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ABSTRACT

Introduction

A proper model analysis forms a vital part of the or-
thodontic diagnosis process, but it remains a time-
consuming procedure. In day-to-day practice, many
orthodontists assess the models subjectively, without
applying analytical tests, due to the time it takes to do
proper model analysis."?

Plaster dental models have long been the gold standard
for orthodontic study model analysis and to calculate
the Bolton index for tooth size disproportions, as well
as intra-arch space discrepancies.>* Vernier callipers or
needle pointed dividers are traditionally used to perform
measurements on dental models.> More recently digital
orthodontic study models that are computer-based have
been developed and have the potential to replace the
traditional plaster orthodontic models.®

Aims and objectives

The aim of this study was to do model analysis on
one hundred orthodontic cases by making use of
three different measuring tools. The objective was to
see if a difference exists with regards to the measure-
ments produced by the three different instruments
and to compare the instruments with each other.

Material and Methods

Three different instruments were used to measure
five values on one hundred orthodontic study models.
The three instruments included a Boley Gauge, Digital
Vernier Calliper and Carestream 3600 scanner with ac-
companying software.
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The five values measured on the study models were:
maxillary intercanine width, maxillary intermolar width,
mesio-distal width of tooth 11, mesio-distal width of
tooth 46 and mesio-distal width of tooth 41.

Results

The statistical analysis performed showed that the dif-
ference in measurements produced by the three instru-
ments were not statistically significant for the inter-molar
width (p=0.849), intercanine width (p=0.657), mesio-
distal width of tooth 11 (p=0.178) and mesio-distal
width of tooth 41 (p=0.240).

The difference in measurements for the mesio-distal
width of tooth 46 were statistically significant (p<0.01).
However no clinically significant difference was found
when the measurements produced by the three instru-
ments were compared.

Conclusions

All three of the instruments produced accurate mea-
surements and can be used confidently when doing
a comprehensive study model analysis for ortho-
dontic diagnosis and treatment planning. The values
produced were similar for all three instruments with
insignificant differences between the three.

INTRODUCTION

Successful orthodontic treatment requires a comprehen-
sive diagnosis and treatment plan. Some of the funda-
mental factors of the diagnosis include: space analysis,
arch form, tooth sizes and tooth-arch discrepancies.’

A comprehensive model analysis is a vital part in the
orthodontic diagnostic process and should always be
included. Orthodontic study models are used to plan
treatment and to determine the extent of space defici-
ency or tooth material discrepancy. A conventional model
analysis consists of measuring the arch form, width and
length as well as the intercanine and intermolar width.

Conventional plaster orthodontic study models have long
been proven to be the gold standard for diagnosis and
treatment planning in orthodontics. The plaster models
also have the advantage of being inexpensive.

Their use has recently started to decline due to intra-oral
scanners that can produce digital models. Begole® was
one of the first authors introducing a computer program
to aid the direct analysis of study models.
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Rudge® devised another computer system using an
electronic X-Y reader in order to relate changes in
dentition as a result of orthodontic treatment. At the
same time, Yen'?, proposed a simple computer program
using a study model photocopy. This program predicts
“required space” and compares it to “available space”.

OrthoCAD (Cadent, Carlstadt, NJ) developed virtual digi-
tal dental casts in the late 1999. Soon after in 2001 E-
models (GeoDigm, Chanhassen, Minn) developed their
own version of digital dental casts. The technology de-
veloped by these two companies enabled orthodontists
to send alginate impressions to these companies for the
fabrication of a 3-dimensional (3D) computerized image.

These 3D images could then be accessed by the ortho-
dontist and used for viewing and planning treatment of
patients.®

The replacement of conventional plaster orthodontic study
models with digital models can benefit orthodontists in
the following ways:

1. Models can be accessible instantly on a computer
screen without having to retrieve them from storage.

2. Save money on storage costs and laboratory fees.

3. Accurate measurement of tooth and arch sizes, and
severity of malocclusion.

4. The ability to send the file containing the digital
models anywhere in the world for consultation with
colleagues.®

Digital models constructed by an intra-oral scanner do
not require impression material or plaster of paris and
can therefore be used to evaluate the changes after
orthodontic treatment without the added laboratory costs
and time that it takes to construct orthodontic study
models. Most of the normal parameters on the digital
models can be measured reliably, and the digital models
can be used to eventually eliminate the requirement for
producing and storing multiple dental casts.

The digital orthodontic models have been found to be
as reliable as traditional stone models and will probably
become the standard for orthodontic clinical use in the
near future.' When doing model analysis on conven-
tional plaster of paris orthodontic study models, instru-
ments like the Boley gauge and digital vernier callipers
are commonly used. Measurements made by callipers
are regarded as the gold standard against which other
techniques are compared for accuracy.®

Various studies have been done to compare measure-
ments made on conventional plaster models and digital
models. Studies done by Zilberman et al.’? and Garino
and Garino'® compared linear measurements obtained
from conventional plaster and digital models and found
a statistically significant difference when comparing the
two types of models. They did however conclude that
although statistically there was a difference, it was clini-
cally insignificant. Tomassetti et al.'* carried out Bolton
analyses on digital and plaster models.
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He made use of a Vernier calliper on the plaster models
and software for the digital models. No statistical signi-
ficant difference was found between the two different
types of models. According Hirogaki et al.’®, Santoro
et al.’®, Quimby et al.', the use of computer based
digital orthodontic study models possess the potential
to replace the conventional plaster orthodontic study
models.

The objective of this study was to compare measure-
ments made on orthodontic study models by three avai-
lable instruments for orthodontic study model analysis.

The measurements using the Boley guage and digital
Vernier calliper were done using the same plaster ortho-
dontic models and the digital version of the same
models were measured using Carestream model soft-
ware after the models were digitized using a Care
Stream CS 3600 intra-oral scanner.

MATERIALS AND METHODS

The study was conducted in a private practice in Cape
Town. The sample comprised of one hundred plaster
orthodontic study models of treated patients. All the
study models were of good quality and included Class
[, II'and Ill malocclusions. All models had fully erupted
permanent teeth including incisors, canines, premolars
and first molars.

The morphology of the teeth were normal without any
attrition, caries, fractures or restorations affecting the
measurements. The gender distribution of the 100 cases
used included 65 females and 35 males. The average
age of all the cases were 15 years and 11 months.

Five parameters were measured on all the orthodontic
study models using the three different techniques and
then compared with each other.

These parameters included:

1. Maxillary intercanine width (tooth 13 — 23)

2. Maxillary intermolar width (tooth 16 — 26)

3. Mesio-distal width of tooth 11

4. Mesio-distal width of tooth 46

5. Mesio-distal width of tooth 41

The Boley gauge (Figure 1) and digital vernier calliper
(Figure 2) were used to measure the plaster models di-
rectly by making use of points standardized for all cases.
The same one hundred study models were then scan-
ned and measured using software provided by the
Carestream CS 3600 scanner (Figure 3)

All one hundred cases were marked on the mesio-
palatal cusps of teeth 16 and 26, as well as the cusp
tips of teeth 13 and 23 (Figure 4). These markings pr-

ovided standardized reference points to use during
the measuring process.
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Figure 1. Boley gauge.

STAINLESS
HARDENED

Figure 2. Digital Vernier calliper.

Figure 5. Example of how the standardised markings were used in order to
measure on the digital orthodontic study models produced by the intra-oral
scanner.

The markings were made using a small round diamond
bur. The mesio-distal widths of teeth 11, 46 and 41
were measured at the greatest mesio-distal dimension
between the two contact points.

The scans produced by the intra-oral scanner clearly
showed the indentations made by the bur and were also
used for standardizing the measurements, see Figure 5.
The digital models were obtained by scanning the plaster
orthodontic study models using a Carestream intra-oral
scanner and imported as STL (Standard Tessellation Lan-
guage) files into the Carestream model software where
they could be rotated and magnified to help facilitate the
measuring process.

All the measurements were done by the author of this
article. All one hundred cases were measured and
documented by the same operator. All the values were
placed in an Excel file in order to conduct the statistical
analysis of all the measurements and to compare the
three different techniques with one another. The five
measurements of all the cases were compared.

For the statistical analysis the three instruments were
treated as independent variables. The difference between
the instruments were tested per aspect in an attempt to
avoid variation between the aspects and possible dif-
ferences in measurement units. Models were treated as
a co-variate in an attempt to control unexplained varia-
tion between the models.

RESULTS

The results for the five parameters measured by each of
the three instruments are summarized below:

The difference between the instruments with intermolar
as dependent variable was not significant: F, ,,,=0.163;
p=0.849, see Table 1.

The difference between the instruments with intercanine
as dependent variable was not significant: F,,  .=0.421;
p=0.657, see Table 2.
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The difference between the instruments with the mesio-
distal width of tooth 11 as dependent variable was not
significant: F, ,4s=1.735; p=0.178, see Table 3.

The difference between the instruments with the mesio-dis-
tal width of tooth 46 as dependent variable was significant:
F2v296=7.097; p<0.01, see Table 4.

The difference between the instruments with the mesio-
distal width of tooth 41 as dependent variable was not
significant: F, ..=1.434; p=0.240, see Table 5.

2,296

DISCUSSION

Orthodontic study models are used routinely for model
analysis and treatment planning. The use of digital study
models provides the opportunity to accurately determine
the effects of orthodontic treatment and to do compre-
hensive model analysis without the need for impres-
sions and storage. The purpose of the study was to
evaluate if a difference exists when the conventional
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measuring method using a Boley gauge is compared
to a digital calliper and the latest Carestream model
analysis software. The study made use of three diffe-
rent methods for orthodontic study model analysis and
evaluated the differences between the three systems.
The study was conducted by measuring five parameters
on the study models of one hundred cases with all
three of the instruments.

A sample t-test was conducted and the statistical ana-
lysis showed the difference between the three instru-
ments were not statistically significant for the intermolar
width (p=0.849), intercanine width (p=0.657), mesio-
distal width of tooth 11 (p=0.178) and mesiodistal width
of tooth 41 (p=0.240). The difference in measure-
ments between the three instruments for the mesiodistal
width of tooth 46 was statistically significant (p<0.01).

Although a statistically significant difference was shown
on the measurements obtained for tooth 46, the differ-
ence was not found to have a clinical significance to
the orthodontist when conducting a model analysis.
The results of the five measurements for each of the
three instruments were accurate and similar when com-
pared to one another. An average value of 40.5mm
(intermolar width), 34.3 mm (intercanine width), 8.5 mm
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(mesiodistal width of tooth 11), 10.8 mm (mesiodistal
width of tooth 46) and 5.4 mm (mesiodistal width of
tooth 41) was found when the values of all three
measuring tools were considered, see Figure 6.

Results

BRI

Intercanine  Tooth 11 Tooth 46 Tooth 41

Intermolar

® Boley Guage = Digital Vernier Caliper Carestream Scanner

Figure 6. Results of all 5 measurements produced by the three instruments.

The values of the three instruments used in the study
were very accurate which emphasizes that all three
instruments are reliable and reproducible. Of the three
instruments used, the digital vernier calliper took the

Table 1. Maxillary intermolar width.

40.5972
40.383*
40.386°

Table 2. Maxillary intercanine width.

34.1962
34.2282

Table 3. Mesio-distal width of tooth 11.

8.5352
8.4672
8.623*

Lower Bound

40.000
.303 39.786 40.980
.303 39.789 40.983

Lower Bound

34.030
213 33.776 34.616
213 33.808 34.648

Lower Bound

8.418 8.652
.059 8.350 8.584
.059 8.506 8.740

Table 4. Mesio-distal width of tooth 46.

10.708
11.008

Table 5. Mesio-distal width of tooth 41.

5.4112
5.333%
5.409*

Lower Bound

10.663
.059 10.592 10.824
.059 10.892 11.124

Lower Bound

.037 5.338 5.484
.037 5.260 5.406
.037 5.336 5.482
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least amount of time during the actual measuring.
According to the study done by Quimby et al.”” in 2004,
the reliability of digital models are clinically acceptable

when using OrthoCAD software. A different study done
by Stevens et al.?, in 2004 showed that the use of
digital models would not cause an orthodontist to make
a different diagnosis and can be used in model analysis
and treatment planning.

Although a different software system was used in this
study, the present study’s results support the findings
of Quimby et al.' and Stevens et al.® regarding the
accuracy and reliability of digital orthodontic study
models and accompanyingsoftware for model analysis
and treatment planning.

A study by Zilberman™ showed the use of digital calli-
pers to have the highest accuracy and reproducibil-
ity when compared to OrthoCAD software. The present
study found that all three instruments used showed the
same amount of accuracy and reproducibility but that
the time spent doing the measurements were faster
when using the digital vernier calliper.

According to Asquith et al., digital models can potenti-
ally eliminate the requirement for conventional plaster
models should cost not be a factor. The present study
supports these findings and agrees that digital ortho-
dontic study models can and most probably will re-
place conventional plaster models in the future.

According to the previous studies mentioned and this
study, all three instruments will provide an accurate and
reproducible result. The difference between the three
comes in when cost, storage and time consumption
are compared.

Both the Boley gauge and the digital vernier calliper
are very affordable when compared to the intra-oral
scanner and software. The scanner, however, can be
used directly in the patient’s mouth without the need
for alginate impressions. When storage is considered the
use of the intra-oral scanner and digital models are
superior.

CONCLUSION

« Parameters on conventional plaster models and digital
models can be reliably measured using a Boley gauge,
digital vernier calliper or Carestream software.

All three of the instruments produced accurate mea-
surements and can be used confidently when doing a
comprehensive study model analysis for orthodontic
diagnosis and treatment planning.

A specialist orthodontist choosing one of these instru-
ments should only compare the cost, time and storage
differences since the accuracy of the three instru-
ments are the same.

« The current advantages and future possibilities of
digital orthodontic models should make them the
new gold standard for model analysis.
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