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In modern prosthodontic treatment, digital technology is rapidly gaining popularity in
terms of facilitating treatment planning and the design and manufacture of prosthesis.
Recently, technology to integrate three-dimensional data of facial structures and denti-
tion has also been developed. We investigated the accuracy of two dental facial scan
systems guided by an extraoral scan body currently available in Japan. The null hypothe-
sis was that there was no difference in the accuracy of the three-dimensional virtual fa-
cial model between the two systems. The manikin head on which the maxillary arch
model was mounted was scanned by a reference high-precision laser scanner (FARO)
and two dental face scanners, FACE HUNTER (FH) and FREEDOM F (FF). The scans from
FH and FF were superimposed on the reference scan from FARO using the iterative clos-
est point (ICP) method, and the mean deviation of the arch model was calculated. The ac-
curacy (trueness and precision) was 0.403 + 0.120 mm for the FH and 3.053 = 0.568 mm
for the FF, when compared with the FARO. The accuracy of the system was better in the
FH than in the FF. (J Osaka Dent Univ 2024; 58: 29-39)
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INTRODUCTION

Predictable treatment planning and successful den-
tal care requires collection of detailed patient infor-
mation, history, and records. In modern prostho-
dontic treatment, digital technology is rapidly gain-
ing popularity in terms of facilitating treatment plan-
ning and the design and fabrication of prosthesis.
In particular, facial scanners have garnered atten-
tion as a tool for digitizing the structure of extraoral
soft tissues and acquiring facial appearance infor-
mation." In the fields of prosthodontics, surgery, or-
thodontics, and other craniofacial treatments, accu-
rate understanding of three-dimensional relation-
ships is important.? Traditional diagnostic processes
have involved independent collection of information
about the dentition through dental models, intraoral
photographs, dental radiographs, and panoramic

radiographs. Facial photographs and cephalometric
radiographs have been used for facial analysis.*®
Recently, the use of technology such as computed
tomography and magnetic resonance imaging has
made it possible to record the three-dimensional re-
lationship between the dentition and facial struc-
tures. However, there are challenges associated
with patient exposure and artifacts due to intraoral
metal restrations.

The use of optical scanners serves as a radiation-
free method for easy measurement of various ob-
jects, such as dentition and facial structures. Facial
scanners facilitate interdisciplinary communication,
virtual articulation, and smile design. Facial record-
ing plays an important role in the digital workflow.’
In the future, facial scanning technology is ex-
pected to find further applications in fields such as
craniofacial research and in the diagnosis and
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treatment planning of craniofacial diseases.’®
Recently, technology to integrate three-

dimensional data of facial structures and dentition
has also been developed. However, the trueness
and precision of a three-dimensional virtual patient
representation (a facial three-dimensional virtual
model) that integrates facial scan data and a three-
dimensional dentition model have not been clari-
fied. In this study, we used two types of dental fa-
cial scanning systems available in Japan to investi-
gate the accuracy of three-dimensional virtual facial
models. The null hypothesis was that there was no
difference in the accuracy of the three-dimensional
virtual facial model between the two systems.

MATERIALS AND METHODS

Creation of a digital reference model

As a reference model, we used an epoxy model
that was a duplicate of the maxillary dentition
model D51FE-500A (Nissin, Kyoto, Japan) and in-
corporated it into a mannequin head HD-18 (Dis-
plan Corporation, Toyama, Japan). A maxillary den-
tition model was constructed such that it could be

Mannequin head HD-18

Fig. 1 Reference models.
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attached and detached using a magnet in order to
be scanned separately from the facial area (Fig. 1).
The Design Scan Arm 2.0 line laser scanner
(FARO, Lake Mary, FL, USA)" was used to perform
a single scan of the reference model with the maxil-
lary dentition model attached inside a mannequin
head. The obtained morphological data was con-
verted from polygon file (PLY) format to standard
tessellation language (STL) format. The maxillary
dentition model that was removed from inside the
mannequin head was scanned once using a labora-
tory desktop scanner (S300 ARTI; Zirkonzahn,
Gais, ltaly).*" Using the three-dimensional evalu-
ation software Geomagic Control X 2020.1 (3D
Systems, Rock Hill, SC, USA), the digital reference
model (DRM) (Fig. 2) was completed by aligning
and replacing the dentition data of the reference
model with the data of the maxillary dentition model
attached inside the mannequin head that was ac-
quired by a laser scanner with the data of the max-
illary dentition region taken by a desktop scanner
using the iterative closest point (ICP) algorithm."

Maxillary arch model
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Fig. 2 Creating a digital reference model.

Creating a digital model with a dental face scan-
ning system

Two structured light dental face scan systems, i.e.,
FACE HUNTER (FH; Zirkonzahn)"™ and FREE-
DOM F (FF; DOF, Seoul, Korea)” were used as
experimental systems (Fig. 3). Digital models were
created using both systems according to the manu-
facturer's instructions. As scan bodies, Transfer
Fork (Zirkonzahn) was used for FH, and Target
Plate version 2 (DOF) coupled with Bite Tray ver-
sion 2 was used for FF.

Polyvinylsiloxane impression material EXABITE |l
(GC, Tokyo, Japan) was inserted for occlusal regis-
tration into the part of the scan body corresponding
to the maxillary dentition of each system, and the
occlusal surface of the maxillary dentition model
was marked. The scan body of each system was
scanned using S300 ARTI. The reference model
was mounted on a tripod. For the indoor lighting
environment during scanning, a ceiling light was
used in a room that was shielded from external
light. Luminance was set to 7.4 lux using a digital il-
luminometer (LX-105; Custom Corporation, Tokyo,

Design Scan Arm 2.0 line
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Three-dimensional evaluation
software Geomagic Control X
2020. 1(3D Systems)

Digital reference
mode| (DRM)

Japan).

For FH photography, the scanner was mounted
on a tripod and placed in front of the reference
model at a distance of 70 cm. Scanning was con-
trolled by software (.SCAN version 5051; Zirkon-
zahn). The reference model without the scan body
was scanned three times in total, once from the
front and once each from the left and right sides at
45°. Subsequently, one scan from the front was
performed with the scan body fixed to the maxillary
dentition model of the reference model.

In FF, the operator held the scanner's main unit
connected to a tablet-type computer (Surface Pro
7; Microsoft, Redmond, WA, USA) with both hands
while capturing the reference model. A scanning
software (SmileApp version 1.4.57.103; DOF) was
used. Once the scanner was positioned such that
the front of the reference model without the scan
body was displayed on the screen, scanning was
started. The scanner was rotated toward the right
side of the reference model to capture data, re-
turned to the front, and then rotated toward the left
side of the reference model to capture data. Next,
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Without scan body Scan body With scan body
Without scan body Scan body With scan body

Fig. 3 Structured light-based dental face scan systems.

FACE HUNTER (FH)

FREEDOM F (FF)

°]

Fig. 4 Scanning scan bodies and creating digital models (FHM and FFM).
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one scan from the front was performed with the
scan body fixed to the maxillary dentition model of
the reference model.

For the integration of scanned data, .SCAN ver-
sion 5051 (Zirkonzahn) was used for FH, and
MatchApp version 2.0 (DOF) was used for FF. The
marked part of the dentition model occlusal surface
of the scan body was aligned with the maxillary
dentition data common to DRM. Furthermore, the
scan body based on the reference points on the
plate on the front of the scan body was aligned with
the face scan data, while the scan body was fixed
to the maxillary dentition model part of the refer-
ence model. Thus, we created a digital model
(FHM) using FH and a digital model (FFM) using
FF (Fig. 4). The obtained data were converted to
STL format.

Accuracy measurements
Alignment of DRM with FHM and DRM with FFM
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was performed in the upper and midface regions.
Trueness was calculated from the deviation dis-
tance of the upper dentition scan data, and preci-
sion was calculated from the standard deviation
(Fig. 5)." Geomagic Control X 2020.1 was used for
three-dimensional deviation measurements.

Mean deviation distance of the full maxillary arch
(MDD)

We calculated the average deviation distance (true-
ness) and standard deviation (precision) between
the mesh vertices of the corresponding STL for the
entire dentition (Fig. 6).

Three-dimensional mean deviation distance of the
maxillary arch (MDD3D)

The deviation distance (trueness) was calculated
for each vertical, horizontal, and front-back direc-
tion.

FEM DRM and FFM

Fig. 5 Matching of DRM and two digital models and calculation of deviation distance between maxillary dentition.
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Fig. 6 Deviation of the full maxillary arch.

Fig. 7 Deviation of the three regions of the maxillary arch.

Fig. 8 Reference planes with measured dihedral angle.

Mean deviation distance of the three regions of the
maxillary arch (MDD3R)

We calculated the mean deviation distance (true-
ness) (Fig. 7) for each of the three regions, the an-
terior teeth and the left and right molars.
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Angular difference in the maxillary reference plane
(ADMR)

The maxillary dentition reference plane was set
such that it connected the midpoint between the
mesial angles of the left and right central incisors of
the maxilla and the distobuccal cusp of the left and
right first molars. Regarding the dihedral angle with
respect to the Frankfurt plane, we calculated the
difference (trueness and precision) between DRM
and FHM and between DRM and FFM (Fig. 8).

Statistical analysis

An unpaired Welch’s t-test was performed for MDD,
and an F-test was performed for the differences in
variance. For MDD3D, two-way analysis of variance
(ANOVA) (mixed design) was performed with the
system (two levels) and the direction (three levels)
as factors.” If a significant difference was found in
the interaction, a simple main effect was tested,
and the Bonferroni method was used for multiple
comparisons. For MDD3R, two-way ANOVA (mixed
design) was performed with the system (two levels)
and the site (three levels) as factors. When a sig-
nificant difference in interaction was observed, a
simple main effect was tested, and the Bonferroni
method was used for multiple comparisons. An un-
paired Welch'’s t-test was performed for ADMR, and
an F-test was performed for differences in variance.
The statistical significance level (a) was set at 0.05.
IBM SPSS Statistics for Windows, version 28 (IBM,
Armonk, NY, USA) and MedCalc Ver. 20 (MedCalc
Software, Ostend, Belgium) were used for statistical
analyses.

Power analysis

A priori power analysis was performed using G
*power Ver. 3.1 (Heinrich Heine University, Dussel-
dorf, Nordrhein-Westfalen, Germany)." A sample-
based effect size was calculated from a preliminary
experiment with five samples, and a sample size
satisfying a=0.05 and statistical power (1-8)=0.8
was obtained.” For MDD, the sample size for each
group was calculated as 2 from the sample effect
size d=7.459. For MDD3D, the factor sample size
was 2-3. For MDD3D, the factor sample size was
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2-9. For ADMR, a sample size of 8 for each group
was calculated from a sample effect size of d=
1.545. Based on the above results, we created 10
digital models for each system from the reference
model in this study.

RESULTS

MDD

The trueness of MDD was 0.403 mm for FHM and
3.053 mm for FFM, indicating that FHM had good
trueness. The precision was 0.120 mm for FHM
and 0.568 mm for FFM, indicating that FHM had
good precision (Fig. 9).

4.0 |- p < 0.01

Distance (mm)

FHM FFM

Fig. 9 Mean deviation distance of the full maxillary arch
(MDD)

n=10, Mean *= SD, Independent-samples Welch’s t test, t=
14.433 (p < 0.01), F test: F=22.406 (p < 0.01).

MDD3D

Two-way ANOVA of MDD3D showed differences in
all factors (Table 1). The values ranged from -0.212
mm to 0.250 mm in all directions for FHM and from
-0.399 mm to -2.800 mm for FFM. Simple main ef-
fects and multiple comparisons showed that FHM
had greater deviation than FFM in all directions.
The downward deviation of FFM was the largest
(Fig. 10).

MDD3R
Two-way ANOVA revealed differences only in sys-
tem factors (Table 2). FHM showed smaller values
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Fig. 10 Interaction plots for mean deviation for three-
dimensional mean deviation distance of maxillary arch (MDD
3D) (n=10, Mean £ SD).

Table 1 Analysis of variance table for three-dimensional mean deviation distance of maxillary arch (MDD3D)

Factor Sum of squares df Mean square F-value ne Power
System 26.780 1 26.780 171.378* 0.905 1.000
Error 2.813 18 0.156
Direction 12.316 2 6.158 43.065* 0.705 1.000
Interaction 22.093 2 11.046 77.252%* 0.811 1.000
Error 5.148 36 0.143

df: Degrees of freedom, n,’: Partial eta squared, *p < 0.01.

Table 2 Analysis of variance table for mean deviation distance of three regions of maxillary arch (MDD3R)

Factor Sum of squares df Mean square F-value ne Power
System 106.171 1 106.171 207.607* 0.920 1.000
Error 9.205 18 0.511
Region 0.328 1.171 0.280 2.044 0.102 0.295
Interaction 0.184 1.171 0.157 1.145 0.060 0.185
Error 2.891 21.084 0.137

df: Degrees of freedom, 7, Partial eta squared, *p < 0.01.
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Fig. 12 Angular difference in maxillary reference plane
(ADMR)

n=10, Mean = SD, Independent-samples Welch’s t test, t=
1.958 (p = 0.07), F test: F=11.195 (p < 0.01).

than FFM at all sites (Fig. 11).

ADMR

The trueness of both systems was -0.045° for FHM
and -0.310° for FFM, showing a tendency to ap-
proach zero for FHM. However, no significant differ-
ence was observed. In contrast, the precision was
0.123° for FHM and 0.410° for FFM, indicating a
significant difference (Fig. 12).

DISCUSSION

This study investigated the accuracy of three-
dimensional virtual models of the face using two
types of dental face scanning systems currently
available in Japan. A significant difference was
noted in trueness and precision between the three-
dimensional facial models obtained using the two
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tested systems, and the null hypothesis was re-
jected.

Creation of the DRM and digital model

The Design Scan Arm 2.0 line laser scanner, which
was used to create the DRM, records 600,000 data
points per second with a trueness of 0.075 mm.” In
addition, the maxillary dentition model was scanned
using the S300 ARTI scanner, which has trueness
of 0.010 mm or less.® The data from the dental arch
portion of the reference model, scanned within the
mannequin head, was integrated with the data ob-
tained from the maxillary dentition model to evalu-
ate DRM, FHM and FFM using common three-
dimensional data.

The two types of face scanning systems tested in
this study employ a measurement method that uses
structured light. Structured light scanning involves
the use of a projector to project a pattern of light
onto a subject, which is captured by a camera
and processed by a computer to obtain a three-
dimensional shape of the subject’s facial surface. It
records light from various angles and calculates a
three-dimensional mesh from the displacement of
the light pattern. The advantage of this technology
is its high speed and accuracy compared with other
methods."” However, the accuracy of this scanning
method is said to be easily affected by illumination.
Thongma-Eng et al." reported that ambient light af-
fects the accuracy of facial scans. Therefore, in this
study, the lighting environment was unified with
only a ceiling light in a room that was shielded from
outside light.

As a means of integrating facial data and maxil-
lary model data, a method of directly matching the
labial side of the maxillary anterior teeth captured
during facial scanning with the labial side of the
maxillary anterior teeth of the digital dental
model,**" and a method® using a scan body have
been proposed. Using a laser scanner, Nagao et
al.* measured the three-dimensional morphology of
the tooth mold and face structures and integrated
the facial data with the maxillary dentition model
data to devise a method of attaching an extraoral
marker plate to the maxillary dentition model as an
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interface. Revilla-Leén et al.” compared the accu-
racy of three-dimensional virtual models of the face
using these two methods and the scan body sys-
tem and achieved better trueness and precision
than that achieved with the method that did not use
it. The two types of face scanning systems tested
in this study employed a method that used a scan
body.

Accuracy measurements
Many studies have reported on the accuracy of
face scanners. Most of them focused only on mor-
phological data of the facial surface."*? In the
dental field, clinical applications of three-dimen-
sional facial virtual models that integrate facial data
and three-dimensional dentition models are increas-
ing.* However, the accuracy of the three-dimen-
sional virtual facial model created by the dental
face scan system available in Japan has not been
examined. Using FH, Pellitteri et al.” and Sato et
al." examined the accuracy of facial topography
data. In addition, Sato et al' and Watarai et al.®
conducted research on FF. Previous in vivo and in
vitro studies”* have reported that accuracy was
higher in the midface than in other areas. In this
study, this region was used as reference for super-
imposing the DRM and DM of each system.
Considering the results of the comparison experi-
ment between FH and FF in this study, MDD
showed higher accuracy in FHM than FFM. In
terms of the direction of maxillary dentition devia-
tion, FFM was more forward shifted to the left, and
shifted downward than FHM. The results for MDD3
R showed the same degree of displacement in all
three sites, indicating that the maxillary dentition
was not rotated in the horizontal plane. Although a
significant difference was observed in ADMR preci-
sion, there was no significant difference in true-
ness, indicating that the FFM maxillary dentition
model deviated antero-inferiorly along the maxillary
dentition reference plane compared to FHM. The
reason why FH generated a three-dimensional vir-
tual facial model with higher accuracy than FF is
associated with the higher accuracy of the facial
morphology data of FH." In addition, FH had a sta-
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tionary scanner body, and the shooting time was
short. Additionally, there may be differences in the
performance of the software algorithms used to in-
tegrate scanned facial, dentition, and scan body
data.

The trueness of the entire dentition of FHM was
0.403 mm and the precision was 0.120 mm,
whereas these values for FFM were 3.053 mm and
0.568 mm, respectively. When compared with stud-
ies investigating the accuracy of physical facebow
transfers traditionally used in clinical practice, Choi
et al.” reported that the trueness ranged from 1.5
mm to 6.7 mm for maxillary central incisors and for
left and right lateral maxillary first molars. Lam et
al.® calculated a trueness of 3.66 = 2.94 mm. FH
using digital technology showed higher accuracy
than conventional methods.

Amezua et al.** measured the trueness as 0.138
mm and precision as 0.022 mm for the accuracy of
the technology that applies digital technology to
create a three-dimensional virtual facial model
using the scan body. Revilla-Leon et al.? reported
trueness ranging from 0.244 mm to 0.346 mm. Due
to methodological heterogeneity, strict quantitative
comparisons between studies are challenging.
However, the results of this experiment indicated a
higher accuracy compared to FHM. According to
the results of Sato et al." who examined the accu-
racy of only facial surface shape data regarding
FH, the trueness was 0.117 mm and precision was
0.004 mm, indicating that the deviation may have
increased in the process of positioning the maxillary
dentition data to the facial data using the scan body
data. Factors that affect accuracy, such as the soft-
ware involved in data integration and the skill of op-
erators, must be considered as future issues.

Kokich et al.* conducted an experiment in which
two-dimensional photographs of the upper anterior
teeth when smiling were presented, and test photo-
graphs were presented in which the vertical dis-
tance from the upper lip to the gingival margin of
the upper anterior teeth was changed in increments
of 2 mm. Orthodontists can recognize a change
when the tooth is moved by 2 mm from the refer-
ence point. In this experiment, the three-dimen-
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sional virtual facial model of FF, in which the maxil-
lary dentition was deviated downward by 2.800
mm, may be associated with challenges in the aes-
thetic inspection/diagnosis of the anterior teeth or in
fabrication of prosthesis.

This study has some limitations, including the
use of a static mannequin head; therefore, the re-
sults should be interpreted with caution. This indi-
cates a need for clinical trials that evaluate the ac-
curacy of a three-dimensional virtual facial model
and the clinical validity of this model in a workflow.
Moreover, studies that consider all variables that
may influence the final results must be conducted.
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