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ABSTRACT

Introduction: Moyers’ mixed dentition space analysis is the most commonly used analysis to detect the tooth size-arch length
discrepancy in patients with mixed dentition. At the same time Moyers’ method of prediction is said to have population variations.

Aim: The present study aimed to evaluate the applicability of Moyers’ mixed dentition probability tables in the South Indian
population and to frame a new regression equation to predict the sum of mesiodistal tooth widths of the permanent canine and
the premolars.

Methods: Mesio-distal tooth measurements of teeth were measured using digital vernier calliper from the study models of 50
orthodontic patients. The tooth sizes were compared between males and females using statistical analysis. The new regression
equation was formulated from the standard linear regression equation y=a+bx, where a and b are constants, x is the sum of the
mesiodistal width of mandibular incisors and y is the sum of widths of canine and premolars.

Results:

» There was no significant difference between the tooth sizes of the males and females according to the data collected from
the current study sample.

* TMoyers’ prediction tables are not suitable for predicting the mesiodistal widths of the unerupted canine and premolars in the
South Indian population.

Conclusion: New linear regression equations were formulated separately for males and females, to predict the sum of mesio-
distal width of unerupted canine and premolars, using the sum of mandibular permanent incisors. The following are the new
prediction equations:

Males: Maxilla-8.50 + 0.57 (X)
Mandible-6.06 + 0.64 (X)
Females: Maxilla-2.08 + 0.84 (X)
Mandible-7.25 + 0.59 (X),
where X is the sum of the mesiodistal width of mandibular permanent incisors.
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INTRODUCTION able space is sufficient to allow the permanent teeth to erupt

) ' ' without causing any crowding.'
Tooth size- arch length discrepancy is one of the common

reasons for a malocclusion. In a growing child with mixed ~The mixed dentition space analysis (MDSA) helps in deter-
dentition, the developing malocclusion can be well assessed ~Mining any tooth size- arch length discrepancy and also to
and managed by accurately predicting the tooth size of the decide the type of interceptive orthodontic treatment to be
unerupted teeth. This can help us analyse whether the avail- employed. This type of orthodontic treatment involves serial
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extractions, space regainers, space maintainers, guiding the
path of eruption and also periodic observation of the patient.?

Three different types of prediction methods have been used.

(1) Radiographic method **

(ii) Prediction equations and tables *7

(ii1) Combination of both radiographic method and predic-
tion tables *%°

Of these methods, it is argued that Moyers’ method is more
widely used.”!®!! This MDSA is used to assess the mesio-
distal width of unerupted canine and premolars using prob-
ability charts at the 75" percentile.'”The Moyers’ probability
tables were developed at the University of Michigan based
on the data obtained from American white subjects of North-
western European descent.’Therefore it is not relevant to all
races because it has been observed that tooth dimension dif-
fers among various ethnicities, races, and genders.”'> "¥Thus
the objectives of this study were to evaluate the applicability
of Moyers’ mixed dentition probability tables in the South
Indian population and to frame a new regression equation
that would aid us in accurately predicting the summed width
of the unerupted canine and premolars.

MATERIALS AND METHODS

The study models of 50 subjects (25 male, 25 female) of age
group 13 to 25 years and South Indian origin, were obtained
from the patient records in the Department of Orthodontics,
Saveetha Dental College and Hospital, Chennai. The study
design and methodology was approved by the Institutional
Scientific Review Board (IHEC/SDC/ORTHO-1801/21/22).

The inclusion criteria for sample selection were the follow-
ing:
All subjects were of South Indian origin.
The permanent mandibular incisors, maxillary and
mandibular canines and premolars were all fully
erupted.
e The study casts were free of distortion.
e The subjects had no previous history of orthodontic
treatment.
The exclusion criteria were the following:

e Tooth material loss due to interproximal caries, inter-
proximal attrition, congenital defects, and fractures.

e Presence of prosthesis.

e Severe crowding of more than 8mm.

Mesio-distal tooth measurements of the mandibular central
and lateral permanent incisors, the maxillary and mandibular
permanent canines, and the maxillary and mandibular first
and second premolars were measured. Measurements were
made according to Moorrees et al.!” using a digital Vernier
calliper, with an accuracy of 0.lmm. The calliper was held
at the tooth’s greatest mesiodistal diameter (contact points),

parallel to the occlusal surface and perpendicular to the
tooth’s long axis.>®!°

Statistical Analysis
Descriptive statistics, independent sample t-test and regres-

sion analyses were done using IBM SPSS software version
2.0.

RESULTS

Descriptive statistics, including the mean, standard devia-
tion, and, minimum and maximum values for the sum of
mandibular incisors, the sum of maxillary canine and pre-
molars, and mandibular canine and premolars for males and
females were calculated (Table 1).

Independent sample Student #-test was carried out to compare
the mesiodistal crown widths of males and females for the
3 tooth groups. The statistical values showed no significant
difference between the mesiodistal tooth widths of males and
females with a p-value being greater than 0.05 (Table 2).

Regression parameters such as correlation coefficient, re-
gression constants, coefficient of determination and standard
error of estimate were calculated. Table 3 records the various
regression parameters. Using these parameters, new stand-
ard linear regression equations of the form Y=a+b(X) were
derived, to evaluate the relationship between the combined
mesiodistal widths of the mandibular permanent incisors (X)
and the mesiodistal widths of canine and premolars in max-
illa and mandible. In the equation Y+a+b(X), a and b are the
regression constants, where a is the y-intercept, and b is the
slope of the regression line.

The new prediction equations to calculate mesiodistal crown
widths of maxillary and mandibular unerupted canine and
premolars using the sum of erupted mandibular permanent
incisors for males and females are shown in Table 4. Tables
5 and 6 show the probability table for males and females at
the 50™ percentile.

Figures 1&2 and 3&4 graphically represent the comparison
between Moyers’ prediction table and the new prediction
tables at the 50" percentile levels for males and females in
the maxilla and mandible respectively. The figures represent
that the slopes of the two sets of data differ and the lines
tend to cross each other. This implies that the predicted size
of the maxillary canine and premolars for males is greater
and mandibular canine and premolars for males is smaller
than by the Moyers’ table. For females, the predicted size of
maxillary canine and premolar is greater than Moyers’ value
when the sum of the incisors is greater than 21.5mm. The
predicted size of mandibular canine and premolars for fe-
males was also greater than that by Moyers’ table.
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DISCUSSION

Moyers’ mixed dentition analysis is one of the most com-
monly used space analyses to predict the mesiodistal width
of the unerupted canine and premolars. Moyers’ prediction
tables were formulated based on the values obtained from
the North American population.>*® The tooth dimensions and
craniofacial characteristics are said to differ among people of
different racial and ethnic origins.>”913151920 Therefore, the
present study was aimed to assess the reliability of the Moy-
ers’ prediction table as well as to formulate a new prediction
equation and table suitable for the South Indian population.

Multiple regression analyses have indicated that the sum of
the mesiodistal width of the four mandibular permanent inci-
sors is the best predictor for unerupted canines and premo-
lars, as these are the teeth that are among the first to erupt
during the early mixed dentition.?! considering this we have
also used the sum of mandibular permanent incisors to pre-
dict the mesiodistal width of the unerupted canine and pre-
molars in our study. The present study attempted to formulate
a prediction table at the 50" percentile for the South Indian
children since the literature was lacking in the formulation of
prediction tables at different percentile values.

Table 7 shows prediction equations from various studies at
the 50™ percentile.

All the above-mentioned studies except the Tanaka Johnston
study showed that the Moyers prediction tables either under-
estimated or overestimated the sizes of the unerupted canine
and premolars for their respective study population. Tanaka
and JohnstonSstated that the probability tables generated by
them were practically similar to those of the Moyers’ at all
percentile confidence levels, probably because of the similar
North American white samples used in the two studies.

The importance of accurate prediction of the mesiodistal
crown widths of unerupted canines and premolars during
mixed dentition space analysis should be apparent, because
the decision to treat, or not treat or the type of the treatment,
is based on the results of the analysis. The space manage-
ment protocol will be badly affected if it is based on a wrong
estimation of the unerupted tooth sizes, ultimately resulting
in poor treatment results. Developing new probability tables
on the Moyers pattern, specifically for different population
groups, can aid in achieving a more accurate estimation of
the unerupted tooth sizes.”? The prediction table formulated
based on the data from the Chennai population should be ac-
curate when applied to the local children. Further investiga-
tion has to be done to evaluate the accuracy of the proposed
prediction equation in the local population.

CONCLUSION

e There was no significant difference between the tooth
sizes of the males and females according to the data
collected from the current study sample.

e Moyers’ prediction tables are not suitable for predict-
ing the mesiodistal widths of the unerupted canine and
premolars in the South Indian population.

e New linear regression equations were formulated sep-
arately for males and females, to predict the sum of
mesiodistal width of unerupted canine and premolars,
using the sum of mandibular permanent incisors. The
following are the new prediction equations:

Males: Maxilla-8.50 + 0.57 (X)
Mandible-6.06 + 0.64 (X)
Females: Maxilla-2.08 + 0.84 (X)
Mandible-7.25 + 0.59 (X),

where X is the sum of mesiodistal widths of mandibular per-
manent incisors.

The accuracy of the prediction equation should be tested in a
large sample of the local population and various other ethnic
groups in South India.
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Table 1: Descriptive statistics for the sum of mandibular incisors, maxillary and mandibular canine and pre-
molars for males and females.

Teeth group Sex Minimum Maximum value Mean(mm) Standard deviation
value(mm) (mm) (mm)

Sum of mandibular incisors ~ Male 19.6 26.3 23.11 1.44
Female 18.2 24.9 22.37 1.62

Sum of maxillary canineand  Male 18.75 23.75 21.67 1.44

premolars Female 16.6 23.25 20.87 1.74

Sum of mandibular canine Male 16.6 22.6 20.85 1.49

and premolars Female 16.2 23 20.45 1.47

Table 2: Independent Sample t-test
Teeth group Mean +/- Standard deviation (mm) PREINT
Male Female

Sum of mandibular incisors 23.11 +/- 1.44 22.37 +/-1.62 0.092

Sum of maxillary canines and premolars 21.67 +/- 1.44 20.87 +/- 1.74 0.079

Sum of mandibular canines and premolars 20.85 +/- 1.49 20.45 +/- 1.47 0.345

Table 3: Regression parameters for prediction of mesiodistal crown widths of unerupted canine and premolar

Sex Sum of mesiodistal widths of canine and premolar
Male Maxillary

Mandibular
Female Maxillary

Mandibular

r a b r SEE (mm)
0.569 8.50 0.57 0.32 1.21
0.622 6.06 0.64 0.39 119
0.783 2.08 0.84 0.61 1.10
0.654 7.19 0.59 0.43 114

(r-correlation coefficient; a and b- regression constants; r>- coefficient of determination; SEE- standard error of estimate)
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Table 4: New prediction equations to calculate the mesiodistal crown width of maxillary and mandibular
unerupted canine and premolars using the sum of erupted mandibular permanent incisors for males and
females.

Sex Arch Prediction equations Y=

Male Maxillary 8.50 + 0.57 (X)
Mandibular 6.06 + 0.64 (X)

Female Maxillary 2.08 + 0.84 (X)
Mandibular 7.25 + 0.59 (X)

(Y-Mesiodistal width of unerupted canine and premolars; X-Sum of mesiodistal width of mandibular permanent incisors.)

Table 5: Prediction table for South Indian males (50" percentile)

Sum of mandibular inciors Sum of maxillary canine and premolars Sum of mandibular canine and premolars

19 19.33 18.22
19.5 19.615 18.54
20 19.9 18.86
20.5 20.185 19.18
21 20.47 19.5

21.5 20.755 19.82
22 21.04 20.14
22.5 21.325 20.46
23 21.61 20.78
23.5 21.895 21.1

24 22.18 21.42
24.5 22.465 21.74
25 22.75 22.06
25.5 23.035 22.38
26 23.32 22.7

26.5 23.605 23.02
27 23.89 23.34
27.5 24175 23.66
28 24.46 23.98
28.5 24.745 24.3

29 25.03 24.62

Table 6: Prediction table for South Indian females (50" percentile)

Sum of mandibular incisors Sum of maxillary canine and premolars = Sum of mandibular canine and premolars
19 18.04 18.46
19.5 18.46 18.755
20 18.88 19.05
205 193 19345
21 19.72 19.64
215 20.14 19.935
22 20.56 20.23
22.5 20.98 20.525
23 21.4 20.82
23.5 21.82 21.115
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Table 6: (Continued)

Sum of mandibular incisors Sum of maxillary canine and premolars
24 22.24
24.5 22.66
25 23.08
25.5 23.5
26 23.92
26.5 24.34
27 24.76
27.5 25.18
28 25.6
28.5 26.02
29 26.44

Sum of mandibular canine and premolars

21.41
21.705
22
22.205
22.59
22.885
2318
23.475
23.77
24.065
24.36

Table 7: Prediction equations from various studies at 50" percentile

Study
Moyers, 1973(North American Whites) »

Tanaka Johnston, 1974 (North American
Whites) ¢
Furguson et al., 1978 (Negro) 7

Moyers,1988 (North American Whites) 5

Al Khadra, 1993 (Saudi Arabia) *
Lee-Chan et al., 1998 (Asian Americans)

Jaroontham and Godfrey, 2000 (Thai) =

Diagne et al., 2003 (Senegalese)”

Uysal et al., 2005 (Turkish) =

Philip et al., 2010 (Punjab, India) >

Al-Kabab et al., 2014 (Yemeni) >

Umapathy et al., 2014 (Bangalore, India)

Sex
M, F

M, F

M,F

M

F

M,F

M,F

Arch

Maxillary
Mandibular

Maxillary
Mandibular

Maxillary
Mandibular

Maxillary
Mandibular
Maxillary
Mandibular

Maxillary
Mandibular

Maxillary
Mandibular

Maxillary
Mandibular
Maxillary
Mandibular

Maxillary
Mandibular
Maxillary
Mandibular

Maxillary
Mandibular

Maxillary
Mandibular
Maxillary
Mandibular

Maxillary
Mandibular
Maxillary
Mandibular

Maxillary
Mandibular
Maxillary
Mandibular

Prediction equations Y=

9.23+0.55(X)
7.82+0.59(X)
10.41+0.51(X)
9.18+0.52(X)

11.93+0.44(X)
9:93+0.52(X)

9.73+0.51(X)
10.79+0.45(X)
14.17+0.28(X)
8.85+0.52(X)

7.20+0.63(X)
8.60+0.55(X)

8.19+0.63(X)
7.46+0.62(X)
13.36+0.41(X)
11.92+0.43(X)
11.16+0.49(X)
9-49+0.53(X)
9.60+0.55(X)
5.54+0.72(X)
13.77+0.35(X)
8.74+0.56(X)
4.07+0.76(X)
3.74+0.75(X)
7.15+0.67(X)
5.55+0.71(X)
7-44+0.65(X)
6.15+0.67(X)

13.55+0.29(X)
9.97+0.40(X)
14.04+0.25(X)
9.56+0.41(X)

16.904 + 0.209 (X)

17.204 + 0.174(X)
15.627+0.263(X)

13.431+ 0.330 (X)
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Table 7: (Continued)
Study Sex Arch Prediction equations Y=
The present study (Chennai population) M Maxillary 8.50 + 0.57 (X)
Mandibular 6.06 + 0.64 (X)
F Maxillary 2.08 + 0.84 (X)
Mandibular 7.25 + 0.59 (X)

(M- Male; F- Female; Y-Mesiodistal width of unerupted canine and premolars; X-Sum of mesiodistal width of mandibular perma-
nent incisors.)
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