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Dental Maturity Curves in Finnish Children:
Demirjian’s Method Revisited and Polynomial

Functions for Age Estimation

ABSTRACT: Dental maturity was studied from 2213 dental panoramic radiographs of healthy ethnic Finns from southern Finland, aged between 2
and 19 years. The aim was to provide new Finnish maturity tables and curves and to compare the efficiency of Demirjian’s method when differently
weighted scores and polynomial regressions are used. The inter-ethnic variations lead us to calculate specific Finnish weighted scores. Demirjian’s
method gives maturity score as a function of age and seems better adapted for clinicians because, in their case, the maturity score is unknown.
Polynomial functions give age as a function of maturity score and are statically adapted for age estimation studies. Finnish dental maturity tables
and development curves are given for Demirjian’s method and for polynomial functions. Sexual dimorphism is established for the same weighted
score for girls and boys, and girls present a greater maturity than boys for all of age groups. Polynomial functions are highly reliable (0.19% of
misclassifies) and the percentile method, using Finnish weighted scores, is very accurate (£1.95 years on average, between 2 and 18 years of age).
This suggests that polynomial functions are most useful in forensic sciences, while Demirjian’s method is most useful for dental health clinicians.
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Age determination studies have an important role in foren-
sic sciences and for clinicians to know the variations in de-
gree of maturation. Several authors (4,11,12,21,22,27,38) showed
that dental development is suitable for children’s age determina-
tion because of low variability. The most frequently used meth-
ods are based on dental calcification measured from radiographs
(6,11,17,22,23,25,33,39); these methods present the advantage to
be non-invasive and easy to use.

Currently, the most frequently used method is the Demirjian’s
method (4,6) based on eight calcification stages, which span from
crown and root calcification to the apex closure for the seven left
permanent mandibular teeth. Demirjian and Goldstein (6) have ex-
cluded the third molar because this tooth is often missing. A score
is allocated for each stage, and the sum of the scores provides an es-
timation 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 based on a large French-Canadian sample.

However, several authors (3,12,13,18,24,26,27,36,39) showed
that the results are less accurate if another population is computed
with Demirjian’s standards. These results show the necessity to
create databases representative to each population. These databases
would take into account the biological interethnic differences that
can cause a major bias in age estimation. Nystrom (27) gives spe-
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cific percentile curves for Finnish children, but the weighted scores
for French-Canadian children are used, and these scores seem less
appropriate than specific Finnish weighted scores for a good fit of
the Finnish dental maturity.

Demirjian’s method is adapted for clinicians because the matu-
rity score is calculated as a function of age (27), and a predictive
interval is given for the maturity score and computed to obtain an
age interval. Indeed, the clinicians know the real age of children
and want to know if they deviate from the norm to determine if their
dental maturity is advanced or delayed. However, this method is in-
appropriate for age determination (27,35). Several authors (21,38)
propose to use polynomial or multiple regression to obtain a pre-
dicted age with confidence interval, as a function of maturity score.
This method allows a high reliability and gives an approximation
of the biological reality. The aim, in this case, is not to give the
most realistic biological model but instead the most reliable age
prediction. In contrast, the percentile curves are less reliable and
more accurate. We chose one of these two methods according to
the aim of age prediction, accuracy, and reality for clinicians or
reliability for legal authorities.

The main aim of this study was to calculate specific Finnish
weighted scores in order to give new dental maturity curves for
Finnish children using Demirjian’s method. The second aim was
to compare the efficiency and applicability, in age prediction, of
the polynomial regression (16,34,35), Demirjian’s method using
French-Canadian and Finnish scores, and the Demirjian’s method
revisited by Nystrom (27).

Materials and Methods
Dental Database

The sample of Finnish children is the same as the Marjatta
Nystrom study (27) and consists of 1119 girls and 1094 boys’
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TABLE 1—Age and gender distribution.

Age (years) Girls Boys Total
1 0 0 0
2 5 3 8
3 23 17 4
4 54 45 99
5 75 69 144
6 69 98 167
7 116 96 212
8 103 110 213
9 38 105 193

10 127 98 225
11 90 55 145
12 58 87 145
13 63 53 116
14 57 79 136
15 26 41 67
16 42 18 6
17 67 74 141
18 23 25 48
19 33 21 54
Total 1119 1094 2213

radiographs for a total of 2213 dental panoramic tomograms of
healthy, ethnic Finns from southern Finland. Subjects with bilater-
ally missing mandibular teeth other than third molar had been ex-
cluded. The great majority of the radiographs represented voluntary
participants in a growth study, a nursery, and entire school classes.
The remaining radiographs (n= 189; 8.5%) have been taken be-
cause of caries or trauma at the Institute of Dentistry, University of
Helsinki. The distribution by age and gender of dental panoramic
radiographs is given in Table 1.

Dental Maturation Determined by Demirjian’'s Method

Dental age estimation was performed according to a revised
version of Demirjian’s method (4,6). The seven left mandibular
teeth were rated on an 8-stage scale from A-H. The first ob-
server calibrated herself regularly with the help of the Demirjian
dental development computer program (Silver-Platter Multimedia
Database, Silver Platter Information Inc., Norwood, MA). Intra-
observer agreement was tested and did not show significant differ-
ences (27). To construct mathematical models, the 8-stages scale
(A—H) was converted in a numerical scale (2-9). Moreover for more
accuracy, we added the Stage 0 when the dental calcification is not
yet begun and the Stage 1, or crypt’s stage, representing the period
when the bone crypt is visible without a dental germ inside it. Thus,
each tooth is rated on 10-stage scale from 0-9. For each stage of the
seven teeth, we calculated a biologically weighted score for girls
and boys specific to the Finnish sample. A method for deriving the
score is described in Goldstein (9) and Tanner (37). These scores
are given in Table 2. Missing scores are explained by the lack of in-
dividuals for the age groups considered. Each score for the 7 teeth is
added to obtain the dental maturity score rescaled linearly to 100.
This score is converted in dental age using appropriate tables of
percentiles (Tables 3 and 4) for girls and boys with maturity score
as a function of age. We obtained the percentiles curves using Sth-
degree polynomial interpolation in accordance with Goldstein (8).
The percentiles curves (Figs. 1 and 2) were calculated for 1st, 5th,
16th, 50th, 84th, 95th, and 99th percentiles. Demirjian’s method
is strongly influenced by the calculation of the weighted scores,
thus, these scores should be representative of the studied popu-
lation. In this study we compared the dental age determined by

TABLE 2—Specific weighted scores standardized to 100, for Finnish girls
and boys for each stage and left mandibular teeth,* Demirjian’s method.

Stages™™ Teeth

Girls 31 32 33 34 35 36 37
No sign/0 3.62 3.44
Crypt/1 3.71 3.53
A2 4.26 4.18
B/3 3.16 4.86 4.74
C/4 2.28 3.34 3.71 4.67 5.75 2.58 592
D/5 3.57 4.24 5.06 6.09 7.16 3.38 7.50
E/6 4.96 5.53 6.74 7.55 8.10 4.78 9.08
F/7 6.12 6.82 8.38 9.35 10.07 586 10.51
G/8 7.21 7775 1018 10.66 11.71 7.83  12.65
H/9 12.08 1268 1471 15.02 15.81 13.08 16.62

Boys 31 32 33 34 35 36 37
No sign/0 3.71 2.96
Crypt/1 4.04 3.86
A2 2.47 4.34 3.99
B/3 3.54 4.84 4.55
C/4 3.53 3.65 4.20 4.75 5.89 2.28 5.98
D/5 3.84 4.65 5.68 6.29 7.13 3.53 7.61
E/6 5.19 5.90 7.28 7.78 8.58 493 9.23
F/1 6.32 6.84 9.31 9.51 10.11 6.16  10.70
G/8 7.16 8.16 1141 11.23 12.08 8.07 13.00
H/9 12.08 1271 1522 1493 1560 13.19 16.28

*Numbers 31-37 (FDI system) represent the permanent lower left first incisor
to the permanent lower left second molar; Stages 2—5 = Crown mineralization;
5-8 = Root mineralization; 9 = Apex closure.

**No sign, crypt stage and Demirjian’s scale (4)/new numerical stage (0-9).

the Demirjian’s method using French-Canadian scores (6) with the
Demirjian’s method using specific weighted score of the Finnish
population, with the Demirjian’s method revisited by Nystrom (us-
ing the French-Canadian weighted scores but with specific Finnish
developmental curves), and with polynomial regressions.

Polynomial Regressions and Efficiency of Each Method

Demirjian’s method gives a maturity score as a function of age, so
when the age is unknown this method is statistically inappropriate
(35). In order to obtain an estimate age as a function of maturity
score, a cubic function (21,38) was employed, with 95 and 99%
CI. Third degree showed the best fit of the plots with an R? of
about 0.93 and represents the best compromise for the polynomial
regression. The maturity score (Tables 5 and 6, Figs. 3 and 4) is
obtained using Finnish weighted score for girls and boys according
to Demirjian’s method (4,6).

To determine the efficiency and the field of application of
each method, we calculated the accuracy and the reliability of
Demirjian’s method using the differently weighted scores and a 3rd
degree polynomial regression. The accuracy represents the mean of
each minimum and maximum residue (in years) for all 2213 girls
and boys. The minimum residue for one individual is symbolized by
the difference between the inferior limit at 99% CI of the predicted
age and the real age, and the maximum residue is symbolized by
the difference between the upper limit at 99% CI of the predicted
age and the real age. The reliability of age prediction is given by
the percentage of individuals whose real age isn’t within the 99%
confidence interval.

Moreover for all these methods, to consider age in decimal years
in order to obtain a high accuracy in month is not reliable enough for
applications in forensic sciences, because predicting this high ac-
curacy becomes very difficult without lowering reliability. Indeed,



TABLE 3—Dental maturity score per age in Finnish girls,
Demirjian’s method.

TABLE 4—Dental maturity score per age in Finnish boys,
Demirjian’s method.

CHAILLET ET AL. ® DEMIRJIAN'S METHOD 3

Age 1% 5% 16% 50% 84% 95% 99% Age 1% 5% 16% 50% 84% 95% 99%
250  21.68 2244 2319 2399 2542 2597 2652 250 2385 2418 2450 2522 2587 2651 2734
275 2219 2286 2353 2460 2626 2684 2742 2775 2425 2459 2493 2571 2656 2740 2823
3.00 2286 2345 2404 2536 2729 2799 2892 3.00 2469 25.02 2534 26.16 27.38 2843  29.26
325 2387 2429 2470 2626 28,50 2941  30.63 325 2518 2556 2593 2690 2843 2972 30.73
350 2463 25.07 2551 2730 29.88 3097 3253 350 2571 2617 26.63 27.86 29.62 31.17 3242
375 2556  26.00 2644 2847 3140 32,66 34.61 375 2629 26.86 27.42 2882 3095 3274 34.12
400 2647 2699 2750 2975 33.06 3446 36.75 400 2692 2752 28.11 2998 3241 3443  36.01
425 2757 2812 28.67 31.14 3484 3638  38.96 425 27.60 2835 29.09 31.25 3398 3623  37.99
450 2850 2922 2994 32,63 3672 3839 41.22 450 2833 2924 30.15 3273 3564 38.12  40.05
475 2944 3037 3130 3421 38.69 4048 4352 475 29.10 30.12 3128 3421 3740 40.09 42.17
500 3042 3158 3274 3587 40.74 42.64 4585 5.00 2992 31.08 3250 35.65 3923 4212 4434
525 3145 3294 3426 37.60 4285 4487 4821 525 30.80 3210 3378 37.28 41.13 4422  46.56
550 3253 3412 3585 3941 4501 47.14  50.59 550 31.72  33.16 3512 3896 43.08 4635 48.80
575 33.67 3535 3749 4127 4722 4946 5297 575 32.68 3428 36,53 40.69 4508 4853  51.08
6.00 3487 36.64 3919 43.18 4946 5180 5535 6.00 3370 3545 3798 4247 4712 50.73  53.36
6.25 36.14 3799 4093 45.13 51.71 5417 5772 6.25 3476 36.67 3949 4429 49.19 5294  55.65
6.50 3747 3942 4271 47.12 5398 56,55  60.08 6.50 3587 3793 41.04 46.13 5128 55.17 57.94
6.75 38.88 4091 4451 49.13 56.25 5892 6242 6.75 37.03 3924 4263 48.00 5338 5739 60.22
7.00 4035 4246 4634 51.17 5851 6129  64.73 7.00 3824 40.59 4426 49.88 5548 59.60 6248
725 4188 44.08 4820 5322 60.76 63.65 67.00 725 3948 4199 4592 5176 5759 61.79 64.71
750 4348 4577 5006 5528 6298 6597 69.23 750  40.78 4342 4761 53.66 59.68 6397 66.91
775 4514 4751 5193 5734  65.18 6827 7142 775 4211 4489 4931 5555 6176 66.11  69.07
8.00 4686 4930 5381 5939 6733 7053  73.55 8.00 4349 4639 51.04 5743 63.82 6821 71.19
825 48.63 51.14 5568 6143 6945 7274  75.62 825 4491 4793 5278 5930 6585 7027  73.26
850 5044 53.02 5755 6346 71.51 7489 77.63 850 4637 49.50 5453 61.16 67.85 7228 7527
875 5230 5494 5940 6546 7352 7698  79.57 875 4787 51.09 5629 63.00 69.81 7424 7722
9.00 54.19 5688 6124 6744 7547 79.01 81.44 9.00 4941 5271 58.04 6482 7173 76.14  79.10
925 56.11 5884 63.07 6938 7736 8097 83.23 9.25 5098 5435 5980 66.61 73.60 77.98  80.92
950 58.04 60.81 6487 7128 79.18 82.85 84.94 950 5258 56.00 6155 6838 7543 79.75  82.66
975 59.99 6279 66.65 73.14 8092 84.64 86.57 9.75 5421 57.68 6329 70.12 7720 8145 84.33
10.00 6194 6476 6840 7496 82.60 8636  88.12 10.00 55.87 5936 65.02 71.82 7892 83.09 8591
1025 63.89 66.72 70.12 76.73 8420 8798  89.58 1025 57,55 61.06 66.73 7349 80.58 84.64 8742
10.50 65.82 68.65 71.81 7844 8572  89.51  90.94 10.50 59.26 62776 6842  75.13  82.18  86.13  88.84
10.75  67.74 7055 7346  80.09 87.16 9094  92.22 10.75 6099 6446 70.09 76.72 83772  87.53  90.18
11.00 69.63 7241 7507 81.68 8852 9228 93.40 11.00 6273 66.17 71.74 7828 8519 88.85 9143
1125 7148 7423 76,65 8322 89.79 9352  94.50 1125 6449 6787 7335 79.80 86.59  90.10  92.59
11.50 7329 7599 78.18 84.68 9099 9465 9549 11.50  66.25 69.57 7494 8127 8793 9126 93.67
1175 75.05 77.68 79.67 86.08 9210 95.69  96.51 1175 68.02 7125 7649 8270 89.20 9235 94.65
12.00 76.76 7931  81.11 8741 93.12 96.62 97.51 1200 69.79 7292  78.00 84.09 90.40 9335  95.55
1225 7840 80.86 8251 83.66 94.07 9746  98.56 1225 71.56 7457 7948 8543 9152 9427  96.37
1250 7997 8234 8386 89.85 9493 98.19 99.11 1250 7333 7620 8091 86.73 9258 95.12  97.10
1275 8148 8373 8516 9096 9572 98.83  99.77 1275 75.08 77.81 8231 8797 9357 9588 97.74
13.00 8290 85.03 8642 92.00 96.43 99.18 100 13.00 76.81 7939 83.65 89.17 9449 9657  98.31
1325 8425 8624 87.62 9296 97.06 99.53 100 1325 7852 8094 8496 9032 9533 97.19 98.79
13.50 8551 8735 88.77 9385 97.62 99.96 100 13.50  80.21 8245 8621 9142 96.11 97.73  99.20
1375 86.68 8838  89.87 94.67 9821 100 100 1375 81.86 8392 8741 9247 96.82 9821  99.54
14.00 8778 8931 9091 9542 9853 100 100 14.00 8347 8535 88.86 9347 9746 98.62 99.81
1425 8878 9031 9191 96.10 99.19 100 100 1425 85.04 86.74 89.87 9441 98.04 98.97 100
1450 89.71 9125 9285 96.71 99.48 100 100 1450 86.55 88.07 9091 9529 9855 99.25 100
1475 9055 9213 9373  97.25 99.89 100 100 1475 88.01 8935 9191 96.12 99.00 99.89 100
15.00 9132 9296 9446 97.74 100 100 100 1500 8940 90.58 9285 96.89 99.38 100 100
1525  92.01 9374 9524 98.16 100 100 100 1525 9071  91.74 9373 97.60 99.71 100 100
15.50  92.65 9436 9596  98.52 100 100 100 1550 9195 9284 9457 9824 9998 100 100
1575 9322 9513 96.63  98.83 100 100 100 15775  93.09 93.88 9534 98.82 100 100 100
16.00 93.76 9574 9734  99.09 100 100 100 16.00 94.14 9484 96.06  99.33 100 100 100
1625 9426 9630 9790 99.31 100 100 100 1625  95.08 9591 96.73  99.77 100 100 100
16.50 9474  96.60 9820  99.49 100 100 100 1650 9591 96.63 9735 100 100 100 100
16.75 9521  97.04 98.64 99.84 100 100 100 16.75 9641 97.16 9791 100 100 100 100
17.00 9570  97.44  99.04 100 100 100 100 17.00  97.18 97.80 98.42 100 100 100 100
17.25  96.23  97.77  99.37 100 100 100 100 17.25  97.60 9824  98.88 100 100 100 100
17.50  96.80  98.05  99.65 100 100 100 100 17.50 9797 98.63  99.29 100 100 100 100
17.75 9746 9875  99.95 100 100 100 100 17.75 9847  99.16  99.85 100 100 100 100
18.00 98.22  99.22 100 100 100 100 100 18.00  98.72  99.56 100 100 100 100 100
1825  99.11  99.83 100 100 100 100 100 1825  99.18  99.89 100 100 100 100 100
18.50  99.77 100 100 100 100 100 100 18.50  99.48 100 100 100 100 100 100
18.75 100 100 100 100 100 100 100 18.75  99.92 100 100 100 100 100 100
19.00 100 100 100 100 100 100 100 19.00 100 100 100 100 100 100 100
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FIG. 1—Dental maturity percentiles for Finnish girls using weighted
scores for Finns, Demirjian’s method, 1st, 5th, 16th, 50th, 84th, 95th, and
99th percentiles.
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FIG. 2—Dental maturity percentiles for Finnish boys using weighted
scores for Finns, Demirjian’s method, 1st, 5th, 16th, 50th, 84th, 95th, and
99th percentiles.

one-year accuracy is sufficient in forensic anthropology. Thus, we
considered also the age in completed years (End years) in the cal-
culation of the efficiency. This method should allow for higher
reliability.

To conserve a maximum of individuals in the reference database,
we used the method called n — 1 technique, following a Jackknife
Resampling Strategy (7). One-by-one, each individual in the
database was extracted, tested, and replaced, allowing us to ob-
tain an evaluation sample of n children and to conserve a ref-
erence sample of n— 1 children. We used the SPSS Software
11.0 for Windows (SPSS Inc., Chicago, IL) to apply n—1
method for polynomial regressions and software developed with
visual basic macro (Microsoft® Excel 2002, PC) for Demirjian’s
method.

Results
Dental Maturity

Weighted Scores for Finnish Sample—In order to obtain the den-
tal maturity score, we calculated a gender weighted score for each
stage of the seven teeth specific to the Finnish sample. These scores,
given in Table 2, have been rescaled linearly to 100 to allow the
calculation of the final dental maturity score in accordance with
Demirjian’s method and Goldstein (4,6,9). The dental maturity
score is obtained by the sum of all weighted scores correspond-
ing to each development stage for the seven teeth. This matura-
tion score can then be compared with the appropriate development
tables expressed in percentiles.

Percentiles Using Finnish Weighted Scores for Girls and Boys—
Dental maturity scores as a function of age with the Demirjian’s
method using the Finnish weighted scores are presented for girls
and boys in Tables 3 and 4, and development curves, expressed in
percentiles, in Figs. 1 and 2. This method gives a predicted score
with the predictive interval of the maturity score. This approach is
appropriate for clinicians to detect if the dental maturity of a subject
is “advanced” or “delayed” (28) in comparison with subjects of the
same age. Indeed, the clinician knows the real age of the child
and wants to know his degree of dental maturity, thus he should
use a predictive system giving the maturity score as a function
of age, like the Demirjian’s method. However, this method is less
adapted and less reliable for age estimation, because the real age is
unknown and is necessary in the calculation of the maturity score.
With curves expressed in percentiles, we must read the confidence
interval horizontally to obtain an age interval, but these curves have
been developed to give confidence intervals for the maturity score
and not for the age. The percentile method is not statistically adapted
for age estimation studies (38). Thus, adapted methods, such as
polynomial functions, calculate the estimated age as a function of
the maturity score.

Also, the Demirjian 7-teeth system gives a maturity score predic-
tion for the 50th percentile only until 16 years of age (Figs. 1 and 2)
because the calcification of all seven teeth is finished by then. Only
the third molar is not completely calcified at that age. Since Demir-
jian’s method does not use that tooth, age estimation is less accurate
past that age.

Polynomial Regressions for Girls and Boys—To obtain age
as a function of maturity score, we calculated cubic functions
(y =ax’ 4 bx? 4 cx + d, with y as the estimated age and x as the ma-
turity score) for girls and boys. The maturity score is obtained with
the 7-tooth Demirjian’s method (4,6) using the Finnish weighted
scores. This method gives an estimate age with 95, 97, and 99% CI
(Tables 5 and 6, Figs. 3 and 4) for boys and girls. This method has
the advantage of being easy to perform for the calculation of new
maturity curves for another population. If teeth are absent, Nystrom
(27) proposes a set of multiple linear regressions to estimate the
score of missing teeth for this Finnish sample. The cubic predictive
equations for girls and boys are given below.

Girls: Age = 6.45E-05 % Score® — 0.0113 % Score?
+0.7526 % Score — 10.2295 £2.06 yrs (95% CI),
+2.37yrs (97% CI), £2.61yrs (99% CI), R> =0.93

Boys: Age = 5.81E-05 x Score® — 0.0103 s Score?
+0.7182 % Score — 9.9347 £2.03 yrs (95% CI),
+2.34yrs (97% CI), £2.56 yrs (99% CI), R> = 0.93



TABLE 5—Predicted age at 95, 97, and 99% CI per maturity score in

Finnish girls, polynomial functions.

Score 1% 3% 5% 50% 95% 97% 99%
25.0 0.00 0.22 0.44 2.51 4.59 4.92 5.24
27.5 0.51 0.84 1.17 3.24 5.31 5.64 5.97
30.0 1.17 1.50 1.82 3.89 5.96 6.29 6.62
325 1.76 2.08 241 4.48 6.55 6.87 7.20
35.0 2.28 2.61 2.93 5.00 7.07 7.39 772
37.5 2.75 3.07 3.40 5.46 7.53 7.85 8.18
40.0 3.16 3.49 3.81 5.87 7.94 8.27 8.59
42.5 3.53 3.86 4.18 6.24 8.31 8.63 8.96
45.0 3.86 4.19 4.51 6.57 8.64 8.96 9.29
47.5 4.16 4.48 4.81 6.87 8.93 9.26 9.58
50.0 4.43 4.75 5.08 7.14 9.20 9.53 9.85
52.5 4.68 5.00 5.33 7.39 9.45 9.78  10.10
55.0 491 5.24 5.57 7.62 9.68  10.01 10.34
57.5 5.14 5.47 5.79 7.85 9.91 10.24  10.56
60.0 5.36 5.69 6.02 8.07 10.13 1046  10.79
62.5 5.59 5.92 6.24 830 1036 10.69 11.01
65.0 5.83 6.15 6.48 854 1060 1092 11.25
67.5 6.08 6.41 6.73 879 1085 11.18 11.50
70.0 6.36 6.68 7.01 9.06 11.13 1145  11.78
72.5 6.66 6.98 7.31 937 1143 11.76 ~ 12.08
75.0 6.99 7.32 7.65 970  11.77  12.09 1242
71.5 7.37 7.69 8.02 10.08 12.14 1247 12779
80.0 7.79 8.12 8.44 1050 1256 1289  13.22
82.5 8.26 8.59 892 1097 13.04 1336 13.69
85.0 8.79 9.12 945 11.51 13.57 13.90 14.22
87.5 9.39 972 10.04 12.10 14.17 1449 14.82
90.0 10.06 1038 10.71 12.77  14.83 15.16 1549
92.5 10.80  11.12  11.45 13.51 15.57 1590  16.23
950 11.62 1195 1228 1433 1640 1673 17.05
96.0 1198 1230 12.63 1469  16.75 17.08 1741
97.0 1234 12,67 13.00 1506 17.12 1745 17.78

100.0 13.54 1387 1420 1625 1832 18.65 18.97

TABLE 6—Predicted age at 95, 97, and 99% CI per maturity score in

Finnish boys, polynomial functions.

Score 1% 3% 5% 50% 95% 97% 99%
25.0 0.00 0.21 0.42 2.46 4.50 4.82 5.14
27.5 0.52 0.84 1.16 3.20 5.24 5.56 5.88
30.0 1.19 1.51 1.83 3.87 5.90 6.22 6.54
32.5 1.79 2.11 2.44 4.47 6.50 6.82 7.15
35.0 2.34 2.66 2.98 5.02 7.05 7.37 7.69
37.5 2.84 3.16 3.48 5.51 7.54 7.86 8.18
40.0 3.28 3.60 3.92 5.95 7.98 8.30 8.62
42.5 3.69 4.01 4.33 6.36 8.38 8.70 9.02
45.0 4.06 4.38 4.69 6.72 8.75 9.07 9.39
47.5 4.39 4.71 5.03 7.06 9.08 9.40 9.72
50.0 4.70 5.02 5.34 7.37 9.39 9.71 10.03
52.5 4.99 5.31 5.63 7.66 9.68 10.00 10.32
55.0 5.27 5.58 5.90 7.93 995 1027  10.59
57.5 5.53 5.85 6.17 819 1022 1054  10.86
60.0 5.79 6.11 6.43 845 1048 10.80 11.12
62.5 6.05 6.37 6.69 872 1074 11.06  11.38
65.0 6.32 6.64 6.96 898 11.01 11.33  11.65
67.5 6.60 6.92 7.24 927 1129 11.61 11.93
70.0 6.90 7.22 7.53 956 11.59 1191 12.23
72.5 7.22 7.54 7.86 9.89 1191 1223 12.55
75.0 7.57 7.89 8.21 1024 1226 1258 1290
71.5 7.96 8.27 859 1062 12.64 1296 13.28
80.0 8.38 8.70 9.01 11.05 13.07 13.39 13.71
82.5 8.85 9.17 948 11.52 1354 1386 14.18
85.0 9.37 9.68 10.00 12.04 14.06 1438 14.70
87.5 994 1026 1058  12.61 14.63 1495  15.27
90.0 1058 1090 11.21 1325 1527 1559 1591
92.5 11.28  11.60 1192 1395 1597 1629 16.62
95.0 12.06 1238 12.69 1473  16.75 17.07  17.39
96.0 1239 1271 13.02 15.06 17.08 17.40 17.72
97.0 1274 13.05 1337 1540 1742 1775 18.07

100.0  13.85 14.17 1448 16,52 1854 1886  19.18
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FIG. 3—Age as a function of maturity score in Finnish girls, Dental ma-
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FIG. 4—Age as a function of maturity score in Finnish boys, Dental ma-
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In this case, the confidence interval is homogenous for all age
groups, but for Demirjian’s method, the predictive interval can
vary by function of the age groups. This method provides estimate
age as a function of maturity score and is better adapted for age
estimation studies in which reliability is important (in forensic
sciences).

Efficiency

Efficiency is measured by the accuracy and reliability of the
methods. Results are given in Table 7. The Finnish sample is
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TABLE 7—Comparison of the percentage of individuals misclassified in age prediction and of the accuracy* between Demirjian’s method using
French-Canadian and Finnish weighted scores and polynomial regressions.

Mean Accuracy

Methods Misclassifies % Mean Accuracy Misclassifies % (End Years) (End Years)
Demirjian French-Canadian Scores 97% CI 22.56 3.36 12.55 3.32
(27) Nystrom Finnish Scores 95% CI 17.74 3.68 10.42 3.79
Demirjian Finnish Scores 95% CI 11.44 3.14 3.84 3.18
Demirjian Finnish Scores 99% CI 3.75 3.86 1.07 3.90
Polynomial regression 97% CI 2.92 4.71 0.69 4.75
Polynomial regression 99% CI 1.20 5.17 0.19 5.21

* Mean accuracy represents the mean of the residues minimum and maximum in years (e.g., 3.74 represents + 1.87 years from 2-18 years) and Misclassifies
represent the number of individuals out of the confidence interval for the 2159 children from the age of 2—18 years. End years represent the same determination of

the efficiency of these methods with the age in completed years.

analyzed from 2-18 years using the Jacknife method. We note
that the polynomial method is more reliable and less accurate than
the percentile method.

These results are obtained considering decimal age, but in foren-
sic sciences one-year accuracy is sufficient. Thus, for more effi-
ciency, the polynomial and percentile standards are calculated with
decimal age, but the results are also expressed with completed years
(one-year age groups). For example, if the real age is 6.13 years, and
the predicted age is 6.74 to 7.56 years at 99% CI, we will consider
that the predicted age is 6 to 7 years (6.00 to 7.99 in completed
years), and the real age is 6 years. If we take into account the deci-
mal age, the real age is out of the predictive interval; but if we accept
a smaller accuracy considering completed years, this prediction be-
comes correct. Indeed, we note that the reliability with completed
years is higher for almost the same accuracy than the method taking
into account the decimal age. In fact, what accuracy and reliabil-
ity are recommended in our analysis? To want a high accuracy
is correct for elaborating biological models, but here we want to
give reliable results to forensic scientists and clinicians. Indeed, the
law considers only the age in completed years, and to give a high
accuracy will increase the percentage of misclassifies (Table 7).
So we chose to express the results also in completed years in order
to increase the reliability, but all the calculations are expressed with
decimal age. Thus, the development curves allow obtaining also an
age prediction with decimal age to draw biological models. So we
give both results in this analysis.

We calculated the efficiency of the Demirjian’s method using
French-Canadian weighted scores (4,6) and the Demirjian’s method
revisited by Nystrom (27) using the same weighted scores but
with Finnish specific percentile curves. The low reliability for
the Demirjian’s method using French-Canadian weighted scores
is explained by the inter-ethnic differences between Canadian and
Finnish samples and demonstrates the necessity to calculate new
specific weighted scores for each population. The same conclusion
is drawn from the Nystrom method, but the reliability is higher since
the curves have been adapted to Finnish samples, but the weighted
scores have not. The accuracy of these two methods is very high
showing the robusticity of Demirjian’s method.

Sexual Dimorphism

Figure 5 represents the mean maturity score and the SD calcu-
lated with Finnish gender specific weighted score. Dental matu-
ration of girls from 5-15 years old is more advanced than boys,
according to Demirjian studies (5). Since the weighted scores used
in the analysis are gender specific and take into account the gender
differences, sexual dimorphism is underestimated by this mathe-
matical method. To resolve this problem, Nystrom (27) calculates
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FIG. 5—Means and SD of maturity scores in girls and boys, modified
from Nystrom (27), using weighted scores for Finns, Demirjian’s method.

1.5 ' ' ' ' ] 1 ' | ' ] 1 ' l ' l
I e M T o e a0 1 e R e e
1.3 fedondondn bt b A
B R e B L e o
(JRICTRY S SIS PR AO A7 1 1 O O S
0 O G
s ] ' I ' ' ' ' ' ' ' ot ! 1 ' |
g 09 :
e
2
€ 051!
c v
H :
O Rt e £ B B S S N
0.0 —
2 3 456 7 8 9 1011 12 13 14 15 16 17 18

Age {years}

FIG. 6—Differences in dental age between girls and boys from the age
of 218 years. Girls’ age estimate minus boys’ age estimate, modified
from Nystrom (27), using gender independent weighted scores for Finns,
Demirjian’s method. The vertical straight line represents the beginning
of puberty in girls for Finns, and the vertical dashed line represents the
beginning of puberty in boys for Finns (29).

the mean of French-Canadian weighted scores for girls and boys in
order to obtain only one gender independent weighted score to de-
termine the true nature of the sexual dimorphism without bias. For
more accuracy, we calculated a new weighted score for the com-
bined genders from the original Finnish data, and we determined
the maturity score for all 2213 children (Fig. 6).



The results obtained with gender combined scores differ com-
pletely from those using gender specific scores; we note an advance
of maturity for girls during the totality of dental growth. The sexual
dimorphism increased gradually until 10 years, and from that age,
which corresponds to the beginning of puberty in Finnish girls, it
accelerates until 12 years. The catch-up growth for Finnish boys
begins at 1213 years, at the beginning of their puberty, and contin-
ues strongly until 18 years of age. In accordance with Ojajarvi (29),
this shows that the mean age of the beginning of puberty for Finnish
girls is 10.8 years and 12.2 years for Finnish boys. It is interesting
to note that the girls are always in advance of boys during the dental
growth.

Discussion

The aim of this study was to present the dental maturity in Finnish
children and to provide new dental development tables and curves of
children whose age is known. We compared the Demirjian’s method
using French-Canadian and Finnish weighted scores, Demirjian’s
method revisited by Nystrdm (27), and polynomial functions to
determine the advantages and disadvantages of each method to
their fields of application. For each of these methods, the efficiency
is higher when completed years are used. Thus, to give a one-year
age group in the results seems to be a more suitable approach for the
age estimation studies. In fact, legal authorities and anthropologists
want to determine the children’s age with only one-year accuracy;
the decimal age is too accurate and decreases the reliability. In
this study, the mathematical models are established with decimal
age, but the efficiency is determined with completed years in order
to improve the reliability and still keep the most frequently used
accuracy.

When using French-Canadian scores, we observed a good ac-
curacy but a poor reliability (12.55% of misclassifies). With the
Demirjian’s method revisited by Nystrom, the reliability increases
(10.42% of misclassifies) but is lower than the Demirjian’s method
using the Finnish weighted score (1.07% of misclassifies). More-
over, the accuracy is high with the Finnish scores. For polynomial
methods, the reliability is the strongest (0.19% of misclassifies), but
the accuracy decreases. Indeed, reliability and accuracy move in op-
posite ways; if reliability increases, accuracy decreases. The aim in
age estimation studies is to use the best compromise to reach one’s
objectives (great reliability in forensic sciences, maturity score as
a function of age for the clinicians).

In this study we analyzed two classes of methods: the first with
percentiles, giving the maturity score as a function of age, is adapted
for the clinicians and gives a strong accuracy, but reliability (1.07%
of misclassifies) is lower than for polynomial functions; the second
with polynomial interpolation, giving estimated age as a function
of the maturity score, is useful in forensic contexts and allows for
higher reliability (0.19% of misclassifies), but accuracy decreases
by £7.5 months.

However, these methods have limitations, for example, if a tooth
is missing on left side, Demirjian propose to use the contralat-
eral tooth, but if a tooth is missing bilaterally, it is impossible to
calculate the maturity score. In a forensic context, a child with
bilaterally missing teeth must still be aged. In addition, dental ma-
turity doesn’t follow a linear progression (38); dental development
is curvilinear with acceleration and stops, so polynomial functions
are recommended. It has been shown that cubic functions give the
best correlations with dental maturity. To resolve the problem of
missing data, Nystrom (27) proposed a method based on a set of
linear regressions to predict the development stage of a missing
tooth. Another solution could be a set of multiple polynomial in-

CHAILLET ET AL. * DEMIRJIAN'S METHOD 7

terpolations (8,35) or new tables taking into account missing teeth.
Of course, in such a case, the efficiency of dental age estimation
with several absent teeth will be decreased considerably. Also, a
probabilistic method, like the Bayesian approach (19), which takes
into account the missing data, could be an interesting method to
develop in prediction applications.

The power of prediction decreases after 15 years of age because
the number of teeth providing information decreases. Indeed, dur-
ing the dental development, all teeth do not achieve maturation at
the same time, and the predicting capacity decreases as the number
of teeth giving biological information decreases. Other biological
indicators, like skeletal maturity of bones (1,10,15,30,32) or base
line of the head (2,20,31), could increase the accuracy of age esti-
mation of the older children. All indicators could be combined with
a probabilistic approach to use the advantages of each one.

In conclusion, we advise to use Demirjian’s method with specific
Finnish scores when the aim is the prediction of the maturity score
of Finnish children, and to use the polynomial functions when the
aim is to estimate age in a forensic context. In the same way, it is
necessary to adapt specific weighted scores of studied populations
for more efficient age estimation. In the future, age estimation stud-
ies will benefit from the creation of a large international database.
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