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Summary Multiple handheld three-dimensional (3D) systems are available on the market, but 
data regarding their use in detecting small volumes are limited. The aim of this study was to 
compare different portable 3D technologies in detecting small volumetric enhancement on a 
mannequin model and a series of patients. 
Five portable 3D systems (Artec Eva, Crisalix, Go!Scan, LifeViz Mini, and Vectra H1) were tested 
in a controlled environment with standardised volumes and in a clinical setting with patients 
undergoing small volume fat grafting to face, vulva, and hand. Accuracy was assessed with 
absolute and relative technical error measurement (TEM and rTEM); precision with intra- and 
inter-observer reliability (r p and ICC); and usability in clinical practice with the following pa- 
rameters: portability, suitability of use in operating theatre/clinic, ease of use of hardware and 
software, speed of capture, image quality, patient comfort, and cost. All tested devices pre- 
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; r p , 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/ ) 
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ntroduction 

hree-dimensional (3D) imaging is being used progressively 
n plastic surgery for surgical planning, outcome assess- 
ent, and research. 1 Advantages of 3D imaging include high 
ccuracy, quick acquisition, non-invasiveness, and more 
ontained costs compared to other methods such as MRI, 
T scan, or anthropometric estimation. 2 

Three-dimensional imaging technologies include struc- 
ured light and stereophotogrammetry. Structured-light 
echnology estimates the 3D surface of an object by the 
eformation of a projected full structured-light pattern 
stripes, grid, dots, etc.) onto a subject. 3 , 4 With the knowl- 
dge of the geometry of a projected pattern and perception 
f the deformation by the 3D surface of the object, it is pos- 
ible to estimate the 3D surface of the object and generate 
 3D surface image. 5 Stereophotogrammetry is a technique 
sed to reconstruct a digital model of the subject’s surface 
rom multiple 2D images taken from different angles. 6 This 
rocedure may be passive, where the images taken by two 
r more cameras determine 3D surfaces via triangulation 3 , 6 ; 
ctive, where incorporated structured-light projects a pat- 
ern onto the surface and two or more cameras capture the 
eformation of the pattern by the objects’ surface 6 ; or hy- 
rid, where both active and passive are combined to achieve 
igher accuracy and quality in 3D surface imaging. 5 

Most 3D technologies currently available on the market 
re static devices involving large stationary rigs with cam- 
ras at multiple angles, with the disadvantage of requiring 
 designated room, being expensive, bulky set-ups that re- 
uire frequent calibration, and limited mobility without ef- 
ort. 5 , 7 In addition to that, these static systems are unsuit- 
ble to monitor body areas such as genitalia or hand because 
hey require a specific positioning of the patient. 3 

In recent years, new handheld technologies have en- 
ered the market, providing surgeons with valuable tools 
or outcome evaluation as valid alternative to the static sys- 
ems. 2 Amongst the advantages of using handheld devices, 
he scanning process can be performed without any specific 
ositioning of the patient and are easily transportable in 
ifferent consultation rooms, without the need of a desig- 
ated room. The ideal porD imaging device should be ac- 
urate to detect small volumetric variations; able to ac- 
uire good quality images in a short time frame; easy to 
andle and safe in a medical environment; include an easy- 
t

2 
o-use and not-time-consuming software for the measure- 
ents; the overall cost should be contained. 
Volume enhancement is one of the procedures most fre- 

uently performed either with fat grafting (FG) or injecta- 
les. Multiple studies are available on the use of 3D portable 
echnologies to monitor volume change, focussing mainly on 
he facial region. 1 , 2 , 8-10 No data are available on small vol- 
me change in vulva or hand, although volumetric enhance- 
ent in these areas is becoming increasingly popular. 11-13 

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

aterials and methods 

he study obtained favourable ethical opinion (16/SC/0669 
nd 16/LO/1980). Written informed consent was obtained 
rom all study subjects prior to data acquisition. 
The following previously validated handheld devices 

ere included: Artec Eva (Artec 3D, Luxembourg), 1 , 14 

lisalix 3D Sensor (Virtual Aesthetic, Crisalix, Switzer- 
and), 5 , 15 Go!Scan (Creaform, Germany), 16 LifeViz Mini 
QuantifiCare, France), 17 and Vectra H1 (Canfield Scientific, 
J USA), 7 , 18 in alphabetical order. The static 3dMD Torso 

ystem (3dMD LLC, GA USA) was also included as reference 
gainst which the other methods were compared because 
ts reliability and accuracy have been extensively tested in 
revious validation studies, which have shown an accuracy 
f within 1 mm. 2 , 19-22 Characteristics of each technology are 
ummarised in Table 1 . 

Artec Eva (Artec 3D, Luxembourg) and Go!Scan 

Creaform, Germany) are structured-light laser scanners. 
he scanning process takes place by moving the scanner 
anually around the patient and projecting a white light 
o recognise an object’s shape. This projection changes the 
mage of the laser stripe according to its surface. The 3D 

ata are then retrieved by triangulation of those correspon- 
ences. 23 Clisalix 3D Sensor (Virtual Aesthetic, Crisalix, 
witzerland) is a portable device to be plugged into a tablet. 
t produces 3D images by moving the sensor around the pa- 
ient. The 3D reconstruction is automatically created on a 

http://creativecommons.org/licenses/by/4.0/
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Table 1 Technical specifications of the included porD surface imaging systems. 
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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 ± 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 0.35 ± 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 ± 0.36 0.13 ± 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 ± 0.09 – 0.26 ± 0.07 0.68 ± 0.01 0.39 ± 0.01 –

0.27% – 0.13% 0.34% 0.19% –
4 0.32 ± 0.03 – 0.25 ± 0.33 0.13 ± 0.01 0.41 ± 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 ± 0.05 0.16 ± 0.04 0.14 ± 0.07 0.02 ± 0.06 
0.45% – 0.34% 32% 0.27% 0.03% 

1 0.13 ± 0.12 – 0.15 ± 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 ± 0.03 0.35 ± 0.01 0.35 ± 0.12 0.00 ± 0.09 
0.15% – 0.17% 0.18% 0.17% 0% 

4 0.23 ± 0.23 – 0.23 ± 0.03 0.94 ± 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 ± 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). 
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loud-based 3D imaging software (Crisalix, Switzerland). 24 

ifeViz Mini (QuantifiCare, France) and Vectra H1 (Can- 
eld Scientific, NJ USA) are compact 3D cameras based on 
he principle of passive stereophotogrammetry. Three im- 
ges are acquired from different perspectives and are then 
titched into a single 3D image. Both cameras include a flash 
ystem and a dual-beam pointer to standardise photograph- 
ng distance. The use of LifeViz Mini and Vectra H1 has been 
alidated in multiple studies involving facial assessment. 7 , 18 

The static system 3dMD is a hybrid stereophotogramme- 
ry system composed of four fixed modular units for a total 
f twelve cameras 23 with the software algorithms using both 
rojected random patterns and texture of the skin (pores, 
reckles, etc.) to stereo-triangulate and generate a 3D sur- 
ace image. 5 The 3dMD is a fixed device widely used and 
alidated for volume assessment; therefore, it was included 
4 
s reference to compare the performance of portable tech- 
ologies with the more established static one. 

tudy design 

xperimental section with standardised small volumes: A 
et of plasticine cubes of known volume (CassArts, UK) was 
sed. The cube volumes were 0.5 cc, 1 cc, 2 cc, and 4 cc.
hey have been deconstructed to mimic volumetric changes 
ore accurately (Supplementary Figure 1). The same oper- 
tor captured the objects with each device on a flat smooth 
lack surface; on a mannequin representing the breast (Sup- 
lementary Figure 2); and glued on a human face (Supple- 
entary Figure 3) to test accuracy and precision of each de- 
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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 
lip 

2.5 0.90 ± 0.25 0.5 0.36 ± 0.68 1.41 ± 0.06 0.32 ± 0.05 0.23 ± 0.93 
0.36% 0.20% 0.14% 0.56% 0.13% 0.09% 

Lower 
lip 

3 1.37 ± 0.59 0.5 0.32 ± 0.14 0.70 ± 0.12 0.03 ± 0.47 0.27 ± 0.48 
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 
cheek 

2 1.62 ± 0.32 0.5 0.35 ± 0.21 0.60 ± 0.19 0.55 ± 0.06 0.16 ± 0.65 
0.81% 0.25% 0.18% 0.30% 0.27% 0.08% 

Left 
cheek 

2 0.59 ± 0.29 0.5 0.14 ± 0.60 0.53 ± 0.14 0.69 ± 0.09 0.40 ± 0.34 
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 
NLF 

1 0.66 ± 0.09 0.5 0.68 ± 0.33 0.92 ± 0.04 0.36 ± 0.25 0.13 ± 0.30 
0.40% 0.5% 0.68% 0.92% 0.36% 0.13% 

Left 
NLF 

1 0.62 ± 0.27 0.5 0.33 ± 0.48 0.70 ± 0.05 0.43 ± 0.22 0.03 ± 0.54 
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 
labia 

3 – – 0.65 ± 0.13 1.17 ± 0.52 0.46 ± 0.21 –
– – 0.22% 0.39% 0.15% –

Left 
labia 

2.5 – – 1.18 ± 0.43 0.59 ± 1.73 1.33 ± 0.49 –
– – 0.47% 0.24% 0.53% –

Posterior 
fourchette 

1.5 – – 0.91 ± 0.23 5.19 ± 0.11 1.32 ± 0.11 –
– – 0.61% 3.46% 0.88% –

Clitoral 
area 

1.5 – – 0.22 ± 0.49 3.51 ± 1.71 0.68 ± 0.26 –
– – 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 
dorsum 

2 – – 0.76 ± 0.50 – 1.48 ± 0.30 –
– – 0.38% – 0.74% –

Left 
dorsum 

3 – – 0.51 ± 0.24 – 0.41 ± 0.14 –
– – 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. 
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ice in detecting the standardised small volumes in a clinical 
odel simulation. 
Clinical section with fat grafting in real patients: Each 

evice was used to capture 3D images of the face, vulva, 
nd hand from 2 patients undergoing fat transfer. Sub- 
ects’ incapable of giving written informed consent in En- 
5 
lish was considered not eligible. All the patients included 
ere women, with average age 47 years ( ± 0.3) and BMI 
4. The facial images were captured before and 6–8 h after 
he procedure. The vulval and hand images were captured 
efore and after FG in the operating table. 
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utcome assessment 

he present study aimed to evaluate the accuracy, preci- 
ion, and usability of the tested 3D systems in detecting the 
nown small volume changes. Accuracy was defined as the 
bility of each device to capture the volume difference in 
omparison with the reference volume. In the experimen- 
al section, the reference values were known as provided 
y the manufacturer. In the clinical section, the reference 
alues were the amount of fat injected during the operation 
s reported in the surgical notes. Precision was defined as 
ollows: (a) repeatability, which is the degree of similarity 
f multiple measurements performed by the same operator 
sing the same method and (b) reproducibility, which is the 
agnitude of the differences between repeated measure- 
ents by different operators who are using the same tech- 
ique. 2 , 21 , 25 Usability was assessed by evaluating the follow- 
ng parameters ( Table 5 ): image quality (illumination and 
harpness), ease of use & manoeuvrability of the device, 
ase of use software, speed of image acquisition, time and 

ffort for analysis, patient comfort during acquisition, and 
ost . For each parameter, a ranking was assigned to each 
evice from the highest (5 stars) to the lowest (1 star). The 
rst two parameters were graded by two professional med- 
cal photographers who scanned the objects and subjects; 
ase of use of the software was graded by the operators 
erforming the volumetric analysis; the speed of acquisi- 
ion and time for analysis were ranked based on the average 
ime recorded for each device; patient comfort was ranked 
y the scanned patients. The cost was graded considering 
he purchase price of each device and the overall cost over 
 period of 5 years, which has been considered a reasonable 
mount of time to complete a follow-up assessment in a 
linical trial. The final score was based on the average over- 
ll scores obtained for each device, ranking them from the 
ne with the highest score (5 stars) to the lowest (1 star). 

olumetric analysis 

hree-dimensional images were acquired with all devices 
n the same setting and standard lighting by a professional 
edical photographer trained on the use of each tech- 
ology. Data processing and analysis were performed on a 
esktop or laptop provided with the capture device using 
he following software: Artec Studio (Artec Eva), Crisalix 

Crisalix), VXelements (GO! Scan 20), Lifeviz App for face 
nd DermaPix for body (LifeViz Mini), Sculptor (Vectra H1), 
nd Vultus (3dMD). 
Two images were selected and designated as a pre- 

before adding the known volume) and post-surface. The 
uperimposition of the two surfaces was performed with 
 landmark-based registration. 26 Superimposed images re- 
uire precise 3D alignment to be free from registration 
rtefacts; therefore, when superimposing two surfaces, the 
oftware performing volumetric analysis generates a quanti- 
ative measure of variation or error called root mean square 
RMS) error value, 27 which is calculated as the square root 
f the sum of squared deviation in all 3 spatial directions 
nd is an analogue to the target registration error as de- 
cribed in different articles. 21 , 28 In previous studies, RMS 
ut-off values equal or less than 0.5 mm have been de- 
6 
cribed as clinically acceptable to indicate the minimal 
evel of variation. 18 Therefore, in this study, alignment was 
epeated until reaching such value of RMS. 29 , 30 Once the 
mages were correctly superimposed, volumetric analyses 
ere performed via subtraction analysis by two operators 
ho received training from the software providers or man- 
facturers. 

tatistical analysis 

ccuracy was determined by calculating the absolute and 
elative technical error of measurement (TEM and rTEM). 
EM is the absolute value of the difference between the 
ctual value and the measured value, showing how far or 
lose a measurement is from the value it should have; rTEM 

s a measure of how close a measured value is to the true
alue expressed in percentage of deviation. 31 Repeatabil- 
ty or intra-observer reliability was analysed by comparing 
epeated measurements of each operator individually us- 
ng the Pearson’s correlation coefficient ( r p ). Reproducibil- 
ty or inter-observer reliability is the magnitude of the dif- 
erences between repeated measurements by different op- 
rators who are using the same technique. It was calculated 
sing the intraclass correlation coefficient (ICC) between 
he two operators overall volumes in all subsections. 2,21,32 

tatistical analysis was performed with Statistical Package 
or the Social Sciences (SPSS, Version 27.0, IBM, New York, 
Y). 

esults 

verall, all the tested devices presented small variation in 
he absolute volumes ( Table 2 and Table 3 ). The error be-
ween known and detected volumes was as follows: 1.06 ml 
or Artec Eva, 0.67 for Crisalix, 0.11 for GO! Scan, 1.06 for 
ifeViz Mini, 0.20 for Vectra H1, and 0.30 for 3dMD in real 
atient after facial FG; 0.06 for GO! Scan, 3.31 for LifeViz 
ini, and 0.06 for Vectra H1 after vulval FG; 0.15 for GO! 
can, and 0.94 for Vectra H1 after FG to the hand ( Table 3 ).
n both experimental models and clinical cases, average re- 
eatability was considered high to very high: r p = 0.986 for 
rtec Eva, r p = 0.770 for GO! Scan, r p = 0.719 for LifeViz Mini,
 p = 0.982 Vectra H1, and r p = 0.995 for 3dMD ( Table 4 ). Re-
roducibility was considered high to very high: ICC = 0.995 
or Artec Eva, ICC = 0.708 for GO! Scan, ICC = 0.984 for Life-
iz Mini, ICC = 0.995 Vectra H1, and ICC = 0.993 for 3dMD
 Table 4 ). Both measures of precision demonstrated simi- 
arities to the r p and ICC values obtained with the control 
3dMD). Crisalix could not be tested in the experimental 
ection because the software did not recognise the plas- 
icine volumes (Supplementary Figure 4), and both r p and 
CC values were not quantifiable because the volumetric 
nalysis is performed automatically by the software and not 
y operators. 
The overall ranking is illustrated in Table 5 . While 

risalix, LifeViz Mini, and Vectra H1 are truly freestanding, 
rtec Eva and Go!Scan required to be connected to a laptop 
uring the entire scan; therefore, their true portability is 
imited. Crisalix was the lightest device (95 gr plus 300 gr 
Pad), followed by LifeViz Mini and Vectra H1. Go!Scan was 
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7 
eavier (1.25 kg) and less ergonomic than Artec Eva (850 gr). 
he quickest device considering image acquisition and time 
o import the images into the software was the LifeViz Mini 
ith 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 
o!Scan (132.2 ± 107.4 s). LifeViz Mini presented the best 
llumination and sharpness features, followed by Vectra H1, 
risalix, Go!Scan, and Artec Eva ( Figures 1–3 ). 
The easiest-to-use software for facial analysis was 

risalix, with the analysis performed in just few clicks on a 
ablet or computer. The second was the Lifeviz Facial App, 
ollowed by Sculptor, both utilising the subtraction analysis 
ool. Instead, in the vulval and hand analyses, the easiest- 
o-use software was the Sculptor, followed by Dermapix Pro. 
ith the latter, the analysis has to be done in 2 passages 
alculating the discrete volumes of the preoperative and 
ostoperative images, and then the subtraction has to be 
one manually. The software ranked as fourth was the VX- 
lements, followed by Artec Studio in fifth. 
According to patients, Crisalix was considered the less 

othering, followed by Lifeviz Mini and Vectra H1, which 
ere both ranked as second. Artec Eva and Go!Scan were 
raded as the least comfortable because they strobe and 
he scanning process takes a long time. 

iscussion 

n recent years, new handheld technologies have entered 
he market at substantially lower price, providing surgeons 
ith valuable tools for outcome evaluation as valid alterna- 
ive to the static systems. 2 In this study, the authors inves- 
igated accuracy, reproducibility, and usability of different 
andheld 3D imaging systems. To the best of our knowledge, 
his is the first comparison of portable 3D technologies to 
etect small volumes in different clinical applications, in- 
luding vulval FG. 
Accuracy data from our study are in line with the liter- 

ture previously published. With Artec Eva, we found that 
ccuracy in facial assessment was on average 0.47 ml, simi- 
arly to other studies that ranged between 0.26 1 and 0.65. 33 

n addition to that, the same device presented a mean vari- 
tion of 0.21 cc in our experimental section with plasticine 
lob attached to a human cheek, similarly to a previous ex- 
erimental study involving a Lego brick attached to a pa- 
ient’s cheek where the average variation was 0.30. 34 With 
risalix the variation was 0.35 cc, in line with a previous 
eport showing a variation below 2 cc. 5 With Vectra H1, we 
etected an error of 0.20 ml in facial FG, which was even 
igher than the reference technology, the 3dMD, which had 
n accuracy error of 0.30 ml. Vectra H1’s accuracy in pre- 
ious studies ranged between 0.15 1 and 0.84. 7 With Life- 
iz Mini, the variation between detected and absolute vol- 
mes was 0.35 in facial FG; therefore, the error value was 
ower than previously reported deviations that ranged be- 
ween 0.5 35 and 0.85. 36 Conversely, with Go!Scan, we de- 
ected an average variation of 0.29 ml, while a previous 
tudy reported a variation of 0.085. 16 

This study also investigated the precision of the differ- 
nt 3D imaging systems. Artec Eva and Vectra H1 showed 
he highest reliabilities (0.990 ± 0.007 and 0.988 ± 0.011, 
espectively). 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. 

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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Figure 1 The panel shows the facial images produced with each 3D technology. 

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

Figure 3 The panel shows the hand images produced with the three 3D technologies that were able to perform the capture. 
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.851 ± 0.309, followed by the Go!Scan with 0.740 ± 0.560. 
herefore, our results suggest that the tested 3D technolo- 
ies present not only high accuracy but also high to very 
igh repeatability and reproducibility, particularly for facial 
G application. The clinical implication of this observation 
s that the included devices can be implemented simultane- 
usly in multi-centre trials as results are similar in the facial 
rea, and fat survival rate measured with these tools can 
e compared in meta-analysis without including substantial 
ias. 
Overall, we found structured-light laser scanners such as 

rtec Eva or Go!Scan were overall accurate, but their use 
9 
s not feasible in a dynamic clinical setting. They require 
onger acquisition time and therefore are more prone to 
ovement artefacts (even breathing movements can inval- 

date the scan). They strobe during the capture, therefore, 
re uncomfortable for patients and might not be suitable for 
acial scanning in case of photosensitive epilepsy, and the 
nalysis with the software is complex and time-consuming. 
rtec’s software calculates the volume on a flat surface but 
ot on curved surfaces; therefore, sagittal planes need to 
e created to allow measurements (Supplementary Figure 
) making the analysis more complex. Finally, they are con- 
idered portable but require wiring to be connected to an 
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2016.12.015 . 
lectric source during the entire process, thus making their 
se unpractical and even dangerous in the operating the- 
tre. 
The iPad device Crisalix showed good accuracy in the fa- 

ial area, quick and easy image capture, automatised vol- 
metric analysis, and user-friendly system requiring little 
ime to complete the measurements. In addition to that, 
t is entirely online-based; therefore, no office space is re- 
uired, and physicians are not limited to a single location 
o acquire or review patient data. 37 However, it produces 
esser quality images; it does not include all the body areas; 
ata are uploaded to the cloud (Crisalix is hosted in the 
mazon Private Cloud 38 ) and stored in a database located 
n Germany, with data accessible to the ‘Crisalix’ Affiliate’ 
hat is located in the Philippines, 39 creating potentially data 
andling issues with patients from public health systems. 
Compact 3D cameras based on the principle of passive 

tereophotogrammetry such as LifeViz Mini and Vectra H1 
resented high accuracy and precision; true portability (low 

eight and acceptable size); short acquisition time and fast 
cquisition of images into the software; patients were com- 
ortable during the scan. With LifeViz Mini calibration can- 
ot be self-performed; therefore, if it accidentally drops, 
t needs to be sent to the manufacturer (France) for re- 
alibration. With Vectra H1, we have been able to produce 
 colour map representing clearly the volumetric variation 
etween the preoperative and postoperative scan (Supple- 
entary Figure 6). 
Overall, the Vectra H1 received the highest ranking and 

epresented the most versatile device to assess multiple 
ody areas, with the best long-term value for money. 
When choosing a 3D handheld system, the advantages 

nd limitations of each technology should be considered to 
elect the most appropriate device based on the clinical 
eed. 

imitations 

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

onclusions 

ll tested technologies are accurate in detecting small vol- 
me enhancement and therefore can be implemented in 
linical practice to monitor the volumetric outcome after 
G or other injectables. 
Overall, we found that compact 3D cameras based on the 

rinciple of passive stereophotogrammetry such as LifeViz 
ini and Vectra H1 are easier to adopt in a clinical environ- 
ent. With Vectra H1, we have been able to assess multiple 
ody areas and produce a colour map. Therefore, based on 
10 
he data obtained, Vectra H1 represented the best value for 
oney. 
The choice of the 3D system should be based on the 

linical need and resources available. Doctors should define 
heir requirements before making the final decision for pur- 
hase. 
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