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Measuring outcomes from treatments to the skin is either reliant upon patient’s subjective

feedback or scale-based peer assessments. Three-Dimensional stereophotogrammetry intend to
accurately quantify skin microtopography before and after treatments. The objective of this study is
comparing the accuracy of stereophotogrammetry with a scale-based peer evaluation in assessing
topographical changes to skin surface following laser treatment. A 3D stereophotogrammetry system
photographed skin surface of 48 patients with facial wrinkles or scars before and three months after
laser resurfacing, followed immediately by topical application of vitamin C. The software measured
changes in skin roughness, wrinkle depth and scar volume. Images were presented to three observers,
each independently scoring cutaneous improvement according to Investigator Global Aesthetic
Improvement Scale (IGAIS). As for the results, a trend reflecting skin/scar improvement was reported
by 3D SPM measurements and raters. The percentage of topographical change given by the raters
matched 3D SPM findings. Agreement was highest when observers analysed 3D images. However,
observers overestimated skin improvement in a nontreatment control whilst 3D SPM was precise in
detecting absence of intervention. This study confirmed a direct correlation between the IGAIS clinical
scale and 3D SPM and confirmed the efficacy and accuracy of the latter when assessing cutaneous
microtopography alterations as a response to laser treatment.

Many validated investigative tools for assessment of skin relief in response to topical therapies are inadequate
or are too inaccurate to quantify microtopographical changes'~**. This is largely because skin is neither a linear
nor a bi-planar structure. In addition, there is an innate inability to precisely measure changes in response to a
surface treatment. Two-dimensional photograph-based analyses by observers are vulnerable to subjective criti-
cism, variable magnifications, backgrounds and postures.

The ideal quantitative assessment is a three-dimensional evaluation within a standard-setting'**® and Areal
Topography (AT), based on a pair of two-dimensional (2D) maps, which can delineate the shape and features of
such surfaces. AT combines photographic documentation and uses algorithms that capture and provide precise
3D information on surfaces and textures®*. Three-dimensional stereophotogrammetry (3D SPM) is an imaging
system based on AT. This method provides information on a surface by crossing data obtained from a pair of
slightly different stereoscopic two-dimensional pictures from two different angles****. The images are processed
by the mathematical algorithms embedded in a software performing a spatial analysis based on the intersection
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of ray bundles derived from both photographs. The software detects and quantifies subtle differences in height,
depth, width and texture of a surface?**. Three-dimensional stereophotogrammetry has been validated as a
precise, harmless, non-invasive system to monitor surface irregularities including cutaneous tumors, scars and
wrinkles!'~321-*%3¢ However, most studies lack robust statistical analysis or have not included objective docu-
mentation regarding pre and post-procedure comparison.

The aim of this study is to validate 3D SPM as an objective tool for dermatographic assessment against the
subjective scoring of three plastic surgeons with experience in laser skin resurfacing. We hypothesised that both
methods would agree and produce similar assessment. Primary outcome was to compare the clinical assessment
of three observers, experts in the field, based on a clinical scale (IGAIS scoring system) with measurements
obtained by the 3D SPM system. These measurements concerned the topographical changes to the surface con-
tour of skin wrinkles and hypertrophic scars after laser resurfacing and application of Vitamin C. The results
obtained through both methods were statistically assessed and compared.

Material and methods

This study has obtained ethical approval by Associagao Congregagao Santa Catarina (Brazil) and Anglia Ruskin
University (UK) (approved on 5th September 2017). The clinical trial is registered at Plataforma Brazil under
the number: 71398617.7.0000.5664 (registration on 18th July 2017) and REBEC, participant of the WHO Inter-
national Clinical Trial Registry Platform (UTN number U1111-1262-9267).

The sample size calculation for the present study was based on a pilot study as part of PhD research of the
first author and established that the minimal » for statistical significance was 44 patients. A total of 48 female
patients aged between 23 and 70 years old with Fitzpatrick skin type I to IV were recruited in Rio de Janeiro
between September and November 2017. All patients consented to participate and signed an informed consent
form that among other authorizations also allowed the use of images in medical publications, including online
open-access journals. Twenty-two patients with visible and hypertrophic scars comprised group DS (45.8%),
and twenty-six patients with facial wrinkles comprised group R (54.2%). Patients in Group DS had hypertrophic
scars on the abdomen (7 patients), on the face (8 patients) and limbs (7 patients). The mean age of the scars was
35.7+72.9 months. Patients who could not be available for a 3-month follow-up assessment and those having
received treatments in the area to be addressed up to 6 months before this study, were excluded.

A contactless 3D SPM system (LifeViz Micro, QuantifiCare, France) was used by the first author to photo-
graph the wrinkle and scar surface according to the study group. Photographs were uploaded to a computer and
the software Dermapix was used to objectively measure any changes in skin topography, following laser skin
resurfacing and application of surface vitamin C, to patients in each group.

All patients in both groups were instructed to remove surface cosmetics and topical medication from the
defined areas prior to investigation. They were placed on a printed protractor scale laid on the floor, and the
camera was positioned perpendicularly to the skin so that pre and post-procedure images could present identical
main axis, angle and focus. The anatomical reference points were individually determined by a laser tape measure.

After photographic documentation, a topical anaesthetic ointment containing lidocaine 7% was applied on
the skin for thirty minutes before the procedure. The skin was cleaned, and the patient was treated. The same
laser protocol was applied to all patients in both study groups R and DS and included four passes with a 2940 nm
erbium:Yag ablative laser resurfacing (Starlux 500 Palomar Inc.). The laser energy output delivered by the blue
optic 6 x 6 mm handpiece was 9 mJ/pb of short pulse energy (250 ms) and of 8 mJ/ub of the long pulse (5 ms).
After the laser treatment, 200 mg of vitamin C (ascorbic acid— Vitasantisa®) was applied on the skin surface and
kept under occlusion and protected from light exposure for 30 min.

Patients were followed-up approximately 90 days after the procedure when post-procedure photographs
were obtained. The pre and post-procedure 5.25 cm x 7 cm pictures were transferred to the software Dermapix
and rearranged in individual files. They were precisely overlapped in a process called synchronization by which
landmarks are established in both pre and post-procedure photographs. All images that did not meet this cri-
terion were discarded.

The software permitted the selection of a three-dimensional reconstruction tool which displayed a 3D image
on the computer screen that reflected the skin surface. After this 3D reconstruction process, a coefficient called
“Sigma” was automatically exhibited. Sigma is a plane surface reference from which elevations (positive volumes)
or demotions (negative volumes) can be detected and quantified. Sigma varies from 1 to 99, and its value is
restrained relevant to the researcher’s goal. A Sigma value of 10 was applied to all cases because it captured the
subtle changes in cutaneous microtopography required in this study.

The software Dermapix was used to design a contour encompassing the treatment area and a small amount
of normal surrounding skin, to allow for some shrinkage or stretching that can accrue from laser resurfac-
ing treatments. As the photographs were synchronised, the software replicated the same electronic marking
to the post-treatment image and automatically calculated information on the skin surface*"?, volume!®2$31,
roughness™!®18-202434 ayerage height'® and average depth?. Roughness is defined as the arithmetic mean of peak-
to-valley-height skin characteristics'**** and is specified by the International Organization for Standardization
(ISO 3274:96 and ISO 4287:°97). Its change is linked to the ageing process, scars, after-treatment alteration, and
some pathological conditions****-*3. The facial wrinkle (perioral or periorbital) was analysed using roughness
and the average depth of the wrinkles as volume is not suitable for analysing this skin alteration. For scars, vol-
ume and roughness were quantified as the average depth is not a feature usually involved in hypertrophic scars.

A set of pre and post-treatment two-dimensional and three-dimensional digital images of the 48 patients were
arranged as a slide presentation and assessed by the observers. After receiving clear and simple guidelines, they
employed the visual analogue Investigator Global Aesthetic Improvement Scale (IGAIS)*!4 to independently
rate the post-procedure changes to surface topography within an area highlighted with a black marker. IGAIS
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Recruitment age Group DS: 23-70 years old Group R: 49-70 years old

Number of participants (1) Group DS: 22 Group R: 26

Anatomical distribution of scars—group DS | Abdomen: 7 Face: 8 Limbs: 7
Wrinkle location—group R Perioral: 9 Periorbital: 17

Parameters analysed Group DS: scar roughness, scar volume Group R: Skin roughness, wrinkle average depth

Statistical tests (CI 95%) Purpose

Shapiro-Wilk and histograms

Verify the data distribution of the variables provided by the 3D SPM system (skin roughness, scar volume, scar roughness and wrin-
kle average depth)

Wilcoxon signed rank-test

Verify the statistical significance of variation in roughness, scar volume and wrinkle average depth

Mann Whitney

Analise the median of the percentage of skin improvement provided by the clinical observers for both study groups

ICC

Investigate IGAIS for homogeneity and internal consistency. Interpretation®:
ICC<0.4=poor reliability

ICC 0.41-0.74 = moderate reliability

ICC=0.75 = excellent reliability

Spearman Rho

Measure the association between IGAIS and 3D SPM (based on scores provided by IGAIS)
Interpretation:

Rho up to +0.3 =negligible correlation

Rho+0.31-0.5=low correlation

Rho +0.51-0.7 = moderate correlation

Rho 0.71-0.9 =high correlation

Rho > +0.9 =very high correlation

Spearman Rho

Measure the association between IGAIS and 3D SPM (based on the percentage of skin modification)

Kappa coefficient

Measure the interrater agreement
Interpretation*®:2

Kappa<0.19=no agreement

Kappa 0.2-0.39 = poor agreement

Kappa 0.4-0.59 = moderate agreement
Kappa 0.6-0.79 = good agreement

Kappa > 0.8 =very good/excellent agreement

Bland-Altman plots

Investigate the agreement between both methods (IGAIS and 3D SPM)

Table 1. Summary of the material and statistical tests involved in this study.

establishes score 0 for null or minimal change (0-25% of skin improvement), 1 for mild improvement (25-50%),
2 for moderate improvement (50-75%) and 3 for significant improvement (>75%). In group R, Fitzpatrick grade
1 shallow visible wrinkle (less than 1 mm in depth) up to Fitzpatrick grade 3 prominent deep furrow wrinkles
(3 mm or more in depth) were analysed. In the group DS, the pre-treatment scars area exhibiting the most
prominent irregularity (scar elevation) were compared. We constrained the area under investigation so that the
three assessors could focus their observation to the same area measured by 3D SPM.

The quantitative data provided by the software was based on skin characteristics and is always the same,
regardless of visualising 2D or 3D images. On the other hand, as clinical observation is based on visual percep-
tion of the deformity, the observers rated the skin alteration based on the observation of 2D photographs and 3D
images. The experts also estimated the percentage of modification for the delimited skin areas based on the 3D
images. Finally, they answered two questions: (a) Is the scale sufficient to quantify the volumetric change or the
skin relief alteration after the procedure? (b) Do the 3D images improve the ability to use the scale to quantify
the skin alteration after the procedure?

The 3D SPM data output was compared with the IGAIS scoring system. One patient was randomly selected
to be a negative control (non-treatment), and both the observers and 3D SPM were blinded to this information.
Two patients who produced negative value outcomes were not excluded.

Statistical evaluation was performed using SPSS statistical package version 24 (IBM Inc., Chicago, USA).
Shapiro-Wilk test and histograms verified that the numerical variables provided by 3D SPM (skin roughness,
scar volume and wrinkle average depth) were not normally distributed. Data were displayed as median, mean,
SD and Interquartile Interval (IQI) which represents the range between the 25th and 75th percentiles. Table 1 is
a summary of the material and statistical tests used in this study.

A positive post-treatment variation was expressed by the numeric reduction of values concerning the vari-
ables. Conversely, the increase of post-treatment measurements corresponded to a negative response to the
treatment. Variation between the pre and post-treatment skin roughness (Rgh), scar volume (V) and wrinkle
average depth (ADy) was calculated in terms of percentage (0 reduction) based on the formula:

Percentage of parameter reduction(d reduction) = (pre — post measure) - pre measure x 100

Wilcoxon signed-rank test was applied to verify the statistical significance of the variation of the parameters
measured by the 3D SPM system. Mann-Whitney test was run to establish whether there was statistical signifi-
cance concerning the variables under analysis (median of the percentage of skin improvement provided by the
clinical observers).

The intra-class correlation coefficient (ICC—95% CI, two-way model and based on consistency) was used to
investigate the interrater reliability, i.e. the scale homogeneity and consistency. As clinical observation is subjec-
tive to individual variability, the consistency variability established if the clinical observations received the same
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relative ranking. Reliability value ranges between o and 1, with values closer to 1 representing stronger reliability.
As there is lack of standard for reporting ICC, the interpretation of ICC values followed Shrout & Fleiss*’, who
described that values less than 0.4 can be considered poor reliability, values between 0.41 and 0.74 indicate
moderate reliability and values greater than 0.75 are indicative of excellent reliability (Table 1).

Spearman’s rho measured the association between both methods and Kappa coefficient measured the cor-
relation between each pair of observers and the 3D SPM system in relation to the total sample*. To permit this
calculation, the simultaneous computation of 0 reduction of both variables measured in each study group was
calculated by the aforementioned formula (Rghpg 0 reduction plus Vg 0 reduction in group DS, and Rghy, 0
reduction plus ADy, d reduction in group R). The computation was transformed into ordinal data, based on the
same IGALIS intervals described before. Then these ordinal data were compared with the scores provided by the
observers.

According to Landis & Koch?*, Kappa values<0.19 represent no agreement, values between 0.2 and 0.39
demonstrate poor agreement, 0.4 to 0.59 indicate moderate agreement, 0.6 to 0.79 represent good agreement
and Kappa > 0.8 indicate very/excellent agreement. As for Spearman correlation, rho values vary from 1.0 to -1.0.
The stronger the correlation, the closer the correlation coeflicient comes to + 1 (Table 1).

Finally, the percentage of skin improvement provided by the observers based on the 3D images and the data
delivered by the 3D SPM system were analysed through Spearman’s rho and Bland-Altman plots. These plots
do not evaluate correlation, but the agreement between two methods (the clinical observation based on IGAIS
and the 3D SPM system) that measure the same quantity. Bland-Altman plots include limits of agreement and
confidence intervals to establish whether the limits are acceptable differences from a clinical point of view.

The criterion to determine significance was alpha level 0.05 and Confidence Interval (CI) of 95% in all sta-
tistical tests.

Ethics approval. This research was approved by Association Congregation of Santa Catarina Ethics Com-
mittee and Plataforma Brazil (registration number) CAAE:71,398,617.7.0000.5664, and the Faculty Research
Ethics Panel (FREP) at Anglia Ruskin University. The clinical study took place in Rio de Janeiro, Brazil, and com-
plied with the principles of the World Medical Association Declaration of Helsinki (2013). All patients signed a
consent form which was revised by both Ethics committees.

Consent to participate. All patients have consented to participate and to and have signed an informed
consent form that has been submitted to both Ethics committees. Participants signed the informed consent form
in agreement with the use of photographs of their skin in publications.

Consent for publication. The photographs are property of BHBM (the first author) and can be published.

Results

The final assessments of patients in both R and DS groups after laser skin surface ablation and application of
vitamin C was at three months (mean 91.9 days + 4.6 SD). For the total sample, mean age was 53.6 years old
(x£13.5 SD). Participants in group R were significantly older (p <0.05) with age ranging from 49 to 70 years
(mean 61.8 years old + 6.1 years. The mean age of patients in group DS was of 43.9 + 13.3 years old. The majority
of subjects presented with Fitzpatrick skin type II (34%) and III (39.6%). An overall positive skin change was
detected in 45 patients (93.75%). In two patients (4.1% of the cases), the scars worsened.

Based on the 3D SPM findings, the non-parametric Wilcoxon signed-rank test confirmed a statistically sig-
nificant variation (reduction) in roughness measurements (p <0.01). There was an important reduction in the
average depth measurement in group R (p <0.01). Conversely, no significant variation in volume measurement
in group DS was observed (p=0.37).

Figure 1 is the graphic illustration of the estimated percentage of skin improvement according to each
observer, the roughness d reduction in the total sample, and the highest 0 reduction (related to the parameter
that presented the highest percentage of skin modification), and the simultaneous computation of Rgh d reduc-
tion plus Vpg 0 reduction in group DS (as volume and scar roughness were evaluated), and Rghy 0 reduction plus
ADg, 0 reduction in group R (as skin roughness and the average depth of the wrinkle were analysed). According
to the boxplot, the simultaneous computation of both parameters had a graphic similar to the percentage of skin
improvement provided by the observers.

Mann-Whitney test applied to the median of the estimated percentage of skin improvement demonstrated
that all observers provided a higher percentage for skin modification in group R compared to scar alteration in
group DS. The d reduction based on 3D SPM readouts was lower (Table 2).

The intraclass correlation coefficient (ICC) investigated IGAIS for homogeneity and consistency. The statisti-
cally significant ICC (p <0.01) confirmed the reliability of using IGAIS. ICC based on the analysis of 3D images
was excellent according to Sprout and Fleiss* compared with the ICC based on the observation of 2D images
(Table 3).

As mentioned before, the d reduction concerning each variable was transformed into ordinal variables, based
on the same IGAIS interval to be compared with the scores provided by the observers. Spearman’s rho measured
the association and Kappa coefficient measured the agreement between both methods (the clinical scale and
the 3D SPM system) in relation to the total sample*. The agreement was higher when the observers analysed
the 3D images (Table 4). Both coefficients confirmed that the agreement between observer A and 3D SPM was
high, whether by comparing the scores representing the highest 0 reduction detected by the software (rho=1
and Kappa=1; p <0.01) or by comparing the scores related to the simultaneous computation of both o reduction
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Figure 1. Graphic illustration representing the percentage of skin modification (9 reduction) according to the
observers (A,B,C) and the 3D SPM readouts (the highest 0 reduction and roughness 0 reduction in the total
sample, and the simultaneous computation of RghDS 9 reduction plus VDS 9 reduction in group DS, and RghR
o reduction plus ADR 9 reduction in group R).

Group R (Wrinkle) | Group DS (Scar)

(n=26) (n=22)
Variable Median | IQI Median | IQI p-value
Observer A % of improvement 90.0 58.8-100 | 67.5 36.3-80.0 | 0.010
Observer B % of improvement 60.0 48.8-75.8 | 57.5 25.8-71.3 |0.28
Observer C % of improvement 80.0 63.8-85.0 | 57.5 35.0-80.0 | 0.010
3D SPM—volume 9 reduction N/A N/A 26.2 10.0-39.3 | N/A
3D SPM—average depth 0 reduction 33.3 22.1-54.0 | N/A N/A N/A
3D SPM—roughness 0 reduction 28.4 19.1-33.3 | 28.8 10.8-42.7 |0.75
3D SPM—highest 9 reduction 39.8 28.7-54.0 |40.2 25-56.0 0.91
3D SPM—simultaneous analysis of both parameters | 62.6 46.1-87.5 | 48.0 33.1-744 | 0.10

Table 2. Mann-Whitney test analysing the estimated percentage of skin improvement provided by the
observers and 3D SPM objective data. Results by group. IQI interquartile interval (25th percentile-75th
percentile), N/A non-applicable.

Concordance ‘ 1CC ‘ 95% CI p value
2 d images

Observer A | x | ObserverB | 0.72 |0.50 |0.84 | <0.001
Observer A | x | Observer C | 0.62 |0.27 |0.79 | <0.001
Observer B x |Observer C |0.78 |0.61 |0.88 | <0.001
AxBxC 0.79 |0.65 |0.87 | <0.001

3 dimages
Observer A | x | Observer B | 0.85 |0.74 |0.92 | <0.001
Observer A | x | Observer C | 0.78 |0.52 |0.89 | <0.001
Observer B x | Observer C | 0.83 |0.60 |0.92 | <0.001
AxBxC 0.88 |0.78 |0.93 | <0.001

Table 3. Intraclass Correlation Coeflicient for internal consistency and the descriptive level (p-value) of skin
improvement among the observers and the 3D SPM (total sample # =48). Two-way Model; 95% CI (confidence
interval); x =versus.

parameters, according to the study group (rho=0.99 and Kappa 0.97; p <0.01). The agreement between each
observer and the roughness 0 reduction was weaker and not statistically significant.

The percentage of skin improvement provided by the observers based on the 3D images was compared to
each other and to the data delivered by the 3D SPM system (Table 5). Spearman’s rho was higher when the high-
est d reduction, and the simultaneous computation of Rghps+ Vg 0 reduction in group DS and Rghy + ADy 9
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Spearman’s rho ‘ p-value ‘ Kappa ‘ p-value

Observers scores on 2D images (1 =48 cases)

Observer A x Observer B 0.52 <0.001 0.41 <0.001
Observer A x Observer C 0.54 <0.001 0.16 0.59
Observer A x 3D SPM roughness 9 reduction 0.19 0.204 0.06 0.13
Observer A x 3D SPM highest 0 reduction 0.45 <0.001 0.18 0.03
Observer A x 3D SPM simultaneous analysis of both parameters | 0.47 <0.001 0.18 0.35
Observer B x Observer C 0.67 <0.001 0.38 <0.001
Observer B x 3D SPM roughness 9 reduction 0.37 <0.001 0.10 0.04
Observer B x 3D SPM highest 0 reduction 0.48 <0.001 0.18 0.03
Observer B x 3D SPM simultaneous analysis of both parameters | 0.48 <0.001 0.25 0.003
Observer C x 3D SPM roughness 9 reduction 0.61 <0.001 0.13 0.82
Observer C x 3D SPM highest d reduction 0.70 <0.001 0.41 <0.001
Observer C x 3D SPM simultaneous analysis of both parameters | 0.70 <0.001 0.43 | <0.001
Observers scores on 3D images (1 =48 cases)

Observer A x Observer B 0.75 <0.001 0.46 | <0.001
Observer A x Observer C 0.67 <0.001 0.97 <0.001
Observer A x 3D SPM roughness 0 reduction 0.51 <0.001 0.13 0.034
Observer A x 3D SPM highest 0 reduction 1.0 <0.001 1.0 <0.001
Observer A x 3D SPM simultaneous analysis both parameters 0.99 <0.001 0.97 | <0.001
Observer B x Observer C 0.74 <0.001 0.49 <0.001
Observer B x 3D SPM roughness 0 reduction 0.47 0.01 -0.01 0.815
Observer B x 3D SPM highest 0 reduction 0.75 <0.001 0.46 | <0.001
Observer B x 3D SPM simultaneous analysis of both parameters 0.79 <0.001 0.46 | <0.001
Observer C x 3D SPM roughness o reduction 0.52 <0.001 0.01 0.98
Observer C x 3D SPM highest d reduction 0.67 <0.001 0.36 | <0.001
Observer C x 3D SPM simultaneous analysis of both parameters | 0.69 <0.001 0.36 | <0.001

Table 4. Spearmans’s rho correlation coefficient, the Kappa statistics and the descriptive level (p-value) based
on the ordinal data (scores). x=versus.

Observer Versus | Observers percentages on 3D rho p-value
Observer A | x Observer B 0.754 | <0.001
Observer A | x Observer C 0.843 | <0.001
Observer A | x 3D SPM roughness d reduction 0.493 | <0.001
Observer A | x 3D SPM highest 0 reduction 0.620 | <0.001
Observer A | x 3D SPM simultaneous analysis both parameters | 0.652 | <0.001
Observer B | x Observer C 0.781 | <0.001
Observer B | x 3D SPM roughness d reduction 0.430 | <0.001
Observer B | x 3D SPM highest 0 reduction 0.654 | <0.001
Observer B X 3D SPM simultaneous analysis both parameters | 0.682 | <0.001
Observer C | x 3D SPM roughness 0 reduction 0.361 0.002
Observer C | x 3D SPM highest 0 reduction 0.621 | <0.001
Observer C | x 3D SPM simultaneous analysis both parameters | 0.699 | <0.001

Table 5. Spearman’s rho correlation coefficient and the descriptive level (p-value) of skin modification based
on the percentages provided by the observers and 3D SPM (n =48 cases).

reduction in group R were compared to the percentage provided by each observer (p <0.01). The best agreement
was between Observers A and C (0.843).

Bland-Altman plots considering the total sample (48 patients) were applied to the numerical data to further
investigate the agreement between both methods, the clinical observation based on IGAIS and the 3D SPM
system (Fig. 2). These plots represent the dispersion of the differences between the estimated percentage of
modification provided by each observer in relation to the 3D SPM d reduction readouts against their respective
average. Concordance was higher between each observer and the highest d reduction (column 1) followed by
the simultaneous computation of the two parameters analysed in each group (column 2). Column 3 represents
the roughness delta reduction, the parameter measured in both study groups. Through the amplitude of the
concordance intervals, the quality of agreement can be determined, and biases can be detected. Despite the
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Figure 2. Bland-Altman plots. The letters correspond to observers (A,B,C) column 1 is the highest 0 reduction,
column 2 is the simultaneous computation of the two parameters analysed in each group, and column 3
represents the roughness delta reduction. The green lines are the limits of agreement and confidence intervals.
The few points outside the limits of agreement confirmed the concordance among observers and the 3D SPM
system.

moderately wide intervals, the random distribution of differences over the mean values confirmed the absence
of systematic behavior.

The correlation of data related to the blind negative control confirmed that the observers tended to over-
estimate the skin improvement (Fig. 3). The raters provided scores 1/0/0 and estimated an average of 20% of
improvement inside the designed area. Nonetheless, the 3D SPM confirmed that roughness remained 0.46 and
that the average depth of the wrinkles kept — 0.01 mm (score 0).

Figure 4 displays a 67-year-old patient with perioral wrinkles. The roughness was 1.2 pre-treatment and 1.0
post-treatment whereas the average depth reduced from — 0.18 mm pre-treatment to — 0.14 mm post-treatment.
The raters were unanimous by providing a score 1 regarding the wrinkles’ improvement. They estimated skin
improvement by 40%. The simultaneous computation of the average depth o reduction (22.22%) plus the rough-
ness 0 reduction (16.67%) was 38.89% which confirms the agreement between both methods.

Figure 5 exemplifies the precise measurement provided by 3D SPM software in the unassertive changes.
Roughness reduced from 0.24 to 0.17 (29.16%) and the wrinkle depth diminished by 16.67% (from — 0.03 to
—0.025). The scores given by the observers varied from 1 to 3 and they estimated the skin improvement by 70%.
This demonstrates the difficulty of the observers whilst judging minor cutaneous interferences based solely on
photographs and reinforce the necessity of accurate methods to evaluate skin surface changes.

Discussion

This study compares and correlates the performance of the Investigator Global Aesthetic Improvement Scale
(IGAIS) and the objective data provided by a three-dimensional imaging system to investigate skin change
microtopography after laser skin resurfacing followed by topical application of vitamin C. The former involves
input from clinical specialists, and the latter is an objective method of computing skin change. These assessments
provide different interpretations and biases, especially when being compared*®10-1143:47,

In 2015, Dobos et al.* performed a systematic review of 111 clinical observation scales used to compare
accuracy of reporting®®!!. Their study criticised the limited evidence supporting their usage, the assessors’ innate
subjectivity and the difficulty in rating minor changes on photographic imagery*'>*’. Most contemporary clini-
cal scales have been developed to analyze specific facial areas and are not applicable to other corporal areas®®1144,
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Figure 3. Patient randomised as the negative control. The black contour delimits a perioral wrinkle that has not
been treated. The observers estimated an average of improvement up to 20% inside the designed area, whereas
the 3D SPM system confirmed the absence of treatment.

Post - 3D

Figure 4. A 67-year-old patient with perioral wrinkles. The black contour specified the wrinkle to be analysed
by the observers and by 3D SPM. Both methods agreed that the wrinkle demonstrated a mild improvement
(<50%).

IGAIS has been used as an instrument to measure skin changes after skin surface treatment, independent from
the anatomical region and regardless of the nature of the intervention.

The camera was reported to present an average depth precision of 0.008 mm (8 pm), and the average depth
error is 0.066 mm (66 um) for a measurement surface of 178mm?. This precision calculation was established
in previous studies and was corrected for systematic bias®'. We observed some loss of data accruing from the
software’s inability to interpret dark holes such as nostrils or areas containing hair strands, which impeded the
3D reconstruction of some images. Nonetheless, the biggest challenge was to establish the angle and central
axis of the area to be scanned so that the precise overlap between pre and post-treatment photographs could
be assured>'>?%¢. The camera has been handled only by the first author, neither have we needed to test the
inter-operator reliability, nor have we necessitated to establish the coefficient of variation (CV) in the use of the
equipment.

Answering one of the questions, the observers considered that the 3D images improved their capacity to use
IGAIS to quantify after-treatment volumetric changes. This statement has been confirmed by statistical means.
The higher ICC after evaluation of the 3D images confirmed that the observers experienced greater perception of
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Post - 3D

Figure 5. A 56-year-old patient complaining of delicate periorbital wrinkle on the right periorbital area
(Fitzpatrick grade 1.5: visible wrinkle and clear indentation less than 1 mm in depth). The observers tended to
overestimate the wrinkle amelioration whereas the 3D SPM system quantified it as a mild improvement.

depth and volume of the deformity and that their judgement was coherent. As a statistical limitation, we observed
an increase in type I error rate accruing from the numerous variables being tested for ICC.

As for the question concerning the scale sufficiency to quantify volumetric changes or skin relief alterations,
the observers complained that the scale restricted their evaluation to zero or positive values. Negative outcomes
were detected only by 3D SPM because the quartile scale did not include values under zero*®". This reduced
the correlation between both methods for cases of an adverse outcome, because only the software was capable
of detecting and quantifying any negative change presenting as a worsening of the skin condition.

Overall, the percentage of improvement scored by the raters matched the 3D SPM findings and the null
hypothesis that the methods would not agree was rejected. The inter-rater agreement measured by correlation
tests (Spearman’s rho) was higher when the ratings provided by each observer was based on 3D images.

As a limitation, the use of a four-point visual analogue scale (IGAIS) might have reduced the statistical con-
cordance between the ordinal data provided by both methods because of the broad range between each score.
Despite the perfect concordance between the scores provided by observer A and the 3D SPM system, the scores
given by raters to the negative control and to the negative outcomes ratified that people, whether laic or profes-
sional, perceive the severity of the deformities differently.

In agreement with other authors, the 3D SPM system has accumulated consistent, precise and meaningful
information concerning treatment-related morphologic changes and enabled a comparison of outcome™®'>>%,

Conclusion

The goal of the present study was to investigate the accuracy and potential of two different methods in assess-
ing skin modification on specific cutaneous areas: the clinical scale (IGAIS) and a three-dimensional imaging
system. In particular, these methods were used to assess changes in skin microtopography after laser-assisted
topical vitamin C medication.

The presence of pigmentation or variable characteristics of scar and wrinkles did not affect the observers’ nor
the software’s capability to provide meaningful data. The agreement between both methods was higher when
comparing the 3D images and ratings by scores. The statistical tests confirmed that the human eye perceived
the most meaningful alteration; this was also detected by the software. However, adverse outcomes and cases
involving subtle results were better, if not only, registered by the software. Divergent results were found in the
negative control case and with adverse outcomes. The blind negative control misguided the raters whilst the
numerical data provided by 3D SPM was consistent with the absence of intervention.

Three-dimensional stereophotogrammetry eliminates any potential bias or observer inconsistency because it
is a more objective analysis and delivers accurate information by measuring geometric and volumetric changes
in response to surface skin treatment.

Data availability

Raw data, additional tables and graphics not included in this version are available for consultation.

Scientific Reports |

(2021) 11:12385 | https://doi.org/10.1038/s41598-021-91922-9 nature portfolio



www.nature.com/scientificreports/

Received: 11 December 2020; Accepted: 1 June 2021
Published online: 11 June 2021

References

1.

Ardehali, B. et al. Objective assessment of keloid scars with three-dimensional imaging: quantifying response to intralesional
steroid therapy. Plast. Reconstr. Surg. 119(2), 556-561 (2007).

2. Cavallini, M. & Papagni, M. E. New evaluation method to assess the improvement of glabellar lines and crow’s feet lines with
onabotulinum toxin a. J. Clin. Exp. Dermatol. Res. 7, 351 (2016).

3. Choi, J. W,, Suh, Y. C,, Song, S. Y. & Jeong, W. S. 3D Photogrammetric analysis of the nasal tip projection and derotation based on
the nasal tip quadrupod concept. Aesth. Plast. Surg. 41, 608-617 (2017).

4. Dobos, G., Lichterfeld, A., Blume-Peytavi, U. & Kottner, J. Evaluation of skin ageing: a systematic review of clinical scales. Br. J.
Dermatol. 172, 1249-1261 (2017).

5. Lee, K. C,, Dretzke, J., Grover, L., Logan, A. & Moiemen, N. A systematic review of objective burn scar measurements. Burns &
Trauma. 4, 14 (2016).

6. Levy,J. L., Pons, F, Agopian, L. & Besson, R. Subjective evaluation and objective measurement methods in cosmetic dermatology.
Med. Laser Appl. 19(4), 223 (2004).

7. Daniell, H. W. Smoker’s wrinkles: a study in the epidemiology of ‘crow’s feet’ Ann. Intern. Med. 75, 873-880 (1971).

8. Martin, N. A. J,, Lundy, J. B. & Rickard, R. E Lack of precision of burn surface area calculation by UK Armed Forces medical
personnel. Burns J. Int. Soc. Burn Injuries. 40(2), 246 (2014).

9. Nedelec, B., Shankowsky, H. A. & Tredget, E. E. Rating the resolving hypertrophic scar: comparison of the Vancouver Scar Scale
and scar volume. J. Burn Care Rehabil. 21(3), 205-212 (2000).

10. Rhee, J. S. & Mcmullin, B. T. Outcome measures in facial plastic surgery: patient-reported and clinical efficacy measures. Arch.
Fac. Plast Surg. 10(3), 194-207. https://doi.org/10.1001/archfaci.10.3.194 (2008).

11. Valet, E, Ezzedine, K., Malvy, D., Mary, J. Y. & Guinot, C. Assessing the reliability of four severity scales depicting skin ageing
features. Br. J. Dermatol. 161(1), 153-158 (2009).

12. Wurzer, P, Giretzlehner, M. & Kamolz, L. 3D photography is an accurate technique for measuring small wound areas. Burns J. Int.
Soc. Burn Injuries. 41(1), 196-197 (2015).

13. Manstein, D., Herron, G. H., Sink, R. K., Tanner, H. & Anderson, R. R. Fractional photothermolysis: a new concept for cutaneous
remodeling using microscopic patterns of thermal injury. Lasers Surg. Med. 34, 426-438 (2004).

14. Sawyer, A. R, See, M. & Nduka, C. 3D stereophotogrammetry quantitative lip analysis. Aesth. Plast. Surg. 33(4), 497-504 (2009).

15. Stockton, K. A., Mcmillan, C. M., Storey, K. J., David, M. C. & Kimble, R. M. 3D photography is as accurate as digital planimetry
tracing in determining burn wound area. Burns J. Int. Soc. Burn Injuries. 41(1), 80-84 (2015).

16. Skvara, H. et al. Quantification of skin lesions with a 3D stereovision camera system: validation and clinical applications. Skin Res.
Technol. 19(1), 190 (2013).

17. Jacobi, U. et al. In vivo determination of skin surface topography using an optical 3D device. Skin Res. Technol. 10(4), 207-214
(2004).

18. Kottner, J. et al. Comparison of two in vivo measurements for skin surface topography. Skin Res. Technol. 19(2), 84-90 (2013).

19. Ohtsuki, R., Sakamaki, T. & Tominaga, S. Analysis of Skin surface roughness by visual assessment and surface measurement. S.
Opt. Rev. 20, 94 (2013).

20. Zapletalova, A., Pata, V., Janis, R., Kejlova, K. & Stoklasek, P. Objective measurements of skin surface roughness after microder-
mabrasion treatment. Skin Res. Technol. 23(3), 346-353 (2017).

21. Ghoddousi, H., Edler, R., Haers, P., Wertheim, D. & Greenhill, D. Comparison of three methods of facial measurement. Int. J. Oral
Maxillofac. Surg. 36(3), 250-258 (2007).

22. Hameeteman, M., Verhulst, A. C., Vreeken, R. D., Maal, T. J. J. & Ulrich, D. J. O. 3D stereophotogrammetry in upper-extremity
lymphedema: An accurate diagnostic method. J. Plast. Reconstruct. Aesth. Surg. 69(2), 241-247 (2016).

23. Hermans, D. J., Maal, T. ]., Berge, S. J. & van der Vleuten, C. J. Three-dimensional stereophotogrammetry: a novel method in
volumetric measurement of infantile hemangioma. Pediatr. Dermatol. 31(1), 118-122 (2014).

24. Honeybrook, A., Bloom, J. D., Woodard, C. & Bernstein, E. F. Three-dimensional photography for measuring volumetric changes
after submental cryolipolysis. Am. J. Cosmetic Surg. 35(3), 135-142 (2018).

25. Kohl, E. et al. Fractional carbon dioxide laser resurfacing of rhytides and photoageing: a prospective study using profilometric
analysis. Br. Jo. Dermatol. 170(4), 858-865 (2014).

26. Plooij, J. M.. et al. Evaluation of reproducibility and reliability of 3D soft tissue analysis using 3D stereophotogrammetry. Int. J.
Oral Maxillofac. Surg. 38(3), 267-273 (2009).

27. Puviani, M. & Milani, M. A prospective: pilot: open-label study not the effects of a topical photorepair and photoprotection film-
forming medical device in patients with actinic keratoses evaluated by means of Antera 3D. J. Clin. Exp. Dermatol. Res. 6,1 (2015).

28. Stekelenburg, C. M. et al. In a clinimetric analysis, 3D stereophotogrammetry was found to be reliable and valid for measuring
scar volume in clinical research. J. Clin. Epidemiol. 68(7), 782-787 (2015).

29. Tanzi, E. L. & Alster, T. S. Comparison of a 1450-nm diode laser and a 1320-nm Nd:YAG laser in the treatment of atrophic facial
scars: a prospective clinical and histologic study. Dermatol. Surg. 30, 152-157 (2004).

30. Tzou, C.J. et al. Comparison of three-dimensional surface-imaging systems. J. Plast. Reconstruct. Aesth. Surg. JPRAS. 67(4), 489
(2014).

31. Ud-din, S., Greaves, N. S., Sebastian, A., Baguneid, M. & Bayat, A. Noninvasive device readouts validated by immunohistochemi-
cal analysis enable objective quantitative assessment of acute wound healing in human skin. Wound Repair Regen. 23(6), 901-914
(2015).

32. Van der Loon, B. et al. 3D Stereophotogrammetric assessment of pre- and postoperative volumetric changes in the cleft lip and
palate nose. Int. J. Oral Maxillofac. Surg. 39(6), 534-540 (2010).

33. Van der Meer, W. ], Dijkstra, P. U,, Visser, A., Vissink, A. & Ren, Y. Reliability and validity of measurements of facial swelling with
a stereophotogrammetry optical three-dimensional scanner. Br. J. Oral Maxillofac. Surg. 52(10), 922-927 (2014).

34. Tchvialeva, L., Zeng, H., & Markhvida, I. Skin Roughness Assessment. New Developments in Biomedical Engineering. Domenico
Campolo (Ed.), ISBN: 978-953-7619-57-2 (2010), InTech. Available from: http://www.intechopen.com/books/new-developmen
ts-in-biomedicalengineering/skin-roughness-assessment.

35. De Miranda, R. E., Matayoshi, S., Brabo, J. L. & Miyoshi, L. H. Use of stereophotogrammetry for measuring the volume of external
facial anatomy: a systematic review. Rev. Bras. Cir. Pldst. 33(4), 572-579 (2018).

36. Machado, B. H. B., Zhang, ]., Frame, J. D. & Najlah, M. Comparative study on the outcome of periorbital wrinkles treated with
laser-assisted delivery of vitamin c or vitamin ¢ plus growth factors: a randomized double-blind clinical trial. Aesth. Plast. Surg.
https://doi.org/10.1007/500266-020-02035 (2020).

37. Eberlein-Koenig, B. Skin surface pH: stratum corneum hydration, trans-epidermal water loss and skin roughness related to atopic
eczema and skin dryness in a population of primary school children. Acta Derm Venereol. 80, 188-191 (2000).

38. Fadzil, M. H. A. et al. 3D surface roughness measurement for scaliness scoring of psoriasis lesions. Comput. Biol. Med. 43(11),
1987-2000 (2013).

Scientific Reports|  (2021) 11:12385 | https://doi.org/10.1038/s41598-021-91922-9 nature portfolio


https://doi.org/10.1001/archfaci.10.3.194
http://www.intechopen.com/books/new-developments-in-biomedicalengineering/skin-roughness-assessment
http://www.intechopen.com/books/new-developments-in-biomedicalengineering/skin-roughness-assessment
https://doi.org/10.1007/s00266-020-02035

www.nature.com/scientificreports/

39. Makki, S., Barbenel, J. C. & Agache, P. A quantitative method for the assessment of the microtopography of human skin. Acta
Derm. Venereol. 59(4), 285-291 (1979).

40. Bloemen, M. C., Van Gerven, M. S., Van Der Wal, M. B., Verhaegen, P. D. & Middelkoop, E. An objective device for measuring
surface roughness of skin and scars. J. Am. Acad. Dermatol. 64(4), 706-715 (2011).

41. Edwards, C., Heggie, R. & Marks, R. A study of differences in surface roughness between sun-exposed and unexposed skin with
age. Photodermatol. Photoimmunol. Photomed. 19(4), 169-174 (2003).

42. Trojahn, C. et al. Relation between skin micro-topography, roughness, and skin age. Skin Res. Technol. 21(1), 69-75 (2015).

43. Kalil, C. L. P. V,, Frainer, R. H., Dexheimer, L. S., Tonoli, R. E. & Boff, A. L. Treatment of acne scars using the microneedling and
drug delivery technique. Surg. Cosmet. Dermatol. 7(2), 144-148 (2015).

44. Ko, E.]. et al. Efficacy and safety of non-invasive body tightening with high-intensity focused ultrasound (HIFU). Skin Res. Technol.
23(4), 558-562. https://doi.org/10.1111/srt.12371 (2017).

45. Shrout, P. E. & Fleiss, J. L. Intraclass correlation: uses in assessing rater reliability. Psychol. Bull. 86(2), 420-428 (1979).

46. Landis, J. R. & Koch, G. G. The measurement of observer agreement for categorical data. Biometrics 33, 159-174 (1977).

47. Flynn, T. C. et al. Validated assessment scales for the upper face. Dermatol. Surg. 38, 309-319. https://doi.org/10.1111/j.1524-4725.
2011.02248 (2012) (PMID: 22316187).

Author contributions

B.H.B.M,, ].E. and M.N. contributed to the study conception and design. I.D.M.S. has supported with patients’
follow-up. Material preparation, data collection and analysis were performed by B.H.B.M. B.H.B.M. and WM.P.
performed the statistical calculations and the statistics review. The first draft of the manuscript was written by
B.H.B.M. and revised by J.F. and M.N. who have also guided the study. All authors read and approved the final
manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.N.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:12385 | https://doi.org/10.1038/s41598-021-91922-9 nature portfolio


https://doi.org/10.1111/srt.12371
https://doi.org/10.1111/j.1524-4725.2011.02248
https://doi.org/10.1111/j.1524-4725.2011.02248
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Scientific validation of three-dimensional stereophotogrammetry compared to the IGAIS clinical scale for assessing wrinkles and scars after laser treatment
	Material and methods
	Ethics approval. 
	Consent to participate. 
	Consent for publication. 

	Results
	Discussion
	Conclusion
	References


