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Abstract

Background: The Bolton analysis is commonly used by orthodontists. The Bolton ratios of different populations are
significantly different from the standard values of Bolton. This study sought to examine the Bolton's anterior and overall
ratios in various malocclusion types in Mashhad, Iran, in contrast to the Bolton’s standards.

Methods: This descriptive-analytical study was conducted on 240 study models of patients (121 males and 119 females)
in four groups (n= 60 cases) of normal occlusion, Class I, Class Il, and Class lll. The mesiodistal dimensions of the teeth
were measured twice using a digital caliper. The anterior and overall ratios of Bolton were calculated. Statistical analysis
was conducted utilizing SPSS 18.0.

Results: The mesiodistal width of the maxillary lateral incisors in normal occlusion cases was greater than that in Class I,
Class Il, and Class Il malocclusions (P<0.05). Conversely, the mesiodistal width of the maxillary first and second premolars
was the greatest in Class Il and the smallest in Class Ill malocclusion (P<0.05). Correlation was not observed between
dental ratios (anterior and overall) and gender or malocclusion groups (P>0.05). Furthermore, the anterior ratio was
significantly higher than the Bolton's standard in Class | and Ill malocclusion groups (P<0.05). The normal occlusion group's
overall ratio was significantly lower than the Bolton's original ratio (P<0.05).

Conclusion: Implementing the Bolton analysis in the population of Mashhad, Iran should be approached with caution.
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Tooth size discrepancies can lead to various
types of orthodontic problems. Large discrepancies
in the mesiodistal widths of mandibular and
maxillary anterior teeth, with greater maxillary
teeth, can result in deep overbite, excessive
overjet, and anterior crowding of the maxilla.
Similarly, larger dimensions of mandibular teeth
can lead to an edge-to-edge relationship of incisors,
spacing of maxillary anterior teeth, crowding in the

Background

Mesiodistal tooth width is a crucial factor in
orthodontic treatment planning (1). “Tooth size”
has been introduced as the “seventh essential key”
to achieve normal occlusion (2). Normal occlusion is
an essential factor for proper articulation,
mastication, and respiration (3). To achieve this
goal, there should not be any tooth-size
discrepancy amid the upper and lower arches (4).

Copyright © 2023, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International
License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the
original work is properly cited.




Parisay et al

anterior segment of the mandible, and
inappropriate molar relationship (1, 5).

Tooth size varies among different races and
genders (4, 6). Various methods and analyses
are available to assess tooth size (7-10). Analyzing
tooth size discrepancies prior to orthodontic
treatment helps to determine the necessity of
tooth extraction (4). The Bolton's analysis,
developed by Bolton in 1958, is a commonly
used method by orthodontists due to its accuracy,
simplicity, and efficiency (4, 10, 11).

The Bolton ratios in various racial populations
differ significantly from the standard values
provided by Bolton (12, 13). This may arise from the
fact that the Bolton's analysis is founded on the
normal tooth size of the Caucasians (10). Therefore,
its applicability in other populations requires
verification. This study aimed to evaluate the
anterior and overall Bolton ratios in different types
of malocclusions in Mashhad, Iran in contrast to the
Bolton's standards.

Methods

This cross-sectional study was implemented on
study models of subjects treated in the Pediatric
Department of the Dentistry Faculty of Mashhad
University of Medical Sciences.

The sample size was calculated to be 240, with
60 models allocated to each group with a
confidence interval of 95% and 80% power as
derived from a study by Fattahi et al (14). A total of
180 pairs of study models from individuals aged 13-
15 years, who had received treatment in the
Pediatric Department of the Dentistry Faculty,
Mashhad University of Medical Sciences, Mashhad,
Iran, were randomly selected and divided into 3
groups as per the Angle classification:

Group 1 (n=60) with Class | malocclusion

Group 2 (n=60) with Class Il malocclusion

Group 3 (n=60) with Class Ill malocclusion

The study models of the study by Talebi et al,
(15) with normal occlusion were randomly selected
for the fourth study group (n=60).

The models included in this study met the pre-
specified criteria, which included the presence of
each permanent teeth (excluding the permanent
third molar), reaching the occlusal surface, and no
signs of restoration, interproximal caries, attrition,
or dental anomalies. Patients with a history of
orthodontic treatment were not included in the
study.

Mesiodistal widths of the first molars, first and
second premolars, canine teeth, and incisor teeth
of both jaws were measured by a single investigator

using a digital Caliper (EKO Turbo, China) with an
accuracy of + 0.01 mm. Each tooth was measured
twice to minimize errors. In cases where
measurements differed, the mean value was
recorded. The intra-examiner reliability was
determined to be 0.2 mm. The anterior and overall
ratios were calculated according to the Bolton’s
analysis as follows (10):

Anterior ratio: > of widths of the lower six
anterior teeth / 5 widths of the upper six anterior
teeth X 100

Overall ratio: ¥ of widths of the lower 12 teeth /
> of widths of the upper 12 teeth X 100

Statistical analysis:

Data were statistically analyzed with SPSS
version 18.0 (SPSS Inc., Chicago, USA). The
distribution of age and gender among the study
groups was assessed using the Kruskal Wallis and
Chi-square tests. One-way ANOVA and Tukey’s post
hoc test compared the mesiodistal widths of the
teeth among the groups. Additionally, ANOVA
compared the anterior and overall Bolton’s ratios
amid the groups. Independent sample t-test was
utilized to find differences between males and
females in the Bolton’s ratio. Also, one-sample t-
test was applied to compare the mean values of
both anterior and overall Bolton’s ratios of all
groups with the Bolton's standard values. The
threshold for statistical significance was established
at P<0.05, and a 95% confidence interval was
determined for all analyses.

Results

The samples for this study comprised of 240
Iranian individuals (121 males and 119 females),
with 60 cases in each group. The Chi-square test
showed no meaningful difference in sex
distribution amid the study groups (P=0.415, Table
1). However, the Kruskal-Wallis test demonstrated
a significant difference in age distribution among
the study groups (P=0.001, Figure 1).

ANOVA revealed significant differences in the
mesiodistal widths of the maxillary permanent
lateral incisors, first premolars, and second
premolars among the study groups (Table 2).

Table 3 compares the mesiodistal widths of the
maxillary permanent lateral incisors, first
premolars, and second premolars among the study
groups. One-way ANOVA did not indicate any
meaningful difference between the anterior
(P=0.067) and overall (P= 0.05) ratios of the study
groups (Table 4).

Independent sample t-test showed no
significant difference in the anterior or overall
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ratios between males and females within each values, which were defined as 77.2% + 1.65% and
study group (Table 5). 91.3% + 1.91%, respectively.

Table 6 compares both the Bolton’s anterior and
overall ratios observed in each group with standard

Table 1. The comparison of distribution of gender in the study groups using Chi square test

Study groups P-value
Class Il Class 11 Class | Normal
Gender . . . .
malocclusion malocclusion malocclusion occlusion
Number (%) Number (%) Number (%) Number (%)
Male 31(51.7) 31(51.7) 25(41.7) 34(56.7)
Female 29(48.3) 29(48.3) 35(58.3) 26(46.3) 0.415
Total 60(100.0) 60(100.0) 60(100.0) 60(100.0)
15.5
15
14.5
14
13.5
13
12.5
12
m Normal occlusion class | class Il class Il

Figure 1. Distribution of age in the study groups

Table 2. The comparison of the mean and standard deviation of mesiodistal size of the teeth among groups

using ANOVA
Study groups
Tooth Class III. Class II. Class I. Normgl P-value
malocclusion malocclusion malocclusion occlusion
MeanxSD MeanxSD MeanxSD MeanxSD
Maxillary Central 8.4110.62 8.41+0.53 8.531+0.54 8.56+0.57 0.311
Mandibular Central 5.37+£0.43 5.28+0.38 5.42+0.34 5.38+0.36 0.228
Maxillary Lateral 6.74+0.61 6.631£0.69 6.82+0.54 7.05+£0.71 *0.004
Mandibular Lateral 5.87+0.53 5.751£0.31 5.941+0.41 5.86%0.39 0.086
Makxillary Canine 7.60+£0.47 7.67+£0.44 7.79%0.46 7.68+0.45 0.143
Mandibular Canine 6.6410.58 6.71%£0.50 6.81+0.49 6.7110.46 0.338
Maxillary 1%t premolar 6.85%0.39 7.13+0.37 7.05+0.36 7.0510.41 *0.001
Mandibular 1%t premolar 6.8510.53 7.03+0.44 7.04+0.38 7.0510.42 0.053
Maxillary 2™ premolar 6.5910.46 6.86+0.51 6.74+0.40 6.8210.42 *0.009
Mandibular 2" premolar 7.11+0.51 7.25+0.45 7.20+0.54 7.1610.47 0.449
Maxillary 15t molar 10.30+0.42 10.48+0.45 10.24+0.48 10.46+0.52 0.166
Mandibular 15 molar 10.84+0.76 10.94+0.64 10.98+0.65 10.85+0.63 0.557

*Significant at the level of P-value< 0.05.
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Table 3. Comparison of the mesiodistal width of maxillary lateral incisors, and first and second premolars
among the study groups using the Tukey’s test

Study groups
Mean difference
(P-value)
Tooth Class Il Class | Class | Normal Normal Normal
vS. VS. Vs. occlusion vs.  occlusion vs.  occlusion vs.

Class I Class Il Class Il Class Il Class Il Class |

Maxillary lateral incisor -0.112 0.08 0.192 0.310* 0.422* 0.230
(0.778) (0.118) (0.365) (0.045) (0.002) (0.209)
Maxillary first premolar 0.280* 0.197* -0.083 0.197* -0.833 -0.0001
(0.001) (0.029) (0.643) (0.029) (0.642) (1.00)

Maxillary second premolar  0.262* 0.144 -0.117 0.227* -0.034 0.082
(0.010) (0.303) (0.491) (0.033) (0.975) (0.752)

*Significant at P<0.05.

Table 4. Comparison of anterior and overall Bolton’s ratios among the study groups using one-way ANOVA

Study groups
. Class 1l Class 11 Class | Normal
Variable . . . . P-value
malocclusion malocclusion malocclusion occlusion
MeanxSD MeanSD MeanSD MeanxSD
Anterior ratio 78.65+3.65 78.2+£3.95 78.62+3.22 77.13%£3.22 0.067
Overall ratio 91.3%1.91 91.09+3.11 91.69+3.21 90.32+2.27 0.050

Table 5. Comparison of anterior and overall Bolton’s ratios between males and females in each study group
using independent sample t-test

Gender
Study groups Variable Female Male P-value
MeanxSD MeanxSD

Class Il malocclusion Anterior ratio 78.43+£3.75 78.85+3.59 0.663
Overall ratio 91.40£3.29 92.15+4.05 0.442

Class Il malocclusion Anterior ratio 78.44+4.09 77.99+3.87 0.664
Overall ratio 91.41+3.83 90.78%2.27 0.438

Class | malocclusion Anterior ratio 78.26+3.11 79.13+£3.36 0.304
Overall ratio 91.2442.56 92.31+3.93 0.210

Normal occlusion Anterior ratio 77.17+£3.26 77.11+£3.23 0.937
Overall ratio 90.42+2.46 90.24+2.97 0.806

SD: Standard deviation
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Table 6. Comparison of anterior and overall ratios of the study groups with Bolton’s reference values using
one-sample t-test

Study groups
Class I Class | Normal occlusion
malocclusion malocclusion malocclusion MeanSD
MeanxSD MeanxSD MeanxSD

Anterior ratio 78.65%3.65 78.2+3.95 78.6213.22 77.13%3.22
P-value 0.007* 0.004* 0.885

Overall ratio 91.3+1.91 91.0943.11 91.6943.21 90.32+2.27
P-value 0.379 0.435 0.029*

*Significant at P<0.05 SD: Standard deviation
Discussion In the current research, the anterior ratio was

Various methods and analyses have been
developed to assess the size of maxillary and
mandibular teeth so as to determine an ideal
occlusion. Since such analyses have been designed
for specific populations, their accuracy must be
validated for use in other populations. This study
aimed to evaluate the Bolton’s ratios amid different
types of malocclusions in the Iranian population of
Mashhad, Iran.

In the current research, notable variations were
observed between the groups under study in the
mesiodistal widths of maxillary permanent lateral
incisors, first premolars, and second premolars. The
mesiodistal width of maxillary lateral incisors in
normal occlusion cases was greater than that in

Class |, Class Il, and Class Ill malocclusions.
Conversely, the mesiodistal width of the maxillary
first and second premolars was

the greatest in Class Il and the smallest in Class Il
malocclusion. This finding could be related to the
fact that maxillary teeth of Class Il malocclusion
cases tend to be larger than those in Class | and lll
malocclusions (13, 16). Nevertheless, the present
study focused on the correlation between
mesiodistal tooth dimensions and skeletal
malocclusion. Rakhshan et al. (17) reported a
statistically significant difference in buccolingual
dimensions of mandibular central and lateral
incisors, and maxillary lateral incisors among
patients with Class |, 1l, and Il skeletal
malocclusions. Furthermore, they considered race
and gender as influential factors for differences in
tooth dimensions, emphasizing that the mesiodistal
and buccolingual dimensions of the mandibular
canine teeth exhibit the greatest difference
between genders. This discrepancy was attributed
to the considerable variation in the duration of
amelogenesis of the mandibular canine teeth
between males and females (17).
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significantly higher than the Bolton's standard in
Class I and Ill malocclusion groups. The overall ratio
of the normal occlusion group was significantly
smaller in comparison to the original Bolton’s
values. Previous studies from different areas of the
country have shown different results. Mollabashi et
al.’s research (13) on the Iranian population stated
that normal occlusion samples had greater dental
ratios than the original Bolton values. However,
Karimzadeh et al. (18) reported that the anterior
ratio of Class | group in the Iranian population was
lower than the Bolton’s standard value. However,
meaningful difference was not determined
between the overall ratio of the groups and the
Bolton’s reference value. They concluded that the
difference between dental ratios and Bolton's
standard values was due to racial differences (18).
Additionally, various studies from different
countries have demonstrated that the Bolton's
ratios of their study populations differed from the
Bolton’s standards (16, 19-21).

Mustafa and Abuaffan (19), Hussein et al, (20)
and Lavelle (16) declared that the Bolton ratios
could be inapplicable to their study populations.
Mageet et al. (21) found a significant difference
between dental ratios of patients with Class Il
malocclusion and the Bolton’s standard values;
however, the difference was insignificant in Class |
and Il groups. They suggested that the difference is
probably due to differences in gender and race (21).

Generally, despite the importance and high
diagnostic efficiency of the Bolton analysis, it is
important to note that variables such as race, sex,
width of anterior teeth, inter-incisal angle, and type
of malocclusion are not considered in this analysis,
and may pose inherent limitations to this analysis
(22).

Using a digital caliper with an accuracy of 0.01
mm was one limitation of the present study.
Employing more precise instruments to gauge
tooth dimensions may enhance the accuracy of the
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results. Also, by increasing the sample size and
selecting more diverse samples from different
areas of the country, a higher level of accuracy may
be achieved.

Conclusion

The use of Bolton analysis in the population of

Mashhad should be approached with caution.
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