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Abstract
Introduction: Adequate tooth-size ratios are required to ensure the satisfactory outcome of orthodontic treatment. 
Consequently, various methods of measuring tooth-size ratios have been developed being the Bolton ratio the most 
commonly accepted, known and used one. This ratio depending directly on mesiodistal tooth size has been associ-
ated with different ethnic backgrounds. Some authors suggest the need for specific standards for every population. 
Objectives: The objectives of our study were; to measure and to compare mesiodistal tooth sizes and the Anterior and 
Overall Bolton ratios in two different populations, one Peruvian and the other Spanish with the same digital method.
Material and Methods: The sample included 149 individuals composed of two groups; 99 Spanish (mean age 
14.19), 65 being females and 34 males and 50 Peruvian (mean age 14.46), 18 being males and 32 females. The me-
siodistal sizes of each of the patients were measured using a digital method and the Anterior and Overall Bolton 
ratios were calculated. 
Results: Tooth size does indeed involve a strong ethnic component, and the Anterior Bolton ratio is specific for 
each ethnic group. 
Conclusions: The conclusions are; tooth sizes of the Peruvian population were greater than those of the Spanish 
population. The Anterior Bolton ratio of Peruvian individuals was greater than that of the Spanish, whereas no 
differences were found for Overall Bolton ratio. These differences suggest the need for specific standards for the 
Spanish and Peruvian population.
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Introduction
Adequate tooth-size ratios are required to ensure the 
satisfactory outcome of orthodontic treatment. Conse-
quently, various methods of measuring tooth-size ratios 
have been developed being the Bolton ratio (1) the most 
commonly accepted one. This ratio depending directly 
on mesiodistal tooth size have been associated with dif-
ferent ethnic backgrounds (2,3) Some authors found 
differences in tooth sizes between ethnic groups (4-7)  
while others don t́ (8,9). The only studies that figure in 
the literature on a Peruvian population (10,11) found no 
difference in mesiodistal sizes when compared with a 
White population.  
As regards the tooth size of the Spanish population, Os-
tos et al. (12) found that sizes were smaller than those of 
the American population, especially those of the black 
race. Sizes were more similar to the European popula-
tion. 
It is logical to expect that differences in mesiodis-
tal tooth sizes can directly affect Bolton ratios. Some 
studies claim that the Bolton ratio cannot be applied to 
populations other than the White one, and that there is a 
need to individualise each population with their own ra-
tios (3, 13-16) whilst others claim that it is indeed valid 
for other populations (3,11,17).
There are only a few studies about tooth-size ratios on 
Peruvian or Spanish populations (11,14). Paredes et al. 
(15) obtained anterior and overall Bolton ratios differ-
ent to that of Bolton1 and showed that the Bolton ratio 
could not be applied to the Spanish population. Others 
concluded that although some statistically significant 
differences in tooth size were found between Peruvians 
compared with White standards, they were not likely to 
be clinically significant (11).
Given the controversy in the literature for the difference 
in tooth sizes between different ethnic groups, the aims 
of this study were to compare the mesiodistal tooth sizes 
in two different, but related populations, one Peruvian 
and the other Spanish and to calculate and compare the 
anterior and overall ratios of each of them with the same 
digital method.

Materials and Methods
The sample included 149 individuals and was composed 
of two groups. The first consisted of 99 Spanish ado-
lescents residing in the city of Valencia, Spain, with a 
mean age of 14.19 SD 1.97, 65 being females and 34 
males. All Spanish adolescents were Whites strictly of 
European decent. The second group was made up of 50 
adolescent Peruvians in the city of Lima, Peru, 18 being 
males and 32 females. The mean age was 14.46 SD 3.38. 
Both groups were recruited from the Orthodontic Clin-
ics in the Faculty of Odontology of the University of 
Valencia, Spain and the Peruvian University Cayetano 
Heredia, Peru, respectively. The three types of Angle 

molar class were present in both groups and none of 
them had previously received Orthodontic treatment.
The material used in this study consisted of: 
- Plaster casts of each person from the two population 
groups. All of them were made in the same way;
- ������������������������������������������������������A conventional scanner for digitalising all study mod-
els; 
- ������������������������������������������������� Our own technology program, developed at the Fac-
ulty of Medicine and Odontology of the University of 
Valencia, Spain. The reliability and reproducibility of 
this program had already previously been tested and 
compared with traditional callipers (14). This program 
requires a digitalised image of what one wishes to 
measure and back-up software for undertaking meas-
urements.  
The inclusion criteria for the study models selected 
were:  
- Presence of permanent dentition from first left-side 
molar to first right-side molar;
- Absence of alteration in the number of teeth;
- Absence of alteration in dental size and shape; 
- Good quality of study models with good anatomic 
definition, both of soft and hard parts.  
On each of the images obtained and calibrated, the 
points of mesial and distal occlusal contact, correspond-
ing to the maximum mesiodistal size of each tooth, 
were marked, so automatically obtaining a line joining 
those points which shows the measurement taken. The 
software designed for this purpose determines dental 
sizes in millimeters from that data. The Anterior and 
Overall Bolton ratios were automatically determined. 
The digital method has a sensitivity of hundredths of a 
millimeter.  
Statistical method 
The values found were introduced into a database, so 
as to be processed using the statistical SPSS© version 
v.11.5 for Windows package.
The Kolmogorov-Smirnov and Shapiro-Wilk test were 
applied to determine which measurements had normal 
distribution and, by doing so, to determine the type of 
statistics to be used. For statistical analysis, the samples 
of each ethnic group were grouped together per sex. The 
representative values of each group are represented as a 
mean ±CI 95% (Confidence Interval of 95%).    
The tooth size comparison between Spanish and Peru-
vian population was made by estimation of the differ-
ence between tooth sizes and its 95% confidence inter-
val. Variance analysis with two variation factor (ethnic 
group and sex) was used to compare the groups using 
the post-hoc Bonferroni test in the Bolton study. The re-
sults were significant at the 95% confidence level. Mean 
differences were estimated to a confidence interval of 
95% (CI 95%). The percentage of sexual dimorphism 
for mesiodistal tooth size was calculated.
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 Results 
Tooth sizes were found to be dependent both on sex and 
ethnicity to which they belonged. Hence, the sizes both of 
the Peruvian and Spanish populations are separated by sex 
and reflected in table 1. Left and right sizes were averaged 
for the analysis since the teeth were symmetric.
Table 2 shows the difference between the mesiodistal 
tooth sizes of Peruvians less those of the Spanish to 

confidence intervals of 95%, both for males and females 
and for each tooth. Fig. 1 and 2 show these differences.
The results for the Anterior and Overall Bolton ratios 
and confidence interval (CI) of 95%, both for the Pe-
ruvian and the Spanish populations of our study, can 
be seen, expressed in percentages, in table 3 (in grey 
colour). 
Mean anterior and overall tooth-size ratios between male 

TEETH
Peruvian Spanish 

Men Women Men Women 
Mean SD Mean SD Mean SD Mean SD 

Upper 
 Arch 

1st molar 11.55 0.52 11.15 0.62 10.76 0.54 10.75 0.50 
2 nd premolar 7.80 0.35 7.67 0.40 7.09 0.45 6.97 0.36 
1st premolar 7.95 0.34 7.88 0.47 7.38 0.42 7.37 0.41 

Canine 8.62 0.42 8.42 0.49 8.07 0.42 8.09 0.45 
Lateral incisor 7.62 0.49 7.60 0.57 7.05 0.70 7.07 0.47 
Central incisor 9.16 0.50 8.96 0.50 8.86 0.57 8.98 0.51 

Lower  
Arch 

1st molar 12.35 0.52 11.79 0.65 11.49 0.70 11.36 0.56 
2 nd premolar 8.14 0.33 7.92 0,50 7.60 0.51 7.51 0.40 
1st premolar 7.93 0.29 7.65 0.46 7.46 0.43 7.45 0.39 

Canine 7.75 0.28 7.31 0.45 7.00 0.47 7.05 0.40 
Lateral incisor 6.55 0.40 6.55 0.52 6.08 0.44 6.21 0.41 
Central incisor 5.94 0.32 5.82 0.36 5.63 0.38 5.62 0.32 

Table 1. Mesiodistal tooth-size of Peruvian and Spanish populations. 
SD: standard deviation. 

Table 2. Differences in the means of upper and lower mesiodistal tooth-size between Peruvians and 
Spanish for each tooth and sex and the 95% confidence intervals (CI) of these differences. Values in 
grey colour mean that are not statistically significant.

TEETH
MEN WOMEN

Dif P-S CI 95% Dif P-S CI 95%

UPPER ARCH
1st molar 0.79 0.58 1.00 0.40 0.22 0.57

2 nd premolar 0.72 0.56 0.87 0.70 0.58 0.82
1st premolar 0.57 0.42 0.72 0.51 0.37 0.64

Canine 0.55 0.39 0.71 0.33 0.19 0.47
Lateral incisor 0.57 0.34 0.80 0.53 0.37 0.69
Central incisor 0.30 0.09 0.51 -0.02 -0.17 0.13

LOWER ARCH
1st molar 0.86 0.63 1.09 0.43 0.25 0.62

2 nd premolar 0.54 0.38 0.70 0.41 0.26 0.55
1st premolar 0.48 0,34 0.61 0.20 0.07 0.33

Canine 0.76 0.61 0.90 0.26 0.13 0.39
Lateral incisor 0.47 0.30 0.63 0.34 0.19 0.48
Central incisor 0.31 0.17 0.45 0.20 0.09 0.31
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Fig. 1. Male differences in the means of mesiodistal tooth-size between Peruvians and Spanish for each tooth for the upper and lower arch.

Fig. 2. Female differences in the means of mesiodistal tooth-size between Peruvians and Spanish for each tooth for the upper and lower arch.
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Table 3. Anterior and Overall Bolton ratios of different Peruvian and Spanish populations and our results. Statistically significant 
difference a>b>c p<0.05. Means are displayed with 95% Confidence Intervals (CI). 

and female samples are not statistically significantly in 
our study. Therefore, combined mean anterior and over-
all tooth-width ratios are presented; 78.32% ±2.45% / 
91.97%±1.95% and 79.12% ±2.70% / 91.51%±1.95% for 
the anterior and overall tooth-width ratios for the Span-
ish population and for the Peruvian population, respec-
tively.
Besides, �����������������������������������������������(����������������������������������������������Table 3���������������������������������������)�������������������������������������� shows the values of other, both Peru-
vian and Spanish, populations. Since Bernabe et al. (11) 
presents different values for the overall Bolton ratio for 
male and female in his study, we have considered both 
results separately in order to compare them.

Discussion
We believed it is interesting to compare the mesiodistal 
tooth sizes of two different but related populations* such 
as the Peruvian and the Spanish, as there are no com-
parative studies between them in the literature.  *We 
have to bear in mind that Peru was s Spanish colony 
some centuries ago, so there was a great deal of mixture 
of the genes of Spanish White and the native Amerin-
dian population of Colonial Peru. 
The differences between the mesiodistal tooth sizes of 
Peruvians less those of the Spanish show that the teeth 
of Peruvians are larger than those of Spanish, all results 
being statistically significant, given that in all cases the 
confidence interval does not reach zero except for the 
maxillary central incisor for females, which appears 
with a negative value. For males, the tooth that present-
ed the greatest difference in its mesiodistal tooth-size 
was the first molar, both maxillary and mandibular, fol-
lowed by the mandibular canine, whilst the tooth that 

presented the least difference was the central incisor, 
both maxillary and mandibular. However, for females, 
the teeth with greatest difference were the maxillary 
second premolar, followed by the maxillary first premo-
lar and lateral incisor. All teeth of the lower arch were 
those which presented the least differences. 
Our results coincide with those of Bernabe et al. (11) 
who found differences between tooth-sizes of Peruvian 
and White populations, although these were not clini-
cally significant for them. 
Regarding the Anterior Bolton ratio, variance analysis 
shows that there is a difference for the Anterior Bol-
ton ratio between Spanish and Peruvian subjects, with-
out that difference being statistically significant, at the 
same time as both present a statistically significant dif-
ference with the Anterior ratio introduced by Bolton (1)  
the latter being lower. However, there are no statisti-
cally significant differences for the Overall Bolton ratio 
between the Peruvian and Spanish populations or with 
the standards of Bolton (1)
These results are very similar to other studies that com-
pare the anterior and overall ratios of different popula-
tions such as White (13), Dominican (6), Syrian (17), 
Jordanian (18), Spanish (14), Iranian (19), Saudi (20)  or 
Japanese (3)  populations with Bolton’s standards, as al-
terations occur mainly in the anterior ratio and not in 
the overall one (14-21).
The differences suggest the need for specific standards 
for the Spanish and Peruvian population. The reason for 
this finding might be the sample population or the eth-
nic groups and the fact that the population and gender 
composition of Bolton’s sample was not specified and 

ANTERIOR
BOLTON (%)

CI 95%
lower

CI 95%
upper

OVERALL
BOLTON

(%)

CI 95%
lower

CI 95%
upper

WAYNE BOLTON 77.2c 76.76 77.64 91.3b 90.80 91.80

PERUVIANS
PAREDES

WILLIAMS
(OUR STUDY)

79.12b 78.37 79.87 91.51b 90.97 92.05

BERNABE 11 78.09b 77.72 78.46

   
    90.79b     90.45 91.13

91.33b
    90.92     91.74

SPANISH
PAREDES

WILLIAMS
(OUR STUDY)

78.32b 77.83 78.81 91.97b 91.59 92.35

FERNANDEZ 21 80.62a 80.20 81.04 93.39a 93.05 93.73
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that it consisted of a very small sample (55 patients), 
which today would be unacceptable.   
We also have to bear in mind that the Bolton sample 
was obtained from 55 models with excellent occlusion; 
44 had received orthodontic treatment. In the Peruvian 
and Spanish sample all subjects were untreated and had 
malocclusions. Therefore, a direct statistical compari-
son between groups is disputable.
Furthermore, if we compare our results for the Bolton 
ratio with those of other Spanish populations, we can 
observe how our ratios are lower than those obtained by 
some Spanish authors (21) the results being statistically 
significant. The results of our study for the Bolton ratios 
for the Peruvian population are slightly higher to those 
obtained previously on Peruvian individuals (11), but 
this difference is not considered to be statistically sig-
nificant, so they can be considered to be practically the 
same. If we compare all the results together, as shown in 
(�������������������������������������������������������Table 3������������������������������������������������)�����������������������������������������������, we see how the ratios we obtained for the Pe-
ruvian and Spanish populations are similar to those of  
Bernabe et al. (11)  but not to either those of Bolton (1) or  
Fernández et al. (22). The values of Fernández et al. (22) 
are higher than those of our study, those of Bernabe et 
al. (11) and those of Bolton (1) which are lower than the 
others. This shows that values of the Bolton ratio vary 
not only between different populations, but also even 
within the same population.  
Thus, the clinical relevance of this study is that the gen-
eralized use of the Bolton ratio and the proposed values 
for a harmonious dentition are questionable and might 
not be valid for other populations. The differences sug-
gest the need for specific standards for the Spanish and 
Peruvian population.

Conclusions
1. �����������������������������������������������������Our hypothesis that there is no difference in the me-
siodistal tooth sizes in two different but related popula-
tions were the same was not correct since mesiodistal 
tooth-sizes of the Peruvian population were greater than 
those of the Spanish population. 
2. The teeth that presented the greatest differences in terms 
of size between the Peruvian and Spanish population were 
the maxillary and mandibular first molar and the man-
dibular canine in males and the first and second maxillary 
premolar and maxillary lateral incisor in females.  
3. The relationships between the sizes of the mandibular 
and maxillary teeth are dependent on the population.
4. ������������������������������������������������      Mean anterior and overall tooth-width ratios be-
tween the male and female samples do not differ in a 
statically significantly way: Therefore, combined mean 
anterior and overall tooth-width ratios are presented; 
78.32% ±2.45% / 91.97%±1.95% and 79.12% ±2.70% / 
91.51%±1.95% for the anterior and overall tooth-width 
ratios for the Spanish population and for the Peruvian 
population, respectively.

5. The anterior ratio for the Peruvian sample is greater 
than the Spanish one, whilst there are no differences for 
the Overall Bolton ratio. 
6. �����������������������������������������������������The anterior ratios for the Peruvian and Spanish sam-
ples are greater than Bolton’s. The differences are stati-
cally significant and suggest the need for specific stand-
ards for Spanish and Peruvian populations. 
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