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ABSTRACT 

Aims: To validate Tanaka and Johnston's analysis on (50) Iraqi patients (29 females and 21 males) 
aged 14–22 years. The patients had normal class I molar relation ship with full permanent dentition. 
Materials and Methods: Plaster models of 50 (14–22) years old patients were selected. Mesio–distal 
crown diameter for maxillary and mandibular permanent teeth were measured. Statistical descriptive, 
probability theory, correlation coefficients between individual and grouped teeth were calculated using 
Tanaka and Johnston method. Results: Tanaka and Johnston's analysis tables, equations and approxi-
mations were modified 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 (1, 1, 6 
and 6) and maxillary and mandibular canines and premolars were high (r = 0.62 and r = 0.67, respec-
tively). 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 5.6 mm to the half–widths of teeth 1, 
1, 6 and 6. The analogous prediction of the size of unerupted mandibular canines and premolars was 
obtained by adding 5.4 mm to the half widths of same teeth 1 ,1 , 6 and 6. Conclusions: The new anal-
ysis prediction tables and new regression equations based on teeth 1 ,1, 6 and 6, which erupt earlier 
than teeth used by Tanaka and Johnston, proved even more accurate than both previous equations. 
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INTRODUCTION 
Mixed dentition analysis is the predic-

tion of mesio–distal diameters (MDD) of 
unerupted canine and premolars (C, P1, 
P2) to determine the discrepancy between 
the available and required space in each 
dental arch (1). One way for clinicians to 
get a better feel for the clinical signifi-
cance of a discrepancy is to focus more on 
the actual size of the discrepancy than on 
the Bolton ratios alone (2).  An accurate 
prediction can help answer the traditional 
question of whether the available space in 
the posterior segments is sufficient to al-
low the permanent teeth to erupt freely 
with good alignment in their respective 
arches (3). 

There are many basic methods of pre-
dicting MDD of unerupted C, P1 and P2: 

application of middle values, correlation–
statistical methods, combination of X–ray 
and correlation–statistical methods and 
from 45º oblique teleradiograph (4–7). Be-
cause of their simplicity, correlation–
statistical methods are most frequently 
applied (8–10). 

The Tanaka and Johnston analysis has 
shown that it over estimates the MDD of 
unerupted C,P1 and P2 in the majority of 
cases when used in Syrian or other Ara-
bian populations (8). Several simple linear 
regression equations have been proposed 
for populations of different ethnic origins 
(8,10–15). 

Nourallah et al., (16) reported that the 
sum of the lower central incisor and upper 
first molars have the highest predicted  
value (determination coefficient between 
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52% and 56%) for MDD of unerupted C, 
P1 and P2. A year later, Legovic et al., (4) 
developed multiple linear regression equa-
tions (MLRE) with higher predicted values 
(determination coefficient between 62% 
and 72%) where they also considered the 
bucco–lingual tooth size. Recently, Ha-
shim and Al–Shalan (17) have reported the 
inclusion of sex factors. While, Bernabe et 
al., (18)  proposed several single linear re-
gression equations (SLRE) on the basis of 
the sexual dimorphism in tooth size that 
predominated in their sample. 

This study was designed to examine 
the accuracy of Tanaka and Johnston's (11) 
analysis on Iraqi population and to attempt 
to find a more accurate formula for pre-
dicting the MDD of C, P1 and P2 for Iraqi 
population. 

 

MATERIALS AND METHODS 
Plaster models of 50 (14–22) years old 

patients (29 females and 21 males) were 
selected from  Orthodontic Department, 
College of Dentistry at Mosul University. 
All patients had relevant teeth fully 
erupted and represented with no proximal 
caries or fillings, morphological anoma-
lies, missing teeth, proximal or occlusal 
abrasion or bruxism. A pointed Vernier 
Caliper (Dental Vernier, Dentaurum) was 
used to measure MDD of all teeth from 
mesial contact point to distal contact point 
according to the method described by 
Moorrees et al (19). The data were analyzed 
using statistical package for social statis-

tics (SPSS), statistical descriptives; means, 
minimum, maximum, range and standard 
deviation were calculated. Applying the 
probability theory, the teeth were divided 
into more than 100 possible groups. Table 
(1) shows the four most important groups. 
Correlation coefficients between individ-
ual and grouped teeth were calculated and 
confidence intervals (20) were constructed 
according to Tanaka and Johnston. Finally, 
new equations were developed to optimize 
the Tanaka and Johnston's analysis. The 
accuracy of these new equations were 
tested on a sample, and the results were 
compared with those of Tanaka and Johns-
ton(11). 

 

RESULTS 
Correlation coefficients were calcu-

lated between the teeth groups as pre-
sented in Table (1) and were remarkable in 
group Three and Four, which can be used 
to establish regression equations. Although 
other high values were also found, they 
can’t be used in regression because of lo-
cal complicating factors such as distal gin-
gival coverage as late eruption (e.g. lower 
first permanent molars) or morphological 
drawbacks such as a deformity of the max-
illary lateral permanent incisor. The corre-
lation coefficients for group Three differ 
from those in Tanaka and Johnston's study 
and require modification using the equa-
tions. The correlation coefficients for 
group Four were higher and are used here 
as a base for establishing new equations.

 

Table (1): The highest correlation coefficients of tooth groups by tooth type and gender. 
Maxillary 
C, P1, P2 

Mandibular 
C, P1, P2  

Group 
 

 
Tooth 

 
Group 

Male 
(r) 

Female 
(r) 

Total 
(r) 

Male 
(r) 

Female 
(r) 

Total 
(r) 

1 1  ,  1 0.67 0.38 0.57 0.61 0.50 0.60 

2 6  ,   6 0.78 0.26 0.58 0.61 0.27 0.49 

3 1 , 2 , 1 , 2 0.60 0.43 0.57 0.55 0.54 0.59 

4 1 , 1 ,  6 ,  6 0.82 0.38 0.67 0.67 0.45 0.62 
 r: indicates correlation coefficient.  All measurements in millimeters. 
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The confidence intervals were calcu-
lated and sorted into prediction table as 
shown in Table (2), by which the sizes of 
unerupted teeth can be predicted at differ-
ent levels of confidence by using the 
widths of the four mandibular permanent 
incisors. The confidence level of 75% was 
utilized to constrict a simple form of re-
gression equations: Y = A + B (X), where 
Y equals the predicted sizes of canines and 
premolars, A and B are the equation's con-
stants, and X is defined as the sum of 
widths of the four mandibular incisors. 
According to our analysis, the regression 
equation was: Y= 9.95+ 0.50(X) for the 
maxilla, and Y= 10.15 +0.48(X) for the 
mandible. The standard error of the esti-
mated values (SEE) was 1.12 for the max-

illary equations and 1.05 for the mandibu-
lar equations. To predict the sizes of un-
erupted C, P1 and P2 in the mixed denti-
tion of maxillary teeth, a simple approxi-
mation was established by adding 9.8 mm 
to half the widths of the four mandibular 
permanent incisors, and by adding 9.7 mm 
to the same teeth to predict the sizes of 
mandibular C, P1 and P2. The new analy-
sis equations that involve a strong correla-
tion between the sizes of mandibular cen-
tral permanent incisors and maxillary first 
permanent molars and the MDD of un-
erupted C, P1 and P2 in both jaws (maxilla 
r = 0.62; mandible r = 0.67, Table 1) calls 
for new modified and more accurate equa-
tions based on the use of different teeth as 
an index. 

 
Table (2): Probability of predicting the sizes of unerupted C, P1, P2 from the sum of widths of 

the four mandibular permanent incisors. 

 Sum of MDD of the Four Mandibular Permanent Incisors 

Cl* 20.5 21 21.5 22 22.5 23 23.5 24 24.5 25 

95 % 20.40 21.00 21.40 22.00 22.40 23.00 23.20 24.00 24.00 24.73

85 % 20.40 21.00 21.20 22.00 22.20 22.89 23.00 23.30 23.64 24.00

75 % 20.40 21.00 21.00 22.00 22.00 22.40 22.45 23.00 23.00 23.15

65 % 20.40 20.78 21.00 21.60 22.00 22.01 22.20 22.45 22.58 22.97

50 % 20.40 20.60 20.60 21.10 21.40 22.00 22.00 22.00 22.00 22.10

35 % 19.85 20.51 20.60 20.90 21.00 21.19 21.20 21.55 21.60 21.66

25 % 19.55 20.40 20.40 20.60 20.60 21.00 21.00 21.00 21.00 21.05

15 % 19.40 19.97 20.16 20.40 20.50 20.60 20.60 21.60 20.60 20.60

5 % 19.40 19.40 19.40 19.55 19.70 19.91 19.97 20.10 20.12 20.18

*Cl: indicates confidence intervals. All measurements in millimeters. 

 
As in Tanaka and Johnston's study (11), confidence intervals were calculated and 
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sorted into prediction table as demon-
strated in Table (3). The confidence level 
of 75% was used to construct an uncom-
plicated form of the equation: 
Y'=A'+B'(X'), where Y' equals the pre-
dicted size of C, P1 and P2, A'+B' are the 
equation's constants, and X' is defined by 
sum of widths of mandibular central per-
manent incisors and maxillary first perma-
nent molars. The equation is: Y'= 
4.81+0.52(X') for the maxilla, and Y'= 
6.78+0.46(X') for the mandible. The stan-
dard error of the estimated values (SEE) 
was 1.02 for the maxillary equations and 
1.01 for the mandibular equations, which 
means that the accuracy of the new analy-

sis is higher than that of Tanaka and 
Johnston. It  also shows that the modifica-
tion we did, applies to our population 
since it shows the lowest standard errors. 

A simple approximation was estab-
lished to predict the MDD of unerupted C, 
P1 and P2 in the mixed dentition for max-
illary teeth by adding 5.6 mm to the half of 
the widths of mandibular permanent cen-
tral incisors and maxillary first permanent 
molars. The analogous value for sizes of 
the unerupted mandibular C, P1 and P2 in 
the mixed dentition can be obtained  by 
adding 5.4 mm to half the widths of the 
same mandibular central permanent inci-
sors and maxillary first permanent molars. 

 
 
 

Table (3): Probability of predicting the sizes of uUnerupted C, P1, P2 from the sum of MDD 
of the mandibular central permanent incisors  and maxillary first permanent molars. 

 Sum of MDD of Mandibular Central Permanent Incisors and Maxillary First Permanent 
Molars 

Cl* 28.5 29 29.5 30 30.5 31 31.5 32 32.5 33 33.5 34 

95% 28.20 28.80 29.40 30.00 30.40 31.00 31.40 32.00 32.38 32.75 32.94 33.91

85% 28.20 28.80 29.40 30.00 30.22 31.00 31.00 31.80 31.94 32.05 32.22 32.53

75% 28.15 28.50 29.30 30.00 30.00 30.60 31.00 31.10 31.60 31.80 31.80 32.00

65% 28.05 28.18 29.20 29.80 30.00 30.20 30.40 31.00 31.00 31.10 31.36 31.74

50% 28.00 28.00 28.80 29.60 29.60 30.00 30.00 30.20 30.40 30.60 30.80 31.00

35% 27.90 28.00 28.10 29.20 29.40 29.60 29.60 29.93 30.00 30.0 0 30.00 30.00

25% 27.70 27.80 28.00 28.80 29.10 29.30 29.40 29.55 29.60 29.60 29.60 29.65

15% 27.60 27.60 27.80 28.00 28.09 28.50 28.68 29.14 29.20 29.20 29.20 29.27

5 % 27.60 27.60 27.60 27.60 27.66 27.80 27.84 27.98 28.00 28.00 28.09 28.00
*Cl: indicates confidence intervals. All measurements in millimeters.

 
 

DISCUSSION 
The Tanaka and Johnston's Analysis 

of 50 Iraqi people results in lower correla-
tion coefficients (maxilla r = 0.59, mandi-
ble r = 0.57) than other analysis when us-

ing maxillary permanent first molars 
(maxilla r = 0.62, mandible r = 0.67). 

This agreed with Nourallah et al., (16) 
study on Syrian population in which the 
correlation coefficients (maxilla r = 0.67, 
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mandible r = 0.68) were higher than Ta-
naka and Johnston's study (maxilla r = 

0.63, mandible r = 0.65) as presented in 
Table (4). 

 
 

Table (4): Comparison of Correlation Coefficients, Regression Coefficients and Standard Er-
rors between Tanaka and Johnston, Nourallah et al, Present Study and Present Modified 

Study. 
Canine and Premolar 

 
Maxilla Mandible 

1 0.63 0.65 
2 0.67 0.68 
3 0.59 0.57 

 

Correlation 

Coefficient 
4 0.62 0.67 
1 10.4 9.18 
2 9.87 9.32 
3 9.95 10.15 

 

A 4 4.18 6.78 
1 0.51 0.54 
2 0.50 0.55 
3 0.50 0.48 

 
 
 
 
 

Regression 
 

Coefficients 

B 4 0.52 0.46 
1 0.86 0.85 
2 0.79 0.83 
3 1.12 1.05 

S.E.E 4 1.02 1.01 
1. Tanaka and Johnston, 2. Nourallah et al., 3. Present Study, 4. Present Modified Study. S.E.E: 
Standard Error of Estimated Values. 

 
A comparison of tooth sizes shows 

that the mean sizes of the most permanent 
teeth in our study and Nourallah et al., (16) 
study exceeded their counterparts in Moy-
ers and Tanaka and Johnston (11) (Table 5). 

The increased mean widths of the re-
levant teeth in the present study compared 
with Tanaka's and Moyer's values can ex-
plain the decrease in values of constant A 
in our equations. In contrast, the value of 
constant B remained stable in both studies 
as shown in Table (4), the same results 
were reported in the Nourallah et al., (16) 
study.  

A literature review revealed that there 
are only one recent study (16) that used the 
mandibular permanent central incisors in 
combination with maxillary permanent 

first molars as an index to predict the 
widths of unerupted canines and premolars 
on Syrian population. However, there is a 
strong correlation between these tooth 
groups, as shown in Table (4). The con-
stant B values in the new analysis equa-
tions are similar to previous calculation. 
While constant A values differs. This is 
because A relates to the value of the sum 
widths of the index teeth which are higher 
in the new analysis. A remarkable reduc-
tion in the standard errors of the estimated 
values (Table 4) and in the percentage dif-
ference was observed, demonstrating that 
this new analysis is even more accurate 
than Tanaka and Johnston and the modi-
fied equations and this agreed with other 
study (16). 
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Table (5): Comparison of mean tooth sizes. 

 
Tooth 

 
Ballard16 

(1944) 

 
Stahle16 

(1959) 

 
Black16 
(1902) 

Moyer,     
(Tanaka & 
Johnston)11 

(1958) 

Nourallah 
et al., 16 
(2001) 

Present  
Study 

Max. 
Central 
Incisor 8.91 8.68 9.00 8.70 8.79 -------- 

Max. 
Lateral 
Incisor 7.08 6.85 6.40 6.90 6.80 -------- 

Max. Canine 8.00 7.89 7.60 7.75 7.87 7.67 

Max. 
Ist Premo-

lar 7.27 7.07 7.20 7.70 7.02 6.75 

Max. 
2nd Pre-

molar 7.14 6.84 6.80 6.60 6.72 6.63 

Max. Ist molar 10.98 ------- 10.70 10.40 10.46 10.15 

Mand. 
Central 
Incisor 5.67 5.31 5.40 5.45 5.54 5.35 

Mand. 
Lateral 
Incisor 6.26 6.00 5.90 5.45 6.07 5.86 

Mand. Canine 7.12 6.89 6.90 6.75 6.91 6.79 

Mand. 
Ist Premo-

lar 7.36 7.20 6.90 6.85 7.08 6.92 

Mand. 
2nd Pre-

molar 7.50 7.28 7.10 7.20 7.19 7.17 

Mand. Ist molar 11.17 ------- 11.20 10.50 11.23 ------- 
All measurements in millimeters. 
 

CONCLUSIONS 
Modifications made on both the pre-

diction tables and the regression equations 
of Tanaka and Johnston's analysis allowed 
a simplified approximation of the sizes of 
the maxillary and mandibular permanent 
canines and premolars to be predicted with 
higher accuracy in Iraqi people. The new 
analysis prediction tables and new regres-
sion equations based on teeth 1, 1, 6 and 6, 
which erupt earlier than teeth used by Ta-
naka and Johnston, proved even more ac-
curate than both previous equations. 
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