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Abstract
This study was to evaluate the Moyers method for mixed-dentition, in dental plaster models (DP), dental digital (DD), in
dental tomography models (DT) generated using Cone-beam computer tomography (CBCT) with the possibility to measure directly unerupted permanent teeth with assessing the diameter of intra-osseous (DPDT), and compare the results
with those.
Material and Methods: The sample consisted of 20 healthy children, 9, 5 years, with mixed dentitions. The measurements
were performed on DP, DD, DT, DPDT, using the reference of Moyers analysis with 75% and 95% error probability.
Results: We obtained significant differences between most measures, although they correlated and reliability demonstrating that the measures were related and could be used clinically, (p-value < 0.005 and p-value <0.016 , in Manova e Bartlett
test and 95% intervals of Bonferroni reliability for standard deviations to Moyers 75% and 95%, respectively). There is a
significant association in the average for discrepancies between DP and DD (p<0.0018), DP and DT (p<0.031) , DP and
SDPT (p<0.04). There was a positive Pearson correlation between DP and DD (0.694533), DP and DT (0.603836), DP
and SDPT (0.602709) and DT and SDPT (0.998076).
Conclusion: DP and DT can be used with the parameters of Moyers analysis with 75% and 95% probability of error.
There were significant differences between DP and DD, and DT and DPDT. For the application of analysis Moyers 75%,
the differences between techniques was positive, and that within the orthodontic planning could not be clinical difference.

Keywords: CBCT; Moyers Analysis; Study Plaster Models; Digital Models.
Abbreviations: Dental plaster models = DP; Dental digital models = DD; Dental tomography models = DT; Cone-beam
computer tomography = CTCB; Clinical measurements = DC; Diameter of intra-osseous permanent = DPDT;
Upper Airway = UA; American Board of Orthodontics = ABO; Digital Imaging and Communications in Medicine =
DICOM; Discrepancies in superior right arch = DSR; Discrepancies in superior left arch = DSl; Discrepancies in inferior
right arch = DIR; Discrepancies in inferior left arch = DIL; Confidence Interval = CI; Standart Deviations = SD.

Introduction
The orthodontic planning is critical to achieving an effective
and stable orthodontic treatment. Each patient of growth phase
requires knowledge of specific techniques to the treatment plan.
The biggest challenge in mixed dentition is to predict as are the
conditions for the permanent dentition. In cases of unfavorable
forecasts, we must devise strategies for a better result. The Moyers
analysis is a tool that helps us to predict how this phase will be. It
was designed based on data obtained from an unspecified number

of US white children. This method calculates the mesiodistal
width of the tooth not erupted, with estimated 75% accuracy,
from the size of the tooth have erupted in the mixed dentition to
calculate the space needed for the alignment of permanent tooth
[1-6].
In the past, the dental plaster (DP) was the options for the
analysis of mixed dentition. Dental digitalized (DD) has been
a new proposal for orthodontic planning to be easy to get the
measurements of the teeth and have greater ease in storage.
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New technologies in the scanning process have improved the
DD technique including laser scanning, holographic scanning
and stereophotogrammetry imaging captures making this
method more reliable [3-16]. Recent studies have compared the
measurements obtained by Moyers analysis on DP compared to
DD [3, 6], to investigate the equivalence of these methods. Most
of the studies showed no significant differences between then [714] with the exception of only one study [15].
Furthermore, images obtained in computed tomography cone
beam (CTBC) as Digital Imaging and Communications in
Medicine (DICOM) or i-CA software, has been used to generate
3D models (DT) giving us the possibility to perform direct
analysis of the dentition by accessing the diameter of the erupted
teeth and teeth still intra bone, facilitating the calculation of the
necessary space to align the tooth [1, 17].
We can get directly from the 3D image, the mesial distal diameter
of the teeth have not erupted [18-21]. Studies have been developed
assessing the equivalence of Moyers analysis results to DP and
compared with DD and DT making possible the Moyers analysis
on different study models [22-27], but the feasibility of using only
the models generated by 3D technique for orthodontic planning
has not been tested.
The 3D image is more reliable than 2D to evaluate all of the
neck and head structures, and upper airway, and can be useful
for many professionals. The FDA indicates this test only mode
for evaluation of disease in children. The CBCT is a type of
3D examination exposing the child to a lower ionizing radiation
compared with multislice scanner, but higher than one RX 2D, but

http://scidoc.org/IJDOS.php

the collective dose of all 2D radiographs generally recommended
by the orthodontist is equal to or slightly larger than just a CBCT
examination, which can provide all the necessary information to
orthodontic plan [28, 29].
The aim of the study was to identify the differences between three
different models of mixed-dentition measurements according
to Moyer’s analysis: 1 Plaster, 2 Digital, 3 CBCT and proposed
assessing the intra-osseous diameter of non-erupted permanent
teeth with CBCT.

Material and Methods
This clinical study was approved by the Institutional Ethics
Committee under the number of: 1739/11 02/12/2011, granted
by the Research Foundation - FAPESP under the Protocol 2012 /
15715-2 November 2, 2012.
The study sample consisted of 20 healthy children, of both
genders, mean age 9, 5 years old, with mixed-dentition without
caries, restorations, loss of interproximal enamel, or coronal
fractures. Patients whose legal guardians did not sign the informed
consent, were excluded.
All patients underwent orthodontic records with equal parameters:
DP build for alginate impressions, DD scanned with a structuredlight 3D scanner (Maestro 3D Desktop Scanner; AGE Solutions,
Pontedera, Italy) with 10-μm readability from the DP, and DT
and DPDT were by CTBC. The CBCT exams were requested
by an otolaryngologist in order to evaluate the upper airway. The

Figure 1. For the sum of the inferior incisors, the discrepancies were calculated according to Moyers
probability of 75% and 95%.

Figure 2. Calculation of the discrepancies in DD, according to Moyers probability of 75% and 95%.
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Figure 3. Calculation of discrepancies in DT.
Length 4.815 cm (12.039) pix
Length 4.591 mm(11.477) pix
Length 4.810 cm (12.025 pix)
Length 4.690 mm(11.724) pix
Length 2.278 cm (56.939) pix

Length 2.355 cm (58.866 pix)

Figure 4. Calculation of discrepancies in DPDT.

Figure 5. Measures of erupted permanent teeth.

DICOM file format of DT were imported from CBCT, (I-Cat,
tomography images by using OsiriX, Advanced Image in 3D
software). The 3D scans were also obtained in conjunction with
otolaryngologists for verification of the upper airways (UA).
In three study models, (DP, DD, DT) was calculated the space
required for alignment of permanent teeth through the Moyer`s
analysis [1] with reliability of 75% and 95%. The DP measurements
were obtained using a digital caliper with an accuracy of 0.02 mm
and 0.01 mm repeatability (Starrett, Itu, SP, Brazil), Figure 1. The
DD measurements were accomplished with the Maestro tool
Ortho Studio, as shown in Figure 2. The DT measurements were
performed with the software tools OsiriX in the three orthogonal
planes, as shown in Figure 3 and 4.

In the fourth method (DPDT), the discrepancy model was
evaluated by measuring directly the canine and pre molars teeth
not erupted in the image generated by CBCT and rendered by
Osirix program, and this measurements were compared with
clinical measurements, made directly into the patient's mouth
(DC) (Figure 4). To verify the reality and clinical reliability of
the DPDT measures, thirty-eight related permanent teeth that
erupted during the study were measured directly inside the mouth
of the patient and these measurements (DC) were compared
with measurements of intra-osseous teeth in 3D (DPDT). Direct
measurements were performed with a compass and a millimeter
ruler. Figure 5.
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Table 1. Variance, SD, and IC, to averages discrepancies in T Student test for 75% and 95% probability Moyers analysis and
directly measurements in CBCT.
75% Moyers
DSR
DSL
DIR
DIL
95% Moyers
DSR
DSL
DIR
DIL

DP
DD
DT DPDT
0.110 1.110 1.300 0.910
-0.070 0.760 1.880 1.600
0.140 0.850 4.130 3.510
0.480 1.090 3.830 3.340
DP
DD
DT DPDT
-0.840 0.210 0.40 0.400
-1.020 -0.140 0.980 0.980
-0.410 -0.150 3.130 3.130
-0.070 0.090 3.100 2.830

VAR
0.272
0.775
3.828
2.711
VAR
0.446
0.940
3.887
2.927

SD
0.452
0.880
1.957
1.647
SD
0.668
0.903
1.972
1.711

ICC
0.173
0.337
0.748
0.630
ICC
0.225
0.304
0.665
0.577

Table 2. MANOVA test: PD, DD, TD, DPDT according to Moyers probability of 75% CI 95% of means.
Methods
DP
DD
DT
DPDT

(n)
SD
CI
4
0.227 (0.111965; 1.36280)
4
0.177 (0.087338; 1.06305)
4 140.569 (0.692568; 8.42977)
4 128.502 (0.633114; 7.70610)
***p-value< 0.005.
Individual Confidence level = 98.75% Bartlett 13.01.
95% intervals of Bonferroni reliability for standard deviations.
Figure 6. Variables in the MANOVA test and correlations (75%).
Test de Bartlett
Valor-p 0.005
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According to the Moyers method, were calculated the mesiodistal
width of four permanent lower incisors, and the distance between
the distal of the lateral incisor and mesial of the first permanent
molar in each half dental arch.Thus measurements were obtained,
superior right arch (DSR), superior left arch (DSL), inferior right
arch (DIR) and inferior left arch (DDL).
The Student's t-test was used to verify the accuracy and reliability.
In DPDT the difference was calculated by measurements obtained
directly from non-erupted teeth in 3D image, (DPDT) as required
space (RS). The means of the discrepancies were calculated for
each dental arch of 20 children for statistical associations.
Three experienced orthodontists performed the measuring five
times in an interval of ten days to access the level of agreement

5

6

7

8

9

of the measures. The data were analyzed using descriptive analysis
for comparison among all measurements, by using Excel 2007
program and Minitab software 17. To verify the normality to each
variable, Kolmogorov-Smirnov Test (KS) was applied. Means and
standard deviation (SD), and confidence interval (CI) of the data
were compared by using T Student test and Bonferroni tests for
multiple comparisons. To verify the equality of the means of the
four types of analysis of dentition, MANOVA was used, with
95% of confidence. Null hypothesis, “All variances are equal”.
Alternative hypothesis,” At least one variance is different”.
Significance level α = 0.05. Bartlett's method was used for normal
data.

Results
In the table 1, we can see the variance, SD and CI (t) of the
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Table 3. Variances equality to Moyer´s probability 95% CI 95% of means.
Methods (n)
SD
IC
DP
4 0.42821 (0.210976; 2,56795)
DD
4 0.17727 (0.087340; 1.06307)
DT
4 142.001 (0.699623; 8.51563)
DPDT
4 134.872 (0.664510; 8.08824)
Figure 7. Variables in the MANOVA test and correlations (95%).
Test e de Bartlett
Valor-p 0.016
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Table 4. Pearson correlation and T Student test to verify the significance between methods.
Methods
DP/DD
DP/DT
DP/DPDT
DD/DT

Test t
0.001867 ***
0.031982 *
0.040834 *
0.079165

Pearson
0.694533 *
0.603836 *
0.602709 *
-0.08592

DD/DPDT
DD/DPDT

0.119101
0.657911

-0.08593
0.998076*

Table 5. Diference between DPDT and DC.

DPDT
DC

means
6.934
7.80

DP
0.627
0.0722265

ICC (t)
0.069257
0.079812

t test pair

t test unic

pearson r ovariance Clinical Dif

0.000000007 0.0000000015 0.428663

0.217

0.870

Figure 8. Comparison between DPDT and DC.
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averages discrepancies according to Moyers analysis (DP, DD,
DT) and directly measurements in CBCT (DPDT).

measurements made in plaster models in respect to the TCCB
[19, 22, 23], and a few compared the three techniques [24, 25, 27].

The greatest differences were found between measurements
obtained with the methods generated by Plaster models (DP and
DD) and the 3D image (DT and DPDT). We encounter the largest
differences (+3.99 mm) between DP and DT in Moyer’s 75%,
and +3.54mm between DP and DT mm in 95% error probability.
The minor differences were observed between DD and DPDT
(+3.28mm), both for 75% and 95%. Measures generated by
CTCB were greater than the cast models.

CBCT is an important diagnostic tool in dentistry [18], but it is
not a routine procedure in orthodontic planning due to ionizing
radiation emitted mainly in examinations that cover the entire
head and should be used when the 2D conventional tests used
in orthodontics planning fail to answer diagnostic doubts. For
diagnosis and orthodontic planning, the 2D tests used include
panoramic RX, lateral Rx and a series of all mouth. The individual
dose emitted by the unique 2D test is low, but the collective dose
is significantly equal to or slightly greater than the 3D examination
[17, 18].

In table 2, and figure 6, Bartlett's test, applied to check the level
of reliability of the data for Moyers analysis with probability
75%, showed that variable is not an identity matrix (p<0.005)
with Individual Confidence level = 98.75%, demonstrating that
the data is suitable for this method allowing the rejection of the
null hypothesis.
In table 3, and Figure 7, Bartlett's tests for Moyer´s analysis, with
probability 95%, demonstrated that the original correlation matrix
is not an identity matrix (p<0.016) with Individual Confidence
level = 98.75%, allowing correlation among the variables included
in the analysis, and showing that there was a significant intraexaminer difference.
Student’s and Pearson correlation tests were applied to verify
the degree of association between the averages of the pairs of
methods. The results can be seen in Table 4.
In table 4 the results show that there was a significant association
in the average for discrepancies between DP and DD models
(p<0.0018), and between DP and DT measurements (p<0.031),
DP and DPDT (p<0.04). There was a positive Pearson correlation
of DP and DD measures (0.694533), DP and DT (0.603836), DP
and DPDT (0.602709) and tomographic and DPDT (0.998076) .
A significant association (p<0.000000007) was observed when
comparing the measurements generated directly by the images of
the non-erupted teeth (DPDT) and the measurements obtained
directly from the mouth of patients, once these teeth were already
erupted (DC). Clinically the discrepancy obtained between
(DPDT) and the DC was 0.87 mm, with a positive correlation
(Pearson = 0.42). This can be seen in table 5 and figure 8.

Discussion
Moyers analysis is a tool used for the mixed dentition analysis, but
new methods cannot be dismissed as a facilitator in orthodontic
diagnosis [1-3, 27]. Important clinical interferences such as
recovery and maintenance may be required and this information
is in the mixed dentition. New technologies are resources that can
facilitate and improve this task and should be tested [7, 9, 15, 18,
20-28].
With this in mind, many authors have compared the dentition
analysis results in new forms of orthodontic examinations to
establish whether they are reliable in orthodontic planning and
cost benefit [4-21].
Some authors compared the measurements made in plaster models
in respect of the scanning models [4-14], Others compared the

Some patients are referred to the orthodontist already with a
CTBCs exam in hand, in hopes of avoiding other radiographic
exams. In such cases the orthodontist must be prepared to carry
out the treatment plan following the new diagnostic tools. 2D
exams, plaster and scanned models may be substituted by only
one examination CBCT. The prediction of the spaces for nonerupted teeth can be obtained through the measurement of the
3D (DPDT), where the spaces for the non-erupted teeth can be
obtained with enough accuracy [10, 12, 17, 18].
We compared the three forms of measurements and proposed
a method of measurement directly of the non-erupted teeth
obtained directly from CBCT. That was possible because
our patients had been referred from the oral breathers clinic,
presenting with sleep apnea or not, already submitted to CBCT
exams.
Similarly to other studies, we found significant differences
between the techniques based on impressions in alginate,
(DP, DD) and those based on images generated by computed
tomography, (DTD, PDT) [4-6, 8-11, 13, 14]. DP and DD showed
significantly similar results, as well as DT and DPDT [24, 25, 27].
The difference between these pairs of methods was almost 4mm
and it is a borderline clinical situation where the recovery of the
space should be well analyzed [12-14]. The difference may be by
the steps required to obtain the plaster study models from the
impression. These many steps could occasionally alter the values
of the teeth dimensions.
Digital models are generated by scanning plaster models and are
able to produce a clear picture of the plaster model, and carry
with them all the errors that may have been generated from the
molding phase to the final manufacture of the plaster models,
but in the Moyers analysis these errors are considered to be in the
25% error margin [1].
Clinical measurements of the canines and pre-molars, made
directly inside the mouth, showed a significant association with
the DPDT outcome, with an insignificant clinical difference of
0.87mm. This results confirm that the forth method (DPDT) can
be used to evaluate the space required for the dental alignment
representing a positive benefit in terms of cost. We must consider
it as an option. The plaster model (DP) involves spending
excess time, requires proper storage areas, and presents a high
risk of rupture, making its transportation very difficult when a
multidisciplinary approach is considered [4, 7, 12, 15].
The modern tomographic images are believed to be reliable with

Rossi RC et al., (2016) Evaluation of Mixed-Dentition Employing Three Different Methods: Plaster, Digital, CBCT and Directly Measurements of Non-Erupted Permanent Teeth
in CBCT. Int J Dentistry Oral Sci. S4:003, 15-21.
20

Special Issue on: Long-term Effects of Orthodontic Treatment. OPEN ACCESS

a maximum of 1 degree or 1mm difference [15, 20, 21]. Thus,
it can be used in both modalities, according to the needs and
convenience of each patient. Measuring the radiographic width
of non-erupted teeth is one of the methods used to predict the
width of non-erupted teeth, but it is not possible in 2D due to the
rotation of teeth or poor intraoral films. High quality films and a
meticulous radiographic technique are essential for minimal error
[15, 16].
New studies should standardize the difference in values.

Conclusion
1.
2.

The Moyers analysis measurements obtained from CBCT
showed significant differences when compared with those
obtained from the plaster models and scanning models.
The fourth proposed method generated by CBCT showed
great accuracy in predicting the space required for nonerupted canine and premolars.

[13].
[14].

[15].
[16].
[17].
[18].

[19].
[20].
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