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Abstract: Introduction: Accurate tooth size prediction of perma-
nent successor teeth is important for treatment planning during 
the mixed dentition stage. 
Objectives: To compare and determine the accuracy of two meth-
ods used to predict mesiodistal widths of permanent canines, first 
and second premolars in a sample of Black South Africans. 
Methods: Measurements of teeth were performed on study mod-
els of a sample of 100 children (50 males and 50 females) aged 
between 17 and 21 years. Digital calipers, accurate to 0.05mm. 
were used. Estimations of the widths of the permanent canines, 
first and second premolars (C+P1+P2) were performed for man-
dibular and maxillary arches using the Schirmer and Wiltshire and 
the Modified Tanaka-Johnston prediction methods. The estimat-
ed (C+P1+P2) values were then compared with measurements of 
the actual teeth on the study models. 
Results: Males presented significantly larger mesiodistal tooth di-
mensions than females. The Modified Tanaka-Johnston equation 
is accurate for females but overestimates actual tooth measure-
ments for males. The Schirmer and Wiltshire method is accurate 
for male maxillary and female mandibular tooth sizes but over-
estimates male mandibular and underestimate female maxillary 
tooth sizes. 
Conclusion: Both methods have deficiencies; however the Modi-
fied Tanaka-Johnston equation proved preferable because it 
overestimates rather than underestimates actual tooth sizes. 
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INTRODUCTION 
Tooth size prediction and space analysis are an essential part of 
orthodontic treatment planning in the transitional dentition stage 
when it is critical to establish whether or not the available arch 
space is sufficient to accommodate all the permanent teeth. Dur-
ing the transitional dentition stage the permanent canine, first and 
second premolars are usually not clinically visible and accessible 
for measurement of their actual mesiodistal widths.1-3 It is hence 
necessary to estimate the mesiodistal dimensions of these teeth 
to enable treatment planning. The accuracy of prediction meth-
ods is critical in orthodontic management, since inaccurate esti-
mation could compromise any treatment and potentially result in 
failed intervention or extended treatment time.4,5 

LITERATURE REVIEW
Most orthodontists use the Moyer’s4,6,7 and the Tanaka and John-
ston8,9 methods to estimate the widths of the canines, the first and 
second premolars. The Moyer’s prediction table method was the 
first used to predict widths of permanent teeth, hence its popular-
ity and status as reference point. This method was derived from 
North American Caucasian subjects, which makes it most ap-
plicable and reliable in similar populations.10 The Moyers tables 
present two major shortcomings; first, this method has limited ap-
plicability among different ethnic groups. A recent meta-analysis 
found that the Moyer’s method cannot be “universally applied 
without question”, hence the need to develop population specific 
prediction tables which may counteract the overestimation errors 
possible when using Moyer’s tables.6,10 Secondly, the prediction 
tables are considered cumbersome and not easy to use, when 
compared with regression equations. Tanaka and Johnston   de-
veloped a regression equation based on a sample of 506 Cau-
casian children.6 In predicting the dimensions of permanent 
(C+P1+P2), the equation  requires that half the sum of the widths 
of the mandibular incisors is added to 11.0 for maxillary teeth and 
10.5 for mandibular teeth. However, and in a manner similar to its 
predecessors, this prediction method is not applicable across all 
races and ethnic groups, especially non-Caucasian samples.6,8,11



Two studies undertaken among black South Africans showed 
that the Moyers and the Tanaka and Johnston methods were 
inadequate in their prediction and needed modifications.12,13 It 
was further found that these methods underestimated tooth di-
mensions in South African populations, and failed to account for 
gender differences. In addressing these problems, Khan, Seed-
at and Hlongwa12 applied the Tanaka and Johnston approach 
to develop a regression model more applicable to black South 
Africans. Their new equation for males calculated the maxillary 
(C+P1+P2) per quadrant as = 8.31 mm + 0.62x and the mandibu-
lar (C+P1+P2) per quadrant as = 7.15 mm + 0.67x, where x is the 
sum of the widths of the mandibular incisors. 

The Moyers tables and the Tanaka and Johnston equations have 
indeed undergone modification and adaptions worldwide to con-
form to the norms of local population groups. Specific models are 
available for Chinese,8 Jordanians,14 Italians,15 Africans,11,16 Thai,17 
Malay18 and other groups. In South Africa, modifications to these 
methods were tested among black Africans by Schirmer and Wilt-
shire13, and by Khan et al.12, under different settings and time. In 
the South African context, the methods used for blacks to replace 
Moyers tables and Tanaka and Johnston equations are Schirmer 
and Wiltshire and Modified Tanaka-Johnston by Khan et al., re-
spectively.13,12

The aim of this study was to apply the Schirmer and Wiltshire 
(SaW) and Modified Tanaka and Johnston (MTJ) methods to a 
sample drawn from the black South African group to determine 
which method yielded the more accurate prediction of mesiodis-
tal widths of canine, and premolars.  

METHODS 
Study design
Cross-sectional survey of pre-treatment orthodontic study casts 
(maxillary and mandibular arches).
Study Setting
The research was undertaken in the Department of Orthodontics 
at the Sefako Makgatho Health Sciences University, Medunsa 
Oral Health Centre. Data used in this study was based on the 
archived study casts of patients attending the clinic.  
Study Population
Orthodontic study casts of black South African patients were 
sourced from the Department of Orthodontics at the Sefako Mak-
gatho Health Sciences University, Medunsa Oral Health Centre. 
A sample estimation of 100 was derived, using EpiTM 7 at 95% 
confidence level and 5% confidence limits with the expected fre-
quency of 8%, from a total number of 813 black patients between 
the ages of 17- 21who consulted during the year 2011. The sam-
ple comprised equal groups of the models of  50 males and of 50 
females, all having Class 1 molar relationships with all permanent 
teeth present up to the first permanent molar in all quadrants.  

The inclusion criteria required that all permanent teeth were fully 
erupted and relatively well aligned, and the study models were of 
good quality with no fractures, voids, or abnormalities. Excluded 
from the sample were models of patients who were of a different 
race group, whose ages were outside the limits or had severe 
malocclusions such as deep bites, excessive crowding, hypo-
plastic teeth, multiple spacing and diastemas, occlusal wear, 
missing permanent teeth, retained deciduous teeth or evident 
tooth size discrepancies 

Determination of mesiodistal measurements (widths)
All measurements were carried out by the principal researcher, 
using an electronic digital Vernier caliper (Sylvac, Fowler). The 
caliper was calibrated in 0.5 millimetres and values recorded to 
two decimal places. A random sample (10%) of orthodontic casts 

were selected and re-measured by the principal researcher and 
by a second researcher to determine reliability of data. 

Mesiodistal widths were measured and recorded for the four man-
dibular permanent incisors, maxillary and mandibular permanent 
canines and premolars. 
Data analysis
Data were entered into a computer and analysed using SAS for 
Windows version 9.2. An independent sample Student t-test was 
used to assess the differences in total widths (C+P1+P2) between 
the actual and predicted values. These tests were stratified by 
gender. Pearson correlations values were calculated to measure 
the strength of association.
Ethical Clearance
Permission to undertake this research was granted by the Medun-
sa Research and Ethics Committee, (Project: MREC/D/47/2011). 

RESULTS
The sample size of 100 was considered adequate based on the 
Central Limit theorem,19 similar studies12,13,20,21 and objectives of 
the study. 
(i) Reliability test
  The blinded repeated measurements of 10 casts revealed 

almost perfect correlation, and validation of the reproduc-
ibility of measurements. The intra-rater and inter-rater coeffi-
cients were extremely high, indicative of excellent correlation 
(r>0.90) in both cases. 

(ii) Statistical tests of means
  Descriptive analysis of the mesiodistal widths (C+P1+P2) in 

both arches indicate a significant gender difference in this 
parameter. Males presented with significantly larger teeth 
than females in both the maxilla and the mandible (P values, 
0.00017 and 0.0002) respectively. (Table 1). 

  The paired t-test in males revealed significant differences 
between predicted (MTJ) and the actual mesiodistal mea-
surements, at P<0.000 for both the maxillary and mandibular 
arches. In both instances the MTJ method overestimated the 
mesiodistal widths of the permanent teeth. (Table 2) Analy-
sis of the female data yielded insignificant differences in 
both arches, P=0.1848 and 0.3776 respectively for maxilla 
and mandible. (Table 2). These findings can be interpreted 
to mean that the Modified Tanaka-Johnston method fails to 
predict with precision the actual dimensions of permanent 
(C+P1+P2) in males. In females however, this prediction meth-
od was shown to be comparatively accurate.

  Comparison of the mesiodistal widths of teeth between the 
SaW predicted data and the actual values show mixed results 
for gender and arch. In the maxillary arch, there is a significant 
difference between the measured and predicted mesiodistal 
dimensions of permanent teeth of females (P=0.0114); for 
males the p-value of 0.1748 is indicative of a lack of statisti-
cal significance. Mandibular arch discrepancies are however 
significant for males (p=0.0198), and for females, although at 
a lower level (p=0.2990). (Table 3).

DISCUSSION
That there are racial and ethnic differences in tooth dimensions 
is well established in the literature, with blacks having larger 
teeth than most other population groups.14,18,20 A comparison of 
the mesiodistal widths of teeth in the study sample with those of 
other groups12,13,20 (previously derived from Tanaka and Johnson 
equations) was undertaken. The findings indicate that the study 
population presented with larger teeth for both genders and in 
all groups. 
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Table 1: Comparison of actual mean mesiodistal widths (C+P1+P2) between males and females

Arch Gender Mean (SD) P-Value

Maxilla
Male 47.20 (2.65)

0.0002
Female 45.60 (2.30)

Mandible
Male 47.28 (2.86)

0.00017
Female 45.21 (2.44)

Table 2: Comparison of actual mean measurements (C+P1+P2) with Modified Tanaka-Johnston (MTJ) predictions in males and females

Arch Gender Methods Mean(SD) p-value Prediction

Maxilla

Male
Actual measurement 47.20 (2.65) -

MTJ 48.37 (2.11) 0.0001 overestimate

Female
Actual measurement 45.60 (2.30) -

MTJ 45.95 (1.32) 0.1848 accurate

Mandible

Male Actual measurement 47.28 (2.86) -

MTJ 48.61 (2.28) 0.0001 overestimate

Female Actual measurement 45.21 (2.44) -

MTJ 44.95 (1.32) 0.3776 accurate

Table 3: Comparison of actual measurements (C+P1+P2) with Schirmer and Wiltshire (SaW) in males and females

Arch Gender Methods Mean(SD) p-value Prediction

Maxilla

Male
Actual measurement 47.20 (2.65) -

SaW 47.64 (0.88) 0.1748 accurate 

Female
Actual measurement 45.60 (2.30) -

SaW 44.92 (1.33) 0.0114 underestimate

Mandible

Male Actual measurement 47.28 (2.86) -

SaW 48.12 (1.04) 0.0198 overestimate

Female Actual measurement 45.21 (2.44) -

SaW 44.89 (1.28) 0.2990 accurate

Significant sexual dimorphism is apparent in this study; males 
present with larger mesiodistal dental measurements than fe-
males (Table1). The findings in this study are similar to several 
comparable studies11,14,20, hence the recommendation that it 
would be prudent to develop gender specific equations and 
tables for prediction.

When assessed statistically, the MTJ equation overestimated 
the mesiodistal widths of mandibular and maxillary teeth in 
males, but was precise in females (Table 2). These findings indi-

cate that this method can be applied with greater confidence in 
predicting the dimensions of unerupted teeth for females than in 
males in similar groupings. A plethora of studies indicate that the 
Tanaka and Johnston equation overestimates tooth dimensions, 
and as a consequence better equations were developed to ca-
ter for specific racial groups and genders.11,16,17,21 Expressing 
a lonely contrary opinion, one study on Jordanian children ob-
served that the Tanaka and Johnston equation underestimated 
tooth measurements.14 



The SaW method in our study statistically underestimated the 
widths of maxillary teeth in females, which is contrary to the 
findings by Burhan et al.22 Data from similar odontometric stud-
ies7,16,23 concur with our findings that SaW tables, an adapta-
tion of the Moyers method, overestimate the actual mesiodistal 
dimensions of male permanent teeth in the mandible. Evidence 
of no difference in the prediction/actual size comparison was 
reported by Buwembo.6,11

Both methods demonstrated accurate prediction of actual tooth 
sizes, some of the time. The MTJ equation overestimated the 
dimensions in 50% of the cases, and the Saw method, in 25% 
of the cases. In determining which method is the more accu-
rate and applicable, clinical significance should be considered. 
Underestimation of tooth size results in inadequate space, an 
inability to accommodate permanent teeth, and thus poor orth-
odontic outcomes (occlusion and aesthetics); overestimation 
may result in unnecessary extractions. In clinical practice, un-
derestimation of tooth sizes will have a comparatively poorer 
prognosis than overestimation. Generally, a difference of more 
than 2mm is clinically significant and can impact on the progno-
sis in orthodontic treatment.24

It would seem, given the findings and clinical consideration, that 
the MTJ is better than the SaW method for the black patients in 
this South African sample.

LIMITATIONS
The study did not include a size disparity evaluation, such as 
the Bolton’s analysis. It may then have been possible that some 
teeth with unusual sizes could have been included in the sam-
ple, despite the preliminary evaluation of the study models.

Studies with larger sample size will have sufficient power to de-
velop accurate and applicable prediction equations and tables. 
Regular updates of prediction tools should use present day 
data, in order to avoid underestimation due to secular trends.

CONCLUSION
The Modified Tanaka and Johnston equation has proven to be 
more accurate than the Schirmer and Wiltshire method in the 
prediction of the mesio-distal dimensions of the permanent pre-
molars and canines in a sample of black South Africans. We rec-
ommend new equations and tables of data be developed based 
on adequately powered studies with representative sampling. 
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