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SUMMARY 
Background:  Odontometric measurements are important in the determination of the 

space discrepancies in the dental arches.  In clinical orthodontics, odontometric 

measurements are done to determine the arch perimeter and total tooth mass.  In 

permanent dentition the odontometric measurements are straightforward.  However, 

in the mixed dentition analysis, it is a great challenge to accurately determine the 

mesiodistal tooth-widths of unerupted permanent canines and premolars.  Various 

methods have been proposed and used in different ethnic groups. They fall into 

three main categories; radiographic method, use of regression/prediction equations 

and a combination of radiographic method and regression equations.  The most 

widely used prediction equations are the Tanaka and Johnston equation and the 

Moyers prediction tables.  However, they have their shortcomings.  This has 

necessitated the proposal of different prediction equations for use in various ethnic 

groups. 

Objectives: To measure mesiodistal tooth-widths of permanent teeth in both the 

upper and lower dental arches from first molar to first molar, to estimate the 

mesiodistal tooth-widths of permanent canines and premolars using two prediction 

equations and to compare the measured values with values obtained using the two 

prediction equations. 

Materials and methods: A descriptive cross-sectional study was carried out on 13-

17 year old Kenyans in two secondary schools.  Maxillary and mandibular arch 

impressions were made using irreversible hydrocolloid impression material and the 

impressions were then poured with type III dental stone.  An electronic digital vernier 

calliper was used to measure the mesiodistal tooth-widths from the first molar to the 

antimeric first molar for both arches. Measurements were entered on a data 

collection form and later transferred to Microsoft Excel software.  Statistical Package 
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for Social Sciences (SPSS) version 14.0 for Windows was used for data analysis. 

Paired t-tests, independent t-tests and Pearson product moment correlation tests 

were used to analyse the data.  Data were presented in the form of tables (Table 3.1 

to 3.18) and graphs (Figures 3.1 to 3.5).  The Tanaka and Johnston and Melgaço et 

al prediction equations were used to estimate the mesiodistal tooth-widths of the 

permanent canines and premolars and these values were compared with the 

measured values.  

Results: Sixty eight subjects (28 males and 40 females) of mean age 14.89 ± 1.23 

years (males) and 14.65 ± 1.21 years (females) were included in this study.  Intra-

class coefficient was 0.99 and it was used to assess the accuracy of measurements.  

The male subjects had larger mean mesiodistal tooth-widths than female subjects. 

Statistically significant differences in mean mesiodistal tooth-widths were found in 

the mandibular and maxillary canines, first permanent molars and the maxillary 

lateral incisors.  Except for the mandibular second premolar and the maxillary first 

permanent molar, the male sample showed no statistically significant differences 

between antimeric teeth. There were statistically significant differences between 

antimeric mandibular first and second premolars and the maxillary first permanent 

molar for the female sample.  There were no statistically significant differences in the 

antimeric sum of mesiodistal tooth-widths of the permanent canine and premolars for 

both the mandibular and maxillary arches in males.  However, in females both the 

mandibular and maxillary arches had statistically significant differences.  Inclusion of 

the two first permanent mandibular molars to the four permanent mandibular incisors 

as predictor teeth gave higher correlation coefficients than the use of only four 

permanent mandibular incisors.  The Tanaka and Johnston equation was useful as a 

prediction equation for the female maxillary arch and in the combined sample. The 
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Melgaço et al equation could be used as a prediction equation in the mandibular 

arch for males, females and the combined sample.  There were no statistically 

significant differences in the sum of mesiodistal tooth-widths of the mandibular 

permanent canine and premolars between the actual and predicted values obtained 

using both the Tanaka and Johnston and Melgaço et al equations.  There were no 

statistically significant differences in the calculated/predicted value of the sum of 

mesiodistal tooth-widths of the mandibular permanent canine and premolars 

obtained using the Tanaka and Johnston and Melgaço et al equations.  However, the 

Melgaço et al equation had a correlation coefficient of 0.693 and the Tanaka and 

Johnston equation correlation coefficient was 0.465 for the sum of mesiodistal tooth-

widths of the mandibular permanent canine and premolars and the predictor teeth.  

Conclusion: Males had larger mean mesiodistal tooth-widths than females.  The 

Melgaço et al equation predicted better the sum of mesiodistal tooth-widths of the 

mandibular permanent canines and premolars than the Tanaka and Johnston 

equation but had lower correlation coefficients compared to the original sample from 

which it was derived.  However, the Melgaço et al equation overestimated the 

mesiodistal tooth-widths for the female and combined samples and under-estimated 

for the male sample but the differences were not clinically significant. 

Recommendation: Male and female mesiodistal tooth-widths should be 

calculated/estimated separately.  The prediction equations formulated from this study 

should be used in predicting the sum of mesiodistal tooth-widths of mandibular 

permanent canines and premolars in Kenyan populations.  
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CHAPTER ONE 

1.0 INTRODUCTION 

Odontometric measurements are important in the determination of space 

discrepancies in the dental arches.  In clinical orthodontics, odontometric 

measurements are done to determine the arch perimeter and total tooth mass.  In 

permanent dentition the odontometric measurements are straightforward.  However, 

in the mixed dentition analysis, it is a great challenge to accurately determine the 

mesiodistal tooth-widths of unerupted canines and premolars. This is because both 

deciduous and permanent teeth exist in the mouth at the same time.  Mixed dentition 

analysis involves measurement of available space in the dental arch and space 

required in the arch to accommodate the erupting permanent teeth during the mixed 

dentition period.  The space required represents the total tooth mass which is 

regarded as all permanent teeth mesial to the first permanent molar.  

Several methods to analyze space discrepancy in the mixed dentition period have 

been described1-14. These analyses help to estimate the space discrepancy likely to 

occur when permanent teeth erupt. The various treatment modalities that can be 

done once the mixed dentition analysis has been performed include: serial 

extractions, guided eruption, proximal stripping or periodic observation of the 

patient4. There are three main prediction methods4 which broadly are: 

• Direct measurement of unerupted teeth from radiographs8, 9, 10. 

• Direct measurement of teeth from study models and use of prediction 

equations1-7. 
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• Combination of the above two methods; use of prediction tables/equations 

combined with measurement of unerupted teeth on radiographs as described 

by Hixon and Oldfather8. 

 

The radiographic method involves direct measurement of teeth from periapical films9 

or cephalograms10.  However, its use is challenging because the process is time 

consuming, specialized equipment is required, trained and skilled personnel are 

required to take the radiographs, the radiographs can either be over or under 

magnified requiring magnification correction3,6 and rotation of a tooth in its crypt 

making its measurement difficult6.  These challenges therefore limit the use of 

radiographs in estimating the mesiodistal tooth-widths of permanent canines and 

premolars6. 

Use of prediction equations is the most commonly used method3,4,5  It is based on 

measurement of a group of erupted teeth from study models.  This measurement is 

then used to predict the combined mesiodistal tooth-widths of a group of teeth in a 

quadrant using correlation and statistical methods11,12.  They are quick, simple to use 

and require no radiographs3.  Of the various prediction equations, Tanaka and 

Johnston1 and Moyers2 prediction tables are the most widely used11,12.  They are 

however based on studies done on Caucasian children. Various studies have 

demonstrated the non-applicability of the Tanaka and Johnston1 equation and the 

Moyers2 prediction tables in different ethnic and racial groups5. Due to the 

differences observed, these two prediction equations have been modified to be 

applicable to the ethnic or racial group in which a study is done5. The modification of 

the Tanaka and Johnston1 equation has been necessitated by differences in 

mesiodistal tooth-widths observed between different ethnic and racial groups6 and 

also between gender3,5.  
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On reviewing the literature, only one previous Kenyan study on this subject was 

found6.  This study tested the applicability of both the Tanaka and Johnston1 

equation and the Moyers2 prediction tables in a Kenyan sample6.  The study found 

that the Moyers2 prediction tables could not be applied accurately but the Tanaka 

and Johnston1 equation could be applied accurately without modification6.  A  study 

on a Ugandan population12 also tested the applicability of the Tanaka and Johnston1 

equation and Moyers2 prediction tables.  The study found that the Tanaka and 

Johnston1 equation overestimated the mesiodistal tooth widths while the Moyers2 

tables could be used at different percentile levels for males and females.  Diagne et 

al13 in their study on a Senegalese population found that the Moyers2 prediction 

tables and Tanaka and Johnston1 equation could not be applied well in that 

population and therefore new prediction equations were developed.  Schirmer and 

Wiltshire14 in their study on Black South Africans found that the Moyers2 prediction 

tables were not applicable to that population and they developed new prediction 

tables.    There is inconclusive evidence of the applicability of the Tanaka and 

Johnston1 equation and Moyers2 tables in populations of African descent. 

 

Both the Tanaka and Johnston1 equation and Moyers2 prediction tables use the four 

permanent mandibular incisors as the predictor teeth to estimate the combined 

mesiodistal tooth-widths of the unerupted permanent canine and premolars on one 

quadrant.  This is due to the fact that they appear early during the mixed dentition 

period, are easy to measure both in the mouth and on dental casts and they are less 

prone to morphological changes.6 However, the use of only the four permanent 

mandibular incisors as a predictor of the sum of mesiodistal tooth-widths of the 

unerupted canines and premolars has been shown not to give high correlation 

coefficients 3,4,10. The inclusion of first permanent maxillary and mandibular molars to 
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the four permanent mandibular incisors as predictor teeth has been shown to give 

higher correlation coefficients3, 4 

 

The broad objective of this study was to measure the mesiodistal tooth-widths of 

permanent teeth in 13-17 year old Kenyans and compare measured values of sum of 

mesiodistal tooth-widths of permanent canines and premolars with predicted values 

of the same teeth obtained using two prediction equations. 
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1.1 LITERATURE REVIEW 
This section will highlight what odontometric measurements are and their 

importance, the various methods of estimation of mesiodistal tooth-widths of 

unerupted permanent canines and premolars and also the whether the commonly 

used Tanaka and Johnston1 equation can be used without modification in a Kenyan 

population. 

1.1.1 Odontometric measurements 

Odontometry is the anthropological science of measuring the size and proportion of 

teeth15.  Odontometry forms the basis of all studies comparing measured and 

predicted values of mesiodistal tooth-widths3,4,5.  These measurements in live 

patients can either be done directly in the mouth or impressions of the dental arches 

can be taken and measurements done on dental casts6.  Measurements of teeth 

from human skeletons are also done15.  Direct measurement of teeth in the mouth 

are more accurate but not reliable and thus measurements on dental casts are used 

commonly because of their better reliability15.  Odontometric measurements can 

provide useful clinical information for both orthodontists and restorative dentists16.  

For example, in purchasing and stocking of commonly used molar band sizes in 

particular clinical settings in a specified population.  

Data from odontometric studies enables various groups of teeth to be compared and 

for correlation coefficients to be determined especially in predicting the size of 

unerupted permanent teeth3.  The correlation coefficients are then used to formulate 

regression equations1.  Previous studies1,3,4 have reported low to moderate 

correlation coefficients between the four permanent mandibular incisors and the 

mesiodistal tooth-widths of permanent canines and premolars.  Ngesa6 studied 131 

dental casts of a Kenyan population and reported correlation coefficients of 0.610 

and 0.750 for maxillary and mandibular permanent canines and premolars 
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respectively. While Diagne et al13 studied 50 dental casts and reported correlation 

coefficients of 0.68 and 0.73 for maxillary and mandibular permanent canines and 

premolars respectively. However, the inclusion of the first permanent molars in the 

regression equation has been reported to improve the correlation coefficient 3, 4, 5. 

 

1.1.2 Estimation of mesiodistal tooth-widths of unerupted permanent canines 

and premolars 

There are various methods: 

• Radiographic methods 

Radiographic methods involve the use of periapical films and cephalometric 

radiographs8, 9, 10. The use of the periapical fims requires the use of long cone 

X-ray tubes.  This is in order to obtain the true size of the tooth.  The long 

cone X-ray tube is either 16 inches8 from the skin-target or 19 inches9 from 

the intra-oral periapical film.  The mesiodistal tooth-widths of the unerupted 

permanent canines and premolars are then measured from the resulting 

radiographs.   

The 45o cephalometric radiograph has been reported to be the most precise 

method to predict the mesiodistal tooth-widths of unerupted permanent 

canines and premolars3.  However, it is technique sensitive, time consuming, 

requires the use of sophisticated equipment and magnification correction3, 20.  

Therefore, it is not suitable for clinical use in the developing countries where 

resources are scarce. 

Some studies10, 19 have described the use of 45o cephalometric radiographs in 

estimating the mesiodistal tooth-widths of unerupted permanent canines and 
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premolars.  Mandibular casts and 45o cephalometric radiographs were taken 

during the mixed dentition period before eruption of the permanent canines 

and premolars10,19.  While in other studies, study casts and periapical 

radiographs of the unerupted permanent canines and premolars were taken at 

the mixed dentition stage8.  When there was full permanent dentition the 

mesiodistal tooth-widths of the canines and premolars were measured from 

study casts.  These measured values from were then compared to the 

measurements obtained from the radiographs after correcting for 

magnification10.  The corrected radiographic measurements showed high 

correlation coefficients with the measured values from the study casts, Hixon 

and Oldfather8 study was 0.870, de Paula et al10 was 0.820 for males and 

0.720 for females and Martinelli et al19 was 0.840 .  Linear regression 

equations were then developed to estimate the mesiodistal tooth-widths of 

permanent canines and premolars8,10,19.  However, use of radiographs is 

technique sensitive and requires standardization; by using a cephalostat and 

a constant film to X-ray tube distance. 

• Regression methods 

Regression equations are mathematical equations that estimate the combined 

mesiodistal tooth-widths of a group of unerupted teeth using a defined set of 

predictor teeth20.  These regression equations can either be single linear 

regression equations or multiple linear regression equations. 

Single linear regression equations (SLRE) involve the use of only one 

predictor variable, while multiple linear regression equations (MLRE) involve 

the use of more than one predictor variable20, 42. 
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SLRE are typically represented as: 

y = a + bx 

Where: 

y is the predicted size of canines and premolars in one quadrant 

x is a single predictor variable for example, combined mesiodistal 

tooth-widths of the 4 mandibular incisors 

a and b are constants customized to the population from which the 

equation was developed 

 

MLRE are typically represented as: 

Y = Bo + B1X1 + B2X2 + ...BiXi 

Where 

Y the predicted size of canines and premolars in one quadrant 

X1, X2...Xi are unique predictor variables 

Bo, B1...B2 are constants 

 

The Tanaka and Johnston1 equation is the most commonly used prediction 

equation5,13.  It is a simple linear regression that estimates the mesiodistal 

tooth-widths of the unerupted permanent canines and premolars for one 

quadrant.  There are separate equations for the mandibular and maxillary 

arches.  It is a simple and fairly straightforward method to use3.  It is 

represented as: 

Mesiodistal tooth-widths of maxillary canine and premolars in one 

quadrant=  
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(Sum of four mandibular incisors) /2 +11.00 mm  

Mesiodistal tooth-widths of mandibular canine and premolars in one 

quadrant =   

(Sum of four mandibular incisors) /2+10.5mm 

The Tanaka and Johnston1 equation was developed using a sample of North 

American Caucasian children.  Several studies have shown that the Tanaka 

and Johnston1 equation has to be modified when it is used in different ethnic 

and racial populations3,4,5.  This is because of variation of tooth size among 

different races and ethnic groups13, 14, 21. Nourallah et al5 reported that the 

Tanaka and Johnston1 equation over-estimated the mesiodistal tooth-widths 

of canines and premolars in a Syrian (Arabic) population, necessitating the 

creation of new prediction equations.  Buwembo et al12 in a Ugandan 

population, Diagne et al13 in a Senegalese population and Bernabé et al21 in a 

Peruvian population, all found the Tanaka and Johnston1 equation not 

applicable in their respective populations and thus had to develop new single 

linear regression equations. 

The Tanaka and Johnston1 equation uses the four permanent mandibular 

incisors as predictors6, 13.  Various studies found that prediction methods 

using the four permanent mandibular incisors showed a low correlation 

between the predictors and mesiodistal tooth-widths of the canines and 

premolars6.  However the four permanent mandibular incisors continue to be 

used because of ease of measurement, early eruption and constant 

morphology6.  
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Studies have reported that the addition of the first permanent molars in 

developing prediction equations resulted in higher correlation coefficients than 

use of only the four mandibular permanent incisors3,4,5.  Melgaço et al3 

reported that the correlation coefficients developed in their study closely 

approximated that produced by the radiographic method as described by 

Hixon and Oldfather8.   

Melgaço et al3 equation: 

 y = a + bx 

 Where 

 y is the predicted sum of the mesiodistal tooth-widths in millimetres of  

            the mandibular permanent canines and all premolars on both sides of  

            the dental arch   

 x is the sum of the mesiodistal widths in millimetres of the four 

 mandibular permanent incisors plus the mesiodistal tooth-widths of the  

 two mandibular first permanent molars on both sides of the dental arch 

a is a constant, the y-intercept. In males the value is 7, in females 9.2 

and for both males and females 6.55. 

b is a constant, it’s the slope of the regression.  In males the value is 

0.824, in females 0.766 and for both males and females 0.829.  

 

• Combination of radiographic methods and prediction equations 

Hixon and Oldfather8 described a method combining the use of radiographs 

and prediction charts.  The radiographs were obtained by use of long cone X-

ray 16 inches from the skin-target.  In this method, the sum of the mesiodistal 

tooth-widths of one permanent mandibular central incisor and lateral incisor 
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obtained from study casts are added to the mesiodistal tooth-widths of the 

premolars from the same side obtained from the radiographs taken during the 

mixed dentition period. This is known as the measured value. This measured 

value is then used to estimate the sum of the mesiodistal tooth-widths of the 

permanent canines and premolars from prediction tables.  The main drawback 

of this method is that it requires the use of radiographic equipment, 

radiographs produced might be of inadequate quality and the procedure is 

time consuming on the part of the dentist6. 

 

1.1.3 Applicability of tooth size prediction equations in the Kenyan population 

The applicability of most commonly used non-radiographic prediction equations has 

not been investigated widely in African ethnic groups6.  Only a few studies have 

been done to investigate the accuracy of Tanaka and Johnston1 equation and 

Moyers2 prediction tables in African populations6,13. 

Diagne et al13 reported that the Tanaka and Johnston1 equation did not accurately 

predict mesiodistal tooth-widths of the permanent canines and premolars in a 

Senegalese (black West African) population. This study reported correlation 

coefficients of 0.680 and 0.730 for the maxillary and mandibular canines and 

premolars respectively.  A Kenyan study found that the prediction equation 

developed in that study did not vary greatly from the Tanaka and Johnston1 equation 

and recommended the use of Tanaka and Johnston1 equation in Kenyans of African 

descent6.  The Kenyan study reported correlation coefficients of 0.610 and 0.750 for 

the maxillary and mandibular canines and premolars respectively6. 

The aim of this study was to measure the mesiodistal tooth-widths of permanent 

teeth from the right to the left first molar in both dental arches in 13-17 year old 
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Kenyans of African descent and to use these measured values to compare with 

predicted values of canines and premolars obtained using the Tanaka and Johnston1 

and Melgaço et al3 equations. 
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CHAPTER TWO 

2.0  RESEARCH PROBLEM 

2.1 Statement of the problem 

There have been few odontometric measurement studies done on Africans 

especially those to determine mesiodistal tooth-widths of permanent teeth6,14. 

Similarly there have been few studies to test the applicability of commonly used non-

radiographic prediction equations in African populations13, 14. The commonly used 

Tanaka and Johnston1 equation has been used in African populations despite it 

being based on a Caucasian population.  Various studies have shown that it cannot 

be applied to non-Caucasian populations without being modified5, 6, 13. In addition, 

the Tanaka and Johnston1 equation uses the four permanent mandibular incisors as 

predictor teeth and this gives moderate correlation coefficients.  Inclusion of 

mandibular and maxillary first permanent molars to the four permanent mandibular 

incisors to be used as predictor teeth has been shown to give higher correlation 

coefficients4.    The relationship of the predictor teeth and the sum of mesiodistal 

tooth-widths of canines and premolars was investigated in the present study to 

determine the correlation coefficients (Figure 2.1). 

    

   

 

 

 

 

 

 

 

 



14 
 

Mesiodistal tooth-widths  

of the following teeth 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

2.2 Hypotheses 

1. Null  

There is no significant difference in the actual (measured) and 

calculated (predicted) values of the sum of mesiodistal tooth-widths of 

the permanent canines and premolars using Tanaka and Johnston 

equation. 

There is no significant difference in the actual (measured) and 

calculated (predicted) values of the sum of mesiodistal tooth-widths of 

the permanent canines and premolars using Melgaço et al equation. 

r‐value known 

Σ 36, 32, 31, 41, 42, 
46  

Σ 31, 32, 41, 42 

Figure 2.1: Conceptual framework. The illustration displays the various predictor teeth used to predict the

mesiodistal tooth-widths of permanent canines and premolars, relationship between different predictor

teeth, correlation coefficients and the mesiodistal tooth-widths of the canines and premolars.  The

correlation coefficient (r) between one set of predictor teeth and the mesiodistal tooth-widths of

permanent canines and premolars is known, while the r value for the second set of predictor teeth was

determined in this study. 

Σ 3, 4, 5 in each quadrant 

r‐value unknown and was 
investigated in this study 
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There is a significant difference in the sum of mesiodistal tooth-widths 

of the permanent canines and premolars obtained using Tanaka and 

Johnston equation with sum of mesiodistal tooth-widths obtained using 

Melgaço et al equation. 

2. Alternate  

There is a significant difference in the actual (measured) and 

calculated (predicted) values of the sum of mesiodistal tooth-widths of 

the permanent canines and premolars using Tanaka and Johnston 

equation. 

There is a significant difference in the actual (measured) and 

calculated (predicted) values of the sum of mesiodistal tooth-widths of 

the permanent canines and premolars using Melgaço et al equation. 

There is a significant difference in the sum of mesiodistal tooth-widths 

of the permanent canines and premolars obtained using Tanaka and 

Johnston equation with sum of mesiodistal tooth-widths obtained using 

the Melgaco et al equation. 

2.3 Justification 

There is scarcity of literature on odontometric measurements and prediction of 

mesiodistal tooth-widths of unerupted permanent canines and premolars on persons 

of African descent.  There is only one previous Kenyan study6 that obtained 

odontometric data.  This previous study measured permanent teeth mesiodistal 

tooth-widths from the second premolar to the contra-lateral second premolar for both 

upper and lower arches.  In addition, the teeth used as predictor teeth were the 

permanent mandibular incisors.  In the present study, mesiodistal tooth-widths were 

measured from the permanent fist molar to the contra-lateral permanent first for both 
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arches and the predictor teeth were the permanent mandibular incisors and the first 

permanent molars. 

 

The present study obtained odontometric data and this added to the data from a 

previous Kenyan study6 that also had odontometric measurements.  These data can 

be used to calculate Kenyan population averages of mesiodistal tooth-widths which 

can be helpful to general dentists and orthodontists in space analysis. 

 

These odontometric measurements can be used by both orthodontists and 

restorative dentists.  Mesiodistal sizes of teeth are important for instance when 

selecting molar bands or when choosing stainless steel crowns for permanent first 

molars.  Knowledge of the average mesiodistal tooth-widths for a given population 

makes the process of selection for the dentist easier.  It also influences the purchase 

and stocking of dental materials that rely on mesiodistal tooth size. 

 

Most prediction equations1, 2 are based on data derived from Caucasian populations.  

Previous studies3, 4, 5, 6 have shown racial and ethnic group differences in mesiodistal 

tooth-widths and prediction equations obtained from those data are not applicable to 

populations that are not Caucasian.  They either over or under predict the 

mesiodistal tooth-widths of unerupted permanent canines and premolars.  Therefore, 

the present study obtained odontometric data from Kenyans of African descent in 

order to formulate prediction equations most suitable to our population. These 

prediction equations can be used by the dentist in clinical decision making during the 

mixed dentition period to make treatment decisions including; serial extractions, 

guided eruption or monitoring3. 
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A good prediction equation should have a correlation coefficient of not less than 0.6 

to be considered clinically significant20.  The correlation coefficient (r) shows the 

relationship between the actual (measured) and predicted (calculated) value.  The 

Tanaka and Johnston1 equation has moderate correlation coefficients of 0.648 and 

0.625 for the mandibular and maxillary arches respectively.  The Melgaço et al3 

equation has a high correlation coefficient of 0.810.  The present study investigated 

correlation coefficient (r) of the Tanaka and Johnston1 equation and whether the 

Melgaço et al3 equation gave higher r values in predicting the mesiodistal tooth-

widths of the unerupted mandibular permanent canines and premolars. 

 

2.4 Objectives 

2.4.1 Broad objective 

To measure the mesiodistal tooth-widths of permanent teeth in 13-17 year old 

Kenyans of African descent and to use these values to compare with values of 

mesiodistal tooth-widths of the canines and premolars obtained using the Tanaka 

and Johnston1 and Melgaço et al3 equations. 

2.4.2 Specific objectives 

1. To measure mesiodistal tooth-widths of the permanent teeth from the right 

first molar to the left first molar of both maxillary and mandibular arches in 

Kenyans of African descent aged 13-17 years old. 

2. To determine the sum of mesiodistal tooth-widths of the permanent canines 

and premolars using the Tanaka and Johnston1 equation. 

3. To determine the sum of mesiodistal tooth-widths of the permanent canines 

and premolars using the Melgaço et al3 equation.  
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4. To compare actual (measured) sum of mesiodistal tooth-widths of permanent 

canines and premolars with sum of mesiodistal tooth-widths obtained using 

Tanaka and Johnston1 equation. 

5. To compare actual (measured) sum of mesiodistal tooth-widths of permanent 

canines and premolars with sum of mesiodistal tooth-widths obtained using 

the Melgaço et al3 equation.  

6. To compare sum of mesiodistal tooth-widths of the permanent canines and 

premolars obtained using the Tanaka and Johnston1 equation with sum of 

mesiodistal tooth-widths obtained using the Melgaço et al3 equation. 

2.5 Variables  

The variables investigated in this study are shown in Table 2.1.  

Table 1: Variables and unit of measurement for each variable 

Socio-demographic variables 

Age in years 

Gender (male/female) 

Independent variables Unit of measurement 

Sum of mesiodistal tooth-widths of four 

mandibular permanent incisors  

Millimetres 

Sum of mesiodistal tooth-widths of first 

permanent mandibular molars 

Millimetres 

Dependent variable 

Sum of mesiodistal tooth-widths of 

mandibular permanent canine and 

premolars  

Millimetres 
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Study Design 

A descriptive cross-sectional study was carried out. 

3.2 Study Area 

The study was carried out in two secondary schools.  These were Starehe Boys’ 

Centre and Starehe Girls’ Centre. 

3.3 Study Population 

The study population included 13-17 year old Kenyans of African descent with full 

permanent dentition. 

3.3.1 Inclusion criteria 

 Study participants were Kenyans of African descent. 

 Study participants had all fully erupted permanent incisors, canines, 

premolars and first molars. 

 Study participants had teeth free from caries, no interproximal restorations 

and no crown fractures. 

 Study participants had teeth free from morphological anomalies. 

3.3.2 Exclusion criteria 

 Students who were Kenyan but not of African descent. 

 Students who had retained primary or missing teeth. 

 Students who had orthodontic treatment or were currently undergoing 

orthodontic treatment. 
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 Students with malocclusions which prevented accurate measurement of 

mesiodistal tooth-widths. 

 

3.4 Sample size determination  

The following assumptions were made based on assumptions from a previous 

Kenyan study6: 

• Power is 80% 

• Significance level at 5% 

• Confidence interval of 0.2mm 

• Standard error of mean of 0.2mm 

• Confidence interval of 95% 

The following Kirkwood and Sterne18 formula was used: 

  n = (u + v)2µ 

         (µ1 – µ0)2 

 

 n is required sample size 

 u is the one sided percentage point of the normal distribution corresponding  

            to 100% - the power 

v is the percentage of the normal distribution corresponding to the required (2 

sided) significance interval 

 µ is the confidence interval 

 µ1 – µ0 is the standard error of the mean/clinically important difference. 

The formula was then applied: 

  n = (0.84 + 1.96)2 x 0.2 

         (0.2)2 
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       = 39.2 

A contingency of 10% was added to 39.2 and a sample size of 43 was obtained. 

Minimum number of study participants was 43.  

This was the number of participants in each school.  Therefore the total sample size 

required was 86 subjects. 

 

3.5 Sampling procedure 

The two schools were chosen by convenient sampling. The 13-17 year old age 

group was chosen because at this age, the permanent dentition is present. School 

records in both schools were used to establish the number of students who were 13-

17 years old.  Using the table of random numbers, students were randomly chosen 

to get the required sample size for this study. 

 

3.6 Minimizing errors and bias 

1. The investigator was calibrated by Dr Ngesa (supervisor) before actual data 

collection.  

2. All measurements were conducted by the investigator. 

3. The digital vernier calliper was calibrated prior to its use for the study at the 

Kenya Bureau of Standards (Appendix IX). 

4. The study population was restricted to only those who met the inclusion 

criteria. 

5. Randomization was achieved by selecting the subjects using simple random 

sampling. 
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3.7 Data collection instruments, technique and procedures 

The investigator made impressions of both the maxillary and mandibular arches 

using an irreversible hydrocolloid impression material and perforated metallic dentate 

stock trays (Appendix VII). 

The impressions were made in the medical clinic of the girls’ school using natural 

light with the study subjects seated on normal chairs.  In the boys’ school, the 

impressions were made in the school’s dental clinic on a dental chair using natural 

light. In both schools impressions were done during the lunch hour break and five 

students were seen in each session. 

3.7.1 Hydrocolloid impressions 

Both maxillary and mandibular arch impressions were made using perforated 

metallic dentate stock trays and irreversible hydrocolloid impression material-

alginate (BLUEPRINT-DENTSPLY, DeTrey GmbH, Germany). The alginate 

material was manipulated according to the manufacturer’s instructions.   

The obtained impressions were rinsed under running tap water, wrapped with 

moist gauze and stored in a sealed polythene bag until they were poured in 

the dental laboratory of the School of Dental Sciences, University of Nairobi.   

Transfer of the impressions to the dental laboratory took on average one hour. 

A trained dental technician casted the impressions within 15 minutes of 

receiving them using type III dental stone to obtain dental casts. The dental 

stone was mixed according to the recommended powder to water ratio for all 

the impressions. 

A pair of dental casts for each study participant was given a serial number 

corresponding to the serial number on the data capturing form (Appendix II). 
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3.7.2 Tooth-width measurements 

All the mesiodistal tooth-widths from the first permanent molar to the antimeric 

first permanent molar in both mandibular and maxillary arches were measured 

from dental stone casts using an electronic digital vernier calliper (Masel, 

USA) (Appendix VIII). The beaks of the electronic digital vernier calliper were 

held perpendicular to the occlusal plane at the anatomical contact points of a 

tooth as described by Hunter and Priest32 (Figure 2.1). 

Each tooth was measured twice to the nearest 0.01mm; an average 

measurement was then calculated and entered on the data capturing form 

(Appendix VI). 

 

Figure 3.1: Measuring mesiodistal tooth-width of a selected case 

3.8 Reliability and validity 

3.8.1 Validity 

The digital vernier calliper was calibrated at the Kenya Bureau of Standards 

before being used. 

All teeth were measured twice to the nearest 0.01mm and the average value 

used as the measure of a tooth.  The two measurements did not differ by 
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more than 0.02mm.  All measurements were done in natural light and 3 pairs 

of dental casts were measured in each hour. 

3.8.2 Reliability 

The investigator did all the measurements under standardized conditions on 

the dental casts to eliminate inter-examiner variation. The investigator also 

measured five randomly selected casts twice for each gender one week apart 

to check on the intra-examiner variability. In collaboration with a qualified 

statistician from the School of Mathematics University of Nairobi, correlation 

coefficients were calculated for the intra-examiner measurements.  The 

investigator was calibrated by one of his supervisors to standardise data 

collection and measurement of mesiodistal tooth-widths.  The intra-class 

coefficients for both intra-examiner and inter-examiner measurements were 

0.99 which were within the acceptable limits of 5%. 

3.9 Data analysis 

Data was entered in specially designed data capturing forms (Appendix VI) and then 

organised using Microsoft Excel software. It was then coded and transferred to 

Statistical Package for Social Sciences (SPSS) version 14.0 software for Windows 

for analysis.  Exploration of the data for normality was done first and then subjected 

to the appropriate statistical tests. 

Exploration and statistical analysis of the data was done as follows: 

• Shapiro-Wilk test was done to test the data for normality. 

• Paired t-test was done to examine bilateral symmetry of the mesiodistal tooth-

widths of all the measured individual teeth and combined mesiodistal tooth-

widths of the permanent canines and premolars.  
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• Pearson product-moment coefficient was used to evaluate the correlation 

between the groups of teeth. 

• Independent t-test was used to compare data from male and female 

participants. 

• Paired t-test was used to test whether there was any statistically significant 

difference between measured sum of mesiodistal tooth-widths of the 

permanent canines and premolars and values obtained using the Tanaka and 

Johnston1 equation. 

• Paired t-test was used to test whether there was any statistically significant 

difference between measured sum of mesiodistal tooth-widths of the 

permanent canines and premolars and values obtained using the Melgaço et 

al3 equation. 

• Paired t-test was used to test whether there was any statistically significant 

difference between sum of mesiodistal tooth-widths of the permanent canines 

and premolars obtained using the Tanaka and Johnston1 and Melgaço et al3 

equations. 

The results were presented in the form of tables (Table 3.1 to Table 3.18) and 

scatter plots (Figure 3.1 to Figure 3.5). 

3.10 Ethical considerations  

1. The proposal was submitted to the Ethics, Research and Standards 

committee at the Kenyatta National Hospital for approval of the study and 

ethical approval was obtained (Appendix I). 

2. Permission and consent to carry out the study in the two secondary schools 

was obtained from the Ministry of Education (Appendix II).   
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3. Permission and consent to carry out the study was obtained from the 

administration of both Starehe Boys’ and Girls’ Centres (Appendix III and IV). 

4.  Each study participant gave informed consent (Appendix V). 
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CHAPTER FOUR 

4.0  RESULTS 

4.1 Age and gender 

Sixty eight secondary school students participated in this study, 40 females and 28 

males.  The mean age of females was 14.65 years (SD; 1.21 years) and males 

14.89 years (SD; 1.23 years). 

4.2 Accuracy of measurements 

The intra-class coefficient between two different measurements made on the same 

casts at different times by the investigator and one of his supervisors was 0.99, this 

was within the acceptable limits of 5%.   

4.3 Mesiodistal tooth-width measurements 

The means, ranges, standard deviations in millimetres (mm) and co-efficient of 

variation of the mesiodistal tooth-widths in each dental arch were calculated.  They 

are presented in Tables 4.1 and 4.2 for males and females separately and the 

combined sample.  

Table 4.1 shows the descriptive statistics for the mandibular teeth for male and 

female participants and the combined sample.  For the males, there was greatest 

dispersion in mesiodistal tooth-widths of the second premolars for both sides (SD; 

0.78 mm right; 0.77 mm left) and the least dispersion in both central incisors (SD; 

0.36 mm). The right second premolar showed the greatest variability with a 

coefficient of variation (CV) of 10.69% and the right first permanent molar had the 

least variability with a CV of 6.29%. For the females, there was greatest dispersion in 

mesiodistal tooth-widths of the mandibular first molar in both sides (SD; 0.62 mm), 

the least dispersion in the left central incisor (SD; 0.41 mm), greatest variability in the 
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right central incisor with a CV of 8.87% and least variability in the first permanent 

molar with a CV of 5.67%.  For the combined sample, there was greatest dispersion 

for the first permanent molar (SD; 0.70 mm right; 0.71 mm, left), the least dispersion 

for the central incisors (SD; 0.41mm right; 0.39mm left), greatest variability for the 

right second premolar with a CV of 9.38% and least variability for the right first 

permanent molar with a CV of 6.29%.   
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Table 4.1: Mandibular mesiodistal tooth-widths (in mm) for male and female 
participants (n=68) 

Tooth type 

G
en

de
r 

(M
al

es
, n

=2
8 

Fe
m

al
es

, n
=4

0)
 

Right Side Left side 

#Mean 

(mm) 
Range *SD 

(mm) 

*CV 

(%) 

#Mean 

(mm) 
Range *SD 

(mm) 

*CV 

(%) 

Central 

incisors 

Male 5.09 4.58-5.87 ±0.36 7.02 5.11 4.45-5.85 ±0.36 7.10 

Female 4.99 4.12-6.16 ±0.44 8.87 5.00 4.01-6.00 ±0.41 8.27 

Male and 

female 

5.03 4.12-6.16 ±0.41 8.14 5.05 4.01-6.00 ±0.39 7.81 

Lateral 

incisors 

Male 5.73 4.98-6.74 ±0.40 7.03 5.73 4.93-6.63 ±0.46 8.05 

Female 5.65 4.56-6.68 ±0.46 8.23 5.60 4.89-6.73 ±0.45 8.07 

Male and 

female 

5.69 4.56-6.74 ±0.44 7.73 5.65 4.89-6.73 ±0.47 8.08 

Canine Male 7.15 6.33-8.27 ±0.48 6.72 7.15 6.43-8.53 ±0.52 7.28 

Female 6.56 5.60-7.54 ±0.46 7.00 6.65 5.78-7.56 ±0.44 6.57 

Male and 

female 

6.80 5.60-8.27 ±0.55 8.05 6.85 5.78-8.53 ±0.53 7.75 

First premolar Male 7.39 5.97-8.89 ±0.72 9.69 7.38 6.28-8.55 ±0.62 8.42 

Female 7.11 6.07-7.99 ±0.49 6.88 7.23 6.09-8.13 ±0.52 7.17 

Male and 

female 

7.23 5.97-8.89 ±0.60 8.35 7.29 6.09-8.55 ±0.56 7.73 

Second 

premolar 

Male 7.33 5.67-8.90 ±0.78 10.69 7.48 6.00-9.77 ±0.77 10.33 

Female 7.05 5.54-8.21 ±0.56 8.00 7.19 5.62-8.54 ±0.58 8.09 

Male and 

female 

7.17 5.54-8.90 ±0.67 9.38 7.31 5.62-9.77 ±0.68 9.25 

First 

permanent 

molar 

Male 11.45 10.39-13.03 ±0.72 6.29 11.41 10.04-13.01 ±0.76 6.63 

Female 10.96 9.71-12.56 ±0.62 5.67 10.95 9.76-12.45 ±0.62 5.70 

Male and 

female 

11.16 9.71-13.03 ±0.70 6.29 11.15 9.76-13.01 ±0.71 6.40 

*CV: co-efficient of variation, SD: standard deviation 
#The mean mesiodistal tooth-widths are generally larger in males than females 
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Table 4.2 shows the descriptive statistics for the maxillary teeth for male and female 

participants and the combined sample. For males there was greatest dispersion for 

the left central incisors (SD; 0.89 mm) and the least dispersion for the left canines 

(SD; 0.41 mm), while there was greatest variability for the left central incisor with a 

CV of 10.30% and the least variability left canine with a CV of 5.17%. 

For females, there was greatest dispersion in the left first permanent molar (SD; 

0.68), the least dispersion for the right canine (SD; 0.43 mm), greatest variability in 

the right second premolar with a CV of 8.25% and least variability of the right canine 

with a CV of 5.75%.  For the combined sample, there was greatest dispersion for the 

first permanent molars (SD; 0.72 mm right; 0.78 mm left), the least dispersion for the 

first premolar (SD; 0.50mm right; 0.48mm left), greatest variability for the left central 

incisor with a CV of 8.44% and least variability for the left first premolar with a CV of 

6.56%. 
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Table 4.2: Maxillary mesiodistal tooth-widths (in mm) for male and female participants 
(n=68) 

Tooth type 

G
en

de
r 

(M
al

es
, n

=2
8 

Fe
m

al
es

, n
=4

0)
 

Right side Left side 
#Mean 

(mm) 
Range *SD 

(mm) 

*CV 

(%) 

#Mean 

(mm) 
Range *SD 

(mm) 

*CV 

(%) 

Central 

incisors 

Male 8.72 7.93-10.33 ±0.64 7.29 8.64 5.56-10.17 ±0.89 10.30 

Female 8.36 7.16-11.02 ±0.69 8.22 8.44 7.52-9.84 ±0.57 6.76 

Male and 

female 

8.51 7.16-11.02 ±0.69 8.06 8.52 5.56-10.17 ±0.72 8.44 

Lateral 

incisors 

Male 6.89 6.09-8.11 ±0.52 7.50 6.90 5.15-8.38 ±0.59 8.57 

Female 6.60 5.33-7.86 ±0.51 7.76 6.61 5.55-7.60 ±0.52 7.94 

Male and 

female 

6.72 5.33-8.11 ±0.53 7.91 6.73 5.15-8.38 ±0.57 8.42 

Canine Male 7.97 7.06-9.30 ±0.54 6.77 7.95 7.34-9.13 ±0.41 5.17 

Female 7.42 6.40-8.40 ±0.43 5.75 7.36 6.33-8.44 ±0.44 6.01 

Male and 

female 

7.65 6.40-9.30 ±0.55 7.14 7.60 6.33-9.13 ±0.52 6.80 

First 

premolar 

Male 7.42 6.50-8.55 ±0.51 6.91 7.40 6.72-8.40 ±0.46 6.27 

Female 7.25 6.01-8.29 ±0.48 6.66 7.19 5.77-8.45 ±0.47 6.57 

Male and 

female 

7.32 6.01-8.55 ±0.50 6.81 7.28 5.77-8.45 ±0.48 6.56 

Second 

premolar 

Male 6.88 6.00-8.14 ±0.53 7.65 6.89 6.18-8.40 ±0.50 7.28 

Female 6.60 5.38-7.64 ±0.54 8.25 6.55 5.82-7.66 ±0.45 6.91 

Male and 

female 

6.71 5.38-8.14 ±0.55 8.23 6.70 5.82-8.40 ±0.50 7.45 

First 

permanent 

molar 

Male 10.68 8.57-11.98 ±0.75 6.99 10.52 8.05-11.86 ±0.88 8.34 

Female 10.35 9.04-11.89 ±0.67 6.49 10.18 8.93-11.77 ±0.68 6.64 

Male and 

female 

10.49 8.57-11.98 ±0.72 6.84 10.32 8.05-11.86 ±0.78 7.53 

*CV: co-efficient of variation, SD: standard deviation 
#The mean mesiodistal tooth-widths are generally larger in males than females 
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Table 4.3 shows the comparison of mean mesiodistal tooth-widths from the present 

investigation compared to other studies done on two different ethnic groups.  The 

Southern Chinese had the greatest mesiodistal tooth-widths while the present study 

were generally larger than those of the North American Whites. 
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Table 4.3: Comparison of mean mesiodistal tooth-widths (in mm) between present and 
other studies 

Tooth type 

 

Gender 

M=male 
F=female 

Present study 

2011 
(Kenyans of 

African descent) 

Ling and Wong27 

2006  
(Southern 

Chinese) 

Moorreess17 

1957  
(North 

American 
Whites) 

 

*Mandibular Arch 

Central incisor M 5.10 5.62 5.42 

F 5.00 5.57 5.25 

Lateral incisor M 5.73 6.22 5.95 

F 5.62 6.14 5.78 

Canine M 7.15 7.31 6.96 

F 6.60 6.89 6.47 

First premolar M 7.38 7.58 7.07 

F 7.17 7.36 6.87 

Second premolar M 7.41 7.56 7.29 

F 7.12 7.35 7.02 

First molar M 11.43 - 11.18 

F 10.96 - 10.74 

*Maxillary Arch 

Central incisor M 8.63 8.85 8.78 

F 8.40 8.69 8.40 

Lateral incisor M 6.90 7.36 6.64 

F 6.60 7.18 6.47 

Canine M 7.96 8.30 7.95 

F 7.39 7.92 7.53 

First premolar M 7.41 7.77 7.01 

F 7.22 7.57 6.85 

Second premolar M 6.89 7.26 6.82 

F 6.57 7.10 6.62 

First molar M 10.60 - 10.81 

F 10.27 - 10.52 

*Mean mesiodistal tooth-widths of right and left quadrants 
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Table 4.4 shows the comparison of mean mesiodistal tooth-widths of groups of teeth 

from the present investigation and those from other studies.  The present and 

Jordanian studies had generally smaller mesiodistal tooth-widths while the South 

African study had the largest mesiodistal tooth-widths. 

 

Table 4.4: Comparison of mean mesiodistal tooth-widths (in mm) of groups of teeth 

between present and other studies 

 

Groups of 
teeth 

Gender 
M=male 

F=female 

Present 
study 

2011 
(Kenyans of 

African 
descent) 

Jaroontham 
and 

Godfrey26 
2000 

(Thai) 
 

Al-Bitar et 
al28 2008 

(Jordanian) 
 

Schirmer 
and 

Wiltshire14 
1997  

(Black South 
Africans) 

 

Philip et al31 
2010 

(Indian) 
 

Mandibular 

incisors 

M 21.66 ± 1.62 23.89 ± 1.37 23.20 ± 0.34 23.92 ± 1.90 24.03 ± 1.05 

F 21.24 ± 1.35 23.23 ± 1.26 22.80 ± 0.31 23.66 ± 1.59 23.48 ± 0.93 

Mandibular 

canine and 

premolars 

M 21.94 ± 1.63 22.31 ± 1.03 21.60 ± 0.70 23.45 ± 1.37 22.50 ± 1.09 

F 20.90 ± 1.26 21.77 ± 1.26 20.70 ± 0.42 22.20 ± 1.24 21.99 ± 0.95 

Maxillary 

canine and 

premolars 

M 22.25 ± 1.16 23.16 ± 1.04 21.90 ± 1.47 23.22 ± 1.11 23.23 ± 1.07 

F 21.18 ± 1.16 22.64 ± 1.00 21.20 ± 1.13 22.28 ± 1.28 22.75 ± 0.94 

The mean mesiodistal tooth-widths from the present study are generally smaller than for the other 

studies except for the mandibular canines and premolars 
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4.4 Bilateral symmetry of mesiodistal tooth-widths 

Shapiro-Wilk test confirmed normality of the data and therefore paired t-test was 

performed to check for symmetry. Symmetry of mesiodistal tooth-widths between the 

right and the left sides for both maxillary and mandibular arches was assessed.  The 

test was done separately for the males and females and for the combined sample. 

 

Table 4.5 shows the results of the comparison of bilateral symmetry in males.  There 

were statistically significant differences (p≤ 0.05) of 0.04 and 0.03 in mandibular 

second premolars and maxillary first permanent molars respectively. 

 
Table 4.5: Comparison (paired t test) of mesiodistal tooth-widths (in mm) of antimeric 

teeth for males (n=28) 

Tooth type Maxillary teeth Mandibular teeth 

Absolute 

mean 

difference 

(mm) 

*SD 

(mm) 

t 

value

*p 

value 

Absolute 

mean 

difference 

(mm) 

*SD 

(mm) 

t value *p value 

Central 

incisor 

0.09 ±0.92 0.52 0.61 0.03 ±0.25 -0.54 0.59 

Lateral incisor 0.01 ±0.32 -0.09 0.93 0.01 ±0.36 0.14 0.89 

Canine 0.03 ±0.36 0.37 0.71 0.00 ±0.23 -0.09 0.93 

First  

premolar 

0.01 ±0.30 0.26 0.80 0.01 ±0.29 0.21 0.83 

Second 

premolar 

0.01 ±0.36 -0.12 0.91 0.15 ±0.35 -2.21 0.04¶ 

First 

permanent 

molar 

0.16 ±0.36 2.29 0.03¶ 0.04 ±0.22 0.95 0.35 

 *p≤ 0.05, SD; standard deviation 
¶There were statistically significant differences in the mesiodistal tooth-widths for the contralateral      

mandibular second premolars and maxillary first permanent molars 
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 Table 4.6 shows the results of the comparison of bilateral symmetry in females.  

There were statistically significant differences (p≤ 0.05) of 0.04, 0.00 and 0.05 for the 

maxillary first permanent molar, mandibular first and second premolars respectively.  

 
Table 4.6: Comparison (paired t test) of mesiodistal tooth-widths (in mm) for antimeric 

teeth for females (n=40) 

Tooth type Maxillary teeth Mandibular teeth 

Absolute 

mean 

difference 

(mm) 

*SD 

(mm) 

t 

value 

*p 

value

Absolute 

mean 

difference 

(mm) 

*SD 

(mm)

t value *p value

Central 

incisor 

0.08 ±0.36 -1.33 0.19 0.02 ±0.28 -0.45 0.66 

Lateral 

incisor 

0.02 ±0.33 -0.36 0.72 0.05 ±0.19 1.75 0.09 

Canine 0.06 ±0.31 1.27 0.21 0.09 ±0.31 -1.85 0.07 

First 

premolar 

0.06 ±0.26 1.41 0.17 0.12 ±0.25 -2.91 0.00¶ 

Second 

premolar 

0.04 ±0.28 0.83 0.41 0.14 ±0.43 -2.06 0.05¶ 

First 

permanent 

molar 

0.17 ±0.49 0.17 0.04¶ 0.00 ±0.30 0.10 0.92 

*p≤ 0.05, SD; standard deviation 

¶There were statistically significant differences in the mesiodistal tooth-widths for the contralateral 

mandibular first and second premolars and maxillary first permanent molars 
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Table 4.7 shows the results of the comparison of bilateral symmetry for the 

combined sample. There were statistically significant differences (p≤ 0.05) of 0.00 

and 0.00 in the mandibular second premolar and maxillary first permanent molar 

respectively. 

 

Table 4.7: Comparison (paired t test) of mesiodistal tooth-widths (in mm) of antimeric 
teeth for combined sample (n=68) 

Tooth type Maxillary teeth Mandibular teeth 

Absolute 

mean 

difference 

(mm) 

*SD 

(mm) 

t 

value 

*p 

value 

Absolute 

mean 

difference 

mm) 

*SD 

(mm) 

t 

value 

*p 

value 

Central incisor 0.00 ±0.65 -0.10 0.92 0.02 ±0.26 -0.69 0.50 

Lateral incisor 0.01 ±0.32 -0.34 0.74 0.04 ±0.27 1.07 0.29 

Canine 0.05 ±0.33 1.17 0.25 0.05 ±0.28 -1.60 0.11 

First premolar 0.04 ±0.28 1.21 0.23 0.06 ±0.27 -1.92 0.06 

Second 

premolar 

0.02 ±0.31 0.49 0.63 0.14 ±0.39 -2.97 0.00¶ 

First 

permanent 

molar 

0.16 ±0.44 3.05 0.00¶ 0.02 ±0.27 0.59 0.56 

 *p≤ 0.05, SD; standard deviation 
¶There were statistically significant differences in the mesiodistal tooth-widths for the contralateral     

mandibular second premolars and maxillary first permanent molars     
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Table 4.8 shows the results of the comparison of bilateral symmetry of the sum of 

mesiodistal tooth-widths of the permanent canines and premolars for the mandibular 

and maxillary arches in males.  There were no statistically significant differences  

(p≤ 0.05) of 0.11 and 0.74 in the mandibular and maxillary arches respectively.  

 

Table 4.8: Comparison (paired t test) of the sum of mesiodistal tooth-widths (in mm) 

of permanent canines, first and second premolars for males (n=28) 

Groups of 

teeth 

Absolute mean 

difference 

(mm) 

*SD (mm) *p value t value 

Mandibular 

Σ3,4,5 

0.14 ±0.44 0.11 -1.66 

Maxillary Σ3,4,5 0.03 ±0.52 0.74 0.33 

*p≤ 0.05, SD: standard deviation 
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Table 4.9 demonstrates the results of comparison of bilateral symmetry of the sum of 

mesiodistal tooth-widths of the permanent canines and premolars for the mandibular 

and maxillary arches in females. There were statistically significant differences  

(p≤ 0.05) of 0.00 and 0.04 for the mandibular and maxillary arches respectively.   

 

Table 4.9: Comparison (paired t test) of the sum of mesiodistal tooth-widths (in mm) 

of permanent canines, first and second premolars for females (n=40) 

Groups of 

teeth 

Absolute mean 

difference 

(mm) 

*SD (mm) *p value t value 

Mandibular 

Σ3,4,5 

0.35 ±0.63 0.00 -3.49 

Maxillary Σ3,4,5 0.16 ±0.47 0.04 2.12 

 *p≤ 0.05, SD; standard deviation 
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Table 4.10 illustrates the comparison of bilateral symmetry of the sum of mesiodistal 

tooth-widths of the permanent canines and premolars for the mandibular and 

maxillary arches in the combined sample. There was a statistically significant 

difference (p≤ 0.05) of 0.00 in the mandibular arch and no statistically significant 

difference of 0.08 in the maxillary arch.  

 

Table 4.10: Comparison (paired t test) of the sum of mesiodistal tooth-widths (in mm) 
of permanent canines, first and second premolars for the combined sample (n=68) 

Groups of 

teeth 

Absolute mean 

difference 

(mm) 

*SD (mm) *p value t value 

Mandibular 

Σ3,4,5 

0.26 ±0.56 0.00 -3.81 

Maxillary Σ3,4,5 0.11 ±0.49 0.08 1.78 

*p≤ 0.05, SD; standard deviation 
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4.5 Gender comparisons of mesiodistal tooth-widths 

Shapiro-Wilk test confirmed normality of the data. Therefore, independent t-test was 

performed to assess the difference in mesiodistal tooth-widths between males and 

females.   

 

Table 4.11 shows the results of the comparison of mean mesiodistal tooth-widths 

between the right and left sides for the mandibular teeth in males and females.  

Males statistically had larger teeth than females.  However, there were statistically 

significant differences (p≤ 0.05) of 0.00 and 0.00 in the canine and first permanent 

molar respectively.   

 

Table 4.11: Comparison (independent t test) of the mean mesiodistal tooth-widths (in 

mm) of the right and left mandibular teeth between male and female participants 

(n=68) 

Tooth type 

 

Gender 

M=male 

F=female 

N Mean of 

right and 

left sides 

(mm) 

*SD(mm) *p value t value 

Central 

incisor 

M 28 5.10 ±0.34 0.27 -1.11 

F 40 5.00 ±0.41 

Lateral 

incisor 

M 28 5.73 ±0.39 0.32 -1.01 

F 40 5.62 ±0.45 

Canine M 28 7.15 ±0.49 0.00¶ -4.91 

F 40 6.60 ±0.42 

First 

premolar 

M 28 7.38 ±0.65 0.13 -1.52 

F 40 7.17 ±0.49 

Second 

Premolar 

M 28 7.41 ±0.76 0.08 -1.81 

F 40 7.12 ±0.53 

First 

permanent 

molar 

M 28 11.43 ±0.73 0.00¶ -2.93 

F 40 10.96 ±0.60 

*p≤ 0.05, SD: standard deviation  
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Table 4.12 shows the results of the comparison of mean mesiodistal tooth-widths 

between the right and left sides for the maxillary teeth between males and females. 

Males statistically had larger teeth than females.  However, there were statistically 

significant differences (p≤ 0.05) of 0.02 and 0.00 in the lateral incisor and canine 

respectively.   

 

Table 4.12: Comparison (independent t test) of the mean mesiodistal tooth-widths (in 
mm) of the right and left maxillary teeth between male and female participants (n=68) 

Tooth type 

 

Gender 

M=male 

F=female 

n Mean of 

right and 

left sides 

(mm) 

*SD(mm) *p value t value 

Central 

incisor 

M 28 8.63 ±0.62 0.07 -1.85 

F 40 8.40 ±0.60 

Lateral 

incisor 

M 28 6.90 ±0.53 0.02 -2.35 

F 40 6.60 ±0.49 

Canine M 28 7.96 ±0.44 0.00 -5.48 

F 40 7.39 ±0.41 

1st premolar M 28 7.41 ±0.47 0.10 -1.68 

F 40 7.22 ±0.46 

2nd 

premolar 

M 28 6.89 ±0.48 0.10 -2.65 

F 40 6.57 ±0.48 

1st 

Permanent 

molar 

M 28 10.60 ±0.79 0.06 -1.93 

F 40 10.27 ±0.63 

*p≤ 0.05, SD; standard deviation 

 

 

 

 

 

 



43 
 

Table 4.13 presents the results of comparison of sum of mesiodistal tooth-widths of 

incisors between males and females for the mandibular and maxillary arches.  Males 

had generally larger sums of mesiodistal tooth-widths of incisors than females.  

However, there was a statistically significant difference (p≤ 0.05) of 0.03 in the 

maxillary incisors and no statistically significant difference (p≤ 0.05) of 0.27 in the 

mandibular incisors.  

 

Table 4.13: Comparison (independent t test) of sum of mesiodistal tooth-widths (in 
mm) of incisors between male and female participants (n=68) 

Dental arch Gender n Mean 

(mm) 

*SD (mm) *p value t value 

Mandibular Male 28 21.66 ±1.63 0.27 -1.11 

Female 40 21.24 ±1.35 

Maxillary Male 28 31.15 ±2.13 0.03 -2.30 

Female 40 30.00 ±1.95 

*p≤ 0.05, SD; standard deviation 
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Table 4.14 shows the results of comparison of the sum of mesiodistal tooth-widths of 

the permanent canine and premolars between males and females for the mandibular 

and maxillary arches.  Males had larger sums of mesiodistal tooth-widths of 

permanent canines and premolars than females.  However, statistically significant 

differences (p≤ 0.05) of 0.00 and 0.00 were found in both mandibular and maxillary 

arches. 

 

Table 4.14: Comparison (independent t test) of mesiodistal tooth-widths (in mm) for 

the sum of permanent canine, first and second premolars between male and female 

participants (n=68) 

Dental arch Gender N Mean 

(mm) 

*SD (mm) *p value t value 

Mandibular Male 28 21.94 ±1.63 0.00 -2.96 

Female 40 20.90 ±1.26 

Maxillary Male 28 22.25 ±1.16 0.00 -3.77 

Female 40 21.18 ±1.16 

*p≤ 0.05, SD; standard deviation  

Males had generally larger sums of mesiodistal tooth-widths of the permanent canine and 

premolars than females and statistically significant differences were found in the both the 

mandibular and maxillary arches. 
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4.6 Comparison of regression equations 

Table 4.15 shows the comparison between the measured sum of mesiodistal tooth-

widths of permanent canines and premolars and predicted values obtained using the 

Tanaka and Johnston1 equation.  There were no statistically significant differences 

(p≤ 0.05) of 0.47 and 0.49 in the mandibular and maxillary arches respectively. 

 

Table 4.15: Measured sum of mesiodistal tooth-widths (in mm) of permanent canines 

and premolars compared (paired t test) with predicted values of the same teeth using 

Tanaka and Johnston1 equation for the combined sample (n=68) 

        *p≤ 0.05, SD; standard deviation 

 

 

 

 

 

 

 

 

 

 

 

 

Dental arch 

and teeth 

Actual 

(measured) 

± SD 

Tanaka and 

Johnston1 

± SD 

Absolute 

mean 

difference 

(mm)  

*SD 

(mm) 

*p value t value 

Mandibular 

canines and 

premolars 

21.33 ±1.50 21.20 

±0.76 

0.12 ±1.33 0.47 0.73 

Maxillary 

canines and 

premolars 

21.62 ± 

1.27 

21.70 ± 

0.76 

0.09 ±0.12 0.49 -0.70 
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Table 4.16 demonstrates the comparison between the measured sum of mesiodistal 

tooth-widths of mandibular permanent canines and premolars and predicted values 

obtained using the Melgaço et al3 equation. There were no statistically significant 

differences (p≤ 0.05) of 0.71 and 0.13 in both males and females respectively. 

 

Table 4.16: Measured mesiodistal tooth-widths (in mm) for mandibular permanent 

canines and premolars compared (paired t test) with predicted values of the same 
teeth using Melgaço et al3 equation (n=68) 

*p≤ 0.05, SD; standard deviation 

 

 

 

 

 

 

 

 

 

Tooth type and gender Actual 

(measured) 
±SD 

Melgaço et al3 

(predicted) 

±SD 

 Absolute 

mean 
difference 

(mm) 

*SD 

(mm)  

*p 

value 

t value

Combined values for 

canines and premolars in 

males (n=28) 

43.87 ± 3.26 43.69 ± 1.71 0.18 ±2.51 0.71 -0.38 

Combined values for 

canines and premolars in 

females (n=40) 

41.80 ± 2.51 42.26 ± 2.00 0.46 ±1.88 0.13 1.55 

Combined values for 

canines and premolars in 

both males and females 

(n=68) 

42.65 ±  

3.00 

42.85 ± 2.00     0.20 ±2.17 0.45 0.75 
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Table 4.17 shows the comparison of sum of mesiodistal tooth-widths of the 

mandibular permanent canines and premolars obtained using the Tanaka and 

Johnston1 and Melgaço et al3 equations.  There were statistically significant 

differences (p≤ 0.05) of 0.00 and 0.00 in males and the combined sample 

respectively and no statistically significant difference (p≤ 0.05) of 0.90 in females. 

 

Table 4.17: Comparison (paired t test) of the sum of mesiodistal tooth-widths (in mm) 

of mandibular permanent canines and premolars obtained using the Tanaka and 
Johnston1 and Melgaço et al3 equations (n=68) 

 

*p≤ 0.05, SD; standard deviation 

Tanaka and Johnston1 equation values were multiplied by two to represent both quadrants of the 

mandibular arch as in the Melgaço et al3 equation. 

 

 

 

 

 

 

Gender Tanaka 

and 
Johnston1 

±SD 

Melgaço et al3 

± SD 

Absolute 

mean 
difference 

(mm) 

*SD 

(mm)  

 *p 

value 

t 

value 

Males (n=28) 42.66  

± 1.35 

43.69 ± 1.71 1.03 ±1.20 0.00 4.54 

Females (n=40) 42.24  

± 1.63 

42.26 ± 2.00 0.01 ±0.73 0.90 0.13 

Males and females (n=68) 42.41 

 ± 1.53 

42.84 ± 2.00 0.43 ±1.07 0.00 -3.35 
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Table 4.18 illustrates the Pearson correlation coefficients of different groups of 

predictor teeth and the sum of mesiodistal tooth-widths of permanent canines and 

premolars for both mandibular and maxillary arches.  The predictor teeth were; the 

four permanent mandibular incisors and the four permanent mandibular incisors and 

first permanent molars.  The correlation coefficients for the sum of the four 

permanent mandibular incisors were 0.464 and 0.605 for the mandibular and 

maxillary arches respectively. The correlation coefficients for the sum of the four 

permanent mandibular incisors and first permanent molars were; 0.652, 0.674, 0.678 

for males, females and the combined sample respectively in the mandibular arch. 

 

Table 4.18: Correlation coefficients of different groups of predictor teeth and sum of 
mesiodistal tooth-widths of canines and premolars in the present study 

Groups of predictor 

teeth 

r values 

Males Females Males and females 

Mandibular arch 

Four mandibular 

incisors 

0.339 0.550 0.464 

Four mandibular 

incisors and two first 

mandibular molars 

0.652 0.674 0.678 

Maxillary arch 

Four mandibular 

incisors 

0.578 0.630 0.605 

Four mandibular 

incisors and two first 

mandibular molars 

0.725 0.718 0.741 

Inclusion of the two permanent mandibular molars to the four permanent mandibular incisors gave 

higher correlation coefficients. 
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Table 4.19 shows the regression parameters for the single linear regression 

equations used to estimate the sum of mesiodistal tooth-widths of the permanent 

mandibular canines and premolars when the four permanent mandibular incisors 

were used as predictor teeth.  The coefficient of determination (r2) shows the 

predictive accuracy of the regression equation to predict the sum of mesiodistal 

tooth-widths of the permanent mandibular canines and premolars based on the 

predictor teeth6, 20.   

 

Table 4.19: Regression parameters for the prediction equations of the sum of 

mesiodistal tooth-widths of canines and premolars using the four permanent 
mandibular incisors as predictor teeth 

Gender  Regression coefficient  

Tooth 

group 

r r2 a b Standard 

error of 

estimate 

Males 

(n=28) 

Mandibular 

Σ3,4,5 

0.339 0.115 13.078 0.409 1.564 

Maxillary 

Σ3,4,5 

0.578 0.334 11.557 0.494 0.961 

Females 

(n=40) 

Mandibular 

Σ3,4,5 

0.550 0.302 11.897 0.424 1.064 

Maxillary 

Σ3,4,5 

0.630** 0.397 11.643 0.449 0.914 

Males and 

females 

(n=68) 

Mandibular 

Σ3,4,5 

0.464 0.216 11.535 0.457 1.340 

Maxillary 

Σ3,4,5 

0.605** 0.366 10.862 0.503 1.02 

**The clinically significant single linear regression equations developed from these regression 

parameters are for the maxillary arch for the female and combined samples. 

 

 



50 
 

Table 4.20 demonstrates the regression parameters for the single linear regression 

equations used to estimate the sum of mesiodistal tooth-widths of the permanent 

mandibular canines and premolars when the four permanent mandibular incisors and 

two first molars were used as predictor teeth. 

 

Table 4.20: Regression parameters for the prediction equations of the sum of 

mesiodistal tooth-widths of canines and premolars using the four permanent 

mandibular incisors and first permanent molars as predictor teeth 

Gender  Regression coefficient  

Tooth 

group 

*r r2 a b Standard 

error of 

estimate 

Males 

(n=28) 

Mandibular 

Σ3,4,5 

0.652 0.425 -1.638 1.022 2.521 

Females 

(n=40) 

Mandibular 

Σ3,4,5 

0.674 0.455 13.705 0.651 1.880 

Males and 

females 

(n=68) 

Mandibular 

Σ3,4,5 

0.678 0.459 6.762 0.821 2.226 

*All the single linear regression equations developed from these regression parameters are clinically 

significant. 
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Table 4.21 shows comparison of correlation coefficients obtained in the present 

study with those obtained from other studies.  When using the mandibular 

permanent incisors as predictor teeth, the present study has the least correlation 

coefficient.  However when the mandibular permanent incisors and first molars are 

used, the correlation coefficients obtained are all clinically significant and 

comparable to those of the other studies.  
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Table 4.21: Comparison of correlation coefficients from various studies for males, 
females and combined (males and females) 

Study year and populations Dental Arch Predictor 

teeth 

Male Female Combined 

Present 

2013     

Kenyans of African descent 

Mandibular 41,42,31,32, 

36,46 

0.652 0.674 0.678 

Mandibular 41,42,31,32 0.339 0.550 0.464 

Maxillary 41,42,31,32, 

36,36 

0.725 0.718 0.741 

Maxillary 41,42,31,32 0.578 0.630 0.605 

Buwembo et al24 2012 

Ugandans of African descent  

Mandibular 41,42,31,32 0.790 0.840 0.830 

Maxillary 41,41,31,32 0.770 0.790 0.780 

Diagne et al13 2003 

Senegalese of African descent 

Mandibular 41,42,31,32 0.730 0.630 0.730 

Maxillary 41,42,31,32 0.680 0.510 0.680 

Tanaka and Johnson1 1974 

White Americans  

Mandibular 41,42,31,32 - - 0.648 

Maxillary 41,42,31,32 - - 0.625 

Melgaço et al3 2007 

White Brazilians  

Mandibular 41,42,31,32,

36,46 

0.795 0.774 0.810 

Al-Bitar28 et al  2007  

Jordanian   

Mandibular 41,42,31,32 0.650 0.680 0.660 

 41,42,31,32 0.570 0.610 0.600 

Philip et al31 2010 

Indian  

Mandibular 41,42,31,32 0.680 0.670 - 

Maxillary 41,42,31,32 0.660 0.650 - 

Yuen et al30  

1998  

Hong Kong Chinese  

Mandibular 41,42,31,32 0.770 0.690 - 

Maxillary 41,42,31,32 0.790 0.650 - 

The Melgaço et al3 and Buwembo et al24 studies had the highest correlation coefficients   
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Figure 4.1 shows the graphic comparison between the sum of measured mesiodistal 

tooth-widths of the canines and premolars and predicted values obtained using the 

Tanaka and Johnston1 equation for the maxillary arch.  The Tanaka and Johnston1 

equation overestimated the sum of mesiodistal tooth-widths of the canines and 

premolars. 

 

 

Figure 4.1: Graph illustrating comparison of sum of measured mesiodistal tooth-widths of 

maxillary canines and premolars with predicted values obtained using Tanaka and Johnston1 

equation 
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Figure 4.2 shows the graphic comparison between the sum of measured mesiodistal 

tooth-widths of the canines and premolars and predicted values obtained using the 

Tanaka and Johnston1 equation for the mandibular arch.  The Tanaka and Johnston1 

equation underestimates the sum of mesiodistal tooth-widths of the canines and 

premolars for sum of mandibular incisors below 24mm. 

 

 

Figure 4.2: Graph illustrating comparison of sum of measured mesiodistal tooth-widths of 

mandibular canines and premolars with predicted values obtained using Tanaka and 

Johnston1 equation 
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Figure 4.3 illustrates the graphic comparison between the sum of measured 

mesiodistal tooth-widths of the mandibular canines and premolars with predicted 

values obtained using the Melgaço et al3 equation for the male sample.  The 

Melgaço et al3 equation overestimated the sum of mesiodistal tooth-widths of 

canines and premolars for sum of predictor teeth below 44mm and underestimated 

when the sum of predictor teeth was above 44mm. 

 

 

Figure 4.3: Graph illustrating comparison of sum of measured mesiodistal tooth-widths of 

mandibular canines and premolars with predicted values obtained using Melgaco et al3 

equation 
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Figure 4.4 illustrates the graphic comparison between the sum of measured 

mesiodistal tooth-widths of the mandibular canines and premolars with predicted 

values obtained using the Melgaço et al3 equation for the female sample.  The 

Melgaço et al3 equation generally overestimated the sum of mesiodistal tooth-widths 

of canines and premolars in the female sample. 

 

 

Figure 4.4: Graph illustrating comparison of sum of measured mesiodistal tooth-widths of 

mandibular canines and premolars with predicted values obtained using Melgaco et al3 

equation for the female sample 
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Figure 4.5 illustrates the graphic comparison between the sum of measured 

mesiodistal tooth-widths of the mandibular canines and premolars with predicted 

values obtained using the Melgaço et al3 equation for the combined sample.  The 

Melgaço et al3 equation slightly overestimated the sum of mesiodistal tooth-widths of 

the canines and premolars but for sum of predictor teeth above 46mm, the measured 

and predicted values were almost equal. 

 

 

Figure 4.5: Graph illustrating comparison of sum of measured mesiodistal tooth-widths of 

mandibular canines and premolars with predicted values obtained using Melgaco et al3 

equation for the female sample 
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CHAPTER FIVE 

5.0  DISCUSSION 

5.1 Summary 

This discussion will highlight the strength of the methodology used as well as the 

representativeness of the sample.  The mesiodistal tooth-widths obtained from this 

sample will be compared with mesiodistal tooth-widths from other studies.  Gender 

differences of the mesiodistal tooth-widths of the sample will also be explained.  In 

addition, the actual (measured) values of the sum of mesiodistal tooth-widths of the 

permanent canine, first and second premolar compared to the predicted values will 

be compared and contrasted with findings from other studies.   Finally the accuracy 

of the various prediction equation methods with reference to the actual (measured) 

values of the sum of mesiodistal tooth-widths of the permanent canine, first and 

second premolars will be explained. 

5.2 Methodological considerations 

Odontometric measurements specifically the measurements of mesiodistal tooth-

widths were done to obtain data for the present study.  The method by Hunter and 

Priest32 in which the digital vernier calliper was placed perpendicular to the occlusal 

plane between the contact points was used.  The Moorrees et al17 method measures 

mesiodistal tooth-width with the digital vernier calliper parallel to the occlusal plane 

between the contact points.  The Hunter and Priest32 method was used because it 

was possible to measure mesiodistal tooth-widths of even slightly rotated teeth. 

The sample for the present study was selected from 13-17 year old Kenyans of 

African descent who satisified the inclusion criteria.  Maxillary and mandibular arch 

impressions were then made.  Ngesa6, Diagne et al13 and Buwembo et al24 also 
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obtained their mesiodistal tooth-width data by taking impressions of the dental 

arches from individuals.  However, other studies3,4,5,14,31 have obtained their 

mesiodistal tooth-width data from study casts of individuals undergoing or having 

completed orthodontic treatment.   

The digital vernier calliper was used because it enabled ease of obtaining the 

measurements without straining the eye or approximating if a conventional vernier 

calliper would have been used.  Similar studies3, 4, 5, 6 have used digital vernier 

callipers to obtain odontometric data. 

The tests used for statistical analysis in the present study were consistent with other 

similar studies in which bilateral symmetry and gender differences were investigated.  

Data was first tested for normality and then descriptive statistics were calculated.  

The paired t test assessed bilateral symmetry of groups of teeth while the 

independent t test compared mesiodistal tooth-widths between the male and female 

samples. 

Validity and reliability are used to describe the accuracy of the various prediction 

equations, be they single linear regression or multiple linear regression equations20.  

Luu et al20 defined validity as the ability to truly measure what is intended to be 

measured. It can be determined from the mean differences between two measured 

values20.  They also defined reliability as the consistency with which a measurement 

is made and it can be determined from measures of error and correlation of repeated 

mixed dentition analysis for the same patient20. 

Validity in the present study as determined by the mean differences ranged from 

0.20 to 0.46 millimetres when the Melgaço et al3 equation was used and from 0.01 to 

1.03 millimetres when the Tanaka and Johnston1 equation was used.  These mean 
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differences are within the 1 mm overestimation or underestimation allowed per 

quadrant when prediction equations are used3, 5.  Therefore, the predicted values 

obtained in the present study can be considered as being valid.  Reliability was 

determined by calculating the intraclass coefficient correlation between dental casts 

selected at random and measured twice in a week period, as proposed by Buwembo 

et al24.   

5.3 Representativeness of the sample  

The choice of the two secondary schools was because they are national schools.  

National schools admit students from all counties of Kenya.  Therefore, by sampling 

students from the schools it was assumed that the sample would represent 

reasonably well the Kenyan population.   

The sample size was chosen by using the Kirkwood and Sterne18 formula.  The 

criteria used to select the sample size were adapted from a previous Kenyan study6 

that measured mesiodistal tooth-widths. These criteria were chosen because they 

were deemed to be sound and enabled comparison of the findings of the previous 

Kenyan study6 with the present study. 

 

5.4.0 Mesiodistal tooth-widths 

The mean mesiodistal tooth-widths and coefficient of variation (CV) of individual 

tooth types were calculated (Tables 4.1 and 4.2) and compared to other studies 

(Table 4.3). 

The CV in the present study is a measure of the variability of mesiodistal tooth-

widths16.  The higher the CV the higher the variability of a measurement and vice 

versa.  In the present study as shown in Tables 4.1 and 4.2, the highest CV was 
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observed for the second mandibular premolars and the lowest CV was observed for 

the first permanent mandibular molars.   The low CV value of the first permanent 

mandibular molars justified its use in one of the prediction equations used in the 

present investigation.  The four permanent mandibular incisors although commonly 

used as predictor teeth do not have the lowest CV values16,27.  The present 

investigation also found CV values of the four permanent mandibular incisors not to 

be the lowest.  Their continued use as predictor teeth is mainly due to their 

favourable position in the mandibular arch that facilitates ease of measurement6.     

A study16 to compare mesiodistal tooth-widths and buccolingual crown dimensions of 

Nigerian and British children found the highest CV in the mandibular central incisors 

and the lowest CV in the first permanent mandibular molars among Nigerians.  In the 

British sample, the highest CV was observed in the maxillary second premolars and 

the least CV in the maxillary permanent canines16.  The study16 reported that the 

variability in mesiodistal tooth-width maybe as a result of tooth type and location in 

the dental arch.  The maxillary lateral incisors are the teeth that have the most varied 

shape and size.  Therefore, in any odontometric study, the CV for the maxillary 

lateral incisors would be expected to be highest.  However, in the present study and 

the study by Otuyemi and Noar16 that was not the case.  In the present study the 

mandibular second premolars had the highest CV and in the study by Otuyemi and 

Noar16 the mandibular central incisors had the highest CV. This is because 

individuals with peg shaped maxillary lateral incisors do not fulfil the inclusion criteria 

for most odontometric studies and hence do not contribute to the CV calculation.  

However, in a study on Southern Chinese children, the CV was found to be highest 

for the maxillary lateral incisors despite the inclusion criteria stating that malformed 
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teeth were not included in the study27.  A ‘malformed’ tooth was not defined in that 

study. 

Garn et al61 reported that tooth size is genetically controlled and that environmental 

factors have little effect on tooth size.  They further reported that variation in tooth 

size between quadrants of the same dental arch is controlled by local genetic factors 

and that the more distally positioned teeth have greater variation in tooth size.  In the 

present investigation the first permanent mandibular molar showed the least 

variability.   

5.4.1 Bilateral symmetry in mesiodistal tooth-widths 

Similarity of teeth between the left and right sides of a dental arch is assumed6. This 

enables mesiodistal tooth-width measurements of one quadrant to be used to 

represent the other side of the quadrant specifically in a clinical setting6.  Mixed 

dentition space analysis uses measurements from one quadrant in estimating the 

total tooth material for a dental arch1.   

In the present investigation, statistically significant bilateral differences were found in 

males for mandibular first permanent molars and maxillary second premolars.  In 

females, statistically significant bilateral differences were found in the maxillary first 

permanent molar and mandibular first and second premolars.  The whole sample 

showed statistically significant bilateral differences for the mandibular second 

premolar and maxillary first permanent molar.  The absolute mean differences 

between antimeric teeth ranged from 0.12 to 0.17mm.  These differences are small 

and not clinically significant.  Mean mesiodistal tooth-widths of the antimeres were 

thus used in calculations in the prediction equations. 
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A previous Kenyan study6 found statistically significant differences for mandibular 

lateral incisors, maxillary canines and first premolars.  However, in this Kenyan study 

the p value was adjusted using the Bonferroni correction and no statisitically 

significant differences were then observed.  A Brazilian study3 showed no statistically 

significant differences between the left and right sides for mesiodistal tooth-widths of 

all contralateral teeth.  A Jordanian study28, found statistically significant differences 

for the maxillary and mandibular second premolars.  Bishara et al25 in their study on 

North American, Mexican and Egyptian samples found statistically significant 

differences for 9 antimeres.  However, they did not specify the individual teeth or the 

samples from which the teeth were derived.  The differences between antimeres in 

their study ranged from 0 to 0.24mm which they considered small and not clinically 

significant. 

 

5.4.2 Gender differences in mesiodistal tooth-widths 

Mesiodistal tooth-widths of individual teeth for male participants were generally 

larger than for female participants as shown in Tables 4.11 and 4.12.  However, 

there were only statistically significant differences in the mandibular permanent 

canines and first permanent molars, maxillary lateral incisors and permanent 

canines. For the sum of the four incisors, there was no statistically significant 

difference in the mandibular arch between male and female participants (Table 

4.13).  The sum of the four incisors in the maxillary arch showed a statistically 

significant difference between male and female participants (Table 4.13).  There 

were statistically significant differences in both the mandibular and maxillary arches 

for the sum of the mesiodistal tooth-widths of the permanent canines and premolars 

between male and female participants (Table 4.14). These significant differences 
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justified the use of two (male and female) separate regression equations including 

the first permanent molars as predictor teeth. 

The mean differences for the individual mandibular teeth with statistically significant 

differences were 0.55mm for the canine and 0.47mm for the first permanent molar.  

Mean differences for individual maxillary teeth with statistically significant differences 

were 0.30mm for the lateral incisor and 0.55mm for the canine.  For the sum of 

incisors the mean difference was 1.15mm in the maxillary arch and for the sum of 

mesiodistal tooth-widths of permanent canine and premolars the mean differences 

were 1.04mm for the mandibular and 1.07mm for the maxillary arch. Clinically 

significant differences (more than 1mm mean difference per quadrant) were found in 

the sum of incisors for the maxillary arch while the sum of mesiodistal tooth-widths of 

permanent canine and premolars in both the mandibular and maxillary arches was 

just within the accepted limit. 

Several studies of African populations have also found that the sum of mesiodistal 

tooth-widths of the canines and premolars is larger in males than females6,13,14,24.  

Studies on Mongoloid populations have also reported that there are significant 

differences in mesiodistal tooth-widths of groups of teeth between male and female 

subjects26,31. These findings were not any different in Caucasian populations3.   

A previous Kenyan study6 reported larger mesiodistal tooth-widths in males than in 

females for both dental arches. It also showed statistically significant differences in 

all teeth except the mandibular second premolars.  In this Kenyan study6 when 

groups of teeth were compared, it was found that males had significantly larger sum 

of mesiodistal tooth-widths of canines and premolars than females.  A Ugandan 

study24 also found that the combined sum of mesiodistal tooth-widths of mandibular 

and maxillary canines and premolars was significantly larger in males than females.  
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Diagne et13 in a Senegalese population found that the canine-premolar segments in 

both the mandibular and maxillary arches were significantly larger in males than 

females.  An Indian study31 as well showed that the sum of mandibular incisors and 

sum of mandibular and maxillary canines and premolars was significantly larger in 

males than females.  Jaroontham and Godfrey26 in a Thai population also found that 

the mandibular incisors and sum of mandibular and maxillary canines and premolars 

to be significantly larger in males than females.  A Southern Chinese population 

study27 revealed larger absolute mesiodistal tooth-widths in both dental arches in 

males than females for all tooth types. The study also reported that all teeth except 

the mandibular lateral incisors had statistically significant differences.  Al-Bitar et al28 

in their study on a Jordanian population found that males had significantly greater 

sum of mandibular incisors than females, the canine-premolar segments were also 

significantly greater in males than females and that all teeth had statistically 

significant differences except for the mandibular right central incisors and the 

maxillary right and left second premolars. 

In a study3 on White Brazilian children, it was found that males had wider teeth than 

females and that the differences were statistically significant3.  However, this 

Brazilian study did not categorize the teeth into individual tooth-type or groups of 

teeth.  Bishara et al25 in their study comparing mesiodistal tooth-widths in three 

different populations, reported that in their Egyptian sample, males had significantly 

larger maxillary and mandibular canines than females as well as significantly larger 

sum of mesiodistal tooth-widths of maxillary permanent canines and premolars.  The 

Mexican sample in the same study showed that both mandibular and maxillary 

canines, first and second premolars and first permanent molars were significantly 

larger in males than females.  In the American sample of the same study, both 
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mandibular and maxillary permanent canines and first molars were significantly 

larger in the males than the females. In concurrence with previous studies the 

present findings indicate that males have larger mesiodistal tooth-widths than 

females.  Also, like the previous studies3, 13, 25, 27, statistically significant differences 

were not found in all measured permanent teeth between males and females. 

However, since different studies set the p value at different levels, comparison of the 

different studies should be done cautiously. The present study is consistent with the 

findings of other authors3,6,24,25,27,28,31 that there is a gender difference in the 

mesiodistal tooth-widths between males and females. 

5.4.3 Population differences in mesiodistal tooth-widths 

Several authors have reported racial and ethnic differences in mesiodistal tooth-

widths3, 5, 6, 13, 14.  The mean mesiodistal tooth-widths of individual tooth-types in the 

present study were compared with other studies from a Southern Chinese27 and 

North American17 sample.  Overall the North American sample had smaller mean 

mesiodistal tooth-widths for both genders than the present study (Table 4.3). 

However, the mandibular and maxillary incisors for both genders and canine in 

females had larger mean mesiodistal tooth-widths than in the present study.  The 

Southern Chinese had larger mean mesiodistal tooth-widths than those of the 

present study for both males and females. 

The mean values of mesiodistal tooth-widths of the different groups of teeth in the 

present study were different from those of other studies (Table 4.4). The Indian 

study31 had the largest mean mesiodistal tooth-widths for the mandibular incisors 

and maxillary canine and premolars while the Black South African study14 had the 

largest mean mesiodistal tooth-widths for mandibular canine and premolars. 
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These findings demonstrate differences in mesiodistal tooth-widths in different racial 

groups. Due to these racial differences and in concurrence with other 

authors3,5,6,13,14, the Tanaka and Johnston1 equation was found not to be applicable 

for the mandibular arch in the combined sample (males and females).  The Tanaka 

and Johnston1 equation has thus been modified by several authors5, 24. Their 

modifications were found to be more accurate in predicting the sum of mesiodistal 

tooth-widths of the permanent canines and premolars in their populations.  Similarly, 

new prediction equations for this Kenyan sample were formulated (see section 

5.8.2). 

 

5.5 Comparison of prediction equations values with actual (measured) values 

Prediction equation values are derived from prediction equations.  While actual 

(measured) values are directly measured from the dental casts.  Prediction 

equations are either single linear regression equations (SLRE) or multiple linear 

regression equations (MLRE) 20.  MLRE provide higher correlation coefficients and 

better accuracy because of the use of more variables, but they are complex and 

difficult to memorize3. The SLRE are commonly used because they are non-

radiographic, simple and practical for the dentist to use3, 4. 

Nourallah et al5 stated that for a predictive method to form part of contemporary 

orthodontic practice, it must be accurate, safe and simple to use.  The Tanaka and 

Johnson1 equation is one such predictive method that fits the above criteria. 

However, its main shortcoming is that it is not applicable in non-Caucasian 

populations without modification3,5,6. The sum of the four permanent mandibular 

incisors is widely used as a predictor in single linear regression equations mainly due 

to ease of measurement of these teeth both in the mouth and on dental casts6.  They 
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however do not have the least variability as measured by the coefficient of variation 

(CV)16,27. They are mainly used due to their location in the mandibular arch6.  

Addition of other teeth to the permanent mandibular incisors has been shown to 

increase the value of the correlation coefficient3,4,5. Mandibular first permanent 

molars were added to the mandibular incisors and used as predictors in a Brazilian 

study3.  Maxillary first permanent molars were also added to the mandibular incisors 

and used as predictors in a Syrian population5.  An Indian study added the 

mandibular first permanent molars to the mandibular incisors to predict the sum of 

mesiodistal tooth-widths of the mandibular canines and premolars4.  In the same 

study4, the maxillary first permanent molars were added to the mandibular incisors to 

predict the sum of mesiodistal tooth-widths of the maxillary canines and premolars.  

However, addition of some other teeth to the mandibular permanent incisors is not 

always possible as some teeth may delay in erupting, have abnormal morphology or 

be covered distally by gingiva5, 6.  The present study added the mandibular first 

permanent molars to the permanent mandibular incisors to predict the sum of the 

mesiodistal tooth-widths of the mandibular permanent canine and premolars for both 

sides of the arch.  This was informed by the high correlation coefficient of 0.810 that 

was obtained in a Brazilian study3 that did not use radiographs.  This correlation 

coefficient is similar to that obtained from a study8 that used radiographs to predict 

the mesiodistal tooth-widths of unerupted canines and premolars. The present study 

compared the actual (measured) mesiodistal tooth-widths and the predicted values 

obtained using the Tanaka and Johnston1 and Melgaço et al3 equations.   

The Tanaka and Johnston1 equation does not have separate equations for males 

and females; however it has separate equations for the maxillary and the mandibular 

arches.  In the present investigation, the Tanaka and Johnston1 equation 
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underestimated the sum of mesiodistal tooth-widths of the mandibular permanent 

canines and premolars, while in the maxillary arch it overestimated the sum of 

mesiodistal tooth-widths of the permanent canines and premolars as shown in Table 

4.15.  However, the differences were not statistically significant.  A previous Kenyan 

study6 found that the Tanaka and Johnston1 equation overestimated the sum of 

mesiodistal tooth-widths of the mandibular permanent canines and premolars, while 

it underestimated the sum of mesiodistal tooth-widths of the maxillary permanent 

canines and premolars. The mean differences reported in this previous Kenyan 

study were not statistically significant.  In a Ugandan study24, the Tanaka and 

Johnston1 equation underestimated the sum of the mesiodistal tooth-widths of the 

mandibular permanent canine and premolars and overestimated the maxillary 

permanent canines and premolars.  The mean differences for this Ugandan study 

were also not statistically significant.  The present study conforms to other studies in 

which the Tanaka and Johnston1 equation either overestimates or underestimates 

the sum of mesiodistal tooth-widths of the permanent canines and premolars.  Also, 

that the mean differences were found not to be statistically significant.  The absolute 

mean differences for the present study ranged from 0.09 to 0.11mm, the previous 

Kenyan study6 0.075 to 0.078mm and the Ugandan study24 ranged from 0.70 to 

0.75mm.  These absolute mean differences are not clinically significant.  This is 

because a discrepancy of less than 1mm in the sum of canine and premolars in one 

quadrant has been shown not to influence extraction or non-extraction treatment 

choice3, 25. 

Melgaço et al3 developed a regression equation for only the mandibular arch 

because arch length is more diminished in the mandible compared to the maxilla 

especially during the transition from primary to permanent dentition3.  Separate 
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equations were developed for males and females because gender differences in the 

mesiodistal tooth widths have been reported3, 5, 6, 13, 14.  The present study adopted 

the Melgaço et al3 equation because it is a non-radiographic prediction method, it is 

simple and easy to use and it has a high correlation coefficient comparable to 

correlation coefficients obtained from radiographic prediction methods.  In the 

present study, using the Melgaço et al3 equation, the absolute mean differences 

between the measured values of sum of mesiodistal tooth-widths of mandibular 

permanent canines and premolars and predicted values ranged from 0.18 to 

0.46mm, with males 0.18 ± 2.51mm, females 0.46 ± 1.88mm and the combined 

sample 0.20 ± 2.17mm as shown in Table 3.14. Melgaço et al3 reported smaller 

absolute differences ranging from 0 to 0.02 mm with males 0.02 ± 1.49mm, females 

0.04 ± 1.36mm and the combined sample 0.00 ± 1.44mm.  There were no 

statistically significant differences between the predicted values of the sum of 

mesiodistal tooth-widths of the mandibular permanent canines and premolars 

obtained using the Melgaço et al3 equations and the actual (measured) values for 

either males, females or the combined sample (Table 4.16).  Therefore, the present 

findings indicate that the Melgaço et al3 equation can be used to predict better the 

sum of mesiodistal tooth-widths of the mandibular permanent canine and premolars 

for both males and females than the Tanaka and Johnston1 equation. The correlation 

coefficients obtained when using the Tanaka and Johnston1 equation for the 

mandibular arch were lower than for the Melgaço et al3 equation in the combined 

sample.   

 5.6 Accuracy of prediction equations 

Correlation coefficients (r) were used to evaluate relationships between the predictor 

teeth and the estimated value obtained using a prediction equation13.  The Pearson 
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correlation coefficient was used to compare prediction equations because it is 

independent of both scale of measurement and sample size6. A correlation 

coefficient of one (1) would mean a perfect relationship between the predictors and 

the calculated value from the prediction equation.  Studies to predict the sum of 

mesiodistal tooth-widths of permanent canines and premolars using the radiographic 

methods have reported high correlation coefficients of 0.870 to 0.950, while those 

using single linear regression equations only have reported moderate to high 

correlation coefficients of 0.720 to 0.99020.  An r value of 0.6 is considered clinically 

significant6, 20.  Luu et al20 do not recommend use of a prediction equation with an r 

value of less than 0.6.  The r values for the present study are shown in Table 4.18.   

Comparison of r values obtained in the present study and r values from other studies 

is shown in Table 4.18.  In the mandibular arch when the four permanent mandibular 

incisors were used as predictor teeth, the r values for both genders and combined 

sample were lower than in the other studies1,3,13,24,28,30,31.  In the maxillary arch when 

the four permanent mandibular incisors were used as predictor teeth, the r values for 

males and combined samples were lower than in the other studies.  However, for the 

females, the r value was higher than the Senegalese13 and Jordanian28 studies.  

When the four permanent mandibular incisors and two first permanent molars were 

used as predictor teeth similar to the Melgaço et al3 study, the r values obtained in 

the present study for the mandibular arch were lower than in the Melgaço et al3 

study.  When the r values obtained using the four permanent mandibular incisors 

and two first permanent molars as predictor teeth were compared with the four 

permanent mandibular incisors as predictor teeth, in males for the mandibular arch, 

the r value was generally lower than in other studies except for the Jordanian28 study 

where it was similar.  For the maxillary arch, the r value was higher than the 
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Senegalese13, Jordanian28 and Indian31 studies but lower than the Ugandan24 study.  

In females for the mandibular arch, the r value was similar to the Indian31 study, 

higher than the Senegalese13 study and lower than the other studies3,28,30.  For the 

maxillary arch, the r value was higher than for all the other studies except the 

Ugandan24 study.  In the combined sample for the mandibular arch, the r value was 

higher than the Tanaka and Johnston1 and Jordanian28 studies but lower than the 

Brazilian3, Senegalese13 and Ugandan24 studies.  For the maxillary arch, the r value 

was only lower than the Ugandan24 study. 

The only correlation coefficients that are clinically significant20 when using the four 

permanent mandibular incisors in the present study are for maxillary arch in females 

and in the combined sample with r values of 0.630 and 0.605 respectively (Table 

4.18).  The low correlation coefficients in the present study between the sum of the 

four permanent mandibular incisors and the sum of mesiodistal tooth-widths of the 

mandibular permanent canine and premolars in the male and combined samples 

precluded the formulation of single linear regression equations for the present 

Kenyan sample.  However, Diagne et al13 obtained correlation coefficients mostly 

above 0.6 except for the female maxillary arch and thus single linear regression 

equations were formulated for their study.  The Buwembo et al24 and Diagne et al13 

studies found that the Tanaka and Johnston1 equation overestimated the mesiodistal 

tooth-widths of the permanent canines and premolars and therefore recommended 

the use of prediction equations that they had formulated for their respective 

populations. 

When the four permanent mandibular incisors and first permanent molars were used 

to predict the sum of mesiodistal tooth-widths of the mandibular permanent canines 

and premolars in the present investigation, the r values obtained were; 0.652 for the 
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males, 0.674 for females and 0.678 for the combined sample (Table 4.18).  The r 

values are moderate (above 0.6) and thus can be considered clinically significant6, 20.  

The Melgaço et al3 study obtained r values of 0.795 for males, 0.774 for females and 

0.810 for the combined sample (Table 4.18).  These are high correlation coefficients 

and the r value for the combined sample from the Melgaço et al3 study compares 

favourably well with the correlation coefficients obtained from radiographic prediction 

methods which are considered most accurate3,4,8.  The correlation coefficients from 

the present investigation using the predictor teeth proposed by Melgaço et al3 

although not as high as those from the original Melgaço et al3 study can still be 

considered clinically useful and this equation can be used in the Kenyan population.   

The difference in correlation coefficients obtained despite the same predictor teeth 

being used could be as a result of differences in mesiodistal tooth-widths in different 

racial and ethnic groups3, 4, 5, 6.  The present study was carried out on Kenyans of 

African descent while the Melgaço et al3 equation was carried out on White 

Brazilians. 

5.7 Comparison of prediction equations in space analysis 

Two single linear regression equations were investigated in the present study.  The 

Tanaka and Johnston1 equation is a commonly used prediction equation due to its 

simplicity and being practical in use6.  However, it has to be modified to be used in 

different racial and ethnic groups since it was derived from a Caucasian sample5,6,24. 

It has been shown to overestimate the sum of mesiodistal tooth-widths of the 

permanent canines and premolars in several studies of African populations13, 24.  The 

Melgaço et al3 equation was developed after observing that using only the four 

permanent mandibular incisors to predict the sum of mesiodistal tooth-widths of the 

permanent canines and premolars gave low correlation coefficients (r).  The r value 
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obtained using the Melgaço et al3 equation was 0.810 for both males and females 

which is high and similar to r values obtained by use of radiographic prediction 

methods3.  It is also simple and practical to use. 

The r values obtained using the four permanent mandibular incisors in the present 

study were 0.465 for the mandible and 0.605 for the maxilla (Table 4.18). The r 

values obtained using the four permanent mandibular incisors and first permanent 

molars in the present study were 0.652 for the males and 0.674 for the females and 

0.678 for the combined sample in the mandibular arch (Table 4.18). Those values 

were lower than the original Melgaço et al3 study of 0.795 for males, 0.774 for 

females and 0.810 for the combined sample.  In the maxillary arch, the r values 

obtained were; 0.725 for males, 0.718 for females and 0.741 for the combined 

sample (Table 4.18).  These correlation coefficients are higher than for the 

mandibular arch.  The Melga�o et al3 equation can therefore predict better the sum 

of mesiodistal tooth-widths of the maxillary permanent canine and premolars than 

the mandibular permanent canine and premolars.  However, it was developed for 

use in the mandibular arch since arch perimeter is diminished during the transition 

from mixed to permanent dentition more in the mandibular than the maxillary arch3. 

Comparison of different r values obtained from different studies is shown in Table 

4.18.  Most studies have moderate to high r values including the present study.  Only 

the study by Buwembo et al24 has similar r values to the Melgaço et al3.  These r 

values are considered high because they approximate those values obtained using 

radiographic prediction methods which could be considered ‘gold standard’. 

The absolute mean differences between actual (measured) values and values 

obtained using the Tanaka and Johnston1 equation were; 0.11mm and 0.09mm for 

the mandibular and maxillary arches respectively (Table 4.15).  These differences 
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were not statistically significant at p-value (p≤ 0.05) of 0.47 and 0.49 for the 

mandibular and maxillary arches respectively. While the absolute mean differences 

between actual (measured) values and values obtained using the Melgaço et al3 

equation were, 0.18mm for males, 0.20mm for females and 0.46mm for the 

combined sample which were not statistically significant at p-value (p≤ 0.05) of 0.45 

(Table 4.16).  Comparison of the predicted sum of mesiodistal tooth-widths of the 

permanent mandibular canine and premolars using both the Tanaka and Johnston1 

equation and Melgaço et al3 equations (Table 4.17), revealed an absolute mean 

difference of 0.43mm.  This was statistically significant at p-value (p≤  0.05) of 0.00. 

Previous studies21,25 have stated that absolute mean differences between measured 

values and values obtained using prediction equations for the sum of mesiodistal 

tooth-widths of permanent canines and premolars of less than 1mm not to be 

clinically significant.  This difference is spread across three teeth; canine, first and 

second premolars.  It therefore does not affect an extraction or non-extraction 

decision during the mixed dentition period3,25.  In the present investigation, absolute 

mean differences obtained using both the Tanaka and Johnston1 and Melgaço et al3 

equations were all less than 1mm and can therefore be considered to be not 

clinically significant. 
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5.8 CONCLUSIONS AND RECOMMENDATIONS 

5.8.1 Conclusions 

1. This study has provided additional data on individual tooth-type mesiodistal 

tooth-width dimensions for Kenyans. 

2. Inclusion of the mandibular first permanent molars to the four permanent 

mandibular incisors gave higher correlation coefficients. 

3. The Melgaço et al3 equation better predicted the sum of the mesiodistal tooth-

widths of the mandibular permanent canine and premolars than the Tanaka 

and Johnston1 equation. 

5.8.2 Recommendations 

Males have larger mesiodistal tooth-widths than females, therefore space 

analysis should be done separately for each gender. 

There was bilateral symmetry of the different groups of teeth within the arch.  

Thus, teeth on one side can be used to estimate mesiodistal tooth-widths of 

contra-lateral teeth. 

Space analysis should be ethnic group/population specific because of the 

difference in mesiodistal tooth-widths among populations. 

Clinicians and researchers may use the following equations formulated using 

data from the present investigation to predict the sum of mesiodistal tooth-widths 

of mandibular permanent canines and premolars: 

 y = 1.022x - 1.638 for males 

 y = 0.651x + 13.705 for females 

 y = 0.821x + 6.762 for males and females  
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Where: 

y is predicted sum of mesiodistal tooth-widths of mandibular permanent 

canine and premolars in both quadrants 

x is the sum of the mesiodistal tooth-widths of the four mandibular permanent 

incisors and two first molars 

Additional research needs to be done in other ethnic and regional groups to test the 

Melgaço et al3 equation, applicability of the Tanaka and Johnston1 equation and to 

obtain more data on mesiodistal tooth-widths of the Kenyan population. 

5.9 Limitations 

This was a school based study with a limited number of participants.  A larger 

sample size from the general population should be studied to obtain more 

representative data of mesiodistal tooth-widths of the Kenyan population, test the 

Melgaço et al3 equation and applicability of the Tanaka and Johnston1 equation.   

   



78 
 

REFERENCES 

1. Tanaka MM, Johnston LE. The prediction of the size of unerupted canines 

and premolars in a contemporary orthodontic population. J Am Dent Assoc 

1974; 88:798-801. 

2. Moyers RE.  Handbook of orthodontics. 4th Ed.  Chicago: Year Book; 1988. p. 

235-239. 

3. Melgaço CA,  Araújo MT, Ruellas AC.  Mandibular permanent first molar 

and incisor width as predictor of mandibular canine and premolar width.  Am J 

Orthod Dentofacial  Orthop 2007; 132: 340-345. 

4. Jaju KR, Gulve ND, Chitko SS.  A new equation for predicting the width of 

unerupted permanent canines and premolars for cosmopolitan Indian 

population.  J  Indian Orthod Society 2010; 44: 83-88. 

5. Nourallah AW, Gesch D,  Khordaji MN, Splieth C.  New Regression 

Equations for Predicting the Size of Unerupted Canines and Premolars in a 

Contemporary Population.  Angle Orthod 2002; 72: 216-221. 

6. Ngesa JL. Applicability of tooth size predictions in the mixed dentition 

analysis in a Kenyan sample. Mini-thesis (Masters), 2005.  University of the 

Western Cape. 

7. Legovic M, Novosel A, Legovic A. Regression equations for determining 

mesiodistal crown diameters of canines and premolars.  Angle Orthod 2003; 

73: 314-318. 

8. Hixon EH, Oldfather RE.  Estimation of the sizes of unerupted cuspids and 

bicuspids.  Angle Orthod 1958; 28: 236-240. 

9. Kaplan RG, Smith CC, Kanarek PH.  An analysis of three mixed dentition 

analyses. J Dent Res 1977; 56: 1337-1343. 



79 
 

10. de Paula S, Almeida MA, Lee PC.  Prediction of mesiodistal diameter of 

unerupted lower canines and premolars using 450 cephalometric radiography. 

Am J Orthod Dentofacial Orthop 1995; 107: 309-314. 

11. Boboc A, Dibbets J.  Prediction of the mesiodistal width of unerupted 

permanent canines and premolars: A statistical approach.  Am J Orthod 

Dentofacial Orthop 2010; 137: 503-507. 

12. Buwembo W, Luboga S.  Moyer’s method of mixed dentition analysis: a 

meta-analysis.  African Health Sciences 2004; 4: 63-66. 

13. Diagne F, Diop-Ba K, Ngom PI, Mbow K.  Mixed dentition analysis in a 

Senegalese population: Elaboration of prediction tables.  Am J Orthod 

Dentofacial Orthop 2003; 124: 178-183. 

14. Schirmer UR, Wiltshire WA.  Orthodontic probability tables for black patients 

of African descent.  Am J Orthod Dentofacial Orthop 1997; 112: 545-551. 

15. Peck S, Peck H.  Orthodontic Aspects of Dental Anthropology.  Angle Orthod 

1975; 45: 95-102. 

16. Otuyemi OD, Noar JH.  A comparison of crown size dimensions of the 

permanent teeth in a Nigerian and a British population.  Eur J Orthod 1996; 

18: 623-628. 

17. Moorrees CFA, Thomsen SO, Jensen E, Yen PK.  Mesiodistal crown 

diameters of the deciduous and permanent teeth in individuals.  J Dent Res 

1957; 36: 39-47. 

18. Kirkwood RB, Sterne ACJ.  Essentials of medical statistics. 2nd Ed, 

Blackwell Science (Australia); 2003, pg 420. 

19. Martinelli FL, de Lima EM, Rocha R, Tirre-Araujo MS.  Prediction of lower 

permanent canines and premolars width by correlation methods.  Angle 

Orthod 2005; 75: 805-808. 



80 
 

20. Luu NS, Mandich MA, Tieu LD, Kaipatur N, Flores-Mir C.  The validity and 

reliability of mixed-dentition analysis methods.  JADA 2011; 142: 1143-1153. 

21. Bernabé E, Flores-Mir C.  Appraising number and clinical significance of 

regression equations to predict unerupted canines and premolars.  Am J 

Orthod Dentofacial  Orthop 2004; 126: 228-230. 

22. Tome W, Ohyama Y, Yagi M, Takada K.  Demonstration of a sex difference 

in the predictability of widths of unerupted permanent canines and premolars 

in a Japanese population.  Angle Orthod 2011; 81: 938-944. 

23. Bishara SE, Garcia AF, Jakobsen JR, Fahl JA.  Mesio-distal crown 

dimensions in Mexico and the United States. Angle Orthod 1986; 56: 315-323. 

24. Buwembo W, Kutesa A, Muwazi L, Rwenyonyi C.M. Prediction of width of 

un-erupted incisors, canines and premolars in a Ugandan population: A cross-

sectional study. BMC Oral Health 2012, 12:23-28. 

25. Bishara SE, Jakobsen JR, Abdallah EM, Garcia AF.  Comparison of 

mesiodistal and buccolingual crown dimensions of the permanent teeth in 

three populations from Egypt, Mexico and the United States.  Am J Orthod 

Dentofacial Orthop 1989; 96: 416-422. 

26. Jaroontham J, Godfrey K.  Mixed dentition space analysis in a Thai 

population.  Eur J Orthod 2000; 22: 127-134. 

27. Ling JYK, Wong RWK.  Tanaka-Johnston Mixed Dention Analysis for 

Southern Chinese in Hong Kong.  Angle Orthod 2006; 76: 632–636. 

28. Al-Bitar ZB, Al-Omari IK, Sonbol HN, Al-Ahmad HT, Hamdan AM.  Mixed 

Dentition Analysis in a Jordanian population.  Angle Orthod 2008; 78: 670-

675. 

29. EtenildoDentas C, Barbosa JMN, de Oliveira LGF.  Evaluation of the need 

to distinguish between White and Black patients in predicting the combined 



81 
 

mesiodistal crown width of canines and premolars.  J Appl Oral Sci 2006; 14: 

281-285. 

30. Yuen KK, Tang EL, So LL.  Mixed dentition analysis for Hong Kong Chinese.  

Angle Orthod 1998; 68: 21-28. 

31. Philip NI, Prabhakar M, Arora D, Chopra S.  Applicability of the Moyers 

mixed dentition probability and new prediction aids for a contemporary 

population in India.  Am J Orthod Dentofacial Orthop 2010; 138: 339-345. 

32. Hunter WS, Priest WR.  Errors and Discrepancies in Measurement of Tooth 

Size.  J Dent Res 1960; 39: 405-414. 

33. Altherr ER, Koroluk LD, Phillips C.  Influence of sex and ethnic tooth-size 

differences on mixed dentition space analysis.  Am J Orthod Dentofacial 

Orthop 2007; 132: 332–339. 

34. Bernabe E, Flores-Mir C.  Are the Lower Incisors the Best Predictors for the 

Unerupted Canine and Premolars Sums? An Analysis of a Peruvian Sample.  

Angle Orthod 2005; 75: 202–207. 

35. Nelson S.  Epidemiology for the practising orthodontist.  Semin Orthod 1999; 

5: 77-85. 

36. Dasgupta B, Zahir S.  Comparison of two non-radiographic techniques of 

mixed dentition space analysis and evaluation of their reliability for a Bengali 

population.  Contemp Clin Dent 2012; 3: S146–S150.  

37. Paredes V, Gandia JL, Cibrian R.  A New, Accurate and Fast Digital Method 

to Predict Unerupted Tooth Size. Angle Orthod 2006; 76: 14–19. 

38. Irwin RD, Herold JS, Richardson A.  Mixed dentition analysis: a review of 

methods and their accuracy.  Int J Paediatr Dent 1995; 5: 131-142. 

39. Carey CW. Linear arch dimension and tooth size. Am J Orthod 1946; 35: 

762–775. 



82 
 

40. Ballard ML, Wylie WL. Mixed dentition case analysis—estimating size of 

unerupted permanent teeth. Am J Orthod 1947; 33: 754–759. 

41. Mittar M, Dua VS, Wilson S.  Reliability of mandibular first molars and 

incisors widths as predictor for the width of permanent mandibular and 

maxillary canines and premolars.  Contemp Clin Dent 2012; 3: S8–S12. 

42. Memon S, Fida M.  Development of a prediction equation for the estimation 

of mandibular canine and premolar widths from mandibular first permanent 

molar and incisor widths.  Eur J Orthod 2012; 34: 340-344. 

43. Singh SP, Goyal A.  Mesiodistal crown dimensions of the permanent 

dentition in North Indian children.  J Indian Soc Pedod Prev Dent 2006; 24: 

192-196. 

44. Durgekar SG, Naik V.  Evaluation of Moyers mixed dentition analysis in 

school children.  Indian J Dent Res 2009; 20: 26-30. 

45.  Melgaço CA, Araujo MT, Ruellas ACO.  Applicability of three tooth size 

prediction methods for white Brazilians.  Angle Orthod 2006; 76: 644-649. 

46.  Meibodi SE, Meybodi ARF, Rahebi S, Eslamian L.  The lower incisors as a 

predictor for the size of unerupted canine and premolars in the Iranian 

ethnicity.  Orthod Waves 2009; 68: 112-115. 

47. Ingervall B, Lennartsson B.  Prediction of breadth of permanent canines and 

premolars in the mixed dentition.  Angle Orthod 1978; 48: 62-69.   

48.  Hashim HA, Al-Shalan TA.  Prediction of the size of un-erupted permanent 

canines and cuspids in a Saudi sample: a pilot study.  J Contemp Dent Pract 

2003; 4: 40-53. 

49.  Abu Alhaija ESJ, Qudeimat MA.  Mixed dentition space analysis in a 

Jordanian population: comparison of two methods.  Int J Paediatr Dent 2006; 

16: 104-110. 



83 
 

50.  Ahluwalia P, Jodhka S, Thomas AM.  Prediction of mesio-distal width of 

canines and premolars in a sample of north Indian population.  Indian Journal 

of Dental Advancement 2011; 3: 568-571. 

51.  Hammad SM, Abdellatif AM.  Mixed dentition space analysis in Egyptian 

children.  Ped Dent J 2010; 20: 115-121. 

52.  Bherwani AK, Fida M.  Development of a prediction equation for the mixed 

dentition in a Pakistani sample.  Am J Orthod Dentofacial Orthop 2011; 140: 

626-632. 

53. Hucal IMB.  Prediction of the size of unerupted canines and premolars in a 

Northern Manitoban Aboriginal population.  Thesis (Masters), 2000.  

University of Manitoba. 

54. Bishara SE, Jakobsen JR.  Comparison of two nonradiographic methods of 

predicting permanent tooth size in the mixed dentition.  Am J Orthod 

Dentofacial Orthop 1998; 113: 573-576. 

55. Vilella OV, de Assunçao PS, de Assunçao RL.  The Tanaka-Johnston 

orthodontic analysis for Brazilian individuals.  Rev Odonto Cienc 2012; 27: 16-

19. 

56. Arslan SG, Dildes N, Kama JD, Genç Celal.  Mixed-dentition analysis in a 

Turkish population.  World J Orthod 2009; 10: 135-140. 

57. Al-Dabagh DJ.  Prediction of mesio-distal width of maxillary canines 

depending on mesio-distal width of mandibular canines by using regression 

equations.  J Bagh College Dentistry 2011; 23: 114-118. 

58.  Legovic A, Maricic BM, Skrinjaric A, Butorac MZ, Mestrovic S, Varga    

 LN.  Importance of interincisal index for predicting mesiodistal crown 

diameters of canines and premolars.  Coll Anthropol 2012; 4: 1287-1291. 



84 
 

59. Alvaran N, Roldan SI, Buschang PH.  Maxillary and mandibular arch widths 

in Colombians.  Am J Orthod Dentofacial Orthop 2009; 135: 649-656. 

60. Garn SM, Lewis AB, Kerewsky RS.  The meaning of bilateral asymmetry in 

the permanent dentition.  J Dent Res 1966; 36: 55-62. 

 

 
 

 

 

 



85 
 

 APPENDICES 

Appendix I: Approval letter from the ethics and research committee of the 

Kenyatta National Hospital 
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Appendix II: Approval letter from the Ministry of Education 
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Appendix III: Approval letter from Starehe Boys’ Centre 
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Appendix IV: Approval letter from Starehe Girls’Centre 
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Appendix V: Consent Form 

I am a postgraduate student pursuing a Master’s Degree in Paediatric Dentistry and 

Orthodontics at the University Of Nairobi School Of Dental Sciences.  I wish to 

conduct a study on ‘Prediction of mesiodistal widths of unerupted canines and 

premolars using a regression equation.’ 

 

Perceived benefits/risks 

There are no anticipated risks for participating in the study.  In case of any pertinent 

findings, the participants will be given advice regarding the prevailing oral health 

condition and referred for relevant management.  The information obtained from the 

study will be useful to general dentists and orthodontists.  The study will also serve 

as a partial fulfilment for a Masters Degree in Paediatric Dentistry and Orthodontics. 

 

 

I..................................................................................................... consent to take part 

in this study as explained to me by the principal investigator.  I understand that all 

information given by me and the clinical finding obtained shall be held and treated 

with confidentiality and shall be used solely for the purpose of the purpose of the 

research. 

 

Signature of the 

participant...............................................................Date.............................................. 

 

Signature of the 

investigator.............................................................Date.............................................. 
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Appendix VI: Data capturing form 
 

Serial number............................................ 

 

Patient’s age 

(years)......................................................................................................................... 

 

 

 

Gender    male    female 

 

Mesiodistal tooth-widths of the maxillary teeth (mm) 
Tooth 

number 

16 15 14 13 12 11 21 22 23 24 25 26 

1st 

value(mm) 

            

2nd  

value(mm) 

            

Average 

value 

            

 

 

Mesiodistal tooth-widths of mandibular teeth (mm) 
Tooth 

number 

36 35 34 33 32 31 41 42 43 44 45 46 

1st 

value(mm) 

            

2nd  

value(mm) 

            

Average 

value 
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Appendix VII: Data collection instruments 

 
 

Appendix VIII: Digital vernier calliper 
 

 

 

 
 

 

 

 

 

 



Append
 

 

 

 

 

dix IX: Calibbration cerrtificate fo

92

or digital veernier callipper 



93


