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ABSTRACT
Purpose: The objective of this study was to evaluate the presence of tooth material and arch length discrepancies of children 
in Nalgonda district, Andhra Pradesh, South India, in an age range of 13-15 years. Materials and Methods: Children aged 
13-15 years who fulfilled the inclusion and exclusion criteria were selected for a sample of 200 children. A digital caliper 
was used for measuring the tooth and arch widths. Results: Significant tooth size differences were found between males 
and females and among different malocclusion groups. In the Class I malocclusion group, the mandibular canines were 
significantly smaller in females than that in males (P < 0.01). Class II div 1 group showed relatively narrower intercanine 
width compared with other groups. Class III occlusal pattern showed relatively larger sized teeth compared with the other 
occlusal groups. There was no statistically significant difference in the anterior and overall ratio in all the malocclusion 
groups. Conclusion: The following conclusions are drawn from the study: 
• The maxillary central and lateral incisors presented significant variability.
• No significant sex differences were shown for Bolton’s overall ratio and anterior ratio.
• Treatment planning should always take into consideration the discrepancy of the tooth size ratios and should include 

compensating esthetic procedures such as composite bonding, prosthetic reconstruction or reproximation.
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Introduction

Oral health is an essential component of health 
throughout life. The oral cavity is associated with the 
development of a healthy personality, perceptions 
and the overall experiences of pleasure. According to 
Dr. Dale,[1] the main cause of malocclusion is the delayed 
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eruption of permanent teeth, which could be basically 
because of retained deciduous teeth. We know since 
ages that malocclusion has been affecting the human 
population and it is considered to be the next forerunner 
of dental caries affecting children and adults. It is a 
known fact that the tooth size discrepancy is associated 
with detrimental effects such as caries, periodontal 
problems and temporomandibular joint problems and, 
ultimately, produces lowered self-esteem. It is therefore 
important to identify these problems at the earliest and 
treat them to overcome the interarch and intraarch 
tooth discrepancies by either addition or removal of 
tooth structures to open or close the spaces in the same 
or the opposing arches, as there should be a specific 
dimensional relationship between the maxillary and 
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the mandibular teeth to maintain proper interdigitation, 
overjet and overbite.

It is a known fact that interarch tooth size relationship 
differs due to differences in the tooth sizes among males 
and females and its variation with the population and 
the ethnic region. Bolton[2] revealed that proper occlusal 
interdigitation in the finishing stages of orthodontic 
treatment is directly related to the correct maxillary and 
mandibular tooth size relationship. He computed the 
specific ratios of the mesiodistal tooth widths that must 
exist between the maxillary and mandibular teeth from 
both canine to canine and first molar to first molar so as 
to obtain an optimum occlusion. The sizes of the teeth 
and the bony bases have been the fundamental factors to 
result in either crowding or spacing in the dental arches. 
It is also confirmed that heredity, gender differences and 
secular trends have been the main contributing factors for 
the tooth size variations. The effect of tooth size and arch 
length dimensions on crowding and spacings has been 
investigated by various researchers in the past.

Aims and Objectives
To estimate the mesiodistal tooth size including the first 
molar in both the upper and the lower arches, arch widths, 
arch lengths and Bolton’s anterior and overall ratio in the 
selected sample casts and determination of the effect of 
sexual dimorphism on the size of the tooth or the teeth in 
the study sample.

Materials and Methods

This cross=sectional study was intended to assess tooth 
size, arch length and arch width discrepancies along with 
Bolton’s tooth size discrepancies and their comparisons in 
all the four malocclusion groups, including Angle’s Class 
I, Class II div 1, Class II div 2 and Class III, in a sample 
size of 200 school children in age range of 13-15 years, 

including both boys and girls from Nalgonda district of 
Andhra Pradesh, South India.

Inclusion Criteria
The criteria for inclusion in the study were:
1. Children in the age range of 13-15 years
2. Children with erupted second permanent molar
3. Children who have never been orthodontic patients
4. Children with no systemic problems or syndromic patients.

Method of Study
The selected school children after following the inclusion 
criteria were included in the sample and their upper and 
lower jaw impressions were made in an alginate impression 
material. The assessment of mesiodistal tooth size of all 
upper and lower jaw teeth was done by using a digital 
caliper [Figure 1]. The arch length assessment was done 
by using brass wire from the mesial wall of the first molar 
to the mesial wall of the first molar of the contralateral 
side [Figure 2]. The arch width was checked at the canine, 
first premolar, second premolar and first molar at three 
anatomical points, i.e. the width was measured from the 
buccal cusp tip to the buccal cusp tip, from central fossa to 
the central fossa and from the lingual cusp tip to the lingual 
cusp tip in both the arches using a digital caliper [Figure 3].

The statistical parameters used in this study were mean, 
standard deviation, Student’s t-test, Paired t-test and 
ANOVA. In order to determine whether there is sexual 
dimorphism in the incidence of intermaxillary tooth size 
discrepancies, a Student’s t-test was performed for each 
malocclusion group. The software of the above statistical 
analysis was SPSS (Version 19) and the level of significance 
was P <0.05. All the measurements were performed by the 
same investigator. Sixty study casts (20 from each group) 
were randomly selected from the sample and remeasured 
at 2-week intervals by the same individual investigator 
using the Paired t-test to check the intraexaminer accuracy 

Figure 1: Measurement process of the mesiodistal tooth size Figure 2: Measuring the arch length using a brass wire
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in both maxillary and mandibular measurements. Since 
all the P-values were greater than 0.05, there was no 
significant difference in the first and second measurements. 
The Houston’s coefficient of reliability was 0.91. Analysis 
of variance (ANOVA) was performed to compare 
intermaxillary tooth size discrepancies among different 
malocclusion groups and to compare the mean ratios of 
the Bolton’s analysis. 

Armamentarium
1. Hydrocolloid impression material
2. Rubber bowl and spatula
3. Water
4. Impression trays (plastic and stainless steel)
5. Dental stone
6. Plaster of Paris
7. Digital caliper
8. Brass wire
9. Paper sheet with tabular column [Figure 4].

Results

Based on Different Malocclusion Groups
When the tooth size was compared among the different 
malocclusion groups, it was found that Class II div 2 
group showed significantly larger sized maxillary lateral 
incisors than the other groups, except for Class III (P < 
0.01). The Class III group showed significantly larger sized 

maxillary central incisors compared with the other groups 
(P < 0.05). The Class II div 2 group showed larger sized 
maxillary canines compared with the other groups (P < 
0.01). The maxillary molars in the Class II div 2 group 
were significantly larger than the Class III group maxillary 
molars (P < 0.01). In the mandibular teeth, the mandibular 
first molars were found to be larger in mesiodistal width in 
the Class III group and the Class II div 2 group compared 
with the other groups (P < 0.01). The mandibular second 
premolars in the Class III group were found to be larger 
than the Class I group (P < 0.05) [Tables 1 and 2].

Based on Bolton’s Tooth Ratios
The different malocclusion groups showed no significant 
differences among themselves when Bolton’s overall and 
anterior ratios were assessed [Table 3].

Based on Arch Length
The Class III malocclusion group showed smaller sized 
maxillary arch lengths compared with the other groups. The 
Class II div 1 group showed an increased maxillary arch 
length. The Class I group showed smaller sized mandibular 
arch lengths compared with the other groups [Tables 4 and 5].

Based on the Arch Widths
It was found that the Class II div 1 group showed 
significantly smaller sized arch width at the intercanine 

Figure 4: Alginate impression material, mixing bowl and spatula, 
impression trays, dental stone, hand gloves and digital Vernier caliperFigure 3: Measuring the arch width using a Vernier caliper

Table 1: Differences in the Mesiodistal widths in different malocclusion groups in Maxillary arch 

Tooth Class I/class II div 1 Class I /class II div2 Class I /Class III Class II div 1 /class II div 2 Class II div 1/Class III Class II div 2 / Class III

CI 0.62 — 0.72 0.74 – 0.84

LI 0.56 1.18** 1.30** 1.64** 0.76 0.88

C 1.38** 0.26 0.32 1.08** 0.94* 0.14

Ist PM 0.24 – 0.34 0.29 0.58 0.39

2nd PM 0.30 – – 0.29 0.39 –

1st M 0.55 0.76 0.63 0.25 0.14 0.89
*P < 0.05, **P < 0.01
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Table 2: Differences in the Mesiodistal widths in different malocclusion groups in Mandibular arch 

Tooth Class I/class II div 1 Class I /class II div2 Class I /Class III Class II div 1 /class II div 2 Class II div 1/Class III Class II div 2 / Class III

CI – 0.31 0.37 0.21 0.25 –

LI – 0.22 0.22 0.14  0.14 –

C – –  0.17 –  0.20 0.11

Ist PM 0.10 – 0.30 – 0.40 0.41

2ND PM 0.14 0.47 0.55* 0.29 0.37 –

1st M 0.24 0.70** 0.70** 0.54* 0.54* –
*P < 0.05 , **P < 0.01

Table 3: Bolton’s anterior and overall tooth size ratios for both males and females with different malocclusion groups

Anterior ratio

Males Females 

Malocclusion group Mean SD Range Mean SD Range t-test

Class I group 73.27 1.52 70.98-75.67 72.79 1.51 71.56-74.89 NS

Class II div 1 group 73.11 1.54 71.45- 75.43 74.0 1.50 72.0-76.90 NS

Class II div 2 group 72.61 0.65 71.87- 73.67 72.98 1.0 71.35-74.95 NS

Class III group 73.38 1.37 71.0-74.98 73.40 1.32 70.90-75.45 NS

Overall ratio

Class I group 87.37 1.80 85.45-90.0 87.50 2.0 85.50-89.50 NS

Class II div 1 group 86.54 1.24 83.56-89.76 86.28 1.2 84.0-88.56 NS

Class II div 2 group 88.94 0.94  86.0-90.89 87.65 0.91 85.90-89.0 NS

Class III group 88.95 0.74  87.97-90.1 89.25 1.5  88.0-91.45 NS

Table 4 : Differences between Arch lengths and Arch widths of different teeth in different malocclusion groups in Maxillary arch

Arch widths Class I/class II div 1 Class I /class II div2 Class I /Class III Class II div 1 /class II div 2 Class II div 1/Class III Class II div 2 / Class III

Intercanine 2.5 0.33 0.66 2.10 2.24 0.33

Ist PMDBC 2.20* 3.0** 3.0** 1.40 1.45 1.13

DCF 1.14 3.53** 4.60*** 2.30* 3.44** 1.12

DLC 1.50 3.50** 4.41*** 2.05* 2.96* 0.94

2nd PMDBC 2.10* 0.88 1.20 1.27 3.38** 2.20*

DCF 1.34 1.00 0.90 0.66 0.43 1.09

DLC 1.17 2.63* 1.51 1.80 0.68 1.88

Ist MDBC 1.10 0.44  1.26 1.50 2.24* 0.86

DCF 1.23 1.02 1.74 2.21* 3.57** 1.28

DLC 1.17 0.68 1.45 1.86 2.64* 0.80

Arch length 0.66 0.84 3.36** 0.17 3.30** 2.53*
*P < 0.05, **P < 0.01, ***P < 0.001

Table 5 : Differences between Arch lengths and Arch widths of different teeth in different malocclusion groups in Mandibular arch

Arch widths Class I/class II div 1 Class I /Class II div2 Class I /Class III Class II div 1 /class II div 2 Class II div 1/Class III Class II div 2 / Class III

Intercanine 3.0** 2.04* 2.04*  2.23* 1.06 0.27

Ist PMDBC 0.67 – 1.05 – 0.46  0.61

DCF 1.16 3.50** 4.60*** 2.30* 3.42** 1.14

DLC 1.55 3.50** 4.41*** 2.05 2.14* 0.90

2nd PMDBC 1.60 1.78 1.00 – 0.61 0.54

DCF 1.41 1.89 2.10* 1.30 1.58 0.29

DLC – 2.92* 2.73* 2.53* 2.34* 0.19

Ist MDBC 1.11 2.42*  2.74* 1.20 1.63 1.20

DCF 2.58* 1.72 0.57 0.20 0.79 1.15

DLC 2.48* 1.27 0.53 1.25 2.00* 0.75

Arch length 1.80 0.58 0.45 1.30 2.33* 1.03
*P < 0.05, **P < 0.01, ***P < 0.001
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region. The Class III group followed by the Class II div2 
group showed smaller arch widths at the premolar regions 
in the maxilla. The Class II div 1 group showed lowered 
values at the intermolar region measured at the three 
anatomical points, buccal cusps, central fossae and the 
palatal cusps regions. This group was also found to be 
having significantly smaller values at the mandibular 
intercanine region than the other malocclusion groups. The 
mandibular first and second premolar widths were found to 
be lower at the buccal cusps in the Class II div 1 occlusion 
pattern, at the level of central fossae in the Class II div 1 
occlusion pattern and at the level of lingual cusps in both 
Class II div 1 and Class II div 2 malocclusion groups. The 
intermolar widths were found to be smaller in the Class I 
group at the buccal cusps, central fossae and lingual cusps, 
followed by the Class II div 1 and Class II div 2 occlusion 
patterns [Tables 4 and 5].

Discussion

Over the years, it is a known and proven fact that a tooth 
size difference exists in different population groups and that 
this has contributed to the prevalence of interarch tooth 
size relationship, as the tooth size differences never happen 
systematically.[3-7] It is a very much accepted fact that 
heredity, secular trends, gender differences and ethnicity do 
affect the tooth size in both the arches.[8-15] The aim of the 
present study was to assess and confirm the facts that the 
tooth size, arch width and arch length do have reflections 
of the heredity, gender differences and ethnicity on them 
when measured in both the arches of the young permanent 
dentition of Nalgonda district of Andhra Pradesh, Southern 
India, showing all four types of malocclusions.

The mesiodistal tooth width of the maxillary teeth showed 
greater variability than the mandibular teeth, with the first 
molar dimensions having the greatest variability. The size 
of the maxillary lateral incisor also was highly variable. 
In addition, the individual tooth size data reported by 
Santoro et al.[15] imply high variability for the maxillary 
first molar and the lateral incisor, and this agrees with 
the present study. This suggests that these teeth could be 
responsible for the incongruity in the anterior ratio and 
should be examined clinically at the beginning of the 
treatment to detect any major size and shape variations. 
The values obtained in this study closely resemble the data 
available for the Dominican American, Dominican and 
North American groups. Most of the values were slightly 
lower than those of the other population groups. These 
differences could be attributed to the differences in the 
measurement techniques among these studies or even to 
different nutrition regimens in these population groups.

This study revealed no significant differences of Bolton’s 
ratio among the different malocclusion groups. This finding 
is similar to some studies done on other populations; 
however, in a Chinese population, the study revealed a larger 
Bolton’s ratio for the Class III occlusal pattern.[16] This study 
revealed that the Class II div 1 group had a smaller value for 
intercanine width, which is in correlation with the findings 
of Staley et al.,[17] which revealed larger intercanine width for 
normal occlusion than in the Class II div 1 group, although 
Sayin and Turkkahraman[18] reported larger intercanine width 
in the Class II div 1 group than in the Class I group.

This study revealed the intercanine width in the Class III 
group to be larger than that in the Class II div 1 and Class 
II div 2 groups. The arch width at the interpremolars and 
intermolar regions was significantly smaller in the Class II div 
1 group when compared with the other groups; this finding 
is similar with some previous studies.[19,20] Costalos et al. 
and Rudolph et al.[21,22] compared the Class I, Class II and 
Class III malocclusion groups in different populations. They 
found that maxillary arch length in the Class II div 1 group 
were significantly larger than that in the Class II div 2 group, 
which was an expected result, considering the proclination 
of the maxillary central incisors in the Class II div 1 group 
compared with the Class II div 2 group. This finding was 
similar to our results. In the mandibular arch, both the Class 
II div 1 and the Class II div 2 arches were shorter than that 
of the Class III malocclusion group, showing that the growth 
potential of the mandible in Class III group is greater. These 
findings were to be similar with other studies.[23,24] 

Studies carried out on a Chinese population by Nie and 
Lin[25] found that tooth size is not affected by sexual 
dimorphism, although different malocclusion groups show 
variability in their anterior or posterior teeth size, which 
could be found in the maxillary or mandibular arch. This 
is found to be in agreement with the present study.

Crosby and Alexander,[26] showed that there exist no 
differences in Bolton’s overall and anterior ratios among 
different malocclusion groups. This was found to be in 
agreement with our present study. One more study by 
Freeman et al.[27] also confirmed this finding by reporting 
that 157 orthodontic patients with different occlusal patterns 
had nearly identical mean overall and anterior Bolton’s ratio.

Summary and Conclusion

The correct tooth size relationship between the maxillary 
and mandibular teeth is an important factor to achieve a 
proper intercuspation during the final stage of orthodontic 
treatment. 
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The relationship between the sizes of the mandibular 
and maxillary teeth depends on specific population and 
gender. This study indicated that a population-specific 
standard is necessary for the clinical assessments. Significant 
gender differences were shown for the overall ratio. These 
differences could be explained based on the fact that males 
tend to show relatively larger mandibular arch segment 
compared with females, and that females tend to have smaller 
teeth size compared with males. The Class III malocclusion 
group showed relatively larger teeth size compared with the 
other occlusion categories and a relatively larger mandibular 
arch, which might have contributed toward the interarch 
and intergroup variations in Bolton’s ratio. The Class II div 
1 group showed a relatively narrower intercanine width 
compared with the other groups as these group children 
show proclined maxillary incisors resulting in a longer 
maxillary arch length in this malocclusion group. The Class 
III malocclusion group showed larger intercanine widths in 
the mandibular arch, which was significant when compared 
with the other malocclusion groups. The maxillary arch was 
shorter in the Class II div 1 than in the Class II div 2 and 
Class III malocclusion. The mandibular arch was significantly 
larger in the Class III group than in the Class II div 1 and 
Class II div 2 groups, which contributes to its increased 
growth potential.

The following conclusions are drawn from the present 
study: 
• The maxillary central and the lateral incisors presented 

significant variability among the different malocclusion 
groups.

• Bolton’s overall and anterior ratios showed no significant 
variations in the different malocclusion groups.

• The Class II div 1 group showed a relatively narrower 
intercanine width, along with an increased arch length, 
which is always expected, when compared with the 
other groups.

• The Class III occlusal pattern showed relatively larger 
sized teeth compared with the other occlusal groups.

• The Class III group showed a larger intercanine width 
in the mandibular arch, which was significant when 
compared with other the malocclusion groups.

Clinical Implications of the Present Study
Treatment planning should always take into consideration 
the discrepancy of the tooth size ratios, and should include 
compensating esthetic procedures such as composite 
bonding, prosthetic reconstruction, stripping and crown 
recontouring. The final results of any extraction case could 
be compromised if the tooth size information is lacking.

As the present study has provided relevant information 
regarding the individual variations in different parameters 

such as tooth size, Bolton’s ratio, arch length and arch 
width in both males and females having different occlusal 
relationships, the results suggest that this data would be 
helpful in treatment planning in adolescent children. 
The data also provide information regarding the tooth 
size discrepancy between the maxillary and mandibular 
teeth, which may be one of the important factors in the 
cause of malocclusion, especially in Class II and Class 
III malocclusions. In order to obtain optimal and stable 
treatment results, Bolton’s analysis should be taken into 
consideration when diagnosing, planning and predicting 
prognosis in clinical orthodontics. 

Scope for Future Studies: Dental anomalies in tooth size, 
number or shape must also be taken into consideration 
along with the buccolingual tooth proportion. The intra- 
and interexaminer calibration should be developed to 
provide more consistent and reliable results. 3D models 
can be used for more precise and accurate measurements in 
all three planes of space. The relationship of malocclusion 
to the skeletal pattern can also be taken into consideration 
to arrive at more statistically significant differences in 
the prevalence of the tooth size discrepancies among 
different malocclusion groups. Certainly, further work is 
needed to explain the probable existing racial differences 
for intermaxillary tooth size discrepancies in the different 
malocclusion categories. 
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