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Abstract
Aim: The aim of this pilot study was to evaluate
equations for predicting the size of unerupted
canines and premolars during the mixed dentition
period in an Iranian population.
Methods and Materials: This cross-sectional
analysis was performed on 106 subjects (52
girls, 54 boys, aged 13–15 years). Data were
obtained from dental cast by making direct
measurements of the maximum mesiodistal
widths of all mandibular and maxillary incisors,
canines, premolars, and first molars with an
electronic digital sliding caliper, with an accuracy
of ±0.02 mm and repeatability of ±0.01 mm. The
results were statistically analyzed using Student t
tests, Pearson product-moment coefficients, and
ANOVA tests. Correlation coefficients (r) and error
variance of estimates were determined using a
significance level of p<0.05.
Results: No significant differences were found
between the mesiodistal tooth widths of males
and females in this Iranian population. The
highest correlation was between the sum of
the mesiodistal width of canines and premolars
in the maxilla with the mesiodistal width of the
mandibular first molars and maxillary central
incisors (r=0.742). A moderate correlation
was obtained in the mandible (r=0.665).
Approximations were developed to predict the
size of the unerupted canines and premolars in
both jaws (in the maxilla, Y = 0.740X + 14.271,
or the simplified formula, Y = 3/4X + 14; for the

mandibular arch, Y = 0.658X + 16.353, or the
simplified formula, Y = 2/3 X + 16).
Conclusion: The strongest correlation was found
for the sum of the mesiodistal width of canines
and premolars in the maxilla with the mesiodistal
width of the mandibular first molars and maxillary
central incisors in the maxillary analysis (r=0.742).
A moderate correlation was found in the mandible
for the sum of the mesiodistal width of canines
and premolars with the mesiodistal width of the
mandibular first molars and maxillary central
incisors (r=0.665).
Clinical Significance: The simplified equations
proposed for the maxillary arch (Y = 3/4 X + 14)
and for the mandibular arch (Y = 2/3 X + 16) offer
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an easy and practical way to predict the size of
unerupted canines and premolars in the maxillary
and mandibular arches of Iranian children.
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Introduction
Predicting the size of unerupted teeth during
the mixed dentition period is a critical factor in
managing the developing occlusion of growing
children. An accurate prediction can help determine
whether the available space in the posterior
segments is sufficient to allow the permanent
teeth to erupt freely with good alignment in their
respective arches.1 Three prediction methods
are typically used: direct measurement of the
unerupted tooth size on radiographs,2,3 calculations
from prediction equations and tables,4–6 and a
combination of radiographic measurements and
prediction tables.2,7,8
The Hixon and Oldfather7 approach is considered
to be the most accurate,9,10 but it is complex
and many find it difficult to use. The Tanaka
and Johnston5 prediction equations and table
are also widely used.11 However, they were
developed for Caucasian North American
children. Consequently, their use is questionable
in other populations because tooth sizes vary
significantly between and within different ethnic
groups.8,11,12 Moyers’ regression scheme has
achieved widespread clinical acceptance because
of its simplicity and ease of application.4 Since it
was published, several simple linear regression
equations have been proposed for populations of
different ethnic origins,11,13–16 with mixed dentition
analyses varying among different racial and
population groups.
Therefore, this study was designed to evaluate
new equations for predicting the width of
unerupted canines and premolars during the
mixed dentition period in an Iranian population.

Methods and Materials
This pilot study was carried out on 106 subjects
(52 girls, 54 boys, aged 13–15 years) selected
randomly from among 1,400 students in the
seven regional directories of the Mashhad (Iran)
population. Informed consent was obtained prior
to the investigation. The inclusion criteria used
were complete permanent dentition with no caries,
proximal restorations, attrition, or dental anomalies;
all teeth fully erupted to the occlusal plan; no
previous or ongoing orthodontic treatment; and
no horizontal discrepancies such as cross bite or
scissors bite.
Polyvinyl silicone impressions (Speedex, Coltène/
Whaledent, Germany) were obtained from each
subject. The impressions were poured in a type IV
dental stone (Elite Rock, Italy) on the same day
by an experienced dental laboratory. Data were
obtained by measuring the dental casts of the
study subjects. Measurements of the maximum
mesiodistal widths of all mandibular and maxillary
incisors, canines, premolars, and first molars (except
upper lateral incisors) were made by a single
investigator with an electronic digital sliding caliper
(Guanglu, GB/T14899-94, China), with an accuracy
of ±0.02 mm and repeatability of ±0.01 mm. To
gain easier access to the interdental spaces, the
measuring tips of the digital caliper were reshaped
to reduce the diameter of the two tips.
Each tooth was measured twice. Intra-examiner
reliability was predetermined at 0.2 mm.8 When
the two sets of measurements varied by 0.2 mm or
less, the measurements were averaged; otherwise,
a new set of measurements was made and the
nearest three measurements were averaged.8
Using the sum of the mesiodistal widths of the
mandibular first molars and maxillary central
incisors as reference teeth, the following equation
was used: Y = ax + b. The Y variable (dependent
variable) refers to the predicted sum of the
mesiodistal widths (mm) of the maxillary or
mandibular permanent canines and premolars on
both sides. The X variable (independent variable)
refers to the sum of the mesiodistal width (mm)
of the maxillary permanent central incisors plus
the mesiodistal widths of the mandibular first
permanent molars on both sides. The constant b is
the Y intercept, and the constant a is the slope of
the regression.
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The Kolmogorov-Smirnov test was used to
confirm the normality of the data. Pearson
product-moment coefficients were used to
estimate the correlation between the mesiodistal
widths of canines and premolars in the maxilla
and mandible with reference teeth (maxillary
central incisors, maxillary first molars, mandibular
incisors, and mandibular first molars). Student
t tests were carried out to compare tooth
sizes between the sexes and the right and
left sides of the arches. Statistical calculations
and analyses, including error variance of the
estimates (MSE), correlation coefficients (r),
coefficients of determination (r2), and analysis of
variance (ANOVA) of the regression equations
were performed using the SPSS for Windows
statistical computer package (SPSS 15.1 release
software Inc., Chicago, Illinois, USA). Statistical
significance was established at the p<0.05 level.

Results
By using the multivariable stepwise regression
analysis, no significant differences were found
between the mesiodistal tooth widths of males
and females and between the left and right sides
of both arches in this population (Table 1).
Table 2 shows the linear regression equations
for all reference teeth. The highest correlation
was between the sum of the mesiodistal widths
of canines and premolars in the maxilla with
the mesiodistal widths of the mandibular first
molars and maxillary central incisors (r=0.742). A

moderate correlation was obtained in the mandible
(r=0.665).
Using the sum of the mesiodistal widths of the
mandibular first molars and maxillary central
incisors as reference teeth, the following equations
were developed (Y = ax + b): for the maxilla,
Y = 0.740X + 14.271 (simplified, Y = 3/4X + 14);
for the mandible: Y = 0.658X + 16.353 (simplified,
Y = 2/3X + 16) (Tables 2 and 3).
The differences (in mm) between the regression
values of the actual sum of the permanent canine
and the first and second premolars of Iranian
subjects and those predicted from the Tanaka and
Johnston5 equations for same subjects for the
upper and lower arches are presented in Table 4.
The scatter plots of the data show the presence
of outlying values, the linearity of the relationship,
and the width of 95 percent confidence bands
around the regression line (Figures 1and 2).
The prediction error ΔY(–1.5±1.5 mm) was
estimated as the sum of the mesiodistal widths
of the canine and premolars on both sides in a
dental arch using the simplified equations indicated
(Figures 3 and 4). The prediction accuracy was
higher in the maxilla than in the mandible. In
54.36 percent of subjects, the simplified equations
overestimated the real size of the maxillary
canines and premolars. In 54 percent of subjects,
the mandibular canines and premolars were
underestimated (Figures 3 and 4).

Table 1. Mean linear measurements (mm) for the canines and
premolars by gender from the left and right sides of arches.
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Table 2. Regression parameters for prediction of sum of maxillary
or mandibular canines and premolars.

Table 3. Descriptive statistics of simplified regression equations for reference teeth.

Table 4. Descriptive statistics of Tanaka and Johnson regression equations
in the maxilla and the mandible.

Discussion
It is documented that different racial and ethnic
groups present variations in the mesiodistal widths
of permanent teeth.8,12,17–19 Thus, data collected
from one ethnic group to predict the size of
unerupted permanent teeth might not be applicable
to another.10,11,13,20 Variations in the results among
different studies might be attributable to different
sample sizes, methods of analysis, ethnic groups,
and/or standard deviations.21

Data from the present study were used to
generate statistically significant equations that
could be used to predict unerupted canine and
premolar widths in Iranian children (Table 2).
For both sexes, the prediction of canines and
premolars could be made from the sum of the
mesiodistal widths of the mandibular incisors
and first molars as reference teeth. The values
obtained from regression equations provide good
results, but many investigators prefer multiple
linear regression equations over simple regression.
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Figure 1. Actual versus predicted values of permanent canines and premolars (line
represents perfect correlation between values) in maxilla.

Figure 2. Actual vs. predicted values of permanent canines and premolars (line
represents perfect correlation between values) in mandible.
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Figure 3. Prediction error (ΔY) in maxilla (Y = 3/4X + 14).

Figure 4. Prediction error (ΔY) in mandible (Y = 2/3X + 16).

Because of the greater number of variables,
multiple linear regression equations provide higher
correlation, correlation coefficients, and improved
accuracy.14,22–26 However, these equations are
complex and difficult to memorize, justifying the
use of the simple equations adopted here.
A strong correlation was observed between the
size of the permanent mandibular first molars
and permanent maxillary central incisors and
the size of canines and premolars in the maxilla
(r=0.742). The coefficients of determination (r2)
in Table 1 indicate the predictive accuracy of
regression equations for Y (the sum of mesiodistal
widths of canines and premolars) based on the
values of X (the corresponding sum of mesiodistal
widths of maxillary central permanent incisors
and mandibular first permanent molars). In the
present study, the r2 values were 55 percent
and 45 percent for the sum of the maxillary and
mandibular canines and premolars, respectively,

and were determined from the sum of the maxillary
central incisors and mandibular first molar widths.
The X value of the maxillary regression equation
seemed to determine Y better than that of the
mandibular regression equation. Our r2 results
are larger than those obtained by Supanee et
al.26 or Jaroontham et al.,16 but smaller than those
determined by Yuen et al.,13 Uysal et al.,27 or Diagne
et al.28 These differences in the r2 values of these
studies might be attributable to the effects of different
sample sizes, reference teeth, and ethnic mixes.
An ANOVA of regression showed a highly significant
relationship between the corresponding X and
Y values used for developing the regression
equations (p<0.001). The lower the MSE, the better
is the prediction equation. The MSE values for the
maxillary and mandibular arch equations developed
in this analysis were 1.951 and 2.004, respectively,
indicating greater accuracy of the new analysis in
the maxilla and mandible than other results (Table
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2). These findings, coupled with the r2 values of
the regressions, suggest that we can use this
new analysis in an Iranian population with more
accuracy than the other references used in this
study (Table 2).
The prediction error (ΔY) of the simplified
equations in the present study indicated that the
maxillary analysis tended to overestimate the
canine and premolar sizes. An ideal prediction
method should result in no difference between the
predicted and actual widths of permanent canines
and premolars. However, prediction methods are
not 100 percent precise and can overestimate
or underestimate the actual size of unerupted
teeth.4,29 Overestimation, within 1 mm beyond
the actual widths of the permanent canines and
premolars on each side of the arch, seems to be
better at preventing lack of space and should not
seriously affect an extraction or nonextraction
decision.3,22,30 The prediction error in the maxillary
equation was between –1 and +1 mm a greater
percentage of the time (59.5 percent) than the
prediction error in the mandibular equation (49
percent). Such results indicate that the prediction
accuracy was higher in the maxilla than in the
mandible when we used the sum of the maxillary
centrals and mandibular first molars to predict the
actual size of canines and premolars. This finding
was similar to that reported by Paredes et al.31
This outcome was demonstrated in this study
by the statistically significant differences seen
between the means of actual mesiodistal widths
of permanent canines and premolars of Iranian
adolescents and those derived from the Tanaka
and Johnston equations for subjects from
northwestern European ancestry.5 The Tanaka and
Johnston5 regression equations overestimated
the mesiodistal widths of permanent canines and
premolars (Δy <0).
Current research, including the present study,
supports the view that ethnic differences are
likely to be important variables in tooth-size
prediction equations. The prediction analyses
(for the maxillary arch, Y = 3/4X + 14, and for the
mandibular arch, Y = 2/3X + 16) based on the
present study could be used in Iranian children.
And additional investigations, with a larger sample
size, are recommended to confirm the outcomes of
this study.

Conclusion
The simplified equations proposed for the
maxillary arch (Y = 0.740X + 14.271, or the
simplied formula, Y = 3/4X + 14) and for the
mandibular arch (Y = 0.658X + 16.353, or the
simplified formula, Y = 2/3X + 16) are practical
ways to predict the size of unerupted canines and
premolars in the maxillary and mandibular arches
for the Iranian children evaluated in this study.
The mesiodistal linear measurements of the
teeth in the maxillary arch (r=0.742) were more
accurately predicted than those for the teeth in
the mandibular arch (r=0.665).

Clinical Significance
The simplified equations proposed for the
maxillary arch (Y = 3/4X + 14) and for the
mandibular arch (Y = 2/3X + 16) provide an easy
and practical way to predict the size of unerupted
canines and premolars in the maxillary and
mandibular arches of Iranian children.
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