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ABSTRACT 
Objectives: To evaluate the diagnostic and prognostic value of 
quantitative biomarkers derived from optical coherence 
tomography measurements for the management of patients with 
systemic sclerosis and to compare their clinical utility with the 
modified Rodnan skin score (mRSS).  
Methods: Thirty-seven patients and 38 healthy volunteers were 
selected. The mRSS was performed in both groups over 17 
anatomical sites and optical coherence tomography images were 
obtained over 7 of the 17 anatomical sites using 2 commercially 
available systems. For all sites, both types of images were processed 
to quantify the optical absorption, area and thickness of the 
different layers of the skin. 
Results: For both systems, the 3 most extreme results and usually 
more affected locations provided statistically relevant data. For one 
system, the dermal-epidermal junction area, i.e. the integral sum of 
the optical density, led to significant difference between both 
groups. For the other system, the junction slope, i.e. the optical 
density gradient, demonstrated an excellent accuracy in 
scleroderma diagnosis when mRSS was high in the most relevant 
lesions, and superior sensitivity and specificity when mRSS was low. 
Conclusions: This study shows promising results for optical coherence 
tomography to provide an objective non-invasive examination tool 
for early diagnosis of systemic sclerosis.  
Keywords: systemic sclerosis, skin, imaging, optical coherence 
tomography 
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Introduction 
Systemic sclerosis (SSc) is a rare and heterogeneous 
autoimmune connective tissue disease characterized 
by fibroproliferative vasculopathy, inflammation 
and aberrant fibrosis of the skin and internal 
organs, ensuing progressive impairment and failure 
of the affected organs1-3. SSc is classically divided 
in two distinct subsets based on the pattern of skin 
involvement1,4. Limited cutaneous SSc (lcSSc) is 
usually delineated by limited skin fibrosis and 
vascular manifestations whereas diffuse cutaneous 
SSc (dcSSc) is dominated by a rapidly progressive 
and widespread fibrosis of the skin and internal 
organs, often associated with a disastrous prognosis 
despite the considerable progress made in the 
management of patients and the understanding of 
the underlying pathophysiology5,6. Even though 
progressive skin thickening is a dominant feature of 
the disease, internal organs fibrosis mainly affects 
the clinical outcome and prognosis7,8. The severity 
of skin fibrosis and its progression rate are assessed 
by the modified Rodnan skin score (mRSS), a semi-
quantitative evaluation of skin stiffness at seventeen 
body sites9. mRSS is a tool of pivotal importance in 
the management of the disease as it’s considered as 
a surrogate marker of disease severity (i.e. systemic 
organ involvement) and mortality10-13. Despite 
being currently considered as the gold standard for 
assessing SSc patients, mRSS has several limitations 
due to operator skills and interpretations14,15. Skin 
biopsy has not been validated for the diagnosis of 
SSc due to delayed healing and scarring in SSc 
patients6,16.  
 
Due to the lack of validated and objective skin 
assessment tools in SSc, several non-invasive 
diagnostic modalities such as dermoscopy17, 
durometry18,19 and high frequency ultrasonography 
(HFUS)20,21 have emerged over the last years as 
alternative diagnosis and management tools. These 
techniques allow the non-invasive visualization of 
the morphological changes of the skin that are not 
visible to the naked eye, both in real-time and over-
time, and has been advocated as promising tools in 
evaluating skin involvement in SSc22-24. 
 
In recent years, optical coherence tomography 
(OCT) has been introduced. OCT is a real time non-
invasive imaging technique allowing imaging of 
three-dimensional volume of tissue and producing 
high resolution and contrasts images of superficial 
layers of the skin25. It is currently used in 
ophthalmology for the diagnosis of retinal 
diseases26 as well as in cardiology27 and 
dermatology28. By generating cross-sectional 
images of tissue, OCT enables visualization of 
altered skin architecture present in superficial skin 
lesions28. Promising results have been demonstrated 

mainly for non-melanoma skin cancers29. Several 
systems have been commercialized over the last 
decade with different resolutions, penetration 
depth and, therefore, clinical applicability30,31. A 
first study assessed the ability of OCT to detect and 
quantify skin fibrosis in SSc. OCT imaging 
correlated with histological skin changes. Moreover, 
a high mRSS was associated with a progressive loss 
of visualization of the dermal-epidermal junction 
and a decrease of the optical density in the 
papillary dermis. The intra-observer and inter-
observer reliability was high, but the sample 
included only a small number of patients with similar 
degrees of fibrosis32-34. 
 
The aim of this study is to evaluate the use of OCT 
for the diagnosis and therapeutic monitoring in SSc 
using two commercially available OCT systems 
optical coherence tomography. 
 

Methods 
PATIENTS 
Forty-two SSc patients followed in Erasmus Hospital 
were enrolled in the study. Thirty-eight of them 
fulfilled the American College of 
Rheumatology/European League Against 
Rheumatism (ACR/EULAR) classification criteria for 
SSc and were included in the study. Thirty-eight 
healthy volunteers were recruited from the staff. 
Clinical and demographic data were gathered. 
mRSS evaluation was performed by a fully trained 
rheumatologist and was executed independently of 
the OCT evaluation. The study was approved by 
the local ethics committee of Erasmus Hospital. All 
patients and controls signed a written informed 
consent to participate in the study. 
 
IMAGING 
OCT scans was performed in all patients and 
healthy volunteers at 7 of the 17 anatomical sites 
used for the mRSS, namely first phalanx, second 
phalanx, dorsal aspect of the hand, posterior 
aspect of the forearm, posterior aspect of the arm, 
neckline and face, all calculated on the left side. The 
OCT scans were performed using the “Vivosight®” 
multi-beam OCT probe (Michelson Diagnostics) and 
the “Skintell®” high-definition (HD)-OCT probe 
(Agfa Healthcare Mortsel, Belgium and München, 
Germany). Those two OCT scans were used because 
of the complementary information they provide. 
Vivosight® enables vertically oriented imaging of 
the skin from the surface up to 2 mm, reaching 
higher penetration depth than the Skintell®, but is 
characterized by a lower lateral resolution (7,5 µm) 
(figure 1A). Skintell® is characterized by a higher 
resolution of 6 µm sufficient to provide cellular 
visualization, enables real-time and dynamic three-
dimensional imaging of the skin from the surface up 
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to 570µm (papillary dermis) (figure 1B). Acquisition 
procedures are described in detail elsewhere32,35. 

 
Figure 1A. HD-OCT enables 3-D imaging of the skin providing both (a) cross sectional images and en face 
images through (b) the stratum corneum, (c) the epidermis, (d) to the reticular dermis. 
Abbreviations: HD-OCT: high-definition optical coherence tomography 
 

 
Figure 1B. Comparison of cutaneous involvement in systemic sclerosis and normal skin imaged with HD-OCT 
Abbreviations: HD-OCT: high-definition optical coherence tomography 
 
IMAGE PROCESSING 
Multi-Beam OCT: Vivosight® 
The A-scans i.e. the OCT signal plotted at each 
lateral position against depth-in-tissue, were 
averaged over the entire volume using the same 
custom processing written in Matlab (2012a, The 
MathWorks, Natick, MA, USA) previously reported 
elsewhere 32. The image processing is going through 
these successive steps: (1) the skin surface is 
detected and is set at the same level (i.e. corrected 
depth) in the whole image volume so as to correct 
for natural or patient-related variations; (2) the 
optical density (OD) through the skin depth is 
normalized relative to the OD at the skin surface; 
(3) the data at each corrected depth beneath the 
skin surface are averaged. Apart from the air-skin 
interface, where the difference in refractive index 
causes an intensity peak, the obtained mean A-scan 

exhibits a monotonic decay of the signal, with the 
noticeable exception of the papillary dermis (PD) 
that appears hyper-reflective, in contrast to the 
hypo-reflective dermal-epidermal junction (DEJ), 
which produces a valley. The distance between the 
skin surface and the DEJ corresponds to the 
epidermis thickness (ET), while a bulge in the OCT 
signal beyond the epidermis characterizes the 
transition from the epidermis to the PD. The 
processing automatically extracts these A-scan 
features by performing the following 
measurements: (1) the junction thickness (JT), 
corresponding to the distance between the DEJ and 
the skin depth at which the same OD as the one 
observed at the DEJ is found in the PD; (2) the 
junction OD (JOD), corresponding to the difference 
in OD between PD peak and DEJ valley; (3) the 
junction area (JA), corresponding to the integral sum 
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of the OD in the whole “bulge” thickness; (4) the 
junction slope (JS), defined as the maximum OD 
gradient found after the DEJ, limited to the first 400 
µm of tissue. 
 

High-definition OCT: Skintell®  
The quantification of the volumetric images was 
performed with a custom-made interface written in 
LabView® (Labview2011; National Instruments, 

Austin, TX, USA. An average intensity profile is 
calculated over a skin area of 150 µm by 150 µm 
(50 by 50 pixels) selected using the images at 30 
µm depth above and below the plane with the 
highest backscattering intensity, in the papillary and 
reticular dermis respectively (figure 2). The volume 
was chosen to include regular and homogeneous 
structures.  

 

  

 
 

  
Figure 2. Example of image processing with the Skintell data set for location 2 for (A) a healthy volunteer 
(mRSS=0) and for SSc patients displaying a Rodnan score of (b) mRSS=0, (C) mRSS=1, (d) mRSS=2 and (e) 
mRSS=3. Insert F shows all the depth profiles displaced vertically for the sake of clarity of display. 
Abbreviations: mRSS: modified Rodnan skin score 
 
Three out of the four parameters studied with the 
Vivosight® OCT, namely, JT, JOD and JS, were 

obtained by manual location and measurement of 
the relevant features in the average A-scan profiles 
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from the Skintell® data. Additional parameters 
were investigated with the Skintell®, i.e., the 
epidermis-dermis distance, epidermis and PD 
attenuation (both absolute and normalized to the 
maximum in profile), and PD-to-epidermis 
attenuation ratio. 
 
STATISTICAL ANALYSIS 
Statistical analyses were performed using 
GraphPad Prism 7.0b (GraphPad Software, La 
Jolla, CA, USA). The correlations of each of the four 
quantitative parameters derived from both 
Vivosight and Skintell with mRSS were performed 
using nonparametric Spearman’s correlations 
(Rodnan index is neither continuous nor normally 
distributed) and their significance was assessed by 
means of the associated two-tailed P value. The 
patient and control groups were compared location 
per location using unpaired two-tailed parametric t 
tests. As we compared different quantitative 
parameters for different locations, multiple 
parametric comparisons were performed without 
assuming a consistent standard deviation (SD), but 
P-values were corrected for multiple comparisons 
with the Holm-Šídák method. The statistical 
significance level was set to 0.05 throughout the 
analyses. Receiver Operator Characteristic (ROC) 
curves were derived for every statistically 
significant parameter with both OCT systems in 
each of the 7 investigated lesions. Area under the 

curve (AUC) and its corresponding P-value were 
estimated, as well as the cutoff value and 
associated sensitivity and specificity provided AUC 
was higher than 0.75. ROC curves were similarly 
obtained for mRSS to compare its classification 
performance with the quantitative OCT parameter. 
Beside these correlations, t tests and ROC curves 
applied for all patients, additional correlations, 
multiple t tests and ROC curves were performed 
and computed with the sole patients with mRSS 
equal to 0 for the few quantitative parameters that 
proved to be statistically relevant with the previous 
tests, so as to assess the clinical utility of the elicited 
OCT-derived parameters against the mRSS.  
 
Results  
PATIENTS AND CONTROLS 
A total of thirty-eight patients were included in the 
in the study and fulfilled the American College of 
Rheumatology/European League Against 
Rheumatism (ACR/EULAR) classification criteria for 
SSc 36. Among them, 28 patients had a limited SSc 
and 10 had a diffuse SSc according to LeRoy and 
Medsger 37. Thirty-eight healthy volunteers who 
matched for age and phototype, without 
dermatologic disease, were recruited as controls. 
The epidemiological and clinical data are 
summarized in Table 1. We obtained 532 volumes 
with each imaging technique.  

 
Table 1. Demographic, clinical, laboratory data of 38 SSc patients and 38 healthy controls. 

 SSc Controls 

Gender (Female/Male) 32/6 34/4 

Age (years) 55 (16-79) 54,5 (26-83) 

Disease duration from RP (years) 10 (1-15) - 

Disease duration from non-RP (years) 7 (0-20) - 

Disease subset (diffuse/limited) 10/28 - 

ANA+ 38 - 

Topoisomerase+ 6 - 

ACA+ 16 - 

Mean mRSS (/51) 4 (0-20) 0 

Abbreviations: ACA: anti-centromere antibody; ANA: antinuclear antibody; D/L: diffuse/limited; mRSS: 
modified Rodnan skin score; RP: Raynaud phenomenon; SSc: systemic sclerosis 
 
QUALITATIVE COMPARISON  
With both systems, we could observe the same 
significant differences between the images of the 
diseased skin and those of the normal skin. The main 
one was the darkness of the PD making the junction 
difficult to visualize from the underlying dermis. This 
difference seemed all the more striking as the 
clinical impairment was marked. Otherwise, the 

epidermis seemed intact, contrasting with the rest of 
the structures by its brightness.  Moreover, we 
noticed a loss of superficial folds associated with 
the rarefaction of skin appendages in involved skin. 
These observations were similar with the 2 systems 
although the sensitivity seemed superior with the 
Skintell®. (Figure 2 and supplementary figure 1)  
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Supplementary Figure 1. Example of image processing with the Vivosight data set for location 2 for (A) a 
healthy volunteer (mRSS=0) and for SSc patients displaying a Rodnan score of (B) mRSS=0, (C) mRSS=1, 
(D) mRSS=2 and (E) mRSS=3. Insert F shows all the depth profiles displaced vertically for the sake of 
illustration. 
Abbreviations: mRSS: modified Rodnan skin score 
 
QUANTITATIVE COMPARISON  
From the four Vivosight®-derived parameters 
evaluated, only the JA difference between patients 
and healthy controls appeared significant for the 
sole skin site 2 (patients, n=36: 77 ± 89.6 µm (mean 
± SD); controls, n=38: 148.1±130.3 µm; corrected 
P-value = 0.032), while mRSS proved to be very 

significant to extremely significant (corrected P-
values < 0.01) for all lesions according to their 
location (supplementary figure 2). JA significantly 
correlated with mRSS for skin site 1 (Spearman r 
[95%CI] = -0.564 [-0.7725 to -0.2447], P value = 
0.0012). No correlation was observed for the other 
Vivosight® measurement sites.  
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Supplementary Figure 2. A. Comparison of OCT-derived junction area (JA) at the 7 investigated locations, 
considering all mRSS. B. Same comparison when considering only the measurements where mRSS=0. 
Abbreviations: JA: junction area; mRSS: modified Rodnan skin score; OCT: optical coherence tomography SD: 
standard deviation  
 
The same tests performed on the quantitative 
parameters derived from the Skintell® images 
revealed the JS as the most relevant one, as can be 
seen in Table 2. In particular, JS was significantly 
lower in the first three imaged skin sites in SSc 
patients relative to controls (Supplementary figure 
3) when compared to mRSS. At all the 7 imaging 
sites, JS performed better than mRSS. 

The OD ratio between PD and epidermis in patients 
proved to be significantly lower as well in the first 
two skin sites (Table 2). In skin site 1 only, where the 
average mRSS was the highest, the normalized OD 
PD / OD epidermis revealed significantly lower in 
patients compared to healthy controls. 

 

 
Supplementary Figure 3. A. Comparison of HD OCT-derived junction slope (JS) at the 7 investigated 
locations, considering all mRSS. B. Same comparison when considering only the measurements where mRSS=0. 
Abbreviations: HD-OCT: high definition optical coherence tomography; JS: junction slope; mRSS: modified 
Rodnan skin score; SD: standard deviation  
 
Table 2. Summary of statistically significant results from HD-OCT-derived quantitative parameters analysis 
the 7 anatomical skin sites. 

  Patients Controls  

Lesion Metrics Mean SD n Mean SD n corr. p 

 
1 
 

mRSS 1.405 1.212 36 0 0 38 < 0.0001 

JS (µm-1) -7.97 10-3 -19.3 10-3 36 -48 10-3 26 10-3 38 < 0.0001 

(PD/Epi) OD 0.195 0.148 36 0.369 0.166 38 < 0.001 

Norm. PD OD 0.221 0.143 24 0.344 0.164 38 0.027 

2 
mRSS 0.972 1.207 36 0 0 37 < 0.0001 

JS(µm-1) -0.0247 0.0285 36 -0.0483 0.0305 37 0.01 
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  Patients Controls  

(PD/Epi) OD 0.323 0.190 36 0.458 0.195 37 0.029 

3 
mRSS 0.778 1.098 36 0 0 37 < 0.001 

JS(µm-1) -0.0269 0.0264 36 -0.0517 0.0294 37 0.003 

4 mRSS 0.611 0.994 36 0 0 37 0.003 

5 mRSS 0.556 0.939 36 0 0 37 0.006 

6 mRSS 0.472 0.878 36 0 0 37 0.016 

7 mRSS 0.694 1.009 36 0 0 37 < 0.001 

Abbreviations: Epi: epidermis; HD-OCT: high definition optical coherence tomography; JS: junction slope; mRSS: 
modified Rodnan skin score; OD: optical density; PD: papillary dermis: SD: standard deviation; SSc: systemic 
sclerosis 
 
A correlation was found between mRSS and Skintell® derived JS for all skin sites except skin site 4 (Table 
3). As can be observed, correlation was the highest in the first measurement site. 
 
Table 3. Summary of Spearman correlation r, 95% confidence interval and P values for HD-OCT derived 
JS (in µm-1) with mRSS for 6 anatomical skin sites. 

 site 1 site 2 site 3 site 5 site 6 site 7 

Spearman r 0.709 0.428 0.424 0.382 0.361 0.397 

95% CI min 0.570 0.214 0.210 0.162 0.138 0.181 

95% CI max 0.809 0.602 0.600 0.566 0.550 0.577 

P-value < 0.0001 0.0001 0.0002 0.0008 0.0016 0.0004 

Abbreviations: CI: confidence interval  
 
ROC curves were computed for JA since it was the 
only significantly relevant quantitative parameter 
derived from the Vivosight® A-scan data, thereby 
enabling to classify patients with scleroderma. All 
patients were pooled, whatever their mRSS. The 
accuracy was poor for the second location (AUC 
[SD] =0.68 [0.063], P-value=0.008), with a cutoff 

value of 85.14 (sensitivity=69.4%, 
specificity=68.4%), while JA failed to classify 
patients and controls (AUC≤0.6) at all the other 
lesion locations. In comparison, the ROC curves 
associated to mRSS exhibited an accuracy ranging 
from good to fair and were all statistically 
significant (Table 4).  

 
Table 4. Results of ROC curve analysis for mRSS, HD-OCT JS, and HD-OCT JS when considering only patients 
with mRSS=0, for the three first skin measurement location. 

 Location 1 Location 2 Location 3 

 mRSS 
JS 
(µm-1) 

JS (µm-1) 
(mRSS=0) 

mRSS 
JS 
(µm-1) 

JS (µm-1) 
(mRSS=0) 

mRSS 
JS 
(µm-1) 

JS (µm-1) 
(mRSS=0) 

AUC 0.84 0.91 0.78 0.74 0.76 0.71 0.71 0.74 0.70 

SD 0.050 0.035 0.086 0.060 0.058 0.079 0.062 0.058 0.073 

P-value <0.0001 <0.0001 0.005 <0.001 <0.0001 0.009 0.002 0.003 0.033 

Cutoff >0.5 -0.0188 -0.0245 >0.5 -0.0274 -0.0274 >0.5 -0.0415 0.0415 

Se 67.6% 83.8% 72.7% 47.2% 70.3% 63.2% 41.67% 71.4% 71.4% 

Sp 100% 87.2% 79.5% 100% 84.2% 84.2% 100% 65.8% 65.8% 

Abbreviations: AUC: area under the curve; JS: junction slope; mRSS: modified Rodnan skin score; SD: standard 
deviation; Se: sensitivity; Sp: specificity.  
 
We further investigated whether JA would be able 
to classify patients with mRSS=0. In this view, only 
patients with mRSS=0 were kept in the patient’s 
group for comparison against control subjects. 
Accuracy was poor for locations 1 and 2, but not 
significant (location 1: AUC [SD]=0.65 (0.079), P-
value=0.168; location 2: AUC=0.65 (0.077), P-

value=0.063), while JA just failed at all the other 
locations. 
 
Similar ROC curves were computed and analyzed 
for JS, the most relevant quantitative Skintell®-
derived parameter, as can be seen in 
supplementary figure 4. When considering 
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classification of patients, whatever their mRSS, JS 
proved to perform better than mRSS in a challenge 
with control subjects, at locations 1, 2 and 3, at 
least. At location 1, accuracy was excellent when 
using a cutoff of JS=-0.0188µm-1. For locations 2 
and 3, accuracy was fair, and slightly higher than 

mRSS. Additionally, JS showed a fairly good 
accuracy in discriminating between patients and 
control subjects when considering only patients with 
mRSS=0 (supplementary figure 4.B, D, and F). 
Indeed, in location 1, accuracy was fair, whereas in 
locations 2 and 3, accuracy was poor. 

 

 
Supplementary Figure 4. ROC curves of HD OCT-derived JS. Top, middle, and bottom row depict ROC 
curves for location 1, 2, and 3, respectively. On the left (A, C, E), the ROC curves have been obtained 
whatever the mRSS. On the right (B, D, F), the corresponding curve when only measurements where mRSS=0 
are considered. Cuttoff values are in µm-1. 
Abbreviations: AUC: Area under the curve; HD-OCT: high-definition optical coherence tomography; JS: junction 
slope; mRSS: modified Rodnan skin score; ROC: Receiver Operator Characteristic  
 

Discussion 
Up to now, mRSS remains the only gold standard 
for the semi-quantitative assessment of the skin 
fibrosis, both in daily practice and clinical trials 10-

13,38. However, despite its convenience and 
reproducibility, certain drawbacks remain due to 
the subjectivity inherent to operator skills and 
interpretations14,15. Although subjective assessment 
of the cutaneous involvement imaged by both OCT 
systems was not the main goal of our study, 

qualitative evaluation and comparison enabled to 
further assess the morphological changes in SSc skin 
compared to normal skin. We observed that the 
dermis appeared much darker and the DEJ less 
identifiable as the severity of disease increases. This 
decreased reflectiveness may be caused, in part, 
by dermal edema and thickening of skin related to 
SSc. Moreover, thickening and horizontalization of 
collagen fibers may be responsible for decreasing 
the backscattering of the light and therefore the 
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brightness of the dermis. Moreover, the other 
observations were consistent with the histological 
characteristics already known of the SSc skin, 
namely the loss of superficial skin folds and the 
rarefaction of the skin appendages.  
 
In the light of the above, we expected the fibrosis 
in the upper dermis would increase the optical 
scattering (hence decreasing the backscattered 
light), thereby resulting in an altered measured JS 
by OCT. Similarly, the fibrosis in the papillary 
dermis would diminish JA. As such, we then 
performed quantitative assessment of skin with OCT 
to evaluate the morphological changes observed in 
the skin of SSc patients. We could not observe 
significant changes in JA (except for the second 
studied location) in SSc patients and controls. These 
results differ from those described by the study of 
Abignano et al 30. This discrepancy could be related 
to the fact that the latter study included Vivosight® 
images taken at distal locations of the body, 
namely hand and forearm, where sclerosis changes 
occur earlier and stronger in the disease course.  
 
On the other hand, Skintell® images using JS 
parameter showed significant changes for the first 
three locations in SSc patients compared to controls. 
A very interesting discovery of our work is the 
ability of JS images to objectify morphological 
changes in clinically uninvolved SSc skin compared 
to normal skin.  However, we were not able to show 
significant differences in JS for the 4th to 7th 
locations. Since cutaneous involvement in SSc 
undergoes a distal-proximal progression, it may be 
due to the smallest proportion of affected skin as 
we move up proximally resulting in less rapidly 
significant differences by statistical effect. 
Furthermore, a significant correlation was found 
between mRSS and Skintell®-derived JS for all skin 
sites (except skin site 4). This technology could not 
only help to make the diagnosis but also offer an 
objective tool to assess the severity of the disease 
with the advantage to be user independent. It could 
permit to follow the evolution of the disease and/or 
the effectiveness of a treatment more precisely and 
quantitatively. Moreover, studies using this objective 
methodology would be comparable to each other 
and so, it could offer the possibility to realize meta-
analysis increasing relevance of clinical research.  
 
The results with JS for location 1 are particularly 
noteworthy and promising because they suggest 
that it would be possible to make an early diagnosis 
of SSc patients without clinical manifestations of skin 
involvement, i.e., with mRSS=0, with good precision, 
sensitivity and specificity.  For the patient, early 
diagnosis offers the possibility to initiate early 
treatment and better prognosis. For these patients 

with mRSS=0, we were not able to show significant 
difference in 3th to 7th locations. As already 
discussed, distal clinically uninvolved skin may 
include more subclinical involvement whereas 
proximal locations may be real uninvolved skin. 
 
Our study has several limitations. First, 
morphological changes observed with imaging 
techniques were not compared with histology. 
Indeed, no cutaneous biopsy was taken to avoid the 
fore-mentioned potential consequences. Second, 
only one investigator assessed mRSS despite 
notable inter variability inherent in this score. Third, 
quantitative variables – namely JA for Vivosight® 
and JS for Skintell®- comparing involved skin to 
healthy skin were not the same according to the 
selected imaging technique. Finally, images were 
only taken at 7 of the 17 mRSS. The DEJ becomes 
increasingly difficult to identify as the mRSS score 
increases as demonstrated with JA and to a 
significantly lesser extent with JS. Beyond the 
quantitative analysis of the DEJ with JS and JA, it 
would be very interesting to further analyze the 
upper dermis part in the OCT curves with a yet to 
be identified quantitative parameter that would be 
optimally sensitive to what is visually evident. 
Taken together, our study highlight the potential of 
HD-OCT to detect morphological changes in SSc 
patients, making it a promising technology for the 
early non-invasive diagnosis of patients suffering 
from SSc. In addition, it constitutes a more objective 
and relevant tool for skin examination and follow-
up than mRSS. From a practical point of view, 
examination was quick (less than 5 minutes), 
painless, and well tolerated, offering it as a 
practical tool easy to implement in both routine 
clinical practice and clinical trials. However, further 
studies are needed to better clarify and confirm the 
role of HD-OCT in the early diagnosis and 
management SSc patients. 
 

Conclusion 
Our study indicates the potential contribution of HD-
OCT in the early diagnosis and in the management 
of SSc patients. HD-OCT constitutes a non-invasive 
imaging technique that can be easily implemented 
in routine clinical practice and clinical trials. In 
addition, it represents a more objective and 
unbiased tool that mRSS. In the near future, HD-OCT 
could be a validated tool for the diagnosis and 
assessment of skin involvement in SSc.  
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