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New Regression Equations for Predicting the Size of Unerupted
Canines and Premolars in a Contemporary Population

Abdul Wahab Nourallah, MSa; Dietmar Gesch, MSa; Mohammad Nabieh Khordaji, PhDb;
Christian Splieth, PhDc

Abstract: The determination of a tooth-size to arch-length discrepancy in the mixed dentition requires
an accurate prediction of the mesiodistal widths of the unerupted permanent teeth. This is an essential
factor in treatment planning. The aim of this study was to validate Tanaka and Johnston’s analysis on 600
Syrian patients aged 14–22 years. Tanaka and Johnston’s tables, equations, and approximations were mod-
ified in order to improve the accuracy of the prediction. The correlation coefficients found between the
size of the permanent mandibular central incisors and maxillary first molars (31, 41, 16, and 26) and the
maxillary and mandibular canines and premolars were high (r 5 .72 and .74, respectively). New, more
accurate prediction tables applicable at earlier ages, and new regression equations were constructed. In
addition, new easier approximations were developed to allow the prediction of the size of the unerupted
maxillary canines and premolars by adding 6 mm to the half-widths of teeth 31, 41, 16, and 26. The
analogous prediction of the size of the unerupted mandibular canines and premolars was obtained by adding
5.5 mm to the half-widths of same teeth, 31, 41, 16, and 26. (Angle Orthod 2002;72:216–221.)
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INTRODUCTION

Predicting the size of unerupted teeth during the mixed
dentition period is a critical factor in managing the devel-
oping occlusion of a growing child. The ability to predict
the sizes of unerupted posterior teeth in the mixed dentition
is of prime importance if a good treatment plan is to be
established.1–3 An accurate prediction can help answer the
traditional question of whether the available space in the
posterior segments is sufficient to allow the permanent teeth
to erupt freely with good alignment in their respective arch-
es.4

The widely used Tanaka and Johnston Space Analysis is
a simple method to predict the sizes of unerupted canines
and premolars in mixed dentition with an acceptable ac-
curacy for both jaws and both genders.5–8 This analysis has
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been in use in the Department of Pediatric Dentistry at Da-
mascus University, Syria, since 1987.

More than 10 years experience in implementing the Ta-
naka and Johnston analysis has shown that it overestimates
the sizes of unerupted canines and premolars in the majority
of cases when used in Syrian or other Arabian populations.9

Accuracy, safety, and simplicity are important criteria for
a predictive method to become a part of the comprehensive
case analysis in contemporary orthodontic practice. A re-
view of the literature regarding space analysis in the mixed
dentition shows four main methods for estimating the sizes
of canines and premolars prior to eruption.10

Some methods, based on tooth size averages use estab-
lished tables of average tooth sizes.11,12 Moorrees13 set a
nomograph to predict the sizes of unerupted teeth based on
the average sizes of the primary teeth.

Other methods are based on measurements taken directly
from radiographs, as reported by McCoy14 and Nance,15 or
by a proportional fraction.12,16 DePaula et al17 suggested the
use of 45-degree cephalometric radiographs to predict the
mesiodistal diameter of the relevant teeth.

Still other methods use regression equations based on the
high linear correlation between relevant groups of teeth.
The common factor in this category is the possibility of
predicting the sizes of unerupted teeth by using the widths
of other fully erupted permanent teeth. Seiple18 published
the first study in this field and Carey19 was the first who
proved the existence of a good linear correlation between
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TABLE 1. The Highest Correlation Coefficients of Tooth Groups by Tooth Type and Gendera

Group Tooth Groups

Maxillary Canines and Premolars

Male (r) Female (r) Total (r)

Mandibular Canines and Premolars

Male (r) Female (r) Total (r)

1
2
3
4
5
6
7
8
9

31, 41
11, 12, 21, 22
16, 26
11, 21, 31, 41
31, 32, 41, 42
16, 26, 26, 46
31, 32, 41, 42, 36, 46
31, 41, 16, 26
31, 32, 41, 42, 11, 21

.61

.71

.68

.66

.66

.68

.74

.73

.69

.59

.70

.66

.62

.64

.65

.74

.70

.65

.60

.71

.68

.65

.67

.68

.74

.72

.67

.61

.72

.71

.68

.70

.74

.78

.75

.76

.61

.71

.70

.64

.66

.74

.76

.72

.66

.62

.72

.71

.66

.68

.74

.77

.74

.69

a r indicates correlation coefficient.

the size of the permanent lower incisors and the size of the
permanent canines and premolars. Ballard and Wylie20 more
closely examined Carey’s study and established the first re-
gression equations. Hixon21 and Oldfather22 reached similar
results. Moyers23 suggested two probability tables to predict
the sizes of unerupted teeth in the mixed dentition using
the sum of the widths of the four mandibular permanent
incisors, and presented this as a part of a mixed dentition
analysis. Other authors24,25 devoted a separate equation to
each jaw and gender and presented an analysis with a sep-
arate equation for each gender. Fonseca26 introduced an ad-
ditional variable (maxillary first permanent molars with
maxillary four permanent incisors) to establish a multiple
regression equation. Tanaka and Johnston8 reassessed Moy-
ers’ analysis and established a simple approximation to pre-
dict the widths of unerupted canines and premolars for both
jaws and genders by using the sizes of the four mandibular
permanent incisors.

A combination of methods two and three uses the tooth
widths measured from radiographs in a regression equation.
Hixon and Oldfather21,22,27 established a regression equation
where the sizes of unerupted mandibular canines and pre-
molars could be predicted after measuring the mandibular
premolars on a radiograph. Stahle28 modified Oldfather’s
method by including the sizes of the mandibular permanent
incisors. Moyers’ analysis was also modified by other au-
thors.29,30 suggested a modification for Moyers analysis.
Several investigators have studied a combined analysis of
measurements from radiographs and multiple regression
equations.12,31,32

Tanaka and Johnston’s8 analysis is in use in the Pediatric
Dentistry Department of Damascus University because it is
uncomplicated, flexible, relatively accurate and noninva-
sive. However, tooth sizes vary significantly between dif-
ferent populations and races.3,33 Because of the secular trend
of tooth sizes,34 this study was designed to examine the
accuracy of Tanaka and Johnston’s8 analysis on a Syrian
population and to attempt to find a more accurate formula
for predicting the sizes of unerupted canines and premolars
for a Syrian population.

MATERIALS AND METHODS
Plaster models of 600 14- to 22-year-old patients (320

men and boys, 280 women and girls) were selected from
the records of the Orthodontic Department at Damascus
University. All patients had all relevant teeth fully erupted
and presented with no proximal caries or fillings, morpho-
logical anomalies, missing teeth, proximal or occlusal abra-
sion, or bruxism.

A pointed Vernier Caliper (0.02 mm accuracy) was used
to measure the mesiodistal widths of all teeth according to
the method described by Seiple18 and Moorrees et al.13,35 In
each case, one experienced examiner took two separate
measurements of each tooth and the mean value was used
for further data analysis.

The computerized data were analyzed in cooperation
with the Department of Biostatistics at Tishreen University
in Syria according to the Tanaka and Johnston analysis.
Applying the probability theory, the teeth were divided into
more than 100 possible groups. Table 1 indicates the nine
most important groups. Correlation coefficients between in-
dividual and grouped teeth were calculated36 and confidence
intervals37 were constructed according to Tanaka and John-
ston.8

Finally, new equations were developed to optimize the
Tanaka and Johnston’s8 analysis. The accuracy of these new
equations was tested on a random sample of 50 new cases,
and the results were compared with those of Tanaka and
Johnston.8

RESULTS
The crown widths of all teeth measured were normally

distributed. Correlation coefficients were calculated be-
tween the tooth groups (Table 1) and were remarkable in
groups five and eight, which can be used to establish re-
gression equations. Although other high values were also
found, they cannot be used in regressions because of local
complicating factors such as distal gingival coverage or late
eruption (eg, group seven) or morphological drawbacks
such as a deformity of the maxillary lateral permanent in-
cisor (eg, group two).

The correlation coefficients for group five differ from
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TABLE 2. Probability of Predicting the Sizes of the Unerupted Maxillary Canines and Premolars from the Sum of Widths of the Four Mandibular
Permanent Incisors

CIa

Sum of the Mesiodistal Widths of the Four Mandibular Permanent Incisors

20.5 21 21.5 22 22.5 23 23.5 24 24.5 25 25.5 26 26.5 27

95%
85%
75%
65%
50%
35%
25%
15%
5%

21.4
21.2
21.0
20.8
20.6
20.2
19.9
19.6
19.3

21.7
21.5
21.3
21.1
20.8
20.5
20.1
19.9
19.6

22.0
21.8
21.6
21.4
21.1
20.7
20.4
20.1
19.9

22.3
22.1
21.8
21.6
21.3
21.0
20.7
20.4
20.1

22.7
22.4
22.2
21.9
21.6
21.3
21.0
20.7
20.3

23.0
22.8
22.5
22.1
21.8
21.4
21.1
20.8
20.5

23.4
23.1
22.8
22.5
22.1
21.7
21.4
21.0
20.7

23.7
23.3
23.0
22.7
22.3
22.0
21.6
21.3
20.9

23.9
23.6
23.3
23.0
22.6
22.2
21.9
21.6
21.3

24.1
23.8
23.5
23.1
22.8
22.4
22.1
21.9
21.6

24.4
24.1
23.8
23.4
23.1
22.7
22.4
22.2
21.8

24.6
24.3
23.9
23.7
23.3
23.0
22.7
22.4
22.1

24.9
24.6
24.3
23.9
23.6
23.2
22.9
22.6
22.4

25.2
24.9
24.7
24.4
23.9
23.6
23.3
23.1
22.8

a CI indicates confidence intervals.

TABLE 3. Probability of Predicting the Sizes of the Unerupted Mandibular Canines and Premolars from the Sum of the Widths of the Four
Mandibular Permanent Incisors

CIa

Sum of the Mesiodistal Widths of the Four Mandibular Permanent Incisors

20.5 21 21.5 22 22.5 23 23.5 24 24.5 25 25.5 26 26.5 27

95%
85%
75%
65%
50%
35%
25%
15%
5%

21.5
21.1
20.7
20.4
19.8
19.4
18.9
18.6
18.3

21.8
21.4
21.0
20.6
20.1
19.7
19.3
19.0
18.7

22.0
21.7
21.4
20.9
20.4
19.9
19.6
19.3
19.0

22.4
22.0
21.8
21.3
20.7
20.4
20.0
19.7
19.3

22.7
22.4
22.0
21.6
21.0
20.5
20.1
19.8
19.5

23.0
22.6
22.2
21.8
21.3
20.9
20.5
20.2
19.8

23.2
22.8
22.4
22.0
21.6
21.2
20.8
20.6
20.2

23.5
23.1
22.8
22.3
21.9
21.5
21.2
20.8
20.5

23.7
23.4
23.1
22.7
22.2
21.8
21.5
21.1
20.8

23.9
23.6
23.3
22.9
22.5
22.1
21.8
21.5
21.2

24.2
23.8
23.5
23.2
22.8
22.4
22.1
21.8
21.5

24.5
24.1
23.9
23.6
23.1
22.8
22.5
22.2
21.9

24.8
24.4
24.1
23.8
23.4
23.1
22.8
22.5
22.3

25.1
24.8
24.4
23.9
23.6
32.2
23.0
22.8
22.5

a CI indicates confidence interval.

TABLE 4. Probability of Predicting the Sizes of Unerupted Maxillary Canines and Premolars from the Sum of the Widths of Mandibular Central
Permanent Incisor and Maxillary First Permanent Molars

CIa

Sum of the Widths of the Mandibular Central Permanent Incisors
and Maxillary First Permanent Molars

28.5 29 29.5 30 30.5 31 31.5 32 32.5 33 33.5 34 34.5 35

95%
85%
75%
65%
50%
35%
25%
15%
5%

20.9
20.7
20.4
20.1
19.9
19.6
19.3
19.0
18.8

21.2
20.9
20.7
20.4
20.1
19.9
19.6
19.3
19.1

21.5
21.3
21.0
20.7
20.3
20.1
19.9
19.7
19.5

21.8
21.6
21.3
20.9
20.6
20.4
20.1
19.9
19.7

22.1
21.9
21.6
21.2
20.9
20.7
20.4
20.1
19.9

22.4
22.0
21.8
21.4
21.1
20.9
20.7
20.4
20.1

22.7
22.3
22.1
21.7
21.4
21.1
20.9
20.7
20.4

22.9
22.6
22.4
21.9
21.6
21.4
21.2
20.9
20.7

23.2
23.0
22.7
22.2
21.9
21.7
21.5
21.2
20.9

23.5
23.1
22.9
22.5
22.1
21.9
21.7
21.5
21.2

23.7
23.4
23.1
22.7
22.4
22.2
21.9
21.7
21.5

23.9
23.6
23.4
22.9
22.6
22.4
22.1
21.9
21.7

24.2
23.9
23.7
23.3
22.9
22.7
22.4
22.2
21.9

24.6
24.3
24.0
23.6
23.2
22.9
22.7
22.4
22.1

a CI indicates confidence intervals.

those in Tanaka and Johnston’s study, and require modifi-
cation using the equations. The correlation coefficients for
group eight were higher and are used here as a base for
establishing new equations.

The confidence intervals were calculated38 and sorted
into two prediction tables (Tables 2 and 3), by which the
sizes of unerupted teeth can be predicted at different levels
of confidence for both jaws (as in Tanaka and Johnston’s8

and Moyers’23 methods) by using the widths of the four
mandibular permanent incisors.

The confidence level of 75% was utilized to constrict a
simple form of regression equations: Y 5 A 1 B(X) where
Y equals the predicted sizes of canines and premolars, A
and B are the equation’s constants, and X is defined as the
sum of widths of the four mandibular permanent incisors.

According to our analysis, the regression equation was:
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TABLE 5. Probability for Predicting the Sizes of Unerupted Mandibular Canines and Premolars from the Sum of the Widths of Mandibular
Central Permanent Incisors and Maxillary First Permanent Molars

CIa

Sum of the Widths of the Mandibular Central Permanent Incisors and
Maxillary First Permanent Molars

28.5 29 29.5 30 30.5 31 31.5 32 32.5 33 33.5 34 34.5 35

95%
85%
75%
65%
50%
35%
25%
15%
5%

20.1
19.9
19.7
19.5
19.3
19.1
18.8
18.6
18.3

20.4
20.2
20.0
19.8
19.6
19.4
19.1
18.9
18.6

20.8
20.6
20.3
20.1
19.9
19.7
19.4
19.1
18.9

21.2
20.9
20.6
20.4
20.2
19.9
19.7
19.4
19.1

21.5
20.2
20.9
20.6
20.4
20.2
19.9
19.7
19.4

21.8
21.5
21.2
20.9
20.7
20.4
20.1
19.9
19.7

22.0
20.7
21.4
21.2
20.9
20.7
20.5
20.2
20.0

22.3
22.1
21.8
21.5
21.2
20.9
20.7
20.5
20.3

22.6
22.2
21.9
21.7
21.5
21.3
21.1
20.8
20.6

22.8
22.5
22.2
22.0
21.7
21.5
21.3
21.0
20.8

23.0
22.7
22.5
22.2
22.0
21.8
21.6
21.4
21.1

23.3
23.1
22.8
22.5
22.3
22.1
21.9
21.6
21.4

23.6
23.3
23.0
22.7
22.5
22.3
22.1
21.9
21.6

23.9
23.7
23.4
23.1
22.8
22.6
22.3
22.0
21.8

a CI indicates confidence intervals.

TABLE 6. Comparison of Mean Tooth Sizes

Study

Ballard41 Stahle28 Black11

Moyers23

(Tanaka
and

John-
ston8)

Present
Study

Maxilla

Central incisor
Lateral incisor
Canine
1st premolar
2nd premolar
1st molar

8.91
7.08
8.00
7.27
7.14

10.98

8.68
6.85
7.89
7.07
6.84
—

9.00
6.40
7.60
7.20
6.80

10.70

8.70
6.90
7.75
6.70
6.60

10.40

8.79
6.80
7.87
7.02
6.72

10.46

Mandible

Central incisor
Lateral incisor
Canine
1st premolar
2nd premolar
1st molar

5.67
6.28
7.12
7.36
7.50

11.17

5.31
6.00
6.89
7.20
7.28
—

5.40
5.90
6.90
6.90
7.10

11.20

5.45
5.45
6.75
6.85
7.20

10.50

5.54
6.07
6.91
7.08
7.19

11.23

TABLE 7. Comparison of Correlation Coefficients, Regression Coefficients, and Standard Errors Between Tanaka and Johnston,8 the Present
Study, and the New Analysis

Canines and
Premolars

Correlation Coefficient

1 2 3

Regression Coefficients

A

1 2 3

B

1 2 3

Standard Errors of
Estimated Values

1 2 3

Maxilla
Mandible

0.67
0.68

0.63
0.65

0.72
0.73

9.87
9.32

10.4
9.18

5.38
4.93

0.50
0.55

0.51
0.54

0.50
0.52

0.79
0.83

0.86
0.85

0.61
0.59

1 indicates present study; 2, Tanaka and Johnston; 3, new analysis.

Y 5 9.87 1 0.50(X) for the maxilla, and Y 5 9.32 1
0.55(X) for the mandible.

The standard error of the estimated values was 0.79 for
the maxillary equations and 0.83 for the mandibular equa-
tions. To predict the sizes of unerupted canines and pre-

molars in the mixed dentition for maxillary teeth, a simple
approximation was established by adding 10.6 mm to half
the widths of the four mandibular permanent incisors, and
by adding 10.2 mm to the same teeth to predict the sizes
of mandibular canines and premolars.

The New Analysis Equations

A strong correlation between the sizes of mandibular
central permanent incisors and maxillary first permanent
molars and the sizes of the unerupted canines and premolars
in both jaws (maxilla r 5 0.72; mandible r 5 0.74, Table
1) calls for new and more accurate equations based on the
use of different teeth as an index.

As in Tanaka and Johnston’s8 study, confidence intervals
were calculated and sorted into two prediction tables (Ta-
bles 4 and 5). The confidence level of 75% was used to
construct an uncomplicated form of the equation: Y’ 5 A’
1 B’(X’), where Y’ equals the predicted size of canines
and premolars, A’ and B’ are the equation’s constants, and
X’ is defined by sum of widths of mandibular central per-
manent incisors and maxillary first permanent molars. The
equation is: Y’ 5 5.38 1 0.50(X’) for the maxilla, and: Y’
5 4.93 1 0.52(X’) for the mandible.

The standard errors for the estimated values were 0.61
for the maxillary equation and 0.59 for the mandibular
equations, which means that the accuracy of the new anal-
ysis is higher than that of Tanaka and Johnston. It also
shows that the modification we did applies to our popula-
tion since it shows the lowest standard errors.
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A simple approximation was established to predict the
sizes of the unerupted maxillary canines and premolars in
the mixed dentition by adding 6 mm to the half the widths
of mandibular central permanent incisors and maxillary first
permanent molars. The analogous value for sizes of the
unerupted maxillary canines and premolars in the mixed
dentition in the mandible can be obtained by adding 5.5
mm to the half widths of the same mandibular central per-
manent incisors and maxillary first permanent molars.

Equations of both the modified Tanaka and Johnston8

analysis and the new analysis were applied to a sample of
50 new cases to examine their accuracy. The results indi-
cated that, between the actual and estimated sizes of the
canine and premolars, the modified equations showed less
percentage differences (maxillary 0.67%, mandibular
0.87%) when compared with Tanaka and Johnston (maxil-
lary 0.81%, mandibular 1.03%), but the new analysis
showed the least percentage differences (maxillary 0.53%,
mandibular 0.79%).

DISCUSSION

The Tanaka and Johnston analysis of 600 Syrian adoles-
cents resulted in higher correlation coefficients (maxilla r
5 .67, mandible r 5 .68) than given in the original Tanaka
and Johnson8 study (maxilla r 5 .63, mandible r 5 .65) or
in Bolton,1 Ballard and Wylie20, Hixon and Oldfather,21

Greiwe,39 or Shelly.40

A comparison of tooth sizes shows that the mean sizes
of most permanent teeth in our study exceeded their coun-
terparts in other studies, especially those of Moyers and
Tanaka and Johnston (Table 6).

The increased mean widths of the relevant teeth in the
present study compared with Tanaka’s and Moyer’s values
can explain the decrease in values of constant A in our
equations. In contrast, the value of the constant B remained
stable in both studies as shown in Table 7, although there
was little difference in the prediction tables between the
two studies.

The lower standard errors in the present study (Maxilla:
Tanaka and Johnston SE 5 .86, present study SE 5 .79;
Mandible: Tanaka and Johnston SE 5 .85, present study
SE 5 .83) prove that these equations are more accurate
when used on a Syrian population.

The following factors may have contributed the increase
in accuracy and the decrease in the standard errors (Table
7):

a. The mesiodistal widths of all teeth (from second per-
manent molar to its counterpart in both jaws) were mea-
sured at two separate times and the mean values were
used for the analysis.

b. A limited numbers of cases were measured (maximum
24 cases) in each session.

c. The more accurate Vernier Caliper used (0.02 mm) com-
pared with that used by Tanaka and Johnston (0.05 mm).

d. One experienced examiner did all measurements.
e. The sample size of 600 cases was much greater.

A literature review revealed that there are no studies that
used the mandibular permanent central incisors in combi-
nation with the maxillary first permanent molars as an in-
dex to predict the widths of unerupted canines and pre-
molars. However, there is a strong correlation between
these tooth groups, as shown in Table 7.

The constant B values in the new analysis equations are
similar to the previous calculation, while constant A values
clearly differ. This is because A relates to the value of the
of the sum widths of the index teeth which are higher in
the new analysis.

A remarkable reduction in the standard errors of the es-
timated values (Table 7) and in the percentage difference
was observed, demonstrating that this new analysis is even
more accurate than Tanaka and Johnston’s and the modified
equations.

CONCLUSIONS

Modifications made on both the prediction tables and the
regression equations of Tanaka and Johnston’s analysis al-
lowed a simplified approximation the sizes of the mandib-
ular permanent canines and premolars to be predicted with
higher accuracy in a Syrian population.

The new analysis prediction tables and new regression
equations based on teeth 31, 41, 16, and 26, which erupted
earlier than the teeth used by Tanaka and Johnston, proved
even more accurate than both previous equations.
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