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Abstract: The mesiodistal diameter of the teeth must be considered during
orthodontic diagnosis; the implementation of measurement tools has made it
possible to classify each patient into parameters that determine their treatment
needs. The aim of this study is to analyze the association between the Bolton
Index and dentoskeletal parameters in patients who come to receive orthodontic
treatment at the University Polyclinic of the Mexicali Faculty of Dentistry of the
Autonomous University of Baja California. A cross-sectional analytical
Quick Response Code observational study was carried out. The sample consisted of 45 initial plaster
™ models that met the inclusion criteria. The models were measured to obtain the
Bolton Index. Lateral skull radiographs were plotted to determine skeletal class
according to Steiner's cephalometric analysis. The data were collected and
tabulated in Microsoft Excel 365. A two-factor analysis of variance was
:':5' performed with several samples per group to determine the association between
the Bolton Index with dentoskeletal parameters and sex. To compare the
mesiodistal measurements of the teeth, a test was performed. hypothesis for a
two-tailed mean difference where the normal distribution was used in both with
a significance level of a=0.05. No statistically significant results were found
between the values of the analysis of variance and the normal distribution value
with a confidence interval of a=0.05. In conclusion no statistically significant
difference was found between the results of the dentoskeletal parameters
between men and women that determine an association with Bolton index
discrepancies.
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photographs, x-rays and the analysis of plaster models

INTRODUCTION 03 4]

According to the World Health Organization
(WHO) (1969), malocclusions are third in prevalence

. Bolton's analysis was developed by Dr. Wayne
among oral health problems, after dental caries and y pec by y

Bolton in 1958. During his research on tooth size, said

periodontal disease [1].

The first classification of malocclusion was
presented by Edward Angle in 1899 where he first
described the variation of the molar relationship [2].

The orthodontic diagnosis must be obtained
through a rigorous clinical examination which must be
complemented with the use of diagnostic tools such as

author made measurements of the mesiodistal width of
each of the teeth in the permanent dentition, both
maxillary and mandibular, starting from the first right
molar to its contralateral counterpart, leaving out second
and third molars, he established two indices, one which
he named the anterior or partial Bolton index or anterior
ratio, and the posterior or Total Bolton index or overall
ratio, with average values of 77.2% and 91.3%.
respectively [5].
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Al-Gunaid and Yamaki [6] in their study, aimed
to determine the average width of the mesiodistal size of
the teeth and the anterior and total Bolton indices, find
possible differences between sexes, study the frequency
of discrepancies in the size of the teeth among the
Yemeni population and establish if there were
differences in the size of the teeth between the right and
left sides.

The results showed that males had significantly
larger teeth than females. The prevalence rates of
clinically significant discrepancy greater than 2 SD were
29.53% and 14.20% in the anterior and total indices,
respectively. Furthermore, the results revealed that there
were no significant differences in tooth size width
between the right and left sides.

Mollabashi and Soltani [7] conducted a study to
determine and compare the Bolton ratio in normal
occlusion and in different malocclusion groups of the
Iranian population.

In their results, they obtained that the average
mesiodistal size of all the teeth in the malocclusion group
was significantly greater than in the normal occlusion
group. Although there was no relationship between the
anterior index and gender or malocclusion groups, a
significant relationship was observed between the total
index in Class Il division 1 and normal occlusion.
Furthermore, a significant difference was found between
the anterior and total indices of this study and the original
Bolton values.

They concluded that, in the normal occlusion
group, the anterior and total indices were greater than
those in Bolton's original study. Furthermore, “class II
division 1" showed the lowest Bolton index values
among the other normal occlusion and malocclusion
groups. Therefore, the original Bolton values should be
used conservatively in the Iranian population.

The development of this research is of great
importance for the identification of the prevalence with
which alterations occur in the size of the teeth in the
Orthodontic Clinic of the Faculty of Dentistry Mexicali
since, according to Pizzol (2011) 60% of orthodontic
patients present alterations in the mesiodistal diameter of
the teeth [8].

These alterations have been associated with
multiple difficulties in the completion phases of
orthodontic treatment, like crowding, unwanted overjet
or overbite, among others, that may be present due to
failures in the orthodontic technique or due to a
discrepancy of tooth size [9, 10].

Therefore, it is essential in the diagnosis to
detect discrepancies in tooth size through the use of the
Bolton Index; this will allow the clinician to adapt a

treatment plan that considers several alternatives for said
discrepancies [9].

The purpose of this article was to determine the
association between the Bolton index and dentoskeletal
parameters in patients who come to receive orthodontic
treatment for the first time at the University Polyclinic of
the Mexicali Faculty of Dentistry of the Autonomous
University of Baja California in the period from August
2020 to December 2022.

The hypothesis is that there is an association of
the Bolton index with dentoskeletal parameters and sex.

MATERIAL AND METHODS

An observational, cross-sectional analytical
study was carried out where a non-probabilistic
convenience sampling was applied until obtaining a
sample of 45 patients who met the inclusion criteria of a
universe composed of 233 patients. For the inclusion
criteria, the following points were considered:

1. Study plaster models without imperfections
such as fractures or alterations in size and shape.

2. Completely erupted permanent dentition from
right first molar to left first molar in maxillary
and mandibular arches.

3. Patients who have a lateral skull
teleradiography.

4. Patients without previous orthodontic and/or
maxillary orthopedic treatment.

5. Initial plaster models of patients who entered
the clinic of the Postgraduate Program in
Orthodontics of the Autonomous University of
Baja California of the Mexicali Faculty of
Dentistry in the period 2020-2 to 2022-2.

6. Lateral skull teleradiographs of patients who
entered the clinic of the University's
Postgraduate Program in Orthodontics from
2020-2 to 2022-2.

The exclusion criteria were the following:

1. Plaster models with missing teeth due to
agenesis, extraction or premature 10ss.

2. Plaster models of patients with any craniofacial
syndrome.

3. Plaster models with extensive restorations on
any of the teeth.

4. Plaster models that present severe abrasion at
the occlusal and mesiodistal level.

5. Plaster models with the presence of mixed
dentition.

6. Plaster models with partially erupted teeth.

7. Plaster models that present dental anomalies of
shape, structure or development, such as:
fusion, germination, mesiodens, supernumerary
teeth. (Only anomalies such as macrodontia and
microdontia are included in the sample).
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Measurement data were collected manually using:

e Stationery supplies (pen Techniclick Pentel
PD105T 0.5 mm fine, 0.5 mm gauge graphite
tips, ruler and square).

e Initial plaster study models.

e NEIKO Brand Digital Vernier Caliper, with a
resolution of tenths of millimeters of 0.01 mm
of appreciation (Figure 26).

The mesiodistal width of each tooth was
measured at the greatest distance between the contact
points of the proximal surfaces. This measurement was
obtained with the help of a digital caliper and the data
were recorded on a measurement record sheet.

The molar class was determined following
Angle's classification and Steiner's cephalometric
analysis to obtain the skeletal class through the ANB
angle.

The data required for the study were collected
from the clinical records, the plaster models of each
patient and the lateral skull radiographs, which were
tabulated in a spreadsheet of the Microsoft Excel 365
program 2023.

To compare the mesiodistal measurements of
the teeth of each hemiarch, a hypothesis test was carried
out for a difference in means. It was a two-tailed test
where the normal distribution was used with a
significance level of a=0.05.

To determine the association between the
Bolton Index with the dentoskeletal parameters and
gender in the sample, a two-factor statistical analysis of
variance was performed where the normal distribution
was used based on the confidence interval of a=0.05.

RESULTS

The sample of the present study was constituted
by a total of 45 plaster models and lateral radiographs of
the skull of patients who attended the orthodontic
postgraduate clinic of the Autonomous University of
Baja California of the Mexicali Faculty of Dentistry, of
which 25 are male and 20 are female, which corresponds
to 56% and 44% of the sample respectively (Graph 1).
The average age of the patients in general was 22.9 years,
being 23.6 for men and 22.1 for women.

= Males = Females

Graph 1: Proportion of patients in the sample by sex. The number of men and women in number and percentage
that were part of the sample in the study is described
Source: Author

Based on the Steiner cephalometric analysis
carried out on lateral skull radiographs, a total of 30
patients were classified as skeletal class I, with 16 being
the representative figure for the male group while the
female group presented a total of 14 patients. The

skeletal class Il patients were a total of 13 patients, 8 men
and 5 women. Finally, a total of 2 patients presented
skeletal class 111, 1 from the male group and 1 from the
female group (See Graph 2).
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= SKELETAL CLASS Il MALES

Graph 2: Proportion of patients by sex and skeletal class
Source: Author

The molar class was determined based on
Angle's classification, where a total of 21 patients with
right molar class | were obtained, of which there were 12
men and 9 women respectively. The total obtained for

the right molar class Il was 14, with 6 in the male group
and 8 in the female group. The right molar class IlI
presented a total of 10, 7 within the male group and 3
within the female group (See Graph 3).

= CLASS | RIGHT MOLAR MALE

Titulo del grafico

3,7%

A

< v

= CLASS Il RIGHT MOLAR MALE

CLASS I RIGHT MOLAR FEMALE = CLASS Il RIGHT MOLAR FEMALE = CLASS Il RIGHT MOLAR FEMALE

= CLASS Il RIGHT MOLAR MALE

Graph 3: Proportion of patients by sex and right molar class
Source: Author

The left molar class had the following
distribution: For class | the total was 22, 13 from the male
group and 9 from the female group. In class 1l a total of
11 were obtained, 6 in the group of men and 5 in the

group of women. Finally, the left molar class 111 showed
a total of 12, with 6 within each male and female group
respectively (See Graph 4).

= CLASS | LEFT MOLAR MALE

= CLASS Il LEFT MOLAR MALE

CLASS I LEFT MOLAR FEMALE = CLASS Il LEFT MOLAR FEMALE = CLASS Il LEFT MOLAR FEMALE

= CLASS I LEFT MOLAR MALE

Graph 4: Proportion of patients by sex and left molar class
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A probability study was carried out to determine the percentage of the sample that presented discrepancies in the

Bolton Index (See Graph 5 and 6).

Universe

m Bolton men's discrepancy

= Sample without Bolton's Discrepancy

Bolton women's discrepancy

¢

Graph 5: Proportion of Bolton Index discrepancy prevalence by sex
Source: Author

36, 80%

Bolton index with range values

» Bolton index discre pancy

Graph 6: Percentage of the Bolton Index discrepancy of the sample
Source: Author

The mesiodistal width of the dental organs of
the right and left maxillary and mandibular hemiarches
was measured to identify if there is a significant
difference in the average sizes between the contralateral
teeth, of which no statistically significant difference was
found. For this case, a hypothesis test was carried out for
a difference in means, it was a two-tailed test because the
alternative hypothesis is that pl- p2#0. The normal
distribution was used with a significance level of a=0.05.
The following formula was respected to determine the
selection of the null or research hypothesis:

m1- my= 0 (Null hypothesis)
M- my# 0 (Alternative hypothesis)

Comparison of the measurements of teeth 11
and 21: Since the value of Zc= -0.0155 is negative and
greater than Zo o25= -1.96 is not in the rejection region, so
the null hypothesis is not rejected, that is, there is no
significant difference between the average measurement
of teeth 11 and 21 of the sample of 45 patients from the
Autonomous University of Baja California (See Table 1).
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Table 1: The values of the mean mesiodistal width of the upper right central incisor and upper left central incisor teeth
of the sample of 45 patients are described in addition to the Zc values that indicate the value of the sample to determine
the selection of the hypothesis

Table 1 Tooth 11 Tooth 21
Media 9.02159091 | 9.02659091
Standard deviation 1.51743088 | 1.52855309
Mean difference -0.005

Standard deviation of the difference of means | 0.32107704

Significance level 0.05

WITHo.025 -1.96 1.96

Null hypothesis rejection region Zc <-1.96 Zc >1.96

Zc -0.0155725 |

Comparison of the measurements of teeth 12
and 22: Since the value of Zc= 0.32154929 is positive
and less than Zo g25= 1.96 is not in the rejection region, so
the null hypothesis is not rejected, that is, there is no

significant difference between the average measurement
of teeth 12 and 22 of the sample of 45 patients from the
UABC (See Table 2).

Table 2: The values of the mean mesiodistal width of the upper right lateral incisor and upper left lateral incisor teeth of
the sample of 45 patients are described in addition to the Zc values that indicate the value of the sample to determine the
selection of the hypothesis

Table 2 Tooth 12 Tooth 22
Media 7.21977273 | 7.12931818
Standard deviation 1.34951911 | 1.31903343
Mean difference 0.09045455

Standard deviation of the difference of means | 0.28130849

Significance level 0.05

WITHo.025 -1.96 1.96

Null hypothesis rejection region Zc<-1.96 Zc >1.96

Zc 0.32154929 |

Comparison of the measurements of teeth 13
and 23: Since the value of Zc= -0.4186063 is negative
and greater than Zoos= -1.96 is not in the rejection
region, so the null hypothesis is not rejected, that is, there

is no significant difference between the average
measurement of teeth 13 and 23 of the sample of 45
patients from the UABC (See Table 3).

Table 3: The values of the mean mesiodistal width of the upper right canine and upper left canine teeth of the sample of
45 patients are described in addition to the Zc values that indicate the value of the sample to determine the selection of

the hypothesis
Table 3 Tooth 13 Tooth 23
Media 8.07954545 | 8.19954545
Standard deviation 1.35282869 | 1.36668378
Mean difference -0.12
Standard deviation of the difference of means | 0.2866655
Significance level 0.05
WITHo.025 -1.96 1.96
Null hypothesis rejection region Zc<-1.96 Zc >1.96
Zc -0.4186063 |

Comparison of the measurements of teeth 14
and 24: Since the value of Zc= -1.0657564 is negative
and greater than Zoos= -1.96 is not in the rejection
region, so the null hypothesis is not rejected, that is, there

is no significant difference between the average
measurement of teeth 14 and 24 of the sample of 45
patients from the UABC (See Table 4).

Table 4: The values of the mean mesiodistal width of the first upper right premolar and first upper left premolar teeth
of the sample of 45 patients are described in addition to the Zc values that indicate the value of the sample to determine
the selection of the hypothesis

Table 4 Tooth 14 Tooth 24
Media 7.30577778 | 7.45622222
Standard deviation 0.68491701 | 0.65390536
Mean difference -0.1504444
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Table 4 Tooth 14 Tooth 24
Standard deviation of the difference of means | 0.14116212
Significance level 0.05

WITHo.025 -1.96 1.96
Null hypothesis rejection region Zc<-1.96 Zc >1.96

Zc -1.0657564 |

Comparison of the measurements of teeth 15
and 25: Since the value of Zc= -1.3618644 is negative
and greater than Zoos= -1.96 is not in the rejection
region, so the null hypothesis is not rejected, that is, there

is no significant difference between the average
measurement of teeth 15 and 25 of the sample of 45
patients from the UABC (See Table 5).

Table 5: The values of the mean mesiodistal width of the upper right second premolar and upper left second premolar
teeth of the sample of 45 patients are described in addition to the Zc values that indicate the value of the sample to
determine the selection of the hypothesis

Table 5 Tooth 15 Tooth 25
Media 6.96755556 | 7.15688889
Standard deviation 0.67395426 | 0.64462753
Mean difference -0.1893333

Standard deviation of the difference of means | 0.1390251

Significance level 0.05

WITHo.025 -1.96 1.96

Null hypothesis rejection region Zc<-1.96 Zc >1.96

Zc -1.3618644 |

Comparison of the measurements of teeth 16 there
and 26: Since the value of Zc= 0.06525383 is positive
and less than Z0.025= 1.96, it is not in the rejection

region, then the null hypothesis is not rejected, that is,

is no significant difference. Between the average

measurement of teeth 16 and 26 of the sample of 45
patients from the UABC (See Table 6).

Table 6: The values of the mean mesiodistal width of the first upper right molar and first upper left molar teeth of the
sample of 45 patients are described in addition to the Zc values that indicate the value of the sample to determine the
selection of the hypothesis

Table 6 Tooth 16 Tooth 26
Media 10.6793333 | 10.6618182
Standard deviation 0.63789569 | 1.68380605
Mean difference 0.01751515

Standard deviation of the difference of means | 0.26841567

Significance level 0.05

WITHo.025 -1.96 1.96

Null hypothesis rejection region Zc<-1.96 Zc >1.96

Zc 0.06525383 |

Comparison of the measurements of teeth 31
and 41: Since the value of Zc= -0.3462121 is negative
and greater than Z0.025= -1.96, it is not in the rejection
region, then the null hypothesis is not rejected, that is, it

does not exist. significant difference between the average
measurement of teeth 31 and 41 of the sample of 45
patients from the UABC (See Table 7).

Table 7: The values of the mean mesiodistal width of the lower right central incisor and lower left central incisor teeth
of the sample of 45 patients are described in addition to the Zc values that indicate the value of the sample to determine

the selection of the hypothesis

Table 7 Tooth 31 Tooth 41
Media 5.58477273 | 5.65545455
Standard deviation 0.97586186 | 0.96088853
Mean difference -0.0706818

Standard deviation of the difference of means | 0.20415752

Significance level 0.05

WITHo.025 -1.96 1.96

Null hypothesis rejection region Zc<-1.96 Zc >1.96

Zc -0.3462121 |
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Comparison of the measurements of teeth 32
and 42: Since the value of Zc= -0.2136608 is negative
and greater than Z0.025= -1.96, it is not in the rejection
region, then the null hypothesis is not rejected, that is, it

does not exist. significant difference between the average
measurement of teeth 32 and 42 of the sample of 45
patients from the UABC (See Table 8).

Table 8: The values of the mean mesiodistal width of the right lower lateral incisor and left lower lateral incisor
teeth of the sample of 45 patients are described in addition to the Zc values that indicate the value of the sample to
determine the selection of the hypothesis

Table 8

Tooth 32 Tooth 42

Media

6.38272727 | 6.4325

Standard deviation

1.09853171 | 1.1114077

Mean difference

-0.0497727

Standard deviation of the difference of means | 0.23295202

Significance level 0.05

WITHo.025 -1.96 1.96
Null hypothesis rejection region Zc<-1.96 Zc>1.96
Zc -0.2136608 |

Comparison of the measurements of teeth 33
and 43: Since the value of Zc= -0.0421105 is negative
and greater than Z0.025= -1.96, it is not in the rejection
region, then the null hypothesis is not rejected, that is, it

does not exist. significant difference between the average
measurement of teeth 33 and 43 of the sample of 45
patients from the UABC (See Table 9).

Table 9: The values of the mean mesiodistal width of the lower right canine and lower left canine teeth of the
sample of 45 patients are described in addition to the Zc values that indicate the value of the sample to determine
the selection of the hypothesis

Table 9

Tooth 33 Tooth 43

Media

7.44613636 | 7.45466667

Standard deviation

1.23589938 | 0.56488374

Mean difference

-0.0085303

Standard deviation of the difference of means | 0.20256911

Significance level 0.05

WITHo.025 -1.96 1.96
Null hypothesis rejection region Zc<-196Zc>1.96
Zc -0.0421105 |

Comparison of the measurements of teeth 34
and 44: Since the value of Zc= 0.66379012 is positive
and less than 20.025= 1.96, it is not in the rejection
region, then the null hypothesis is not rejected, that is,

there is no significant difference. Between the average
measurement of teeth 34 and 44 of the sample of 45
UABC patients (See Table 10).

Table 10: The values of the mean mesiodistal width of the first lower right premolar and first lower left premolar
teeth of the sample of 45 patients are described in addition to the Zc values that indicate the value of the sample to
determine the selection of the hypothesis

Table 10

Tooth 34 Tooth 44

Media

7.48159091 | 7.30454545

Standard deviation

1.27057002 | 1.2597256

Mean difference

0.17704545

Standard deviation of the difference of means | 0.26671903

Significance level 0.05

WITHo.025 -1.96 1.96
Null hypothesis rejection region Zc<-1.96 Zc>1.96
Zc 0.66379012 |

Comparison of the measurements of teeth 35
and 45: Since the value of Zc= 0.06132667 is positive
and less than Z0.025= 1.96 is not in the rejection region,
then the null hypothesis is not rejected, that is, there is no

significant difference between the average measurement
of teeth 35 and 45 of the sample of 45 patients from the
UABC (See Table 11).
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Table 11: The values of the mean mesiodistal width of the right lower second premolar and left lower second premolar teeth of
the sample of 45 patients are described in addition to the Zc values that indicate the value of the sample to determine the
selection of the hypothesis

Table 11

Tooth 35 Tooth 45

Media

7.40181818 | 7.38545455

Standard deviation

1.26246404 | 1.26887495

Mean difference

0.01636364

Standard deviation of the difference of means | 0.26682741

Significance level 0.05

WITHo.025 -1.96 1.96
Null hypothesis rejection region Zc<-1.96 Zc > 1.96
Zc 0.06132667 |

Comparison of the measurements of teeth 36
and 46: Since the value of Zc= 0.79987958 is positive
and less than Z0.025= 1.96, it is not in the rejection
region, then the null hypothesis is not rejected, that is,

there is no significant difference between the average
measurement of teeth 36 and 46 of the sample of 45
UABGC patients (See Table 12).

Table 12: The values of the mean mesiodistal width of the first lower right molar and first lower left molar teeth of the sample
of 45 patients are described in addition to the Zc values that indicate the value of the sample to determine the selection of the
hypothesis

Table 12

Tooth 36 Tooth 46

Media

11.3717778 | 11.2473333

Standard deviation

0.71513918 | 0.76012678

Mean difference

0.12444444

Standard deviation of the difference of means | 0.15557897

Significance level 0.05

WITHo.025 -1.96 1.96
Null hypothesis rejection region Zc<-1.96 Zc>1.96
Zc 0.79987958 |

With the tabulation in a spreadsheet in the Excel
Microsoft 365 program of the data on the mesiodistal
widths of the upper and lower teeth, the analysis of the
Bolton Index was carried out on the 45 patients in the
sample and the results were associated with dentoskeletal
parameters such as skeletal class I, Il and Ill and right
and left molar class I, 11 and 111 in men and women.

To determine the association between the
Bolton Index with skeletal class I, Il and 111 in the group
of men, a two-factor analysis of variance was carried out
which showed statistically non-significant results since a
value of 0=0.099131816 was obtained., which is
compared with the confidence interval of 0=0.05, as the
value is greater than the confidence interval, the null
hypothesis is not rejected (See Table 13).

Table 13: The two-factor statistical analysis of variance is shown to determine the association of skeletal classes I, Il and 111
with the Bolton index in male patients

Two- factor analysis of variance with several sample per group

SUMMARY Anterior decreased Anterior increased

CLASE !

Total decreased Total increased Total

Total 2 2 2 2 8
Sum 17 33 18 25 93
Average 8.5 16.5 9 12.5 11.625
Variance 112.50 0.5 98 24.5 45.41071429

CLASE Il
Total 2 2 2 2 8
Sum 9 25 10 17 61
Average 4.5 12.5 5 8.5 7.625
Variance 24.5 40.5 18 0.5 23.69642857

CLASE Ill
Total 2 2 2 2 8
Sum 2 18 3 10 33
Average 1 9 15 5 4.125
Variance o 128 0.5 32 34.69642857

Total
Total 6 6 6 6
Sum 28 76 31 52
Average 4.666666667 12.66666667 5.166666667 8.666666667
Variance 38.66666667 45.06666667 34.56666667 22.66666667
ANALYSIS OF VARIANCE
Sum of squares Degrees of freedom F Probability Critical value for F_Valor critico para F

Sample 225.3333333 112.6666667 2.819603754 0.099131816 3.885293835
Columns 247.125 3 82.375 2.061522419 0.158961786 3.490294819
Interaction 1.13687E-13 6 1.89478E-14 4.74189E-16 1 2.996120378

Within the group 479.5

Total 951.9583333

12 39.95833333

Source: Author
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For the group of women, a two-factor analysis
of variance was carried out to associate the Bolton Index
with skeletal class I, Il and I1l. This analysis resulted in

a value of 0=0.135022583, which, being greater than the
interval confidence level of 0=0.05, indicates that the
null hypothesis is not rejected (See Table 14).

Table 14: The two-way statistical analysis of variance is shown to determine the association of skeletal classes I, 11
and 111 with the Bolton index in female patients

Two- factor analysis of variance with several sample per group

SUMMARY Anterior decreased Anterior increased Total decreased Total increased Total
CLASE |
Total 2 2 2 2 8
Sum 18 27 18 19 82
Average 9 13.5 9 9.5 10.25
Variance 50 0.5 50 40.5 24.21428571
CLASE Il
Total 2 2 2 2 8
Sum 6 22 7 14 49
Average 3 11 35 7 6.125
Variance 8 72 4.5 8 24.98214286
CLASE Ill
Total 2 2 2 2 8
Sum 2 18 3 10 33
Average 1 9 1.5 5 4.125
Variance 0 128 0.5 32 34.69642857
Total
Total 6 6 6 6
Sum 26 67 28 43
Average 4.333333333 11.16666667 4.666666667 7.166666667
Variance 25.46666667 44.16666667 23.06666667 20.16666667
ANALYSIS OF VARIANCE
Origin of variations Sum of squares Degrees of freedom Mean squares F Probability Critical value for F
Sample 156.0833333 2 78.04166667 2.376903553 0.135022583 3.885293835
Columns 179 3 59.66666667 1.817258883 0.197649168 3.490294819
Interaction 14.25 2.375 0.072335025 0.997913297 2.996120378
Within the group 394 12 32.83333333
Total 743.3333333 23

Source: Author

The two-factor analysis of variance was carried
out in the same way to associate the Bolton index with
the right molar class I, 1l and 11l in the group of men

where the results showed a value of a = 0.455884191,
which is greater than the confidence interval of 0=0.05,
so the null hypothesis is not rejected (See table 15).

Table 15: The statistical analysis of variance of two factors is shown to determine the association of right molar
class I, 11 and 111 with the Bolton index in male patients

Two- factor analysis of variance with several sample per group

SUMMARY Anterior decreased Anterior increased Total decreased Total increased Total
RIGHT MOLAR |
Total 2 2 2 2 8
Sum 13 29 14 21 77
Average 6.5 14.5 7 10.5 9.625
Variance 60.5 1255 50 4.5 29.98214286
RIGHT MOLAR Il
Total 2 2 2 2 8
Sum 7 23 8 15 53
Average 3.5 11.5 4 7.5 6.625
Variance 12.5 60.5 8 4.5 23.98214286
RIGHT MOLAR Il
Total 2 2 2 2 8
Sum 8 24 9 16 57
Average 4 12 4.5 8 7.125
Variance 18 50 12,5 2 23.55357143
Total
Total 6 6 6 6
Sum 28 76 31 52
Average 4.666666667 12.66666667 5.166666667 8.666666667
Variance 20.26666667 26.66666667 16.16666667 4.266666667
ANALYSIS OF VARIANCE
Origin of variations Sum of squares Degrees of freedom Mean squares F Probability Critical value for F
Sample 41.33333333 2 20.66666667 0.839255499 0.455884191 3.885293835
Columns 247.125 3 82.375 3.345177665 0.055749629 3.490294819
Interaction 5.68434E-14 9.4739E-15 3.84727E-16 1 2.996120378
Within the group 295.5 12 24.625
Total 583.9583333 23

Source: Author
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To associate the Bolton Index with the right value that, being higher, at the confidence interval of
molar class I, 1l and 111 in the group of women, a two- 0=0.05, determines that the null hypothesis is not
factor analysis of variance was carried out in which a rejected (See Table 16).

result was obtained with a value of 0=0.27050221, a

Table 16: The two-factor statistical analysis of variance is shown to determine the association of right molar class
I, 11 and 11 with the Bolton index in female patients

Two- factor analysis of variance with several sample per group

SUMMARY Anterior decreased  Anterior increased  Total decreased Total increased Total
RIGHT MOLAR |
Total 2 2 2 2 8
Sum 13 22 13 14 62
Average 6.5 11 6.5 7 7.75
Variance 12.5 8 12.5 8 9.928571429
RIGHT MOLAR Il
Total 2 2 2 2 8
Sum 12 21 12 13 58
Average 6 10.5 6 6.5 7.25
Variance 8 12.5 8 4.5 8.785714286
RIGHT MOLAR Il
Total 2 2 2 2 8
Sum 8 17 8 9 42
Average 4 8.5 4 4.5 5.25
Variance 0 40.5 0 0.5 9.928571429
Total
Total 6 6 6 6
Sum 33 60 33 36
Average 5.5 10 5.5 6
Variance 5.5 13.6 5.5 4
ANALYSIS OF VARIANCE
Origin of variations Sum of squares Degrees of freedom Mean squares F Probability Critical value for F
Sample 28 2 14 1.460869565 0.27050221 3.885293835
Columns 85.5 3 28.5 2.973913043 0.074277838 3.490294819
Interaction 0 6 0 0 1 2.996120378
Within the group 115 12 9.583333333
Total 228.5 23
Source: Author
Similarly, the two-factor analysis of variance value of 0=0.402509117 was obtained, being a value
was carried out to associate the Bolton index with the left greater than confidence interval of o=0.05, the null
molar class I, 1l and 111 in the group of men in which a hypothesis is not rejected (See Table 17).

Table 17: The statistical analysis of variance of two factors is shown to determine the association of left molar
class I, Il and 111 with the Bolton index in male patients

Two- factor analysis of variance with several sample per group

SUMMARY Anterior decreased Anterior increased Total decreased Total increased Total
LEFT MOLAR |
Total 2 2 2 2 8
Sum 14 30 15 22 81
Average 7 15 7.5 11 10.125
Variance 72 8 60.5 8 32.98214286
LEFT MOLAR Il
Total 2 2 2 2 8
Sum 7 23 8 15 53
Average 3.5 11.5 4 7.5 6.625
Variance 12.5 60.5 8 4.5 23.98214286
LEFT MOLAR Il
Total 2 2 2 2 8
Sum 9 25 10 17 61
Average 4.5 12.5 5 8.5 7.625
Variance 24.5 40.5 18 0.5 23.69642857
Total Anterior Dis Anterior Aum Total Dis Total Aum
Total 6 6 6 6
Sum 30 78 33 54
Average 5 13 5.5 9
Variance 24.4 24.4 19.9 5.2
ANALYSIS OF VARIANCE
Origin of variations Sum of squares Degrees of freedom Mean squares F Probability Critical value for F
Sample 52 2 26 0.982677165 0.402509117 3.885293835
Columns 247.125 3 82.375 3.113385827 0.066590251 3.490294819
Interaction 0 0 0 1 2.996120378
Within the group 317.5 12 26.45833333
Total 616.625 23

Source: Author
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For the association of left molar class with the
Bolton Index in the group of women, a two-factor
analysis of variance was carried out in which the result
gave a value of 0=0.420476356, this being greater than

the confidence interval used equal to o= 0.05, thus
determining that the null hypothesis is not rejected (See
Table 18).

Table 18: The statistical analysis of variance of two factors is shown to determine the association of left molar
class I, Il and 111 with the Bolton index in female patients

Two- factor analysis of variance with several sample per group

SUMMARY Anterior decreased Anterior increased Total decreased Total increased Total

LEFT MOLAR |
Total 2 2 2 2 8
Sum 13 22 13 14 62
Average 6.5 11 6.5 7 7.75
Variance 12.5 8 12.5 8 9.928571429

LEFT MOLAR Il
Total 2 2 2 2 8
Sum 9 18 9 10 46
Average 4.5 9 4.5 5 5.75
Variance 0.5 32 0.5 0 8.785714286

LEFT MOLAR Ill
Total 2 2 2 2 8
Sum 1 20 11 12 54
Average 5.5 10 5.5 6 6.75
Variance 4.5 18 4.5 2 8.214285714

Total
Total 6 6 6 6
Sum 33 60 33 36
Average 5.5 10 5.5 6
Variance 43 124 43 2.8
ANALYSIS OF VARIANCE
Origin of variations Sum of squares Degrees of freedom Mean squares F Probability Critical value for F
Sample 16 2 8 0.932038835 0.420476356 3.885293835
Columns 85.5 3 285 3.32038835 0.056806271 3.490294819
Interaction 0 0 0 1 2.996120378
Within the group 103 12 8.583333333
Total 204.5 23
Source: Author

DISCUSSION since there are authors who do not find a relationship,

Bolton analysis is a method that was developed
by Dr. Wayne Bolton in 1958, during his research on
dental size, with the objective of locating and
determining intermaxillary size discrepancies of the teeth
[11].

This author establishes that approximately 5%
of the population has a discrepancy in the size of their
teeth, similarly to Pizzol et al., [8] In his research work
carried out at the State University of S&o Paulo he
determined that 60% of orthodontic patients had anterior
Bolton discrepancy, likewise the plaster models
examined by Nacato [12] in their research carried out at
the Central University of Ecuador, they presented a
discrepancy from the previous Bolton Index of 95.6%
and 92.2% for the total Bolton Index respectively.

In this investigation, the discrepancy
percentages were 77.78% of plaster models examined,
which presented anterior Bolton discrepancy and 46.67%
of the models revealed total Bolton discrepancy.

Regarding the relationship between the
alterations of the Bolton Index with the different types of
dental malocclusion, the conclusions are contradictory,

while others affirm the opposite [13].

Some research has been carried out with the
purpose of determining the incidence of the Bolton
discrepancy and its relationship with the different groups
of Angle malocclusion [14], among them the research
carried out by Nie and Lin in 1999 stands out, where they
compared the measurements of the intermaxillary teeth,
dividing the universe into two groups, 60 subjects with
normal occlusions and 300 patients divided into five
groups of malocclusion in the Chinese population, where
they did find statistically significant differences in the
Bolton Index in Angle Class I, 1l and 111 malocclusion
[15]. This contrasts with our results for both the male and
female groups in Angle I, 11 and 111 molar classes.

Our results, despite being a small sample, agree
with the research carried out by Uysal in 2005, who
compared the discrepancies in interarch dental size in
150 patients with normal occlusion and 560 patients from
four different groups of malocclusion, where there were
no statistically significant differences between the
groups of malocclusion and anterior and total Bolton
ratio.

In general, the molar classes (I, 11 and 111) have
similar percentages in the various total and anterior
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Bolton discrepancies. Which indicates that there is no
significant difference between the malocclusion groups
and the Bolton anterior and total relationship, also
coinciding with studies such as that of Al Jatib and Abu
Alhaija in 2006, Oktay 2009 [16], where they also did
not find differences between discrepancies of the Bolton
analysis among the different malocclusions.

In the present study, no statistically significant
differences were found in the widths of the mesiodistal
size of the teeth between the right and left sides. This
agrees with the results obtained by Al-Gunaid (2012) in
his study, suggesting that measurements could be taken
from the right or left side to represent the size of the teeth
of that population. Similar results were obtained in
Hattab's et al., [17] studies, carried out in the population
of Jordan and Hashim and Al-Ghamdi [18], in Saudi
population with the same ethnic origin.

Regarding the relationship between the
discrepancies of the Bolton Index with the skeletal
classes, no statistically significant difference was found.

CONCLUSIONS

1. According to the results obtained in the present
investigation, a high incidence of dental size
discrepancies was found. 77.78% of plaster
models examined showed anterior Bolton
discrepancy and 46.67% of the models showed
total Bolton discrepancy.

2. Regarding the discrepancy of the mesiodistal
widths of the contralateral teeth of the right and
left hemiarches, no average values with
statistically significant differences were found.

3. The values obtained in the statistical analyses
showed that in our sample there is no
relationship between the molar classes, the
skeletal class and the male sex to determine a
trend in the discrepancies of the Bolton Index.

4. The values obtained in the statistical analyses
showed that in our sample there is no
relationship between the molar classes, the
skeletal class and the female sex to determine a
trend in the discrepancies of the Bolton Index.
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