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Abstract
Background: Bolton’s two main ratios describing the proportional size of upper and lower teeth, could
contribute to estimating the excess or deficiency of tooth size necessary to obtain an ideal occlusion. However,
the mean Bolton values are not the same among different societies. Determining the prevalence of tooth size
deviations from population-specific Bolton indices might help local orthodontists to have a more concise
treatment plan.
Objective: The study aimed to define the prevalence of clinically significant tooth size discrepancies (TSD) in an
Iranian population and to evaluate the influence of lateral incisors’ size on this discrepancy.
Methods: This cross-sectional study was conducted on study casts of orthodontic patients attending Imam Reza
Dental Clinic from September 2008 to December 2016. The sample comprised of 150 randomly selected pretreatment study casts (64 males and 86 females from 17 to 28). The mesiodistal diameter of all permanent teeth
from the first molar on the right to the first molar on the left was measured using 2 similar digital calipers, and
Bolton analysis was calculated. Subjective visual estimation of Bolton discrepancy was also performed. SPSS
v18.0, Wilcoxon signed ranks test, Pearson correlation and Receiver Operating Characteristic (ROC) curve
analysis were used for statistical analysis. A p<0.05 was considered statistically significant.
Results: In the sample group, 34.7% had anterior Bolton index (ABI) and 20.7% had total Bolton index (TBI)
greater than 2 Standard Deviations (2SDs) of Bolton’s means, and about half of them required correction of the
ABI considering the actual size of discrepancies (mm). The sensitivity of estimating clinically significant tooth
size discrepancy more than 2SDs of Bolton’s ABI and the visual judgment was 96.0% and a cut-off point of 0.12mm was obtained.
Conclusion: Bolton's analysis should be routinely performed in all orthodontic patients, and visual estimation of
TSD would be suggested as a screening method in the first visit prior to measurements and set-ups.
Keywords: Clinical significance, Tooth size discrepancy, Lateral incisor, Iran
1. Introduction
Orthodontic treatment includes stages with unique features and challenges. Finishing stage is considered as the one
with a lot of details necessary to achieve a perfect occlusion (1). Many orthodontic problems during the finishing
stages of treatment can be prevented by determining tooth-size imbalances during initial diagnosis (2). To have a
final perfect overjet and overbite and intermaxillary occlusion, early detection of intermaxillary tooth size
discrepancy is necessary (3). Moreover, analyzing the relationship of the anterior and total ratio values would
indicate in which segment of the arch, the discrepancy might lie. In addition, calculating size ratios in extraction
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cases would be an easy practical diagnostic key to choose the most proper teeth for extraction purposes (4). A tooth
size discrepancy (TSD) is traditionally expressed as “more tooth structure existing in an arch compared to the other
one” (5). It can also be defined as a mismatch between the sizes of individual teeth (6). The well-known study of
TSD was performed by Bolton (1), who evaluated 55 cases with excellent occlusions, and developed two ratios for
estimating TSD. He defined the anterior Bolton index (ABI) of 77.2±1.65% and total Bolton index (TBI) of
91.3±1.91%. Following this, many studies suggested that different racial and ethnic groups should be treated
according to their own characteristics, not exactly to Bolton’s ratios (3, 7-10). The ABI and TBI among Tabrizian
school children were 78.10± 0.28 and 92.24±0.21, respectively. There was no statistically significant difference with
Bolton’s standard indices (11). Another study in an Iranian-Azari population stated the similar tooth size ratios to
the original ratios of an American population, without any gender specificity (12). A study in Shiraz, Iran has also
determined Bolton’s ratios for the local population in 2006, and declared no statistical difference with Bolton’s
original indices; ABI of 79.01% and TBI of 91.68% were reported (13). Another issue evaluated, was the size of
lateral incisors as an index for anterior TSD. Proffit believes that a quick look at the size of maxillary and
mandibular lateral incisors could be used to identify the mismatch of upper and lower anterior teeth size for
screening purposes (6). A similar study on this subject has also shown that in anterior abnormalities of maxillary
teeth, the small size of the lateral incisors could be seen as the cause (14). To the best of knowledge, few studies
assessed the accuracy of the content, also, due to the widespread clinical application of this issue; we decided to give
it a scientific and rational proof in our study. Proffit’s assertion was tested in a way that an expert orthodontist
compares the size of maxillary lateral incisor with the mandibular one through visual judgment. Our hypothesis was
that a quick look at the size of lateral incisors could be a predictable index to estimate the anterior Bolton
discrepancies at the screening stage.
2. Material and Methods
2.1. Setting and selection criteria
This cross-sectional study was conducted on initial study casts of the orthodontic patients attending Imam Reza
Dental Clinic from September 2008 to December 2016. Pretreatment study casts were evaluated for the following
criteria:
1) Highly qualified study casts, with no bubbles or fractures
2) All permanent teeth from the left side first molar to the first molar on the right side must have been fully
erupted and present in the cast.
3) No extraction and no prior stripping or grinding of teeth should have been reported in the documents.
4) Minor occlusal or buccal/lingual restorations were acceptable.
Exclusion criteria for this study were as follows:
1) Broken study casts
2) Presence of any interdental restorations, build ups, full crowns, onlay or any other prosthetic restorations.
3) Congenital impacted teeth, and teeth with proximal carious lesions.
Among casts representing the mentioned criteria, 150 sets were finally selected using a random-number table,
including 64 males and 86 females with the age range of 17 to 28.
2.2. Data collection and procedures
The measurements were carried out using two similar digital calipers with 0.01 mm accuracy (Mitutoyo Co, Tokyo,
Japan). The width of each tooth was measured from mesial contact point to contact point at the greatest distance on
the distal contour with the caliper oriented perpendicular to the longitudinal axis of each tooth. This process was
repeated for each tooth from the first molar on one side to the other side and for both upper and lower arches of each
set of casts. Each measurement was done by two investigators (graduated dentists; M.Z and P.J) and the average of
these two measurements was recorded. Only 8-10 casts were evaluated each day in order to avoid fatigue effects. All
data from the first molar teeth on one side to the other side were tabulated. ABI and TBI were determined according
to Bolton’s study (1). The difference of two standard deviations from the mean (± 2SDs) were considered as
clinically significant TSD (15). The prevalence of clinically significant anterior and overall TSD was obtained. To
obtain intra examiner error, 30 casts were randomly selected from formerly analyzed casts within a week. To
ascertain the accuracy of measurements, the inter examiner error was also assessed. In the last step, to evaluate the
visual estimation for anterior TSD with a quick look, as described by Proffit (6), the measured casts were reviewed
by a single-blind expert orthodontist (Sh. A) in order to check the existence of anterior discrepancies. If anterior
discrepancy was assumed by the quick look method, score 1 was given and in the absence of it, score 0 was given.
These values were analyzed statistically to determine the specificity and sensitivity of the test and a clinical cut off
point.
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2.3. Statistical analysis
Data were imported to the SPSS version 18.0 (SPSS Inc., Chicago, IL., USA) to determine the amount of TSDs
more than 2SDs of Bolton’s means. A p<0.05 was considered statistically significant. The prevalence of TSD more
than 1.5 mm, 2 mm and 3 mm was also calculated. To measure inter-examiner reliability, we used the Wilcoxon
Signed Ranks Test and Pearson Correlation. To find a cutoff point for the lateral size based on the visual detection,
and also to evaluate the sensitivity and specificity of the quick look test, Receiver Operating Characteristic (ROC)
curve analysis was used.
2.4. Ethics
Both examiners were blind during cast selection. The identity of the patients was confidential and there was no
access to the patient’s photo or history. Only the initial study casts were used for the study. Ethics approval of the
research (No. 2017-333) was granted by the “Local Research Ethics Committee”.
3. Results
3.1. Demographic data of the population
The presented sample included patients from 17 to 28 years old with the average age of 21.3. This population
consisted of 43% males and 57% females.
3.2. Size and distribution of TSD
The distribution of anterior tooth ratios in this study is categorized by Bolton’s original means and standard
deviations (SD) (Figure 1). In total, 34.7% of the samples had anterior tooth-width ratios greater than ±2SD from
Bolton’s mean (32% greater than +2SD and 2.7% less than -2SD). This shift to the right, compared with Bolton’s
results, demonstrates relatively more mandibular tooth-width in comparison to maxilla. For the TBIs, 20.7% was the
reported percentage for ratios more than ±2SDs of Bolton mean (20% greater than +2SD and 0.7% less than 2SD).
(Figure 2). On the other hand, taking 1.5 mm as the limit of acceptable discrepancy (6), it is revealed that 45.4 %
(40.7%+4.7%) of patients would require correction. Table 1 demonstrates the prevalence of TSD beyond 2 and 3
mm.

Figure 1. The distribution of anterior tooth ratios in this study categorized by Bolton’s original mean and SD
Table 1. The prevalence of TSD beyond 1.5, 2 and 3mm
Discrepancy (mm)
<-1.5
<-2
<-3
>+1.5 >+2
Prevalence (%)
40.7
30
13.3
4.7
2.7

>+3
1.3
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Figure 2. The distribution of overall tooth ratios in this study categorized by Bolton’s original mean and SD
3.3. Reliability
Inter-examiner analysis revealed that there was no significant difference between the two sets of measurements
related to “anterior-ratio”, but some slight differences could be found in relation to “overall-ratio” (Table 2). The
Pearson correlation coefficients are extremely high enough to accept the fact that these differences are not seriously
significant to have influence on the results. Intra-examiner evaluation reveals no significant differences for both
examiners (Table 3). The correlation coefficients were extremely high for both examiners.
Table 2. Inter examiner error analysis
Sum of Ranks p-value Correlation
Inter examiner/ ant ratio 35.50
0.415
0.939
Inter examiner/TBI
49.00
0.028
0.928

Intra examiner1/ ant ratio
Intra examiner1/TBI
Intra examiner2/ ant ratio
Intra examiner2/TBI

p-value of correlation
<0.001
<0.001

Table 3. Intra examiner error analysis
Sum of Ranks p-value of Wilcoxon Correlation
22.00
0.575
0.915
29.00
0.878
0.874
22.00
0.581
0.923
28.00
0.885
0.884

p-value of Correlation
<0.001
<0.001
<0.001
<0.001

3.4. Quick Look Test
The result of comparison between the quick look test and TSDs beyond 2SDs of Bolton’s mean for ABI is shown in
Table 4. The specificity and sensitivity of the quick look test were 34.1% and 96% by order, as demonstrated in
Figures 3 and 4.
Table 4. Summary of Sensitivity and Specificity for anterior TSD and the Quick Look test
Variable
Anterior TSD
Quick look test
Sample size
69
69
Area under the ROC curve
0.663
0.663
Standard error
0.070
0.066
Cut off point
> 76.85
≤ 0.12
Sensitivity (%)
96.0
96.0
Specificity (%)
34.1
34.1
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Figure 3. ROC curve analysis of anterior TSD

Figure 4. ROC curve analysis of the Quick Look test
4. Discussion
Anterior and total Bolton index values are not similar in different populations (3, 7-10). Some Iranian studies
presented the mean values of Bolton indices for local populations (11-13). This study tried to provide the prevalence
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of clinically significant TSD beyond 2SDs of Bolton’s means for an Iranian population and also to establish a
scientific approval of the reliability of the visual judgment of TSD, if possible. For this purpose, we designated an
expert orthodontist to check the presence of anterior tooth size discrepancy following Proffit’s suggestion (6) and
then the sensitivity and specificity of the measurements were evaluated to see how concise this visual estimation
would be. Some studies evaluating tooth size discrepancies for different societies are demonstrated in Table 5.
Table 5. Summary of TSD calculated in different populations
Author
Anterior TSD% Overall TSD%
Crosby and Alexander(10) 22.9
Freeman et al.(16)
30.6
13.5
Santoro et al.(9)
28.0
11.0
Araujo and Souki(2)
22.7
Bernabeˇ et al.(17)
20.5
5.4
Siti Othman et al.(22)
17.4
5.4
Sharma et al.(18)
24.0
8.0
Uysal T et al.(3)
21.3
18.0
Present study
34.7
20.7
The overall TSD from Bolton’s mean±2SDs reported in the present study, (20.7%), was much higher than previous
studies which declared the TBI in the range of 5.4 to 18% (3, 14-18). The present study also revealed that 34.7% of
the sample had an ABI with a clinically significant deviation from Bolton’s mean±2SDs, which is almost
inconsistent with the same values of other populations (Table 5). Uysal and Sari found 21.3% of ABI and 18% of
TBI to be outside 2SDs from Bolton's mean (3). Ter-Poghosyan showed that about 28.75% and 11.25% of an
Armenian population had anterior and overall TSD respectively (19). A study conducted by Crosby and Alexander
found that 22.9% of the subjects showed an ABI with a clinically significant deviation from Bolton’s mean that was
greater than 2 standard deviations (10). Breaking the 34.7% anterior TSD into 32% mandibular excess plus 2.7%
excess of maxilla, displayed that that most of the clinically significant TSDs were related to mandibular excess in
comparison to maxillary excess, which is not accordant with some other studies; this amount of prevalence of
mandibular excess in ABI in comparison to maxilla is much higher than what was reported by Freeman et al. (16),
Santoro (9) and Araujo and Souki (2). The latter reported 19.7% of mandibular anterior excess compared to 10.8%
of maxillary excess. However, Sharma et al. reporting 24% of anterior TSD greater than 2SDs from Bolton’s mean,
similarly displayed that there were twice as many cases of mandibular tooth excess than maxillary ones in a
population from North India (18). These findings could be ethnic-specific. Regragui et al. have also concluded that
in a large number of anterior discrepancies, it was “maxilla” that led to TSD. They attributed most of the anterior
abnormalities to the small size of maxillary lateral incisors (14). The original Bolton’s study was on 55 cases with
ideal occlusion and it was only pertinent to white females (1). On the other hand, Narender Hasija et al. recently
mentioned that Bolton’s ratios are utilizable for all cases irrespective of types of malocclusion, and essential for
investigation of post-treatment stability (20). Another study in a Moroccan population has approved this conclusion
by achieving the same results (21). Using the standard deviation of Bolton’s mean to determine the prevalence of
TSDs could lead to underestimation (15). One way for orthodontists to get a better estimation of the clinical
significance of TSDs is to focus more on the actual size of the discrepancies than ratios. In this regard, Proffit
suggested that TSDs more than 1.5mm could be considered clinically significant and need therapeutic interventions
(6) Some studies chose 1.5mm as a clinically significant TSD (7, 17), this study revealed that almost half of the
patients (45.4%) had clinically significant TSDs, if considering 1.5mm as the index. Othman et al. also used 1.5mm
as the level of significance for TSD and according to this criterion, 42% of patients had total maxillary excess and
36% of lower arch had excess (22). These values are much higher than the results of our study. On the other hand,
Othman and Harradine stated that 1.5 mm discrepancy is only 0.75mm per side and could lead to hesitation for any
adding or reducing of tooth mass (15). Moreover the labiolingual thickness of teeth can also influence the fitness of
occlusion as stated by Bolton (1). As recommended by other studies, a threshold of 2mm seems a more acceptable
index for requiring interventions (17, 18, 22). Using quick look to estimate TSD in the anterior segments, we
obtained a very reliable cut off point of minus 0.12mm as a predictive index in screening stage (Table 4). The
sensitivity of the quick look method was 96% and the specificity of it was 34.1% (Table 4). Although this specificity
seems low, the high sensitivity could bring acceptable predictions. This means even if at this screening point, we
consider a patient with good intermaxillary tooth size relationships as a patient owning significant tooth size
discrepancies by mistake, no invasive intervention would be detected in accurate Bolton analysis on the casts, and
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the occlusion would be perfect spontaneously at the finishing stage with no need for further interventions. On the
other hand, a high sensitivity would put an emphasis on the need for an accurate investigation of anterior TSD
related to maxillary tooth mass deficiencies in relation to mandible. However, in the only study which compared the
visual judgment with TSD measurements, the amount of sensitivity and specificity was lower in comparison to this
study (22). This may be caused by the fact that they compared the total TSD to the “Eyeball Estimation” visual
judgment; as the result of our study also revealed, the inter examiner error was higher for overall TSD measurements
in comparison to anterior TSD measurements. Moreover, the precision and proficiency of the investigator may
impact the result. A limitation of the study was to define the measures manually which would reduce the accuracy of
the measurements. To overcome this problem, we would suggest the newly-made formulae using 3D scanning
technology, the new Johnson/Bailey analysis developed by a team at the University of California, San Francisco
(UCSF) which provides more specific ratios utilizing more clinically relevant functional arch components derived
from dental cusp-fossa interdigitation (23).
5. Conclusions
Due to higher prevalence of TSD±2SDs of Bolton’s means in the Iranian population compared with other studies,
this study advises Iranian orthodontists to be more accurate and sharp-eyed on this issue in the initial diagnosis. This
article also states that the visual estimation based on the size of lateral incisors will not let you down in recognition
of anterior tooth size discrepancy at the screening stage. For future studies, we recommend determining the
prevalence of clinically significant tooth size discrepancy in different sagittal and vertical skeletal malocclusions.
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