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ABSTRACT: Success of Orthodontic treatment mainly depends on correct diagnosis. First important diagnostic
aid is correct assessment of inter arch and intra arch tooth relationship. Inter arch tooth ratio analysis (Bolton’s)
is one which is important to build normal overjet and normal occlusion. For this analysis most of them used GV
BLACK’s tables for sake of mesio-distal dimensions of teeth. The present study aimed at establishing individual
tooth size for Hyderabad population and reliability of Bolton’s ratio to this particular population and to determine
sexual dimorphism.
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INTRODUCTION

Various diagnostic aids and methods have been
applied for proper diagnosis and treatment planning in
Orthodontics, out of which model analysis is one of the
primary or essential diagnostic aid. Study models have
been used for Orthodontic records for many decades.
Study models provide three-dimensional view of dento-
alveolar structures and their occlusal relationship. These
models allow for measurements to be made for the
determination of tooth size and arch length
discrepancies, as well as other measurements that have
been used for research purposes.1

A tooth-size discrepancy conventionally has been
described as a relative excess of tooth structure in one
arch in relation to the other arch. It also can be defined as
a disproportion among the size of individual teeth. For
proper alignment and to achieve a good occlusal
interdigitation of the dentition, the tooth size must be in
harmony with the arch size (the sum of the width of the
mandibular teeth must be smaller than the sum of the
width of the maxillary teeth). If discrepancy goes
undetected initially, it may be difficult to achieve an ideal
occlusion at the end of the treatment. Discovering during
finishing stage could lead to embarrassing delays in the
completion of treatment or even worse, to a compromised
result as option that may have been possible at one time
are no longer viable.2Therefore, the ability to analyze the
proportionality of the maxillary teeth to mandibular teeth
is very important at the initial stage of diagnosis. Although
the natural teeth match very well in most dentitions,
approximately 5% of population has some degree of

discrepancy among the size of individual teeth.3 In order
for the maxillary teeth to fit well with the mandibular teeth,
there must be a definite proportionality. The first
investigation of mesio-distal width was studied by G.V.
Black in 1902.4 He measured a large number of human
teeth and from these measurements he set up tables of
mean figures which are still used as important
references today. Several investigators had followed
Black's investigation with modifications, and different
methods have been described to evaluate inter arch tooth
size relationship such as Kesling’s diagnostic setup,
Neff’s anterior coefficient etc.5 Even large numbers of
analysis have been used but classical work done by
Bolton2 in 1958 is most acceptable and most widely
used.2 According to Bolton, a certain maxillary to
mandibular tooth size relationship is important for proper
occlusal inter-digitations, overjet and overbite. He
established a mathematical ratio, which according to him
must follow Class I occlusal pattern. He developed a
method of analyzing mesio-distal tooth size ratio between
maxillary and mandibular teeth by evaluation of 55 cases
with excellent occlusions. The greatest mesiodistal
diameter of all the teeth on each case was measured
except the second and third molars. Two ratios were
developed; anterior ratio (77.2 ±1.65%) which were
obtained by measuring the mesiodistal width of six
anterior teeth, and overall ratio (91.3 ± 1.91%) which
were obtained by measuring the mesiodistal width from
first molar to first molar.6
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Fig.1: Arnmentarium used in this study Fig.2: Trays used to take impressions

Fig.3 Impressions taken Fig. 4 sample models--numbered

Fig. 5. Caliberated digital vernier caliperse with
modified tips

Fig.6. Mesio-distal with measurement
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The formula derived by Bolton was as follows:

The data from this sample was then used to indicate
the distance from the ideal of any measured ratio and
thus the size of the discrepancy. He concluded that it
would be difficult for proper occlusal interdigitation or
coordination of arches in the finishing stage of
Orthodontic treatment without proper mesio-distal tooth
size ratio between maxillary and mandibular teeth.6

Studies on various ethnic and racial groups has been
done to check the applicability of Bolton’s ratio i.e.
Crosby and Alexender,7 Smith et al,8 Santoro et al,9Ta
Ling JY, Hagg 10 etc for proper diagnosis and treatment
planning.

The Bolton’s analysis is considered a good indicator
for evaluating the degree of inter-maxillary tooth size
harmony but it would be of clinical interest to examine the
ethnic variation in particular population group. Thus, the
aim of our study is to determine individual tooth size and
reliability of Bolton’s ratio to this particular population and
to determine sexual dimorphism.

Aims and Objectives

1. Determination of individual tooth size for Hyderabad
population.

2. To check the reliability of Bolton’s ratio in Hyderabad
population.

3. To study the sexual dimorphism in individual tooth
size and Bolton’s ratio.

4. To compare the Hyderabad population standards with
the Caucasian standards established by Bolton.

Materials and Methods

The study was conducted in the Department of
Orthodontics, Government Dental College and Hospital,
Hyderabad). The sample consisted of 100 male and 100
female subjects with age ranging from18 to 25 years
(average age =21.5years).

Criteria for sample selection:

1. All subjects belonged to Hyderabad Population, and
their parents and grandparents belonged to same
population.

2. All subjects had Angle’s class I molar relationship with
proper intercuspation.

3. All subjects had full complement of teeth. (Permanent
central incisor-first permanent molar erupted in each
quadrant)

4. No retained primary tooth
5. No abnormal tooth morphology
6. There was absence of interproximal caries,

restorations, or other conditions that would result in
the reduction of mesiodistal tooth width.

7. All subjects had no previous history of Orthodontic
treatment.

8. Good quality study casts of these subjects were
fabricated and analyzed.

9. Subjects in younger age groups were chosen to
minimize the changes in the mesiodistal tooth
dimensions because of factors such as attrition,
restoration, or caries.

Appropriate upper and lower impression trays are
selected (Fig.2) and impressions were taken with
alginate impression material(Fig.3). Dental impression
was taken with alginate impression material. It was
immediately poured with dental stone very carefully to
avoid the air bubbles which can destroy the shape of the
dental models. Dental casts were allowed to dry followed
by numbering for identification. Bases were then
fabricated for the models. (Fig.4)

Cast Measuring Technique

The measurement was made directly on the casts.
Teeth were measured at the largest mesiodistal
dimension using a digital Vernier caliper(modified)
accurate to 0.01mm (Fig.5) The sharp tips of the digital
vernier caliper facilitated accuracy of measurement.
Mesiodistal dimension of a tooth was measured from its
distal contact point to its mesial contact point at its
greatest interproximal distance parallel to the line of
occlusion(Fig.6). The measurements are crosschecked
to avoid technical errors.

Goose (1963)12 suggested that the mesiodistal
diameter axis should run between the contact points of
the tooth crown with its neighbors, in normal occlusion. In
cases of malocclusion, the positions on the crown at
which the contact points would have been in normal
occlusion are used. In case of a rotated tooth we have to
take the mesiodistal measurement diagonally. In case of
lingually inclined tooth we have to take mesiodistal
measurement lingually.

Rt; Right Lt: left
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Table.I. Population distribution according to sex
Sex Number Percentage
Male 100 50 %

Female 100 50%
Total 200 100%

Table.II. Mean, S.D. (Standard Deviation) and S.E.M. (Standard Error of Mean) of Maxillary and
Mandibular Teeth Dimensions of 200 Hyderabad Subjects. (N=200)

Parameter Mean(mm) S.D. S.E.M.

Central Incisors 8.50 .61 .043

Lateral Incisors 6.6 .51 .036
Canines 7.6 .49 .035
First Premolars 6.52 .42 .029
Second Premolars 6.23 .46 .033
First Molars 9.9 .54 .038
Central Incisors 5.30 .37 .026

Lateral Incisors 5.8 .33 .023
Canines 6.6 .45 .032
First Premolars 6.88 .42 .03
Second Premolars 6.6 .46 .032
First Molars 10.61 .36 .025

Table.III. Mean, S.D. (Standard Deviation) and S.E.M. (Standard Error of Mean) for Overall and
Anterior Ratio of 200 Hyderabad Subjects. (N=200)

Overall Ratio (%) Anterior Ratio (%)
Mean S.D. S.E.M. Mean S.D. S.E.M.
92.5 2.17 .153 77.70 3.06 .216

Table.IV.Tooth Dimensions of 100 Hyderabad Female and Male Subjects. (Male, n=100; Female, n=100

Female Subjects Male Subjects

Parameter Mean
(mm)

S.D. S.E.M. Mean
(mm)

S.D. S.E.M.

Central Incisors 7.94 .53 .053 8.48 .57 .057

Lateral Incisors 6.2 .44 .044 6.56 .52 .052
Canines 7.18 .51 .051 7.5 .4 .04
First Premolars 6.3 .41 .041 6.64 .39 .039
Second Premolars 6.06 .43 .043 6.3 .44 .04
First Molars 9.68 .47 .47 10.19 .47 .047

Central Incisors 5.03
.
.31 .03 5.18 .4 .04

Lateral Incisors 5.4 .27 .02 5.6 .35 .03
Canines 6.2 .48 .04 6.5 .36 .03
First Premolars 6.34 .41 .04 6.6 .38 .03
Second Premolars 6.4 .38 .03 6.9 .42 .04
First Molars 10.49 .27 .02 10.70 .39 .03

Table. V. Mean, S.D. (Standard Deviation) and S.E.M. (Standard Error of Mean) for the Overall Ratio of
Hyderabad Female and Male Subjects. (Male, n=30; Female, n=30)
Overall Ratio (%) Anterior Ratio (%)

FEMALE MALE FEMALE MALE
Mean SD SEM Mean SD SEM Mean SD SEM Mean SD SEM
92.09 2.44 .24 92.75 1.66 .16 78.33 3.09 0.3 78.98 3.5 .35
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Table .VI. Comparison of the tooth dimension of Hyderabad Population with the Caucasians Standards

Parameter Teeth
Caucasian

Hyderabad
Population

t-value p-
value

Sig
.

Mean (mm)
Mean
(mm)

Central Incisors 8.5 8.50 .018 .98 Ns
Lateral Incisors 6.5 6.6 2.49 .01 *
Canines 7.5 7.6 3.32 .00 **
First Premolars 7 6.5 -4.3 .00 **
Second Premolars 7 6.23 -5.3 .00 **
First Molars 10 9.9 -4.68 .00 **

Central Incisors 5 5.5 5.66 .00 **
Lateral Incisors 5.5 5.8 6.42 .00 **
Canines 7 6.6 -2.59 .01 **
First Premolars 7 6.8 -5.0 .00 **
Second Premolars 7 6.6 -4.18 .00 **
First Molars 11 10.61 -3.65 .00 **

p≤0.05*, p. ≤01**, NS= Not significant

Table.VII. Comparison of Overall and Anterior Ratios of Hyderabad Population and Caucasian Standards
Overall Ratio (%) t

value
p

value
Sig Anterior Ratio (%) t

value
P

value
Sig.

Caucasian Hyderabad Caucasian Hyderabad
Mean SD Mean SD Mea

n
SD Mean SD

91.3 1.9 92.5 2.17 5.3 .00 ** 77.2 1.56 77.70 3.06 2.73 .00 **
p ≤0.05*, p ≤01**, NS = Not significant

Table.VIII. Comparison of Individual Tooth Dimension of Maxillary and Mandibular Teeth of
Caucasian Male and Hyderabad Population Male Subjects.

Parameter Teeth

Caucasian
Male

Hyderabad
Male

t-value
p-

value
Sig
.

Mean (mm)
Mean
(mm)

Central Incisors 8.79 8.48 -5.3 .00 **
Lateral Incisors 6.23 6.56 6.4 .00 **
Canines 7.53 7.53 3.2 .94 NS
First Premolars 6.6 6.86 -3.3 .001 **
Second Premolars 6.54 6.3 -3.2 .002 **
First Molars 10.69 10.19 -10.32 .00 **

Central Incisors 5.58 5.18 -9.8 .00 **
Lateral Incisors 6.2 5.6 -14.12 .00 **
Canines 6.5 6.94 -12.43 .00 **
First Premolars 6.79 6.83 -4.04 .0 **
Second Premolars 6.81 6.9 2.38 .019 *
First Molars 11.36 10.70 -5.0 .00 **

p≤0.05*, p. ≤01**, NS= Not significant
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Table.IX. Comparison of Overall and Anterior Ratio of Male Subjects of Caucasian and Hyderabad Population

Overall Ratio (%) t
value

p
value

Sig Anterior Ratio (%) t
value

P
value

Sig.

Caucasian Hyderabad Caucasian Hyderabad
Mean SD Mean SD Mea

n
SD Mean SD

91.7 2.04 92.75 1.6 -4.3 .00 ** 76.8 1.49 78.9 2.89 3.34 .00 **

Table .X. Comparison of Individual Tooth Dimension of Maxillary and Mandibular Teeth of Caucasian Female
and Hyderabad Population

Parameter Teeth

Caucasian
Female

Hyderabad
Female

t-value
p-

value
Sig

.
Mean (mm)

Mean
(mm)

Central Incisors 8.54 .41 7.94 .53 -11
Lateral Incisors 6.21 .18 6.23 .44 .52
Canines 7.35 .59 7.38 .39 -3.2
First Premolars 6.59 .47 6.69 .41 -4
Second Premolars 6.41 .49 6.06 .43 -7.8
First Molars 10.64 .52 9.68 .47 -9.8

Central Incisors 5.56 .48 5.03 .31 -16

Lateral Incisors 6.17 .31 5.4 .27 -5.3
Canines 6.91 .37 6.2 .48 -14
First Premolars 6.77 .42 6.8 .41 -10
Second Premolars 6.78 .46 6.48 .38 -7.3
First Molars 11.21 .39 10.49 .27 -5.4

p≤0.05*, p ≤01**, NS= Not significant

Table.IX. Comparison of Overall and Anterior Ratio of Female Subjects of Caucasian and Hyderabad Population
Overall Ratio (%) t

value
p

value
Sig Anterior Ratio (%) t

value
P

value
Sig
.

Caucasian Hyderabad Caucasian Hyderabad
Mean SD Mean SD Mea

n
SD Mean SD

90.8 1.85 92.09 2.44 3.8 .00 ** 77.5 1.62 78.3 3.09 3.2 .002 *
p≤0.05*, p. ≤01**, NS= Not significant

The sum of mesiodistal width of twelve maxillary
teeth i.e., from the right first permanent molar to the left
first permanent molar, were measured and compared
with the sum of mesiodistal width of the mandibular
twelve teeth, i.e., from the right first permanent molar to
the left first permanent molar. The ratio between the two
was the percentage relationship of mesiodistal tooth
dimension of mandibular arch to mesiodistal tooth
dimension of maxillary arch which was called the “overall
ratio”, with a mean of 91.3%. If the overall ratio exceeded
91.3%, it indicates mandibular tooth material excess. If
ratio was, less than 91.3% it indicates maxillary tooth
material excess.

The same method was used in setting up a ratio
between the maxillary and mandibular anterior teeth.
Mesiodistal crown dimensions of maxillary and
mandibular anterior’s i,e. from Rt canine to Lt canine
were measured. The ratio between the two was the
percentage relationship of mandibular anterior
mesiodistal tooth dimension to maxillary anterior
mesiodistal tooth dimension which was called the
“anterior ratio”, with a mean value of 77.2 %. If the
anterior ratio exceeded 77.2%, it indicates mandibular
tooth material excess. If ratio was, less than 77.2% , it
indicates maxillary tooth material excess.
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Results:

Present study was conducted on 200 subjects and
results were tabulated, (Table.I-XI. Values thus obtained
were subjected to statistical analysis. No significant
difference was found between the mesiodistal crown
dimensions of right and left side, so their values were
combined and their mean value were obtained which was
used for further calculation and there is difference
between male and female teeth dimensions i.e male
teeth dimensions are somewhat larger than female teeth
dimensions.

Statistical Analysis

Standard descriptive statistics (mean, standard deviation
and standard error of mean) were calculated for the each
sample. Comparison was made between the male and
female subjects, and also between the present
established OVERALL RATIO and ANTERIOR RATIO.
Unpaired t test was used to compare Shimla hill
population’s measurements with Bolton’s norms and to

determine sexual dimorphism. p≤0.05 was represented
by the single star(*) and was considered as significant.
p≤01 was represented by the double star(**) and was
considered as highly significant and NS represent the
non significant variables.

Discussion
Table.I represents the sample size with sex

distribution. The study group was consisted of 200
subjects out of which 100 were males (50%) and 100
were females (50%).

Table II represents the Mean, Standard deviation
and Standard error of Mean of maxillary and mandibular
teeth dimensions of 200 Hyderabad population subjects.
( Graph -I). Tooth dimension for maxillary central incisor,
lateral incisor, canine, first premolar, second premolar,
first molar had a mean value and standard deviation of
8.50±0.61, 6.6±0.51, 7.6±0.49, 6.52±0.42, 6.23±0.46,
9.9±0.54 in mm respectively. Tooth dimension for
mandibular central incisor, lateral incisor, canine, first
premolar, second premolar, first molar had a mean value
and standard deviation of 5.30±0.37, 5.8±0.33, 6.6±0.45,
6.88±0.42, 6.6±0.46, 10.61±0.36 in mm respectively.

Table III represents the overall ratio and anterior ratio
for 200 subjects of Hyderabad population, which had a
mean value of 92.5% and 77.7% respectively. (Graph -II)

Table IV represents the tooth dimension for 100
Hyderabad population female subjects for maxillary
central incisor, lateral incisor, canine, first premolar,
second premolar, first molar were 7.94±0.53, 6.2± 0.44,
7.18±0.51, 6.3±0.41, 6.06±0.43, 9.68±0.47 in mm
respectively. Tooth dimension for 100 Hyderabad

population female subjects for mandibular central incisor,
lateral incisor, canine, first premolar, second premolar,
first molar were 5.03±0.31, 5.4±0.27, 6.2±0.48,
6.34±0.41, 6.4±0.38, 10.49±0.27 in mm respectively.

Tooth dimension for 100 Hyderabad population male
subjects for maxillary central incisor, lateral incisor,
canine, first premolar, second premolar, first molar were
8.48±0.57, 6.56±0.52, 7.5±0.4, 6.64±0.39, 6.3± 0.44,
10.19±0.47 in mm respectively. Tooth dimension for 100
Hyderabad population male subjects for mandibular
central incisor, lateral incisor, canine, first premolar,
second premolar, first were 5.18±0.4, 5.60±0.35,
6.5±0.36,6.6±0.38,6.90±0.42,10.70±0.39 in mm .

Table-V represents the Mean, Standard Deviation and
Standard Error of Mean for the overall ratio of 100
Hyderabad female and male subjects. Overall ratio and
anterior ratio for 100 female subjects of Hyderabad
population was 92.09% and 78.33% respectively. Overall
ratio and anterior ratio for 100 male subjects of
Hyderabad population was of 92.75% and 78.98%
respectively. ( Graph -III)

Table VI represents the comparison of the tooth
dimension of Hyderabad population with the Caucasians
norms. Tooth dimension for maxillary central incisor was
equal in both Caucasian and Hyderabad population.13-23.

Tooth dimension for maxillary lateral incisor, canine,
mandibular central incisor and lateral incisor were larger
than the Caucasian norms with statistically significant
differences (P≤0.01).Tooth dimension for maxillary first
premolar, second premolar, first molar, mandibular
canine, first premolar, second premolar and first molar
were smaller than the Caucasian norms with statistically
significant (P≤0.01). For maxillary central incisor value
obtained was statistically non significant. ( Graph -IV)

Table VII represents the comparison of overall and
anterior ratios of Hyderabad population and Caucasian.
Overall ratio for 200 subjects of Hyderabad population
was 92.5%, which was more than the Caucasian norms
with statistically significant difference (P≤0.01). Anterior
Ratio of 200 Hyderabad population was 77.7%, which
was more than the Caucasian norms with statistically
significant difference13,14,15 (P≤0.01). ( Graph -V)

Table VIII represents the comparison of individual tooth
dimension of maxillary and mandibular teeth of
Caucasian male and Hyderabad population subjects.
Tooth dimension for maxillary lateral incisor, first
premolar, mandibular canine and first and second
premolar were larger than the Caucasian norms with
statistically significant differences (P≤0.01).
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Graph. 1 Represents the Tooth dimensions for Hyderabad population.

Graph.2 Represents the Overall Ratio and Anterior
Ratio for Hyderabad population

Graph. 3:Represents the Overall Ratio and Anterior Ratio
for Male and Female Hyderabad population.

Graph.4. Represents the Comparison of Tooth Dimensions of Hyderabad population with Caucasian standard.

Graph. 5. Represents the Comparison of overall and Anterior tooth ratios of Hyderabad population
with Caucasian standard.
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Tooth dimension for maxillary central incisor, maxillary
second premolar, maxillary first molar, mandibular central
incisor, lateral incisor, and first molar were smaller than
the Caucasian norms with statistically significant
difference (P≤0.01) .Tooth dimension for maxillary canine
was equal in both Caucasian and Hyderabad population
and was statistically not significant.

Table IX represents the comparison of overall and
anterior ratio of male subjects of Caucasian with
Hyderabad population. Overall ratio for 100 male
subjects of Hyderabad population was 92.75% which was
more than the Caucasian norms with statistically
significant difference (P≤0.01). Anterior Ratio of 100 male
subjects of Hyderabad population was 78.98% which was
more than the Caucasian norms16 with statistically
significant difference (P≤0.01).

Table X represents the comparison of individual tooth
dimension of maxillary and mandibular teeth of
Caucasian and Hyderabad population female subjects.
Tooth dimension for maxillary lateral incisor, maxillary
canine, maxillary first premolar and mandibular first
premolar were larger than the Caucasian norms with
statistically significant difference (P≤0.01) 16,17

Tooth dimension for maxillary central incisor, second
premolar, first molar, mandibular central incisor, lateral
incisor, canine, second premolar and first molar were
smaller than the Caucasian norms with statistically
significant difference (P≤0.01).The value obtained for
maxillary lateral incisor was not statistically significant.

Table XI represents the comparison of overall and
anterior ratio of female subjects of Caucasian and
Hyderabad population. Overall ratio for 100 female
subjects of Hyderabad population was 92.09% which was
more than the Caucasian norms with statistically
significant difference (P≤0.01). Anterior Ratio of 100
female subjects of Hyderabad population was 78.3%
which was more than the Caucasian norms 21, 22 23 with
statistically significant difference(P≤0.05).

CONCLUSION

From the above study the following conclusions were
drawn:

1. Tooth dimensions for Hyderabad population were
larger than the observed mean values for
Caucasians.

2. The values obtained for overall as well as anterior
ratio were larger for Hyderabad population, not in
accordance with the standards set by Bolton .

3. Statistically significant difference was observed
between the findings of male and female subjects
of Hyderabad population and Caucasians, but this
difference was non-significant when comparison
was done between male and female subjects of
Hyderabad population .

From this study it can be concluded that ,for
evaluation of Hyderabad population for Orthodontic
treatment, instead of Caucasian standards Hyderabad
population standards can be used as a yardstick.
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