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ABS TRACT  
 

 

BACKGROUND 

Bolton’s ratio is an indispensable parameter used in orthodontic diagnosis to 

evaluate the tooth size discrepancy. However, these norms have been established for 

Caucasian population and population variations necessitate the evaluation of these 

ratios for Vidarbha population. The objectives of the present study were to determine 

Bolton’s ratio for Vidarbha population, compare them with original Bolton’s ratios 

and determine the clinical significance of these differences. 

 

METHODS 

The study sample consisted of study casts of 300 subjects in the age range of 18-30 

years, all belonging to Vidarbha population, having a full complement of teeth. Tooth 

dimensions were measured using digital vernier caliper and Bolton’s overall ratio 

and anterior were calculated. The data calculated was statistically analysed for range, 

mean, standard deviation and coefficient of variation. Unpaired t-test was applied to 

draw a difference between the results of this study and the results from Bolton’s 

study. 

 

RESULTS 

Bolton’s overall and anterior ratio norms for Vidarbha population sample were found 

to be 88.15 and 78.50, respectively, with standard deviation of 3.27 and 3.19, 

respectively. The range of overall ratio noted was 80.36–98.44, and the range of 

anterior ratio was 67.74–89.70. 

 

CONCLUSIONS 

In general, the values obtained from this study for the Vidarbha population differ 

from the data of Caucasian population. So, it can be inferred that the established 

Bolton’s values for Caucasians cannot be used for the Vidarbha population. Hence, 

population specific standards are necessary for clinical assessment. 
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BACK GRO UND  
 

 

 

The success of orthodontic treatment depends on careful 

approach of record taking and diagnosis. One of the important 

diagnostic tools is the use of diagnostic model for estimation 

of tooth size. Tooth size must be proportionate to jaw size so 

as to avoid tooth size arch length discrepancy. The tooth size 

of upper and lower arch should be in ratio to achieve proper 

inter-digitation and occlusion. 

Any deviation from a normal or “ideal” occlusion is termed 

as malocclusion.(1) Bennett and McLaughlin(2) added a seventh 

key “tooth size”. Teeth should be in proper proportion to 

achieve acceptable occlusion. A tooth size 

discrepancy/disproportion (TSD) is a disparity between 

different the sizes of teeth, which will ultimately affect 

fulfilment of good occlusion. There are many studies 

suggesting about the methods of defining and measuring 

TSD.(3-6)one among them is Bolton’s ratio, which was 

established in 1958 by Wayne Bolton.(7) For estimating TSD, 

Bolton developed two ratios i.e. anterior ratio and overall or 

total-arch ratio. It is accepted worldwide but, its application in 

our population is questionable. Lundstrom(6) reviewed the 

European literature for TSD and concluded that there was 

genetic predisposition in the measurements of mesiodistal 

width of tooth size and hence could not be applied to all 

populations. 

 The associations between the dimensions of the teeth of 

both arches should be contingent on population. This study 

evaluates the reliability of the existing Bolton’s ratio and it will 

also ensure that perfect intercuspation will occur for 

improvement in esthetics in patients by determining the 

correct tooth size relationship. Proper tooth size evaluation 

will be done for desirable outcome of the patient. It is believed 

that the Bolton’s ratios are essential diagnostic aid which 

allows the clinician to achieve good functional and aesthetic 

occlusion. 

The term “tooth size”, refers to the “mesiodistal width of 

the teeth”. In 1902, this was first reported by G. V. Black.(8) 

Studies were done(3-6) to compare the tooth size between 

arches and have given their formulae. Studies were carried out 

to develop an inter-maxillary ratio analysis with the aim of 

focussing discrepancies in tooth size for Indian population of 

zones such as Telangana, Punjab, North Indian population.(9-12) 

Till the literature searched there was no such data found for 

Vidarbha population. Therefore, the following study is planned 

to evaluate Bolton’s ratio for Vidarbha population to obtain 

accurate results of the case. 

 

 
 

ME TH OD S  
 

 

Dental casts of 300 participants aged between 18 and 30 years 

were obtained. The sample size was determined using the 

mean and standard deviation values from the study conducted 

by Bolton.(7) The participants were selected by one operator 

only, and an informed consent was taken from each participant 

for the same. Maxillary and mandibular alginate impressions 

were made of the selected 300 participants and then poured in 

dental stone (Kaldent Dental Plaster Class III). The casts were 

retrieved, and bases were fabricated. This study is observation 

study. The sample size was derived by complete enumeration 

method. 

Digital caliper was used to measure the mesiodistal widths 

of the teeth to the nearest 0.01 mm of these study models, and 

the anterior and overall ratios were calculated. 

 

 

Inclusion Criteria 

1. Patients in OPD with all permanent teeth fully erupted 

with or without third molar. 

2. Patients with age 18-30. 

3. Class I malocclusion present bilaterally patient will be 

selected for the study (clinical examination). 

4. Class I canine and incisor relation bilaterally along with 

Andrew’s six keys. 

5. Good-quality study casts. 

 

 

Exclusion Criteria 

1. Patient with multiple missing teeth. 

2. Unerupted permanent teeth. 

3. Unrestored carious teeth. 

4. Teeth with full coverage restoration. 

5. Proximal wear/attrition of teeth. 

6. Congenital defects or deformed teeth 

 

Mesiodistal width of all the teeth from maxillary first molar 

of right side till the molar on contra-lateral side and 

mandibular first molar of right side till left side were 

calculated. A digital vernier caliper was used to measure the 

mesiodistal width of the teeth. The tips of the caliper were 

placed in the contact point of the tooth and the mesiodistal 

width of the teeth were recorded and entered into the chart 

shown below. All the measurements were carried out in 

millimeters. This was repeatedly done by the same operator 

for two times. Mean of the values were calculated. This mean 

value was used for calculation. Mean, standard deviation, 

range and p value was calculated. The readings were used to 

calculate overall and anterior ratio. Bolton’s ratio was 

analyzed using SPSS 23 version. 

 Following the tabulation of the teeth sizes, individual 

analysis was performed on each set of casts 

 

UR 6 5 4 3 2 1 1 2 3 4 5 6 UL 
LR 6 5 4 3 2 1 1 2 3 4 5 6 LL 

Teeth Sizes 

 

The values were compared with the obtained results. 

 

 

Bolton’s Analysis is - 

1. Overall Ratio 

𝑥′

𝑥
or

Sum mandibular 12

Sum maxillary 12
× 100 = Overall ratio 

 

2. Anterior Ratio 

𝑦′

𝑦
or

Sum mandibular 6

Sum maxillary 6
× 100 = Anterior ratio 

 

 

The values were compared with the obtained results. 
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Statistical analysis showed calculation of Mean, Standard 

Deviation, Range and p value. Comparison was done between 

Bolton’s study and present study based on overall ratio and 

anterior ratio. For comparison of ratios between two studies 

Unpaired t-test was drawn. Mean overall and anterior ratios 

were calculated (Table 1 and Table 2).  

 
 

 

 

RES ULT S  
 

 

 

The data calculated was statistically analysed for range, mean, 

standard deviation and coefficient of variation. Unpaired t-test 

was applied to draw a difference between the results of this 

study and the results from Bolton’s study. The mean overall 

and anterior ratios were found to be 88.15 and 78.50, 

respectively, with standard deviation of 3.27 and 3.19, 

respectively. The range of overall ratio noted was 80.36–98.44, 

and the range of anterior ratio was 67.74–89.70. Significance 

difference was observed between results of Bolton’s study and 

present study. (Table 1 and Table 2) 

 
 N Mean S.D. Range t df P 

Present Study 300 88.15 3.28 80.36 – 98.44 
20.26 149 0.001* 

Bolton’s study 50 91.30 1.91 87.50-94.80 

Table 1. Statistical Comparison of the Overall Ratios between the 
Present Study and Bolton’s Results (1958) 6:6 (Overall Ratio, OR) 

 

The mean OR in our study was found out to be 88.15 ±  3.28 

and when it was compared Bolton’s Caucasian population, our 

ratio was lower, and difference was statistically significant 

(p<0.05) 

 
 N Mean S.D. Range t df P 

Present Study 300 78.51 3.20 67.74 – 89.70 
9.65 149 

0.001
* Bolton’s study 50 77.20 1.65 74.5-80.4 

Table 2. Statistical Comparison of the Anterior Ratios  

between the Present Study and Bolton’s Results (1958) 

 

 

Anterior Ratio (AR) 

The mean AR in our study was found out to be 78.51± 3.20 and 

when it was compared Bolton’s Caucasian population, our 

ratio was higher and was statistically significant (p<0.05) 

Table of Bolton’s give the descriptive statistics including 

the mean, standard deviation, and range of the anterior and 

overall ratios for the participants. 

A statistically significant difference was noted in the anterior 

and overall ratios derived from the present study as compared 

to the values from Bolton’s study. Both anterior and overall 

ratios were on the lower side. 

 

 
 

 

DI SCU S SI ON  
 

 

Multifactorial aetiology has been attributed to spacing or 

dental crowding in permanent dentition. One such factor is the 

mesiodistal tooth width discrepancy.(13) The importance of 

TSD is very well known and recognized by orthodontist.(13) 

Several studies have reported differences in mesiodistal 

tooth dimensions in non-crowded and crowded dentitions of 

different populations, by considering mesiodistal width of 

individual tooth rather than considering the whole arch. 

Bolton(7) concluded that an overall ratio of 91.3 and an 

anterior ratio of 77.2 are required for good proportion of the 

maxillary and mandibular teeth. Bolton’s evaluated 55 

Caucasian females with good occlusions out of which 44 were 

orthodontically treated and 11 were non-orthodontically 

treated. Therefore, its applicability to Caucasian males and 

other populations was questioned. The prevalence of Bolton’s 

TSD in different racial and malocclusion groups was studied 

and varying results are obtained. 

On comparing three classes of malocclusion according to 

Angle, no significant differences was found. Therefore, only 

class I cases were selected.(16) 

Studies done by Lavell et al(14 ) on Negroids population 

concluded that they had increased overall and anterior ratios 

when compared with Caucasoid and Mongoloids. Smith et 

al.(15)also did a study on white females and concluded that it 

was not applicable to white males, blacks, or Hispanics. He also 

observed increased overall ratio in males when compared to 

females. Hence, it was concluded that Bolton ratio cannot be 

generalised. 

This study is designed to evaluate tooth width ratios in 

non-crowded, orthodontically untreated subjects from the 

Vidarbha population. A total of 300 participants aged between 

18 and 30 with Angle’s Class I relation, having all permanent 

teeth except the 3rd molar with no crowding and residual 

crown and bridge restorations, no tooth deformity or 

supernumerary teeth, and no severe mesiodistal or occlusal 

tooth attrition were selected for the study. Accurate dental 

casts of all the participants were made. Mesiodistal size of 

tooth were measured using a digital vernier caliper and the 

overall and anterior ratios were calculated. 

The mean overall and anterior ratios were found to be 

88.15 and 78.50, respectively, with standard deviation of 3.27 

and 3.19, respectively. The range of overall ratio noted was 

80.36–98.44, and the range of anterior ratio was 67.74–89.70. 

(Table 1 and Table 2) 

 Results of the study were similar to studies done by Smith                

et al.(15) Therefore, now it was certain that Bolton’s ratios 

cannot be universal. Distinct ratios for various populations are 

required. Further research should be done to standardize the 

norms for the Vidarbha population separately. These ratios 

are applicable to lingual orthodontics also.(17) They are can be 

used for paediatrics purpose also.(18-20) 

 

 
 

 

CONC LU S ION S  
 

 

 

The ratios obtained from this study for the Vidarbha 

population differ from the data of Caucasian population. So, it 

can be inferred that the established Bolton’s ratio for 

Caucasians cannot be used for the Vidarbha population. 
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