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KEYWORDS Summary Multiple handheld three-dimensional (3D) systems are available on the market, but
Volumetric outcome; data regarding their use in detecting small volumes are limited. The aim of this study was to
Outcome measure; compare different portable 3D technologies in detecting small volumetric enhancement on a
Fat graft; mannequin model and a series of patients.

Dermal filler; Five portable 3D systems (Artec Eva, Crisalix, Go!Scan, LifeViz Mini, and Vectra H1) were tested
Injectable; in a controlled environment with standardised volumes and in a clinical setting with patients
Survival; undergoing small volume fat grafting to face, vulva, and hand. Accuracy was assessed with
3D imaging; absolute and relative technical error measurement (TEM and rTEM); precision with intra- and
3D technology; inter-observer reliability (r, and ICC); and usability in clinical practice with the following pa-
3D laser scan; rameters: portability, suitability of use in operating theatre/clinic, ease of use of hardware and
Structured light; software, speed of capture, image quality, patient comfort, and cost. All tested devices pre-
Stereophotogrammetry sented overall good accuracy in detecting small volumetric changes ranging from 0.5 to 4 cc.

Abbreviations: CT, computed tomography; FG, fat grafting; MRI, magnetic resonance imaging; 3D, three-dimensional; TEM, absolute
technical error of measurement; rTEM, relative technical error of measurement; rp, Pearson’s correlation coefficient; ICC, intraclass corre-
lation coefficient; SPSS, Statistical Package for the Social Sciences.
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Structured-light laser scanners (Artec Eva and Go!Scan) showed high accuracy, but their use in
clinical practice was limited by longer capture time, multiple wiring, and complex software for
analysis. Crisalix was considered the most user-friendly, less bothering for patients, and truly
portable, but its use was limited to the face because the software does not include vulva and
hand. Three-dimensional technologies exploiting the principle of passive stereophotogramme-
try such as LifeViz Mini and Vectra H1 were the most versatile for assessing accurately multiple
body areas, representing overall the best long-term value for money.

Therefore, 3D portable technology is a non-invasive, accurate, and reproducible method to
assess the volumetric outcome after facial, vulval, and hand injectables. The choice of the 3D

system should be based on the clinical need and resources available.

© 2022 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Pub-
lished by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Introduction

Three-dimensional (3D) imaging is being used progressively
in plastic surgery for surgical planning, outcome assess-
ment, and research.’ Advantages of 3D imaging include high
accuracy, quick acquisition, non-invasiveness, and more
contained costs compared to other methods such as MRI,
CT scan, or anthropometric estimation.?

Three-dimensional imaging technologies include struc-
tured light and stereophotogrammetry. Structured-light
technology estimates the 3D surface of an object by the
deformation of a projected full structured-light pattern
(stripes, grid, dots, etc.) onto a subject.®* With the knowl-
edge of the geometry of a projected pattern and perception
of the deformation by the 3D surface of the object, it is pos-
sible to estimate the 3D surface of the object and generate
a 3D surface image.” Stereophotogrammetry is a technique
used to reconstruct a digital model of the subject’s surface
from multiple 2D images taken from different angles.® This
procedure may be passive, where the images taken by two
or more cameras determine 3D surfaces via triangulation®-®;
active, where incorporated structured-light projects a pat-
tern onto the surface and two or more cameras capture the
deformation of the pattern by the objects’ surface®; or hy-
brid, where both active and passive are combined to achieve
higher accuracy and quality in 3D surface imaging.’

Most 3D technologies currently available on the market
are static devices involving large stationary rigs with cam-
eras at multiple angles, with the disadvantage of requiring
a designated room, being expensive, bulky set-ups that re-
quire frequent calibration, and limited mobility without ef-
fort.>>” In addition to that, these static systems are unsuit-
able to monitor body areas such as genitalia or hand because
they require a specific positioning of the patient.?

In recent years, new handheld technologies have en-
tered the market, providing surgeons with valuable tools
for outcome evaluation as valid alternative to the static sys-
tems.? Amongst the advantages of using handheld devices,
the scanning process can be performed without any specific
positioning of the patient and are easily transportable in
different consultation rooms, without the need of a desig-
nated room. The ideal porD imaging device should be ac-
curate to detect small volumetric variations; able to ac-
quire good quality images in a short time frame; easy to
handle and safe in a medical environment; include an easy-

to-use and not-time-consuming software for the measure-
ments; the overall cost should be contained.

Volume enhancement is one of the procedures most fre-
quently performed either with fat grafting (FG) or injecta-
bles. Multiple studies are available on the use of 3D portable
technologies to monitor volume change, focussing mainly on
the facial region.”2:8'% No data are available on small vol-
ume change in vulva or hand, although volumetric enhance-
ment in these areas is becoming increasingly popular.'''3

In this study, we investigated accuracy, reproducibil-
ity, and usability of different handheld 3D imaging systems
currently available on the market to assess small volume
changes after FG in face, vulva, and hand. For this purpose,
we compared five 3D systems in a sample of adult partici-
pants and mannequins.

Materials and methods

The study obtained favourable ethical opinion (16/SC/0669
and 16/L0/1980). Written informed consent was obtained
from all study subjects prior to data acquisition.

The following previously validated handheld devices
were included: Artec Eva (Artec 3D, Luxembourg),’ '
Clisalix 3D Sensor (Virtual Aesthetic, Crisalix, Switzer-
land),>" Go!Scan (Creaform, Germany),'® LifeViz Mini
(QuantifiCare, France),"” and Vectra H1 (Canfield Scientific,
NJ USA),”>"® in alphabetical order. The static 3dMD Torso
System (3dMD LLC, GA USA) was also included as reference
against which the other methods were compared because
its reliability and accuracy have been extensively tested in
previous validation studies, which have shown an accuracy
of within 1 mm.?"%22 Characteristics of each technology are
summarised in Table 1.

Artec Eva (Artec 3D, Luxembourg) and Go!Scan
(Creaform, Germany) are structured-light laser scanners.
The scanning process takes place by moving the scanner
manually around the patient and projecting a white light
to recognise an object’s shape. This projection changes the
image of the laser stripe according to its surface. The 3D
data are then retrieved by triangulation of those correspon-
dences.” Clisalix 3D Sensor (Virtual Aesthetic, Crisalix,
Switzerland) is a portable device to be plugged into a tablet.
It produces 3D images by moving the sensor around the pa-
tient. The 3D reconstruction is automatically created on a
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Table 1 Technical specifications of the included porD surface imaging systems.
Name Artec Eva Crisalix GO! Scan 20 LifeViz Mini Vectra H1 3dMD
[~
. LifeVg, '
. [j & I
A (3 /
— \
Company Artec 3D Crisalix SA Creaform Inc. Quantificare SA Canfield scientific Inc. 3dMDvultus Inc.
Country Luxembourg Switzerland Canada France USA USA
Realisation Structured-light 3D reconstruction from | Structured-light laser | Passive Passive Hybrid (active and
of 3D image | laser scan 2D image analysis scan stereophotogrammetry | stereophotogrammetry passive)
stereophotogrammetry
Price ~ 19k€ Membership-based: ~ £ 34,500 (incl.VAT) ~ 10-20k€ ~ 13k€ ~20k€
€300-400 / month
Size (cm) 26x16x6 Sensor (ST01): 15x 17x25 15x 15x 11 28.29x 14.34x13.26 -
11.92x2.8x2.9
iPad mini:
19.54 x 13.48 x 0.63
Weight (kg) | 0.9 0.095 1.25 0.800 1 -
View Field 30x21cm - 38 x 38 cm 25cm(H) x 19cm(W) | 270mm (H) x 165mm -
x 20cm(D) (W) x 100mm (D)
capture volume
3D point 0.1 mm 0.5 mm 0.1 mm - they do not have a -
accuracy specification for this
3D 0.2 mm VGA 640 x 480 0.5 mm 0.5-2 mm 0.95 mm =
resolution QVGA 320 x 240 geometry resolution
(triangle edge length)
Working 0.4-1 Face 0.5 0.3-3.0 0.75 Face 0.475 -
Distance (m) Body 1.055
Texture 1.3 mp 1024x1024 pixels 50 to 150 DP Image resolution: 24.2MP sensor -
resolution 13.5-24 Million pixels
x3
Colours 24 bpp - 24 bits - they do not have a -
specification for this
Capture time | - + 20 seconds - 5ms 2ms -
Data 18 min points/s 30-45 seconds on a 1.5 mln points/s <1min they do not have a =
acquisition good internet specification for this
speed (up to) connection
Software Artec Studio Crisalix VXelements DermaPix (for body) Sculptor Vultus
Name Lifeviz App (for face)
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Table 2 Accuracy - experimental section with standardised known volumes.

Volume (cc) Artec Eva Crisalix GO!Scan LifeViz Mini Vectra H1 3dMD
Standardised volume - flat surface
0.5 0.18 & 0.02 - 0.17 & 0.04 1.22 £ 0.04 0.25 4+ 0.06 -
0.35% - 0.32% 2.43% 0.5% -
1 0.05 + 0.04 - 0.03 +0.04 6.85 + 0.08 0.09 + 0.08 -
0.05% - 0.03% 6.85% 0.09% -
2 0.354+0.11 - 0.27 + 0.09 0.68+ 0.01 0.53 +0.10 -
0.17% - 0.13% 0.34% 0.26% -
4 0.34+0.15 - 0.02 4+ 0.36 0.13 4+ 0.01 0.09 & 0.29 -
0.08% - 0.005% 0.03% 0.02% -
Mean 0.20 £ 0.18 - 0.12 1.81 + 3.05 0.19 + 0.27 -
0.14% - 0.10% 2.22% 0.21% -
Ranking 2nd - 1st 4th 3rd -
Standardised volume - breast
0.5 0.25+0.16 - 0.17 & 0.04 1.22 £ 0.37 0.91 & 0.01 -
0.49% - 0.35% 2.43% 0.18% -
1 0.07 £ 0.04 - 0.07 £ 0.06 0.21 £+ 0.01 0.04 + 0.01 -
0.07% - 0.07% 0.21% 0.04% -
2 0.54 4+ 0.09 - 0.26 + 0.07 0.68 4+ 0.01 0.39 4+ 0.01 -
0.27% - 0.13% 0.34% 0.19% -
4 0.32 +0.03 - 0.25 4+ 0.33 0.13 4+ 0.01 0.41 4 0.02 -
0.08% - 0.06% 0.03% 0.10% -
Mean 0.29 +0.18 - 0.20 £ 0.17 0.56 = 0.44 0.23 £ 0.17 -
0.23% - 0.16% 0.75% 0.13% -
Ranking 3rd = 1st 4th 2nd =
Standardised volume - face
0.5 0.23 +0.03 - 0.17 4+ 0.05 0.16 &= 0.04 0.14 4+ 0.07 0.02 4 0.06
0.45% - 0.34% 32% 0.27% 0.03%
1 0.13 +£0.12 - 0.15 4+ 0.10 0.18 & 0.02 0.02 & 0.01 0.02 +0.13
0.13% - 0.15% 0.18% 0.02% 0.02%
2 0.30 +0.16 - 0.35 4+ 0.03 0.35 4 0.01 0.35+0.12 0.00 4+ 0.09
0.15% - 0.17% 0.18% 0.17% 0%
4 0.23 +0.23 - 0.23 +0.03 0.94 4 0.01 0.30 & 0.07 0.11 +0.29
0.06% - 0.06% 0.23% 0.07% 0.03%
Mean 0.22 +0.15 - 0.22 +0.10 0.15 4+ 0.50 0.05 +0.24 0.05 + 0.17
0.20% - 0.18% 0.02% 0.10% 0%
Ranking 4th - 3rd 1st 2nd Control

The table illustrates the difference between the absolute volume of the standardised volumes (deconstructed cubes) and the value
detected by each device in the three different settings (flat surface, breast mannequin, and human face). Data are reported as absolute
technical error measurement TEM (cc mean =+ SD) and relative technical error measurement rTEM (%). Based on TEM and rTEM values,
the devices are ranked from the most accurate (1st) to the least (4th).

cloud-based 3D imaging software (Crisalix, Switzerland).?*
LifeViz Mini (QuantifiCare, France) and Vectra H1 (Can-
field Scientific, NJ USA) are compact 3D cameras based on
the principle of passive stereophotogrammetry. Three im-
ages are acquired from different perspectives and are then
stitched into a single 3D image. Both cameras include a flash
system and a dual-beam pointer to standardise photograph-
ing distance. The use of LifeViz Mini and Vectra H1 has been
validated in multiple studies involving facial assessment.”-®

The static system 3dMD is a hybrid stereophotogramme-
try system composed of four fixed modular units for a total
of twelve cameras?® with the software algorithms using both
projected random patterns and texture of the skin (pores,
freckles, etc.) to stereo-triangulate and generate a 3D sur-
face image.”> The 3dMD is a fixed device widely used and
validated for volume assessment; therefore, it was included

as reference to compare the performance of portable tech-
nologies with the more established static one.

Study design

Experimental section with standardised small volumes: A
set of plasticine cubes of known volume (CassArts, UK) was
used. The cube volumes were 0.5 cc, 1 cc, 2 cc, and 4 cc.
They have been deconstructed to mimic volumetric changes
more accurately (Supplementary Figure 1). The same oper-
ator captured the objects with each device on a flat smooth
black surface; on a mannequin representing the breast (Sup-
plementary Figure 2); and glued on a human face (Supple-
mentary Figure 3) to test accuracy and precision of each de-



JID: PRAS

[m6+;May 31, 2022;13:44]

Journal of Plastic, Reconstructive & Aesthetic Surgery xxx (Xxxx) xxx

Table 3  Accuracy - clinical section in patients undergoing fat grafting.

Aesthetic unit Volume (ml) Artec Eva Crisalix GO! Scan LifeViz Mini Vectra H1 3dMD
Fat grafting - face
Upper 2.5 0.90 £+ 0.25 0.5 0.36 + 0.68 1.41 + 0.06 0.32 £ 0.05 0.23 +£0.93
lip 0.36% 0.20% 0.14% 0.56% 0.13% 0.09%
Lower 3 1.37 £ 0.59 0.5 0.32 £0.14 0.70 £ 0.12 0.03 + 0.47 0.27 £ 0.48
lip 1.37% 0.20% 0.11% 0.23% 0.01% 0.09%
Chin 1 0.44 £ 0.18 1 0.18 +£0.28 0.01 £+ 0.11 0.65 + 0.10 0.33 +£0.17
0.44% 1% 0.18% 0.01% 0.65% 0.33%
Right 2 1.62 +0.32 0.5 0.35 + 0.21 0.60 +0.19 0.55 £+ 0.06 0.16 &+ 0.65
cheek 0.81% 0.25% 0.18% 0.30% 0.27% 0.08%
Left 2 0.59 + 0.29 0.5 0.14 £+ 0.60 0.53 £0.14 0.69 + 0.09 0.40 + 0.34
cheek 0.30% 0.25% 0.07% 0.27% 0.35% 0,20%
Nose 2 0.70 £ 0.18 1 0.66 + 0.22 0.11 £ 0.24 0.07 + 0.09 0.10 £ 0.20
0.21% 0.5% 0.33% 0.05% 0.04% 0.05%
Right 1 0.66 + 0.09 0.5 0.68 +0.33 0.92 + 0.04 0.36 £ 0.25 0.13 +£ 0.30
NLF 0.40% 0.5% 0.68% 0.92% 0.36% 0.13%
Left 1 0.62 + 0.27 0.5 0.33 +0.48 0.70 + 0.05 0.43 +£0.22 0.03 + 0.54
NLF 0.37% 0.5% 0.33 0.70% 0.43% 0.03%
Total 14.5 4.78 +0.53 3 0.49 + 1.02 4.25 +0.33 0.95 + 0.58 1.43 +£1.23
0.20% 0.21% 0.03% 0.33% 0.07% 0.10%
Mean 1.06 + 1.52 0.67 +1.03 0.11 £ 0.63 1.06 + 1.4 0.20 + 0.51 0.30 £ 0.72
0.30% 0.29% 0.05% 0.36% 0.08% 0.10%
Ranking 4th 3rd 1st 5th 2nd Control
Fat grafting - vulva
Right 3 - - 0.65 +£0.13 1.17 £ 0.52 0.46 + 0.21 -
labia - - 0.22% 0.39% 0.15% -
Left 2.5 - - 1.18 £ 0.43 0.59 +1.73 1.33 +0.49 -
labia - - 0.47% 0.24% 0.53% -
Posterior 1.5 = = 0.91 £0.23 5.19 + 0.11 1.32 £ 0.11 =
fourchette = = 0.61% 3.46% 0.88% =
Clitoral 1.5 - - 0.22 + 0.49 3.51 +1.71 0.68 + 0.26 -
area = = 0.15% 2.34% 0.45% =
Total 8.5 - - 0.85 +0.79 7.28 +4.30 0.85 + 0.54 -
= = 0.08% 0.68% 0.08% =
Mean - - 0.06 &+ 0.95 3.31 £3.70 0.06 + 1.06 -
- - 0.04% 1.33% 0.04% -
Ranking = = 1st 3rd 1st =
Fat grafting - hands
Right 2 - - 0.76 + 0.50 - 1.48 +0.30 -
dorsum = = 0.38% = 0.74% =
Left 3 - - 0.51 +0.24 - 0.41 +£0.14 -
dorsum = = 0.17% = 0.14 =
Mean - - 0.15 £ 0.72 - 0.94 + 0.60 -
- - 0.11% - 0.44% -
Ranking - - 1st - 2nd -

The table illustrates the difference between the absolute volume of lipoaspirate injected and the volumetric change detected in multiple
aesthetic units of three body areas (face, vulva, and hand). Data are reported as absolute technical error measurement TEM (cc mean +
SD) and relative technical error measurement rTEM (%). Based on TEM and rTEM values, the devices are ranked from the most accurate

(1st) to the least (5th).
Abbreviation: NLF, nasolabial fold.

vice in detecting the standardised small volumes in a clinical
model simulation.

Clinical section with fat grafting in real patients: Each
device was used to capture 3D images of the face, vulva,
and hand from 2 patients undergoing fat transfer. Sub-
jects’ incapable of giving written informed consent in En-

glish was considered not eligible. All the patients included
were women, with average age 47 years (+ 0.3) and BMI
24. The facial images were captured before and 6-8 h after
the procedure. The vulval and hand images were captured
before and after FG in the operating table.
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Outcome assessment

The present study aimed to evaluate the accuracy, preci-
sion, and usability of the tested 3D systems in detecting the
known small volume changes. Accuracy was defined as the
ability of each device to capture the volume difference in
comparison with the reference volume. In the experimen-
tal section, the reference values were known as provided
by the manufacturer. In the clinical section, the reference
values were the amount of fat injected during the operation
as reported in the surgical notes. Precision was defined as
follows: (a) repeatability, which is the degree of similarity
of multiple measurements performed by the same operator
using the same method and (b) reproducibility, which is the
magnitude of the differences between repeated measure-
ments by different operators who are using the same tech-
nique.? 22> Usability was assessed by evaluating the follow-
ing parameters (Table 5): image quality (illumination and
sharpness), ease of use & manoeuvrability of the device,
ease of use software, speed of image acquisition, time and
effort for analysis, patient comfort during acquisition, and
cost. For each parameter, a ranking was assigned to each
device from the highest (5 stars) to the lowest (1 star). The
first two parameters were graded by two professional med-
ical photographers who scanned the objects and subjects;
ease of use of the software was graded by the operators
performing the volumetric analysis; the speed of acquisi-
tion and time for analysis were ranked based on the average
time recorded for each device; patient comfort was ranked
by the scanned patients. The cost was graded considering
the purchase price of each device and the overall cost over
a period of 5 years, which has been considered a reasonable
amount of time to complete a follow-up assessment in a
clinical trial. The final score was based on the average over-
all scores obtained for each device, ranking them from the
one with the highest score (5 stars) to the lowest (1 star).

Volumetric analysis

Three-dimensional images were acquired with all devices
in the same setting and standard lighting by a professional
medical photographer trained on the use of each tech-
nology. Data processing and analysis were performed on a
desktop or laptop provided with the capture device using
the following software: Artec Studio (Artec Eva), Crisalix
(Crisalix), VXelements (GO! Scan 20), Lifeviz App for face
and DermaPix for body (LifeViz Mini), Sculptor (Vectra H1),
and Vultus (3dMD).

Two images were selected and designated as a pre-
(before adding the known volume) and post-surface. The
superimposition of the two surfaces was performed with
a landmark-based registration.?® Superimposed images re-
quire precise 3D alignment to be free from registration
artefacts; therefore, when superimposing two surfaces, the
software performing volumetric analysis generates a quanti-
tative measure of variation or error called root mean square
(RMS) error value,?”” which is calculated as the square root
of the sum of squared deviation in all 3 spatial directions
and is an analogue to the target registration error as de-
scribed in different articles.?’>?® In previous studies, RMS
cut-off values equal or less than 0.5 mm have been de-

scribed as clinically acceptable to indicate the minimal
level of variation.'® Therefore, in this study, alignment was
repeated until reaching such value of RMS.?°3° Once the
images were correctly superimposed, volumetric analyses
were performed via subtraction analysis by two operators
who received training from the software providers or man-
ufacturers.

Statistical analysis

Accuracy was determined by calculating the absolute and
relative technical error of measurement (TEM and rTEM).
TEM is the absolute value of the difference between the
actual value and the measured value, showing how far or
close a measurement is from the value it should have; rTEM
is a measure of how close a measured value is to the true
value expressed in percentage of deviation.3' Repeatabil-
ity or intra-observer reliability was analysed by comparing
repeated measurements of each operator individually us-
ing the Pearson’s correlation coefficient (r,). Reproducibil-
ity or inter-observer reliability is the magnitude of the dif-
ferences between repeated measurements by different op-
erators who are using the same technique. It was calculated
using the intraclass correlation coefficient (ICC) between
the two operators overall volumes in all subsections.??"32
Statistical analysis was performed with Statistical Package
for the Social Sciences (SPSS, Version 27.0, IBM, New York,
NY).

Results

Overall, all the tested devices presented small variation in
the absolute volumes (Table 2 and Table 3). The error be-
tween known and detected volumes was as follows: 1.06 ml
for Artec Eva, 0.67 for Crisalix, 0.11 for GO! Scan, 1.06 for
LifeViz Mini, 0.20 for Vectra H1, and 0.30 for 3dMD in real
patient after facial FG; 0.06 for GO! Scan, 3.31 for LifeViz
Mini, and 0.06 for Vectra H1 after vulval FG; 0.15 for GO!
Scan, and 0.94 for Vectra H1 after FG to the hand (Table 3).
In both experimental models and clinical cases, average re-
peatability was considered high to very high: r,=0.986 for
Artec Eva, r,=0.770 for GO! Scan, r,=0.719 for LifeViz Mini,
rp=0.982 Vectra H1, and r,=0.995 for 3dMD (Table 4). Re-
producibility was considered high to very high: 1CC=0.995
for Artec Eva, ICC=0.708 for GO! Scan, ICC=0.984 for Life-
Viz Mini, ICC=0.995 Vectra H1, and ICC=0.993 for 3dMD
(Table 4). Both measures of precision demonstrated simi-
larities to the r, and ICC values obtained with the control
(3dMD). Crisalix could not be tested in the experimental
section because the software did not recognise the plas-
ticine volumes (Supplementary Figure 4), and both r, and
ICC values were not quantifiable because the volumetric
analysis is performed automatically by the software and not
by operators.

The overall ranking is illustrated in Table 5. While
Crisalix, LifeViz Mini, and Vectra H1 are truly freestanding,
Artec Eva and Go!Scan required to be connected to a laptop
during the entire scan; therefore, their true portability is
limited. Crisalix was the lightest device (95 gr plus 300 gr
iPad), followed by LifeViz Mini and Vectra H1. Go!Scan was
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Table 4 Precision: intra- and inter-observer reliabilities. The agreement between the repeated measurement performed by each operator individually over all volumes was
tested with Pearson’s correlation coefficient (r,). The agreement between the two operators performing the volumetric analysis was calculated using the intraclass correlation

coefficient (ICC).

Fat grafting - vulva Fat grafting - hands

Fat grafting - face

Standardised volume - breast Standardised volume - face

Standardised volume - flat

surface

p

p-value rp p-value ICC p-value rp p-value ICC p-value rp p-value ICC p-value rp p-value ICC p-value rp p-value ICC p-value

p-value 1CC

<0.001 0.992 <0.001 0.999 <0.001 0.988 <0.001 0.990 < 0.001 0.974 <0.001 0.993 < 0.001 -

<0.001 0.998

0.990

Artec Eva

Crisalix

—0.708 0.752

<0.001 0.986 <0.001 0.990 <0.001 0.999 < 0.001 0.988 <0.001 0.994 < 0.001 0.966 <0.001 0.991
< 0.001 0.983

< 0.001 0.988

<0.001 0.991

—0.060 0.78

0.985

< 0.001 —0.291 0.36

< 0.001 -

0.989

GO!Scan

< 0.001

<0.001 0.922

< 0.001 0.837
< 0.001 0.956
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3dMD

heavier (1.25 kg) and less ergonomic than Artec Eva (850 gr).
The quickest device considering image acquisition and time
to import the images into the software was the LifeViz Mini
with an average time of 30+19.3 s, followed by Vectra H1
(36+24.5 s), Crisalix (62 s), Artec Eva (64.4 £+ 67.3 s), and
Go!Scan (132.2 £+ 107.4 s). LifeViz Mini presented the best
illumination and sharpness features, followed by Vectra H1,
Crisalix, Go!Scan, and Artec Eva (Figures 1-3).

The easiest-to-use software for facial analysis was
Crisalix, with the analysis performed in just few clicks on a
tablet or computer. The second was the Lifeviz Facial App,
followed by Sculptor, both utilising the subtraction analysis
tool. Instead, in the vulval and hand analyses, the easiest-
to-use software was the Sculptor, followed by Dermapix Pro.
With the latter, the analysis has to be done in 2 passages
calculating the discrete volumes of the preoperative and
postoperative images, and then the subtraction has to be
done manually. The software ranked as fourth was the VX-
elements, followed by Artec Studio in fifth.

According to patients, Crisalix was considered the less
bothering, followed by Lifeviz Mini and Vectra H1, which
were both ranked as second. Artec Eva and Go!Scan were
graded as the least comfortable because they strobe and
the scanning process takes a long time.

Discussion

In recent years, new handheld technologies have entered
the market at substantially lower price, providing surgeons
with valuable tools for outcome evaluation as valid alterna-
tive to the static systems.? In this study, the authors inves-
tigated accuracy, reproducibility, and usability of different
handheld 3D imaging systems. To the best of our knowledge,
this is the first comparison of portable 3D technologies to
detect small volumes in different clinical applications, in-
cluding vulval FG.

Accuracy data from our study are in line with the liter-
ature previously published. With Artec Eva, we found that
accuracy in facial assessment was on average 0.47 ml, simi-
larly to other studies that ranged between 0.26' and 0.65.%
In addition to that, the same device presented a mean vari-
ation of 0.21 cc in our experimental section with plasticine
blob attached to a human cheek, similarly to a previous ex-
perimental study involving a Lego brick attached to a pa-
tient’s cheek where the average variation was 0.30.3* With
Crisalix the variation was 0.35 cc, in line with a previous
report showing a variation below 2 cc.® With Vectra H1, we
detected an error of 0.20 ml in facial FG, which was even
higher than the reference technology, the 3dMD, which had
an accuracy error of 0.30 ml. Vectra H1’s accuracy in pre-
vious studies ranged between 0.15" and 0.84.” With Life-
Viz Mini, the variation between detected and absolute vol-
umes was 0.35 in facial FG; therefore, the error value was
lower than previously reported deviations that ranged be-
tween 0.5% and 0.85.3¢ Conversely, with Go!Scan, we de-
tected an average variation of 0.29 ml, while a previous
study reported a variation of 0.085."

This study also investigated the precision of the differ-
ent 3D imaging systems. Artec Eva and Vectra H1 showed
the highest reliabilities (0.990 + 0.007 and 0.988 + 0.011,
respectively). LifeViz Mini showed an average reliability of
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Table 5 Comparative table illustrating the individual ranking for each parameter and the overall score.

PARAMETERS FOR COMPARISON Artec Eva Crisalix Go!Scan LifeViz Mini Vectra H1
Accuracy
(TEM £SD)
(rTEM) 0.44 (£0.41) 0.67 (£NA) 0.14 (£0.06) 1.38 (+1.24) 0.35 (+£0.32)
0.22% 0.29% 0.11% 0.94% 0.17%
Reliability
(average correlation coefficient £SD)
0.990 (+0.007) NA 0.740 (£0.560) | 0.851 (+0.309) | 0.988 (+0.011)
Image quality
Speed of image acquisition, seconds
(average £SD)
64.4 (£67.3) 62 132.2 (+107.4) 30 (+19.3) 36 (+24.5)
Ease of use & Manoeuvrability
Portability
Ease of use software
Time and effort for analysis
Patient comfort
Cost over 5 years-time*
12,000 £ 36,000 £ 14,000 £ 13,000£
15,000-
35,000£
Overall ranking
Mean score rating
1.2 33 2 3.8 3.9

The table summarises the ranking assigned to the multiple technologies for each parameter.
Abbreviations: TEM, absolute technical error of measurement; SD, standard deviation; rTEM, relative technical error of measurement.
*The cost was calculated for a 5-year period, which has been considered a reasonable time required to complete the follow-up evaluation

in a clinical trial.
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Artec Eva Crisalix

LifeViz Mini

Vectra H1

GolScan

Figure 1

The panel shows the facial images produced with each 3D technology.

Artec Eva Gol!Scan

LifeViz Mini Vectra H1

Figure 2 The panel shows the vulval images produced with the three 3D technologies that were able to perform the capture.

Gol!Scan

Vectra H1

Figure 3 The panel shows the hand images produced with the three 3D technologies that were able to perform the capture.

0.851 + 0.309, followed by the Go!Scan with 0.740 + 0.560.
Therefore, our results suggest that the tested 3D technolo-
gies present not only high accuracy but also high to very
high repeatability and reproducibility, particularly for facial
FG application. The clinical implication of this observation
is that the included devices can be implemented simultane-
ously in multi-centre trials as results are similar in the facial
area, and fat survival rate measured with these tools can
be compared in meta-analysis without including substantial
bias.

Overall, we found structured-light laser scanners such as
Artec Eva or Go!Scan were overall accurate, but their use

is not feasible in a dynamic clinical setting. They require
longer acquisition time and therefore are more prone to
movement artefacts (even breathing movements can inval-
idate the scan). They strobe during the capture, therefore,
are uncomfortable for patients and might not be suitable for
facial scanning in case of photosensitive epilepsy, and the
analysis with the software is complex and time-consuming.
Artec’s software calculates the volume on a flat surface but
not on curved surfaces; therefore, sagittal planes need to
be created to allow measurements (Supplementary Figure
5) making the analysis more complex. Finally, they are con-
sidered portable but require wiring to be connected to an
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electric source during the entire process, thus making their
use unpractical and even dangerous in the operating the-
atre.

The iPad device Crisalix showed good accuracy in the fa-
cial area, quick and easy image capture, automatised vol-
umetric analysis, and user-friendly system requiring little
time to complete the measurements. In addition to that,
it is entirely online-based; therefore, no office space is re-
quired, and physicians are not limited to a single location
to acquire or review patient data.’” However, it produces
lesser quality images; it does not include all the body areas;
data are uploaded to the cloud (Crisalix is hosted in the
Amazon Private Cloud?®) and stored in a database located
in Germany, with data accessible to the ‘Crisalix’ Affiliate’
that is located in the Philippines,*° creating potentially data
handling issues with patients from public health systems.

Compact 3D cameras based on the principle of passive
stereophotogrammetry such as LifeViz Mini and Vectra H1
presented high accuracy and precision; true portability (low
weight and acceptable size); short acquisition time and fast
acquisition of images into the software; patients were com-
fortable during the scan. With LifeViz Mini calibration can-
not be self-performed; therefore, if it accidentally drops,
it needs to be sent to the manufacturer (France) for re-
calibration. With Vectra H1, we have been able to produce
a colour map representing clearly the volumetric variation
between the preoperative and postoperative scan (Supple-
mentary Figure 6).

Overall, the Vectra H1 received the highest ranking and
represented the most versatile device to assess multiple
body areas, with the best long-term value for money.

When choosing a 3D handheld system, the advantages
and limitations of each technology should be considered to
select the most appropriate device based on the clinical
need.

Limitations

One of the main limitations of the study is that the accu-
racy of vulval and hand quantitative assessments was cal-
culated considering only their variation with the known vol-
ume changes (amount of fat injected) and not compared
with the reference device (3dMD). This could not be avoided
because static systems, such as 3dMD, are not suitable for
vulval or hand assessment, which is the reason why this
study investigates the usage of handheld technologies in the
first place.

Conclusions

All tested technologies are accurate in detecting small vol-
ume enhancement and therefore can be implemented in
clinical practice to monitor the volumetric outcome after
FG or other injectables.

Overall, we found that compact 3D cameras based on the
principle of passive stereophotogrammetry such as LifeViz
Mini and Vectra H1 are easier to adopt in a clinical environ-
ment. With Vectra H1, we have been able to assess multiple
body areas and produce a colour map. Therefore, based on
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the data obtained, Vectra H1 represented the best value for
money.

The choice of the 3D system should be based on the
clinical need and resources available. Doctors should define
their requirements before making the final decision for pur-
chase.

Funding

No funding was received for this study, and none of the au-
thors has any association with the companies mentioned in
the manuscript.

Declaration of Competing Interest

The authors have no conflict of interest or financial disclo-
sures.

Acknowledgments

The project was part of SS’s dissertation for the MSc in
Burns, Plastic, and Reconstructive Surgery at University Col-
lege of London, supervised by AA and PEB.

The authors would like to thank the biostatistician BD for
his support in statistical test selection and data interpreta-
tion.

Ethics

The study conformed to UK Medicines Research Council
Guidelines for Good Clinical Practice in Clinical Trials and
adhered to the World Medical Association Declaration of
Helsinki. It was conducted after obtaining ethics approval
from both the relevant regional and institutional ethics
committee responsible for human experimentation (refer-
ences 16/SC/0669 and 16/L0/1980).

The patients included gave written informed consent be-
fore participation in the study and provided written consent
for the release of their clinical photographs for publication.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.bjps.2022.04.
042.

References

1. Verhulst A, Hol M, Vreeken R, Becking A, Ulrich D, Maal T.
Three-dimensional imaging of the face: a comparison between
three different imaging modalities. Aesthet Surg J 2018 May
15;38(6):579-85 PMID: 29360971. doi:10.1093/asj/sjx227.

2. Knoops PGM, Beaumont CAA, Borghi A, Rodriguez-Florez N,
Breakey RWF, Rodgers W, Angullia F, Jeelani NUO, Schievano S,
Dunaway DJ. Comparison of 3D scanner systems for craniomax-
illofacial imaging. Br J Plast Surg 2017. doi:10.1016/j.bjps.
2016.12.015.


https://doi.org/10.1016/j.bjps.2022.04.042
https://doi.org/10.1093/asj/sjx227
https://doi.org/10.1016/j.bjps.2016.12.015

JID

: PRAS

[m6+;May 31, 2022;13:44]

Journal of Plastic, Reconstructive & Aesthetic Surgery xxx (Xxxx) xxx

. Petrides G, Clark JR, Low H, Lovell N, Eviston TJ. Three-

dimensional scanners for soft-tissue facial assessment in clin-
ical practice. J Plast Reconstr Aesthet Surg 2021;74(3):605-14.
doi:10.1016/j.bjps.2020.08.050.

. Ma L, Xu T, Lin J. Validation of a three-dimensional facial

scanning system based on structured light techniques. Comput
Methods Progr Biomed 2009;94(3):290-8. Epub 2009 Mar 20.
PMID: 19303659. doi:10.1016/j.cmpb.2009.01.010.

. Tzou CH, Artner NM, Pona |, Hold A, Placheta E, Kropatsch WG,

Frey M. Comparison of three-dimensional surface-imaging sys-
tems. J Plast Reconstr Aesthet Surg 2014;67(4):489-97. Epub
2014 Jan 15. PMID: 24529695. doi:10.1016/j.bjps.2014.01.003.

. Abdel-Alim T, Iping R, Wolvius E, Mathijssen |, Dirven C,

Niessen W, van Veelen M, Roshchupkin G. Three-dimensional
stereophotogrammetry in the evaluation of craniosynosto-
sis: current and potential use cases. J Craniofac Surg
2021;32(3):956-63. doi:10.1097/SCS.0000000000007379.

. Camison L, Bykowski M, Lee WW, et al. Validation of the Vec-

tra H1 portable three-dimensional photogrammetry system for
facial imaging. Int J Oral Maxillofac Surg 2018;47(3):403-10.
doi:10.1016/j.ijom.2017.08.008.

. Gir P, Brown SA, Oni G, et al. Fat grafting: evidence-based re-

view on autologous fat harvesting, processing, reinjection, and
storage. Plast Reconstr Surg 2012;130:249-58.

. Su S, Sinha S, Gabriel V. Evaluating accuracy and reliability

of active stereophotogrammetry using MAVIS Il Wound Camera
for three-dimensional assessment of hypertrophic scars. Burns
2017;43:1263-70.

. Angullia F, Jeelani NU, Schievano S, Dunaway DJ. Comparison

of three-dimensional scanner systems for craniomaxillofacial
imaging. J Plast Reconstr Aesthet Surg 2017;70(4):441-9. Epub
2017 Jan 7. PMID: 28161205. doi:10.1016/j.bjps.2016.12.015.

. Koban KC, Perko P, Etzel L, Li Z, Schenck TL, Giunta RE. Vali-

dation of two handheld devices against a non-portable three-
dimensional surface scanner and assessment of potential use
for intraoperative facial imaging. J Plast Reconstr Aesthet
Surg 2020;73(1):141-8. Epub 2019 Aug 7. PMID: 31519501.
doi:10.1016/j.bjps.2019.07.008.

. Almadori A, Hansen E, Boyle D, Zenner N, Swale V, Reid W,

Maclane A, Butler PEM. Fat grafting improves fibrosis and scar-
ring in vulvar lichen sclerosus: results from a prospective co-
hort study. J Low Genit Tract Dis 2020;24(3):305-10. PMID:
32205767. doi:10.1097/LGT.0000000000000520.

. Hersant B, Jabbour S, Noel W, Benadiba L, La Padula S,

SidAhmed-Mezi M, Meningaud JP. Labia majora augmenta-
tion combined with minimal labia minora resection: a safe
and global approach to the external female genitalia. Ann
Plast Surg 2018;80(4):323-7. PMID: 29461295. doi:10.1097/SAP.
0000000000001435.

. Agostini T, Perello R. Lipomodeling: an innovative approach to

global volumetric rejuvenation of the hand. Aesthet Surg J
2015;35(6):708-14. PMID: 26229128. doi:10.1093/asj/sju163.

. Franco de Sa Gomes C, Libdy MR, Normando D. Scan time,

reliability and accuracy of craniofacial measurements using
a 3D light scanner. J Oral Biol Craniofac Res 2019;9(4):331-
5. Epub 2019 Jul 7. PMID: 31388482; PMCID: PMC6669702.
doi:10.1016/j.jobcr.2019.07.001.

. Campanelli V, Howell SM, Hull ML. Accuracy evaluation of

a lower-cost and four higher-cost laser scanners. J Biomech
2016;49(1):127-31. Epub 2015 Nov 30. PMID: 26652505. doi:10.
1016/j.jbiomech.2015.11.015.

. Chaby G, Lok C, Thirion JP, Lucien A, Senet P. Three-

dimensional digital imaging is as accurate and reliable to mea-
sure leg ulcer area as transparent tracing with digital planime-
try. J Vasc Surg Venous Lymphat Disord 2017;5(6):837-43. PMID:
29037356. doi:10.1016/j.jvsv.2017.05.019.

. Gibelli D, Pucciarelli V, Cappella A, Dolci C, Sforza C. Are

portable stereophotogrammetric devices reliable in facial

11

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

imaging? A validation study of VECTRA H1 device. J Oral Max-
illofac Surg 2018;76(8):1772-84. Epub 2018 Jan 31. PMID:
29458028. doi:10.1016/j.joms.2018.01.021.

. Nord F, Ferjencik R, Seifert B, Lanzer M, Gander T, Matthews F,

Ricker M, Liibbers HT. The 3dMD photogrammetric photo
system in cranio-maxillofacial surgery: validation of interex-
aminer variations and perceptions. J Craniomaxillofac Surg
2015;43(9):1798-803. Epub 2015 Aug 29. PMID: 26421470.
doi:10.1016/j.jcms.2015.08.017.

Hong C, Choi K, Kachroo Y, et al. Evaluation of the 3dMDface
system as a tool for soft tissue analysis. Orthod Craniofac Res
2017;20 Suppl 1(Suppl 1):119-24. doi:10.1111/0cr.12178.
Liibbers HT, Medinger L, Kruse A, Gratz KW, Matthews F. Preci-
sion and accuracy of the 3dMD photogrammetric system in cran-
iomaxillofacial application. J Craniofac Surg 2010;21(3):763-7.
PMID: 20485043. doi:10.1097/SCS.0b013e3181d841f7.
Almadori A, Griffin M, Ryan CM, Hunt DF, Hansen E, Kumar R,
Abraham DJ, Denton CP, Butler PEM. Stem cell enriched lipo-
transfer reverses the effects of fibrosis in systemic sclero-
sis. PLoS ONE 2019;14(7):e0218068. PMID: 31314805; PMCID:
PMC6636710. doi:10.1371/journal.pone.0218068.

Honrado CP, Larrabee WF Jr. Update in three-dimensional
imaging in facial plastic surgery. Curr Opin Otolaryngol Head
Neck Surg 2004;12(4):327-31.

Chae MP, Rozen WM, Spychal RT, Hunter-Smith DJ. Breast
volumetric analysis for aesthetic planning in breast recon-
struction: a literature review of techniques. Gland Surg 2016;
5(2):212-26.

Marks GC, Habicht JP, Mueller WH. Reliability, dependability,
and precision of anthropometric measurements. The Second
National Health and Nutrition Examination Survey 1976Y1980.
Am J Epidemiol 1989;130:578Y587.

Wampfler JJ, Gkantidis N. Superimposition of serial 3-
dimensional facial photographs to assess changes over time:
a systematic review. Am J Orthod Dentofacial Orthop 2021
S0889-5406(21)00629-6. Epub ahead of print. PMID: 34688517.
doi:10.1016/j.ajodo.2021.06.017.

Patel A, Islam SM, Murray K, Goonewardene MS. Facial
asymmetry assessment in adults using three-dimensional sur-
face imaging. Prog Orthod 2015;16:36. Epub 2015 Oct
21. PMID: 26490376; PMCID: PMC4614853. doi:10.1186/
s40510-015-0106-9.

Luebbers HT, Messmer P, Obwegeser JA, et al. Compar-
ison of different registration methods for surgical naviga-
tion in cranio-maxillofacial surgery. J Craniomaxillofac Surg
2008;36:109Y116.

Naudi KB, Benramadan R, Brocklebank L, Ju X, Khambay B, Ay-
oub A. The virtual human face: superimposing the simultane-
ously captured 3D photorealistic skin surface of the face on the
untextured skin image of the CBCT scan. Int J Oral Maxillofac
Surg 2013;42:393-400.

Jeon FHK, Griffin M, Almadori A, Varghese J, Bogan S, You-
nis |, Mosahebi A, Butler PE. Measuring differential volume
using the subtraction tool for three-dimensional breast vol-
umetry: a proof of concept study. Surg Innov 2020;27(6):659-
68. Epub 2020 Aug 12. PMID: 32783704; PMCID: PMC7890686.
doi:10.1177/1553350620945563.

Camison L, Bykowski M, Lee WW, et al. Validation of the Vec-
tra H1 portable three-dimensional photogrammetry system for
facial imaging. Int J Oral Maxillofac Surg 2018;47(3):403-10.
doi:10.1016/j.ijom.2017.08.008.

Haber M, Gao J, Barnhart HX. Evaluation of agreement between
measurement methods from data with matched repeated mea-
surements via the coefficient of individual agreement. J Data
Sci 2010;8(3):457-69.

Franco de Sa Gomes C, Libdy MR, Normando D. Scan time,
reliability and accuracy of craniofacial measurements using
a 3D light scanner. J Oral Biol Craniofac Res 2019;9(4):331-


https://doi.org/10.1016/j.bjps.2020.08.050
https://doi.org/10.1016/j.cmpb.2009.01.010
https://doi.org/10.1016/j.bjps.2014.01.003
https://doi.org/10.1097/SCS.0000000000007379
https://doi.org/10.1016/j.ijom.2017.08.008
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0008
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0008
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0008
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0008
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0008
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0009
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0009
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0009
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0009
https://doi.org/10.1016/j.bjps.2016.12.015
https://doi.org/10.1016/j.bjps.2019.07.008
https://doi.org/10.1097/LGT.0000000000000520
https://doi.org/10.1097/SAP.0000000000001435
https://doi.org/10.1093/asj/sju163
https://doi.org/10.1016/j.jobcr.2019.07.001
https://doi.org/10.1016/j.jbiomech.2015.11.015
https://doi.org/10.1016/j.jvsv.2017.05.019
https://doi.org/10.1016/j.joms.2018.01.021
https://doi.org/10.1016/j.jcms.2015.08.017
https://doi.org/10.1111/ocr.12178
https://doi.org/10.1097/SCS.0b013e3181d841f7
https://doi.org/10.1371/journal.pone.0218068
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0023
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0023
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0023
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0024
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0024
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0024
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0024
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0024
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0025
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0025
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0025
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0025
https://doi.org/10.1016/j.ajodo.2021.06.017
https://doi.org/10.1186/s40510-015-0106-9
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0028
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0028
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0028
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0028
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0028
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0029
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0029
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0029
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0029
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0029
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0029
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0029
https://doi.org/10.1177/1553350620945563
https://doi.org/10.1016/j.ijom.2017.08.008
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0032
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0032
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0032
http://refhub.elsevier.com/S1748-6815(22)00240-6/sbref0032

JID: PRAS

A. Almadori, S. Speiser,

[m6+;May 31, 2022;13:44]
I. Ashby et al.

34.

35.

5. Epub 2019 Jul 7. PMID: 31388482; PMCID: PMC6669702.
doi:10.1016/j.jobcr.2019.07.001.

Modabber A, Peters F, Kniha K, Goloborodko E, Ghassemi A,
Lethaus B, Holzle F, Mohlhenrich SC. Evaluation of the accu-
racy of a mobile and a stationary system for three-dimensional
facial scanning. J Craniomaxillofac Surg 2016;44(10):1719-24.
Epub 2016 Aug 18. PMID: 27614543. doi:10.1016/j.jcms.2016.
08.008.

Lumenta DB, Kitzinger HB, Selig H, Kamolz LP. Objective quan-
tification of subjective parameters in scars by use of a

portable stereophotographic system. Ann Plast Surg
2011;67(6):641-5 PMID:  22123541.  doi:10.1097/SAP.
0b013e3182380877.

12

36.

37.

38.

39.

Stekelenburg, C.M. (2016). Progress in burn scar con-
tracture treatment: a clinimetric and clinical evalua-
tion. https://research.vu.nl/ws/portalfiles/portal/42163089/
chapter+3.pdf (accessed 04/02/2022).

Sforza M, Andjelkov K, Zaccheddu R, Husein R, Atkinson C. A
preliminary assessment of the predictability of fat grafting to
correct silicone breast implant-related complications. Aesthet
Surg J 2016;36(8):886-94. Epub 2016 May 7. PMID: 27155193.
doi:10.1093/asj/sjw060.
https://www.crisalix.com/en/legal/security-statement, 2021
(accessed 12/06/2021).
https://www.crisalix.com/en/legal/privacy-policy, 2021 (ac-
cessed 12/06/2021).


https://doi.org/10.1016/j.jobcr.2019.07.001
https://doi.org/10.1016/j.jcms.2016.08.008
https://doi.org/10.1097/SAP.0b013e3182380877
https://research.vu.nl/ws/portalfiles/portal/42163089/chapter+3.pdf
https://doi.org/10.1093/asj/sjw060
https://www.crisalix.com/en/legal/security-statement
https://www.crisalix.com/en/legal/privacy-policy

	Portable three-dimensional imaging to monitor small volume enhancement in face, vulva, and hand: A comparative study
	Introduction
	Materials and methods
	Study design
	Outcome assessment
	Volumetric analysis
	Statistical analysis

	Results
	Discussion
	Limitations
	Conclusions
	Funding
	Declaration of Competing Interest
	Acknowledgments
	Ethics
	Supplementary materials
	References


