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ABSTRACT

Background: Lower incisors are the first teeth to 

erupt, their sizes are reliable and little changes occur 

on the lower arch during mixed dentition. These 

teeth can be used to predict the size of remaining 

unerupted teeth. Tanaka Johnston's analysis is the 

most widely used method of mixed dentition 

analysis worldwide. The aim of the study was to 

assess the accuracy of Tanaka-Johnston's methods 

of mixed dentition analysis among orthodontic 

patients in Tanzania. 

Methods: A cross-sectional study design was 

carried out at MUHAS dental clinic involving 

models from orthodontic patients. Data collection 

involved actual teeth size measurement and 

prediction using Tanaka-Johnston's method. 

Comparison between the actual measurements and 

the predicted measurements was assessed using 

students' paired t-tests. Prediction equations for the 

present study were generated using a simple linear 

regression analysis. 

Results: Tanaka Johnston's method significantly 

overestimated the combined width of upper canines 

and premolars in the female group (p=0.000). 

However, the method underestimated the lower jaw 

measurements in both sexes (p<0.05). New 

prediction equations for the present study were 

generated for each sex and arch separately. For the 

upper jaw, it was Y=11.97+ 0.56X for males and Y = 

10.97+0.49X for females. While for the lower jaw, it 

was Y= 10.8 +0.51X for males and Y=11.39+0.47X 

for females. 

Conclusion: Tanaka-Johnston's methods of mixed 

dentition analysis was found to be inaccurate in 

estimating the size of unerupted canines and 

premolars in the study sample. Therefore, new 

prediction formulas were generated.

INTRODUCTION 

Mixed dentition analysis is the estimation of the 

mesial-distal teeth width of unerupted canines and 

premolars to determine the presence of any 

discrepancy between the available and required 
1space . There are three main methods of mixed 

dentition analysis. These methods are radiographic 

method, which is based on periapical and 

cephalometric radiographs, non-radiographic 

method which relies on teeth size correlation and the 



2combination of both methods . The most popular of 
3 , 4  

t h e s e  m e t h o d s  i s  n o n - r a d i o g r a p h i c .

Tanaka–Johnston's is the most commonly used 
5method among the non-radiographic analyses . 

However, the accuracy of this method has been 
3,6

questioned in several places in the world.  

Furthermore, studies have shown that teeth sizes 

vary according to sex, ethnicity, race, origin and 
7–9

genetics of the studied population.  Therefore, the 

present study aimed to assess the accuracy of 

Tanaka–Johnson's method of mixed dentition 

analysis among orthodontic patients in the 

Tanzanian population.

Materials and Methods

The present study was a hospital-based cross-

sectional study that involved 204 study models 

obtained conveniently from patients who sought 

orthodontic treatment at Muhimbili University 

Dental Clinic during the period of 2 years from 

February 2020 to August 2022.

Ethics Approval and Consent to Participate

The present study received the approval of the 

Institutional Ethical Committee of the Muhimbili 

University of Health and Allied Sciences (MUHAS-

REC-07-2022-1282) and was carried out following 

the Helsinki Declaration on medical protocols and 

ethics. All the participants were well versed on the 

purpose of the study, before beginning of treatment 

written consent and assent (for children) were 

obtained from the parents/patient/guardian.

Inclusion criteria

The study included models of orthodontic patients 

aged between 12 and 30 years of age, all models 

were of good quality, well-taken and labeled 

properly. Also, these models had fully erupted 

permanent incisors, canines, premolars and first 

molars without any morphological anomalies. 

Data collection process

A digital Vernier caliper with an accuracy of 0.01 

mm (Guanglu, Guilin PR. China) was used to 

measure the mesio-distal width of all teeth anterior 

to the second molar. Mesio-distal width of each tooth 

was determined by measuring the maximum 

distance between contacting proximal surfaces. The 

caliper was positioned parallel to the vestibular 

surfaces and to the occlusal plane of the study 
8,10model.  The predicted widths of canines and 

premolars were obtained by summing 11 mm to half 

of the sum of the lower four permanent incisors for 

the upper jaw while for the lower jaw, it was by 

adding 10.5 mm to half of the sum of the lower 
11

permanent incisors .

Validity

The digital Vernier caliper used in the present study 

was calibrated by a manual Vernier caliper where 

both calipers were used to measure the same models 

and they gave similar findings. A pilot study 

involving 20 study models was conducted before the 

present study and the investigator was calibrated on 

the use of a digital Vernier caliper with a senior 

calibrated Orthodontist.

Reliability

Data collection was carried out by only one 

examiner and to avoid random errors due to eye 

fatigue, only 5 study models were examined per day 

at an interval of one hour. In the middle of the data 

collection process, the examiner re-examined 15 

study models taken randomly from the list of models 

that were already examined. The obtained second 

measurements were then compared with their 

previous measurements to assess intra-examiner 

reliability. Intra-class correlation coefficient (ICC) 

was calculated and found to be 0.98.

Data processing and analysis plan

Analysis was done using a computer Statistical 

Package for Social Sciences software (SPSS) 

version 25.0. An Independent sample t-test was used 

to assess whether the teeth size varies according to 

gender and arch type. The Mean, Standard Deviation 

(SD) and Standard Error of Estimate (SEE) of the 

actual teeth measurements were presented in 
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descriptive statistic distribution tables. Correlation 

analysis was done to assess the relationship between 

the sum of lower incisors and the combined mesio-

distal width of the canines and the premolars. The 

relationship between the predicted measurements 

and the actual measurements was assessed using a 

paired sample t-test. The p-value p<0.05 was 

considered to be statistically significant. Simple 

linear regression equations were computed and 

expressed inform y = a + b(x) where; y is the 

combined mesio-distal widths of canines and 

premolars to be predicted, “a” is the Y Intercept “b” 

is the slope of the regression and x is the combined 

mesio-distal width of four lower incisors.

Ethical clearance to conduct the study was sought 

from the MUHAS Research Ethical Committee 

through the School of Dentistry and the Department 

of Orthodontics Pedodontics and Community 

Dentistry

RESULTS

The study involved two hundred and four (204) 

study casts of orthodontic patients. Out of these, 113 

(55.4%) were from female patients. The mean age of 

the current study was 17 ± 4 years.

The difference in teeth width measurements 

between the right and left sides of both jaws was not 

statistically significant (p> 0.05). However, this 

difference was statistically significant between 

males and females. The mean, standard deviation, 

and standard error of estimate of the combined 

mesio-distal width of lower incisors, and the 

combined mesio-distal width of maxillary and 

mandibular canine and premolars are presented in 

table 1.

Table 1. Descriptive statistics distribution table of the actual mesial-distal width of teeth groups between males 
and females 

Teeth groups          Male (n= 91)    Female (n 113)  t  p -
value

Mean 
(mm)

 

SD
 

SEE
 

Mean 
 

(mm)
 

SD
 

SEE
  

Sum of lower 
incisors

 

24.12
 

1.66
 

0.17
 

23.47
 

1.53
 

0.14
 

2.874 0.004

Upper canines 
and 
premolars

 

23.05

 

1.28

 

0.13

 

22.52

 

1.21

 

0.11

 

3.145 0.002

Lower canine 
and 
premolars 

23.01

 

1.32

 

0.14

 

22.41

 

1.15 

 

0.11

 

3.621 0.000

SD; Standard Deviation, SEE; Standard Error of Estimate, *statistically significance

Table 2. Comparison between Tanaka-Johnston's measurements and the actual measurements of upper and 
lower canines and premolar by sex

Gender  Jaw  Predicted 
measurement  

Actual 
measurement  

md  Confidence 
Interval  

p -
value

  
Mean 

 
SD

 
Mean 

 
SD

  
Upper 

 
Lower 

Male
 

Upper jaw 
 

23.06
 

0.83
 

23.05
 

1.25
 

-
0.01

 

-0.203
 

0.217 0.944

Lower jaw

 
22.56

 
0.83

 
23.02

 
1.29

 
0.45

 
-0.66

 
-0.247 0.000

Female

 

Upper jaw

 

22.74

 

0.76

 

22.52

 

1.17

 

-
0.22

 

0.049

 

0.39 0.012

Lower jaw

 

22.24

 

0.76

 

22.41

 

1.11

 

0.17

 

-0.33

 

-0.01 0.044
md = Mean difference (Actual measurement –

 

predicted measurement), SD = standard deviation, * Statistically significance
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Regarding the accuracy of Tanaka–Johnston's 

method of analysis, there was a statistically 

significant difference between the predicted 

measurements and the actual measurements in all 

groups except in the males' maxillary teeth (p <0.05). 

This method of analysis underestimated the actual 

combined width of canine and premolars in the lower 

jaw by 0.45mm and 0.17mm in males and females, 

respectively. Moreover, the method overestimated 

the upper jaw measurement by 0.22mm in females. 

(Table 2)

New regression equations for predicting the 

combined widths of permanent canine and 

premolars were developed for the current study 

using the sum of the lower four permanent incisors as 

predictors. These predicting equations were 

generated for the individual sex separately as well as 

for the combined sex. For the individual sex, the 

prediction equations for the females' group were Y = 

11.39 + 0.47X and Y = 10.97 + 0.49X for the upper 

and lower jaws, respectively, while for the males' 

group, they were Y=11.97+ 0.56X for the upper jaw 

and Y= 10.8 + 0.51X for the lower jaw. On the other 

hand, the prediction formula for the combined sex 

was Y = 0.48X + 11.4 and Y = 0.49X + 10.99 for the 

upper and lower jaws, respectively (Table 3)

 
 Coefficient 

of 
correlation 
 

Regression 
coefficients 

SEE    (r2) P 
value 

a  b      

Male Upper jaw 0.596 11.97 0.56 1.01 0.36 0.00 

Lower jaw 0.618  10.80 0.51 0.99
5 

0.41 0.00 

Female Upper jaw 0.639 10.97 0.49 0.93 0.38 0.00 
Lower jaw 0.624 11.39 0.47 0.86

9 
0.39 0.00 

Combined  Upper jaw  0.623 11.40 0.48 0.97 0.385 0.00 
Lower jaw  0.649 10.99 0.49 0.94 0.421 0.00 

Coefficient of determination (r2), Standard error of the mean (SEE) 

Table 3. Regression parameters for the predictions of the combined mesio-distal width of canines and premolars 

from the sum of mesio-distal widths of lower incisors

DISCUSSION

The actual measured widths of canines and 

premolars for the present study were determined and 

found to be relatively less than those reported by the 
12

Taiwanese population . However, they were higher 

than those reported in Northern India, Turkey, 
9,13,14

Pakistan and Malaysia.

Also, they were higher than those reported from 
3 15 16

other parts of Africa like Libya,  Egypt,  Kenya , 
17 18

Sudan  and Uganda . This observation is probably 

attributed to the difference in race ethnicity and 

methodologies of these studies. Since the actual 

measurements from the current study vary 

significantly from those reported from other 

populations, it is therefore, important to consider the 

use of the present findings in planning interceptive 

procedures in Tanzanian settings as they may be 

more relevant than those obtained from other 

populations.

The sum of the lower permanent incisors has been 

traditionally used in the prediction of the combined 

width of unerupted canines and premolars in 
8,19different populations.  This is so because of the 

20
higher correlation between these teeth groups . 

Likewise, in the current study, the correlation 

between these teeth groups was significantly high. It 
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ranges from 0.60 for the upper jaw in the male group 

to 0.65 for the lower jaw for the combined sexes. 

Studies have shown that a correction coefficient of 

0.6 is significant enough for the lower incisors to be 
21

used as a predictor of the sizes of unerupted teeth . 

Since the correlation coefficient of the current study 

is above this cut-off point, therefore, sum of the 

lower permanent incisors can also be used as a 

predictor of the sizes of unerupted teeth in 

Tanzanian settings. The use of lower incisors as 

opposed to other types of teeth to predict the sizes of 

unerupted teeth has substantial clinical advantages. 

This is because they erupt earlier, they are simple to 

measure, and they show less size and shape 
22

variation .

Tanaka-Johnston's method of mixed dentition 

analysis was not accurate in predicting the size of 

unerupted teeth in the present study. The inaccuracy 

in teeth size prediction observed in the present study 

is supported by reports of several studies, including 
13,23those from India,  and those from other parts of 
22 24Asia like Nepal  and Malaysia . Studies from 

25 26
other parties of Africa like Libya  and Egypt  have 

also reported about the inaccuracies. Similarly, 

studies from some East African countries like 
10,27,28

Kenya, Uganda and Sudan  have reported 

comparable findings. Considering this reported 

inconsistency, Tanaka-Johnston's method of mixed 

dentition analysis is probably relevant only in a few 
27,29populations.  Hence, it should be used with 

caution in different population 

New prediction formulas were generated for the 

present study. These prediction formulas were 

incomparable with those reported from other 

populations, including those from East African 

countries. This indicates that people from the same 

geographic location may have different teeth sizes. 

Therefore, care should be taken when adopting a 

prediction method from other populations 

regardless of their geographical closeness.

Study Limitations: The data for the current study 

was collected from one center (MUHAS Dental 

clinic) located in Dar es Salaam. Although Dar es 

Salaam is the country's largest business center with a 

diverse population; and the MUHAS clinic serves as 

a referral dental center, treating patients from all 

over Tanzania, the findings may not be exact 

representation of the Tanzanian population

CONCLUSIONS

Tanaka-Johnston's methods of mixed dentition 

analysis were found to be inaccurate in estimating 

the size of unerupted canines and premolars in the 

current study, therefore, new prediction equations 

were generated. A larger community-based study 

design is recommended in the future to assess the 

applicability of the predictions equation in the 

general population.
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