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Intensive and app-delivered occupational therapy to
improve upper extremity function in early diffuse
cutaneous systemic sclerosis: a pilot two-arm trial

Susan L. Murphy 1,2, Mary Barber 1, Suiyuan Huang3, Maya Sabbagh4,
Gary Cutter5 and Dinesh Khanna 3

Abstract

Objective. SSc reduces upper extremity function and performance of everyday activities; however, there are few

evidence-based rehabilitation interventions. This study examined short and longer-term effects of two occupational

therapy interventions on hand disability.

Methods. Participants with diffuse cutaneous SSc were randomized to one of two 18-week interventions: Intensive

group, receiving eight weekly in-person occupational therapy sessions with App-delivered home exercises, or App

Alone group. The primary outcome was QuickDASH hand disability; secondary outcomes were physical function

(PROMIS scale), and total active hand motion. Linear mixed models were used to examine treatment effects.

Results. Most participants were female (72%); the mean age was 52 years (13.4) (n¼ 32). There were no signifi-

cant between-group effects on QuickDASH (P ¼ 1.0; mean change �6.4 on 0–100 scale in both groups at

18 weeks). Left lateral pinch, an exploratory outcome, improved in App Alone compared with Intensive from base-

line to 18 weeks. Within groups, the Intensive group had the largest improvements after 8 weeks (�8.5 on

QuickDASH; P ¼ 0.03), but then lost gains from 8 to 18 weeks while the App Alone group had modest improve-

ments from baseline to 8 weeks, but then continued to improve. Of completers, 50% had clinically meaningful im-

provement on QuickDASH in the Intensive group and 64% had improvement in App Alone.

Conclusion. Both interventions showed beneficial effects on hand disability. Participants in the App Alone group

improved equally to the Intensive group at 18 weeks. Our findings provide support for further study into telehealth

rehabilitation approaches.

Trial registration: NCT03482219
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Introduction

SSc or scleroderma is a rare, incurable and debilitating

connective tissue disease. While drug therapies help

control symptoms, patients with SSc face significant

challenges managing a chronic condition that greatly

impacts daily life. Upper extremity (UE) functional

limitations from skin thickening and contractures de-

velop early [1] and are associated with disability [2, 3]

and reduced quality of life [4–6]. People with the

diffuse subtype tend to have more severe disease within

the first 5 years after diagnosis than people with the
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. This study provided a rigorous feasibility test of two replicable occupational therapy interventions.

. The App Alone group had similar improvements to those in the Intensive intervention at 18 weeks.

. Tailored rehabilitation delivered via App is a feasible method to reach and treat SSc.
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limited subtype, although both groups experience UE

limitations.

Rehabilitation can mitigate SSc functional consequences,

and occupational therapy typically addresses UE limitations.

Despite the need for evidence-based treatments, there are

only a few high-quality rehabilitation clinical trials [7, 8].

Most involve small samples, vary in dose or delivery, and

are not UE-focused. The strongest evidence of effective-

ness of SSc rehabilitation is from a trial in which 220 partici-

pants were randomized to individualized rehabilitation or

usual care [9]. Intervention over 4 weeks included aerobic

exercise, range of motion, functional adaptations, splinting,

and mouth exercises. A written home exercise programme

was provided. Self-reported disability and pain improved at

4weeks and mobility at 6 months; however, most benefits

dissipated by 12 months. This study demonstrated that in-

tensive SSc rehabilitation treatment had short-term benefits.

However, UE treatment did not include thermal modalities

[10] or tissue mobilization [11, 12], which have supporting

evidence and are clinically recommended, and included

splinting, which has little evidence in SSc [13, 14].

Importantly, this study showed that home exercise

impacted longer-term outcomes. Participants who adhered

had better 12-month outcomes [9]; however, most partici-

pants had poor adherence, possibly due to passive admin-

istration of the programme.

The current trial, called Rehabilitation for Arm

Coordination and Hand Movement in SSc (REACH),

examined effects of an intensive occupational therapy

intervention vs App-delivered home exercise alone. In a

preliminary trial, we found that participants with diffuse

cutaneous SSc had high adherence to 8-week occupa-

tional therapy intervention and demonstrated significant,

clinically meaningful improvements in patient-reported

and objective functional measures [15]. Participants were

provided a written home exercise programme, but adher-

ence was not tracked. Due to rarity of SSc and that these

patients often travel long distances to receive care, home

exercise engagement is critical to self-manage SSc func-

tional consequences. An App to increase exercise en-

gagement allows for objective tracking and standardized

prescription processes. The objective of this study was

to examine the short- and longer-term effects of two oc-

cupational therapy interventions on hand disability for

people with diffuse cutaneous SSc. We hypothesized

that compared with participants in the App Alone group,

participants in the Intensive group would have statistically

significant improvements in hand disability (measured by

QuickDASH), physical function, and total active hand

function (TAM) following eight weekly in-person sessions

and after follow-up (18 weeks).

Methods

Design

We conducted a two-arm pilot randomized controlled

trial in which participants were randomized in blocks of

four into the Intensive group, which involved

occupational therapy intervention plus App-delivered

home exercise, or the App Alone group. We were pri-

marily interested in examining effects of the interven-

tions; however, as we were trying the App for the first

time as an intervention strategy, we conducted a pilot

trial [16]. Our target sample size was 50. Outcome

assessments were at baseline, following in-person ses-

sions in the Intensive group (8 weeks) and at follow-up

(an additional 10 weeks in which all participants were

asked to continue home exercises via the App). This

project was approved by University of Michigan Medical

School’s Human Subjects Review Board.

Sample

Recruitment took place at the Scleroderma Program at

Michigan Medicine where around 1500 patients receive

care from rheumatologists who specialize in sclero-

derma. Potentially eligible participants were approached

in clinic after screening their medical records. Interested

people could also contact the study team from fliers,

website postings, targeted social media ads, or from an

online university research participant portal. To be eli-

gible, participants needed to be age �18 years; have a

diagnosis of diffuse cutaneous SSc; have a contracture

of the hand and joint in at least one arm (e.g. wrist or

elbow) with ability to demonstrate active range of mo-

tion; English-speaking; have ‘early’ disease (�5 years

from first non-Raynaud symptom); have no concurrent

medical issues; and willing to travel to Michigan

Medicine for study visits. Participants needed to have

an Android, iPhone, iPad or tablet to load the App.

Procedure

Individuals eligible from screening by research staff

were scheduled for a baseline session. After obtaining

written consent, the study occupational therapist con-

ducted additional screening to determine the presence

of contractures per inclusion criteria and if that criterion

was met, she initiated the baseline assessments. The

participant was then randomized into treatment arm.

The therapist conducted all treatments and outcome

assessments so was not able to be blinded. Participants

were guided through downloading the App and pre-

scribed a home exercise programme tailored by the

therapist via clinical dashboard. The participant was

then instructed on how to access and track exercises.

The therapist checked on progress via dashboard, com-

municated with the participant as needed, and uploaded

other information (such as digital ulcer management and

home paraffin wax treatment) weekly on the App for all

participants. Participants randomized into App Alone

scheduled 8-week and 18-week assessments.

Participants randomized into Intensive group received

their first therapy session following baseline assessment

and were scheduled for seven weekly therapy visits. All

participants were asked to come in person for assess-

ments. Participants were given a separate survey to as-

certain treatment satisfaction.
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Intensive group

The eight weekly in-person sessions, described in detail

elsewhere [15], consisted of 60 min of treatment-pre-

paratory thermal modalities, tissue mobilization using

the Lymphatouch device (Lymphatouch LLC), and UE

passive and active range of motion exercises. The in-

person treatment was performed in this specific order to

increase flexibility and prepare for functional movement.

For example, each participant began with hot packs

and/or paraffin wax treatment on the hands and ended

with active range of motion exercises such as manipu-

lating small foam cubes or rolling putty. Participants

were also asked to participate in therapist-prescribed

exercises using the App.

App-delivered home exercise in both groups

The Pt Pal App (Health Tech Pal Corp) was the UE exercise

delivery method. There were 27 exercises possible involv-

ing passive or active UE stretching and included tendon

gliding (see Supplementary Table 1, available at

Rheumatology online). The therapist prescribed most of the

exercises with a standard number of sets and repetitions,

but tailored programmes based upon participant capabil-

ities. Participants were asked to perform exercises daily at

minimum. Short exercise videos were recorded with ther-

apist narration so they could follow along (see Fig. 1). Time

participating in each exercise was recorded. Estimated

time needed to complete all exercises once daily differed

by participant, but this sample averaged 45 min.

Outcomes

Assessments occurred at baseline, 8 weeks, and

18 weeks. The primary outcome was QuickDASH, a

reliable, validated self-reported UE function measure

used in the SSc population [17]. Difficulty, interference

and symptom severity in performing different UE tasks

were rated and the item average was converted to a 0–

100 scale in which worse function is indicated by higher

scores. The minimal clinically important difference

(MCID) has not been established in SSc; in related sam-

ples, MCIDs of 8 points [18] and 16 points have been

reported [19].

Secondary outcomes included both self-reported and

objective measures. PROMIS Physical Function v.2, 8-

item short form was used to assess physical function.

PROMIS scoring involves converting raw scores to a T-

metric where the US population mean is 50 (S.D. of 10),

and better function is indicated by a higher score [20].

Two-point improvement is considered clinically mean-

ingful [21]. TAM was evaluated bilaterally, calculated by

measuring degrees of movement in each digit via goni-

ometer and summing total degrees [22]. A total score of

1175 degrees was possible for each hand. Exploratory

measures included 9-hole peg test, an assessment of

hand dexterity and coordination [23], and handgrip

strength measured in kilograms of pressure via Jamar

dynamometer (Lafayette Instruments, IL) [24]; six trials

were performed, three on each arm and the maximum

value was used. Other exploratory outcomes included

pinch strength, average of three trials using a pinch

gauge in the left and right hand [24], and skin thickness

assessed by a rheumatologist not part of the team using

modified Rodnan skin thickness score (mRSS) [25].

Home exercise adherence

Because of limited information about how people with

SSc engage with Apps and their expected adherence,

we examined utility of two methods: daily App engage-

ment and adherence ‘quality’. Both methods provide dif-

ferent objective information, unlike participant logs. We

selected daily App engagement as our primary method

because it accommodated different ways that partici-

pants used the App. Some participants reported only

opening the App to obtain the exercises and some

reported they only viewed the more difficult exercises to

perform. Daily App engagement was measured by

whether participants opened the App each day (1¼ yes,

0¼no), which was summed and divided by total days

spent in the study from baseline to 18-week assess-

ment. This adherence measure was calculated for two

time periods (baseline to 8-week assessment; 8 weeks

to 18 weeks). Adherence quality was based on time

spent viewing exercise videos. Each participant’s pre-

scribed exercise time was used as the denominator to

calculate daily percent adherence. For example, if a per-

son was prescribed 45 min of exercises, 100% daily ad-

herence would be 45 min and 33% adherence would be

15 min. Percentage of time spent performing exercises

was aggregated similar to daily App engagement (base-

line to 8 weeks and 8–18 weeks).

FIG. 1 App screenshots for home exercise
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Sample size determination

The study was powered taking into account the linear

mixed-model analysis and utilized missing data esti-

mates from our previous study [15]. With 50 participants,

we estimated having 90% power to detect a difference

in QuickDASH that would be at least half of the 14-point

improvement achieved by our preliminary sample.

Data analysis

Descriptive statistics were used to summarize back-

ground variables for the sample and by treatment arm.

Baseline variables were compared using t tests, Fisher’s

exact and v2 tests. The primary analysis included 32

participants allocated to treatment arms with 2–7 partici-

pants having missing data at various time points.

Missing data in these outcome measures were imputed

as recommended by established guidelines [26]. We

used PROC MI and PROC MI ANALYZE in SAS to cre-

ate five imputed datasets and analysed pooled esti-

mates from these iterations. Linear mixed models were

performed to measure primary and secondary outcome

measures. In these models, change in measure was the

outcome, and interaction terms of treatment arm X time

point (8 or 18 weeks) were used to examine treatment

effects by arm. Least square means (LSM) at each time

point by treatment arm are presented. The same models

were used to examine exploratory outcomes. Adherence

was examined using descriptive statistics and plotting.

Post hoc analyses included proportion of people who

achieved a clinically meaningful change in outcome

measures.

Results

Participants

Participants were mainly approached in clinic; of 62

people approached, 57% enrolled (Fig. 2). The main rea-

son for not enrolling was travel and scheduling issues

(i.e. too far away or unable to meet on days dedicated

to research in clinic); reported by 29% of people

approached. Participants were initially enrolled in the

study if they met eligibility by research staff (n¼35), but

two of them were deemed ineligible because they had

participated in our pilot trial or they had no UE contrac-

tures as determined by occupational therapist examin-

ation. Of 33 people randomized, 32 participated (16 in

Intensive; 16 in App Alone). The study was prematurely

discontinued due to Covid-19 as in-person research

was temporarily suspended at the university, which pre-

vented rehabilitation sessions in one treatment arm.

Restarting the trial to achieve the final sample size was

not feasible for a variety of reasons (cost, uncertainty,

etc.); the decision was made to evaluate the feasibility

on what had been completed.

In the Intensive group, 94% (15/16) received all eight

sessions. One person who withdrew from treatment

after three sessions completed self-reported measures

remotely. In the App Alone, three people became ineli-

gible due to being hospitalized or starting new treatment

(two within the first 8 weeks, one after 8 weeks) and two

others had incomplete 18-week QuickDASH data. The

sample’s mean age was 52 years (range 20–73); 72%

were female and 22% were African American (Table 1).

They had a mean (S.D.) mRSS of 19.6 ( 9.4) indicative of

moderate skin disease. Mean disease duration from

diagnosis was 1.2 years (1.6).

Participants had moderate baseline disability on

QuickDASH [mean score of 48.8 out of 100 (S.D.¼21.5)],

and had low physical function (>1 S.D. below US popu-

lation). Left and right hand TAM was 807 and 755

degrees, respectively, 64–69% of complete unrestricted

active motion. Handgrip strength and pinch strength

measures were well below age- and sex-matched

norms. For example, the mean handgrip strength in this

sample for women was 17.4 kg/pressure and for men

was 30.1 kg/pressure, which are most similar to norms

of healthy adults 75 and over (19.3 kg/pressure for

women and 29.8 kg/pressure for men; right hand) [24].

Primary outcome

There were no significant between-group differences on

QuickDASH at 8 and 18 weeks (LSM difference of treat-

ment arm ¼ �2.7; 95% CI: �12.9, 7.6). Fig. 3a depicts

LSM for each group, which is the interaction of week by

arm. Each group had mean improvements in

QuickDASH scores. Improvements were significant and

clinically meaningful in the Intensive group at 8 weeks

[�8.5 (3.9); P ¼ 0.03], but not significantly different from

improvement shown in App Alone [�3.1 (4.3); P ¼ 0.47].

At 8 weeks, 38% achieved a MCID of �8 points in the

Intensive group (n¼ 16) vs 21% in App Alone (n¼14).

While improvements were modest in App Alone at

8 weeks, participants continued to improve over

18 weeks, where the Intensive group lost some gains

made from weekly sessions after they ended. At

18 weeks, both groups achieved equivalent improvement

on QuickDASH (mean of �6.4 points). In total 50% of

participants achieved an MCID of �8 points in the

Intensive group (n¼16) and 64% in App Alone (n¼ 11).

Secondary outcomes

No significant between-group improvements were found

for physical function, or TAM (Fig. 3b). Within-group

improvements were shown for TAM; the Intensive group

had significant gains at 8 weeks for the left hand [LSM

66 (28) degrees of added motion, P ¼ 0.02] and for the

right hand [LSM 57 (24) degrees of added motion, P ¼
0.02], but gains decreased at 18 weeks to means of 31

and 36 degrees of TAM for left and right hand, respect-

ively. The App Alone group had significant improvement

in TAM (right hand) at 8 weeks [68 (27) degrees of added

motion], which worsened at 18 weeks to 61 degrees

(Fig. 3c and d). Supplementary Table 2, available at

Rheumatology online, shows the values at each time

point that correspond to Fig. 3.
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Exploratory analyses

Participants in App Alone had significantly improved lat-

eral pinch in the left hand compared with participants in

the Intensive group from baseline to 18 weeks [LSM dif-

ference 0.64 (0.27) kg/pressure]. There were no other

between-group differences in exploratory outcomes.

Participants within each treatment group had significant

improvements in 9-hole peg test at one or both time

points for the right hand and at 18 weeks for the left

hand. Handgrip was improved in the App Alone group

over time, but not in the Intensive group. Improvement

in mRSS was seen within the Intensive group only after

8 weeks.

Adherence

Overall median sample adherence was 49%, meaning

participants engaged with the App almost half of all

study days. For the Intensive group, the median was

FIG. 2 REACH trial study flow diagram
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43%; in the App Alone group it was 55% (Fig. 4). From

baseline to 8 weeks, the Intensive group had higher App

usage than App Alone (median of 77% to 62%, respect-

ively), but this pattern reversed from 8–18 weeks, where

the App Alone group had 46% adherence compared

with 9% adherence in the Intensive group. With regard

to adherence quality, median adherence was 25%,

meaning that participants followed along to videos

about one quarter of the time. Median adherence quality

was higher in the Intensive group compared with App

Alone in the first 8 weeks (34% vs 31%), but decreased

over follow-up (Fig. 5). In App Alone, median adherence

quality was 22% while the Intensive group had a median

of 7%. When asked if they perform exercises without

the App, 50% of 24 respondents at 18 weeks said that

they regularly performed some or all exercises without

the App, and eight people reported they performed all

exercises without the App. Participants could retain the

App and continue use after the study. From objective

data collected, 69% of App Alone continued using the

App, while only 29% of the Intensive group continued.

Impression of change and satisfaction

Participants were sent a follow-up survey of which 21/

32 participants (66%) responded (13 in Intensive; 8 in

App Alone). When asked how they felt since they started

the study, 77% of the Intensive group felt they improved

at least minimally due to intensive treatment; while

100% in App Alone reported improvements. Most fre-

quently reported improvements were in strength, coord-

ination and pain, such as ‘I can now use a screwdriver,

open jars, grip and hold onto something’, and ‘I can

hold a hairbrush and toothbrush better’.

Discussion

We examined effects of two interventions to improve UE

function in early diffuse cutaneous SSc. There were no

significant between-group effects primary or secondary

outcomes; however, each group demonstrated improve-

ments with similar benefits by 18 weeks despite differen-

ces in treatment mode and dose. Some within-group

improvements could be regression towards the mean al-

though they were not specifically selected on the out-

come measure per se.

There are few high-quality rehabilitation clinical trials

[8]; of those, only one focused on UE rehabilitation [12].

Our Intensive intervention consisted of �1 components

that have been supported in small studies including

thermal treatments [27, 28], negative pressure treatment

[15], stretching and range of motion [29, 30].

Participants in the Intensive group had statistically, clin-

ically significant UE function improvements at 8 weeks,

consistent with our preliminary study [15], and provides

additional evidence supporting use of this protocol for

patients with diffuse cutaneous SSc. Although larger

studies are needed to examine between-group effects,

this treatment protocol provides an evidence-based re-

source for therapists, which is important because SSc is

not commonly seen in clinic settings. The in-person

treatment protocol was designed with translation into

clinical practice in mind, striking a balance between rep-

licability and flexibility. However, more treatment

TABLE 1 Baseline characteristics of participants with diffuse SSc

Characteristics Sample
(n 5 32)

Intensive
Group

(n 5 16)

App Alone
Group

(n 5 16)

Age 51.6 (13.4) 48.5 (12.6) 54.8 (13.7)
Female (%, n) 71.9% (23) 75% (12) 68.8% (11)

African American (%, n) 21.8% (7) 18.8% (3) 25.0% (4)
Hispanic/Latino (%, n) 3.1% (1) 6.3% (1) 0 0

Married (%, n) 56.3% (18) 50% (8) 62.5%(10)
High school education (%, n) 25% (8) 25%(4) 25% (4)
Modified Rodnan skin score (mean, S.D., possible range 0–51) 19.6 (9.4) 22.7 (11.1) 16.5 (6.3)

Handgrip strength (maximum)(kg/pressure, mean, S.D.) 21.1 (9.5) 20.3 (9.9) 21.8 (9.5)
Right 3 tip pinch strength (kg/pressure, mean, S.D.) 5.6 (1.9) 5.6 (2.0) 5.5 (2.0)

Left 3 tip pinch strength (kg/pressure, mean, S.D.) 5.4 (1.5) 5.3 (1.5) 5.5 (1.6)
Right 9-hole peg test (sec, mean, S.D.) 26.6 (11.8) 24.2 (12.1) 29.0 (11.3)
Left 9-hole peg test (sec, mean, S.D.) 24.8 (9.1) 23.0 (5.6) 26.6 (11.5)

QuickDASH disability score (mean, S.D., possible range 0–100) 48.8 (21.5) 53.5 (22.2) 44.0 (20.4)
PROMIS physical function (t score, mean, S.D.) 37.3 (6.2) 37.3 (7.5) 37.2 (4.9)

PROMIS satisfaction with participation (t score, mean, S.D.) 38.0 (9.8) 37.0 (10.6) 39.0 (9.1)
Left hand total active motion (mean, S.D.) 806.6 (176.0) 789.8 (184.3) 823.4 (171.6)
Right hand total active motion (mean, S.D.) 754.8 (167.7) 747.0 (149.1) 762.6 (189.1)

Note: For QuickDASH, a higher score denotes more disability. PROMIS measures are on a t metric in which the mean ¼
50 and S.D. ¼ 10. A higher score denotes more physical function or satisfaction. For right and left total active motion the
maximum possible is 1175 degrees.
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FIG. 3 Treatment group least square mean changes over the study period for primary and secondary outcomes

(a) QuickDASH, (b) PROMIS physical function, (c) Left total active range of motion, (d) Right total active range of mo-

tion. For QuickDASH (a), negative change denotes improvement. For all others, positive change denotes

improvement.
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tailoring may be needed. Research by Maddali-Bongi

and colleagues supports treatment tailored to disease

complications [12, 31]. They examined effects of manual

lymph drainage on hand volume and function in patients

with oedematous SSc and improvements were demon-

strated and maintained at follow-up [12]. In our study,

the therapist made minor adaptations to tailor treatment;

however, all components were performed with all partic-

ipants despite having heterogeneous complications. In

future studies, it may increase treatment potency by

developing different treatment protocols for specific

complications such as oedema or tendon friction rubs.

Although short-term statistically significant effects

were found after the intensive intervention, they were

not as robust as effects estimated from our preliminary

study. Further, improvements waned after in-person

sessions ended. Rannou and colleagues also found that

short-term benefits dissipated over follow-up [9]. The

authors attributed this to lack of home exercise adher-

ence. Despite having an App with exercise videos and

instruction to continue, participants in our Intensive

group markedly dropped App use after in-person ses-

sions, from 77% median adherence during the first

8 weeks to 9% during follow-up. In contrast, the App

Alone group had higher median adherence (62% during

the first 8 weeks; 46% during follow-up). They also

made steady gains in UE function, roughly equivalent to

the Intensive group. Improvement in lateral pinch

strength in the left hand for participants in the App

Alone group was significantly greater than for partici-

pants in the Intensive group; however, additional studies

are needed to better understand group differences in

objective UE function. Participants in App Alone were

more likely to continue using the App after the study.

These findings support the use of a less intensive, but

more sustainable approach to managing SSc disease

manifestations. The main reason people did not enroll in

this study was due to travel and scheduling constraints

of in-person visits. Delivery of rehabilitation through tele-

health offers several benefits for SSc clinical manage-

ment, particularly increasing access to care—especially

important for people with rare disease who lack access

to specialty centres.

This study provides insights into how people with SSc

interact with a home exercise App and the ability to

track adherence. Our median adherence rate of 49%

was lower than others [29, 31]; however, prior studies

used self-reported adherence, which may have re-

sponse bias. Further, our home exercises were more

time-intensive (requiring �45 min); other studies esti-

mated that daily exercises took 20–30 min [9, 31].

Measuring adherence quality using time spent watching

videos was a rigorous measurement, but it did not allow

for adaptation of how exercises were completed. Not all

participants liked viewing videos; some reported doing

all or some exercises without videos. Our adherence

measure of opening the App did not provide feedback

on exercise performance or time. In future studies, it

may be better to have people self-track adherence on

the App after each set to allow for flexibility without sac-

rificing rigour.

Limitations and strengths

Our RCT was underpowered as we had to stop recruit-

ment due to the Covid-19 pandemic. With our planned

50 participants, the study would have achieved >80%

power assuming 25 per arm for a mean difference of 5

(S.D. of 4.2). While any superiority study not showing sig-

nificant differences is subject to type II errors, the lon-

ger-term adherence in the App Alone group presents an

interesting finding along with the short-term effects of lit-

tle difference. A larger study is needed to show be-

tween-group effects and further provide information on

FIG. 4 Adherence to app by participants assigned to

App Alone or Intensive group

FIG. 5 Adherence quality measured by time spent view-

ing guiding videos by group
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predictors of compliance and response. Second, the

treating therapist performed the outcome assessments

and was not blinded, but this might have been thought

to bias away from the null hypothesis. Adherence was

affected by issues with smartphones, especially early in

the study, but they were resolved as they arose by the

App developers. While it is a strength to have sampled

early diffuse cutaneous SSc patients, findings can only

be generalized to this group. Other strengths include

making home exercise available and trackable via App,

and insight about participant interaction with an App. A

sustainable platform for use in multi-site studies was

developed and has potential uptake by health systems.

In conclusion, we found no significant between-group

effects between an intensive intervention and an App

alone; however, there were positive effects on UE func-

tion for each group. Use of the App alone with remote

therapist interaction was acceptable, feasible and per-

ceived positively. Further study is needed using tele-

health to deliver occupational therapy with an App in

SSc.
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