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ABSTRACT

Context: Mixed dentition space analysis helps in determining the discrepancy between the available and required space in each dental arch
during the mixed dentition period; further, it helps to diagnose and plan the treatment of developing malocclusion.

Aim: The aim of this study is to evaluate the applicability of Tanaka and Johnston’s and Moyer’s methods of predicting the size of permanent
canines and premolars and compare the tooth size between the right and left sides between males and females, and also to compare the predicted
values of mesiodistal widths of permanent canines and premolars from Tanaka and Johnston and Moyer’s method with the measured values.
Materials and methods: The sample consisted of 58 sets of study models, of which 20 were girls and 38 were boys, that were collected from
the children of the 12-15 year age-group. A digital vernier gauge, whose beaks were sharpened, was used to measure the mesiodistal widths
of the individual teeth in order to increase accuracy.

Statistical analysis: The two-tailed paired t-tests were used to assess the bilateral symmetry of the mesiodistal diameter of all measured
individual teeth.

Results and conclusion: It was concluded that Tanaka and Johnston’s method could not accurately predict the mesiodistal widths of unerupted
canines and premolars of children of Kanpur city due to the high variability in estimation, whereas the least statistically significant difference

was obtained only at 65% level of Moyer's probability chart for male, female, and combined sample.
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INTRODUCTION

Improving dental health and facial esthetics is the main reason
patients seek orthodontic treatment. Misaligned teeth are one
of the most common patient complaints, which leads to plaque
buildup, which in turn leads to tooth decay, and gum diseases. This
is primarily due to the inability of patients to maintain proper oral
hygiene due to misaligned teeth.’

The greatest malocclusion and orthodontic problems
occur during the transition in the mixed dentition phase. This is
considered mainly due to the space discrepancies (reduction)
due to premature loss of deciduous teeth. Therefore, performing
space assessment during this period before subsequent permanent
teeth erupt could potentially be used to minimize and prevent the
occurrence of malocclusion.

Mixed dentition analysis helps to estimate the difference in
each dental arch’s available and needed space during the mixed
dentition stage. It also helps in diagnosing and planning treatment
for evolving malocclusions that require various prophylactic and
preventive orthodontic measures, such as serial tooth extractions.
It includes guidance on permanent tooth eruption, space
maintenance, and space acquisition through observation and
periodic assessment.

One of the following principles serves as the foundation for
traditional mixed dentition analysis methodologies*:

- Estimationofthesize of non-eruptedteeth by X-ray measurements,
for example, Nance.? Prediction based on the correlation
between different types of tooth sizes within the dentition,
for example, Tanaka and Johnston,* Moyers.>”” Combining the
two approaches, as demonstrated by Hixon and Oldfather® and
Staley and Kerber.’
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There have been numerous investigations into the applicability
of two nonradiographic modalities, including Moyer and Tanaka
and Johnston space analysis, have been published in the literature,
resulting in both methods, which underestimated tooth dimensions
in noncaucasian samples.>'®'" Both Tanaka and Johnston space
analysis in the year 1974 and Moyer in the year 1988 found an
overestimation of tooth size in Caucasian specimens.'”™ A positive
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Mixed Dentition Analysis in and around Kanpur City

correlation was found between Tanaka and Johnston’s space
analysis and Moyer’s studies. But the probabilities seen for the
sample of the North Indian population are different.!” Given racial
and geographic differences in the Kanpur population, which lacks
such a prediction table formulation, this study is similar to that of
Tanaka and Johnston's space analysis and Moyer. It was developed
to assess the applicability of these methods in the sizes of extremely
durable canines and premolars of Kanpur youngsters.

Aim

This study focused on predicting the size of permanent canines and
premolars in Kanpur children using Tanaka and Johnston’s space
analysis and Moyer’s methods.

OBJECTIVES

«  To compare the tooth size between the right and left sides.

« To compare the tooth size between males and females.

« Moyer’s method was used to contrast the measured values
with the predicted values of mesiodistal widths for permanent
canines and premolars from Tanaka and Johnston space analysis.

MATERIALS AND METHODS

A total of 58 sets of dental casts of high quality, that are free of
distortions were obtained during the outpatient department hours
of the pedodontics and preventive department from children
aged 12-15 years, out of which 20 were girls and 38 were boys. All
the children had fully erupted permanent incisors, canines, and
premolars in the mandible and maxilla, free from any fractures,
proximal wear, restorations, proximal caries, hypoplasia, or any
dental anomalies.

The Mesiodistal Tooth Width Measurement

A vernier gauge calibrated with a digital micrometer was used to
measure the mesiodistal widths of the individual teeth from the
study casts.'

All the teeth from the left second premolar through to the right
second premolar of each set of dental casts were measured to the
nearest 0.01 mm and entered in a Microsoft Excel spreadsheet.
The sum total of four mandibular incisors, mandibular canines,
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and premolars per quadrant, maxillary canines and premolars per
quadrant were measured together for each sex and whole sample.

Data Analysis
Data collected was then used to evaluate the applicability of
regression equations that can be used for the prediction of tooth
sizes.

Tanaka and Johnston space analysis regression equation used
for the analysis are as follows:

« Maxillary cuspid and both the premolar (3, 4, and 5) in one
quadrant = (sum total of four mandibular incisors)/2 + 11.00 mm.

« Mandibular cuspid and both the premolar (3, 4, and 5) in one
quadrant = (sum total of four mandibular incisors)/2 + 10.5 mm.

« The individual data of maxillary and mandibular were then
compared with Moyer's predictability chart.

«  The two-tailed paired t-tests were used to assess the bilateral
symmetry of the mesiodistal diameter of every single tooth
measured. Independent t-tests were utilized to look at the male
and female subjects’ estimated values. The significance of the
difference between the predicted and measured mesiodistal
diameters for each method was evaluated using the paired
t-test. The measurable programing, specifically Statistical
Package for the Social Sciences 15.0, Stata 8.0, MedCalc 9.0.1,and
Systat 11.0 were utilized for the investigation of the information,
and Microsoft Word and Succeed have been utilized to produce
diagrams, tables, and so on.

REesuLTs

The purpose of this study is to see if Tanaka and Johnston'’s
space analysis and the Moyer’s approaches to predicting the
size of permanent canines and premolars in Kanpur children are
applicable. To improve precision, the mesiodistal widths of each
tooth were measured using a digital vernier gauge with sharpened
beaks. Every tooth in each dental cast, from the left first molar to
the right first molar, was measured to the nearest 0.01 mm.

The values obtained by measuring the 58 sets of dental casts
were tabulated, and from this study, the following conclusions
were derived:

Figure 1A shows a right and left comparison of individual
teeth of the maxillary jaw in male subjects by using paired t-test.
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Figs 1A and B: (A) Right and left comparison of individual teeth of the maxillary jaw in male; (B) Right and left comparison of individual teeth of

the mandibular jaw in male

604

International Journal of Clinical Pediatric Dentistry, Volume 15 Issue 5 (September—October 2022)

i



Mixed Dentition Analysis in and around Kanpur City

Figure 1B shows a right and left comparison of individual teeth
of the mandibular jaw in male subjects. There were significant
bilateral differences (p < 0.05) found with the maxillary first molar
and maxillary premolar, and no statistical difference (p > 0.05) was
found with other teeth.

Figure 2A shows the right and left comparison of individual
teeth in the maxillary jaw in female subjects by using paired t-test.
Figure 2B shows a right and left comparison of individual teeth of
the mandibular jaw in female subjects.

There were no statistically significant bilateral differences
(p > 0.05) found with the right and left teeth of female subjects.

Figure 3A shows a comparison of the size of male and female
teeth of both the right and left sides of the maxillary jaw. Figure 3B
shows a comparison of the size of male and female teeth of both
theright and left sides of the mandibular jaw. There were significant
bilateral differences (p < 0.05) found with maxillary first molars,
and no statistically significant difference (p > 0.05) was found with
other teeth.

Figure 4A shows a comparison of the size of male and female
teeth of the maxillary jaw, taking an average of the right and left
sides. Figure 4B shows a comparison of the size of male and female
teeth of the mandibular jaw, taking an average of the right and left
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sides. Results show that the female teeth are comparatively smaller
than the male teeth. Statistically significant differences were found
with maxillary central incisors, canines and second premolars, and
mandibular central incisors, lateral incisors, and canines.

Figure 5A shows the sum total of incisors, the measured sum
total of maxillary cuspids and bicuspids (actual tooth width), and
the predicted sum total of maxillary cuspids and bicuspids by
Tanaka and Johnston space analysis prediction method in males
and females. Figure 5B shows the sum total of mandibular incisors,
the measured sum total of maxillary cuspids and bicuspids (actual
tooth width), and the predicted sum total of maxillary cuspids
and bicuspids by Moyer’s method at different probability levels in
males and females. The bar diagram also shows the results of the
paired t-test for the comparison between the measured sum total
of mesiodistal width of canines and premolars and the predicted
values derived from Tanaka and Johnston space analysis and
Moyer's method at different levels for maxillary arch. Results of
paired t-test show that the difference between the measured sum
total of mesiodistal width of maxillary canines and premolars and
the predicted values derived from the Tanaka and Johnston space
analysis method is statistically significant for the male, female, and
combined samples. The difference between the measured sum
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Figs 2A and B: (A) Right and left comparison of individual teeth in the maxillary jaw in female; (B) Right and left comparison of individual teeth

of the mandibular jaw in female
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Figs 3A and B: (A) Comparison of size of male and female teeth of both right and left sides of the maxillary jaw; (B) Comparison of size of male

and female teeth of both right and left sides of mandibular jaw

International Journal of Clinical Pediatric Dentistry, Volume 15 Issue 5 (September—October 2022)

605



Mixed Dentition Analysis in and around Kanpur City

Maxillary
N N
(o)) o] o N
Il I I J

N
1

2

0=

Cl LI C PM1 PM2 M

14 -

124

10

Mandibular

0_

Cl LI C PM1 PM2 M

I Female (average of right and left) |

[ Female (average of right and left)

d [ Male (average of right and left)

d [ Male (average of right and left)

Figs 4A and B: (A) Comparison of size of male and female teeth of maxillary jaw taking an average of right and left sides; (B) Comparison of size
of male and female teeth of mandibular jaw taking an average of right and left sides
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Figs 5A and B: (A) Mandibular incisors, the measured sum total of maxillary cuspids and bicuspids (actual tooth width), and predicted sum total of
maxillary cuspids and bicuspids by Tanaka and Johnston space analysis; (B) Sum total of mandibular incisors, the measured sum total of maxillary
cuspids and bicuspids (actual tooth width), and predicted sum total of maxillary cuspids and bicuspids by Moyer’s method
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Fig.6: Difference between the measured sum total of mesiodistal width
of canines and premolars and the predicted values derived from Tanaka
and Johnston space analysis and Moyer’s method

total of mesiodistal width of maxillary canines and premolars and
the predicted values derived from Moyer’s method is statistically
significant at 15, 25, 35, 75, 85, and 95% levels for the male sample,
at 15, 25, 35,50, 85,and 95% levels for the female sample, and at 15,
25, 35, 50, 75, 85, and 95% levels for the combined sample. The
difference between the measured sum total of mesiodistal width of
maxillary canines and premolars and the predicted values derived
from Moyer’s method is statistically not significant at 50 and 65%
levels for the male sample, at 65 and 75% for the female sample,
and at 65% for the combined sample.

Figure 6 shows the difference between the measured sum total
of mesiodistal width of canines and premolars and the predicted
values derived from Tanaka and Johnston space analysis and
Moyer’s method at different levels for the maxillary arch in males
and females.

Figure 7A shows the sum total of mandibular incisors, the
measured sum total of mandibular cuspids and bicuspids (actual
tooth width), and the predicted sum total of mandibular cuspids
and bicuspids by Tanaka and Johnston space analysis prediction
method in males and females. Figure 7B shows the sum total of
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Figs 7A and B: (A) Sum total of mandibular incisors, the measured sum total of mandibular cuspids and bicuspids (actual tooth width), and predicted
sum total of mandibular cuspids and bicuspids by Tanaka and Johnston space analysis; (B) Sum total of mandibular incisors, the measured sum
total of mandibular cuspids and bicuspids (actual tooth width), and predicted sum total of mandibular cuspids and bicuspids by Moyer’s method

mandibular incisors, the measured sum total of mandibular cuspids
and bicuspids (actual tooth width), and the predicted sum total of
mandibular cuspids and bicuspids by Moyer’s method at different
probability levels in male and female. This also shows the results
of the paired t-test for the comparison between the measured
sum total of mesiodistal width of canines and premolars and
the predicted values derived from Tanaka and Johnston space
analysis and Moyer’s method at different levels for mandibular
arch. Results of paired t-test show that the difference between the
measured sum total of mesiodistal width of mandibular canines
and premolars and the predicted values derived from the Tanaka
and Johnston space analysis method is statistically significant for
the male, female, and combined sample. The difference between
the measured sum total of mesiodistal width of mandibular canines
and premolars and the predicted values derived from Moyer's
method is statistically significant at 15, 25, 35, 65, 75, 85, and 95%
levels for the male sample, at 15, 25, 35, 50, 85, and 95% levels for
the female sample, and at 15, 25, 35, 50, 75, 85, and 95% levels for
the combined sample. The difference between the measured sum
total of mesiodistal width of mandibular canines and premolars and
the predicted values derived from Moyer’s method is statistically
not significant at 50% level for the male sample, at 65 and 75% for
the female sample, and at 65% for the combined sample.

Figure 8 shows the difference between the measured sum total
of mesiodistal width of canines and premolars and the predicted
values derived from Tanaka and Johnston space analysis and
Moyer’s method at different levels for the mandibular arch in males
and females.

Results show that the corelation of the sum total of mandibular
incisors (specific language impairment) and the sum total of
predicted mesiodistal width of mandibular canines and premolars
by Tanaka and Johnston method and Moyer’s method at different
levels with the sum total of actual mesiodistal tooth widths of
mandibular canines and premolars for male, female, and the
combined sample is statistically significant. Though the measured
values of the sum total of the mesiodistal diameter of canines and
premolars in both the arches fall between 50 and 65% for the male
sample, between 65 and 75% for the female sample, and at 65%
for the combined sample, 65% value is taken into consideration
because most of the values are falling nearer to the 65% probability
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Fig. 8: Difference between the measured sum total of mesiodistal width
of canines and premolars and the predicted values derived from Tanaka
and Johnston space analysis and Moyer’s method

range. The least statistically significant difference was obtained
only at the 65% level of Moyer’s probability chart for male, female,
and combined samples.

Discussion

Early diagnosis and treatment planning in the mixed molar stage rely
heavily on predicting the size of pre-erupted canines, premolars,
and the available space to accommodate them."” By analyzing the
mixed dentition, the dentist has the first opportunity to determine
the risk of misalignment and space loss. One of the most crucial
aspects of orthodontic research is measurement reliability, or the
capacity to consistently obtain the same measurement across
multiple measurements.

For the entire sample (n = 58), the paired t-test was used to
compare individual differences in left and right mean diameters.
Statistically, there was no difference between the right and left
teeth (p > 0.05). This is due to the fact that the same factors that
affect a tooth will also affect its life span.
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The present results were found to be consistent with another
investigator Melgaco et al.’® Independent t-test results show
that the mean tooth width of male subjects is always larger than
that of female subjects in the upper and mandibular arches.
This is consistent with the studies of Dahlberg,'® Moorrees
and Reed,?® Bishara and Jakobsen,?’ Hattab et al.,*? and Yeun
et al.2® Therefore, the results indicate the presence of sexual
dimorphism. This, therefore, requires separate prediction formulas
and probability tables for men and women. In this study, the
predicted values of the mesiodistal diameters of the canines and
premolars obtained by the spatial analysis technique of Tanaka
and Johnston space analysis showed an overestimation when
applying the prediction equation to guess the total number of
mandibular incisors plus 11 for the upper arch and the sum total
of the mandibular incisors plus 10.5 for the mandibular arch. This
difference can be explained by the difference in racial origin of
this study sample and that of Tanaka and Johnston space analysis.
This finding is consistent with other researchers (Bishara and
Jakobsen?' and Vijayashree and Vijay?*), who in their study, found
that Tanaka and Johnston’s space analysis prediction equation
overestimated the width dimension of canines and premolars in
the study sample.

This study found that Moyer’s tables can be used at probabilities
of 50 and 65% for the upper function, 50% for the imperative
function, and other probabilities of 65 and 75% for the maxilla
and mandible in girls, respectively, and 65% probabilities for the
maxilla and mandible in the combined sample. It can be observed
throughout the bar graph that the 50% Moyer probability level
shows maximum agreement with the actual measured values
of the sum total of the mean canine and premolar diameters for
the given canine and premolars, the corresponding mean sum
total of the mesiodistal diameters of the mandibular incisors for
the maxillary and mandibular arches in the male sample, and at
the 65% probability level for the maxillary and mandibular arches
in the female sample.

Thus, the measured values of the total mesiodistal diameter of
the canines and premolars in both arches range from 50 to 75%, the
probability level in men and women. This result is consistent with
the study carried out in Chennai (South India) by Kommineni et al.2®

In the present study, the statistical evaluation showed a
positive corelation between the total width of the mandibular
permanentincisors and the total mesiodistal diameters of canines
and premolars of the maxillary and mandibular arches in boys, girls,
as well as samples.

Although predictions were maintained by taking precautions,
this study was based solely on children’s fully erupted teeth. If
retrospective data with long-term follow-up are available, we
can accurately assess the mean width of unerupted canines and
premolars and provide a formula to apply to predict values for a
particular population group. The current data can be retained as
a basis for future studies to provide a new regression equation
to increase the prediction accuracy for unerupted canine and
premolar.

CONCLUSION

The study shows these conclusions.

Significant gender dimorphism in tooth size is observed
among children in Kanpur city. Both boys and girls had significant
bilateral symmetry. The sum total of the mesiodistal diameters
of the mandibular permanent incisors can be used to accurately
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predict the sum total of the mesiodistal diameters of the premolars
and canines before they begin to erupt. Tanaka and Johnston’s
space analysis technique couldn’t precisely foresee the mesiodistal
widths of canines and premolars before their emissions in Kanpur
city youngsters because of the high changeability in gauges.
Moyer’s table can be used, according to this study, at the 50 and
65% probability levels for the upper jaw, and the 50% probability
level for the imperative function for male subjects. It can also
be used at the 65% probability level and 75% probability levels
for the upper and mandibular jaws in female subjects, and at
the 65% probability level for the upper and mandibular jaws in
the combined sample.
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