Is Tanaka-Johnston mixed dentition analysis an applicable
method to a Saudi population?
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Objectives: To test the applicability of the Tanaka and
Johnston prediction method in a Saudi population.

Methods: The current study was conducted at the
College of Dentistry, King Saud University, Riyadh,
Saudi Arabia from September 2013 to January 2014,
on a sample of 409 pairs of orthodontic study models.
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The mesiodistal width of the mandibular permanent
incisors, permanent canines, and permanent premolars
were measured using an electronic digital caliper
with an accuracy of 0.01lmm.The predicted widths
derived from the Tanaka and Johnston equation were
compared with the actual measured widths.

Results: Gender differences were observed in the sum
of the mesiodistal width of canine and premolars
in both arches as indicated by t-test (p<0.001). The
sum of the actual mesiodistal widths of canines and
premolars were compared with the predicted widths
derived from the Tanaka and Johnston equation
and significant differences were found (p<0.001).
The regression analysis indicated that the sum of
the mesiodistal width of the mandibular permanent
incisors is a good predictor for those of unerupted
canines and premolars, with the correlation
coeflicients ranging from 0.51 to 0.61. Accordingly,
2 linear regression equations were developed for tooth
width prediction for Saudi males and females.

Conclusion: The Tanaka and Johnston prediction
equation overestimated the sum of mesiodistal widths
of permanent canines and premolars in Saudis.
New regression equations were formulated for the
prediction of tooth width in the Saudi population.
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Accurate prediction of the mesiodistal widths of
unerupted permanent canines and premolars is a
valuable diagnostic tool for assessing and managing tooth
size/arch length discrepancies during mixed dentition.
Determining the space required to accommodate
unerupted permanent canines and premolars is helpful
in treatment planning for serial extractions, space
maintenance, space regaining, eruption guidance or just
observation of the patient.’

Three methods have been reported for estimation
of the mesiodistal widths of unerupted canines and
premolars: 1) measurements of unerupted teeth on
radiographs;* 2) calculations from prediction equations
and tables;*> 3) a combinations of both.® Tanaka and
Johnston developed linear regression equations for
the prediction of the mesiodistal width of unerupted
canines and premolars among European ancestry.*
This method of prediction has achieved widespread
clinical acceptance because it is uncomplicated,
flexible, relatively accurate and non-invasive.”* Several
studies investigated the applicability of the Tanaka and
Johnston prediction method on different population
groups. The results of these studies revealed that the
Tanaka and Johnston prediction method is not accurate
when applied to those populations."®!? Further, gender
differences in the sum of the mesiodistal width of canine
and premolars has been reported in literature.!*'¢

Al-Khadra' investigated the reliability of the Tanaka
and Johnston equations in Saudis. This study was based
on a small sample size (34 patients) and pooled male and
female data without considering the genders separately.
Therefore, the aim of this study is to test the applicability
of the Tanaka and Johnston prediction method in a
Saudi population, and to attempt to develop a new
prediction formula for Saudis, if necessary.

Methods. The current study was conducted at the
College of Dentistry, King Saud University, Riyadh, Saudi
Arabia from September 2013 to January 2014. Sample
size calculation indicated that at =0.05 and 1-$=0.95
with estimated standard deviation 1.2mm the sample
size should be at least 360 patients. Therefore, 409 pairs
of study models were selected from orthodontic records
of patients (202 males and 207 females; average age of
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of Dentistry Research Center and Deanship of Scientific
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15.10 + 0.45 years) seeking orthodontic treatment at
different dental clinics. The study was reviewed and
approved by the College of Dentistry Research Center
(CDRC), King Saud University.

The selected sample fulfilled the following criteria:
1) Saudi patients; 2) age range: 13-20 years; 3) good
quality of study models (smooth and free from bubbles,
voids, fracture or any distortion); 4) no caries or
resoration other than Class I caries/restorations; 5)
complete eruption of permanent teeth from the right
first molar to the left first molar of the maxillary and
mandibular arch; 6) minimal crowding and absence of
severely rotated tooth; 7) absence of malformed teeth; 8)
absence of tooth wear; and 9) no previous orthodontic
treatment.

One operator made the measurements directly on
the study models using an electronic digital caliper
(Mitutoyo Manufacturing Co. Ltd., Tokyo, Japan) with
an accuracy of 0.01mm. The caliper beaks were inserted
labially parallel to occlusal surface, then the distance
between the contact points on proximal surfaces was
measured.'® The mesiodistal width of the mandibular
permanent incisors, maxillary, and mandibular
permanent canines, and maxillary and mandibular
permanent premolars were recorded.

To ensure the reliability of the measurement, 20
pairs of study models were randomly selected and
re-measured by the same examiner with a one week
interval and compared with the first measurements.
The paired-sample t-test indicated that no statistical
significant difference was observed between the first
and the second readings (p>0.1 and standard errors
<0.004). Pearson’s correlation coefficient exhibited high
correlation between the first and the second readings
(0.99 or more).

Statistical ~analysis was conducted using the
Statistical Package for Social Sciences, Version 16.0
(SPSS Inc., Chicago, IL, USA). Descriptive statistics
were calculated for the sum of the actual width of
canines and premolars and mandibular incisors. The
independent sample t-tests were calculated to compare
the tooth widths between genders. Paired-sample
t-tests were used to compare the difference between
the predicted values derived from the Tanaka and
Johnston equation and the sum of the actual width of
canine and premolars. Tanaka and Johnston regression
equations are: Y=10.5+0.5(X) for mandibular teeth and
Y=11.0+0.5(X) for maxillary teeth, where Y is the sum
of the mesiodistal width of canine and premolars in one
quadrant, and the X is the sum of the mesiodistal width
of the mandibular incisors.
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From the study data, new regression equations
were formulated for the prediction of tooth width in
the Saudi population and expressed as Y=A+B(X). The
constants A’ and ‘B’ were calculated for female and
male subjects separately.

Results. DPaired t-test was executed to test the
difference in the sum of the mesiodistal width of rightand
left canines and premolars in both arches. No statistical
significance was found at a level of significance of 0.05.
Therefore, the results of right and left measurements
were combined for statistical analysis. Table 1 shows
the descriptive statistics for the sum of the mesiodistal
width of the mandibular incisors, maxillary canine
and premolars, and mandibular canine and premolars

among male and female patients. Gender differences
were observed in the sum of the mesiodistal width of
canine and premolars in both arches as indicated by
t-test (p<0.001).

Significant  differences (p<0.001) were found
between the sum of the actual mesiodistal widths of
canines and premolars and the predicted widths derived
from the Tanaka and Johnston equation for male
and female patients (Table 2). Tanaka and Johnston
equation overestimated the sum of mesiodistal widths
of mandibular and maxillary canines and premolars for
male and female patients in the sample of the present
study.

New regression equations. For the mesiodistal width
of maxillary and mandibular canines and premolars of

Table 1 - Descriptive statistics and gender differences for the sum of mesiodistal widths of the
mandibular incisors and maxillary and mandibular canine and premolars among Saudi

patients.
Male Female Independent t-test
Variable
n Mean  SD n Mean  SD t-test df  P-value
Y. Mand. incisors 202 21.45 1.34 207 2157 1.70 -0.704 407 0.424
Y. Max. CPM 202 20.51 1.21 207 20.04 1.25 3.850 407 <0.001
Y. Mand. CPM 202 20.22 1.26 207 19.69 1.28 4.213 407 <0.001

Y. Mand. incisors - the sum of mesiodistal width of the mandibular incisors, >, Max. CPM - the sum
of mesiodistal width of the maxillary canine and premolars, > Mand. CPM - the sum of mesiodistal
width of the mandibular canine and premolars, SD - standard deviation, df - degrees of freedom

Table 2 - Comparison of the sum of the actual mesiodistal widths of canines and premolars and the
predicted mesiodistal widths derived from the Tanaka and Johnston equation among Saudi

patients.
. Actual width  Predicted width Difference SD  P-value
Variable Gender
Mean SD Mean SD
Mal 20.51  1.21  21.72  0.77 1.21 0.96 0.001
¥ Max. CPM o )
Female 20.04 1.25 21.78 0.85 1.74 1.08 <0.001
Male 2022 1.26 21.22  0.77 1.00 1.01  <0.001
Y. Mand. CPM
Female 19.69 129 2128 0.85 1.59 1.23  <0.001

Y, Max. CPM - the sum of mesiodistal width of the maxillary canine and premolars, ¥, Mand. CPM -
the sum of mesiodistal width of the mandibular canine and premolars, SD - standard deviation

Table 3 - Regression parameters for the prediction of the mesiodistal widths of maxillary and
mandibular canine and premolars in the present study among Saudi patients.

Variable Gender a b SEE r r’  P-value Regression equation
Mal 10. 0.4 096 0.61 O. 0.002 Y=10.3+0.49X
¥ Max. CPM ale 3 9 9 37 3+0.49.
Female 11.7 037 1.07 0.52 0.27 0.002 Y=11.7+0.37X
Mal . 049 1.01 0.60 0.36 0.002 Y=9.7+0.49X
3 Mand. CPM de 97 o
Female 11.3 039 1.11 051 027 0.002 Y=11.3+0.39X

Y Max. CPM - the sum of mesiodistal width of the maxillary canine and premolars, 3 Mand. CPM -
the sum of mesiodistal width of the mandibular canine and premolars, SD - standard deviation, a & b
- constants, r - correlation coefficient, 1?- coefficient of determination, SEE - standard error of estimate
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males (Y), there was a significant linear relationship
with the mesiodistal width of lower incisors (X),
with respective correlation coefficient and coefficient
of determination in maxilla (r=0.61; r’=37%) and
in mandible (r=0.60; r?=36%). The simple linear
regression equations Y=10.3+0.49X and Y=9.7+0.49X
were the best fitting equations for predicting the
maxillary and mandibular canine and premolar width
for males (Y) (Table 3). Similarly, the mesiodistal width
of maxillary and mandibular canines and premolars
of females can be predicted by the linear equations
Y=11.7+0.37X and Y=11.3+0.39X (Table 3). These
linear regression equations were the best fitting model
with respective correlation coefficient and coefficient
of determination in maxilla (r=0.52; r’=27%) and in
mandible (r=0.51; r?=27).

Discussion. The purpose of the study was to test
the applicability of the Tanaka and Johnston prediction
method in a Saudi population and to attempt to develop
anew prediction formula for Saudis if necessary. The age
range of the subjects in the present study was between
13 to 20 years of age to minimize the effect of attrition,
caries, or tooth loss on mesiodistal width of teeth.”” One
operator made the measurements directly on the study
models using an electronic digital caliper. Zilberman
et al®* found that measurement with digital calipers
produced the most accurate and reproducible results.

It has been reported in the literatures that male
teeth are generally larger than female teeth.'*">?! In the
present study, gender differences were observed in the
sum of the mesiodistal width of canine and premolars in
both arches. Therefore, the data analysis was performed
separately for each gender. The results showed that the
Tanaka and Johnston equation overestimated the sum
of mesiodistal widths of mandibular and maxillary
canines and premolars for male and female patients in
the sample of the present study. This is in agreement
with the results of previous study on Saudis reported by
Al-Khadra."” Among other populations, several studies
also reported either overestimation or underestimation
of the width of unerupted canines and premolars when
using the Tanaka-Johnston prediction equations." 3%

The regression analysis in this study indicated that
the sum of the mesiodistal width of the mandibular
permanent incisors is a good predictor for those of
unerupted canines and premolars. The correlation
coeflicientsranged from 0.51 t0 0.61, which is considered
slightly high and comparable to those reported for the
Jordanian,’ the Iranian," and Thai population,”’ and
higher than those reported for the Nepalese.'”” The

coefficient of determination (r?), indicators of how well
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the predictively of the regression equations, ranged from
0.27 to 0.37 in this study. These were comparable to
the Nepalese'? and Thai population,? but smaller than
those reported for Turkish,'® and white Brazilians.” The
standard error of estimate ranged from 0.96 to 1.11 and
demonstrates the reliability of the prediction equations
proposed in this study.

The results of the present study revealed that the
Tanaka and Johnston equation is not applicable to
Saudis. However, further work is needed on a large
representative sample from different parts of the
kingdom to represents the population of Saudi Arabia
and to draw a firm conclusion.

In conclusion, the Tanaka and Johnston prediction
equation overestimated the sum of mesiodistal widths
of mandibular and maxillary canines and premolars for
male and female patients in the sample of the present
study. The following prediction equations were derived
for Saudis: males (maxilla: Y=10.3+0.49X, mandible:
Y=9.7+0.49X ); and females (maxilla: Y=11.7+0.37X,
mandible: Y=11.3+0.39X).
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