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Validation of 3D skin imaging for objective repeatable
quantification of severity of atrophic acne scarring
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Abstract

Background: One major sequelae of acne is atrophic scarring, yet objective tools to
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assess scars are lacking. Neither depth nor volume of atrophic scars is readily evalu-
able clinically and standard 2D photography is significantly affected by lighting and
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Windsor Clinical Research Inc., Western Methods: Single center study of 31 patients with acne scarring. A target area of
University, Windsor, Ontario, Canada . X X .
6o ) . ) 3 x 3 cm was defined on the face. The global severity of atrophic acne scarring in the
Private Practice, Mexico City, Mexico

"Harrogate and District NHS Foundation target area was evaluated by 5 dermatologists and scars were counted and catego-

Trust, Harrogate, UK rized by size (scars < 2 mm, 2-4 mm, and > 4 mm in diameter). Three dimensional im-

Correspondence ages of the target area were acquired with the LifeViz Micro® system and analysis

Laurent Petit, Galderma R&D, Sophia-
Antipolis, France.
Email: laurent.petit@galderma.com

was performed using MountainsMaps® software. An algorithm was developed to
quantify the scar volume loss: shape removal step, with an order 5 polynomial, and to
calculate the Valley void volume 80% (Vvv 80%) defined in the ISO-25178 standard
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for 3D surface texture.
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Results: Correlation coefficient of the Vvv parameter to mean global severity at the

target area rating was 0.77. The volume of scars evaluated with the Vvv parameter
was mainly impacted by scars > 2 mm. The evaluations demonstrated good repeata-
bility (with an intra-class correlation coefficient ICC = 0.98).

Conclusions: We demonstrate convergent validation to clinical assessment and re-
peatability of 3D skin imaging in atrophic acne scarring. Image analysis is straightfor-

ward and can be integrated into an automated workflow.
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1 | INTRODUCTION

or atrophic (decreased repairing tissue); atrophic scars are often fur-
ther categorized, either by shape (rolling, boxcar, icepick) or, more
Acne scars are an adverse clinical sequela of acne, present to some reliably, by size.®” This study focused on atrophic scars, which are

degree in up to 43% of acne patients. Scarring occurs when acne- more common in clinical practice.8

associated inflammation, in pre-disposed patients, is prolonged and
associated with inadequate wound healing.l'4 Scars can be not only
esthetically displeasing but can also cause psychological distress.?>

Acne-related scars can be hypertrophic (increased repairing tissue)

Obijective tools for scars are needed to evaluate the effective-
ness of scar treatments at the clinical research level.” Various mea-
sures are available for scar elasticity and color®! but are not partic-

ularly applicable to atrophic acne scars. Objective tools to assess the
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depth or volume of atrophic scars are not readily evaluable clinically, Several imaging systems are now available to quantitatively mea-
in part due to the typically irregular borders and contours of skin sure skin roughness, wrinkles and nodule formation, track changes
scarring.” When multiple scars are present, as is typical in acne, the over time, and for microstructure skin analysis. These systems are

technical problems are magnified.

FIGURE 1 LifeViz® Micro: based on 2 pictures the system calculates a 3D representation of the area. Colors code the measured altitude
(Z) of each point (blue = 0 to white = 5 mm)
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FIGURE 2 Vvv general algorithm used in the study. (A), raw acquired 3D surface of the target area; (B), surface resulting of the fit with
a polynom (cheek shape); (C), removing the shape from a: surface a-surface b; (D), Abbott curve and example of the determination of the
threshold for 80%
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FIGURE 3 Example for thresholding at (A), Vvv (10%) = 0.145 mm®%mm?; (B), Vvv (80%); and (C), Vvv (95%) computation

based on different imaging technologies such stereovision, fringe
interference, and advanced optical technologies.

The device used for this study was the 3D LifeViz® Micro
(Quantificare SA, France). This is an easy to use, fast, and portable sys-
tem designed to obtain close-up images of any area of the body, includ-
ing the face. Standard photography is combined with stereovision
technology to produce 3D images. It utilizes a fixed-distance calibration
between the camera and integrated dual beam pointers, resulting in
improved image reproducibility and consistency in results. The system
includes an analysis module to quantify a variety of skin parameters,
including volume, height, depth, surface, perimeter, and roughness.

We utilized this device in measuring atrophic acne scarring in a
3 x 3 cmtargetarea of facial skin. It was paired with MountainsMaps®
software surface imaging and metrology software (Digital Surf
Surface Intelligence, Besancon, France) for image analysis.

2 | METHODS

2.1 | Design

This prospective, non-interventional, single-center trial included
subjects aged 18-65 years with facial atrophic acne scars (mild,

moderate, or severe), willingness, and ability to complete study

procedures, and completion of an informed consent form as well as
consent to use images obtained during the study. Patients with sig-
nificant facial hair or other conditions that would significantly impair
evaluation of scars were excluded. Ethics approval was obtained
from the Poliambulatorio Agresti Port Authority SRL (Bolognia,
Italy).

2.2 | Scar definitions

Atrophic acne scars were defined as loss of tissue (greater than nor-
mal pore diameter) following an acne lesion. Only facial atrophic
acne scars were evaluated; post-inflammatory erythema, post-
inflammatory hyperpigmentation, traumatic and varicella (chicken

pox) scars, and perifollicular elastolysis were not assessed.

2.3 | Study procedures

Subjects attended two study visits (V1 and V2) on sequential days.
Prior to any evaluations, an independent dermatologist selected a
3 x 3 cm target area on each subjects’ face, which had to include at
least 2 icepick (<2 mm) scars and 2 small atrophic scars (2-4 mm). If
the subjects had large ( > 4 mm) scars, the target area included at

least one of them as long as the other criteria were also met. Full face
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TABLE 1 Baseline characteristics of the study population

N subjects (%)
Gender
Female 14 (45.2%)
Male 17 (54.8%)
Total 31 (100.0%)
Ethnic background
Asian 3(9.7%)
Caucasian 23 (74.2%)
Mestizo 1(3.2%)
Negroid/Black 3(9.7%)
Other 1(3.2%)
Fitzpatrick skin type
Il 9 (29.3%)
1] 16 (51.6%)
\Y 2 (6.5%)
\% 2 (6.5%)
VI 2 (6.5%)
Active acne 10 (32.4%)
Atrophic acne scars 31 (100%)
Almost clear 4 (13%)
Mild 14 (45%)
Moderate 6 (19%)
Severe 7 (23%)
PIH 17 (56.3%)

pictures were obtained with Visia (Canfield) and 3D photography of
the target area was performed with LifeViz® Micro at the start of
both study visits. Figure 1 represents an example of LifeViz® Micro

and the corresponding 3D representation.

2.4 | Clinical assessments for validation

The global severity of atrophic acne scarring in the target area was
evaluated by 5 dermatologists on a 0-4 scale (clear, almost clear,
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FIGURE 4 Comparison of 0
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mild, moderate, and severe).'? Definitions for global severity pro-
vided to investigators were: clear = none, no visible atrophic scars
from acne; almost clear = few small scattered atrophic scars vis-
ible at 50 cm; mild = easily recognizable at 50 cm, less than % the
face is involved, some small atrophic scars; moderate = many small
atrophic scars with < 3 large scars (>4 mm), up to 75% of the face
involved; and severe = multiple small and large (>4 mm) atrophic
scars, > 75% of face involved. The dermatologists were asked to
count acne scars. The size of each scar clinically identified was eval-
uated using 2- and 4-mm biopsy tools as guides, and each scar was
classified by size into 1 of 3 categories: <2 mm, 2-4 mm, and > 4 mm
in diameter.

2.5 | 3D analysis

Based on the 3D data of the target area, a quantification approach
was established to evaluate several parameters and to establish skin
surface topography (depth, surface, roughness, and volume). As the
study was conducted with acne patients, the main goal was to find
guantitative parameters that are less influenced by positive volume
(due to papules/pustules or other primary acne lesions) to ensure
the methodology could be used in patients with both scarring and
active acne. 3D volume parameters tested were based on ISO 21758
standard for 3D surface texture as described by Blateyron’ and
included: Valley void volumes Vvv (80%), Vvv (95%), void volume
Vvv (10%), with pre- or post-morphology filtering. These parameters
correspond to the volumes of the negative valley (ie, scars) below a
given threshold on the Abbott curve (curve obtained by cumulating
the values of the depths distribution from the highest peak (0%) to
the deepest valley (100%) of the surface to be evaluated). The Vvv
general algorithm is illustrated in Figure 2.

The normative Valley void volume Vvv (80%) was selected for two
reasons: (1) it correlated best with clinical severity and (2) from the
whole set of 3D volume parameters of the 1ISO 21758 standard, it is
the least sensitive to the presence of active acne lesions. To quantify
scarring in the target area, the following algorithm was developed: a
shape removal step with an order 5 polynomial and calculation of the
Vvv (Valley void volume 80%) defined in the ISO-25178 norm. The void

Vv (P = 80%)

y =0.0054x + 0.0017 L : 3

R*=.5942
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Parameter description

TABLE 2 Estimated parameters related
to the multiple regression model

Standard error of

Scar size Estimated values estimate Pr > |t|
Intercept (b,) 0.00663 0.00158 0.0003
Target area scar count (b,) 0.00005622 0.00017560 0.7514
Scars < 2 mm
Target area scar count (b,) 0.00163 0.00050351 0.0033*
Scars 2 mm-4 mm
Target area scar count (b,) 0.00128 0.00110 0.2552
Scars > 4 mm
P<.01.
Repeatability Vvv (P = 80%)
0.035
¥=0.9488x + 0.001
0.03 R?=.9557
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Vvv (80%) Day 1 (mm3/mm?)

volume Vvv is defined as the volume of the voids at a material ratio p
(in %):
100%

J [Smc (p)—Smc (q)] dq
p

K
VW (p) = ——
W (p) 100

where Smc (p) is the height at which a given area material ratio p is
satisfied, and K a constant to convert to mm®%mm?. Figure 3 illus-
trates the computation of Vvv (10%) from the surface given as exam-
ple in Figure 2.

The Valley void volume Vvv is defined as the volume of void in
the valleys, defined below the material ratio p (in %). Figure 3 also
illustrates the computation of Vvv (80%) and Vvv (95%) from the
surface given as example in Figure 2.

2.6 | Statistical analysis

The correlation between Valley void volume Vvv (80%) and clinical
rating (ie, the mean of global severity of each target area assessed
by 5 dermatologists) was performed. The output is the Pearson cor-
relation coefficient. A multiple regression model was used to exam-
ine how the mean of counted acne scars by 5 experts (<2 mm,

2-4 mm, > 4 mm) defined as independent explanatory variables (Xk)

FIGURE 5 Repeatability of Vvv:
comparison Day 2 vs Day 1

were related to the Valley void volume Vvv defined as the depend-

ent variable (Y). The model was expressed as:
Yi=bo+ biXj1 +boXjp +b3xiz+e

Where i = 1. n are the index of observed area, y; the corresponding
computed Vvy, x; The mean of the number of counted scars for the
i-th observed area and the k-th stratified class by, b, b,, b; are the
parameters to estimate (ie,: scar size < 2 mm, 2-4 mm, > 4 mm), and
e is the error term. Index k is related to the class ( < 2 mm, 2-4 mm,
and > 4 mm; x,, is the mean of the observers’ counts). The outputs
were estimated values of parameters b, b, b,, b, standard error of

estimate; F test of the analysis of variance.

3 | RESULTS

3.1 | Patient characteristics

Demographic and acne characteristics of the 31 subjects participat-
ing in this study are shown in Table 1. Active acne lesions ( > 5 super-
ficial inflammatory lesions) were present in 32.4% subjects (16.13%
in each male and female). Mean age was 41.5 years; this older age
reflects the search for subjects with acne scars but quiescent acne
in 2/3 of the patient population.
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FIGURE 6 Simulated surface with added acne spots. (A), Baseline target area in a depth scale from 0 to 0.8 mm; (B), Baseline target area
in a depth scale from O to 2.5 mm; (C), Trial with 5 simulated active acne lesions added to the baseline target area

3.2 | Correlation with dermatologist mean
severity rating

The correlation coefficient of the Vvv (80%) parameter to the mean
clinical rating of scar severity of the target zone by the 5 experts was
0.77 (Figure 4).

From the multiple regression model, the Vvv parameter was
mainly explained by the number of scars with a size from 2 to 4 mm,
with an estimated parameter value b, as reported in Table 2.

3.3 | Repeatability

Repeatability of Vvv was evaluated by 3D imaging of each
patient with the same operator for 2 consecutive days. The cri-
teria used was the single measure intra-class correlation (ICC)
described by McGraw & al.’® The measured (ICC) was equal
to 0.98 (with for a 95% CI from 0.95 to 0.99). Figure 5 illus-
trates the reliability of the Vvv computed on 2 consecutive 3D

acquisitions.

3.4 | Void volume as robust parameter for acne
scars evaluation

The most important issue when addressing an objective evaluation
of acne scars is the presence of active acne lesions that causes local
changes on the observed target area.

Simulations were conducted to identify the least sensitive
parameter of the 1ISO 21758 standard from our 3D image acquisi-
tions. The principle followed was to add local elevations (spots) mim-
icking skin surface deformations due to acne papules. We produced
20 simulated surface trials from a baseline target area, with 5 spots
in each trial, modeled with Gaussian kernels, with random positions,
elevations, and spreads.

An example of such surface is presented in Figure 6.

We computed several amplitude parameters for each simulated
surface, and reported in Table 3 the mean value (trial_mean), stan-
dard deviation (trial_std), and standard measure of dispersion (CV)
to evaluate the sensitivity of parameters. Figure 7 shows the coeffi-

cient of variation for simulated trials.
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TABLE 3 Sensitivity of amplitude parameters and void volumes on simulated surfaces
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=95%)

Vvv (p
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=10%)
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Sp

Ssk Sku

Sq

Valley void

Valley void

Root mean

volume (mm?®/

volume (mm?®/

mm?)

Void volume
(mm®/mm?)

Maximum Arithmetic

Maximum pit
height (mm)

Maximum peak
height (mm)

Kurtosis <no
unit>

Skewness <no

unit>

square height

(mm)

mm?)

height (mm)

height (mm)

0,14284646 0,015868401 0,003359562
0,017470651

0,09088401

3,36022304 0,36041193 0,45957907 0,819991
7,24974684

4,82200371
0,66512719

0,115623876 -0,49387115
1,6810573

0,31436998

Baseline

trials_mean

0,003619656

2,13353779 0,213173115 0,435853363
0,09996782
0,229361

0,604638227

1,528899563

trials_std

0,036712525 1,023515519 0,047341299 0,000939163 0,000211489
0,053756613

1,005334961

1,04334474

0,105844637

trials_CV

0,058427816

0,060718167 0,479726923 0,222079127

0,657554613

0,620647794

0,336688117

4 | DISCUSSION

Creating an objective tool for assessing atrophic acne scars is criti-
cal for the sensitive and accurate objective evaluation of treatment
effect, particularly in clinical research. Two dimensional scar imaging
has inherent limitations due to variability with environmental factors
such as lighting. An example is shown (Figure 8) where an image of
the same area with different lighting conditions/orientation demon-
strates drastically different effects on scar visibility. Standardized 2D
photography may be inappropriate due to this sensitivity to incident
lighting and camera positioning. In addition, many of the existing full-
face digital camera devices do not have adequate resolution to reliably
detect and quantify scar volumes. Thus, it is important to identify and
evaluate other non-invasive assessment tools, such as 3D imaging.

The current limitation of LifeViz Micro is the small target area
due toits limited resolution. As technology evolves, we envision that
a clinically useful full-face evaluation technology will be developed
in the near future. Improvements in facial imaging and modeling
will allow incorporation of objective analyses and high-quality acne
scarring research. MountainsMaps software provided an easy to use
process that can be adapted for batch modes.

We found 3D skin imaging to be an objective measure for quanti-
fication of severity of atrophic acne scarring. However, for 3D imaging
to be relevant in the clinical setting, an analysis method for this tech-
nology must be created that provides good repeatability. This study
identified a normalized parameter Vvv (volume of scars mm?) for the
observed surface that is: (1) correlated to clinical severity, (2) repeat-
able, and (3) statistically correlated with clinical observations of scars
in the range of 2 mm to 4 mm. Repeatability was excellent, with com-
parison of data from V1 to V2 yielding an ICC of 0.98. The mean values
are significantly far from the reference baseline value, except for valley
void volumes Vvv (80%) and Vvv (95%). Moreover, the dispersion coef-
ficient (CV) is acceptable only for maximum pit height and valley void
volume Vvv (80%), Vvv (95%) as shown in Figure 8. A CV exceeding
approximately 0.2 is often indicative of problems in the data or indi-
cates that the experiment is flawed. These data confirm that valley void
volumes are robust parameters for quantifying acne scars.

A prior study on acne scarring also correlated results of derma-
tologists’ subjective scores with a 3D photographic modeling system
using 3 angled cameras to create a topographic map with computer-
generated quantitative volumetric measurements.*® This group
reported a “statistically significant linear correlation (Spearman rank
order correlation 0.76, P < .05) suggesting that facial scar imaging
may help quantify postacne scarring.”

The importance of a reliable, repeatable, and standardized meth-
odology of analyzing 3D images is underscored by the fact that there
are a few scattered reports of 3D image assessment of the impact of
acne scar treatment. Brauer et al reported that 3D imaging measure-
ments of scar volume showed a 24.3% improvement with pulsed laser
in scar volume, but did not detail the methodology for computation
of volume.* In discussing the use of 3D imaging, these investigators
noted that a limitation “was the potential for lack of reproducibility

with possible variation in angle or pressure, as well as misalignment
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FIGURE 8 Example of limitations of 2D imaging-same area with different lightening condition showing the impact of lighting on scars

visibility

of before-and-after images.” We did not experience a similar problem
about pressure, since LifeViz captures images without any skin con-
tact. However, we had the same issue of alignment variation in before/
after images, and are refining a positioning system. In our experience,
the presence of active acne did not have a marked impact on repro-
ducibility of scar assessment. The ability to assess scars when acne

lesions are present is an advantageous property of this technology.

ACKNOWLEDGEMENTS

The authors would like to thank Valerie Sanders (Sanders Medical
Writing, New Jersey, USA) for editorial assistance.

DISCLOSURES

All authors have served as consultants for Galderma International
and received honoraria; L Petit, D Zugaj, and P Martel are employ-
ees of Galderma R&D. Galderma International provided funding
for editorial assistance and Galderma R&D sponsored the study.

ORCID

L. Petit @ http://orcid.org/0000-0002-6427-7493
J. Tan @ http://orcid.org/0000-0002-9624-4530
A. M. Layton @ http://orcid.org/0000-0003-0473-3319

REFERENCES

1. TanJK, Tang J, Fung K, et al. Development and validation of a Scale
for Acne Scar Severity (SCAR-S) of the face and trunk. J Cutan Med
Surg. 2010;14:156-160.

2. Layton AM, Seukeran D, Cunliffe WJ. Scarred for life? Dermatology.
1997;195:15-21. discussion 38-40.

3. Layton AM, Henderson CA, Cunliffe WJ. A clinical evaluation of
acne scarring and its incidence. Clin Exp Dermatol. 1994;19:303-308.

4. Holland DB, Jeremy AH, Roberts SG, et al. Inflammation in acne
scarring: a comparison of the responses in lesions from patients
prone and not prone to scar. Br J Dermatol. 2004;150:72-81.

5. PerryDM,McGrouther DA, BayatA.Currenttoolsfornon-invasive ob-
jectiveassessmentofskinscars.PlastReconstrSurg.2010;126:912-923.
https://doi.org/10.1097/PRS.0b013e3181e6046b.

6. Jacob Cl, Dover JS, Kaminer MS. Acne scarring: a classification
system and review of treatment options. J Am Acad Dermatol.
2001;45:109-117. https://doi.org/10.1067/mjd.2001.113451.

7. Kang S, Lozada VT, Bettoli V, et al. New atrophic acne scar classifi-
cation: reliability of assessments based on size, shape, and number.
J Drugs Dermatol. 2016;15:693-702.

8. Goodman GJ. Post-acne scarring: a short review of its pathophysi-
ology. Australas J Dermatol. 2001;42:84-90.

9. Bloemen MC, van Gerven MS, van der Wal MB, Verhaegen PD,
Middelkoop E. An objective device for measuring surface rough-
ness of skin and scars. J Am Acad Dermatol. 2011;64:706-715.
https://doi.org/10.1016/j.jaad.2010.03.006.

10. Idriss N, Maibach HI. Scar assessment scales: a dermato-
logic overview. Skin Res Technol. 2009;15:1-5. https://doi.
org/10.1111/j.1600-0846.2008.00327.x.

11. Fearmonti R, Bond J, Erdmann D, Levinson H. A review of scar
scales and scar measuring devices. Eplasty. 2010;10:e43.


http://orcid.org/0000-0002-6427-7493
http://orcid.org/0000-0002-6427-7493
http://orcid.org/0000-0002-9624-4530
http://orcid.org/0000-0002-9624-4530
http://orcid.org/0000-0003-0473-3319
http://orcid.org/0000-0003-0473-3319
https://doi.org/10.1097/PRS.0b013e3181e6046b
https://doi.org/10.1067/mjd.2001.113451
https://doi.org/10.1016/j.jaad.2010.03.006
https://doi.org/10.1111/j.1600-0846.2008.00327.x
https://doi.org/10.1111/j.1600-0846.2008.00327.x

| wiLEy

12.
13.

14.

PETIT ET AL.

Dreno BT, Layton A, Rueda MJ, et al. New evidence-based facial
acne scar evaluation tool (FASET) to assess atrophic scars. J Am
Acad Dermatol. 72:AB9-AB9.

Petukhova TA, et al. Objective volumetric grading of postacne
scarring. J Am Acad Dermatol. 2016;75:229-231. https://doi.
org/10.1016/j.jaad.2016.03.002.

Brauer JA, Kazlouskaya V, Alabdulrazzaq H, et al. Use of a pico-
second pulse duration laser with specialized optic for treatment of
facial acne scarring. JAMA Dermatol. 2015;151:278-284. https://doi.
org/10.1001/jamadermatol.2014.3045.

How to cite this article: Petit L, Zugaj D, Bettoli V, et al.
Validation of 3D skin imaging for objective repeatable
quantification of severity of atrophic acne scarring. Skin Res
Technol. 2018;24:542-550. https://doi.org/10.1111/srt.12464



https://doi.org/10.1016/j.jaad.2016.03.002
https://doi.org/10.1016/j.jaad.2016.03.002
https://doi.org/10.1001/jamadermatol.2014.3045
https://doi.org/10.1001/jamadermatol.2014.3045
https://doi.org/10.1111/srt.12464

