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Accuracy of laser-scanned models compared to plaster models and
cone-beam computed tomography

Jooseong Kim?; Giseon Heo®; Manuel O. Lagravere®

ABSTRACT

Objective: To compare the accuracy of measurements obtained from the three-dimensional (3D)
laser scans to those taken from the cone-beam computed tomography (CBCT) scans and those
obtained from plaster models.

Materials and Methods: Eighteen different measurements, encompassing mesiodistal width of
teeth and both maxillary and mandibular arch length and width, were selected using various
landmarks. CBCT scans and plaster models were prepared from 60 patients. Plaster models
were scanned using the Ortho Insight 3D laser scanner, and the selected landmarks were
measured using its software. CBCT scans were imported and analyzed using the Avizo software,
and the 26 landmarks corresponding to the selected measurements were located and recorded.
The plaster models were also measured using a digital caliper. Descriptive statistics and intraclass
correlation coefficient (ICC) were used to analyze the data.

Results: The ICC result showed that the values obtained by the three different methods were
highly correlated in all measurements, all having correlations >0.808. When checking the
differences between values and methods, the largest mean difference found was 0.59 mm =
0.38 mm.

Conclusions: In conclusion, plaster models, CBCT models, and laser-scanned models are three
different diagnostic records, each with its own advantages and disadvantages. The present results
showed that the laser-scanned models are highly accurate to plaster models and CBCT scans. This
gives general clinicians an alternative to take into consideration the advantages of laser-scanned

models over plaster models and CBCT reconstructions. (Angle Orthod. 2014;84:443—-450.)
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INTRODUCTION

Three-dimensional (3D) digital model scanners are
increasingly being incorporated into various orthodon-
tic offices and institutions. They are no longer regarded
as a mere additional tool in dental record keeping but a
potential replacement of the traditional plaster models
that have been necessary in treatment planning in
orthodontics for many decades. Three-dimensional
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digital model scanning is an indirect imaging technique
where the physical plaster model or impression is
scanned by a laser scanner and subsequently recon-
structed as a digital file. Most digital model scanners
use one or more cameras with a light source such as
laser or LED. Despite the extra step involved when
compared to the cone-beam computed tomography
(CBCT), which is a direct imaging technique, digital
model scanners are rapidly gaining popularity in many
orthodontic practices because they cost less money,
space, and maintenance compared to physical mod-
els. Furthermore, the scanners provide more conve-
nient access to study the models."

Some studies have reported the difference between
the plaster models and computer digital models to be
clinically acceptable.?®* Whetten et al.* further studied
the clinical implication in orthodontic treatment plan-
ning and reported that digital models are an acceptable
alternative to plaster models in treatment planning for
patients with Class Il malocclusions. However, most of
the previous studies presented the comparison of
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Figure 1. Arch length measured on 3D digital model obtained from laser scanner using Ortho Insight software.

digital models only to the traditional plaster models.?3®
Due to the rapid adoption of the 3D model scanners in
dental offices, different manufacturers are continuous-
ly introducing new scanners and software products
with new technologic improvements and features, such
as the capability to integrate scanned digital models
with CBCT scans. However, the accuracy of digital
model scanners in comparison to the plaster models
and CBCT technology, which has been proven to yield
high accuracy, often need further research to prove
their clinical effectiveness.

CBCT has been used to produce 3D digital imaging
of anatomic dental and craniofacial morphology with its
capability to instantly produce 3D direct imaging with
minimal patient discomfort as a primary advantage.®
Its accuracy has proved to exhibit accurate measure-
ments, showing “1-to-1 image-to-reality ratio.”” Fur-
thermore, its capability to visualize root morphology
and resorption without the superimpositions and
distortions commonly found in the conventional radio-
graphic imaging technique may provide valuable
diagnostic information for orthodontic treatment plan-
ning.® Despite the increasing adoption of this technol-
ogy in the field of dentistry, its current role in
orthodontic settings is limited to the diagnostics tool
in assessment of unerupted tooth position, supernu-
merary teeth, and other certain circumstances.®
Additionally, the controversy over its radiation dose
and its possible risk to the public has hindered CBCT
from being routinely used for diagnostic purposes.®
This limitation in orthodontic practices is exacerbated
by the economic and convenience factors associated
with the CBCT equipment when compared to the
traditional plaster models.

The aim of this study is to compare the accuracy of
measurements obtained from the 3D laser scans to
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those taken from the CBCT scans and those obtained
from the plaster models.

MATERIALS AND METHODS

Maxillary and mandibular plaster models and their
corresponding CBCT scans (I-Cat, Imaging Sciences
International, Hatfield, Pa) from 60 patients were used
in this study. Model impressions and CBCT images
were obtained on the same day for each patient at
the Orthodontic Program in the University of Alberta.
Exclusion criteria for patients were primary teeth
present, extensive edentulous regions, and not having
complete dental arch from first molar to first molar
present in the maxilla and mandible.

Each patient's maxillary and mandibular plaster
models were scanned using the Ortho Insight 3D laser
scanner (Motionview Software LLC, Hixson, Tenn),
with scanning resolution set in “mid.” Using the Ortho
Insight 3D software (version 4.0.6), measurements
to the nearest 0.01 mm were recorded by locating
necessary landmarks using the software’s intrinsic
linear measurement function (Figure 1).

CBCT scans were taken using an I-Cat at 120 kVp,
7 mAs, and 8.9 seconds image timing. Images were
taken in large view at 0.3 voxel size. Images were then
converted to (Digital Imaging and Communications in
Medicine (DICOM) format and analyzed using the
Avizo software (standard edition version 6.0, Mercury
Computer System Inc, Chelmsford, Mass). In order to
locate the required landmarks on the images, 3D
visualization using Isosurface function set at a 600 to
—700 threshold dependent on the patient’s image, and
CT slice visualization using OrthoSlice function set
at maximum width for contrast control and center
value adjusted appropriately for each scan for the
optimal perceptibility, were accomplished (Figure 2).
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Figure 2. Landmarks represented on 3D model obtained from CBCT scans from various views.

Twenty-six landmarks were identified for each patient
scan, and x, y, and z coordinates of each landmark
were recorded. Measurement values were obtained by
calculating the distances between the two correspond-
ing landmarks’ coordinates.

Eighteen different measurements, presented in
Table 1, were selected based on the 26 landmarks in
dentition. These measurements encompassed mesio-
distal tooth width of molars and premolars and arch
width and length in multiple segments of both the
maxillary and mandibular arches (Figure 3). The same
distances were measured in all 60 plaster models

using a digital caliper. The required measurements
were recorded to the nearest 0.01 mm by the
examiner.

All measurements were tabulated using Microsoft
Excel 2010 software (Microsoft, Redmond, Wash), and
statistical analyses were completed with SPSS (IBM
SPSS Statistics version 19, Armonk, NY). Paired t-test
was used to analyze the mean differences between
the measurements. Intraclass correlation coefficient
was used to determine the agreement between the
measurements. In order to determine the intraexami-
ner error of the measurements taken from the three
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Table 1. Measurement Definitions
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Measurement

Definition

Mesiodistal width

Arch width
Segment 1
Segment 2
Segment 3

Arch length
Segment 1
Segment 2

Maximum distance between the mesial and distal contact points of the second premolars and first molars

Distance between the crown tips of the canines
Distance between the lingual cusp tips of the first premolars
Distance between the most buccal points of buccal surface of the first molars in line with the buccal groove

Distance between the mesial contact point of central incisors and the distal contact points of canines
Distance between the mesial contact point of central incisors and the mesial contact points of the first molars

different modalities, 10 patient records were selected
and all 18 measurements were repeated three times
by the same examiner, and then the correlations were
computed using intraclass correlation coefficient (ICC).

RESULTS

Table 2 presents the descriptive statistics using
paired-samples ftest comparing the plaster models,
laser-scanned models, and CBCT scan models show-
ing the mean differences between each other. Mean
differences between the laser-scanned models and
plaster models are =0.23 + 0.169 mm with 90% of the
mean differences less than 0.20 mm compared to the
mean differences found between the laser-scanned
models and CBCT scans at =0.57 + 0.338 mm, where

Maxillary

Figure 3. Landmarks and measurements indicated on 3D
digital models.
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all values were =0.50 mm except the mandibular
interpremolar distance. Mean differences between the
plaster models and CBCT scans were similar to the
results found between the laser-scanned models and
CBCT scans. The highest mean difference was again
found in mandibular interpremolar distance of 0.59 =
0.381 mm, and all other mean differences were less
than 0.50 mm. It is important to note that the
mandibular interpremolar distance measurements ex-
hibited the highest mean difference and significantly
high variation in its set of values for all three
comparison groups: 0.23 * 0.169 mm for laser-
scanned models and plaster models, 0.57 =
0.338 mm for laser-scanned models and CBCT scans,
and 0.59 = 0.381 mm for plaster models and CBCT
scans. P values presented that 29 of 54 measurement
differences exhibited statistically significant differences
(o < .05).

Evaluation of agreement among the laser-scanned
digital models, plaster models, and CBCT scans using
ICC is presented in Table 3. Mesiodistal width mea-
surements presented relatively lower agreement when
compared to other measurement parameters, ranging
from 0.808 to 0.886. The lowest agreement among
the three diagnostic record modalities was found
in mesiodistal width of maxillary premolar at 0.808.
Generally, both maxillary and mandibular arch width
and length parameters exhibited excellent agreement
at =0.960. Among the arch width and length mea-
surements, half of the calculated ICC values were
lower than 0.980, ranging from 0.960 to 9.979, while
the other half ranged from 0.982 to 9.995. The highest
agreement was found in mandibular arch width using
mandibular premolars at 0.995.

The intraexaminer differences, as shown in Table 4
ranged from 0.05 = 0.021 mm to 0.28 = 0.153 mm for
laser-scanned models, from 0.05 = 0.024 mm to 0.24
+ 0.143 mm for plaster models, and from 0.04 =+
0.035 mm to 0.36 = 0.262 mm for CBCT scans.

DISCUSSION

Results of paired-samples ftest suggest that the
discrepancy between the measurements acquired
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Table 2. Paired Samples t-test: Mean Differences (in mm) With Standard Deviations (SD) for the Measurements Made on Laser-scanned

Models, Plaster Models, and Cone-beam Computed Tomography (CBCT) Scans (n = 60)

Laser - Plaster Laser - CBCT Plaster - CBCT
Measurement® Mean SD Mean SD Mean SD

Mesiodistal width

Max. premolar 0.0758 0.08809 0.2593 0.24141 0.2674 0.2208

Max. molar 0.0855 0.07072* 0.2970 0.21729 0.3168 0.22882*

Mand. premolar 0.1410 0.12651* 0.2977 0.25769 0.3196 0.29791

Mand. molar 0.1202 0.14086* 0.2787 0.21326 0.3093 0.22287
Maxillary arch width

Max. canines 0.1738 0.18316 0.4105 0.3031 0.4309 0.31483

Max. premolars 0.1350 0.12597* 0.4568 0.3471* 0.4275 0.3345*

Max. molars 0.1365 0.10218 0.4218 0.29018* 0.3841 0.28558*
Mandibular arch width

Mand. canines 0.1602 0.12771 0.4270 0.36805* 0.4226 0.34724*

Mand. premolars 0.2305 0.16904 0.5727 0.33808* 0.5921 0.38109*

Mand. molars 0.1538 0.14786 0.3168 0.29718 0.3005 0.28536
Maxillary arch length

Midline to 13 distal 0.1763 0.14895* 0.3434 0.29564* 0.4549 0.34392*

Midline to 23 distal 0.1893 0.16499* 0.3699 0.26687* 0.4800 0.33185*

Midline to 17 mesial 0.1635 0.15069* 0.2861 0.34839 0.3152 0.30366

Midline to 27 mesial 0.1768 0.15427 0.3126 0.23796* 0.3373 0.25585*
Mandibular arch length

Midline to 33 distal 0.1618 0.15524* 0.3382 0.27477 0.3623 0.30131

Midline to 43 distal 0.1793 0.13364* 0.3158 0.25094 0.3714 0.25002*

Midline to 37 mesial 0.1397 0.13092 0.4333 0.27354* 0.3919 0.26828*

Midline to 47 mesial 0.2005 0.14693* 0.4557 0.33842* 0.4228 0.31095*

@ Max indicates maxillary; Mand, mandibular.

* P < .05.

from the laser-scanned models and from the plaster
models is sufficiently low to be clinically acceptable. All
mean differences were well below the clinically
significant difference of 0.3 mm for orthodontic
purposes as suggested by Hirogaki et al.® and were
also significantly lower than the clinically relevant
threshold difference of 0.5 mm as suggested by Luu
et al.’® Keating et al.> reported a range of absolute
measurement differences between the plaster and
virtual model measurements of 0.10 mm to 0.19 mm,
which closely coincides with the range we found of
0.08 mm to 0.23 mm. ICC results also demonstrate an
excellent agreement among the plaster models, CBCT
scans, and laser-scanned digital models (=0.808).
Both results support the accuracy of the laser-scanned
models, which provide clinicians with another modality
for diagnostic purposes. Compared to the traditional
plaster models, the laser-scanned models require less
space and simultaneously allow for easy and conve-
nient access to retrieve the models for study and
treatment planning.

The mean difference calculated for the measure-
ments of mandibular arch width using the mandibular
premolar landmarks is distinguishably high compared
to other mean differences, despite the fact that
mandibular arch width measurement distance is

considerably lower than other arch width and length
measurement distances. We hypothesize that this may
be due to the relatively high intraexaminer error that is
present in locating the landmark on the first premolar
lingual cusp compared to other landmarks because the
lowest ICC value observed in both the laser-scanned
models and plaster models was both found to be the
measurement of mandibular arch width using the
landmarks on premolars. Nevertheless, the overall
intraexaminer error of the measurements evaluated in
this study is relatively small with the lowest ICC value
being 0.953 and the highest intraexaminer difference
(0.36 mm) substantially lower than the 0.5 mm thresh-
old, suggesting a difference that is clinically not
significant. This is consistent with previous studies.?%'%"

Mean differences when comparing laser-scanned
digital models and plaster models to the CBCT scans
were higher than those between the laser-scanned
models and plaster models. This was expected
because CBCT is a direct imaging technique, thereby
effectively eliminating the errors that may arise from
the alginate impression and plaster model production
stage. Three studies'"® selected by Luu et al.,™
comparing the CBCT and plaster models, exhibited
noticeably lower discrepancy than the results present-
ed in this study; however, they reported that two of the
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Table 3. Intraclass Correlation Coefficient for the Agreement of
Measurements Made on Plaster Models, Laser-scanned Models,
and Cone-beam Computed Tomography (CBCT) Scans

Confidence Interval

Measurement® ICCP Lower Upper

Mesiodistal width

Max. premolar 0.808 0.724 0.873

Max. molar 0.856 0.788 0.906

Mand. premolar 0.858 0.793 0.907

Mand. molar 0.886 0.832 0.926
Maxillary arch width

Max. canines 0.990 0.984 0.993

Max. premolars 0.977 0.962 0.987

Max. molars 0.989 0.973 0.995
Mandibular arch width

Mand. canines 0.975 0.894 0.990

Mand. premolars 0.995 0.983 0.998

Mand. molars 0.993 0.989 0.995
Maxillary arch length

Midline to 13 distal 0.982 0.965 0.990

Midline to 23 distal 0.976 0.935 0.989

Midline to 17 mesial 0.960 0.940 0.975

Midline to 27 mesial 0.966 0.947 0.979
Mandibular arch length

Midline to 33 distal 0.987 0.980 0.992

Midline to 43 distal 0.989 0.983 0.993

Midline to 37 mesial 0.979 0.955 0.989

Midline to 47 mesial 0.977 0.960 0.986

@ Max indicates maxillary; Mand, mandibular.
® ICC indicates intraclass correlation coefficient.

studies™'® used CBCT capturing images of impres-
sions instead of direct imaging technique, thus not
accounting for the possible errors that may have
resulted during the process of making impression and
plaster models. However, it is important to note that
despite the relatively high mean differences, all mean
differences found between the laser-scanned models
and plaster models to CBCT scans were below the
clinically relevant threshold of 0.5 mm," with the
exception of two mandibular interpremolar measure-
ments. Furthermore, most of the mean differences
between the plaster models and laser-scanned models
were within 0.3 mm of the mean differences between
the laser-scanned models and the CBCT scans. Thus,
we can safely assume that these discrepancies in
mean differences are not clinically significant. Gener-
ally, excellent agreement existed among the laser-
scanned models, plaster models, and CBCT scans.
This result coincides with the excellent agreement
found in the arch width and length measurements and
strong agreement in mesiodistal width measurements
between the plaster models and 3D-based dental
measurement program using CT scans as reported by
El-Zanaty et al."" Generally, the correlations found in
mesiodistal width, especially that of maxillary premo-
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lar, were relatively lower than the arch length and width
measurements, and this result is supported by the
similar result found by Luu et al.” Luu et al.” observed
that correlation of CBCT models compared with plaster
models was relatively poor for maxillary premolar and
mandibular incisor mesiodistal width, while other
mesiodistal width measurements exhibited moderate
correlation and better correlations found in arch
perimeter measures. Although more than half of the
measurements exhibited statistically significant differ-
ences, small mean differences in the measurements
and excellent agreement among the techniques
suggest that these statistically significant differences
do not translate to clinical significance. This further
supports that 3D digital models obtained using laser
scanner demonstrate high accuracy that is comparable
to CBCT technology, which coincides with the study by
Tarazona et al.™ It is important to note that although
the study done by Tarazona et al.' used the software
that separates the upper and lower arches in evaluat-
ing CBCT images, which was not done in this study
since the software used is not appropriately equipped
to separate both arches. However, this study also
incorporated a clinical scenario where arch dimensions
could be measured on unaltered CBCT images. The
similar results of both studies indicate that the impact
this difference in method had on the result is clinically
negligible. Lastly, further research is required to
determine whether this finding translates to the
accuracy of a new software feature capable of
integrating CBCT scans with laser-scanned models.
Although laser-scanned models are a clinically
acceptable diagnostic record, there are some limita-
tions in the practical application of the 3D laser
scanner in an orthodontic setting compared to the
traditional plaster models, such as the relatively slow
and tedious process of scanning each impression or
plaster model and a relatively steep learning curve of
proprietary software. Furthermore, Kau et al.’® present
a strong advantage of CBCT technology over the
digital models in offering various diagnostic information
such as bone levels, root positions, and temporoman-
dibular joint status that are not provided by the digital
models. Kau et al.” also suggest the diagnostic
usefulness of CBCT images are useful in assessing.
unerupted tooth position and supernumerary teeth. In
some orthodontic cases, clinicians make the transition
from CBCT to scanned digital models as diagnostic
record. For example, CBCT images may be required to
assess the unerupted teeth at first, but the case can
progress to the point that it no longer warrants the
usage of CBCT and can be replaced by the use of
laser-scanned digital models. In such cases, clinicians
can be assured that the initial measurements done on
CBCT is highly correlated to the measurements done
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Table 4.
Computed Tomography (CBCT)

449

Intraexaminer Mean Differences (in mm) of Repeated Measurements Using Laser-scanned Models, Plaster Models, and Cone-beam

Laser-Scanned Models Plaster Models CBCT Scans
Measurement? Mean SD Mean SD Mean SD

Mesiodistal width

Max. premolar 0.0500 0.02067 0.0493 0.02356 0.0811 0.07832

Max. molar 0.0587 0.02807 0.0527 0.02232 0.1063 0.12688

Mand. premolar 0.0553 0.04378 0.0527 0.01974 0.1182 0.10307

Mand. molar 0.0520 0.03539 0.0830 0.02983 0.0917 0.12280
Maxillary arch width

Max. canines 0.0740 0.03630 0.1047 0.04544 0.1729 0.12977

Max. premolars 0.0740 0.02562 0.0953 0.03666 0.1753 0.15998

Max. molars 0.1380 0.09743 0.2400 0.21972 0.3569 0.26190
Mandibular arch width

Mand. canines 0.2807 0.15346 0.2427 0.14316 0.2858 0.18773

Mand. premolars 0.0747 0.05104 0.0627 0.02017 0.0440 0.03499

Mand. molars 0.0953 0.01807 0.0967 0.04972 0.3210 0.46596
Maxillary arch length

Midline to 13 distal 0.0753 0.06159 0.0780 0.04378 0.0981 0.05487

Midline to 23 distal 0.0660 0.04018 0.0627 0.04124 0.1315 0.12835

Midline to 17 mesial 0.0620 0.02267 0.0753 0.04193 0.1156 0.04042

Midline to 27 mesial 0.0700 0.02986 0.0673 0.03855 0.1222 0.14441
Mandibular arch length

Midline to 33 distal 0.0953 0.05871 0.0860 0.05858 0.2186 0.44884

Midline to 43 distal 0.1067 0.07125 0.2493 0.40399 0.1054 0.10704

Midline to 37 mesial 0.0580 0.03048 0.0647 0.03811 0.1124 0.09947

Midline to 47 mesial 0.0620 0.03666 0.0693 0.04015 0.0865 0.05225

a Max indicates maxillary; Mand, mandibular.

on the digital models. This would prevent clinicians
doing repeatable measurements using two systems. In
summary, the selection of the diagnostic record method
by the clinician will ultimately depend heavily both on the
clinical situation and economic factors. Further research
is needed to study other clinically relevant dental
analyses, such as Bolton analysis, comparing laser-
scanned models to CBCT and plaster models to provide
clinicians with additional information with respect to the
selection of alternative diagnostic records.

CONCLUSIONS

» Plaster models, CBCT models, and laser-scanned
models are three different diagnostic records, each
with its own advantages and disadvantages.

» The present results show that the laser-scanned
models are highly accurate to plaster models and
CBCT scans.

e The accuracy of laser-scanned models provides
general clinicians an alternative to plaster models
and CBCT reconstructions.
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