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Clinical application of an intraoral scanner for
serial evaluation of orthodontic tooth movement: A
preliminary study

Dalsun Yun® The aim of this study was to test the clinical application of an intraoral scanner
Dong-Soon Choi*” for serial evaluation of orthodontic tooth movement. The maxillary dentitions of
Insan Jang®” eight patients with fixed orthodontic appliances were scanned using an intraoral
Bong-Kuen Cha*® scanner at the beginning of treatment (TO), and at 1 month (T1), 2 months

(T2), 3 months (T3), and 4 months (T4) after TO. The serial digital models were

superimposed on the palatal surface as a reference area, and the linear and

angular changes of the central incisors, canines, and first molars were evaluated.

The intraclass correlation coefficient and method errors showed that this method
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INTRODUCTION

Evaluation of orthodontic tooth movement is one of
the most important processes in clinical orthodontics.
The experience of treatment and the knowledge from
treatment evaluation can increase the clinical com-
petence of orthodontists and improve the treatment
outcomes.

Superimposition of cephalograms has traditionally
been the most widely used method to evaluate ortho-
dontic tooth movement. However, cephalograms are
two-dimensional, and entail difficulty in tracing the
overlapped teeth, magnification errors, and radiation
exposure.' Cone-beam computed tomography (CBCT)
provides three-dimensional (3D) evaluation; however,
it has a relatively low resolution and the limitation of
high radiation exposure. Thus, cephalograms and CBCT
images are not appropriate for repetitive evaluation
during orthodontic treatment.

A digital model can be used to assess tooth position.
Previous studies have reported the accuracy and effi-
cacy of digital models for orthodontic analysis.”™
Some investigators tried to evaluate orthodontic tooth
movement by superimposing digital models obtained
from dental casts.”® However, their evaluations
compared only the differences between the pretreatment
and posttreatment periods. Consequently, much im-
portant information on various tooth movements
during treatment, especially during initial leveling
and alignment, were overlooked. Periodic and delicate
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determination of tooth movement is necessary not
only to obtain functional and esthetic results, but
also to avoid unnecessary tooth movements, such as
jiggling movement, and to reduce treatment time, side
effects, and costs. To date, no studies have calculated
the amount of tooth movement every month during
treatment using fixed orthodontic appliances. This may
be due to the difficulties in taking impressions without
deformation when fixed appliances are attached to the
teeth.

Recently, the use of intraoral scanners has enabled
the acquisition of digital models by directly scanning
the patient’s dentition. The purpose of this preliminary
study was to test and propose clinical applications of
the intraoral scanner for serial evaluation of orthodontic
tooth movement.

MATERIALS AND METHODS

Samples

This study was approved by the institutional ethics
committee of Gangneung-Wonju National University
Dental Hospital (IRB2015-06). The subjects were
comprised of eight patients (three males and five
females) who were scheduled for comprehensive
orthodontic treatment using fixed orthodontic
appliances on the labial and/or buccal tooth surfaces.
Other inclusion criteria were as follows: no orthodontic
appliances and no soft-tissue lesions covering the
palate; no missing maxillary central incisor, canine, or

Figure 1. Three-dimensional (3D) digital model of the maxillary dentition. A, The 3D coordinate system for evaluating
tooth movement; B, reference area (red) for superimposition; C, reference points on the maxillary incisor; D, maxillary
canine; and E, maxillary first molar. Point O, The point where the palatine raphe meets the incisive papilla; Point 1, the
mesio-gingival point of the bracket or tube base; Point 2, the mesio-occlusal point of the bracket or tube base; Point 3,
the disto-occlusal point of the bracket or tube base; Point 4, the midpoint of the Point 1 and Point 3.
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first molar; ability to open mouths without difficulty
during oral scanning; and agreeing to participate in the
study for 4 months. The 0.022-inch edgewise appliances
of MBT prescriptions (3M Unitek, Monrovia, CA, USA)
were used for orthodontic treatment. Six patients were
treated with premolar extraction, and the other two
were treated without extraction.

Intraoral scanning

The maxillary dentitions were scanned every month
during the initial 4 months of orthodontic treatment: at
the beginning of treatment (T0), and at 1 month (T1), 2
months (T2), 3 months (T3), and 4 months (T4) after TO.
Intraoral scans were performed using a confocal-type
intraoral scanner Trios (3Shape; Copenhagen, Denmark;
accuracy: +7-8 pum) according to the manufacturer’s
instructions. Briefly, the patients were asked to lean
on the dental chair inclined at 45°. Their teeth were
dried with gentle air, and the cheeks were retracted for
scanning and moisture control. The dentitions were
continuously scanned from one side of the posterior
teeth to the opposite side along the dentition: initially
the occlusal surface, then the buccal and lingual
surfaces, and finally the palatal area. The scanning
procedure took approximately 10 minutes per dentition.

3D coordinate system and reference points

The evaluations of tooth movements in the digital
models were performed using Rapidform XOR3 (INUS
Technology, Seoul, Korea). A 3D coordinate system
with its origin at the incisive papilla was constructed
on the TO digital model (Figure 1A). To transfer the
coordinate system of the TO model to the T1, T2, T3,
and T4 models, the digital models were superimposed
on the palatal surface (Figure 1B).”® Points 1, 2, and
3 were marked on the base of the brackets or tubes
of the bilateral maxillary central incisors, canines, and
first molars in each model (Figure 1C-1E). The lines

connecting Point 1 and Point 2 were projected to the
sagittal plane (X-Y plane) and coronal plane (Y-Z plane)
to evaluate the changes in mesiodistal and buccolingual
or labiolingual angulation of the central incisor and
first molar. The line of the canine was projected to the
oblique planes that were rotated 53° from both the
sagittal and coronal planes to evaluate the angular
changes. The lines connecting Point 2 and Point 3
were projected to the horizontal plane (X-Z plane) for
evaluating the rotational changes. The distances from
Point 4, midpoint between Point 1 and Point 3, to the
sagittal, coronal, and horizontal planes were calculated
to evaluate the linear changes of the tooth.

Method error

The maxillary dentitions of seven patients were sca-
nned twice at TO. Thereafter, the reference points were
marked and superimpositions were performed to assess
the linear and angular differences of the teeth, which
should be minimal. The Dahlberg formula was used to
calculate the mean error, and the intraclass correlation
coefficient (ICC) was calculated to test the repeatability
of this method.

RESULTS

Method errors ranged from 0.04 mm to 0.16 mm
for linear displacement and from 0.48° to 0.99° for
angulation (Table 1). 1CC showed very high correlation (r
> 0.978), implying good repeatability.

Table 2 summarizes the tooth movements of eight
patients during the initial 4 months of orthodontic
treatment. The pattern and amount of tooth movement
was not constant and showed large standard deviation.
Figure 2 shows the changes of dentition in patients
with and without premolar extraction throughout the 4
months. Briefly, in Patient #1, the right first molar was
derotated by 2.91°, 1.79°, and 5.72° during T1-T2, T2-

Table 1. Method errors using the Dahlberg formula and intraclass correlation coefficient for linear and angular measurements

Central incisor Canine First molar
Variable I\g:’:l;gsd r p-value Dg::l;:;l r p-value l\:f;gfsd r p-value
Linear measurements
Anteroposterior (mm) 0.08 0.999 <0.001 0.13 0.999 <0.001 0.16 0.999 <0.001
Vertical (mm) 0.16 0.998 <0.001 0.08 0.999 <0.001 0.13 0.999 <0.001
Lateral (mm) 0.06 1.000 <0.001 0.04 1.000 <0.001 0.13 1.000 <0.001
Angular measurements
Mesiodistal (°) 0.69 0.978 <0.001 0.50 0.991 <0.001 0.99 0.985 <0.001
Labiolingual (°) 0.80 0.998 <0.001 0.71 0.996 <0.001 0.83 0.993 <0.001
Rotation (°) 0.76 0.998 <0.001 0.85 0.993 <0.001 0.48 0.995 <0.001
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Table 2. Tooth movement during the 4 months of orthodontic treatment

Tooth movement Period
TO-T1 T1-T2 T2-T3 T3-T4
Central incisor
Anteroposterior (mm) 0.26 +0.71 0.47 +£0.75 0.01 £0.34 -0.11+0.32
Lateral (mm) -0.01 £0.49 -0.04 £ 0.63 0.04£0.19 0.05+0.42
Vertical (mm) 0.05 £ 0.62 —-0.08 £ 0.47 0.03£0.43 0.08 £0.72
Mesiodistal (°) -0.01 £3.58 0.11+4.45 -0.27+2.29 -0.14+2.79
Labiolingual (°) 0.72+3.74 1.86 +5.83 0.66 +£2.90 -0.52+£2.82
Rotation (°) -0.03 £3.91 0.07 £ 4.62 -0.68 £2.22 0.01 £2.54
Canine
Anteroposterior (mm) -0.21+0.34 -0.28 £ 0.70 -0.44 +0.54 -0.39+0.43
Lateral (mm) 0.22+0.34 0.23 £ 0.39 0.14+0.39 0.10+0.39
Vertical (mm) 0.29+£0.81 0.13+£0.47 0.09£0.74 0.10+£0.48
Mesiodistal (°) -2.00 + 2.69 -1.14+4.33 -0.22+£3.23 -1.19+5.36
Labiolingual (°) 0.13+£2.78 -0.76 + 3.48 -0.29 £ 5.56 -0.35+3.50
Rotation (°) —-0.88 + 3.02 -1.55+3.98 -0.31+3.68 -0.66 = 2.50
First molar
Anteroposterior (mm) -0.04 +0.45 0.08 +0.38 0.11 +£0.33 -0.09 +0.36
Lateral (mm) 0.09 £0.52 0.11+0.46 0.10+0.27 0.06 + 0.27
Vertical (mm) 0.02 +0.44 -0.22 +0.41 -0.02 £ 0.37 -0.13+0.34
Mesiodistal (°) -0.24£2.83 1.13+2.26 -0.26 £2.19 -0.64£3.35
Buccolingual (°) 1.14 +2.48 -0.53 +3.89 1.18 +4.09 1.47 +5.25
Rotation (°) -1.01£1.57 -0.63 +2.63 0.25+1.58 -0.86 £ 2.06

Values are presented as mean + standard deviation.

TO, Initial; T1, in 1 month; T2, in 2 months; T3, in 3 months; T4, in 4 months.
Positive values indicate anterior, lateral, and extrusive tooth movements, and mesial tipping, labioversion, and mesial-in

rotation.

T3, and T3-T4, respectively, by using the Goshgarian-
type transpalatal arch. The canines were moved and
tipped distally by using a 0.012-inch nickel-titanum arch
wire, but no canine retraction method was applied. In
Patient #2, open coils were inserted between the central
incisors and canines for making space for the lateral
incisors. The right central incisor moved forward (2.29
mm) and proclined (10.03°) progressively during TO-T3,
and then moved backward (0.20 mm) and retroclined
(5.79°) during T3-T4 after starting the traction of the
lateral incisors at T3.

DISCUSSION

Most previous studies on orthodontic tooth movement
have compared only the differences between the pre-
treatment and posttreatment periods.”® During treat-
ment, however, clinicians frequently have to evaluate
tooth movement to decide whether to change the arch
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wires and/or biomechanics. However, acquiring repetitive
cephalograms and CBCT images increases the risk of
radiation exposure. Obtaining a digital model from the
dental cast is impractical, because taking an impression,
pouring, and scanning every month require much effort,
time, and cost. Furthermore, complicated orthodontic
appliances may cause distortion and tearing when the
impression is removed from the mouth. In contrast,
the intraoral scanner directly obtains the digital model
from the patient’s dentition. Therefore, this contactless
scanning may become the solution for patients with
fixed orthodontic appliances.

Accuracy and validity of the digital model from the
intraoral scanner has already been confirmed in previous
studies.”'® The present study tested the repeatability
of measuring the changes in tooth position by using
the reference points on the bracket base in the digital
model (Table 1). Mean errors less than 0.16 mm and
0.99° suggest that this method is clinically acceptable.
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Patient #1

Patient #2

Figure 2. Occlusal views and sagittal views of serial digital models from TO to T4 of Patient #1 (extraction case) and

Patient #2 (nonextraction case).

T0, Initial; T1, in 1 month; T2, in 2 months; T3, in 3 months; T4, in 4 months.

We used the reference points on the bracket or tube
base, because the facial axis of the clinical crown (FACC)
and the FACC point were not reliable for identification.
Therefore, the mesiodistal and labiolingual angles from
Point 1 and Point 2 do not indicate the real crown
angulation and inclination by FACC, and it should be
used only for assessing the changes. Specially con-
structed jigs allowing brackets to be placed at the
same position are recommended, because brackets
may be detached during treatment. Pre-marking the
reference points on the bracket base will be helpful for
identification and improving reliability.

Table 2 shows an inconstant tooth movement and
a large standard deviation. The reason may be that
the malocclusion of patients was diverse and proper
treatment methods were inevitably inconsistent.
Moreover, the sample size of the present study was
considered somewhat small, even though the minimal
sample size was 5 for 1CC = 0.95 with significance
level (alpha) = 0.05 and width of confidence interval
= 0.2." Further studies with well-controlled samples
and sufficient sample size are needed to determine
the amount and pattern of tooth movement in certain
malocclusions, when using various appliances and
treatment methods.

The present study focused on the clinical application
of the intraoral scanner for the serial evaluation of
orthodontic tooth movement in patients with fixed
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appliances. Clinicians cannot easily notice subtle move-
ments during treatment. However, the recognition of
such tooth movements may be crucial in improving the
treatment quality, and intraoral scanning may be the
solution.

CONCLUSION

The intraoral scanner and digital superimposition
technique can provide serial evaluation of orthodontic
tooth movement without the necessity for taking serial
impressions and/or acquiring radiographs.

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article
was reported.

REFERENCES

1. Ghafari J, Baumrind S, Efstratiadis SS. Misinter-
preting growth and treatment outcome from serial
cephalographs. Clin Orthod Res 1998;1:102-6.

2. Santoro M, Galkin S, Teredesai M, Nicolay OF, Cang-
ialosi TJ. Comparison of measurements made on
digital and plaster models. Am J Orthod Dentofacial
Orthop 2003;124:101-5.

3. Cha BK, Choi JI, Jost-Brinkmann PG, Jeong YM.

https://doi.org/10.4041/kjod.2018.48.4.262 www.e-kjo.org



Yun et al ® Intraoral scanner for evaluating tooth movement

Kjo-

www.e-kjo.org

Applications of three-dimensionally scanned models
in orthodontics. Int J Comput Dent 2007;10:41-52.

. Lim MY, Lim SH. Comparison of model analysis
measurements among plaster model, laser scan
digital model, and cone beam CT image. Korean J
Orthod 2009;39:6-17.

. Cha BK, Lee JY, Jost-Brinkmann PG, Yoshida N.
Analysis of tooth movement in extraction cases
using three-dimensional reverse engineering techno-
logy. Eur J Orthod 2007;29:325-31.

. Jang 1, Tanaka M, Koga Y, lijima S, Yozgatian JH,
Cha BK, et al. A novel method for the assessment of
three-dimensional tooth movement during ortho-
dontic treatment. Angle Orthod 2009;79:447-53.

. Lee SJ, Jang SY, Chun YS, Lim WH. Three-dimen-
sional analysis of tooth movement after intrusion
of a supraerupted molar using a mini-implant with
partial-fixed orthodontic appliances. Angle Orthod

https://doi.org/10.4041/kjod.2018.48.4.262

2013;83:274-9.

Ali D, Mohammed H, Koo SH, Kang KH, Kim SC.
Three-dimensional evaluation of tooth movement
in Class 11 malocclusions treated without extraction
by orthodontic mini-implant anchorage. Korean J
Orthod 2016;46:280-9.

Cuperus AM, Harms MC, Rangel FA, Bronkhorst
EM, Schols JG, Breuning KH. Dental models made
with an intraoral scanner: a validation study. Am J
Orthod Dentofacial Orthop 2012;142:308-13.

. Anh JW, Park JM, Chun YS, Kim M, Kim M. A com-

parison of the precision of three-dimensional images
acquired by 2 digital intraoral scanners: effects of
tooth irregularity and scanning direction. Korean J
Orthod 2016;46:3-12.

. Bonett DG. Sample size requirements for estimating

intraclass correlations with desired precision. Stat
Med 2002;21:1331-5.

267



