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Abstract
Objective: Clinical trials assessing systemic sclerosis (SSc)-related digital ulcers have been hampered by a lack of reliable outcome measures of
healing. Our objective was to assess the feasibility of patients collecting high-quality mobile phone images of their digital lesions as a first step in
developing a smartphone-based outcome measure.

Methods: Patients with SSc-related digital (finger) lesions photographed one or more lesions each day for 30 days using their smartphone and
uploaded the images to a secure Dropbox folder. Image quality was assessed using six criteria: blurriness, shadow, uniformity of lighting, dot lo-
cation, dot angle and central positioning of the lesion. Patients completed a feedback questionnaire.

Results: Twelve patients returned 332 photographs of 18 lesions. Each patient sent a median of 29.5 photographs [interquartile range (IQR) 15–
33.5], with a median of 15 photographs per lesion (IQR 6–32). Twenty-two photographs were duplicates. Of the remaining 310 images, 256
(77%) were sufficiently in focus; 268 (81%) had some shadow; lighting was even in 56 (17%); dot location was acceptable in 233 (70%); dot an-
gle was ideal in 107 (32%); and the lesion was centred in 255 (77%). Patient feedback suggested that 6 of 10 would be willing to record images
daily in future studies, and 9 of 10 at least one to three times per week.

Conclusion: Taking smartphone photographs of digital lesions was feasible for most patients, with most lesions in focus and central in the im-
age. These promising results will inform the next research phase (to develop a smartphone monitoring application incorporating photographs and
symptom tracking).

Lay Summary
What does this mean for patients?
Patients with systemic sclerosis (also called scleroderma) are at high risk of developing breaks in the skin of their fingers or toes, called digital
ulcers (or lesions), which can be very painful and slow to heal. Monitoring the progress of an ulcer/lesion is challenging, and this makes it difficult
to evaluate the effects of new treatments. To overcome this difficulty, photographic monitoring using smartphones can be used. Taking daily
photographs is an ideal way to assess how ulcers/lesions change over time. We recruited 12 patients to photograph their ulcer/lesion daily with
their smartphones over a 30-day period. We inspected all photographs visually to assess quality. Seventy-seven per cent of photographs were in
focus, with the ulcer/lesion in the centre of the image, although patients often found it difficult to obtain good/even lighting. Ten patients com-
pleted a post-study feedback questionnaire. Although some patients noted difficulty in handling their smartphone while taking a photograph,
most would be willing to record images daily in future studies. The study therefore found that taking photographs of digital ulcers/lesions with a
smartphone was possible for most patients. Smartphone photography has potential as an outcome measure in clinical trials of new treatments.
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Introduction

Much of the morbidity of the multisystem CTD SSc (also
termed scleroderma) relates to painful, disabling digital ulcers
(ulcers of the fingers and sometimes toes), which develop in
�50% of patients [1–3]. Digital ulcers can be very difficult to
heal, and they result in major disability (including work dis-
ability [4, 5]), with loss of hand function and a major negative
impact on quality of life [6, 7].

Although some treatments have beneficial effects [8, 9],
better, more effective treatments are required.
Disappointingly, several multicentre, multinational studies
reported in the last 6 years have failed to reach their primary
endpoint [10–12], although some showed trends in favour
of active treatment. It was suggested that one reason why the
SEDUCE study, comparing sildenafil with placebo [11],
failed to meet its primary endpoint (time to ulcer healing)
was because of ‘inaccurate evaluation of time to healing’,
given that patients were assessed only at intervals of 4 weeks.
Subsequent to the trial of oral treprostinil [12], a subset of
patients (studied retrospectively) experienced an increase in
digital ulcer burden after discontinuation of treprostinil
[13], implying that treprostinil had conferred benefit. It is
very possible that the failure to show benefit in randomized

controlled trials of SSc-related digital ulceration has been at-
tributable to the inadequacy of the primary outcome mea-
sure. This is because the primary outcome measure has
typically involved clinician classification of lesions as ulcers,
which we and others have shown to be unreliable [14–16],
and because the outcome has been measured at sparse
intervals.

Until now, lack of reliability of digital ulcer definition has
made it very difficult (if not impossible) to track ulcer/lesion
trajectories. To avoid confusion, we shall henceforth use the
term (digital) lesion. Photographic monitoring of digital
lesions using smartphones could overcome this difficulty by
allowing objective (and frequent) analysis of lesions.
Nowadays, 9 in 10 people in the UK carry a smartphone [17],
providing the ideal platform to capture photographs/images
of finger lesions repeatedly over time. Our objective was to as-
sess the feasibility of patients collecting high-quality mobile
phone images of their digital lesions, as a first step in a pro-
gramme of research to develop a smartphone-based outcome
measure for use in clinical trials. This built upon our experi-
ence from a small pilot study [18]. Feasibility was assessed us-
ing a combination of the number and quality of images
collected, and patient feedback.

Key messages

• Smartphone photography of finger lesions was feasible for most patients with SSc.

• The majority of patients were able to take photographs in focus, with the lesion central in the image.

• Smartphone photography has potential as an outcome measure in clinical trials of digital ulceration.

Graphical Abstract
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Methods
Patients

Patients fulfilling the 2013 criteria for SSc [19] and with one
or more finger lesions were recruited. All were attending a sin-
gle tertiary centre for SSc and were >18 years of age. The
study was approved by London-Chelsea Research Ethics
Committee, and all patients signed informed consent. All
patients were asked to complete a smartphone questionnaire
(see Supplementary Data S1, available at Rheumatology
Advances in Practice online) asking about their smartphone
use/experience.

Development of imaging protocol

This was developed with input from a patient user group
attended by five patients, all of whom had SSc and had expe-
rienced one or more finger lesions. Topics discussed included
how frequently to image lesions and how best to do this given
that many patients with SSc have impairment of hand func-
tion. Suggestions included the following: using the rear-facing
(standard) camera to photograph one hand while operating
the phone with the other; using the front-facing camera with
the phone lying flat on a surface facing upwards and with the
hand to be photographed above it; resting the hand to be im-
aged on a flat surface to reduce motion artefact (when using
the camera in standard mode); and asking a friend or partner
to take the images. The imaging protocol can be viewed in
Supplementary Data S2, available at Rheumatology Advances
in Practice online. In brief, patients were instructed to photo-
graph one or more finger lesions each day for 30 days using
their smartphone, at the same time each day and ideally in the
same location. Instructions on how to take the photographs
were given either face to face or [especially relevant during the
coronavirus disease 2019 (COVID-19) pandemic] remotely.
Patients could take photographs using either the rear-facing
(standard) camera on the phone or using the front-facing
camera. An adhesive dot, placed adjacent to the lesion(s), pro-
vided a 6 mm reference scale for extracting accurate measure-
ments. Images were uploaded by each patient to a secure
Dropbox folder.

Assessment of images

A visual inspection of all images was undertaken by the same
observer (A.K.D.) using six subjective criteria: (i) blurriness, by
checking for the focus of the photographed image, specifically
around the lesion of interest; (ii) shadow, by assessing whether
any shadowing was present over the lesion, for example from
the patient’s phone over the lesion; (iii) evenness of lighting, by
looking at light levels in the image and concluding that there
was uneven lighting if there was a large fall-off in light or col-
our; (iv and v) the measurement dot location and angle, which
were closely related, with the dot location being good if the dot
was placed adjacent to the lesion and on the same plane,
whereas the dot angle assessed how well patients could photo-
graph the dot while maintaining the circular shape; and (vi) po-
sitioning of the lesion in the centre of the image.

Patient feedback

After image collection, patients were asked to complete a
feedback questionnaire covering 14 items (see Supplementary
Data S3, available at Rheumatology Advances in Practice on-
line). The first seven questions asked about ‘following the im-
aging instructions’, with questions 1–6 being answered with a

numerical rating scale from 1 (very easy) to 10 (very difficult).
There was also an open-ended response box for patients to
provide additional comments on the imaging instructions.
Questions 8–12 asked about the physical experience of using
their smartphone to take photographs. Question 8 was a sin-
gle response option question on how the phone was handled.
Questions 9–11 were on a numerical rating scale from 1 (very
easy) to 10 (very difficult). Question 12 was an open-ended
response box for any other comments on the physical or prac-
tical aspects of taking the photographs. The final two ques-
tions, 13 and 14, were general questions on the photograph
submission frequency and willingness of participants to re-
cord finger lesions using photographs in future studies.

Results
Patients

Twelve patients (10 female, median age 55 years, range 37–
72 years) were recruited between February 2021 and July
2021. Seven patients were recruited remotely and five at the
outpatient clinic. The median duration of RP was 11.4 years
(range 2–30 years), and the median disease duration (from the
onset of the first non-RP clinical manifestation) was
10.6 years (range 1–27 years). Of the 12 patients, 10 com-
pleted the smartphone usage questionnaire at the beginning of
the study. All 10 indicated that they used their phone for calls,
texting and taking pictures, with 9 also using it for browsing
the Internet and using other applications. Nine patients
reported that their ulcers impaired their ability to use their
smartphone ‘not at all’, or only ‘a little’, with one patient stat-
ing that her ability was impaired ‘a lot’.

Image collection

The 12 patients returned a total of 332 photographs from 18
lesions: eight patients photographed one lesion, two patients
two lesions, and two patients three lesions. Eleven lesions
were located on the fingertip, three on the extensor surface,
two on the nailbed, and two in other locations. Six of the
lesions were located on the left hand, 11 on the right, and one
unknown. The median number of photographs returned by
each patient was 29.5 [interquartile range (IQR) 15–33.5],
with a median of 15 photographs per lesion (IQR 6–32). The
total possible number of images was 540 if all patients took a
photograph each day for 30 days. Twenty-two photographs
were classed as duplicates (taken on the same day). There
were therefore 230 missing photographs, giving a final sub-
mitted image proportion of 57.4%. For duplicate images, the
first usable image was used.

Image quality

Fig. 1 shows examples of lesions as assessed according to the
six criteria of blurriness, shadow, lighting, dot location, dot
angle and position. Two hundred and fifty-six (77%) of the
photographs were sufficiently in focus; 268 (81%) had some
shadow; lighting was even in 56 (17%); dot location was
acceptable in 233 (70%); dot angle was ideal in 107 (32%);
and the lesion was centred in 255 (77%).

Patient feedback

Of the 12 patients recruited, 10 completed the post-study
feedback questionnaire. The main results are shown in
Table 1, indicating that, overall, the patients rated taking
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photographs as easy. Six of 10 responders stated that they
would be happy to take images every day, three would prefer
to submit photographs two or three times per week, and one
stated that they believed that photographing their lesions
once per day was ‘far too often’ and would prefer once a
week or less. All respondents held their phone themselves
when taking photographs.

Discussion

We have shown that taking smartphone photographs of digi-
tal lesions is feasible for the majority of patients, although
missing images and patient feedback suggested that it is chal-
lenging for patients to sustain daily collection for a month.
Most patients were able to take photographs in focus and
with lesions central in the image. The fact that almost all
patients intimated that they would be willing to record images
at least one to three times per week is very encouraging, be-
cause in a clinical trial setting it is likely that once- or twice-
weekly photographs would be sufficient to allow an accurate
estimate of ulcer healing and would certainly be much more
accurate than has hitherto been possible, when intervals be-
tween visits tend to be 4 weeks or less frequent.

The study has highlighted areas where patients will require
support to maximize photographic image quality, specifically
the importance of even lighting, avoiding shadow and trying

to ensure that photographs are taken at a satisfactory angle.
Taking photographs can be challenging for patients with
SSc, many of whom have impaired hand function. After this
feasibility study was completed, we convened a further focus
group and discussed with patients the limitations of taking
some of the photographs. Clear guidance for future studies
will include recommendations for lighting conditions.
Positioning of the mobile phone camera is always likely to be
difficult for some patients. Use of a tripod might help, al-
though this might also prove problematic when hand function
is impaired.

Our study had limitations. The number of patients
recruited was lower than intended because of the COVID-19
pandemic, with fewer patients attending hospital than in pre-
vious years, although this problem was overcome for some
patients by remote recruitment and training. Also, because of
the difficulties in recruiting patients, we included some finger
lesions (e.g. those bordering on severe pitting as opposed to
active ulcers) that would not generally be perceived as ulcers
[16] and that would therefore not qualify for inclusion in a
clinical trial of digital ulceration. We felt that this approach
was justified in the context of a feasibility study, the main
purpose of which was to assess whether patients with SSc and
severe digital vasculopathy could acquire and upload photo-
graphic images of their fingers. Although patient numbers
were small, their clinical characteristics suggest that they were

Figure 1. Examples of images to show good and less good photographs in terms of the six criteria of blurriness, shadow, lighting, dot location, dot angle

and position
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comparable to larger cohorts of patients with SSc-related digi-
tal lesions [1, 2]. It was outside the remit of this feasibility
study to investigate associations between photographic
appearances and patients’ symptoms (including symptoms of
infection) or to examine change in photographic appearances
(and lesion size) over time; these are currently being assessed
in an ongoing programme of work.

The encouraging results of this feasibility study will inform
the next phase of this research, which is to develop a smart-
phone application (app) for monitoring finger lesions and
which will serve as an outcome measure to facilitate clinical tri-
als of SSc-related digital ulceration. The next steps are to de-
velop methods of extracting data from the images to track
healing status reliably and automatically, and to combine (in
the app) photographic images with patient-reported outcome
measures. Such an app could be used for clinical practice and
for research by integrating mobile phone images into clinical
care, as we have done successfully for symptom tracking in RA
[20]. This might allow clinicians to advise on management
with a clearer picture of how lesions have changed through
time or even without the need for a face-to-face consultant,
which is especially relevant for patients living long distances
from the hospital and during the COVID-19 pandemic.

Supplementary data

Supplementary data are available at Rheumatology Advances
in Practice online.

Data availability

The data underlying this article cannot be shared publicly for
the privacy of individuals who participated in the study and
owing to being outside of the remit of the ethics application
of the study.

Funding

This work was supported by Versus Arthritis (grant number
22246).

Disclosure statement: The authors have declared no conflicts
of interest.

Acknowledgements

We are grateful to Frances Hall, John Pauling and Kathryn
Kearney for their contributions to the study advisory board.

References

1. Nihtyanova SI, Brough GM, Black CM, Denton CP. Clinical bur-

den of digital vasculopathy in limited and diffuse cutaneous sys-

temic sclerosis. Ann Rheum Dis 2008;67:120–3.
2. Denton CP, Krieg T, Guillevin L et al.; DUO Registry Investigators.

Demographic, clinical and antibody characteristics of patients with

digital ulcers in systemic sclerosis: data from the DUO Registry.

Ann Rheum Dis 2012;71:718–21.

3. Hughes M, Allanore Y, Chung L et al. Raynaud phenomenon and

digital ulcers in systemic sclerosis. Nat Rev Rheumatol 2020;16:

208–21.

4. Berezne A, Seror R, Morell-Dubois S et al. Impact of systemic scle-

rosis on occupational and professional activity with attention to

patients with digital ulcers. Arthritis Care Res 2011;63:277–85.

5. Guliievin L, Hunsche E, Denton CP et al. Functional impairment of

systemic scleroderma patients with digital ulcerations: results from

the DUO Registry. Clin Exp Rheumatol 2013;31(2 Suppl 76):

71–80.

6. Mouthon L, Mestre-Stanislas C, Berezne A et al. Impact of digital

ulcers on disability and health-related quality of life in systemic

sclerosis. Ann Rheum Dis 2010;69:214–7.
7. Ennis H, Vail A, Wragg E et al. A prospective study of systemic

sclerosis-related digital ulcers: prevalence, location, and functional

impact. Scand J Rheumatol 2013;42:483–6.
8. Matucci-Cerinic M, Denton CP, Furst DE et al. Bosentan treatment

of digital ulcers related to systemic sclerosis: results from the

RAPIDS-2 randomised, double-blind, placebo-controlled trial. Ann

Rheum Dis 2011;70:32–8.
9. Pope J, Fenlon D, Thompson A et al. Iloprost and cisaprost for

Raynaud’s phenomenon in progressive systemic sclerosis.

Cochrane Database Syst Rev 2000;1998:CD000953.
10. Khanna D, Denton CP, Merkel PA et al.; DUAL-2 Investigators.

Effect of macitentan on the development of new ischemic

digital ulcers in patients with systemic sclerosis: DUAL-1

and DUAL-2 randomized clinical trials. JAMA 2016;315:

1975–88.

11. Hachulla E, Hatron P, Carpentier P et al. Efficacy of sildenafil

on ischaemic digital ulcer healing in systemic sclerosis: the

placebo-controlled SEDUCE study. Ann Rheum Dis 2016;75:

1009–15.

12. Seibold JR, Wigley FM, Schiopu E et al. Digital ulcers in SSc treated

with oral treprostinil: a randomized, double-blind, placebo-con-

trolled study with open-label follow-up. J Scleroderma Relat

Disord 2017;2:42–9.
13. Shah AA, Schiopu E, Chatterjee S et al. The recurrence of digital

ulcers in patients with systemic sclerosis after discontinuation of

oral treprostinil. J Rheumatol 2016;43:1665–71.
14. Herrick AL, Roberts C, Tracey A et al. Lack of agreement between

rheumatologists in defining digital ulceration in systemic sclerosis.

Arthritis Rheum 2009;60:878–82.
15. Hughes M, Tracey A, Bhushan M et al. Reliability of digital ulcer

definitions as proposed by the UK Scleroderma Study Group: a

challenge for clinical trial design. J Scleroderma Relat Disord 2018;

3:170–4.
16. Suliman YA, Bruni C, Johnson SR et al. Defining skin ulcers in sys-

temic sclerosis: systematic literature review and proposed World

Table 1. Results from the feedback questionnaire, which was completed

by 10 patients

Post-study questions [Likert scale from 1 (very

easy) to 10 (very difficult)]

Median (interquartile

range)

Remembering to take photographs of digital
ulcers?

4 (3–6)

Taking photographs at the same time every day? 4 (3–6)
Taking photographs in the same place every day? 3 (2–4)
Keeping the environment and lighting the same

each time?
4.5 (2–5)

Making sure hands were in the same condition
each day?

2 (2–2)

Overall experience of using the mobile phone to
photograph your digital ulcer?

3 (3–4)

Holding the phone while imaging? 4 (3–7)
Pressing the button or screen to take an image? 5.5 (3–7)
Getting a good clear image of your digital ulcer? 5 (4–5)

The reason for these appearing not to be phrased as proper questions is due
to them being taken directly from the end of feedback questionnaire
(Supplementary Data S3). Here, there is leading text that forms the whole
question. It states: “In each case, circle the number that best describes your
experience”, which can lead into each of the 9 questions in this table.

Mobile phone photography for SSc lesions 5

https://academic.oup.com/rheumap/article-lookup/doi/10.1093/rap/rkac105#supplementary-data
https://academic.oup.com/rheumap/article-lookup/doi/10.1093/rap/rkac105#supplementary-data


Scleroderma Foundation (WSF) definition. J Scleroderma Relat
Disord 2017;2:115–20.

17. Statistica. Share of adults who own a smartphone in the United
Kingdom (UK) in 2008 and 2019 to 2021, by demographics. 2022.

https://www.statista.com/statistics/956297/ownership-of-smartphones-
uk/ (27 July 2022, date last accessed).

18. Dinsdale G, Moore TL, Manning JB et al. Tracking digital ulcers in

systemic sclerosis: a feasibility study assessing lesion area in patient-
recorded smartphone photographs. Ann Rheum Dis 2018;77:1382–4.

19. Van den Hoogen F, Khanna D, Fransen J et al. 2013 Classification
criteria for systemic sclerosis: an American College of Rheumatology/

European League Against Rheumatism collaborative initiative. Ann
Rheum Dis 2013;72:1747–55.

20. Austin L, Sharp CA, van der Veer SN et al. Providing ‘the bigger
picture’: benefits and feasibility of integrating remote monitoring
from smartphones into the electronic health record: findings from

the Remote Monitoring of Rheumatoid Arthritis (REMORA)
study. Rheumatology (Oxford) 2020;59:367–78.

6 Adrian K. Davison et al.

https://www.statista.com/statistics/956297/ownership-of-smartphones-uk/
https://www.statista.com/statistics/956297/ownership-of-smartphones-uk/

	tblfn1

