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ORIGINAL RESEarCH

the reliability of these methods is questionable, and proper 
information is lacking for the South Indian West Godavari district 
population.

The purpose of this study was (1) to assess the applicability 
of Tanaka and Johnston, the RE proposed for the North Indian 
population (RE-NIP), BernabØ and Flores-Mir, Moyers�, and Ling and 

IN T R O D U C T i O N
Pediatric dentistry is ever-changing, and it is essential to identify 
developing malocclusion and correct it during the time of early 
mixed dentition. The pedodontist provides a view on the effect 
of malocclusion and occlusal status on erupting permanent 
dentition.1 Mixed dentition analysis (MDA) is the most common 
method followed in predicting the mesiodistal (MD) widths of 
unerupted permanent canines and premolars and determining the 
discrepancy between the space available and the space required 
in each dental arch.2

The MDA methods can be categorized into three�regression 
equations (RE), radiographs, and a combination of both. Of all 
the MDA methods, RE are the most widely used for analyzing 
the MD widths of unerupted canines and premolars, especially 
the Tanaka and Johnston RE and Moyers� method, which were 
given for the Caucasian population.3,4 BernabØ and Flores-Mir 
C method was determined in the Peruvian schoolchildren.5 
Ling and Wong MDA is for the Southern Chinese population. 
All the abovementioned MDAs have been questioned, and 
their applicability is limited to different ethnic groups.6 The RE 
proposed by Kakkar et�al. was suggested for the North Indian 
population, since the other methods overestimated the actual 
values.1

All the previous studies validated mixed dentition RE analyses 
in different countries and various ethnicities worldwide. Therefore, 
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AB S T R aC T
Aim and background: The orthodontic diagnosis and treatment planning are the fundamental goals during the mixed dentition period. 
Numerous methods have been proposed to date. The study was designed to determine the mesiodistal (MD) widths of the lower permanent 
canines and premolars from Tanaka and Johnston, regression equation (RE) proposed for north Indian population (RE-NIP), BernabØ and 
Flores-Mir C, Moyers�, and Ling and Wong mixed dentition analysis (MDA) and to determine the correlation coefficients for the Eluru population.
Materials and methods: The study population was selected using cluster random sampling. A total of 3,572 children were clinically examined 
from the Outpatient Department of Pediatric and Preventive Dentistry, St Joseph Dental College and Hospital, Eluru district, Andhra Pradesh. 
Out of these, 140 children aged 11�16 years were randomly selected for the study based on the inclusion and exclusion criteria. The MD width 
of permanent incisors, canines, premolars, and molars was measured with the help of a digital vernier caliper; summed up and compared with 
the above-mentioned REs. The data obtained were subjected to statistical analysis using SPSS version 22, employing Student�s t-test, Pearson 
correlation coefficient, and Kruskal�Wallis test.
Results: The RE-NIP underestimated the values, whereas the remaining equations overestimated the sum of permanent canines and premolars 
in both arches in the study population.
Conclusion: The predicted values obtained from the abovementioned methods overestimated the actual values, and a new RE for the Eluru 
population should be suggested to better represent the size of unerupted canines and premolars.
Clinical significance: Measuring the MD widths of the upper and lower permanent incisors and molars during the mixed dentition period from 
different REs will help a pedodontist in proper treatment planning to predict the MD width of unerupted canines and premolars.
Keywords: Mixed dentition, Moyers analysis, Orthodontics, Regression equations, Tanaka and Johnston.
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Y a b x� � ( )

Where �x��sum of 4 lower permanent incisors.
For males:

�	 Maxilla�a = 11.50, b = 0.5; Y = 11.50 + 0.5 ()
�	 Mandible�a = 10.61, b = 0.5; Y = 10.61 + 0.5 ()

For females:

�	 Maxilla�a = 10.86, b = 0.5; Y = 10.86 + 0.5 ()
�	 Mandible�a = 9.85, b = 0.5; Y = 9.85 + 0.5 ()

Inclusion Criteria

�	 All the study participants should be at their mixed dentition age, 
that is, 8�12 years old, with Angle�s class I molar relationship.

�	 The examined teeth were permanent mandibular and maxillary 
central and lateral incisors and first molars.

�	 First molars need to be completely visible, without any signs 
of decay between the teeth, fillings, damage from grinding, 
cracks, or irregularities.

�	 Presence of intact dentition.
�	 No prior experience of fixed or removable braces.

Exclusion Criteria

�	 Malocclusion ranging from moderate-to-severe.
�	 Those undergone or undergoing any orthodontic treatment.
�	 Dental conditions that may change the count, size, shape, or 

structure of teeth.
�	 Congenitally missing teeth, impacted permanent teeth, or 

clinically significant jaw anomalies.

The values of Tanaka and Johnston, RE-NIP, BernabØ and Flores-
Mir, Ling and Wong, and Moyers� equations were correlated, and 
an intergroup comparison was done. The data acquired were 
statistically analyzed using IBM Statistical Package for the Social 
Sciences (SPSS) version 22 software (IBM Corp., New York, United 
States of America). Student�s t-test, Pearson correlation coefficient, 
and Kruskal�Wallis test were used to compare the values of the 
Tanaka and Johnston, RE-NIP, BernabØ and Flores-Mir, Ling and 
Wong, and Moyers� equations.

RE S U LTS
The study sample consisted of 140 maxillary and mandibular dental 
casts obtained from 69 female and 71 male participants, all of whom 
had fully erupted first permanent molars, central incisors, and 
lateral incisors in the upper and lower jaws. The study participants 
were 8�12 years old, with a mean age of 8.86 – 0.91 years (Table�1).

The mean MD dimension available for unerupted maxillary 
canines and premolars was 23.93 – 0.74 by the Tanaka and Johnston 
method of MDA, 17.77 – 0.65 by the RE-NIP, 23.48 – 0.92 by BernabØ 
and Flores-Mir, which had the highest predicted values, 21.74 – 
0.68 by Moyers�, and 23.10 – 0.82 by Ling and Wong. Of the mixed 
dentition analyses used in this study, the RE-NIP underestimated 

Wong MDA in predicting the MD width of unerupted canines and 
premolars based on the first permanent molars and lower incisors 
in the selected population and (2) to compare the MD widths of 
teeth measured by different REs.

MaT E R ia  L S a N D ME T H O D S
The study was conducted in the outpatient Department of 
Pediatric and Preventive Dentistry, St Joseph Dental College and 
Hospital for a period of 6 months (January�June 2023). Participants 
were randomly selected based on inclusion and exclusion criteria 
applicable to all MDA methods. A total of 3,572 children were 
examined clinically, of which 140 participants met the inclusion 
and exclusion criteria. Study models were prepared from a sample 
of 140 children, consisting of 69 females and 71 males, aged 
between 8 and 12 years. Sample size estimation was done using 
G*Power 3.1.9.2 (Heinrich-Heine-Universität Düsseldorf, Germany) 
software at a confidence interval (�) of 0.05 and a power (1��) of 
95% (0.95), with a difference between two independent means and 
an effect size (f) of 0.05. The total sample size of 140 was calculated.

Impressions of the maxillary and mandibular arches were made 
for the selected sample of participants using stainless steel Rim-
Lock perforated trays (Dentsply Sirona, Pennsylvania, United States 
of America) with Tropicalgin (Zhermack SpA, Italy). Impressions 
were washed under running water, disinfected by soaking in a 2% 
glutaraldehyde solution (Gluterate, Germiphene, Brantford, Canada) 
for 10 minutes, and then poured immediately with vacuum-mixed 
dental stone (Kalabhai Dental Pvt. Ltd., Mumbai, Maharashtra, India). 
Later, the study casts were disinfected, checked for any distortions, and 
final trimming was done to obtain identical bases for all 140 study casts.

The MD width of permanent incisors and molars was measured 
using a caliper (Mitutoyo Digimatic Caliper, Illinois, United States 
of America) with an accuracy of –0.01 mm and compared with 
the predicted values derived from the respective analyses. The 
measuring tip of the caliper was narrowed to provide easier access to 
the interdental areas. To minimize parallax error, the eye, equipment, 
and light source were kept nearly in a straight line. No >10 casts were 
examined at once to avoid eye fatigue. The permanent central incisors, 
lateral incisors, and first molars of both the mandible and maxilla were 
measured. Average values were determined from the collected data for 
the right and left sections of the arch separately. The current research 
investigated the feasibility of MDA using five prediction methods.

Tanaka and Johnston method: The Tanaka and Johnston 
equation was used to predict the M-D dimensions of maxillary and 
mandibular canines and premolars.1

Regression equation proposed for North Indian population: 
the proposed equation is: for males; maxilla: Y = 9.06 + 0.38 (X) and 
mandible: Y = 8.35 + 0.33 (X). For females; maxilla: Y = 9.79 + 0.32 
(X) and mandible: Y = 7.98 + 0.31 (X).1

Moyers� method: The widths of the permanent canines and 
premolars were estimated using the sum of the mandibular 
permanent incisors and probability tables at the 75th percentile 
levels.1

BernabØ and Flores-Mir method: The MD widths were estimated 
by the following equation: Y = 3.763 + 0.37 × X0 + 1.057 × X1 + 
0.366 × X2. X0 is the sum of the upper and lower permanent central 
incisors plus widths of upper permanent first molars. X1�0 for 
mandible, 1 for maxilla, and X2�0 for female and 1 for male.1

Ling and Wong method: Predicted the space required for 
unerupted canines and premolars in Southern Chinese children 
by suggesting the following equation6:

Table 1:  Demographic characteristics of study sample

Gender No. of subjects (n) Mean ± SD
Female 69 8.75 – 0.81
Male 71 8.97 – 0.99
Total 140 8.86 – 0.91
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examinations employed in pediatric dentistry, with Moyers� and 
Tanaka and Johnston analyses being the most commonly used. Both 
of these analyses were based on populations of north European 
descent, making them unreliable for people with a diverse range 
of ethnic backgrounds.7

In the current study, the MD measurement was done using a 
caliper. The MD widths of teeth were measured at their greatest 
distance on the proximal surface contact points, which is in 
accordance with previous studies.3,5,8,9

In the present study, it was evident from the findings that 
Tanaka and Johnston, BernabØ and Flores-Mir, and Moyers� 
methods overestimated the actual values of unerupted maxillary 
and mandibular permanent canines and premolars. Kakkar et�al., 
in their study, used Tanaka and Johnston, Moyers�, and BernabØ 
and Flores-Mir MDA to determine the applicability and found 
an overestimation of values.1 In another study, Kamatham et� al. 
evaluated the applicability of Moyers� and Tanaka and Johnston 
methods in the Southeast Indian population and concluded that the 
aforementioned REs cannot be applied to their study population.8 
Kommineni et�al. used the same REs to check their applicability in 
Chennai schoolchildren and found that the Tanaka and Johnston 
method did not accurately predict the MD width, whereas Moyers� 
prediction chart could be used for predicting the MD widths closer 
to the 50% probability level.10 It is clear from the above studies that 
the MDA suggested for those populations cannot cater to the needs 
of the population universally due to ethnic diversity.

Chong et�al., in their study, found that the Tanaka and Johnston 
method underestimated the size of the unerupted canines and 

the values. The intergroup comparison was statistically significant 
(p = 0.001) in the current study (Table�2 and Fig. 1).

The mean MD dimension available for unerupted mandibular 
canines and premolars was 22.43 – 0.74 by the Tanaka and Johnston 
method, 15.81 – 0.65 by the RE-NIP, 22.43 – 1.01 by BernabØ and 
Flores-Mir, 22.00 – 0.60 by Moyers� method, and 22.16 – 0.84 by 
Ling and Wong MDA. Of all the mixed dentition analyses, the 
RE-NIP (15.81 – 0.65) underestimated the values. The intergroup 
comparison was statistically significant (Table�3 and Fig. 2).

Pair-wise comparison of the mean MD width of unerupted 
maxillary canines and premolars showed statistically significant 
values, except for the comparison between Tanaka and Johnston 
and Ling and Wong (p = 0.320) (Table� 4). For the pair-wise 
comparison of Moyers� mean MD width of unerupted mandibular 
canines and premolars, only the RE-NIP in males and Tanaka and 
Johnston and RE-NIP had statistically significant values (p = 0.000), 
except for the Ling and Wong RE (Table�5).

The correlation coefficient among various mixed dentition 
analyses was statistically significant (p = 0.001) for measurements in 
the maxilla, as shown in Table�6 measured in maxilla. The correlation 
coefficient among various mixed dentition analyses statistically 
significant (p = 0.001) given in Table�7 measured in mandible.

Di S C U S S i O N
During the mixed dentition stage, a large number of malocclusion 
cases will be encountered. Early intervention reflects a better 
comprehension of malocclusion. MDA is one of the routine 

Table 2:  Comparison of mean MD width of unerupted maxillary canines 
and premolars obtained by different methods using one-way analysis 
of variance (ANOVA)

Mean
Standard 
deviation ANOVA p-value

Tanaka and Johnston 22.93 0.74 F = 1313.437 0.001*
RE-NIP 17.77 0.65
BernabØ and Flores-Mir 23.48 0.92
Moyer�s 21.74 0.68
Ling and Wong 23.10 0.82

*, statistically significant

Fig. 1: Mean MD width of unerupted maxillary canines and premolars 
obtained by different methods

Table 3:  Comparison of mean MD width of unerupted mandibular 
canines and premolars obtained by different methods using one-way 
ANOVA

Mean
Standard 
deviation ANOVA p-value

Tanaka and Johnston 22.43 0.74 F = 1903.108 0.001*
RE-NIP 15.81 0.65
BernabØ and Flores-Mir 22.43 1.01
Moyer�s 22.00 0.60
Ling and Wong 22.16 0.84

*, statistically significant

Fig. 2: Mean MD width of unerupted mandibular canines and premolars 
obtained by different methods
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Table 4:  Pairwise comparison of mean MD width of unerupted maxillary canines and premolars obtained by different methods using Tukey�s 
post hoc test

(I) Groups (J) Groups Mean difference (I–J) p-value

95% confidence interval

Lower bound Upper bound
Tanaka and 
Johnston

RE-NIP 5.15821* 0.000 4.9077 5.4087
BernabØ and Flores-Mir �0.55343* 0.000 �0.8040 �0.3029
Moyer�s 1.19357* 0.000 0.9430 1.4441
Ling and Wong �0.17379 0.320 �0.4243 0.0767

RE-NIP Tanaka and Johnston �5.15821* 0.000 �5.4087 �4.9077
BernabØ and Flores-Mir �5.71164* 0.000 �5.9622 �5.4611
Moyer�s �3.96464* 0.000 �4.2152 �3.7141
Ling and Wong �5.33200* 0.000 �5.5825 �5.0815

BernabØ and 
Flores-Mir

Tanaka and Johnston 0.55343* 0.000 0.3029 0.8040
RE-NIP 5.71164* 0.000 5.4611 5.9622
Moyer�s 1.74700* 0.000 1.4965 1.9975
Ling and Wong 0.37964* 0.000 0.1291 0.6302

Moyer�s Tanaka and Johnston �1.19357* 0.000 �1.4441 �0.9430
RE-NIP 3.96464* 0.000 3.7141 4.2152
BernabØ and Flores-Mir �1.74700* 0.000 �1.9975 �1.4965
Ling and Wong �1.36736* 0.000 �1.6179 �1.1168

Ling Wong Tanaka and Johnston 0.17379 0.320 �0.0767 0.4243
RE-NIP 5.33200* 0.000 5.0815 5.5825
BernabØ and Flores-Mir �0.37964* 0.000 �0.6302 �0.1291
Moyer�s 1.36736* 0.000 1.1168 1.6179

*, statistically significant

Table 5:  Pairwise comparison of mean MD width of unerupted mandibular canines and premolars obtained by different methods using Tukey�s 
post hoc test

(I) Groups (J) Groups Mean difference (I–J) Significance

95% confidence interval

Lower bound Upper bound
Tanaka and 
Johnston

RE-NIP 6.61936* 0.000 6.3633 6.8754
BernabØ and Flores-Mir �0.00157 1.000 �0.2576 0.2545
Moyer�s 0.43429* 0.000 0.1782 0.6903
Ling and Wong 0.26714* 0.036 0.0111 0.5232

RE-NIP Tanaka and Johnston �6.61936* 0.000 �6.8754 �6.3633
BernabØ and Flores-Mir �6.62093* 0.000 �6.8770 �6.3649
Moyer�s �6.18507* 0.000 �6.4411 �5.9290
Ling and Wong �6.35221* 0.000 �6.6083 �6.0962

BernabØ and 
Flores-Mir

Tanaka and Johnston 0.00157 1.000 �0.2545 0.2576
RE-NIP 6.62093* 0.000 6.3649 6.8770
Moyer�s 0.43586* 0.000 0.1798 0.6919
Ling and Wong 0.26871* 0.034 0.0127 0.5248

Moyer�s Tanaka and Johnston �0.43429* 0.000 �0.6903 �0.1782
RE-NIP 6.18507* 0.000 5.9290 6.4411
BernabØ and Flores-Mir �0.43586* 0.000 �0.6919 �0.1798
Ling and Wong �0.16714 0.383 �0.4232 0.0889

Ling and Wong Tanaka and Johnston �0.26714* 0.036 �0.5232 �0.0111
RE-NIP 6.35221* 0.000 6.0962 6.6083
BernabØ and Flores-Mir �0.26871* 0.034 �0.5248 �0.0127
Moyer�s 0.16714 0.383 �0.0889 0.4232

*, statistically significant
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CO N C LU S i O N
From our study, it was observed that Tanaka and Johnston, 
BernabØ and Flores-Mir, and Ling and Wong REs significantly 
overestimated the MD widths of unerupted canines and 
premolars compared to Moyers� MDA for the West Godavari 
children. Conversely, the RE-NIP underestimated the values 
for unerupted permanent canines and premolars in both the 
maxilla and mandible for both sexes. This indicates that MDA 
originally designed for specific communities or populations 
cannot be universally applied. Therefore, a RE tailored for the 
local population should be formulated. Although a statistically 
significant difference (p = 0.001) was observed in our study 
between various mixed dentition analyses, a new RE for the Eluru 
population should be suggested to more accurately depict the size 
of unerupted premolars and canines. This would be advantageous 
for a pedodontist in predicting the outcome of malalignment of 
teeth during the mixed dentition period.

Clinical Significance
Measuring the MD widths of upper and lower permanent incisors 
and molars during the mixed dentition period using different 
REs will assist a pedodontist in proper treatment planning and 
help in estimating the MD width of unerupted canines and 
premolars.
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