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ABSTRACT

Purpose: The aim of this study was to evaluate the reliability of the Vectra M3 (3D Imaging System; Canfield
Scientific, Parsippany, NJ, USA) in detecting chin asymmetry, and to assess whether the automatic markerless tracking
function is reliable compared to manually plotting landmarks.

Materials and Methods: Twenty subjects (18 females and 2 males) with a mean age of 42.5+10.5 years were
included. Three-dimensional image acquisition was carried out on all subjects with simulated chin deviation in 4 stages
(1-4 mm). The images were analyzed by 2 independent observers through manually plotting landmarks and by Vectra
software auto-tracking mode. Repeated-measures analysis of variance and the Tukey post-hoc test were performed to
evaluate the differences in mean measurements between the 2 operators and the software for measuring chin deviation
in 4 stages. The intraclass correlation coefficient (ICC) was calculated to estimate the intra- and inter-examiner
reliability.

Results: No significant difference was found between the accuracy of manually plotting landmarks between observers
1 and 2 and the auto-tracking mode (P =0.783 and P=0.999, respectively). The mean difference in detecting the
degree of deviation according to the stage was <0.5 mm for all landmarks.

Conclusion: The auto-tracking mode could be considered as reliable as manually plotted landmarks in detecting small
chin deviations with the Vectra® M3. The effect on the soft tissue when constructing a known dental movement yielded
a small overestimation of the soft tissue movement compared to the dental movement (mean value <0.5 mm), which

can be considered clinically non-significant. (Imaging Sci Dent 2022; 52: 43-51)
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Introduction

Methods that enable the objective assessment of facial
form are becoming increasingly important for research in
dysmorphology, genetics, orthodontics, and surgical disci-
plines, among others." Stereophotogrammetry is a technol-
ogy that uses at least 2 cameras at different angles to capture
pictures simultaneously and create a 3-dimensional (3D)
image.2

The safety, speed, and reliability of data acquisition that
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3D camera systems offer are particularly helpful when
working with young children, for whom quantification of
facial features can be challenging.’ Because these systems
do not require any ionizing radiation, they have been used
both to evaluate treatment in infants with cleft lip and palate
and to assess healthy newborns."* There are different kinds
of imaging modalities, and some have been compared be-
fore;”® however, as new technologies reach operators, they
need to be validated for clinical and research purposes. In
orthodontics, 3D camera technology has been used fore-
most for orthognathic patients who undergo maxillofacial
surgery,”” but it could also be useful for evaluating the out-
comes of less extensive orthodontic treatment.

10,11

Facial asymmetry is common, " mostly in the mid-face

and the chin."" A pronounced deviation of the chin has been
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considered less attractive by both laypersons and clini-
cians,” and the perceptive threshold is a chin deviation of
5-6mm." It has been argued that untreated posterior cross-
bite, which is a common malocclusion in children, can
induce facial asymmetry with positional deviation of the
mandible,'* and consequently, the chin.

Evaluations of lateral deviation of the chin have previously
been conducted using 3D computed tornography;15 how-
ever, there is an essential need to explore the advantages
of systems that do not require ionizing radiation.

The 3dMDface system (3dMD Inc, Atlanta, GA, USA)
has been evaluated extensively in the literature.®'*'*"®
However, not many studies have evaluated the accuracy of
the Vectra® M3 (3D Imaging System; Canfield Scientific,
Parsippany, NJ, USA), which is a 3D imaging system for
the face and neck that is smaller than the Vectra XT full-
body imaging system, one of the largest 3D imaging sys-
tems in the market. Vectra® M3 is a stationary 3D digital
imaging system for the face and neck. It consists of 3 pods
with 2 cameras each, for a total of 6 cameras capturing the
face simultaneously. The esthetic simulation software Face
Sculptor” (Canfield Scientific, Parsippany, NJ, USA) and
the Vectra® 3D Analysis Module (VAM; Canfield Scientific,
Parsippany, NJ, USA) can be used when analyzing images.
The Vectra® M3 has been used for evaluating areas around
the nose and eyes in the fields of plastic and orthognathic
surgery,”'*** but it has not yet been used to estimate devi-
ation of the chin area, which is a subject of interest when
treating young patients with posterior crossbite. Camera
manufacturers provide suggestions for device set-up and
calibration, although limited information is available on the
practical issues that inevitably confront new users of this
technology. However, these issues can adversely impact the

reliability of data collection, and consequently, influence
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the results in both clinical settings and research studies.
To ensure optimal interpretation of the study results, all as-
pects of data collection should be rigorously evaluated.”
Manually placing landmarks on 3D images is challenging,
as a precise location is required in a multiplanar reconstruc-
tion. There is extensive variability in the nasolabial and men-
tolabial areas that needs to be treated with discretion with
regard to the issue of intra-examiner repeatability.** Auto-
mation of the procedure using a robust system with good
reproducibility and minimal false identifications would
enable consistent landmark identification and subsequent
derivation of measurements and angles.”

Thus, the aims of this prospective study were 2-fold. The
primary aim was to validate the Vectra® M3 imaging sys-
tem and whether the automatic markerless tracking func-
tion in the Face Sculptor® software was reliable compared
to manually plotting landmarks in VAM. The secondary
aim was to investigate to what extent the dental midline de-
viation affected the facial asymmetry and deviation of the
chin.

Materials and Methods

Twenty adult subjects were prospectively recruited to par-
ticipate in this study. All subjects were volunteers recruited
from the staff of the Department of Orthodontics in Region
Orebro, Sweden. All participants provided written informed
consent before taking part. Image acquisition using Vectra®
M3 was carried out in spring 2020. The Regional Ethical Re-
view Board in Uppsala, Sweden, which followed the guide-
lines of the Declaration of Helsinki, approved the study
protocol (Dnr: 2018/308).

The inclusion criterion was the ability to take an algi-
nate imprint, and subjects with excessive facial hair were

\

Fig. 1. Individually performed index
in putty and midline deviation mea-
sured on the cast.



excluded.' In order to generate chin deviations, alginate
impressions (Cavex Orthotrace, Haarlem, The Netherlands)
were performed on all subjects. Dental casts were mount-
ed on an articulator (Dentatus, Stockholm, Sweden), and
5 different indices were made in putty (Provil Novo Putty,
Kulzer, Germany) to set the jaws with a defined amount of
dental deviation, as follows: 0, no deviation/centric occlu-
sion; 1: 1-mm dental midline deviation to the left, 2: 2-mm
dental midline deviation to the left, 3: 3-mm dental midline
deviation to the left, and 4: 4-mm dental midline deviation

to the left (Fig. 1). The deviation (1-4 mm) was created irre-

Fig. 2. Four dots, with an eyeliner, was marked in the midline
of the subjects faces before taking the pictures. Three point are
placed as a control at the more stable part of the face; one in the
forehead, two on the nose ridge. The last point is placed on the
chin, soft pogonion (sPg) which is used as the point to measure the
movement of the chin.
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spective of whether there was any dental midline deviation
to begin with.

Three-dimensional image acquisition

Using eyeliner (Inliner Kajal Waterline Black, IsaDora,
Malmo, Sweden), 4 dots were marked in the midline of the
subjects’ faces before taking the images. Three points were
marked as a control at the more stable part of the face: 1 on
the forehead, and 2 on the nose ridge. The last point was
placed on the chin - specifically, on the soft pogonion (sPg)
- to measure the movement of the chin (Fig. 2).

The individually created indices were then placed between
the teeth, and during the image acquisition the participants
were instructed to relax and maintain as natural a facial
expression as possible. Five 3D images were obtained with
Vectra® M3, version 6.2.3, 1 with each index: 1 in centric
occlusion and the other 4 having a dental midline deviation
of 1-4 mm.

Image measurements

To investigate whether the measurements made in VAM
(version 6.2.3) were comparable to the automatic super-
positioning and markerless tracking made by the Face
Sculptor® software (version 6.2.3), the images were ana-
lyzed in both programs.

Using VAM

The image in centric occlusion was registered as a base-
line 3D image on an axis grid (Fig. 3), using VAM, in accor-
dance with the manual. It is essential to register a baseline
3D image to the axis grid. This established the permanent
reference to which all of the patient’s future images were
registered. The other 4 images were then registered subse-
quent to the baseline image using image contouring. The
area chosen for registration was the forehead and nose

Fig. 3. The registration to the axis
grid using Vectra Analys Module
(VAM).
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ridge (Fig. 4).

After registration, the baseline and the subsequent images
were measured by manually plotting landmarks on the eye-
liner-marked sPg on both images (Fig. 5). The coordinates
(X, y, z) and the distance between the points were then cal-
culated.

Each individual’s 4 images (with deviations of 1 mm, 2
mm, 3 mm, and 4 mm) were measured independently by 2
operators. Half of the individuals were randomized to be
measured twice on 2 separate occasions at a minimum inter-
val of 2 weeks in order to evaluate the inter- and intra-
examiner reliability.

Using Face Sculptor®
The original images, which had not been preprocessed
in any way, were automatically paired (0 mm with 1 mm, O

Fig. 5. Manually landmarking on the eyeliner dots the soft pogo-
nion (sPg) on the registered baseline picture (sPg0) and on the
registered subsequent picture (sPg2). The distance between the
landmarks are then measured.

mm with 2 mm, 0 mm with 3 mm, and 0 mm with 4 mm) and
opened with the markerless tracking feature. Markerless
tracking automatically aligned a pair of 3D images, and
the skin surfaces were tracked and mapped. Color-coded
arrows and a scale in millimeters, displayed to the left, visu-
alized the measurements (Fig. 6). The color of the arrow
closest to the eyeliner point on the soft tissue pogonion
was translated into a millimeter measure; if the color was
between 2 gradients, the mean value was registered. Using
a color-coded map to show measurements has previously
been demonstrated.’

Sample size calculation

The calculated sample size for the study group was based
on a significance level of 0.05 and a power of 80% to detect
a difference of 0.5 mm (standard deviation [SD]£0.5) in
chin deviation. The sample size calculation indicated that
20 participants would be required.

Statistical analysis

Repeated-measures analysis of variance (ANOVA) and
the Tukey post-hoc test were performed to evaluate differ-
ences in the mean measurements between the 2 operators
and the software measuring the chin deviations in 4 stages.
The intraclass correlation (ICC) was calculated to estimate
the inter- and intra-examiner reliability with a 95% confi-
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Fig. 6. Face sculptor™ and markerless tracking with vector analysis
uses color-coded arrows.
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Table 1. Measurements of all 20 subjects with 4 different indices, with dental midline deviations of 1-4 mm. All measurements are given

in millimeters

Dental midline deviation with index 11\54):1?1?:1??101 f/l);?lr:;?;rl(i a\lfgttrriill(\fr?g

1 mm N Valid 20.0 20.0 20.0
Missing 0.0 0.0 0.0

Mean 1.5 14 14

Median 1.5 1.3 14

Standard deviation 0.6 0.6 0.5

Range 24 25 20

Minimum 0.7 0.6 0.5

Maximum 3.1 3.1 2.5

2 mm N Valid 20.0 20.0 20.0
Missing 0.0 0.0 0.0

Mean 2.2 2.2 2.2

Median 2.2 2.3 24

Standard deviation 0.6 0.6 0.5

Range 2.1 22 19

Minimum 10 09 1.0

Maximum 32 3.1 2.8

3 mm N Valid 20.0 20.0 20.0
Missing 0.0 0.0 00

Mean 34 3.5 34

Median 33 33 3.6

Standard deviation 09 09 0.8

Range 4.0 42 35

Minimum 1.8 1.7 1.8

Maximum 59 6.0 53

4 mm N Valid 20.0 20.0 20.0
Missing 0.0 0.0 00

Mean 43 43 42

Median 43 42 42

Standard deviation 1.0 09 09

Range 40 30 3.6

Minimum 2.2 30 2.5

Maximum 6.2 6.0 6.1

dence interval (CI). A P-value below 0.05 was considered
to indicate statistical significance, and the analyses were
performed with SPSS version 25 (IBM Corp., Armonk, NY,
USA). Descriptive statistics were calculated for examiner 1,
examiner 2, and the markerless tracking, divided into dental
midline shifts of 1 mm, 2 mm, 3 mm, and 4 mm.

Results

Twenty subjects (18 females and 2 males) with a mean age
of 42.5110.5 years were included in this study. The des-

criptive data, as presented in Table 1, included the median,
mean, range, SD, and minimum and maximum values from
the measurements of both examiners and the Face Sculptor®
markerless tracking (auto tracking) in the Vectra software.
The data were normally distributed. The mean difference
in detecting the degree of deviation according to the index
was < 0.5 mm for all configurations.

There were also no statistically significant differences
between the 3 measurements and 4 indices regarding detec-
tion of the degree of chin deviation. The range and individ-
ual differences in how the dental midline deviation affected
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the soft tissue are visualized in Figure 7 and also described
in Figure 8. The effect of the sPg when the dental midline
was deviated by 1 mm yielded a mean 40% overestimation
(0.4 mm) compared to the index, while a 2-mm dental mid-
line deviation resulted in a mean 10% overestimation (0.2
mm), a 3-mm dental midline deviation led to a 13% over-
estimation (0.4 mm), and a 4-mm dental midline deviation
resulted in a 5% (0.2 mm) overestimation compared to the

Fig. 7. Markerless tracking of the 3
mm deviation of the dental midline
superimposed on no deviation.

index.

No significant difference was found between the accuracy
of manually plotted landmarks between observers 1 and 2
and the auto-tracking mode (P =0.783 and P =0.999, res-
pectively).

The ICC for inter-examiner reliability of the manually
plotted landmarks was 0.993 (95% CI, 0.990-0.996), and
those for the intra-examiner reliability for examiners 1 and
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Fig. 8. Soft tissue changes of the soft pogonion with deviations of the dental midline using indices of 1-4 mm. The values are based on

VECTRA® M3 auto tracking.

2 were 0.988 (95% CI, 0.977-0.994) and 0.996 (95% ClI,
0.993-0.998), respectively. All values were >0.9, indicat-
ing excellent reliability.

Discussion

To the authors’ knowledge, this is the first study to evaluate
the reliability of the Vectra system in detecting chin asym-
metry. No significant differences were found between the
examiners and the auto-tracking method by Face Sculptor®
in the Vectra software. This indicates that auto-tracking
with color mapping is as reliable as manually plotted mea-
surements. The movement of the chin (sPg) compared to
the dental displacement using an index was slightly higher,
but the mean values overall differed by less than 0.5 mm.
This overestimation could be explained by the vertical
movement of the chin area caused by cuspid guidance
when deviating the mandible to the left. Earlier studies of
the Vectra XT, a full-body image system from Vectra, con-
cluded that the reliability of the image system was 0.15 mm
(SD: 0.15 mm), with a 95th percentile of 0.45 mm.®

Previous studies have evaluated the reproducibility of the
3dMDface™ image system (3dMD, Atlanta, GA, USA), a
similar imaging system, which also consists of 6 cameras

with 190° full-face, “ear-to-ear” coverage. Hong et al.'®

performed a study on a mannequin, while Nord et al.*®
analyzed human subjects. They concluded that the 3dMD
system had a high level of technical precision with overall
good reproducibility, but in human subjects, some land-
marks were harder to reproduce with the same precision.
For example, the sPg showed a moderate reproducibility.*®
In the present study, the problem with reproducibility was

solved by marking the sPg point with eyeliner on the sub-

jects before image acquisition, as de Menezes et al.”’ also
suggested. In the present study, the auto-tracking and color-
mapping system produced reliable results and could be used
as a method for objectively calculating differences in soft
tissue changes after orthodontic or orthognathic treatment
in regard to chin asymmetry. Hence, the use of eyeliner in
future studies might not be necessary.

A previous study suggested that it is considered normal
to have a total face asymmetry of 2 to 5 mm, but the chin
was not evaluated separately in that study.'” Severt et al."!
concluded that the lower third of the face was by far the
most common area of asymmetry, as 74% of subjects had
an observable deviation of the chin (more than 2 mm);
however, the population in that study were consecutively
registered when seeking orthognathic surgery consultations
and might not be considered representative of the general
population.

Researchers have also explored the question of how much
midline deviation is necessary to give rise to facial asym-
metry.”® Five millimeters or less was considered not notice-
able, according to Choi,29 but it is worth mentioning that
those studies used 2-dimensional images and Photoshop to
generate chin deviations.”””’ When the mandible shifts in
reality, it is reasonable to believe that it has more extensive
effects than can be simulated with an adjusted 2-dimen-
sional picture; in particular, there are expected to be alter-
ations in other areas of the face beyond just the chin. In the
present study, the authors were able to notice chin devia-
tion visible to the eye even with 3 mm of midline deviation
in most subjects.

The results of the soft tissue changes upon deviation of
the dental midline have provided insights into the individual
differences by the masking or magnification of such devia-
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tions (Fig. 8). One subject only had a just above 2-mm
detectable asymmetry with a 4-mm dental midline devia-
tion, while some others had a detectable asymmetry of about
6 mm with the same dental midline deviation. In the entire
study group, the mean value of sPg movement was only
slightly higher than that of the actual dental movement.
As mentioned earlier, this study was conducted on patients
without a true mandibular shift, and some of the effect was
likely due to the cuspid guidance, which probably would
not exist in a patient with a posterior crossbite due to dental
adaptation over time.

Unlike traditional 2-dimensional images, which are tak-
en by 1 camera in a single view, the Vectra® M3 imaging
system consists of 6 cameras that simultaneously capture
the face from different angles to render a 3D image that
offers new possibilities for planning and evaluating treat-
ments. As new techniques develop, the validation of pre-
sent techniques and systems is essential. In orthodontics,
especially, clinicians do not only treat the dentition, but also
consider the effects of treatment on the extraoral soft tissue.
Therefore, this instrument could be used, for instance, to
evaluate treatment effects when correcting mandibular
shift, such as that seen in children with posterior unilateral
crossbite. This study concluded that the Vectra® M3 has
excellent intra- and inter-examiner reliability and the auto-
tracking mode of the software can be considered reliable for
detecting small chin deviations. The soft tissue effect when
constructing dental midline deviations gave a small over-
estimation of soft tissue movement compared to the index,
but with a mean value less than 0.5 mm.
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