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Abstract

Objective: Historically, dental age estimation has used the methods of Moottees, Fanning and Hunt' and Demitjian, Gold-
stein and Tanner®. The purpose of this study is to apply these two methodologies to a contemporatry sample of American
whites, ages 9-14 years, and to evaluate the optimal concordance between the Moorrees (14-grade system) and the Demir-
jian (8-grade system) methods.

Materials and Methods: 199 pre-treatment panoramic radiographs of syndrome-free American white children, ages 9-14
years (97 boys, 102 gitls), were evaluated by the author. Tooth mineralization stages were scored using seven left mandibu-
lar teeth using both techniques. The age of the subjects was predicted using the Demitjian and Moortees approaches and
compared to their actual (chronological) age. Survival analyses was performed, by sex, to include a comparison of the same
sample of radiographs using the two methods of Moorrees et al. and Demirjian et al.

Results: Both methods, particulatly the Moorrees approach, underestimated children’s ages. Applying the Demirjian meth-
od resulted in a mean overestimation of 0.1 years for girls and a mean underestimation of 1.6 yeats for boys, while the
Moorrees technique resulted in an average underestimation of 2.3 years for girls and 1.9 years for boys.

Conclusion: Neither the Demirjian nor the Moorrees techniques accurately estimate chronological age in our sample of
contemporary American whites. The reason these methods underestimated chronological age is most likely multifactorial,
due to differences in methods and environments.

Introduction tooth development. Dental age can be determined by the emer-

gence of teeth through the gingival tissues and also by assessing

Differences in the development among children of the same
chronological age have led to the concept of physiological age as a
means of defining a person’s progress towards biological maturity.
Physiological age, or its frequently used synonyms of biological
and developmental age, are measures for describing the status of
a child, whereas chronological or calendric age convey only an ap-
proximation of this status because of the range in development
observed for any given age [1].

Physiological age refers to the evaluation of maturation of one or
more tissue systems. Developmental indicators include bone de-
velopment, secondary sex characteristics, stature or weight [1] and
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tooth mineralization by radiographic examination. Dental matu-
rity has played an important role in estimating the chronological
age of individuals because of the reported low variability of den-
tal indicators |2] since mineralization rates ate more controlled by
genes than by environmental factors [3].

The assessment of tooth mineralization is a superior method of
evaluation compared to tooth emergence for assessing dental mat-
uration for several reasons. The majority of teeth can be assessed
using tooth formation at any given time, while emergence only al-
lows us to see the teeth at a specific phase of short duration in the
continuous process of eruption. Emergence of a tooth is a short
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lived event and its exact time is difficult to determine, whereas
the formation of a tooth is a continuous process which can be
observed at almost any time point. The emergence of teeth are
also more prone to environmental factors such as infection, loss
of deciduous predecessors, or lack of space in the dental arch,
explaining some part of the variation in root length at emergence
[1]. The eatly extraction of a deciduous tooth has a delaying effect
on the emergence of its permanent successor, and late extraction
favors early emergence. Any combination of these environmental
factors may give a false estimation in the assessment.

Accurate age estimation is a useful part of the identification pro-
cess for both living and deceased individuals. Accurate dental age
estimation can help those in government positions, including
identification purposes, prosecuting criminals, and making other
important connections [4]. Estimating chronological age can be
useful in societies for school attendance, social behaviors, employ-
ment, marriage and other reasons. Dental age information is also
helpful in the field of dentistry, which can be used to accurately
time treatment procedures and help predict eruption sequences in
the field of orthodontics and pediatric dentistry [3].

There are different methods available to estimate dental age. Two
common methodologies were developed (1) by Moorrees, Fan-
ning and Hunt [1] and (2) Demirjian Goldstein and Tanner [5].
Moortees’ method uses 13 developmental stages for single rooted
teeth and 14 stages for multiple rooted teeth (Figure 1). Each de-
velopmental stage is assigned a numerical value specific to the
tooth being evaluated. These numerical values ate averaged to es-
timate the individual’s dental age. Dental age is the age at which
the average child in the reference group exhibits that extent of
tooth mineralization. Consequently, it is important that the refer-
ence group be representative of the timing and rate of dental
development. The Demirjian technique uses 8 stages of tooth de-
velopment (Figure 2), and inspects the 7 mandibular permanent
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teeth in one quadrant (omitting the third molar). Each stage of
each tooth is assigned a specific code. These codes are weight-
edand summed, which gives a numerical value that is converted
into a sex-specific dental age.

The purpose of this study was to test the accuracy of the dental
agesproposed by (1) Moorrees, Fanning and Hunt [1] and (2) by
Demirjian, Goldstein and Tanner [5] as applied to a contemporary
population of American whites, ages 9-14 years.

Materials and Methods

Institutional review boatrd approval for this retrospective study
was obtained from our institution (IRB# 14-03187-XM). Pre-
treatment panoramic radiographs of 199 routine orthodontic
cases (97 boys; 102 gitls) were studied. Patients were selected to
be used from Dolphin Imaging (Chatsworth, CA) in chronologi-
cal order. There was an evenly distributed number of males and
females in each age group (Table 1). JPG images of the pretreat-
ment panoramic radiographs were retrieved from Dolphin Imag-
ing. Those of poor quality were omitted. All cases were Ameri-
can whites, free of syndromes, clefts, or systemic conditions.
Patient’s age at the time of the initial radiograph were between
9 to 14 years of age, which spans the modal age at the start of
orthodontic treatment. All radiographs were imported to Adobe
Photoshop CC (San Jose, CA) and were enhanced (contrast and
brightness) and magnified to aid the analysis of the mineralization
stages. The first author collected all data and was blinded to the
patient’s ages throughout data collection and analysis. The man-
dibular left 7 teeth (excluding the third molar) were each scored
using the Demirjian 8-grade scheme, and then independently us-
ing the Moorrees system (13 grades for single-rooted teeth; 14
for molars). The Demirjian and Moorrees analyses were both
completed on each patient, in the same sitting, before moving to
the next patient to ensure consistency in the developmental stage

Figure 1. Schematic drawings of the stages of tooth mineralization used by Moorrees, Fanning and Hunt. There are 13
stages for single-rooted teeth and 14 stages for multi-rooted teeth, the difference being the addition of cleft initiation for the
multi-rooted molars.
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Figure 2. Schematic representation of stages of crown-root mineralization as used by Demirjian et al.
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Table 1.
Age group | Gender (n) | Chronological DM] Moorrees
910 Females (15) 9.55%0.36 9.84%1.24 8.04£0.84"
Males (10) 9.55%0.30f 8.97£0.60 7.931£0.71F
1011 Females (18) 10.56%0.28 10.58+1.34 8.51£0.87
Males (17) 10.50%0.36 9.65%0.76t 9.18%1.0t
1112 Females (17) 11.62%0.20° 12.22£0.78" | 9.69+0.89
Males (17) 11.52%+0.33 10.06 £0.54" | 9.88+0.57t
1213 Females (17) 12.39+0.33" 12.95+1.25 | 10.281+0.87"
Males (17) 12.41%£0.26 10.84+0.561 | 10.87+0.78t
1314 Females (16) 13.43%0.33" 12.73+1.22 | 10.17£0.66
Males (17) 13.51+0.29 10.86+0.90t | 10.93+0.77
1445 Females (17) 14.38+0.31 14.47£1.16 | 11.0310.68"
Males (16) 14.41%+0.21 12.06+1.04t | 11.59+0.62

" In females, Moortees method significantly undetestimated chronological age (p<0.0001, ANOVA followed by Tukey post hoc test-
ing). No significant difference between age estimated by Demirjian method and chronological age except for age group 11-12 (p=0.03,
ANOVA followed by Tukey post hoc testing)
tIn males, Mootrtees method significantly underestimated chronological age (p<0.0001, ANOVA followed by Tukey post hoc testing).

Likewise, Demirjian method significantly underestimated chronological age for all age groups (p<<0.006, ANOVA followed by Tukey
post hoc testing) except for age group 9-10.

assignments. For comparability, only the lower left 7 teeth were
scored using both methods.

Moortees et al. [1] used survival analysis to determine the median
chronological age at which each observed stage of each tooth
occurred [60]. Dental age estimates in the Demitjian [5] scheme
likewise were derived from survival analysis. Median chronologi-
cal age was calculated, by sex, using proportional hazards analysis.
This method does not make the assumptions of normality or of
equivalent variances. Several grades of each tooth type were un-

testable because the age range (9-to-14 years) was restricted. This
affected the younger grades in young children when most per-
manent teeth mineralize [7]. Tooth formation ageswere normally
distributed as tested with the Wilks and Kolmogorov-Smirnoff
tests. Cox's proportional hazards analysis was used to test for sex
differences. Analysis of covariance was used to compare the ac-
curacy of the dental age estimates, with chronological age as the
covariate, and to compare the Moorrees and Demirjian methods.
The conventional level of alpha was used; tests were two-tail. Al

statistical tests were done using JMP statistical package (SAS In-
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stitute Inc., Cary, NC) and SPSS (Chicago, IL). Within each age
group, ANOVA was followed by post hoc analysis to compatre the
two age estimation methods to chronological age.

Intra observer analysis was performed using the two grading
schemes, which were assessed separately because they embody
different levels of detail. Thirteen cases (91 teeth) were re-scored
five weeks after completing data collection. The Moorrees system,
with 14 stages, had a concordance rate of 85% (77/91); none of
the 14 differences exceeded one stage. Gamma, a common meas-
ure of association, was 0.97 (SE = 0.016). The kappa statistic was
0.75 (SE = 0.053). The most common confusion was determining
whether the root apex was open, partially closed or fully closed.
Moorteeslreported a higher concordance rate (~90%), but they
(notably Elizabeth Fanning) originated the system, had consider-
able familiarity with it, and actually simplified it from even-more
detailed gradations [4].

The Demitjian system, with 8 grades, was concordant for 91% of
the teeth (83/91), again with no difference exceeding one stage.
Gamma was 1.00 (SE = 0.005) and kappa was 0.85 (SE = 0.052).
Kappa was higher for the Demirjian system because the stages
are better defined and do not depend on the observer’s ability to
envisage completed tooth size.

Results
Moorrees method

Moorrees and coworkers1 understood the accelerated dental for-
mation rates of gitls compared to boys, and they presented their
data separately by sex. Inspection of Mootrees’ tables show that,
predictably, gitls achieved most formation stages at eatlier chron-
ological ages than boys. A statistically significant sex difference
also is evident in the present data when chronological ages atre
plotted against the child’s dental age using the Moorrees method
(Figure 3 and 4). The advancement of dental age with chronologi-
cal age was statistically parallel in the two sexes (P = 0.2931), but
girls attained most mineralization stages at earlier chronological
ages than boys. Averaging across the 9-14 year age span, gitls are
advanced compared to boys by about 0.5 years (P < 0.0001) based
on marginal least squares.Analysis showed that dental age estima-
tion significantly underestimated chronological age. The average
estimated dental age (DA) minus chronological age (CA) was -1.9
years for boys and -2.3 years for girls. These departures from zero
(DA=CA) were highly significant by #test (P < 0.0001)for both
sexes. Within each age group (9-10, 10-11, 11-12, 12-13, 13-14,
14-15), the Moorrees method underestimated chronological age
in boys by a minimum of 1.3 years and a maximum of 2.8 year
and in females by a minimum of 1.5 years and a maximum of 3.3

years (Table 1).
Demirjian method

The Demitjian group used multiple linear regression to develop
sex-specific weighting coefficients to account for sexual dimor-
phism. Consequently, if the sex differencein the contemporary
American sample were the same as in Demirjian’s French-Canadi-
an reference sample, the best-fit regression lines for boys and gitls
would be superimposed (Figure 5).

http:/ /scidoc.org/IJFP.php

When the Demitjian method is applied to the present data (Figure
4 and 5), the following information is noted: (1) Neither regres-
sion line intersects the origin, (2) there is a substantial difference
between the best-fit lines for boys and girls (P < 0.0001), (3) gitls
mature faster than boys (P < 0.0001); and (4) the regression coef-
ficients were significantly below 1, meaning that dental age pro-
gressed more slowly with advancing chronological age than oc-
curred in Demirjian’s sample.

The considerable boy-gitl difference in rates is due to Demirjian’s
weighting coefficients. Demitjian et al. adjusted the weights of the
coefficients in the two sexes to align them, and remove the sexual
dimorphism in the French-Canadian children. When applied to a
sample where the sexual dimorphism is different, the sex-specific
results will be altered. In the present situation, their “sex adjust-
ment” accentuated the sex difference in the rates of dental matu-
ration. Cox’s proportional hazards analysis was used to calculate
the median ages at attainment, by sex, in contemporary whites us-
ing the Demirjian method. On average, girls were 1.7 years ahead
of boys in the 9-to-14 age interval. Using a common index of

sexual dimorphism [8] , L(XM_ XF l‘/ XMJIOO , gitls are dentally
he agerage dental age (DA)
minus chronological age (CA) using the Demirjian approach was

advanced over boys by about 16%.

-1.6 years for boys and .1 years for girls. Within each age group (9-
10, 10-11, 11-12, 12-13, 13-14, 14-15), the Demitjian method age
estimation in boys ranged from an overestimation of .6 years to
an underestimation of 2.3 years, while in females it ranged from
an overestimation of age from .6 years to an underestimation of

.7 years (Table 1).

Discussion

Both Moorrees et al. (1963) [1] and Demirjian et al. [5] were care-
ful to stipulate that their results may be restricted to the samples
studied. There have been several studies that have shown that
most groups mature faster than the French-Canadian children as-
sessed by Demirjian, Goldstein, and Tanner [9, 10].

The substantial underestimation of age using the Moorrees meth-
od, about 2 years, merits discussion. There are several additive
issues. One, the children’s records used by Moorrees et al. are
far-removed in time, and their environment (e.g. childhood ill-
ness, diet, exercise level, secular trends) was distinct from those of
children today. Two, Moorrees’ method of averaging across teeth
was a good start, but it does not account for statistical redundancy
(covariance) of data or for differences in variability among teeth
and grades. Three, scrutiny of Moortrees’ study shows that the
dental age data are fundamentally different from how they are
used by others. That is, Moorrees used records from two stud-
ies (Boston, MA, Yellow Springs, OH) [11, 12]. With longitudinal
data, the onset of a mineralization stage can be pinpointed (within
limits of the examination interval), and the data in Moorrees’ at-
ticle pertain to those starting ages. From comparison of adjacent
records, the onset of a tooth stage initiation can be bracketed.

With cross-sectional studies-which are far more common-re-
searchers cannot estimate the starting age of a tooth-grade be-
cause, examining a child only once, says nothing about how long
the presenting condition has existed. Cross-sectional studies es-
timate the average age at which children in the sample exhibit a
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Figure 3. Plot of chronological age (years) against dental age (years) using the Moorrees et al. method. Data are presented
by sex.
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given grade. Ages are necessarily combined whether a child has
just entered a stage, is near the average of the duration, or almost
ready to advance to the next stage. The age at onset of a stage
necessarily occurs before its average age. Clinically, the issue nor-
mally is to compare a patient to other children who also exhibit
a given stage of dental development-that is, the average age of
attainment. This is not a new finding, though generally unappreci-
ated; Smith described the difference in 1991 [11], and Harris pro-
vided a worked example [12]. Both the Moortees and Demitjian
studies relied on longitudinal data. The better predictive accuracy
of the Demirjian study appears to stem from the use of weight-
ing coefficients intended to minimize redundancy of information
among teeth. These results support that caution should be used
when applying both techniques to estimate dental age in subjects
between the ages of 9-14.

Conclusion

This study examined the accuracy of dental ages applying the
Moorrees and Demirjian methods to 199 contemporary Ameri-
can white children, 9-to-14 years of age. The following can be
concluded from the investigation:

*  Neither method accurately estimates the dental age of our
sample of contemporary American whites.

*  Opverall, both methods underestimate the subjects’ chrono-
logical ages.

*  The most accurate method was the application of the Demir-
jian technique to female subjects.

e The difference in the prediction of developmental age from
chronological age (DA-CA)with the Demirjian standardsav-
eraged-1.6 years for boys and 0.1 years for gitls, while that
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Figure 5. Plot of chronological age (years) against dental age (years) using the Demirjian et al.method. Data are presented
by sex since girls achieve the mineralization stages at later chronological ages than boys.
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of the Moorrees standards was -1.9 years for boys and -2.3
years for girls.

Differences are most likely multifactorial, possibly due to dif-
ferences in evaluation methods, radiographic methods, envi-
ronments, and our select age group.

A correction of the Demirjian equations is suggested to align
the estimates.
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