score®) — (0, 0095 s Score?)
a0 i + (0, 6479 % Score) — 8, 4583
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FIG. 6—Dental maturity, 95 and 99% ClI for boys, polynomial function,
=0, 93 Age=35, S0E-05*Score®—0, 0095*Score? +0, 6479*Score=S8,
4583+ 1,73 yrs (95% CI).

+1,73yrs (95%CI), £ 1,97 yrs (97% CI),
+2, 28 yrs (99% CI), R =0, 93

The confidence interval is homogenous for all the age groups. The
reliability of the polynomial method is higher than the percentiles
score’s one but its accuracy is lower (Table 8). This method is
appropriate for the study of age prediction if the aim is the reliability
(for example, in forensic analysis).



TABLE 8—Comparison of the percentage of individuals misclassified in
age prediction and of the accuracy* of the three methods.

Method Misclassified % Mean accuracy
Demirjian 7-teeth 99% CI 10.2% 2.57
Demirjian 8-teeth 99% CI 4.2% 391
Polynomial regression 95% CI 4.1% 3.47
Polynomial regression 97% CI 1.3% 3.95
Polynomial regression 99% CI 0.0% 4.57

* Mean accuracy represents the mean of the residual minimum and maximum
in years for all boys from the age of 2 to 16 years.

100 M’/_,___. 10

50 B

20 4 18

—a=——lean Girls

7T Mean Boys| 7 7
E &0 »-+a+++ 8N Girls 15 8
£ N SN ol W W ik 50 Boys e o
O ok a
3 L
3 = ¢ B
w Ja

30 ek 3

b
20 4 e + 2
10 i gt
0 0

2 3 45 87 8 5101112131412 161718
Ageinyears

FIG. 7—Means and SD of maturity scores in boys and girls for the
southern French, Demirjian 8-teeth method.

The performance of these methods is given in Table 8. All the
boys are observed from 2 to 16 years of age, because Demirjian’s
7 teeth method isn’t adapted after 16 years. We observe the reliabil-
ity and the accuracy of each method for all 470 boys. We note that
for age prediction, the polynomial interpolation is the most reliable
method but less accurate than Demirjian’s method for 7 teeth.

Sexual Differences

Figure 7 shows the mean scores and the SD from each age group
to one year for boys and girls. The mean score is given by the ma-
turity score calculated for the 8 teeth system with gender specific
weighted score. We note that a difference exists between girls and
boys from 5 to 14 years old according to the Demirjian study (3).
But this difference is not really correct because the weighted scores
used to obtain the maturity are gender specific. Nystrom (20) deter-
mines gender differences using the mean of these gender-specific
weighted scores to calculate a new gender-independent maturity
score in order to compare the mean differences of estimated age for
girls and boys.

We use the same method, but here we calculated new weighted
scores sex independent. We note an advance in dental maturity
(Fig. 8) for girls for the whole age group and beginning since
three years of age. The gender dimorphism increase gradually until
10 years and increase strongly until 12—13 years. The catch-up
growth for boys begins at 13—14 years and continues through 15
years slowly and strongly until 17 years.

Discussion

The goal of this study was to present the development of den-
tal maturity in southern French subjects. We used the percentiles
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FIG. 8—Differences in dental age between girls and boys from the age of
2 to 18 years (girls age estimate—boys age estimate). Nonspecific gender
weighted score is used with Demirjian 8-tooth method.

Demirjian’s method (Tables 2-5, Figs. 1-4) and polynomial func-
tions (Tables 6 and 7, Figs. 5 and 6) for a better comprehension of
the specifics advantages of these methods.

The Demirjian’s 7-teeth method has a high accuracy (Table 8)
but poor reliability. It’s difficult to be accurate and reliable; in fact,
the accuracy and the reliability move in a contrary way. The goal is
to minimize these two factors using the best method and the most
adapted biological indicators.

Adding the third molar, we have increased the possibility of
prediction until 18 years of age. Demirjian’s 8-teeth method became
more reliable (from 10, 2% to 4, 2% of error) but the mean accuracy
(from 2 to 18 years) decreases after more or less eight months. The
high variability of the third molar (8,16) explains the reduction of
the accuracy.

The polynomial functions show a high reliability and the accu-
racy is the same as that of Demirjian’s 8-teeth method. However,
Demirjian’s 7-teeth method is more accurate particularly from 2 to
9 years of age. The polynomial functions give the same confidence
interval for all age groups, explaining the low accuracy from the
first age group. The 97% CI with the polynomial functions is the
best compromise to use this method.

In regard to these results, the polynomial functions (age as a
function of score) are suitable methods in forensic science. The
reliability is the most important factor because the legal authorities
want to know the age of children to make a decision as a function
of law for the legal age groups.

The percentile curves (score as a function of age) seem most
adapted for clinicians who could detect the aspect advanced or
delayed compared with reference subjects of the same age for one
individual. Moreover, they will be able to use Demirjian’s 8-teeth
method, if the third molar is present, for more reliability and to
observe the maturity score for the oldest boys. These two percentile
methods are given as a function of the presence or absence of the
third molar.

However, these systems have limits. The number of 2-to-4-year-
old children was too small to give accurate estimates and the ma-
turity score may be underestimated for this age group.

Also, if a tooth is missing on the left side, Demirjian uses the
homologous or the contralateral tooth. But if a tooth is missing
bilaterally, Demirjian’s method can’t calculate a maturity score.
Overall, the efficiency of dental age estimation with several teeth
missing will be considerably decreased. It seems that dental ma-
turity doesn’t follow a linear progression (26) and the polynomial
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functions are recommended; here the cubic functions give the best
correlations with dental maturity. Nystrom (20) proposed a set of
linear regressions to resolve the problem of missing data but the
dental development is curvilinear with accelerations and stops. The
solution will be a set of multiple polynomial interpolations (6,23)
computed with missing teeth for increasing the efficiency of dental
age estimation. In this study, the R? for girls with linear interpola-
tion is 0.85 against 0.91 and the prediction stops to 15.1 years of
age against 16.3 for cubic interpolation. The multiple polynomial
interpolations, calculated with correlation matrices, seem to be a
more suitable method for addressing the missing teeth problem.

Moreover, after 15 years of age, the accuracy of age prediction
decreases because the analysis is computed only with the third mo-
lar. This is the limit of the accuracy of the dental maturity as a
biological indicator. Other biological indicators like skeletal matu-
rity of bones (12,27) or baseline of the head (1,15,21) could increase
the accuracy of age estimation of the oldest boys.

The differences in dental maturity between the populations show
the importance of the construction of new dental maturity standards
for each population (2,11,18,19,28). In the future, the constitution
of large specific databases, with Demirjian’s dental stages and other
biological indicators, will constitute an important field of interest
for a better determination of human variability.
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