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ABSTRACT
Introduction: As significant tooth size discrepancies prevent an ideal occlusion being produced at the end of
orthodontic treatment, absence of a tooth size discrepancy is the seventh “key” for an ideal occlusion. Present study
aimed to assess diagnostic reliability of Bolton’s ratio for different Angle’s malocclusion. Materials and Methods:
The study models of 144 patients were divided in three groups based on malocclusion.The mesiodistal tooth width
from permanent first molar to first molar were measured on the orthodontic study models. The readings were obtained
using a digital vernier caliper to the nearest 0.01mm, with the blades of the caliper held perpendicular to the long axis
of the tooth. Results: ANOVA showed no significant difference between all groups except between anterior ratio of
Class II group. The mean ratio for the Class III sample was significantly greater than Class I and Class II subjects (P
< 0.05). The overall ratio was significantly larger for the Class III subjects than other groups, but with no significance
for either gender. Regarding absolute values, mean overall ratio for the different groups was in the order Class III >
Class I > Class II with significant difference between the Class I and Class II groups. Conclusion: Subjects with Class
III group had a significantly greater prevalence of tooth size discrepancies than Class I and Class II group. Statistically
significant difference was seen in the anterior ratio between the males and females of Class II malocclusion and no
significant difference between other groups.
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Introduction
A tooth size discrepancy is a proportion among the
sizes of the individual teeth.[1] As significant tooth size
discrepancies prevent an ideal occlusion being produced at
the end of orthodontic treatment, the absence of a tooth size
discrepancy is the seventh “key” for an ideal occlusion.[2]
Overall tooth size discrepancy relate to all teeth excluding
permanent second and third molars, whereas anterior tooth
discrepancies involve the six anterior teeth.
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Tooth size exhibits a continuous range of variation among
individuals and populations. Tooth size represents an
important diagnostic tool that illustrates some prediction
of treatment outcomes and may also limit the necessity
for diagnostic managements for complex cases. A
proper relationship of the total mesiodistal width of
the maxillary dentition to the mesiodistal width of the
mandibular dentition favors an optimal post treatment
occlusion.[3]
A significant variation in the harmony of tooth size ratio
leads to malocclusion and difficulties in obtaining an
occlusion with optimal over-jet, overbite, and Class I canine
and molar relationships.[1] The size of the teeth matches
very well in most individuals however some degree of
discrepancy exists among individuals of any population.
Though Bolton’s study has been done in the past by many
researchers, there is no conclusive study or guidelines or its
correlation with a heterogeneous population. Following the
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study was conducted to assess if there is any applicability
and clinical reliability of Bolton’s ratio among different
Angle’s Class I, II, and III malocclusion.

The anterior and the overall ratio (AR and OR) tooth size
ratios were calculated for each subject as described by
Bolton:

Methodology

Bar = (S6Mand/S6Max)× 100, Bor = (S12Mand/S12Max) × 100

The study models of 144 patients aging from 12 to 30
years were selected from OPD. The sample included 60
sample of Class I (30 males, 30 females), 60 sample of
Class II group comprised of 30 males, 30 females, and
Class III group consisted of 24 individuals (12 males,
12 females) with random age group from 12 to 30 years.
The inclusion criteria were based on equivalent skeletal
and dental classification, all permanent teeth (except
third molars) erupted in the upper and the lower arches,
absence of visible crowding, spacing, proclination or
ectopic eruption, good quality study models, absence of
any dental deformity or severe mesiodistal, and occlusal
tooth abrasions, no restorations extending to the mesial
or distal surfaces, or enamel stripping of the anterior or
posterior teeth.

Where,
BAR and BOR = AR and OR respectively.
S12Mand — ∑ of the 12 mandibular teeth (mm).
S12Max — ∑ of the 12 maxillary teeth (mm).
S6Mand — ∑ of the 6 mandibular teeth (mm).
S6Max — ∑ of the 6 maxillary teeth (mm).

The sagittal relationship was assessed cephalometrically
using the ANB angle: Skeletal Class I, from 0° to 4°,
Class II, >4° and Class III <0°. The occlusal characteristics
of all subjects were classified using Angle’s classification
and corresponded to the skeletal relationships.
The mesiodistal tooth width from permanent first molar to
first molar was measured on the orthodontic study models
by single author Dr. RM. The readings were obtained
using a digital Vernier caliper (Mitutoyo Digimatic Caliper,
Mitutoyo Corporation, Japan) to the nearest 0.01 mm, with
the blades of the caliper held perpendicular to the long axis
of the tooth [Figure 1].

In order to determine the measurement error, the study
models of 25 randomly selected individuals were measured
again by the same examiner after a week’s interval. An
analysis of error was performed using the nonparametric
Wilcoxon statistical test. The results showed no significant
difference between the two measurements.
To compare the prevalence of tooth size discrepancies
among the three malocclusion groups and two genders,
a Chi-square test was performed. In addition, to compare
the mean Bolton tooth size ratios as a function of Angle’s
classification, as well as gender, analysis of variance
(ANOVA), was undertaken.

Results
The means, standard deviation, and standard error of the
tooth size ratios were obtained for each group [Table 1].

Anterior ratio
The mean AR of male subjects (79.979 ± 3.40) showed
no significant difference than that of female subjects
(80.181 ± 3.32). ANOVA demonstrates that there is no
significant difference between all groups except between
the AR of Class II males and females [Table 2].
Using Duncan’s multiple range tests, it was found that no
significant difference was present between Class II and
Class I malocclusion, but significant differences were seen
between Class I and Class III malocclusion and also in
between Class II and Class III malocclusion subjects. The
mean ratio for the Class III sample was significantly greater
than that for the Class I and Class II subjects (P < 0.05)
when compared with each other [Table 3].

Overall ratio
Figure 1: Measurement of mesiodistal width with the help of digital
Vernier caliper
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The OR was significantly larger for the Class III malocclusion
subjects than the other groups, but with no significance
for either gender. Regarding absolute values, the mean
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Table 1: Mean, SD and range of ra os in each malocclusion group
Group of malocclusion

AR
Range
70.17-84.69
74.28-84.90
83.20-86.34
70.17-86.34

Class I (n=60)
Class II (n=60)
Class III (n=24)
Total (n=144)

OR
Mean ± SD
80.129±3.483
79.059±2.559
84.943±1.334
80.080±3.337

Range
87.50-97.15
87.62-97.20
92.92-96.23
87.50-97.20

Mean ± SD
92.375±2.508
91.688±2.399
94.718±1.125
92.276±2.488

SD: Standard deviation, AR: Anterior ratio, OR: Overall ratio

Table 2: Mean (X), SD and SE of the ra os in males and females
Malocclusion/ Sex
Class I
AR
OR
Class II
AR
OR
Class III
AR
OR
Total
AR
OR

Mean

Males
SD

SE

Mean

Females
SD

P
SE

80.862
93.029

3.277
2.342

0.846
0.605

79.395
91.721

3.639
2.575

0.939
0.665

0.256
0.157

77.981
91.673

1.950
1.919

0.504
0.496

80.136
91.703

2.698
2.871

0.697
0.741

0.018*
0.974

85.557
95.510

0.929
0.715

0.536
0.413

84.330
93.927

1.568
0.880

0.905
0.508

0.308
0.073

79.979
92.639

3.401
2.307

0.592
0.402

80.181
91.913

3.322
2.641

0.578
0.460

0.809
0.239

*P < 0.05; significant, AR: Anterior ratio, OR: Overall ratio, SD: Standard deviation, SE: Standard error

Table 3: Significant mean ra os between diﬀerent malocclusion
group using Duncan’s mul ple tests
Intergroup comparison
Class I and Class II
Class I and Class III
Class II and Class III

AR
NS
P < 0.05; Significant
P < 0.05; Significant

OR
NS
P < 0.05; Significant
P < 0.05; Significant

AR: Anterior ratio, OR: Overall ratio

OR for the different groups was in the order Class III
> Class I > Class II. In addition, there was statistically
significant difference between the Class I and Class II
malocclusion groups.

Discussion
The findings of the present study demonstrates significant
difference in the AR between males and females of the Class II
malocclusion group and no significant difference in between
the other malocclusion, and also no significant difference
between the OR and the three malocclusion groups.
When comparing the mean to interpret the AR and OR,
the results of the present study were not similar to that
of Bolton[1] and Stifter.[4] For AR and OR, which were
80.08 ± 3.34 and 92.28 ± 2.49 when all malocclusion
subjects (i.e., 144 patients) were combined, no similarity
was found. The subjects in the present study all had
190

malocclusions sufficiently, severe to warrant treatment,
and it is possible that this is contributed to the larger
percentage of tooth size discrepancies in the anterior as
well as posterior region.
The findings that individuals with a Class III malocclusion
have a significantly greater mean AR than the other groups
may confirm the results of Lavelle[5] that Class III individuals
have disproportionately smaller maxillary teeth than Class I
and Class II subjects. However, a small size of the maxillary
teeth was not found in the present study. Therefore, the
Bolton discrepancy in the Class III sample must either be
attributed to an increase in the width of the mandibular
anterior teeth or the accumulation of minor discrepancies
of individual teeth.
The results obtained by Nie and Lin [6] using Angle’s
classification as a variable in analyzing 360 Chinese
individuals for tooth size discrepancies are in agreement
with the present findings that Class III patients demonstrate
a greater tooth size discrepancy when compared with
Class II and I patients. These findings also confirm the initial
investigations by Sperry et al.[7]
Crosby and Alexander[8] tried to verify the presence of a
tooth size discrepancy in 109 patients divided into four
malocclusion groups, but not including Class III subjects.
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Maurya, et al.: Applicability and clinical reliability of Bolton’s ratio

They compared the average of the anterior and overall
Bolton indices but did not find any statistical difference
in the incidence of the tooth size discrepancy among
the groups (Class I, Class II divisions 1 and 2, and
surgical Class II). Some of the findings in the present
investigation were similar to their results with respect
to the absence of statistically significant differences
when comparing Class I, and Class II malocclusion
groups. Since they did not include subjects with a
Class III malocclusion in their investigation, they could
not find any difference between normal occlusion
and malocclusion groups coinciding with the Bolton
indices, while in the present study, a large part of the
differences in the Bolton indices were attributed to the
presence of a Class III malocclusion.
Regarding studies reporting the mesiodistal dimensions of
lower teeth to be larger in Class III malocclusion subjects
when compared with Classes I and II (divisions 1 and 2),
it seems that the greater mean of Bolton’s ratio in these
classes might be due to etiological factors that lead to
mandibular prognathism.[5,7] Further studies are needed
to clarify whether a correlation exists between increased
mandibular growth (as in Class III malocclusions) with
increased mesiodistal dimensions of lower anterior teeth.
The possible interaction of genetic factors could determine
mandibular size while affecting the mesiodistal dimensions
of lower mandibular teeth, in the same way.

Conclusions
Subjects with an Angle Class III malocclusion had a
significantly greater prevalence of tooth size discrepancies
than those with Class I and Class II malocclusions.
Statistically, a significant difference was seen in the AR
between the males and females of Class II malocclusion,
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however, no significant difference was seen in the OR in
the three malocclusion groups. Significant difference was
seen between the mean AR and OR when Class I versus
Class III and Class II versus Class III groups were compared,
but no significant difference was seen when Class I versus
Class II groups.
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