Evaluation of the Accuracy, Reliability, and Reproducibility of
Two Different 3D Face-Scanning Systems
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Purpose: To compare the accuracy, reliability, and reproducibility of a structured light

scanning system and a stereophotogrammetry scanning system on human faces. Materials
and Methods: A total of 10 healthy volunteers were included in this study. After marking of
facial anatomy points, their faces were scanned by a structured light scanning system and a
stereophotogrammetry system, and three-dimensional (3D) images were reconstructed with
corresponding software. For each volunteer, scanning was performed twice after calibration.
Linear measurements were calculated and compared for the two scanning techniques with direct
caliper measurements. Absolute errors (AE), absolute percentage errors (APE), and intraclass
correlation coefficients (ICC) were chosen as indices to determine the accuracy, reliability, and
reproducibility of the two systems. Results: There was no statistically significant difference
among the three measuring techniques (.891 < P < .999). Both scanning systems demonstrated
high accuracy (AE = 0.58 = 0.37 mm and APE = 1.11 £ 0.73% for the structured light system;
AE = 0.62 + 0.39 mm and APE 1.17 £ 0.71% for the stereophotogrammetry system). The two
systems demonstrated extremely high reliability compared to caliper measurement (0.982 <

ICC < 0.998 for the structured light system; 0.984 < ICC < 0.999 for the stereophotogrammetry
system). In addition, high reproducibility was observed with the two systems (0.981 < ICC

< 0.999 for the structured light system; 0.984 < ICC < 1.000 for the stereophotogrammetry
system). Conclusion: When applied in scanning and measuring human faces, the structured
light scanning system and stereophotogrammetry scanning system both demonstrated high
accuracy, reliability, and reproducibility. /nt J Prosthodont 2016,29:213-218. doi: 10.11607/ijp.4397

In the 1990s, computer-aided design/computer-as-
sisted manufacturing (CAD/CAM) techniques were
introduced into the field of facial prostheses, greatly
simplifying their fabrication. Three-dimensional (3D)
scanning and reconstruction of the human facial
soft tissue play a key role in digital restoration of fa-
cial defects. 3D scanning is widely used in oral and
maxillofacial surgery, orthodontics, prosthodontics,
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plastic surgery, forensic medicine, anthropology, and
esthetics. Different 3D scan techniques, including
computed tomography (CT), laser scanning, struc-
tured light technology, stereophotogrammetry, and
moiré topography may all be used to acquire 3D facial
data.! Although the accuracy, reliability, and reproduc-
ibility of these techniques have been determined,?®
none of them completely meet the requirements for
fabrication of optimal facial prostheses. Therefore, the
characteristics of different 3D scanning methods are
of significant interest. Coward et al compared the ac-
curacy of 3D computer-generated ear images from
CT, magnetic resonance imaging, and laser scan-
ning.8 Using fresh cadaver heads as objects, Fourie et
al evaluated the accuracy and reliability of anthropo-
metric linear measurement made from three different
3D scanning systems, namely laser scanning (Minolta
Vivid900, Konica), cone beam computed tomography
(CBCT), and stereophotogrammetry (Di3D, Direct
Dimensions).” Using plastic mannequin heads as re-
search subjects, Weinberg et al compared craniofacial
measurement accuracy obtained by a structured light
system (Genex) and a stereophotogrammetry system
(3dVID).2 However, compared to stationary objects,
cadaver heads, and plastic models, human facial tissue
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Evaluation of Two 3D Face-Scanning Systems

Table 1

Landmark

Facial Landmarks

Abbreviation

Midline landmarks

Nasion N
Pronasale Prn
Subnasale Sn
Pogonion Pg

Bilateral landmarks

Exocanthion Ex (N, Ex(D
Endocanthion En (), En ()
Orbitale Or (0, Or (M
Zygion Zy(,zyM
Alare Al (D, Al ()
Cheilion Ch(,Ch

r =right; | = left.

is distinct in that the soft tissue is hard to maintain in
an immobile state due to activity of the facial muscles.
As of the publication of this article, the accuracy, re-
liability, and reproducibility of face scanning systems
based on structured light technology and stereophoto-
grammetry on the human face has not been reported.
The purpose of this study was to compare the accu-
racy, reliability, and reproducibility of a structured light
scanning system and a stereophotogrammetry system
when scanning human faces.

Materials and Methods

Ten healthy volunteers (5 men and 5 women) rang-
ing in age from 23 to 30 years without maxillofacial
tumor or deformity were included in this study. Ethical
approval was granted by the School of Stomatology,
Peking University, and all volunteers provided in-
formed consent.

Based on the research of Fourie et al’” and de
Menezes et al,® 16 landmarks (&4 midline and 12 bilat-
eral) (Table 1) were used and 21 linear measurements
were calculated (Table 2). All landmarks except exo-
canthion and endocanthion were marked with stickers
depicting black rings and centers on a white back-
ground as the black centers were easily identified in
scanning 3D images. It was difficult to keep the stick-
ers still on exocanthion and endocanthion because
of eyelid twitching. Fortunately, these two landmarks
could be easily identified on scanning images. All the
landmarks were marked by the same person (H.Y).

The volunteers took a seated position with teeth in
the maximum intercuspal position, keeping their eyes
straight ahead and with a relaxed natural expression.
Faces were scanned using the structured light scan-
ning system (3D CaMega, BWHX) and the stereopho-
togrammetry system (3dMD), and 3D images were
reconstructed with corresponding software. For each
volunteer, the scanning procedures were performed
twice after calibration.
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Physical measurements of the 21 linear measure-
ments were performed with a vernier caliper (accu-
racy: 0.01 mm). The measuring tip of the vernier caliper
lightly touched but did not press against the stickers,
so as not to deform the soft tissue. For each linear
measurement, the mean of the three separate mea-
surements was calculated. From 3D images from the
structured light scanning and stereophotogrammetry
systems, the 21 linear measurements were obtained
using the corresponding software according to the
manufacturer’s recommendations. Here, too, the mean
of three independent measurements was used. After
being marked with stickers, each volunteer underwent
scanning with the two systems, and physical measure-
ments were performed sequentially and consecutively.
All measurements were performed by the same per-
son (HY.).

Data were analyzed using SPSS 18.0 (IBM), and
the level of significance was set at a = .05. The mean
and standard deviation (SD) for each of the 21 linear
measurements were calculated for the three mea-
suring techniques (eg, direct caliper, structured light
scanning, and stereophotogrammetry). For each linear
measurement, one-way analysis of variance (ANOVA)
was used to evaluate measurement difference across
techniques. In this process, the linear measurement
values of 3D images for both scanning systems were
calculated as the means of the values from the first
and second scanning images. To evaluate consistency
and reliability, the intraclass correlation coefficient
(ICC) for absolute agreement based on a two-way
random-effects ANOVA was calculated.” Consistency
and reliability were high when the ICC was > 0.80, per
the suggestion of Landis and Koch.® The accuracy
of each scanning system was expressed in terms of
absolute errors (AE) and absolute percentage errors
(APE). Absolute error was defined as the measuring
value in corresponding software minus the reference
value. The reference value was the physical measure-
ment taken with the vernier caliper. The measurement
value in the corresponding software was calculated
as the mean of the first and second scanning images.
APE was calculated using the following equation: APE
= (AE/reference value) x 100%. The mean and SD of
linear measurements for the first and second scanning
images from both scanning systems were calculated.
To compare the reproducibility of the scanning system,
paired t test and ICCs of the repeated measurements
were calculated.

Results
Clear 3D color images were obtained by both scan-

ning systems (Fig 1) in which the center of each stick-
er was easily identifiable.
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Table 2 Values (Mean * SD) of the Linear Measurements for the Three Measuring Techniques and ANOVA

Linear measurement Vernier caliper (mm) Structured light (mm) Stereophotogrammetry (mm) P
Ex (N-Ex () 99.36 * 5.37 99.20 * 5.42 99.33 * 5.67 .998
En (D-En (D 35.94 + 2.62 35.82 + 2.48 35.78 £ 2.13 .987
Zy (N-2Zy () 125.66 + 7.20 125.80 + 7.23 124.96 + 6.87 961
Ch(M-Cch 52.32 + 4.97 52.05 + 5.16 51.43 + 5.17 924
N-Sn 5491 * 4.48 55.16 * 4.58 54.78 * 4.59 .983
Sn-Pg 53.21 = 7.07 5332 +7.17 53.22 +7.26 999
N-Pg 106.85 + 8.90 107.22 + 9.00 106.81 + 8.92 994
N-Zy (0 73.16 £ 5.22 7298 *+ 5.28 72.56 * 5.00 .965
N-Zy ( 71.55 * 4.38 7172 + 4.22 71.15 * 4.03 953
Sn-2y (r) 74.02 + 5.84 74.09 * 5.66 73.71 £ 552 .987
Sn-Zy (1) 71.36 * 4.36 71.37 = 3.89 70.81 * 3.68 .938
Pg-2y (r) 103.10 + 7.28 103.31 + 7.36 102.95 + 7.15 994
Pg-zy (1) 100.71 + 5.99 100.50 *+ 5.60 100.55 + 5.51 .996
Al-Prn () 2511 + 2,53 25.15 + 2.61 2491 + 2.46 975
Al-Prn (1) 25.10 + 2.85 25.41 + 2.96 25.06 *+ 2.82 .956
Sn-Ch () 36.39 + 3.25 36.12 * 3.46 3591 + 337 950
Sn-Ch () 3591 + 323 35.81 * 3.00 35.47 + 3.15 947
Or-Ch (N 56.00 + 5.73 55.83 + 5.85 55.39 * 5.67 970
Or-Ch () 55.85 * 4.84 55.60 * 4.73 55.29 * 4.56 .964
Or-2y (r) 32.78 *+ 4.69 32.60 * 4.99 32.09 + 4.88 946
Or-zy () 31.94 * 4.06 31.49 + 4.24 31.05 * 4.20 .891

See Table 1 for abbreviations.

Fig 1 3D images scanned by structured
light scanning (left) and stereophotogram-
metry (right)

The mean and SD of the 21 of consistency and reliability was observed for both scanning systems
linear measurements for the (0.982 < ICC < 0.998 for structured light; 0.984 < ICC < 0.999 for stereo-
three measuring techniques are photogrammetry) (Table 3).
presented in Table 2. There was The AEs and APEs of the two scanning techniques are presented in
no statistically significant differ- Table 4. The mean AEs of the structured light and stereophotogrammetry
ence among the measurement systems were 0.58 * 0.37 mm and 0.62 * 0.39 mm, respectively, while
values using the three measur- their mean APEs were 1.11 + 0.73% and 1.17 £ 0.71%, respectively, indicat-
ing techniques (.891 < P < .999). ing that the accuracy of both scanning systems is high. All the AEs were
Compared with physical measure- below 1T mm except the value of Ch(r)-Ch(l) for the stereophotogrammetry

ment with calipers, a high degree system (Fig 2).
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Table 3 Evaluation of Consistency and Table 4 Absolute Error (AE) and Absolute Percentage Error (APE)
Reliability of the Two Scanning of the Two Scanning Techniques Compared with Caliper
Techniques Measurements

Structured light Stereophotogrammetry

Linear Structured Stereophoto- Linear (mean + SD, mm) (mean + SD, mm)

measurement light grammetry measurement AE APE AE APE

Ex ()-Ex (1) 0.998 0.998 Ex (N-Ex () 046 + 024  0.46 = 0.23 040 + 031  0.40 % 0.32

En ()-En (1) 0.985 0.984 En ()-En (1) 053+ 033  1.49 % 091 044 +039 121+ 1.03

Zy (0-2Zy () 0.996 0.996 Zy (0-2Zy () 076+ 0.61  0.61 % 0.49 081+ 047 063 %035

Ch (N-Ch (1) 0.990 0.984 Ch(D-Ch()  090%054 167 +093 120 £ 046  2.27 + 0.81

N-Sn 0.998 0.998 N-Sn 033+027 059+ 0.48 032 +026 0.0+ 0.50

Sn-Pg 0.998 0.999 Sn-Pg 053+033  1.02+ 064 0.44 £037  0.80 * 0.67

N-Pg 0.998 0.999 N-Pg 0.63+ 043 061+ 045 0.51 £ 0.41  0.49 * 0.41

N-Zy () 0.997 0.994 N-Zy (1) 051 +025 070 +0.35 070 £ 045  0.95 * 0.60

N-Zy ( 0.997 0.992 N-Zy () 038 £ 024 054 + 0.36 059 £ 053  0.79 £ 0.70

Sn-2y (1) 0.997 0.996 Sn-2y (1) 047 £ 041  0.63 * 0.56 060 £ 045 078 + 0.53

Sn-zy (D 0.984 0.985 Sn-2Zy () 097 £ 044  1.35 + 0.60 082+ 061 1.13 £0.80

Pg-Zy (1) 0.997 0.997 Pg-2y (1) 074 +033 071 %029 069 = 0.41  0.67 = 0.40

Pg-2Zy ( 0.995 0.993 Pg-Zy () 070 + 0.43  0.69 % 0.42 0.80 £ 057 079 + 0.57

Al-Prn (1) 0.992 0.995 Al-Prn (1) 037 £027 152+ 1.09 031+021  1.23+0.82

Al=Prn (1) 0.991 0.998 Al-Prn (1) 049 + 025 193 +093 022+0.10  0.86 * 037

Sn-Ch (1) 0.984 0.986 Sn-Ch (1) 0.61+062 1.68+ 171 072+ 040  1.96 + 1.09

Sn-Ch (0 0.982 0.992 Sn-Ch () 072+ 043 201+ 1.18 057 + 032  1.58 + 0.93

Or-Ch (1 0.995 0.996 Or-Ch (1 0.68 + 051  1.25 + 0.99 0.67 £ 035  1.20 + 0.63

Or-Ch (0 0.997 0.994 Or-Ch (1) 040 £ 031 071 +0.56 0.64 +027 1.4 + 043

Or-Zy (1) 0.997 0.993 or-Zy (0 048 025  1.48 + 0.81 071 £047 224 *1.49

Or-Zy 0.994 0.985 or-Zy () 052+ 038  1.69 + 1.29 091 £046 291 + 154

Intraclass correlation coefficient values. Mean 0.58 + 0.37 1.11 + 0.73 0.62 + 0.39 1.17 £ 0.71

1.40 -
W SLS
1.20 —
SPS
1.00 —
E 0.80 |
w
< 0.60
0.40 |
0.20
AR ERERr RN rLrl
s ' ' ' 8'§ & & & = & s ' ' =z = = s = =
i 5 & & T
Linear measurement

Fig2 The absolute errors of the two scanning techniques compared with caliper measurement. SLS = structured light system; SPS: stereo-
photogrammetry system.

The means and SDs of linear measurements for 5. There were no statistically significant differences
the first and second scanning images, the P val- between the two scans for either scanning systems
ues of paired t test, and ICCs are presented in Table (P > .05). Furthermore, the ICCs (0.981 < ICC < 0.999
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Table 5 Linear Measurements for the First and Second Scanning Images and Their Comparison

Structured light Stereophotogrammetry

Linear Test 1 Test 2 Test 1 Test 2

measurement (mean £ SD, mm)  (mean * SD, mm) P ICC (mean £ SD, mm)  (mean * SD, mm) P ICC
Ex (N-Ex () 99.32 + 5.38 99.08 + 5.48 324 0.996 99.28 £ 5.72 99.37 £ 5.64 .709 0.996
En (D-En () 35.66 £ 2.44 35.97 + 254 .087 0.986 35.88 £ 2.15 35.67 £ 2.14 143 0.989
Zy (N-2Zy () 125.87 £ 7.23 125.73 £ 7.24 479 0.998 125.07 + 6.92 124.84 + 6.83 154 0.999
Ch (N-Ch () 51.99 + 5.10 52.11 £ 5.24 .605 0.995 51.51 £ 5.15 51.35 £ 5.20 312 0.998
N-Sn 55.23 + 4.44 55.08 + 4.74 470 0.996 54.62 + 4.61 5493 + 457 .066 0.996
Sn-Pg 53.07 £ 7.06 53.56 + 7.29 .067 0.997 53.39 + 7.06 53.04 + 7.48 291 0.995
N-Pg 107.10 + 8.82 107.33 £ 9.20 417 0.998 106.89 + 8.78 106.74 £ 9.09 .676 0.997
N-Z y(r) 73.03 £ 5.20 7292 + 5.37 551 0.997 72.62 £ 5.05 72.50 + 4.96 .296 0.999
N-Zy () 71.69 £ 4.21 7174 £ 424 .796 0.996 7121 £ 414 71.08 £ 3.92 .264 0.998
Sn-Zy (r) 74.04 £ 5.67 7413 £ 5.66 448 0.999 73.72 £ 5.62 73.69 £ 5.43 .842 0.999
Sn-Zy (1) 71.44 £ 397 71.29 + 3.82 404 0.995 70.82 + 3.66 70.80 £ 3.71 .845 0.999
Pg-2zy (r) 103.23 + 7.37 103.38 + 7.36 515 0.998 103.03 £ 7.12 102.86 = 7.20 524 0.997
Pg-zy (1) 100.42 = 5.55 100.57 + 5.67 .509 0.997 100.35 + 5.53 100.75 = 5.57 .390 0.984
Al-Prn (r) 25.18 £ 2.75 2511 £ 2.47 517 0.995 2490 + 2.49 2492 + 2.43 390 1.000
Al-Prn (1) 25.33 £ 3.00 25.49 + 295 455 0.988 25.09 £ 2.82 25.02 + 2.82 .077 0.998
Sn-Ch () 36.11 £ 3.38 36.13 £ 3.56 930 0.995 3595 + 3.34 35.87 £ 3.41 510 0.998
Sn-Ch (I) 35.67 £ 3.12 35.94 + 293 .326 0.981 35.61 £ 3.09 35.33 £ 3.23 .052 0.994
Or-Ch () 56.00 = 6.00 55.66 + 5.73 181 0.996 55.39 = 5.70 55.39 + 5.65 975 0.999
Or-Ch () 55.58 + 4.82 55.62 + 4.66 .841 0.996 55.23 + 4.55 55.33 + 4.59 511 0.998
Or-2y (r) 32.70 £ 4.81 32.49 £ 5.19 452 0.993 32.13 £ 4.88 32.03 + 4.89 154 0.999
Or-Zy () 31.51 £ 4.18 31.45 £ 431 .693 0.997 31.11 £ 418 30.98 + 4.23 115 0.999

for structured light; 0.984 < ICC < 1.000 for stereo-
photogrammetry) indicate high reproducibility for both
scanning systems for repeated measuring.

Discussion

No matter the measurement or scanning technique
used, selection and correct identification of landmarks
is necessary for indirect measurements on facial imag-
es. Bianchi et al'' believed the main reason for errors
between indirect measurement on images and direct
physical measurements is the difficulty in marking and
identifying anatomical points on images. Furthermore,
some anatomical points, such as the zygion (defined
as the outermost point of the zygomatic arch), are not
objective. Although the zygion can be clearly identi-
fied with touch during direct physical measurement,
this is not feasible with scanned images. Therefore, it is
crucial to mark landmarks exactly so they can be easily
and accurately identified in scanned images.

In some previous studies, researchers who selected
facial landmarks directly on images attempted to re-
duce errors via repeated measurements and multiple
measurers.*'? For stereophotogrammetric images, the
landmarks could be clearly identified as long as their
color was different from the color of the skin, since
high-resolution color information can be obtained with
this technique.'® With the structured light system used

in this study, the high-resolution color information
could not be captured. The white object was clearly
recognizable, but the black object could not be identi-
fied. Therefore, stickers with black rings and centers
on a white background were used to mark landmarks,
resulting in good recognition of the center point of the
stickers on images scanned using the structured light
system (Fig 1). As in the study done by Fourie et al,
exocanthion and endocanthion were not marked with
stickers because these points were difficult to mark on
physical faces while relatively simple to identify on the
scanned images.”

Since 3D face scanning is an important tool and
widely used in prosthodontics, orthodontics, maxil-
lofacial surgery, and so on, determining the accuracy,
reliability, and reproducibility of scanning systems in
real situations is a prerequisite for clinical applica-
tion. Although black stickers were used in this study to
promote the recognition of selected anatomical points
during the evaluation of the accuracy, reliability, and
reproducibility of 3D face scanning systems, they are
not necessary for routine clinical applications, ensuring
minimal complexity and inconvenience in the clinical
setting.

In this study, the mean AEs of the structured light
scanning system and stereophotogrammetry system
were 0.58 + 0.37 mm and 0.62 + 0.39 mm, respective-
ly, while the mean APEs were 1.11 + 0.73% and 1.17 £
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0.71%, respectively. All the AEs of linear measurement
were below 1 mm except the one value of Ch()-Ch(l)
for the stereophotogrammetry system. By scanning
and measuring a facial plaster model, Ma et al showed
that the accuracy of the structured light scanning sys-
tem (BWHX) was high, with a mean AE of 0.93 mm.*
Khambay et al measured the linear measurement of 12
plaster facial models using a stereophotogrammetry
system (Di3D) and compared the results to those of
the 3D coordinate measuring instrument, the results
of which indicated that the system error of this device
was less than 0.2 mm.3 Paul et al found the measur-
ing accuracy of the stereophotogrammetry system
(3dMD) was high, with errors < 1 mm through mea-
suring the scanned images of geometric solids and a
human-form mannequin.'® Therefore, the results of this
study are consistent with previously published studies
in which mean AEs were far less than 1 mm. Farkas et
al thought errors between indirect and direct measur-
ing of < 1 mm were clinically acceptable.™ The present
results demonstrate that the accuracy of both systems
was high enough, even for human faces.

In this study, no statistically significant difference
was found among the three measuring techniques
(:891 < P < .9991). Weinberg's research, using a plastic
mannequin as object, found a statistically significant
difference between the three measuring techniques
but noted that the clinical relevance of the difference
was negligible because errors were < 1 mm (within
the acceptable range of error for clinical physical facial
measurement systems).?

When compared with direct caliper measuring, the
stereophotogrammetry system was highly consistent
and reliable (0.984 < ICC < 0.999), and similar to
Fourie’s research using fresh cadaver heads as ob-
jects (0.928 < ICC < 0.999).” The structured light sys-
tem also showed high consistency and reliability, but
direct comparison to previous studies was not feasible
due to the use of different statistical methods.*8

High reproducibility for both systems was observed
in this study (0.981 < ICC < 0.999). Maal’s research
to evaluate variations in the face using the stereopho-
togrammetry system (3dMD) found the mean varia-
tion was 0.25 mm when measuring the face at rest.%
Though the research designs and statistical methods
were different, the results of our study were similar to
the studies of Maal and other researchers.351215

Conclusions

There were no statistically significant differences
among the three measuring techniques (direct cali-
per, structured light scanning, and stereophotogram-
metry) when applied to human faces. The structured
light scanning and stereophotogrammetry systems

218 The International Journal of Prosthodontics

both demonstrated high accuracy, reliability, and
reproducibility.

Acknowledgments

This study was supported by the Program for New Century
Excellent Talents in University from Ministry of Education (NCET-
11-0026), the Construction Program for National Key Clinical
Specialty from National Health and Family Planning Commission
of China (2011), and the Clinical Program from Beijing Municipal
Science and Technology Commission (Z141107002514158). The au-
thors appreciate the contribution of the volunteers included in this
study. The authors are grateful to Prof Yi Zhang and Dr Xiaojing
Liu for their support of the stereophotogrammetry system (3dMD).
The authors reported no conflicts of interest related to this study.

References

1. Runte C, Dirksen D, Deleré H, et al. Optical data acquisition for
computer-assisted design of facial prostheses. Int J Prosthodont
2002;15:129-132.

2. Kau CH, Richmond S, Zhurov Al, et al. Reliability of measuring
facial morphology with a 3-dimensional laser scanning system.
Am J Orthod Dentofacial Orthop 2005;128:424-430.

3. Khambay B, Nairn N, Bell A, Miller J, Bowman A, Ayoub AF.
Validation and reproducibility of a high-resolution three-dimen-
sional facial imaging system. Brit J Oral Maxillofac Surg 2008;
46:27-32.

4. Ma L, XuT, Lin J. Validation of a three-dimensional facial scan-
ning system based on structured light techniques. Comput
Methods Programs Biomed 2009;94:290-298.

5. Maal TJ, Verhamme LM, van Loon B, et al. Variation of the face in
rest using 3D stereophotogrammetry. Int J Oral Maxillofac Surg
2011;40:1252-1257.

6. Coward TJ, Scott BJ, Watson RM, Richards R. A comparison be-
tween computerized tomography, magnetic resonance imaging,
and laser scanning for capturing 3-dimensional data from a nat-
ural ear to aid rehabilitation. Int J Prosthodont 2006;19:92-100.

7. Fourie Z, Damstra J, Gerrits PO, Ren Y. Evaluation of anthropo-
metric accuracy and reliability using different three-dimensional
scanning systems. Forensic Sci Int 2011;207:127-134.

8. Weinberg SM, Naidoo S, Govier DP, Martin RA, Kane AA,
Marazita ML. Anthropometric precision and accuracy of digital
three-dimensional photogrammetry: Comparing the Genex and
3dMD imaging systems with one another and with direct an-
thropometry. J Craniofac Surg 2006;17:477-483.

9. de Menezes M, Rosati R, Ferrario VF, Sforza C. Accuracy and
reproducibility of a 3-dimensional stereophotogrammetric im-
aging system. J Oral Maxillofac Surg 2010;68:2129-2135.

10. Landis JR, Koch GG. The measurement of observer agreement
for categorical data. Biometrics 1977;33:159-174.

11. Bianchi SD, Spada MC, Bianchi L, Ramieri G. Evaluation of scan-
ning parameters for a surface colour laser scanner. International
Congress Series 2004;1268:1162-1167.

12. Plooij JM, Swennen GR, Rangel FA, et al. Evaluation of reproduc-
ibility and reliability of 3D soft tissue analysis using 3D stereo-
photogrammetry. Int J Oral Maxillofac Surg 2009;38:267-273.

13. Paul SM, Chamberlin AP, Hatt C, Nayak AV, Danoff JV. Reliability,
validity, and precision of an active stereophotogrammetry sys-
tem for three-dimensional evaluation of the human torso. Med
Eng Phys 2009;31:1337-1342.

14. Farkas LG, Bryson W, Klotz J. Is photogrammetry of the face reli-
able? Plast Reconstr Surg 1980;60:346-355.

15. Catherwood T, McCaughan E, Greer E, Spence RA, MclIntosh
SA, Winder RJ. Validation of a passive stereophotogrammetry
system for imaging of the breast: A geometric analysis. Med Eng
Phys 2011;33:900-905.

© 2016 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.

NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.





