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Abstract

Background: Mixed dentition space analysis forms an important part of orthodontic diagnosis and treatment
planning. Regression equations are widely used for mixed dentition analysis which can vary among races. This study
aimed to find out the new regression equation in estimating the size of unerupted canines and premolars for Nepalese
Brahmins/Chhetris.

Methods: Hundred Nepalese Brahmins/Chhetris (50 males and 50 females) who met our criteria were selected among
the patients attending to the Orthodontic Out-Patient Department, Institute of Medicine, Kathmandu. The mesiodistal
widths of all mandibular permanent incisors; maxillary and mandibular canines and premolars were measured and
analyzed. The results were also compared with predicted values from the Moyers and the Tanaka and Johnston
methods. Correlation and linear regression analyses were performed between the predicted and actual tooth sizes for
Nepalese Brahmins/Chhetris and standard regression equations were developed.

Results: No significant differences were observed when the sum of canine and premolars of one quadrant is
compared between sides and sex. Significant and high positive correlations were found between the mandibular
incisors and the combined mesiodistal widths of the canines and premolars for the maxillary (r = 0.72) and mandibular
(r = 0.73) segments. Significant differences were observed between the measured values from this study and from
Moyers (50 % and 75 % probability) and Tanaka-Johnston methods.

Conclusions: The equations and charts commonly used for North American children (50th or 75th percentile) did
not accurately predict for our sample, so new regression equations and tables were developed for Nepalese
Brahmins/Chhetris children.
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Background
Transition from deciduous to permanent dentition be-
gins once permanent incisors and the first permanent
molars erupt, which is known as the mixed dentition
phase. Treatment planning in mixed dentition is more
challenging because it requires prediction of future space
requirement. Mixed dentition analysis forms an import-
ant aspect of orthodontic diagnosis and treatment plan-
ning. It is a valuable tool in determining whether the
treatment plan involves serial extraction, guidance of
eruption, space maintenance, space regaining or just the
periodic surveillance [1, 2].

Mixed dentition analysis is concerned with the estima-
tion of mesiodistal crown width of the permanent canines
and premolars which can be done by measuring teeth size
on the radiographs [3, 4], using regression equation, or
measurement of erupted teeth as well as radiographs of
unerupted teeth [5–9]. Accurate prediction can be done
by measurements of mesiodistal width of these teeth on
radiographs as well as on the cast [10, 11]. However, it re-
quires obtaining both dental casts and radiographs for the
analysis.
The commonly used Moyers mixed dentition analysis

[12], and Tanaka-Johnston analysis [13] were developed
from North European and North American Caucasian
population which may not be applicable to other races
[14–25]. A study by Jaiswal et al. [26] in the Nepalese
population also showed that Moyers and Tanaka-Johnston
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method also didn’t accurately predict for Nepalese popula-
tion. This study considered only male and female with no
distinction among the various ethnic origin of the
samples. As Nepal is a country with population of diverse
ethnic origins [27], consideration of ethnicity is important
in a mixed dentition space analysis. So, the purpose of
conducting this study is to develop a prediction method
for Nepalese Brahmins/Chhetris comprising nearly one
third of the total population.

Methods
It is a cross sectional, analytical study done at Orthodontics
and Dentofacial Orthopedic Unit, Department of Dentistry,
Institute of Medicine, Tribhuvan University Teaching
Hospital, Kathmandu, Nepal after the ethical clearance
from its own Institutional Review Board. All the study
models made as a part of diagnostic records for patients
seeking orthodontic treatment were utilized in this study.
Inclusion criteria were:

� Nepalese Brahmins/Chhetris with Brahmins/
Chhetris ancestors at least from one previous
generation identified through the history,

� All permanent teeth till first molar erupted.

Exclusion criteria were:

� Interproximal caries or restorations,
� Missing or supernumerary teeth,
� Abnormally sized or shaped teeth determined

clinically,
� Significant teeth wear seen clinically,
� Previous orthodontic treatment.

During calculation of sample size, following points
were considered.

a. Confidence level of 95 %
b. Significance level of 0.05
c. Statistical power of 80 % [28]
d. Clinically important smallest difference of 0.2 mm

[29, 30]
e. Standard deviation of the measurement 0.3 mm

[20, 31]

The sample size was calculated as-

Standarized difference¼ Smallest relevant difference
Estimated standarddeviation

¼ 0:2
0:3

¼ 0:6

So, joining the standardized difference with power of 0.8
at the significance level of 0.05 in Altman Nomogram, the

sample size was ≈ 90. Hence, a sample size of 100 was
taken (50 males and 50 females).
The mesiodistal width of the individual teeth was

measured by digital caliper-Shan (Guilin Measuring and
Cutting Tools Co. Ltd, Guangxi, China). Teeth were
measured to the nearest 0.01 mm. To get better access
to the proximal areas, fine pointed wire segments were
attached to the tip of the caliper. The mesiodistal dimen-
sions of the teeth were determined by measuring the
maximum distance between approximate surfaces of the
teeth as described by Hunter and Priest [32].
Single investigator (RG) measured all the casts with

the digital caliper. To determine the intra-observer
reliability, 20 study models were randomly selected (sys-
tematic random sampling) and remeasured after 2 weeks.
Intraclass Correlation Coefficient (ICC) with absolute
agreement was calculated to be 0.94 indicating high
reliability.
For each patient, the sum of following groups of teeth

was calculated -

a. Four mandibular incisors
b. Mandibular canine and premolars in each quadrant
c. Maxillary canine and premolars in each quadrant

The sum of the four permanent mandibular incisors
was used to predict the combined size of the permanent
unerupted canines and premolars using both Moyers
method and Tanaka –Johnston method.

Results
The values of Kolmogorov-Smirnov and Shapiro Wilk
tests were above 0.05 proving the normal distribution of
the data (mesiodistal dimension of mandibular incisors,
canines and premolars). The sample had a mean age of
18.28 and 17.98 years for male and female respectively.
When the combined mesiodistal width of permanent
canines, first and second premolars of either side of the
dental arch was compared, there was no statistically
significant difference between the right and the left side.
T-test was done to detect the gender differences in sum
of mesiodistal width of canine and premolars. It was
found that there is no statistically significant gender dif-
ference when comparison was done between the mean
sum of canine and premolars.

T-test was employed to compare the difference be-
tween the measured and predicted values derived from
Moyers and Tanaka-Johnston methods for maxillary and
mandibular arches for both male and female. Statistically
significant differences were observed between the mea-
sured values from this study and from Moyers method
(except for female mandibular arch at 50 % probability
and male maxillary arch at 75 % probability). Tanaka
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Johnston method significantly over-estimated the values
in both maxillary and mandibular arch (Table 1).
The regression characteristics of the obtained predic-

tion equations are presented (Table 2). The accuracy of
prediction is often expressed as the standard error of
mean of the prediction equations. In this study, the
standard error of estimates (mean) ranged between
0.88 to 0.93 mm for male, female and both sexes. The
Pearson product moment correlation coefficient (r) is
above 0.6 and can be put into clinical orthodontic use
[33] by constructing regression equations for Nepalese
Brahmins/Chhetris (Table 3).
Using the prediction equation, prediction table is made

for Nepalese Brahmins/Chhetris (Table 4).

Discussion
Various mixed-dentition analyses are reported in the lit-
erature (regression equations, radiographic methods, or
combination of both), but the regression equations
based on measurements from already erupted perman-
ent teeth in the early mixed dentition are the most
widely used. Therefore, our study was conducted to
corroborate their principles in a Nepalese Brahmins/
Chhetris sample.
The study sample selection did not exclude patients

with crowding as the study was conducted in patients
coming to the Orthodontic Out Patient Department
seeking orthodontic treatment. Patients with crowding
have been shown to have no difference in mesiodistal
tooth dimension compared to those with no crowding
[34]. According to Puri et al. [35], mesiodistal crown
dimension of individual teeth, sum of incisors and the
sum of canines and premolars are uniformly larger in
crowded arches as compared to normal and spaced
dentition; but the correlation of the combined mesiodis-
tal crown dimension of incisors with the combined

mesiodistal crown dimension of canines and premolars
was significantly positive in crowded, spaced and normal
dentition.
The absolute mean difference between the left and

right mesiodistal width of any individual tooth ranged
from 0.01 to 0.07 mm. The mandibular central incisor
showed least difference whereas maxillary canine the
maximum. However, they are not statistically significant.
Previous odontometric studies [36, 37] also have shown
that there is no significant bilateral difference in mesio-
distal tooth size. However, according to the study by
Shrestha R [31] in Nepalese dentition, some teeth are
significantly larger on the right side, which include-
maxillary first molars, maxillary second molars, man-
dibular central incisors, and mandibular lateral incisors.
In this study, the mean mesiodistal tooth widths of

male subjects was found to be larger than that of female
in both maxillary and mandibular dental arches but only
mandibular canine showed statistically significant differ-
ence. This result is in accordance with the study by
Shrestha R [31] who found that all mesiodistal crown di-
mensions of Nepalese males are wider than those of the
females but he found that maxillary canine, mandibular
canine and mandibular lateral incisors had statistically
significant difference.
Similarly, Seipel [38] found maximum sex difference for

deciduous and permanent canines. Also, Staley and Hoag
[5] found that the width of male canines was significantly
larger than the canine width of the females. According to
Doris et al. [39], North American Caucasian males have
larger teeth than female, particularly, the maxillary central
incisors and canines and the mandibular canines and both
premolars.
Various studies in different population have found that

the average mesiodistal tooth width of the male is larger
than that of the female such as by Arya et al. [40] and

Table 1 Comparison of actual and predicted values

Arch Prediction
method

Mean difference
(Actual –predicted)

SD SEM 95 % Confidence Interval of the Difference

Lower Upper t Sig (2-tailed)

Maxilla (female) Moyers 75 % 0.40 1.14 0.16 0.08 0.73 2.51 0.016*

Moyers 50 % 1.15 1.13 0.16 0.83 1.47 7.20 0.000*

Mandible (female) Moyers 75 % -0.31 0.94 0.13 -0.57 -0.04 -2.30 0.026*

Moyers 50 % 0.22 0.95 0.13 -0.05 0.48 1.61 0.115

Maxilla (male) Moyers 75 % -0.11 0.90 0.13 -0.37 0.15 -0.86 0.395

Moyers 50 % 0.44 0.90 0.13 0.18 0.69 3.45 0.001*

Mandible (male) Moyers 75 % -0.40 0.97 0.14 -0.67 -0.12 -2.89 0.006*

Moyers 50 % 0.38 0.96 0.14 0.11 0.66 2.80 0.007*

Maxilla Tanaka-Johnston -0.84 0.97 0.14 -1.12 -0.57 -6.13 0.000*

Mandible -0.97 0.95 0.13 -1.24 -0.69 -7.16 0.000*

SD Standard Deviation, SEM Standard Error of Mean
* : p < 0.05, significant
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Staley & Hoag [5] in Northwest Europeans; Richardson
and Malhotra [29] in American Negros; Axelsson and
Kirveskari [41] in Icelanders; Bishara et al. [37] in North
Mexican children.
In this study, when the sum of incisors, canine & premo-

lars is considered, there is no statistically significant differ-
ence between male and female which is in accordance to
the study done by Bherwani and Fida [20] in Pakistani
samples and in contrast to that of by Yuen et al. [42] in
Southern Chinese; Jaroontham and Godfrey [21] in Thai
population; Diagne et al. [43] in Senegalese population.
Most studies have found the sum of the four mandibu-

lar incisors to be one of the best predictors in the linear
regression equations for determining the combined
mesiodistal width of the unerupted permanent canines
and premolars [3, 12, 44].
There are several clinical advantages of using four per-

manent mandibular incisors in prediction equations be-
cause they-[12]

� Erupt into the mouth early in the mixed dentition
� Are easily measured accurately
� Show less variation in shape and size

The present study also used the dimension four per-
manent mandibular incisors as the independent variable.
It may not be possible to attain very high precision

in predictive methods based on tooth size measure-
ments on dental casts, though reasonable reliable

prediction can benefit a mixed dentition patient and
the orthodontist by assisting in the development of a
sound diagnosis [9]. Moyers claimed that from the
mandibular incisors on cast alone, 95 % of the patients
have combined mesiodistal widths of canine and
premolars within one millimeter of the predicted value
in his table, which should be considered clinically
acceptable.
If there are systematic differences in the dependent

variable (sum of permanent canine and the two

Table 3 Regression equations of Nepalese Brahmins/Chhetris

Arch Sex Equation

Maxillary M y = 8.91 + 0.56x

F y = 3.65 + 0.78x

M + F y = 6.34 + 0.67x

Mandibular M y = 4.60 + 0.73x

F y = 5.58 + 0.67x

M + F y = 4.90 + 0.71x

M Male, F Female, x sum of mesiodistal dimension of four mandibular incisors,
y Sum of mesiodistal dimension of canine and premolars

Table 4 Prediction table for Nepalese Brahmins/Chhetris

LI (mm) Male Female

∑ CP1P2
Maxilla (mm)

∑ CP1P2
Mandible (mm)

∑ CP1P2
Maxilla (mm)

∑ CP1P2
Mandible (mm)

18.0 19.0 17.7 17.5 17.6

18.5 19.3 18.1 17.9 17.9

19.0 19.6 18.5 18.3 18.3

19.5 19.9 18.8 18.7 18.6

20.0 20.2 19.2 19.1 18.9

20.5 20.5 19.5 19.4 19.3

21.0 20.7 19.9 19.8 19.6

21.5 21.0 20.3 20.2 19.9

22.0 21.3 20.6 20.6 20.3

22.5 21.6 21.0 21.0 20.6

23.0 21.9 21.4 21.4 20.9

23.5 22.1 21.7 21.7 21.3

24.0 22.4 22.1 22.1 21.6

24.5 22.7 22.5 22.5 21.9

25.0 23.0 22.8 22.9 22.3

25.5 23.3 23.2 23.3 22.6

26.0 23.5 23.6 23.7 23.0

26.5 23.8 23.9 24.1 23.3

27.0 24.1 24.3 24.4 23.6

27.5 24.4 24.7 24.8 24.0

28.0 24.7 25.0 25.2 24.3

LI – Sum of mesiodistal dimension of lower incisors
∑ CP1P2 – Sum of mesiodistal dimension of canine and two premolars

Table 2 Regression characteristics

Canine-premolar
segment

Sex r r2 Regression coefficient Standard error
of mean (mm)

95 % Confidence
intervala B

Maxillary M 0.676 0.457 8.911 0.563 0.905 0.385 to 0.742

F 0.767 0.588 3.650 0.777 0.905 0.588 to 0.966

M + F 0.719 0.517 6.335 0.668 0.916 0.538 to 0.797

Mandibular M 0.772 0.596 4.603 0.729 0.884 0.554 to 0.903

F 0.705 0.498 5.583 0.668 0.934 0.474 to 0.863

M + F 0.734 0.539 4.898 0.707 0.927 0.576 to 0.838

r Correlation coefficient, r2 Coefficient of determination, M Male, F Female
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premolars in a quadrant) associated with the levels of
the sum of the four mandibular incisors (predictor),
these differences are attributed to the predictor. The
goal of the present study is to examine the ability of the
predictor to reproduce the values of the mesiodistal
width of permanent canines, first and second premolars
in one quadrant. The mean difference (residuals) be-
tween the predicted and measured values can be used
as the measure of error of the predictions. The
squared value of residuals or the absolute mean dif-
ference provides a measure of how good the predic-
tion is. When the predictions are close to the
measured values, the squared errors or the absolute
mean differences are small.
Permanent teeth may be either wrongly retained or

extracted on the basis of an inaccurate tooth size predic-
tion. Underestimation of the mesiodistal tooth width
would result in a more conservative clinical approach,
while overestimation tends to exaggerate space re-
quirements and result in unnecessary extractions. The-
oretically, the 50 % probability level is used as the
estimate in all regression equations since any error

would be distributed equally in either direction [12].
Clinically the value at the 75 % level is used as the esti-
mate because more protection on the down side (crowd-
ing) is required than that of on the up side (spacing).
Seventy-five percent level of probability means that 75
times out of 100 the unerupted canine and premolars
will be at the predicted value or less. Nevertheless, the
choice of percentile levels to be used may vary among
clinicians depending on the application and experience
of the clinician [12].
Tanaka-Johnston method tends to overestimate the

combined mesiodistal width of the unerupted permanent
canines and the two premolars which is in accordance
with the study done by Jaiswal et al. [26] in Nepalese
population.
Several other studies in different population also found

that the Tanaka-Johnston method tends to overestimate
the unerupted canine and premolars, such as the study
by Al Bitar et al. [22] in Jordanian, Arslan et al. [45] in
Turkish, Burhan and Nawaya [46] in Syrians, Buwembo
et al. [47] in Ugandan population. However, Jaroontham
& Godfrey [21] in Thai population and Ngesa [48] in

Table 5 Comparison of regression constants among various population

Study population Arch Sex r r2 Regression coefficient Standard error
of mean (mm)a b

Thai [21] Maxilla M + F 0.60 0.36 11.87 0.47 0.84

Mandible M + F 0.64 0.41 10.3 0.5 0.82

Black American [50] Maxilla M + F 0.62 0.38 11.93 0.44

Mandible M + F 0.70 0.49 9.93 0.52

Negros [51] Maxilla M + F 0.65 0.42 10.18 0.52 0.87

Mandible M + F 0.70 0.49 8.30 0.64 0.94

Hong Kong Chinese [52] Maxilla M 0.79 0.62 7.79 0.66 0.68

F 0.65 0.42 8.30 0.61 0.81

Mandible M 0.77 0.60 8.82 0.58 0.61

F 0.69 0.47 6.66 0.64 0.82

Senegalese [43] Maxilla M + F 0.68 0.46 9.87 0.53 0.71

Mandible M + F 0.73 0.54 5.67 0.70 0.81

Tanaka Johnston [13] Maxilla M + F 0.63 0.40 10.41 0.51 0.86

Mandible M + F 0.65 0.42 9.18 0.54 0.85

Pakistani [20] Maxilla M + F 0.59 0.35 10.52 0.48 0.82

Mandible M + F 0.65 0.42 8.56 0.54 0.79

Kenyan [48] Maxilla M + F 0.75 0.56 6.55 0.68 0.91

Mandible M + F 0.61 0.37 11.33 0.48 0.95

Present Study Maxillary M 0.68 0.46 8.91 0.56 0.91

F 0.77 0.59 3.65 0.78 0.91

Mandibular M 0.77 0.60 4.60 0.73 0.88

F 0.71 0.50 5.58 0.67 0.93

r Correlation coefficient, r2 Coefficient of determination, M Male, F Female
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Kenyan found Tanaka-Johnston equation close to the ac-
tual measurements.
In our study, Moyers prediction at 50 % probability

tends to underestimate the combined mesiodistal width
of the unerupted permanent canine and premolars in
both male and female. But Jaiswal et al. [26] found that
Moyers at 50 % probability tend to underestimate in
males and overestimate in females.
Similarly, various authors also found that Moyers at

50 % tend to underestimate the size of unerupted canine
and premolars, such as the study by Jaroontham and
Godfrey [21] in Thai population, Melgaco et al. [49] in
White Brazilians, Buwembo et al. [47] in Ugandan popu-
lation, Paredes et al. [16] in Spanish sample.
The standard error of the estimate (SEE) is a measure

of the accuracy of predictions. The SEE of this study are
0.92 and 0.93 for maxillary and mandibular arch respect-
ively. These values are comparable to the errors pre-
sented in the literature (Table 5).
The magnitude of a standard error of the estimate

(mean) is inversely proportional to the number of obser-
vations (that is the larger the sample size, the smaller
the SEE). Therefore, it may not be reasonable to use this
parameter in comparison of the present study to other
studies due to difference in sample size. The regression
line provided a mean predicted size of canine-premolars
for a given size of the combined mesiodistal dimension
of the permanent mandibular incisors.
Pearson product moment correlation is independent

of both scales of measurement and sample size, and was
therefore used for comparison of the predicted equa-
tions. A correlation coefficient that is equal to or greater
than 0.6 is usually considered to be clinically significant.
When the measured value of the mesiodistal dimen-

sions of canine and premolars are compared with the
prediction equation given by Jaiswal et al. for Nepalese
population, significant differences were found (Table 6).

Conclusions

1. The prediction equations of Tanaka-Johnston and
the charts of Moyers (50 % or 75 % level of prob-
ability) did not accurately predict the mesiodistal
dimension of unerupted canines and premolars in
a sample of Nepalese Brahmins/Chhetris.

2. The regression equations proposed in this study are
a good prediction method to determine the width of

the maxillary and mandibular permanent canine and
premolars in Nepalese Brahmins/Chhetris.

3. Further studies based on larger sample sizes are
required to confirm the applicability of the proposed
regression equations.
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of determination; SD, standard deviation; SEE, standard error of estimate;
SEM, standard error of mean
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Table 6 Comparison of Jaiswal prediction and measured sum of canine and premolars

Mean Std.
deviation

Std. error
mean

95 % Confidence interval of the difference

Lower Upper t Sig. (2-tailed)

Jaiswal prediction -maxillary 0.44 1.02 0.10 0.24 0.65 4.36 0.00

Jaiswal prediction- mandibular 0.55 1.05 0.10 0.34 0.76 5.24 0.00
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