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ABSTRACT
Statement of problem. Three-dimensional visualization for pretreatment diagnostics and treat-
ment planning is necessary for surgical and prosthetic rehabilitations. The reliability of a novel 3D
facial camera is unclear.

Purpose. The purpose of this clinical study was to evaluate the reliability of a novel medical facial
camera system in capturing the 3D geometry of the face in a single exposure.

Material and methods. Twelve edentulous participants (7 women and 5 men; mean age: 74.6
years) were included, and digital images for facial reconstruction were captured using a
custom-made static capturing system (Medusa Static; Disney Research Zurich). Eight extraoral
soft-tissue facial landmarks were identified, which included the right outer canthus (OCR), left
outer canthus (OCL), right cheilion (CmR), left cheilion (CmL), pronasale nostril tip, subnasale,
philtrum, and gnathion (GN). Interlandmark distances of OCR-OCL, OCR-CmR, OCL-CmL, OCR-GN,
OCL-GN, CmR-CmL, pronasale nostril tipeGN, and subnasale-GN were measured clinically and
then on the 3D digital reconstructions. The absolute differences between the digital and clinical
measurements were recorded. The intraclass correlation coefficient was applied to evaluate the
reliability of digital measurement and interexaminer reliability.

Results. The mean ±standard deviation difference between the clinical and digital measurements
was 1.95 ±0.33 mm. Intraclass correlation coefficients computed for the 2 examiners against clinical
measurements were all above 0.5. The interexaminer reliability coefficient of digital measurement
was above 0.909.

Conclusions. The 3D facial geometry obtained from the novel medical facial camera system was
found to be reliable and clinically acceptable. Inconsistencies in measurements for a few specific
facial landmarks may arise, but these can be avoided by thorough examiner calibration before
undertaking the digital measurements. (J Prosthet Dent 2019;122:282-7)
Surgical or prosthetic re-
habilitations often lead to sig-
nificant changes in the patient’s
facial appearance. Visualization
of the intended outcome is
necessary to evaluate the treat-
ment plan before the start and
increases the predictability of
the clinical procedures.1 Some
visualization of the planned
changes can be accomplished
by modifying the diagnostic
casts with diagnostic waxing or
trial restorations with pre-
fabricated resin teeth for
completely or partially edentu-
lous patients.2,3 Virtual diag-
nostic visualization can be
accomplished by importing
2D extraoral and intraoral im-
ages into a presentation soft-
ware program and then
simulating the treatment out-
comes virtually, thus enabling
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Clinical Implications
Three-dimensional facial reconstruction of patients
is a useful tool that can aid practitioners in diagnosis
and treatment planning. Integrating intraoral
captures into 3D facial images can greatly improve
the efficacy and quality of the overall therapeutic
outcome.
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patients to evaluate the treatment outcome.4-6 Limitations
of 2D virtual diagnostics are that it only allows modification
of the intraoral environment7 but does not fully show
modifications to the extraoral appearance.8,9 Hence,
3D visualization and planning tools to predict or visualize
the definitive treatment outcome of dental rehabilitations
are desirable.10,11

Different 3D facial scanning methods have been
introduced which include laser scanning,12 structured
light technology,13,14 and stereophotogrammetry.15-17

However, these are currently only used for the visuali-
zation of the pretreatment situation and are not yet
sufficiently developed to integrate with other forms and
sources of anatomic data (such as intraoral scans and 3D
radiographs) to simulate the end effect of a proposed
dental or medical treatment. A novel static facial camera
system was used in the present study for capturing the
3D geometry of the face with an ultrahigh accuracy in a
single photogrammetric stereo imaging exposure.18 The
resulting 3D mesh constructed further allowed match-
ing with other forms and sources of digital data to
enable accurate virtual diagnostics. This technology was
originally developed in a joint project by Disney
Research Zurich and the ETH Computer Graphics
Laboratory in Zurich for use in the entertainment
industry.18

The purpose of this pilot clinical study was to evaluate
the reliability of this new 3D medical facial camera sys-
tem for capturing patients’ image in a dental environ-
ment. The null hypotheses were that the distance
between different landmarks measured on a 3D recon-
struction would not correspond to the values obtained
with the analog clinical measurements and that these
measurements on the 3D reconstructions by different
operators would not be reliable.

MATERIAL AND METHODS

Twelve completely edentulous individuals (7 women and
5 men, mean age: 74.6 years) rehabilitated with
removable complete denture prostheses consented to
participate in this pilot study. Ethical approval was
obtained from the ethics committee of the University
Hospitals of Geneva (CCER no.: 15-161). The
participants were informed about the purpose of the
Liu et al
study and the associated procedures, and written
informed consents were obtained.

The facial camera system consisted of 6 individual
digital single lens reflex (D-SLR) cameras (Canon EOS
1200D; Canon Europe Ltd) with 60-mm lenses (Canon
EF-S 60 mm f/2.8 Macro USM; Canon Europe Ltd) ar-
ranged around the participant in a fixed configuration.
They were used to capture facial images to construct the
3D facial geometry.18 The system captured multiple im-
ages in a single exposure from different angles (Fig. 1).
Neighboring camera pairs subtended an angle of about
20 degrees at the head, and the outermost cameras
subtended an angle of about 110 degrees. The cameras
were able to synchronize up to 0.1 seconds, which is
sufficient for static subjects. The participants were
coached on how to perform and maintain the required
facial expressions during the image-capturing process.
Image matching and stereographic refinement was per-
formed pairwise between neighboring cameras to
generate a pore-scale 3D facial geometry. The technology
combined photogrammetric cues with concepts from
depth-from-shading in a holistic optimization frame-
work. Technical details of those systems and the
arrangement have been described previously.18

Eight soft-tissue landmarks, which included, right
outer canthus (OCR), left outer canthus (OCL), pronasale
nostril tip, subnasale, philtrum, gnathion (GN), left
cheilion (CmL), and right cheilion (CmR), were identified
and marked on the participant’s face (Fig. 2). The
following interlandmark distances, OCR-OCL, OCR-
CmR, OCR-GN, OCL-CmL, OCL-GN, CmR-CmL,
pronasale nostril tipeGN, and subnasale-GN, were
measured clinically using a conventional analog
measuring caliper (Inox; Knuth GmbH) that was precise
to 0.01 mm. For the analog clinical measurements, par-
ticipants were asked to sit upright, to keep their eyes
open, and to occlude with the prosthesis at centric oc-
clusion (CO) (serious state in CO). The distances be-
tween defined landmarks were measured 3 consecutive
times. The distance of OCR-GN was calculated as the
sum of the distances of OCR-CmR and CmR-GN, and
the same method was used for measuring the distance of
OCL-GN.

The participants were then photographed with
the camera arrangement with the prostheses in situ, the
same facial expression (serious state in CO), and in the
same position as described for the analog measurements.
The 3D reconstructions were based on the stereo-
photogrammetric algorithm, and they are exported in the
Polygon File Format.18 For digital measurements of the
distances between landmarks in the 3D constructions, a
3D mesh-processing software program (Meshlab; http://
meshlab.sourceforge.net/) was used. The interlandmark
distances in the 3D constructions were measured 3 times
consecutively by 2 examiners (S.L., M.S.), who were
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 1. Representative images of participant in single shot.
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blinded to the other’s measurements. The second
examiner (M.S.) had also made the earlier clinical
measurements.

The mean and standard deviation of the analog and
digital measurements by the 2 examiners were calculated
for each of the 12 participants. To quantify the inter-
examiner reliability, the intraclass correlation coefficient
(ICC) was computed between examiners for each land-
mark. The clinical measurements were used as the gold
standard, and the absolute differences between the
clinical measurement and digital measurement were
THE JOURNAL OF PROSTHETIC DENTISTRY
analyzed. ICC was computed for each examiner against
the clinical measurement. The reliability of the mea-
surement was considered excellent with ICC greater than
0.80 and considered good with ICC in the range of 0.50
to 0.80. The absolute difference between the analog
clinical and digital measurement by different examiners
was computed and analyzed. The nonparametric
Kruskal-Wallis test was applied to evaluate the differ-
ences between different landmarks. Statistical analysis of
data was performed using a statistical software program
(IBM SPSS Statistics, v24.0; IBM Corp) (a=.05).
Liu et al



Figure 2. Defined landmarks: right outer canthus (OCR), left outer
canthus (OCL), pronasale nostril tip (NT), subnasale (SN), philtrum (PT),
gnathion (GN), left cheilion (CmL) and right cheilion (CmR).

Figure 3. Three-dimensional geometry of participant with prosthesis in
serious state in maximum intercuspal position.

Table 1.Mean ±standard deviation value of analog clinical and digital
measurements for each interlandmark (mm)

Interlandmark
Clinical

Measurement

Digital
Measurement

Examiner 1 Examiner 2*

OCR-OCL 118.64 ±7.30 119.56 ±7.78 119.73 ±7.72

OCR-CmR 68.75 ±4.46 69.72 ±4.03 69.28 ±3.45

OCR-GN 112.06 ±9.09 115.15 ±7.64 114.65 ±7.08

OCL-CmL 68.01 ±3.08 69.47 ±3.58 69.17 ±3.22

OCL-GN 111.53 ±5.31 117.33 ±5.86 116.73 ±5.80

CmR-CmL 59.36 ±5.87 61.88 ±5.40 60.98 ±5.79

NT-GN 65.58 ±4.60 66.38 ±4.02 66.79 ±4.63

SN-GN 48.36 ±5.04 49.41 ±3.58 49.65 ±4.31

CmL, left cheilion; CmR, right cheilion; GN, gnathion; NT, pronasale nostril tip; OCL, left
outer canthus; OCR, right outer canthus; PT, philtrum; SN, subnasale. *Also performed
clinical measurements.

Table 2. Interexaminer reliability and reliability of digital measurements
by 2 examiners

Interlandmark

ICC

Interdigital
Examiner

Clinical-Digital
Examiner 1

Clinical-Digital
Examiner 2

OCR-OCL 0.988 0.944 0.948

OCR-CmR 0.908 0.787 0.829

OCR-GN 0.966 0.777 0.812

OCL-CmL 0.959 0.531 0.659

OCL-GN 0.971 0.517 0.596

CmR-CmL 0.942 0.815 0.928

NT-GN 0.923 0.686 0.822

SN-GN 0.952 0.647 0.755

Mean 0.951 0.730 0.794

CmL, left cheilion; CmR, right cheilion; GN, gnathion; ICC, intraclass correlation
coefficient; NT, pronasale nostril tip; OCL, left outer canthus; OCR, right outer canthus;
PT, philtrum; SN, subnasale.
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RESULTS

A total of twelve 3D constructions, 1 per participant,
based on multiple images captured by the test camera
arrangement were generated. The 3D images displayed
the participants in a serious state in CO with the pros-
theses in situ (Fig. 3).

The mean ±standard deviation values of the clinical
and digital measurements of the interlandmark distances
are shown in Table 1. The mean absolute differences
between digital measurements by 2 examiners were all
below 1 mm. The interexaminer reliability for each
landmark is presented in Table 2, with the lowest ICC at
0.908 for landmark 2. The mean ICCs were all different
(all P<.01, paired t test), the interexaminer ICC was the
highest, and clinical-digital examiner 1 was the lowest.

A comparison of the digital measurements against the
clinical measurements revealed the mean absolute dif-
ference between the clinical and digital measurements to
be 1.95 ±0.33 mm. At landmark OCR-GN and OCL-GN,
the difference between clinical and digital measurements
Liu et al
was larger than the other interlandmark distances
(Kruskal-Wallis P<.01 for examiner 1 and P=.02 for
examiner 2; confirmed using multiple Mann-Whitney
tests) (Fig. 4).

The reliability of digital measurements by examiner 1
and 2 was good, with ICC over 0.5 in all the measure-
ments. Landmarks OCL-CmL and OCL-GN were the
least reliable, with ICC values between 0.5 and 0.6.

DISCUSSION

The null hypotheses that the distances between
different landmarks measured on 3D reconstruction
would not correspond to the values obtained with
the analog clinical measurements and that these
measurements on the 3D reconstructions by different
examiners would not be reliable were rejected. The
digital measurements of the novel 3D facial camera
were reliable when compared with the analog clinical
measurements.
THE JOURNAL OF PROSTHETIC DENTISTRY
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The mean absolute differences of the interlandmark
distances of OCR-GN and OCL-GN were higher than
the other results. This finding can be explained by the
muscular movement at the angles of the mouth (chei-
lions), which may have caused difficulty achieving high
precision for the facial reconstruction or matching the 3D
models from the repeated scanning. For the distance of
OCR-GN (sum of OCR-CmR and CmR-GN) and OCL-
GN (sum of OCL-CmL and CmL-GN), the micro-
muscular movement of bilateral cheilions could double
the effect on the difference between analog clinical and
digital measurements. This finding is consistent with that
of other studies that have reported that 3D facial pho-
tographs were accurately reproducible, except for the
cheek and mouth regions.11-14,19,20

Studies comparing the differences between the mea-
surements on 3D facial constructions and physical
models or clinical participants have found that the mean
difference between the 3D scanning images and clinical
participants ranged from 0.22 ±0.1 mm to 1.20 ±0.46
mm.15 Ma et al16 found the mean difference between the
3D reconstruction and physical model to be 0.93 ±0.36
mm. Weinberg et al21 reported that the mean error of
linear measurement between physical and digital casts
was less than 1 mm, which can be regarded as an
acceptable threshold. The mean absolute difference be-
tween the analog clinical and digital measurements was
1.95 ±0.33 mm, slightly greater than these published
studies, and landmarks OCR-GN and OCL-GN pro-
duced larger error. Without these 2 landmarks, the ab-
solute difference between clinical and digital
measurements in the present study is comparable with
that of these previous studies.15,16

The facial capture system has been used in the motion
picture and game industries.18 A study of this camera
THE JOURNAL OF PROSTHETIC DENTISTRY
system and its capturing method measured the error
between 3D geometry created by the camera system and
the physical mask that was created by fabricating a
gypsum cast of the face. The absolute error between the
physical mask and 3D image was 0.88 ±0.12 mm.

The present pilot study registered several landmarks
on the faces of participants as shown in Figure 2. Studies
on facial scans have questioned whether it was useful to
apply landmarks or anatomic structures for measurement
and comparison.14,16,19,20,22 The main difficulty in using
anatomic structures is the difficulty for several examiners
to locate exactly the same target position.14,16 In the
present study, the diameter of landmarks was quite large,
and the center of each landmark was not easy to
recognize. This could explain why 1 of the examiners was
less reliable in the measurement of 2 landmarks (OCL-
CmL and OCL-GN), although the interexaminer reli-
ability was excellent.

The results of this pilot study are limited to the single
3D image of every participant. Further evaluation of the
present method would involve repeated 3D photographs
of the participants and verification of the differences
between multiple images from the same participant.

CONCLUSIONS

Within the limitations of this clinical pilot study, the
following conclusions were drawn:

1. Three-dimensional facial geometry using the novel
medical facial camera system was found to be reli-
able and clinically acceptable.

2. Inconsistencies in measurements for a few specific
facial landmarks may arise, but these can be avoided
by thorough examiner calibration before undertak-
ing the digital measurements.
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antagonist relative to homogeneous zirconias (polished or g
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Quantitative measurements of wear and roughness were pe
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Results. The polished zirconia presented little to no variation
and glazed zirconia experienced a rapid increase in wear dept
cycles), but showed little variations afterwards - at 450k cycle
glass-ceramic presented the greatest weardepth (463 mm) and
zirconia and glazed zirconia yielded significantly lower volum
graded zirconia and glass-ceramic (w5mm3).

Significance. Polished graded zirconia and polished zirconia
reduced antagonist wear. Glassy materials are bothmore susce
to zirconia.
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