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Age of Attainment of Mineralization Stages of the
Permanent Dentition

All teeth share morphologically distinct stages of mineralization which can be identified
radiographically [I-11]. Bilaterally symmetrical teeth attain each stage at a similar age
[1,7,9-12]. Among individuals, the age at which each stage is attained varies, and the
variability increases with age [/3]. Males and females differ in the age at which their
permanent teeth attain various stages of mineralization [2,8,9,11,14], but Nolla {9] has
reported the degree of variability is similar in both sexes. The amount of sex differential
varies among the teeth and is greatest for the mandibular canines [2,8,9, 14].

The determination of physiological or chronological age is important in many fields of
investigation. Chronological age estimation from tooth stages is applicable to studies of
juveniles in regions of the world where birth records are poor or absent; in circumstances
where the reported age is suspect; in amnesia patients; and for specimen in forensic
investigations and anthropology. Of all body structures, the jaws and teeth are most
frequently available for examination [/5].

Because tooth mineralization stages are affected much less than bone mineralization
stages by variation in nutritional [/6] and endocrine [I7] status, developing teeth
provide a more accurate indication of chronological age than do developing bones [18].
Tooth mineralization stages are preferable to eruption ages of teeth because they are
affected less by the local environment and can be measured over a considerably longer
period [1,2,8-11].

Previous serial studies of the age of tooth mineralization did not include either all
types of maxillary and mandibular teeth [/-3,8,15,19] or all stages of the third molars
[1-3,8,9,11,15,19]; or else they included more than one group of children [8, 19]. Other
studies were cross-sectional [5, 7, 10, 20], combined the sexes [5,7,10], and used few stages
[5,7,20]. The present investigation of one serial group describes the mean ages of
attainment and standard deviations of the stages of mineralization of the maxillary and
mandibular teeth, including all stages of the third molars.

Material and Methods

The mineralization stage of each tooth type of the maxilla and mandible was scored
by one examiner, according to the method of Moorrees et al [8], from annual cephalograms
beginning at age 3 in 121 boys and 111 girls of the serial experimental group of the
Burlington Growth Centre. This sample [2I] consists of Caucasian children of mostly
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Anglo-Saxon origin and was representative of the population of the town of Burlington,
Canada.

When there was a one-stage change from one record to the next, it was calculated
that the change had taken place halfway between the first and second records. The
midpoint between the chronological ages of the first and second records was taken as
the age of the first appearance of that particular tooth stage. When there was a two-stage
change between records, the interval increment was taken as one third of the difference
between the first and second records. In this way it was possible to derive a chronological
age for the first appearance of two different stages for any tooth. The same method was
used when there were several stage changes between records. The mean age and standard
deviation for each available stage of mineralization of each of the 16 teeth was determined
for each sex.

Results

The mean ages and standard deviations at individual stages of mineralization of the
maxillary and mandibular teeth of the males and females are presented in Tables 1 to 4.

Teeth with similar ages of mineralization in order from youngest age to oldest were,
for the males, first molars and mandibular incisors, maxillary incisors, canines and
premolars, second molars, and third molars; and for the females, incisors and first
molars, canines and first premolars, second premolars, second molars, and third molars,

The sexes differed significantly in the ages of mineralization of most teeth [14]. The
males were older at all stages of all teeth except for the late stages of formation of the
third molars. Other than for the third molars, the sex difference in age increased with
successive stages of mineralization. The greatest difference occurred at the mandibular
canine and was progressively less for each tooth farther away from the canines.

The corresponding teeth of the maxilla and mandible attained each stage of minerali-
zation at a similar sex-specific age.

In both sexes the variability in age of dental mineralization increased with successive
stages for all teeth except the third molars. Variability was greatest for the third molars;
and for these teeth the variability increased from stage 1 to 6 or 7, depending on the
sex, decreased to stage 11 or 12, and then increased again at stages 13 and 14,

Variability was greater among the males than females for the incisors and canines at
all stages. The sex differences in variability of age was greatest for the first premolars.
For the second premolars, variability was greater among the females at stages | to 5, and
greater among the males from stages 6 to 14. The sexes were similar in variability of age
for the first molar stages 7 to 12, but variability was greater among males at stages 13
and 14. The sexes were similar for the second molars, but variability of age of the third
molars’ stages tended to be greater among the females.

The teeth arranged in order of amount of variability in age from most to least
were, for the males, first premolars and third molars, second premolars and second
molars, canines, incisors and first molars; and for the females, third molars, second
molars, canines and premolars, incisors and first molars.

Discussion

The data presented cover all ages from 3% to 18 years and should be applicable to
age determinations in Caucasians of this age range. The tables may be useful for
estimations of age in other contemporary and ancient humans as well.

Although the mineralization stages of the teeth indicate physiologic development
[5,12] more than chronological age, the dental mineralization stages are closely related
to chronological age. Dental mineralization is a better measure of chronological age
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than is skeletal mineralization because tooth formation is modified much less by
malnutrition and hormone imbalance [16-18]. »

The sex differences in the age of mineralization of the teeth observed in the present
study are similar to those reported in less extensive serial studies [3,8,9,11]. When sex is
unknown, the stages of the canines would be the least accurate for age determination
because the sex differential in age is greatest for these teeth [14, I5]. Four cases (Table 5)
were selected at random to demonstrate age determination from mineralization stages
of mandibular teeth by using Tables 2 and 4. Age estimation was more accurate when
the table appropriate to the sex was used. When the table for the opposite sex was
used, the error was greatest at the canines for individuals A, B, and D, and second to
greatest for female C.

More accurate age estimation can be achieved by choosing teeth that show the least
variability in age. The mandibular central incisor and first molar showed the least
variance, whereas the males varied considerably in age of first premolar mineralization.
For male A in Table 5, the error in age estimation from the mean ages listed in Table 2
was greatest for the first premolar and least for the central incisor and first molar.

In agreement with Garn et al [/3], this study found that the variability in age of tooth
formation increased with chronological age, but after age 16 to 17 the variability
decreased during the final stages of root formation and apical closure of the third molars.
Variability in ages of third molars was relatively large for both sexes. For the other
teeth, variability was greater among the males. Although this conclusion does not agree
with that of Nolla [9], it is in harmony with those of Garn et al [16], who found that
girls are more consistent than boys in all developmental timings, including the teeth. This
consistency was attributed [16] to influence of the X chromosome, whereas the local
sex differential in the canine region was attributed to influence of the Y chromosome
[121.

Summary

The ages at which the maxillary and mandibular teeth of 121 boys and 111 girls reached
14 mineralization stages were determined from serial cephalograms at the Burlington
Growth Centre. The present data are more comprehensive than any previously
available and can be applied to chronological age determinations in juveniles of indefinite
age, and of specimens in anthropological and forensic investigations. The sexes differed
in the age at which they attained the stages of mineralization, with the canines
demonstrating the greatest difference. In each sex, the ages at identical stages were
similar for the corresponding teeth in the maxilla and mandible. Variability in age was
greater among the males, especially for the first premolars, and increased with age,
except for the third molars. Variability in age of third molar mineralization was greater
in females and diminished among both sexes at late stages of root formation.
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