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INTRODUCTION

The third molar is the smallest of the molar teeth with a
relatively high incidence of agenesis.7,8 This is thought to
be a general trend toward tooth reduction. To explain the
high incidence of third molar agenesis, the concept of morphogenetic fields and the hypotheses of environmental control were proposed by Butler9 and modified by Dahlberg10
for human dentition. They believed that the genetic influence diminishes in the more distal tooth within the ontogenetic field. This would account for the reduction and
greater variability of the posterior teeth11,12 Anderson et al4
reported that the evolutionary reduction of dental dimensions might result from an evolutionary reduction in genetically determined body size. Haruki et al13 stated that the
times of eruption and calcification of the maxillary molars
were significantly related to the length of the maxilla. Carlson and van Gerven14 reported that craniofacial variation
was due to changes in the masticatory function and the
reduction in dental size was a compensatory response to
altered facial size and position.
There is a need to examine clinical cases in order to
understand the genetic basis of the evolution of the number

Dental anomalies such as missing and malformed teeth
may be signs of heritable developmental disturbances of
tooth structures.1–3 Sexual and racial differences in the incidence of such disturbances have also been described.4–6
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Abstract: This study was conducted to examine the incidence of evolutionary changes of the maxillary
molars in orthodontic patients and to investigate the association of this event with craniofacial growth.
Among 4,892 Japanese patients treated at the orthodontic clinic of Hiroshima University Dental Hospital,
59 patients presented with a defect of the distolingual cusp of the maxillary first molar. They consisted of
52 female patients and seven male patients with a mean age of 14.7 years. Eruption of the maxillary first
and second molars was delayed and the third molar was congenitally missing in all of these patients.
Thirty-seven patients exhibited Class III malocclusion (Class III evolution group). The Z scores of cephalometric measurements were compared between the Class III evolution group and the Class III control
group. The latter group consisted of 37 Class III subjects with no evolutionary dental anomalies and no
orthodontic history. The tooth developmental score (TDS) for each age at the initial record was compared
with Nolla’s standard tooth developmental score (STDS) for equivalent ages using paired t-tests. The Z
scores for Ptm’-A and Ar-A were significantly smaller in the Class III evolutionary group than in the Class
III control group (P , .05). The TDS for the maxillary first and second molars were significantly smaller
than the STDS for these molars (P , .01). The TDS for the maxillary second molar was significantly
larger than the STDS for the maxillary third molar (P , .01). This study revealed that an evolution change
of the maxillary molar is more common (P , .05) in female patients than in male patients, is more
frequent (P , .05) in subjects with Class III malocclusion, and is related to the anteroposterior undergrowth
of the maxilla. (Angle Orthod 2001;71:477–485.)

478

YAMAGUCHI, KAWANABE, TANAKA, TANNE

and shape of teeth and to comprehend the concept of morphogenetic fields and the hypotheses of environmental control. Early diagnosis with a family history and early clinical
or radiographic detection is important so that interceptive
pediatric and orthodontic interventions are practical in relation to missing, malformed and ectopically erupting teeth.
In the upper molar region, the evolutionary changes of
the teeth appear as a defect in the distolingual cusp (hypocone) or as congenital missing teeth and a delay of eruption.1 This is not only of anthropological interest, but it also
has a clinical significance in orthodontic diagnosis and
treatment. A posterior discrepancy, which determines any
extraction therapy, depends on the size and number of molars.15–17 The present study was conducted to examine the
incidence of the evolution of the maxillary molars in orthodontic patients and to investigate its association with
craniofacial growth.
METHODS AND SUBJECTS
Evolutionary changes of the upper molars were examined in 4,892 Japanese patients (original sample) treated at
the orthodontic clinic of Hiroshima University Dental Hospital using dental models and panoramic radiographs taken
periodically throughout treatment. The original sample consisted of 62.7% female patients and 37.3% male patients
(Figure 1). The age ranged from 6 to 35 years. As expected,
Class III malocclusion was the major malocclusion (25%)
(Figure 2). Class III malocclusion was defined by the presence of an anterior cross bite and a Class III molar relationship, not by the skeletal relationship. Fifty-nine (1.1%)
patients from the original sample were included in our evolution group for the purposes of this study. These patients
met the following exclusion criteria:
1. Absence of the distolingual cusp (hypocone) of the maxillary first molar (classified as grade 0 by Turner’s18 stanAngle Orthodontist, Vol 71, No 6, 2001

FIGURE 2. Malocclusion in original sample.

dard from the Arizona State University dental Anthropological system.
2. No clinical history of extraction of the maxillary first
molar.
3. No numerous missing of teeth.
4. No congenital abnormalities in dentofacial complex including cleft lip and palate.
The evolution group consisted of 52 female patients
(88.1%) and seven male patients (11.9%), with a mean age
of 14.7 years and a range of 5–35 years (Figure 1). Among
the evolution group, 88 molars (0.9% of the original sample) exhibited evolutionary changes. Reduction of a cusp
was identified bilaterally in 35 of these patients. Each frequency was statistically compared by a test of proportion.
Cephalometric measurements
Thirty-seven of the subjects in the Class III evolution
group (62.7%) with a mean age of 14.2 years exhibited a
Class III malocclusion (Figure 1). In order to define the
morphological characteristics of the dentofacial structures
relative to the evolutionary changes of the maxillary molars

Downloaded from http://meridian.allenpress.com/doi/pdf/10.1043/0003-3219(2001)071<0477:ROTHOT>2.0.CO;2 by guest on 25 May 2022

FIGURE 1. Distribution of subjects in original sample.
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Estimation of tooth development
Nolla’s tooth developmental stage is scored from zero
to 10 according to the formation of the root and crown
(Table 1). The standard tooth developmental score (STDS)
of the molars for each age is shown in Table 2. The entire
tooth including the crown was traced on the radiographic
films in the initial and last records (Figure 4). The tooth
developmental score (TDS) for each chronological age in
each subject at the initial record (beginning of treatment)
was obtained from Table 2 by referring to the completed
root length in the last record. Because the root formation
is almost completed at 13 years of age, 29 females less than
13 years of age were selected from the evolution group
(Figure 1). The mean TDS for the maxillary and mandibular molars in these subjects was statistically compared
with the Nolla’s standard tooth developmental score
(STDS) for the equivalent age using the paired t-test. All
data were expressed as mean 6 standard error of mean
(SEM). A P value , .05 denoted the presence of a statistically significant difference.
19

FIGURE 3. Cephalometric measurements.

TABLE 1. Tooth Developmental Score
Developmental
Score
0
1
2
3
4
5
6
7
8
9
10

Description
Absence of crypt
Presence of crypt
Initial calcification
One-third of crown completed
Two-thirds of completed
Crown almost completed
Crown completed
One-third of root completed
Two-thirds of root completed
Root almost completed, open apex
Apical end of root completed

RESULTS
Frequency
The reduction of the hypocone in the maxillary first molar (an evolutionary change) was significantly more fre-

TABLE 2. Standard Tooth Developmental Score (STDS) of the Molars by Nolla
Chronological Age
Molar
Maxillary first molar
Maxillary second molar
Maxillary third molar
Mandibular first molar
Mandibular second molar
Mandibular third molar

5

6

7

8

9

2.1

7.5
2.4

3.2

10
8
4.3

2.1

7
2.3

7.5
3.2

8
3.7

8.5
7
7
6

10
9

8.5
6.5
1.8

11

12

13

14

15

8.5
5.4
9

9
6.2
10

10
6.8

7.3

4.7

5.8

9
6.5

10
6.9
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in the Class III evolution group, cephalometric measurements of the final records in the Class III evolution group
were compared to the initial records of 37 subjects randomly selected from the Class III control group. Class III control subjects had no apparent reduction of the hypocone in
the maxillary first molar and no orthodontic history (Figure
1). Since it was difficult to match the age, sex, and type of
Class III malocclusion with the Class III evolution group,
Z-scores were compared between the evolution Class III
and control Class III groups. Z-scores of the 2 groups were
calculated by the following formula: (standard value in normal sample—value of each subject in evolution and control
Class III groups) /standard deviation in normal sample.
Eleven measurements were made for the analysis of lateral
cephalograms (Figure 3). The angular skeletal measurements were angle SNA, N-S-Ar, SN/Ar-A, NAB, Ar-A-B,
Mp to PP, and the linear skeletal measurements were Ptm’A, Ar-A, N-A, Ar-A, A-B.
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Tooth developmental score

FIGURE 4. Estimation of tooth development.

The mean TDS for the maxillary first molar (7.7 6 0.9)
was significantly smaller than the respective STDS (9.0 6
0.8, P , .01). The mean TDS for the maxillary second
molar (6.8 6 0.7) was also significantly smaller than the
respective STDS (7.9 6 0.5, P , .01) (Figure 6). There
were no significant differences between the 2 scores for the
mandibular first and second molars. The STDS for the maxillary second molar was significantly higher than that for
the mandibular second molar (P , .01), and significantly
smaller than that for the mandibular second molar (P ,
.01). In addition, the TDS for the maxillary second molar
was significantly higher than that for the maxillary third
molar (P , .01).
Case report

FIGURE 5. Data are mean 6 SEM for Z scores.

quent in females than in males (P , .01) and more frequent
in subjects with Class III malocclusion than those with other malocclusions (P , .05). In accordance with evolutionary changes, eruption of the maxillary first and second molars was retarded and the third molar was congenitally missing.
Comparison of craniofacial morphology
The Z scores for the Ptm’’-A and Ar-A were significantly
smaller in the Class III evolution group than in the Class
III control group (P , .05), but there were no significant
difference in the Z scores for the rest of measurements (Figure 5). The cephalometric analysis revealed that the anteroposterior dimension was significantly less in the Class III
evolution group than in Class III control group.
Angle Orthodontist, Vol 71, No 6, 2001

A 10-year-old girl presented with Class III malocclusion
and a concave type profile (Figure 7). A Class III molar
relationship and an anterior cross bite were noticed at the
first visit and the insufficient dental arch length was present
for the maxillary canines. The distolingual cusp in the maxillary first molars was missing (Figure 7). At the age of 10,
the STDS are 9 and 8 for the maxillary first and second
molars, respectively. In this case, the TDS was 9 and 7.5
for the maxillary first and second molars. There was no
critical delay in tooth development (Figure 7); therefore,
we did not pay any attention to the timing of the eruption
of the second molars. The anterior cross bite was easily
corrected by 6-months of functional appliance therapy. Labial movement of the anterior teeth obtained the dental arch
length for the maxillary canines.
At 12 years of age (Figure 8), the facial profile was of
the straight type. All permanent teeth except the second
molar had erupted and occluded in a Class I relationship.
At the age of 12.5 years, the STDS is 9 for the maxillary
second molar. In this case, however, root formation of the
maxillary second molars had only reached half way and the
TDS was 7.5. Delay of root formation and eruption are
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FIGURE 6. Comparison of tooth developmental score. U6: maxillary
first molar, U7: maxillary second molar, L6: mandibular first molar,
L7: mandibular second molar, U8: maxillary third molar. Data are
mean 6 SEM of TDS (dotted bars) and STDS (open bars).
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FIGURE 7. A preventative example of a 10-year-old girl with Class III malocclusion.

meaningful to treatment (Figure 8). We decided to wait for
the eruption of the second molar and, accordingly, we postponed active treatment with multiple bracket appliances until 15 years of age when the maxillary second molars had
erupted and mandibular growth had ceased. At this time,
an appliance was on all teeth including the second molars.
All active appliances were removed at 17 years of age and
fixed lingual retainers were placed (Figure 9). The maxillary third molars were missing. Superimposition of traced
cephalograms showed downward growth of the total face,
which represented improvement of Class III malocclusion
(Figure 10).

DISCUSSION
The morphological evolution in the posterior teeth is of
biochemical and anthropological interest and has clinical
significance in orthodontic diagnosis and treatment. The
dominant role of genes in the etiology of dental anomalies
such as missing and malformed teeth is explained by sexual
and racial differences in these frequencies. The reduction
of the cusp of the maxillary first molar is one form of dental
anomaly.1,2
Many studies have reported the presence of sexual differences in the size and shape of the molar and agenesis of
Angle Orthodontist, Vol 71, No 6, 2001
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the third molars.4–6 Our results showed that the reduction
of the hypocone of the maxillary first molar was more frequent in female patients than in male patients. In accordance with the morphological change of the tooth crown,
the third molar was congenitally missing. This is evidence
of the heritable incidence of dental anomalies and is supported by the hypothesis that the genetic influence diminishes with increasing distance from the more mesial molar
within the ontogenetic field and the impact of the environmental factor increases in the first molar.9,10 Macho and
Moggi-Cecchi20 analyzed molar size and shape from the
first to the third molar. They reported that their findings
Angle Orthodontist, Vol 71, No 6, 2001

were in agreement with the field theory and the environmental hypotheses, although the theory and hypotheses
could not explain all of the results. On the other hand, tooth
development and initiation have become less dependent on
environmental factors and teeth in different positions have
differentiated from each other.21,22
In the present study, root formation of the maxillary and
mandibular molars was estimated using Nolla’s standard
tooth developmental score in subjects less than 13 years of
age. The mean TDS at the initial stage was significantly
smaller for the maxillary first and second molars than that
of the STDS for the equivalent age (P , .05). In addition,
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FIGURE 8. Photographs and panoramic X-ray film of the same case shown in Figure 7 taken at 12 years and 5 months of age.
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there were no significant differences between the mean
TDS of the mandibular molars and their STDS. These findings indicate that the delay of eruption of the molars is
ascribed to the delay of their root formation. Nakano et al23
also found a reduction of the distolingual cusp in delayed
development and eruption of the first permanent molar in
Japanese children. They concluded that the affected teeth
were likely to have been second permanent molars in association with the congenital absence of the first molar.
However, if the maxillary first molar is congenitally missing as they argued, the accelerated development of the pre-

sumed maxillary third molar in this study cannot be explained.
There is sufficient evidence for an evolutionary trend toward a reduction of the bony structure of the face. Haruki
et al13 stated that the times of eruption and calcification of
the maxillary molars were significantly related to the length
of the maxilla. Anderson et al4 reported that the number of
mandibular first molar cusps and the presence of third molars were significantly related to jaw length and prognathism. In our study, the cusp reduction of the maxillary first
molar was more frequent in subjects with Class III malAngle Orthodontist, Vol 71, No 6, 2001
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FIGURE 9. Photographs and panoramic X-ray film of the same case shown in Figure 7 taken at 17 years of age.
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