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Comparison of space analysis performed on plaster vs. digital
dental casts applying Tanaka and Johnston'’s equation

Julia Olien Sanches!, Lourdes Aparecida Martins dos Santos-Pinto?,
Ary dos Santos-Pinto®, Betina Grehs!, Fabiano Jeremias*

Objective: The purpose of this study was to compare dental size measurements, their reproducibility and the application of
Tanaka and Johnston regression equation in predicting the size of canines and premolars on plaster and digital dental casts. Meth-
ods: Thirty plaster casts were scanned and digitized. Mesiodistal measurements of the teeth were then performed with a digital
caliper on the plaster and digital casts using O3d software system (Widialabs®). The sum of the sizes of the lower incisors was used
to obtain predictive values of the sizes of the premolars and canines using the regression equation, and these values were compared
with the actual sizes of the teeth. The data were statistically analyzed by applying to the results Pearson’s correlation test, Dahlberg’s
formula, paired t-test and analysis of variance (p<0.05). Results: Excellent intracxaminer agreement was observed in the measure-
ments performed on both dental casts. No random error was present in the measurements obtained with the caliper and systematic
error (bias) was more frequent in the digital casts. Space prediction obtained by applying the regression equation was greater than
the sum of the canines and premolars on the plaster and digital casts. Conclusions: Despite an adequate reproducibility of the
measurements performed on both casts, most measurements on the digital casts were higher than those on the plaster casts. The
predicted space was overestimated in both models and significantly higher in the digital casts.

Keywords: Three-dimensional image. Dental casts. Test reproducibility.

Objetivo: comparar medidas de tamanhos dentarios, suas reprodutibilidades e a aplica¢io da equagio de regressio de Tanaka e
Johnston na predi¢io do tamanho dos caninos e pré-molares em modelos de gesso e digital. Métodos: trinta modelos de gesso
foram escaneados para obtencio dos modelos digitais. As medidas do comprimento mesiodistal dos dentes foram obtidas com
paquimetro digital nos modelos de gesso e nos modelos digitais utilizando o software O3d (Widialabs). A somatéria do tamanho
dos incisivos inferiores foi utilizada para obter os valores de predi¢io do tamanho dos pré-molares e caninos utilizando equagio de
regressio, e esses valores foram comparados a0 tamanho real dos dentes. Os dados foram analisados estatisticamente, aplicando-se
aos resultados o teste de correlagio de Pearson, a formula de Dahlberg, o teste ¢ pareado ¢ a andlise de variancia (p < 0,05). Re-
sultados: excelente concordancia intraexaminador foi observada nas medidas realizadas em ambos os modelos. O erro aleatério
nio esteve presente nas medidas obtidas com paquimetro, e o erro sistematico foi mais frequente no modelo digital. A previsio de
espaco obtida pela aplicagio da equagio de regressio foi maior que a somat6ria dos pré-molares e caninos presentes nos modelos de
gesso e nos modelos digitais. Conclusio: apesar da boa reprodutibilidade das medidas realizadas em ambos os modelos, a maioria
das medidas dos modelos digitais foram superiores as do modelos de gesso. O espaco previsto foi superestimado em ambos 0s mo-
delos e significativamente maior nos modelos digitais.
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INTRODUCTION

Determining the mesiodistal size of unerupted per-
manent teeth is an important procedure in the diagnosis
and treatment planning of patients in the mixed denti-
tion as it 1s instrumental in predicting the required space
in the dental arch where the teeth — usually canines
and premolars — will be positioned.

Some methods use the adequate correlation found
between the width of the permanent lower incisors and
unerupted canines and premolars to predict space in
mixed dentition. One such example is Moyer’s analy-
sis.! Space prediction in mixed dentition can also be car-
ried out using regression equations for each side of the
upper [Y=11+0.5 (X)] and lower [Y=10.5+0.5 (X)]
dental arches, where Y is the sum of the unerupted
canines and premolars and X the sum of the four un-
erupted permanent incisors.” This analysis is considered
one of the most practical for clinical use as it requires no
x-rays or tables to predict the size of the teeth.'

Traditionally, these diagnostic tests have been per-
formed on plaster casts, where one can (a) assess the oc-
clusal relationships of patients without interfering with
soft tissues, (b) determine the issues to be addressed and
(c) define which orthodontic mechanics will be applied.
However, some of the disadvantages inherent in the
use of plaster casts®* are their weight and volume, time
spent on their fabrication, the need for a physical storage
space, the risk of breakage and difficulty in exchanging
information with other professionals. Currently, digital
casts offer orthodontists a convenient alternative to rou-
tine plaster casts. Their greater attractiveness is related
to the speed to store patient diagnoses in a computer, in-
stant accessibility and convenient sharing of information
with colleagues.® A variety of methods have been devel-
oped to digitize plaster casts. Digitization is performed
on casts or alginate impressions with the aid of a scan-
ner or digital camera. The software used can electroni-
cally store the images and perform three-dimensional
measurements.**’ Digital casts can be overviewed in a
360° view, in all planes of space, and can also be viewed
singly, 1.e., only the upper or only the lower dental
arch.” Most digital image analysis software available on
the market are not developed in Brazil, which results
in high costs since patient impressions or plaster casts
must be shipped overseas for scanning. O3d is a soft-
ware system developed by Widialabs® (Goiania, Brazil),
a pioneering Brazilian company in the development of

article

technologies geared to the digitization and analysis of
dental casts for use in orthodontics. Orthodontists can
access their digitized casts on the company’s website,
download these data to their computer and perform
measurements and analyses.

Recent studies show that measurements of dental
arch sizes, arch width, overjet and overbite on digital
models are valid and can be reproduced.®” Measuring
tooth size on the arch itself is influenced by several fac-
tors such as tooth inclination, rotation, proximal con-
tact, anatomical variations and interexaminer variabil-
ity. Thus, the accuracy and reliability of these software
need to be evaluated prior to clinical implementation.'
Within the context outlined above, the aim of this study
was to compare the measurements of dental sizes, their
reproducibility and prediction of the sizes of the upper
and lower canines and premolars by applying Tanaka
and Johnston’s® regression equation on plaster dental
casts and digital models.

MATERIAL AND METHODS

After approval by the Ethics Committee of Ara-
raquara Dental School (UNESP) (Protocol #33/07)
thirty plaster casts were selected from the diagnostic
records of patients that were receiving treatment with
fixed appliances. All casts were scanned in the Orth-
odontic Records Service (SDO) in Araraquara, Sio
Paulo State, and standardized by the same professional.

The criteria for inclusion of plaster casts in the study
were: Presence of incisors, canines, premolars and per-
manent first molars in both the maxillary and mandibu-
lar arches; all cast teeth showing normal morphology;
absence of irregularities in the plaster caused by carious
lesions and restorations, which might affect the mesio-
distal or buccolingual diameter of dental crowns; no
prior orthodontic treatment.

The models were replicated to prevent damage to
the patient records. The impressions were taken by
the same professional using plastic trays (Morelli Or-
thodontics, Sorocaba, SP, Brazil) and alginate (Jeltrate,
Dentsply, Petropolis, RJ, Brazil). The casts were fabri-
cated with special dental stone (Durone V, Dentsply,
Petropolis, R], Brazil) vacuum mixed at a ratio of 19 ml
water to 100 g of powder and poured onto a vibrator to
decrease the likelihood of bubbles.

Two casts were used as standard and had 12 points
marked on their upper arch and 20 points on their
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lower arch as reference for the largest mesiodistal di-
ameter of the crowns of the maxillary and mandibu-
lar canines and premolars, and mandibular incisors.
Ten casts were randomly selected to be measured
with a digital caliper (Mitutoyo Digimatic®, Mitu-
toyo Ltd., Suzano, SP, Brazil). The measurements
were repeated within a one-week interval for exam-
iner calibration. Reliability of the variable measur-
ing process was evaluated by Pearson’s correlation
coefficient, which was 0.96.

After calibration, the measurements reflecting the
greatest distance between the mesial and distal surfaces
of crowns of all mandibular teeth and of all maxillary
canines and premolars were obtained using a digital
caliper. In the posterior teeth, these distances were ob-
tained with an occlusal view of the model, and in ante-
rior teeth, with a labial view.

Once the measurements with the digital cali-
per were completed, the models were forwarded for
non-destructive laser scanning, with the reading done
by surface scanning using a R-700 Orthodontic 3D
Scanner (Copenhagen, Denmark) without touching
the cast, and with an accuracy of 0.005-in and 400 dots
per inch (DPI). Using O3d software (Widialabs, Goia-
nia, Brazil) with three-dimensional images, measure-
ments were carried out by drawing a transverse line
across the largest mesiodistal width of the posterior
teeth examined in occlusal view and labial view of the
anterior teeth as described in the literature.®%!"12

Teeth prediction values calculated by applying Tana-
ka and Johnston’s* regression equation were compared
to the actual sizes of maxillary and mandibular premo-
lars and canines measured directly on the plaster models
and three-dimensional images. All measurements were
repeated within a one-week interval to test intraexam-
iner reliability, confirmed by Pearson’s correlation test.
Dahlberg’s formula was applied to estimate the magni-
tude of casual errors and the paired t-test was applied to
identify systematic errors, according to Houston."® The
difference between the measurements obtained in the
plaster vs. digital casts was evaluated by means of analysis
of variance at a 5% significance level (p<0.05).

RESULTS

Assessment of intraecxaminer reliability was per-
formed for all dental measurements and in all models,
yielding an excellent correlation between the first and

second measurements performed both using a caliper on
the plaster casts and the O3d software system on digital
models. Application of Dahlberg’s formula showed no
random error in measurements performed with a cali-
per on the plaster casts. Systematic error was found only
in the measurements of teeth 24 and 43, which showed
a difference of one hundredth of a millimeter (-0.06 and
-0.05 mm, respectively), considered clinically insignifi-
cant. The measurements carried out on digital casts us-
ing the O3d System showed random error in teeth 13,
23 and 33. In assessing systematic error statistical differ-
ences occurred in measuring teeth 13, 14, 15, 23, 33,
35, 43 and 44 (Table 1).

In comparing the measuring instruments it was
noted that the mesiodistal measurements of teeth 13,
14, 23, 33 and 35 were statistically significantly higher
for measurements carried out by the O3d software
system compared with a digital caliper (Table 1). The
values for required space obtained by applying the re-
gression equation were larger than the sum of the mea-
surements of the premolars and canines on the plaster
casts (mean of 3.35 mm for the maxillary arch and 2.84
mm for the mandibular arch, and digital casts (mean of
1.11 mm for the maxillary arch and 0.72 mm for the
mandibular arch). Statistically significant differences
were found in the measurements performed in all seg-
ments of the dental arch (Table 2).

DISCUSSION

The measurements of dental sizes obtained both
by caliper and by the O3d system presented excellent
intracxaminer reliability, established by the correla-
tion (r), which ranged from 0.87 to 0.99 for the cali-
per and 0.96 to 0.99 for the O3d System (Table 1). A
similar intraexaminer reliability — found for both the
plaster and digital casts — was reported by Quimby
et al®. However, Dalstra and Melsen', after measuring
the maxillary right central incisor and first molar on
the right side, reported that the intraexaminer varia-
tion was lower for the measurements performed on
digital casts. Moreover, El-Zanaty et al®® found little
correlation between the two methods and attributed
the error to (a) difficulties in accurately identifying the
contact points and (b) lack of experience of the exam-
iner to conduct measurements on three-dimensional
computer images. Random error was not noted in the
measurements performed with a caliper.
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Table 1 - Means, standard deviations (SD) and differences (dif) between the first and second mesiodistal measurements of the teeth, in millimeters. Random error
(Dahlberg's Formula), systematic error (p<0.05), correlation (r) obtained from plaster and digital casts and comparison between methods (ANOVA: p<0.05).

Caliper 03d Caliper
dif. Dahlberg dif. Dahlberg dif. ANOVA
15 5.69 046 -0.02 0.06 0.28 0.98 647 0.50 0.01 0.09 0.57 0.99 -0.78 0.31
14 583 048 0.01 0.04 0.18 0.99 6.59 0.34 -0.08 0.14 0.02* 0.99 -0.77 0.01*
13 717 048 -0.04 0.08 0.10 0.97 749 0.69 -0.17 0.27 0.01* 0.97 -0.32 0.05*
23 7.09 046 -0.01 0.06 0.57 0.98 7.63 0.69 -0.16 0.29 0.04* 0.96 -0.54 0.05*
24 585 0.52 -0.06 0.07 0.00* 0.98 6.76 0.50 -0.05 0.15 0.22 0.99 -0.92 0.91
25 562 0.52 -0.03 0.06 0.11 0.98 644 041 0.00 0.11 0.98 0.99 -0.81 049
35 6.25 0.57 0.01 0.05 0.34 0.99 7.10 044 -0.09 0.14 0.02* 0.99 -0.85 0.01*
34 6.20 0.52 -0.05 0.15 0.18 0.92 6.87 0.53 -0.06 0.16 0.21 0.98 -0.67 0.91
33 6.35 0.56 0.00 0.05 0.98 0.99 6.77 0.61 -0.20 0.29 0.01* 0.96 -043 0.03*
32 572 041 -0.02 0.06 0.17 0.98 575 042 -0.04 0.15 0.35 0.98 -0.03 0.60
31 531 0.35 -0.03 0.14 048 0.87 5.09 042 -0.06 0.14 0.14 0.98 0.21 0.53
41 527 0.32 0.00 0.05 0.85 0.98 5.16 0.35 -0.05 0.19 047 0.96 0.11 041
42 567 044 0.01 0.04 0.61 0.91 5.60 040 -0.04 0.13 0.38 0.98 0.06 0.28
43 6.25 049 -0.05 0.09 0.03 0.97 645 0.60 -0.08 0.16 0.07* 0.98 -0.20 0.39
44 6.05 0.59 -0.01 0.09 0.76 0.97 6.91 0.51 -0.06 0.12 0.05* 0.99 -0.85 0.12
45 6.18 046 -0.01 0.06 0.62 0.98 706 049 -0.03 013 0.53 0.99 -0.88 0.62

* Statistical significance.

Table 2 - Measurement values (mm) of the required space (RS) obtained by Tanaka and Johnston’s regression equation, existing space (ES), difference between
the two (RS-ES) and comparison between the methods (Anova: p<0.05).

Caliper [of:11]-T-13
Measurements
ANOVA

RS Right 21.98 0.68 2181 0.67 0.18 0.02*

ES 18.68 1.25 20.55 1.24 -1.87 0.00*

Superior RS-ES 330 0.82 1.25 0.95 2.05 0.00*
ES Left 18.55 1.33 20.82 1.24 -2.27 0.00*

RS-ES 343 0.98 0.98 0.96 245 0.00*

RS 2148 0.68 21.31 0.67 0.18 0.02*

ES Right 1849 1.35 2042 1.39 -1.93 0.00*

Inferior RS-ES 2.99 0.90 0.89 0.96 211 0.00*
ES Left 18.79 147 20.74 1.37 -1.95 0.00*

RS-ES 2.69 1.03 0.56 101 2.12 0.00*

* Statistical significance.

However, in the measurements carried out with  ranged from 0.00 to 0.06 mm on the plaster casts and
the O3d System, random error was found in teeth 13,  from 0.01 to 0.20 mm on the digital casts (Table 1).
23 and 33, which can be explained by a difficulty in ~ These values have no clinical relevance as they are below
determining the angle between the proximal surfaces  the acceptable values, i.e., 0.20 mm'® or 30 mm."”
and the cusps as reference for the largest mesiodistal Despite the excellent intraexaminer reliability of
diameter in three-dimensional images. the measurements carried out with the O3d system,

The mean value of the differences observed between systematic error was present in teeth 13, 14, 15, 23,
the first and second measurement of the size of the teeth 33, 35 and 43. The error found in the canines was
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probably due to the position of these teeth, i.c., on
the curvature of the dental arch, thereby hindering
the movement of the digitized model in the program
and the identification of reference points used to per-
form the measurements.

While performing the measurements, it was noted
that the tool used to locate the first reference point was
similar to an arrowhead while the second point was de-
fined by a tool shaped like a filled circle, which is less ac-
curate. The points are important in setting the distance
that must be measured by the program, which may have
affected the measurements of the premolars.

In comparing the measurements obtained with the
two instruments, digital caliper and O3d System, it
was observed that the values yielded by the latter were
higher for all teeth except teeth 31, 41 and 42, where the
difference between measurements was very low, rang-
ing from 0.06 to 0.21 mm. The results of this study do
not corroborate the findings of Santoro et al® and Dals-
tra and Melsen," who found higher values for the teeth
measured with the caliper, and Aguiar and Freitas' and
Redlich et al,'> in whose research the tooth sizes were
underestimated for both dental arches in the measure-
ments performed on digital casts. Keating et al® and Jed-
linska® reported that the measurements obtained with
a digital caliper on plaster and digital casts were similar.

In applying Tanaka and Johnston’s regres-
sion equations to each side of the maxillary arch
[Y=11+0.5 (X)] and mandibular arch [Y=10.5+0.5
(X)] using the sum of the four erupted permanent
mandibular incisors (X) to predict the sum of the
non-erupted canines and premolars(Y), it was noted
that the predicted spaces were larger than the spaces
actually present in the arches. A statistically signifi-
cant difference was observed in all segments of both
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arches. Due to the fact that the measurements per-
formed on the digital casts yielded larger values than
the measurements obtained from the plaster casts, the
difference found by the O3d System between the re-
quired space and the existing space were lower than
those obtained by the caliper. Thus, in both the plas-
ter and digital casts, the space predicted by Tanaka
and Johnston’s equation overestimated the size of the
premolars and canines in both arches, corroborating
the findings of Bishara and Jakobsen,* nikTahere et
al,?! Arslan et al,? and unlike Melgaco et al,” who
found underestimated values, although with no clini-
cal significance.

The measurements obtained from the digital casts in
this study were reproducible, although some difficulties
were encountered during measuring. The viewing of
contact points, the excessive brightness in the models,
the determination of reference points with the locating
tool in the shape of a filled circle and the frequent fail-
ure in saving the data are some of the issues that need
to be addressed by those who use the digital measure-
ment analysis. This measuring instrument proved to be
a promising tool in the analysis of dental casts. The sys-
tem, however, calls for improvement while professionals
must be trained to ensure proper use.

CONCLUSIONS

Based on the method employed in this study, one
can conclude that dental size measurements showed
good reproducibility in both plaster and digital casts.
However, the measurements taken by the O3d software
system proved superior to those obtained by caliper, and
Tanaka and Johnston’s equation? overestimated the sizes
of premolar and canine teeth in the maxillary and man-
dibular arches with both measurement instruments.
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