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Abstract
Introduction: Systemic sclerosis starts with an early phase characterized by Raynauds phenomenon,
puffy fingers/hands, autoantibodies and a scleroderma nailfoldmicroscopic pattern. Alterations in the
nailfoldmicroscopic pattern are not evident in all early SSc patients. Photoacoustics(PA) and highfrequency ultrasound (HFUS) could fulfill this need. The former can measure oxygen saturation while the
latter can measure skin thickening. We hypothesize that photoacoustics and high-frequency ultrasound
can distinguish (early) SSc patients from individuals with primary Raynaud's phenomenon (PRP) by
measuring oxygenation of the fingertip and skin thickening.
Methods: We compared measurements of the third finger in (early)SSc patients to healthy and PRP
individuals. The level of oxygenation and skin thickness were compared between groups.
Nailfoldcapillaroscopy was performed on all subjects.
Results: Thirty-one adult subjects participated in this study: twelve patients with SSc, 5 patients with early
SSc, 5 volunteers with PR and 9 healthy controls.
We found a significant difference in oxygen saturation between (early) SSc patients (80.8% ± 8.1
and 77,9% ± 10.5 ) and individuals with PRP (93.9% ± 1.1).
Measurements of skin thickening showed a significant difference in (early) SSc patients compared to
individuals with PRP (0.48 ± 0.06 mm and 0.51 ±0.16 mm vs. 0.27 ± 0.01 mm). There was no significant
difference between healthy and PRP individuals in oxygenation or skin thickening.
Conclusion: Photoacoustic and high-frequency ultrasound can distinguish between (early)SSc, PRP and
healthy individuals in both oxygenation and skin thickening.

Introduction
Systemic Sclerosis (SSc) is an autoimmune disease characterized by a triad of inflammation,
vasculopathy, and fibrosis of the skin and internal organs such as the lungs and heart(1). Internal organ
involvement, especially cardiopulmonary involvement, can lead to premature death (2). Evidence is
accumulating that immunomodulation if applied early in the disease course could prevent organ
dysfunction and improve prognosis. However, to start timely treatment in SSc, doctors are challenged to
diagnose the disease in an early phase. Diagnostic criteria for SSc are lacking, however classification and
subtype criteria are available (3, 4). Based on the extent of skin thickening, SSc is divided into two
subtypes, namely limited cutaneous SSc (LcSSc) and diffuse cutaneous SSc (DcSSc) (1, 5). To assess
extent and degree of skin thickening, the modified Rodnan skin score (mRSS) is a commonly used,
validated tool (6–8).
Systemic sclerosis starts with an early phase which is clinically characterized by Raynauds phenomenon
and puffy fingers/hands. When specific autoantibodies and a typical scleroderma nailfoldmicroscopic
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pattern are present, patients can be classified as early SSc according to the VEDOSS criteria (3). The
microvascular alterations like endothelial cell damage and increased vascular tone, are already present in
this early stage, probably caused by decreased production of vasodilators such as nitric oxide and
increased production of vasoconstrictors such as endothelin 1 (9, 10). This process combined with
apopthosis of endothelial cells and subsequent loss of capillairies results in a decrease in blood flow and
tissue hypoxia with a typical clinical manifestation known as Raynaud’s phenomenon (11, 12). The blood
vessel alterations can be visualized by nailfoldmicroscopy often showing a specific SSc pattern (13–15).
Alterations in the nailfoldmicroscopy pattern are however only indicative of lower oxygenation of the
finger if the capillary density is less than 7 capillaries per mm. Furthermore, in the very early phase not all
SSc patients display an altered pattern. Since the structure and the function of the blood vessels can be
altered early in the disease process and severe tissue hypoxia may be involved in disease progression,
non-invasive techniques for the evaluation of the microcirculation and oxygenation are of importance to
detect patients without nailfold alterations.
Optical imaging can be an excellent tool to monitor the blood vessel network and its oxygen saturation in
real time and non-invasively. One of the optical techniques that gained interest among researchers and
clinicians in recent years is photoacoustics, due to its capability of providing information about the blood
vessel network at relevant depths with high resolution unlike other optical imaging techniques(16, 17).
Photoacoustic imaging is based on the thermoelastic effect, where absorption of short-pulsed light by
endogenous chromophores, such as red blood cells, or exogenous chromophores, such as fluorophores,
leads to instantaneous volume expansion of the red bloodcells, resulting in generation of acoustic waves
at megahertz frequencies(18). These waves can be received by diagnostic ultrasound equipment and
reconstructed to form an image of the adsorbed optical energy (19, 20). By using multiple wavelengths in
the near infra-red (NIR) therapeutic window, detailed discrimination between oxygenated and
deoxygenated hemoglobin can be made and blood oxygen saturation can be derived from the
measurements (21). Photoacoustics has been utilized with success for a variety of biomedical
applications, such as measurement of angiogenesis and blood oxygen saturation (22), detection of
metastasis in melanoma patients(23), breast cancer (24) and synovitis in finger joint(25). Recently few
studies have shown that photoacoustics can be used to look at skin microvasculature in the palm of the
hand or the nailfold (26–28). A small study with photoacoustics in SSc looked at microvascular
dysfunction and disease activity, showinglower oxygenated hemoglobin and total hemoglobin in
patientens with progressive SSc compared to stable SSc patients and healthy controls (29, 30) .
Furthermore, photoacoustic can be combined with high-frequency ultrasound. High frequency ultrasound
is used to measure very shallow surfaces such as skin and has higher resolution than conventional
ultrasound imaging. Adding this measurement to photoacoustic could lead to a more sensitive diagnostic
tool of SSc because skin thickening is one of the hallmarks of the disease.
In this study, we explore the feasibility of the combined use of photoacoustic and high frequency
ultrasound in early SSc and SSc patients, individuals with primary Raynaud's phenomenon and healthy
individuals to analyse the oxygen saturation of blood vessels in the nailbed. We use high frequencyPage 3/15

ultrasound to determine skin thickening in these different groups. We hypothesize that photoacoustic and
high frequency ultrasound can distinguish the early SSc and the SSc group from the individuals with
primary Raynauds phenomenon in oxygen saturation and skin thickness. We also hypothesize that
individuals with primary Raynauds phenomenon do not differ in oxygenation and skinthicknes from
healthy controls.

Methods
Design
This cross-sectional diagnostic pilot study was performed at the Department of Radiology and Nuclear
Medicine and the Department of Rheumatic Diseases of the Radboud University Medical Center in
Nijmegen, the Netherlands. The Department of Rheumatic Diseases is a tertiary referral center for patients
with systemic sclerosis . Early SSc patients and SSc patients, individuals with primary Raynaud's
phenomenon and healthy controls, were asked to participate in the study. Measurements were done
between October 2018 and December 2018. The study protocol was reviewed by the local ethics
committee (No NL59142.091.16). All patients and volunteers received information and gave written
informed consent prior to enrolment.
Patients/subjects
Participating patients with SSc were classified according to the ACR-EUALR 2013 criteria (1). All early SSc
patients fulfilled the VEDOSS criteria (3, 5). Baseline demographic clinical data were collected through
chart review. These data included age, gender, disease fase (Early SSc / SSc), mRSS and medication use.
Subjects with primary Raynauds phenomenon and healthy controls had no signs of underlying disease.
Smoking and beta blockage use at moment of inclusion were exclusion criteria for all groups. Digital
ulcers and/or finger contractures of the third finger on both sides were exclusion criteria only in the SScpatients.
Assessments
All measurements were performed in a room with a fixed temperature of 22 °C. Patients stayed in the
room 20 minutes prior to the measurements. The fingers of patients and subjects were examined with an
optical probe videocapillaroscope equipped with a 200x contact lens, followed by photoacoustic (PA) and
high-frequency ultrasound (HFUS) measurements by trained assessors. The third finger is the most
sensitive for SSc specific deviations in the pattern, therefore we chose to image the third finger with no
preference for the right or left hand (31).
A specific holder was designed to stabilize the third finger and the probe was placed by hand on the
fingernail in a longitudinal direction. We used a hybrid Visualsonics PA/HFUS system (Visualsonics, Inc.)
equipped with a laser unit with wavelengths ranging from 680 nm to 970 nm. The pulse energy was kept
below the American National Standards Institute (ANSI) limits of maximum permissible exposure. The
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system provides a possibility to measure the oxygen saturation using dual laser wavelength technique
750/850 nm. For PA measurements, we used a 21 MHz central frequency transducer, while for the
evaluation of the skin thickness we used a central frequency transducer of 40 MHz. About 70
measurements of oxygenation were performed in 2 minutes, the average of these measurements was
calculated. The thickening of the skin was estimated between the naifold and the distal interphalangeal
joint of the third finger. All measurements together were executed in thirty minutes.
Outcomes
Nailfold capilaroscopic images of every finger of the participants were evaluated by two trained
assessors to classify the nailfold pattern as normal, atypical, early, active or late SSc. The capilairy
density was measured in the third finger of all patients.
The PA measurements were performed in the nailbed of the third finger in the area beneath the nail and
above the bone. The oxygen saturation measurements were extracted and analyzed for each participant.
Statistical analysis
Descriptive statistics were provided as median and interquartile range (IQR) or numbers with percentages
(%) where appropriate. Considering the small sample sizes Wilcoxon rank sum test was used to examine
differences in skin thickness and saturation between all SSc patients and volunteers with PR and
between the subgroup of early SSc patients and volunteers with PR using a. P-values of ≤0.05 were
considered statistically significant.
The spearman rank correlation was used to analyze an association between capillairy density and
oxygen saturation of the fingers.

Results
Data of 5 early SSc patients, 12 SSc patients, 5 individuals with primary Raynaud's phenomenon (PRP)
and 9 healthy volunteers (HV) was analyzed. Table 1 summarizes the baseline characteristics.
Table 1. Baseline characteristics.
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Early SSc

SSc

PR

HV

( n=5 )

(n=12)

(n=5)

(n=9)

Age in years (median, IQR)

40 (32-58)

59 (46-62)

29 (25-44)

34 (26-52)

Female (%)

80%

42%

60%

33%

Disease duration in months (median, IQR)

12 (5-29)

88 (33-108)

-

-

mRSS (median, IQR)

-

5 (3-10)

-

-

ILD (%)

-

58 %

-

-

40%

42%

-

-

0%

17%

-

-

0%

8%

-

-

60%

33%

100%

100%

Comediaction use (%);

-

Calcium antagonist

-

Angiotensine 2 inhibitor

-

Endotheline antagonist

-

None

Early SSc: early Systemic Sclerosis. SSc: Systemic Sclerosis. PR: primary Raynauds phenomenon. HV:
Healthy volunteer.
Disease duration from first non Raynaud phenomenon.
mRSS: modified Rodnan Skin Score.
ILD: Interstitial lung disease.
Figure 1 shows the PA and HFUS images of a healthy volunteer and a SSc patient. The red line in the
images delineates the region of interest for measuring oxygen saturation. The dark red color in the picture
represents full oxygenation (100%). As shown in figure 1 there is a big difference in oxygenation between
the healthy volunteer (a) where the area of interest is completely red and the SSc patient (b) where this
area is fragmented light red. These findings indicate normal oxygenation in the healthy volunteer and a
decreased oxygenation in the SSc patient. To calculate the degree of oxygenation in the area of interest,
an average estimation of oxygen saturation over the region in 2 minutes is extracted. The dark regions
are not taken into account when estimating the average oxygen saturation.
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On the left the ultrasound image where the red line delineates the region of interest where the oxygen
saturation was estimated and the white areas indicate a region with no oxygenation.
On the right side the nailfoldcapillairy microscopic images of a healthy volunteer with normal density and
normal capillaries and below an image of an active SSc patern on nailfoldmicroscopy with a decreased
density, giant capillaries and hemorrhages.
Oxygenation saturation
There is a significant difference in oxygen saturation between the early SSc patients with or without the
SSc patients and PRP individuals (p = 0.0002). The median oxygen saturation was 75.9% (IQR
75.1%-86.6%) for early SSc, 81.0% (IQR 68.1%-85.1%) for SSc and 94.1% (IQR 93.1%-94.5%) for PRP
individuals, respectively (figure 2a).
Comparing early SSc patients with PRP individuals, also a statisticaly significant difference in oxygen
saturation (p =0.0079) was observed. Figure 2 illustrates that oxyensaturation of PRP individuals is
comparable with healty volunteers.
Skin thickening
Figure 3 shows a HFUS measurement of the skin of a healthy volunteer and an SSc patient and there is a
clear difference in skin thickening and structure. The median skin thicknes for the early SSc group was
0.50mm (IQR 0.45mm-0.52mm), 0.53mm (IQR 0.42mm-0.59mm) for the SSc group and 0.28mm (IQR
0.26mm-0.27mm) for the PRP group. We found a significant difference in skin thickness between the
combined group of all SSc patients and PRP individuals and between early SSc patients versus PRP
individuals. (p=0.0079).
In addition, we explored the association between capillary density and oxygen saturation. Figure 4 shows
the scatterplots of the four groups. The spearman rank correlation coefficient was 0.68.
High frequency ultrasound image of the finger with a notation indicating different parts of the finger. The
upper image is for healthy volunteer and lower image is SSc patient.
Oxygenations saturation (%). Density (capillaries per mm). Spearmans rank correlation coefficient 0.68.
SSc Systemic Sclerosis. Early SSc early Systemic Sclerosis. PRP primary Raynaud phenomenon. HV
Healthy volunteer.

Discussion
In this cross sectional study, we investigated whether non-invasive measurements of oxygen saturation
and skin thickening by two non-invasive techniques namely photoacoustic imaging and high frequency
ultrasound imaging could distinguish (early) SSc patients from individuals with primary Raynaud's
phenomenon. We found that oxygenation, measured by photoacoustic imaging, significantly differs
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between PR controls and both early SSc and SSc patients. Furthermore we found a significant difference
between PRP individuals and early SSc patients which is an important finding to help distinguish
between primary Raynaud's phenomenon and Raynaud's phenomenon associated with early SSc. Using
high frequency ultrasound we found a significant difference in skin thickening between PRP individuals
and (early)SSc patients. Combining photoacoustic and high frequency ultrasound imaging as extra
measurements to the diagnostics for patients with early SSc seems therefore promising.
There are limitations to the study. First, a small number of patients and controls were studied; our results
need to be validated in a larger study population. Second, because photoacoustic and high frequency
ultrasound imaging is timeconsuming with the prototype and the technic of positioning the finger we
used we were not able to perform measurements on all fingers. Examining all fingers could give a more
detailed view of the overall oxygenation and skin thickening in all fingers. The risk of performing
measurements in only one finger is missing deviations. However recent developments in PA imaging
resulting in realtime imaging and assessment of saturation will allow measurements of all fingers in a
much shorter time. Third, we excluded patients and controls using beta blockage and who were smoking,
but there were differences in medicine use among patients. Most, but not all patients, used vasodilating
medication which could lead to better oxygenation, including bosentan, an endotheline receptor
antagonist, which was currently or previously used by some patients. Bosentan can potentially restore
vascularization, and this could also lead to better oxygenation in those patients (32). Fourth, we also did
not correct for organ complications such as interstitial lung disease that may cause decreased
oxygenation, which could also lead to a lower oxygenation measurement of the fingertips. None of the
patients had pulmonary arterial hypertension, but almost 60% of the SSc patients had interstitial lung
disease.
This study also has several strengths. It is the first study that shows the utilization of photoacoustics in
combination with high frequency ultrasound in early SSc. We were able to demonstrate the oxygenation
difference between healthy and PRP individuals and (early) SSc patients. We were also able to assess
skin thickening by high frequency ultrasound. Even in early SSc patients, there are signs of skin
thickening in the examined area compared to healthy and PR individuals. This skin thickening could not
be assessed by using the mRSS. Therefore, our results might contribute to early diagnosis of SSc but
should be confirmed in a larger and prospective cohort of SSc patients including very early patients,
fulfilling the VEDOSS criteria. In this follow up study it would also be interesting to look into the possible
association of low oxygenation saturation and the development of digital ulcera. If this association
exsists we could detect patients at risk for digital ulcera and start treatment more early to possibly
prevent this disabeling complication.
Follow up studies should also focus on some other aspects of PA and HFUS. Currently the measurements
are time consuming and should be optimized to make it more feasible for clinical practic. The focus
should also be on what the predictive value of PA and HFUS in early diagnostis of SSc is compared to
other diagnostics for early ssc, like nailfoldmicroscopy. A large prospective study on patients with
raynauds phenomenon and a long follow-up time could help in answering these questions. In conclusion,
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in this pilot study, we demonstrated the possibile significance of photoacoustics and high-frequency
ultrasound to detect early SSc. Both oxygenation and skin thickening were significantly different between
early SSc patients and SSc patients, and individuals with or without primary Raynauds phenomenon.

Declarations
Ethics approval: The study protocol was reviewed by the ethics committee Arnhem/Nijmegen, the
Netherlands (No NL59142.091.16). All patients and volunteers received information and gave written
informed consent prior to enrolment.
Consent for publication: NA
Availability of data: The datasets during and/or analysed during the current study available from the
corresponding author on reasonable request.
Competing interests: the authors declare that they have no competing interests.
Funding: no funding
Authors contribution: BK and KD performed all meassurements and interpretted all data of patients and
volenteers. EE, FH, CK and MV interpretted all data and were major contributors in writing the manuscript.
All authors read and approved the final manuscript.

References
1. LeRoy EC, Black C, Fleischmajer R, Jablonska S, Krieg T, Medsger TA, Jr., et al. Scleroderma (systemic
sclerosis): classification, subsets and pathogenesis. The Journal of rheumatology. 1988;15(2):202-5.
2. Tyndall AJ, Bannert B, Vonk M, Airo P, Cozzi F, Carreira PE, et al. Causes and risk factors for death in
systemic sclerosis: a study from the EULAR Scleroderma Trials and Research (EUSTAR) database.
Annals of the rheumatic diseases. 2010;69(10):1809-15.
3. Minier T, Guiducci S, Bellando-Randone S, Bruni C, Lepri G, Czirjak L, et al. Preliminary analysis of the
very early diagnosis of systemic sclerosis (VEDOSS) EUSTAR multicentre study: evidence for puffy
fingers as a pivotal sign for suspicion of systemic sclerosis. Annals of the rheumatic diseases.
2014;73(12):2087-93.
4. van den Hoogen F, Khanna D, Fransen J, Johnson SR, Baron M, Tyndall A, et al. 2013 classification
criteria for systemic sclerosis: an American College of Rheumatology/European League against
Rheumatism collaborative initiative. Arthritis and rheumatism. 2013;65(11):2737-47.
5. van den Hoogen F, Khanna D, Fransen J, Johnson SR, Baron M, Tyndall A, et al. 2013 classification
criteria for systemic sclerosis: an American college of rheumatology/European league against
rheumatism collaborative initiative. Annals of the rheumatic diseases. 2013;72(11):1747-55.

Page 9/15

6. Clements P, Lachenbruch P, Siebold J, White B, Weiner S, Martin R, et al. Inter and intraobserver
variability of total skin thickness score (modified Rodnan TSS) in systemic sclerosis. The Journal of
rheumatology. 1995;22(7):1281-5.
7. Furst DE, Clements PJ, Steen VD, Medsger TA, Jr., Masi AT, D'Angelo WA, et al. The modified Rodnan
skin score is an accurate reflection of skin biopsy thickness in systemic sclerosis. The Journal of
rheumatology. 1998;25(1):84-8.
8. Khanna D, Furst DE, Clements PJ, Allanore Y, Baron M, Czirjak L, et al. Standardization of the
modified Rodnan skin score for use in clinical trials of systemic sclerosis. Journal of scleroderma
and related disorders. 2017;2(1):11-8.
9. Liakouli V, Cipriani P, Marrelli A, Alvaro S, Ruscitti P, Giacomelli R. Angiogenic cytokines and growth
factors in systemic sclerosis. Autoimmunity reviews. 2011;10(10):590-4.
10. Wei J, Bhattacharyya S, Tourtellotte WG, Varga J. Fibrosis in systemic sclerosis: emerging concepts
and implications for targeted therapy. Autoimmunity reviews. 2011;10(5):267-75.
11. Guiducci S, Distler O, Distler JH, Matucci-Cerinic M. Mechanisms of vascular damage in SSc-implications for vascular treatment strategies. Rheumatology (Oxford). 2008;47 Suppl 5:v18-20.
12. Manetti M, Guiducci S, Ibba-Manneschi L, Matucci-Cerinic M. Mechanisms in the loss of capillaries in
systemic sclerosis: angiogenesis versus vasculogenesis. J Cell Mol Med. 2010;14(6a):1241-54.
13. Cutolo M, Sulli A, Pizzorni C, Accardo S. Nailfold videocapillaroscopy assessment of microvascular
damage in systemic sclerosis. The Journal of rheumatology. 2000;27(1):155-60.
14. Cutolo M, Sulli A, Secchi ME, Olivieri M, Pizzorni C. The contribution of capillaroscopy to the
differential diagnosis of connective autoimmune diseases. Best practice & research Clinical
rheumatology. 2007;21(6):1093-108.
15. Ruaro B, Sulli A, Pizzorni C, Paolino S, Smith V, Cutolo M. Correlations between skin blood perfusion
values and nailfold capillaroscopy scores in systemic sclerosis patients. Microvasc Res.
2016;105:119-24.
16. Lutzweiler C, Razansky D. Optoacoustic imaging and tomography: reconstruction approaches and
outstanding challenges in image performance and quantification. Sensors. 2013;13(6):7345-84.
17. Wang LHV, Hu S. Photoacoustic Tomography: In Vivo Imaging from Organelles to Organs. Science.
2012;335(6075):1458-62.
18. Zhou Y, Yao J, Wang LV. Tutorial on photoacoustic tomography. J Biomed Opt. 2016;21(6):61007.
19. Garcia-Uribe A, Erpelding TN, Krumholz A, Ke H, Maslov K, Appleton C, et al. Dual-Modality
Photoacoustic and Ultrasound Imaging System for Noninvasive Sentinel Lymph Node Detection in
Patients with Breast Cancer. Scientific reports. 2015;5:15748.
20. Kim J, Park S, Jung Y, Chang S, Park J, Zhang Y, et al. Programmable Real-time Clinical
Photoacoustic and Ultrasound Imaging System. Scientific reports. 2016;6:35137.
21. Wang XD, Xie XY, Ku GN, Wang LHV. Noninvasive imaging of hemoglobin concentration and
oxygenation in the rat brain using high-resolution photoacoustic tomography. J Biomed Opt.
Page 10/15

2006;11(2).
22. Ermolayev V, Dean-Ben XL, Mandal S, Ntziachristos V, Razansky D. Simultaneous visualization of
tumour oxygenation, neovascularization and contrast agent perfusion by real-time three-dimensional
optoacoustic tomography. European radiology. 2016;26(6):1843-51.
23. Neuschmelting V, Lockau H, Ntziachristos V, Grimm J, Kircher MF. Lymph Node Micrometastases and
In-Transit Metastases from Melanoma: In Vivo Detection with Multispectral Optoacoustic Imaging in
a Mouse Model. Radiology. 2016;280(1):137-50.
24. Manohar S, Dantuma M. Current and future trends in photoacoustic breast imaging. Photoacoustics.
2019;16:100134.
25. van den Berg PJ, Daoudi K, Bernelot Moens HJ, Steenbergen W. Feasibility of
photoacoustic/ultrasound imaging of synovitis in finger joints using a point-of-care system.
Photoacoustics. 2017;8:8-14.
26. Ma R, Sontges S, Shoham S, Ntziachristos V, Razansky D. Fast scanning coaxial optoacoustic
microscopy. Biomed Opt Express. 2012;3(7):1724-31.
27. Schwarz M, Buehler A, Aguirre J, Ntziachristos V. Three-dimensional multispectral optoacoustic
mesoscopy reveals melanin and blood oxygenation in human skin in vivo. J Biophotonics. 2016;9(12):55-60.
28. Schwarz M, Omar M, Buehler A, Aguirre J, Ntziachristos V. Implications of Ultrasound Frequency in
Optoacoustic Mesoscopy of the Skin. Ieee T Med Imaging. 2015;34(2):672-7.
29. Masthoff M, Helfen A, Claussen J, Roll W, Karlas A, Becker H, et al. Multispectral optoacoustic
tomography of systemic sclerosis. J Biophotonics. 2018;11(11).
30. Zabihian B, Weingast J, Liu MY, Zhang E, Beard P, Pehamberger H, et al. In vivo dual-modality
photoacoustic and optical coherence tomography imaging of human dermatological pathologies.
Biomed Opt Express. 2015;6(9):3163-78.
31. Smith V, De Keyser F, Pizzorni C, Van Praet JT, Decuman S, Sulli A, et al. Nailfold capillaroscopy for
day-to-day clinical use: construction of a simple scoring modality as a clinical prognostic index for
digital trophic lesions. Annals of the rheumatic diseases. 2011;70(1):180-3.
32. Matucci-Cerinic M, Denton CP, Furst DE, Mayes MD, Hsu VM, Carpentier P, et al. Bosentan treatment
of digital ulcers related to systemic sclerosis: results from the RAPIDS-2 randomised, double-blind,
placebo-controlled trial. Annals of the rheumatic diseases. 2011;70(1):32-8.

Figures

Page 11/15

Figure 1
Photoacoustic and high frequency ultrasound images in a healthy volunteer (a) and an SSc patient (b).
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Figure 2
A. Oxygen saturation (%), B. skin thickness (mm) and C. capillary density (capillaries per mm). SSc
Systemic Sclerosis. Early SSc early Systemic Sclerosis. PRP primary Raynaud phenomenon. HV Healthy
volunteer. Box plot between 25th and 75th percentile, line at median.
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Figure 3
HFUS image of the skin thickening of a healthy volunteer and an SSc patient.

Figure 4
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Scatterplot of correlation between oxygenation saturation and density.
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