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Abstract

Background: Rheumatoid arthritis (RA) is a prevalent autoimmune disease that usually involves problems of the hand or wrist.
Current evidence recommends a multimodal therapy including exercise, self-management, and educational strategies. To date,
the efficacy of this approach, as delivered using a smartphone app, has been scarcely investigated.

Objective: This study aims to assess the short- and medium-term efficacy of a digital app (CareHand) that includes a tailored
home exercise program, together with educational and self-management recommendations, compared with usual care, for people
with RA of the hands.

Methods: A single-blinded randomized controlled trial was conducted between March 2020 and February 2021, including 36
participants with RA of the hands (women: 22/36, 61%) from 2 community health care centers. Participants were allocated to
use the CareHand app, consisting of tailored exercise programs, and self-management and monitoring tools or to a control group
that received a written home exercise routine and recommendations, as per the usual protocol provided at primary care settings.
Both interventions lasted for 3 months (4 times a week). The primary outcome was hand function, assessed using the Michigan
Hand Outcome Questionnaire (MHQ). Secondary measures included pain and stiffness intensity (visual analog scale), grip strength
(dynamometer), pinch strength (pinch gauge), and upper limb function (shortened version of the Disabilities of the Arm, Shoulder,
and Hand questionnaire). All measures were collected at baseline and at a 3-month follow-up. Furthermore, the MHQ and
self-reported stiffness were assessed 6 months after baseline, whereas pain intensity and scores on the shortened version of the
Disabilities of the Arm, Shoulder, and Hand questionnaire were collected at the 1-, 3-, and 6-month follow-ups.

Results: In total, 30 individuals, corresponding to 58 hands (CareHand group: 26/58, 45%; control group: 32/58, 55%), were
included in the analysis; 53% (19/36) of the participants received disease-modifying antirheumatic drug treatment. The ANOVA

demonstrated a significant time×group effect for the total score of the MHQ (F1.62,85.67=9.163; P<.001; η2=0.15) and for several
of its subscales: overall hand function, work performance, pain, and satisfaction (all P<.05), with mean differences between
groups for the total score of 16.86 points (95% CI 8.70-25.03) at 3 months and 17.21 points (95% CI 4.78-29.63) at 6 months.
No time×group interaction was observed for the secondary measures (all P>.05).

Conclusions: Adults with RA of the hands who used the CareHand app reported better results in the short and medium term
for overall hand function, work performance, pain, and satisfaction, compared with usual care. The findings of this study suggest
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that the CareHand app is a promising tool for delivering exercise therapy and self-management recommendations to this population.
Results must be interpreted with caution because of the lack of efficacy of the secondary outcomes.

Trial Registration: ClinicalTrials.gov NCT04263974; https://clinicaltrials.gov/ct2/show/NCT04263974

International Registered Report Identifier (IRRID): RR2-10.1186/s13063-020-04713-4

(JMIR Mhealth Uhealth 2022;10(4):e35462) doi: 10.2196/35462
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Introduction

Background
Rheumatoid arthritis (RA) is one of the most frequent systemic
autoimmune diseases globally (approximately 1% of the
population worldwide), with a higher prevalence in women [1].
In Spain, up to 430,000 adults aged >20 years have been
estimated to have this disease [2]. RA results in tissue damage
and chronic inflammation [3], especially in the small synovial
joints of the hands and wrists [4]. Clinical presentation often
involves musculoskeletal deficits; for example, hand deformities,
pain, and reduced grip strength (GS) and pinch strength [5],
which lead to functional and social limitations [6], along with
a decline in work ability, productivity losses [7], and worse
quality of life [8]. Together, these factors cause a substantial
socioeconomic burden [9].

Pharmacological management of RA with disease-modifying
antirheumatic drugs (DMARDs) and nonsteroidal
anti-inflammatory drugs can help decrease RA-related symptoms
and progression [8], although it may also induce serious adverse
events [8] and largely increase health care costs [10]. Therefore,
beneficial, safe, and cost-effective interventions must be
implemented and prioritized in daily settings. As such, exercise
therapy, supervised or at home, has been proposed as a suitable
first-line approach for people with RA [10-12]. The current
literature suggests, with inconclusive evidence [11], that exercise
training programs for RA of the hands may improve the range
of movement [13] and hand and upper limb functions [14,15].
In addition, they can reduce muscle weakness [16], pain intensity
[17], and disease flare-ups [18] and eventually enhance the
effects of DMARDs [15].

Long-term adherence to treatment is challenging and typically
low in patients with RA [19]. This increases the risk of higher
disability [20] and compromises the efficacy of the therapy [21].
Implementing strategies to solve this issue appears to be
essential [11]. Several recommendations have been made,
including an exercise diary to foster self-management and
monitor treatment progression; for example, dose and intensity
of exercises, establishing realistic therapy goals, a verbal or
written commitment from the patient [12], providing information
and education about the disease [12,19], and maintaining regular
email or telephone contact [22], among others.

eHealth, as the use of communication technologies to support
health-related fields, is a feasible solution for intervention
delivery and has become imperative for health care systems,
even more in the current COVID-19 pandemic context [23,24].

Mobile apps are the most effective eHealth modalities for
reducing pain interference in chronic pain conditions [25].
Similarly, telehealth exercise programs have been shown to be
an alternative to treat pain, physical function, and quality of life
in people with physical disabilities [26,27]. Recent literature
concludes that feedback-guided exercises delivered with a tablet
increase function after carpal tunnel release [28] and hasten
return to work in individuals with wrist, hand, or finger injuries
[29]. In adults with RA, digital interventions using smartphone
apps are promising to support clinical care and empower
self-management [30], although they may not be effective unless
designed including evidence-based strategies to promote
adherence [31]. Preliminary findings demonstrate that digital
apps that encourage self-management and allow for
self-monitoring of the condition can improve health outcomes
in patients with RA of the hands [32,33].

The CareHand app (Healthinn) was designed and developed
with input from users and under the supervision of experts to
meet the latest scientific evidence and the needs of patients and
professionals, which is uncommon in existing mobile health
apps [34]. This app emerges as a solution for telerehabilitation
of patients with rheumatic hands and includes strategies to foster
active self-management routines and long-term adherence, but
it needs to be evaluated in the clinical setting.

Objectives
This study aims to investigate the short- and medium-term
effectiveness of a home therapeutic exercise program combined
with general and self-management recommendations, as
implemented with a mobile app (CareHand), compared with a
usual care approach (exercise program and recommendations
on a paper sheet) in people with RA of the hands. We
hypothesized that hand function would improve more for
participants who used the CareHand app.

Methods

Study Design
An experimental, longitudinal, parallel, controlled, and
single-blinded randomized trial was conducted following the
published protocol [35], prospectively registered at
ClinicalTrials.gov (NCT04263974) and including an extended
long-term follow-up of 6 months.

Ethics Approval
The research protocol complied with the ethical guidelines of
the Declaration of Helsinki and was approved by the Research
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Ethics Committee of the Virgen del Rocio and Virgen Macarena
University Hospitals, Seville, Spain (code number
PI_RH_2018).

Participants
Participants aged ≥18 years and with a medical diagnosis of RA
of the hands, wrists, or fingers, based on the American College
of Rheumatology guidelines [36], were selected through data
available from the digital medical records at the Health Districts
Northern Seville and Aljarafe, Andalusian Health Service,
Seville, Spain. Eligible individuals were contacted via telephone
and asked to participate.

To be included in the study, participants had to have a disease
history lasting for at least two years [36], report current pain
and disability in the hands or wrists [37], and possess a
smartphone with internet access. Exclusion criteria were
previous hand fracture or surgery [37], waiting for upper limb
surgery [15], steroid injection in the month before recruitment
[19], pregnancy [38], and diagnosis of cognitive problems that
may preclude the completion of the study protocol [39].

Intervention Strategies
Participants in both groups were asked to perform their exercise
intervention protocol at home 4 times a week for 3 months, with
each training session programmed to last approximately 15 to
20 minutes. Several telephone follow-up calls were made during
the trial to monitor adherence to the intervention and to solve
eventual problems.

The control group underwent the conventional primary care
approach of the public health system where the study was
conducted. This consisted of providing a written exercise
program and recommendations on a paper sheet, together with
pictures and written explanations of upper limb strengthening

and stretching exercises focusing on the hands, wrist, and finger
joints.

Individuals in the CareHand group were asked to use the
CareHand app. This digital solution has been developed under
the guidance of health care professionals (physiotherapists and
physicians) for its use on Android or iOS smartphones and
comprises treatment and monitoring systems for the
rehabilitation of people with rheumatic hands. The company
responsible for the app has successfully implemented a tablet
application (ReHand) for the treatment of traumatic injuries of
the wrist, hand, and fingers [28,29], but no studies have
investigated the efficacy of CareHand.

The training program of the app, based on clinical guidelines
for exercise therapy in people with RA of the hands [38,40],
was delivered with explanatory videos, including a warm-up
routine, and mobility, stretching, and strengthening exercises
(Figure 1). Users of the app had to report their pain intensity
twice a day (before and after the exercise program) and respond
to self-reported outcome questionnaires once a week. The load
and intensity of the exercises were automatically adapted to
each participant’s pain intensity [41-43] (Figure 2). The
CareHand app includes an exercise diary with a graphical
representation of the progress in the planned treatment protocol
and the evolution of pain intensity. This diary helps to promote
positive self-management routines, monitor long-term
adherence, and collect patient feedback [12,38]. The app also
provides advice on diet and rules for joint protection.
Educational and self-management strategies to handle
RA-related symptoms and improve function during activities
of daily living (ADL), along with recommendations for regular
physical activity, were also provided (Figure 2) [19,38]. The
app recorded and sent adherence charts to a cloud database. The
data were monitored by the team member in charge of the
interventions to ensure proper compliance with treatment.

Figure 1. Exercise program of the CareHand app, including explanatory videos of mobility, strengthening, and stretching exercises.
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Figure 2. Features of the CareHand app. (A) Self-monitoring for pain intensity, (B) graphical representation of patient progress and adherence to
exercises, and (C) educational advices section with information about joint protection and general recommendations.

Enrollment
After contacted by telephone, those interested were scheduled
for a face-to-face session at a community health center located
at Camas or Sanlúcar la Mayor, Seville, Spain. During this
session, a researcher (PRSL) assessed whether the individuals
fulfilled the eligibility criteria. After agreeing to enroll,
participants received further information about the trial and
were asked to provide written informed consent. Then, clinical
and demographic data were collected. After that, the participant
was walked to a different room, and another assessor (LGLR,
FJBG, or ABC), who was a general practitioner previously
trained to evaluate the study measures, collected the outcomes
at baseline: hand and upper limb function, self-reported pain
intensity and stiffness, and GS and pinch strength. Following
the baseline assessment, patients were randomly assigned to a
study group using a random sequence in permuted blocks to
allow a 1:1 distribution ratio. Sealed opaque envelopes were
used to conceal intervention allocation. Participants were
scheduled for a second appointment a week later, where the
lead researcher (PRSL) explained the training protocol. This
informative appointment was the starting session of the
intervention.

Outcome Measurements

Overview
Different measures were used to evaluate the efficacy of the
interventions, including the Michigan Hand Outcome
Questionnaire (MHQ) [44] for hand function; a visual analog
scale (VAS) for self-reported pain and morning stiffness
intensity [45,46]; a hydraulic hand dynamometer for GS; a pinch
gauge for pinch strength [47]; and the shortened version of the
Disabilities of the Arm, Shoulder, and Hand questionnaire
(QuickDASH) [48] to measure upper limb function.

The lead investigator (PRSL) collected demographic and
personal data at baseline, including age, gender, DMARDs
consumption, and dominant hand.

Primary Outcome: Hand Function
The MHQ is an appropriate tool for individuals with chronic
conditions of the hand. The questionnaire is divided into six
subscales: function, ADL, work performance, pain, esthetic,
and satisfaction [49]. Final scores ranged from 0 to 100, with
higher values denoting better hand performance, except for pain
[50]. The MHQ has shown high validity, reliability, and
sensitivity in people with rheumatoid hands [44,50]. The Spanish
version of the MHQ has good validity, reliability, and sensitivity
to change [51]. This outcome was collected at baseline and at
the 3- and 6-month follow-ups.

Secondary Outcomes
Participants reported their average pain and morning stiffness
intensity in the previous week using a 11-point VAS. This
measure shows good psychometric values when used to assess
self-reported stiffness in patients with RA [45] and pain intensity
in people with hand disorders [46]. Pain intensity was collected
four times: at baseline and at the 1-, 3-, and 6-month follow-ups,
whereas stiffness was collected at baseline and at the 3- and
6-month follow-ups.

A hand dynamometer (Saehan SH5001, Saehan Corp) was used,
following the American Society of Hand Therapy statements,
to evaluate GS [47]. Reporting GS is easy, quick, and reliable
[52] and appears to be strongly related to the level of disability
of rheumatic hands [53]. This procedure has demonstrated a
great test-retest reliability; thus, measures were taken only once
to avoid patient discomfort [54]. Maximum pain-free pinch
force was assessed with a pinch gauge (13.5-kg mechanical
pinch gauge, Baseline) [47], using a single measurement [55].
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Pinch strength is inversely related to hand and upper limb
function in patients with RA [56]. We collected GS and pinch
strength data at baseline and at 3 months after the intervention.

Regarding upper limb function, the QuickDASH is a valid,
reliable, easy to use, and widely used tool in patients with RA
[5,48,57]. The questionnaire was completed at baseline and at
the 1-, 3-, and 6-month follow-ups.

Statistical Analysis
The sample size was calculated to achieve clinically significant
differences (<13 points) [58], with a medium effect size

(0.06≤η2≤0.14), for the overall hand function of the MHQ in
the comparison between groups after intervention. RA is a
symmetrical disease that involves joints bilaterally in over 60%
of patients, although symptoms may [4] differ between sides
[4]. Therefore, although the protocol estimation was made in
terms of participants [35], we decided to deviate from the initial
protocol and report the sample size in terms of the number of
hands treated to adhere to common clinical practice. For an 80%
desired power, an α value of .05, a correlation among repeated
measures of 0.5, and a within-group variance of 10, a total of
56 hands were needed to complete the study (G*Power software,
version 3.1.9.7; Kiel University).

Intention-to-treat principles were considered for all statistical
analyses, which were conducted using SPSS Statistics (version

26; IBM Corp) software. Data are reported as mean (SD or 95%
CI) or as percentages. The Shapiro-Wilk test was used to
evaluate the normal distribution of the study measures. Mean
outcome differences after intervention were compared using
repeated-measures ANOVA, with group (control vs CareHand)
as the between-subjects factor and time (baseline and the first-,
third-, and sixth-month follow-ups) as the within-subjects factor.
When the assumption of sphericity was violated, the
Greenhouse-Heisser correction was applied. Partial eta squared
values estimate the effect size. Statistical significance was set
at P<.05.

Results

Flow of Participants
Between March 2020 and February 2021, a total of 41 adults
with unilateral or bilateral RA of the hand were recruited. In
those with a bilateral condition, both hands were selected if the
inclusion and exclusion criteria were fulfilled. Of all 74
rheumatic hands, 5 (7%) were excluded at baseline, with 69
(93%) hands eligible for the study. Moreover, of the 36 recruited
participants, 6 (17%) dropped out after baseline. Finally, 30
(83%) adults, corresponding to 58 hands (n=58), were included
for statistical analysis. The flowchart of the participants is shown
in Figure 3.
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Figure 3. CONSORT (Consolidated Standards of Reporting Trials) flowchart of participants. QuickDASH: shortened version of the Disabilities of the
Arm, Shoulder, and Hand questionnaire; RA: rheumatoid arthritis.

Participant Characteristics
The baseline clinical and demographic characteristics of the
participants are presented in Table 1. The patients were aged
between 43 and 78 years, including 61% (22/36) women. A
total of 92% (33/36) participants were right-handed, and 53%

(19/36) participants were under pharmacological treatment with
DMARDs. Moreover, 52% (36/69) of the hands that underwent
intervention were right hands. Before the intervention, there
were differences between the groups in the pain (P=.001) and
satisfaction domains (P=.03) of the MHQ.
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Table 1. Clinical and demographic baseline characteristics of participants.

P valueControl group (n=22, 41 hands)CareHand group (n=14, 28 hands)

.2161.86 (10.76)57.64 (7.25)Age (years), mean (SD)

.7613 (59)9 (64)Gender (female), n (%)

.089 (40)10 (71)DMARDa treatment (yes), n (%)

.71Dominant hand, n (%)

20 (91)13 (93)Right

2 (9)0 (0)Left

0 (0)1 (7)Both

.7722 (54)14 (50)Affected hand (right), n (%)

MHQ,b mean (SD)

.1157.81 (20.03)50.89 (12.84)Overall hand function

.7763.50 (31.66)61.45 (22.94)Activities of daily living

.3253.25 (35.47)45 (29.25)Work performance

.00139.02 (28.82)62.50 (22.42)Pain

.1679.42 (29.32)69.42 (28.28)Esthetics

.0352.13 (25.38)39.14 (21.41)Satisfaction

.05161.09 (23.45)50.57 (18.46)Total score

.874.73 (2.79)4.84 (2.76)Pain (VASc; 0-10), mean (SD)

.335.31 (3.41)4.54 (2.86)Stiffness (VAS; 0-10), mean (SD)

.2916.74 (9.65)14.37 (7.91)Grip strength (kg), mean (SD)

.434.52 (1.91)4.15 (1.80)Pinch strength (kg), mean (SD)

.2843.05 (28.86)52.27 (15.36)QuickDASHd (0-100), mean (SD)

aDMARD: disease-modifying antirheumatic drug.
bMHQ: Michigan Hand Outcome Questionnaire.
cVAS: visual analog scale.
dQuickDASH: shortened version of the Disabilities of the Arm, Shoulder, and Hand questionnaire.

Hand Function
For the primary outcome, the ANOVA demonstrated a
significant time×group effect for the total score of the MHQ

(F1.62,85.67=9.163; P<.001; η2=0.15), with mean differences
between groups of 16.86 points (95% CI 8.70-25.03) at the
third-month follow-up and 17.21 points (95% CI 4.78-29.63)
at the sixth-month follow-up. Furthermore, a statistically

significant time×group effect was observed for several subscales
of the MHQ: overall hand function (F2,106=3.298; P=.04;

η2=0.06), work performance (F2,98=6.892; P=.002; η2=0.12),

pain (F2,106=13.918; P<.001; η2=0.21), and satisfaction

(F1.69,89.77=5.949; P=.006; η2=0.10; Table 2). The graphical
representation of the mean differences in the MHQ in the 2
groups and in the different assessment points is included in
Multimedia Appendix 1.
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Table 2. Within- and between-group differences for the Michigan Hand Outcome Questionnaire (MHQ).

Time-group
effect, P value

Differences between CareHand and con-
trol groups

Within-groups differences from baseline, mean difference
(95% CI)

MHQ subscales

P valueValues, mean difference (95%
CI)

Control groupCareHand group

.04Overall hand function

.0113.36 (2.85 to 23.87)−1.69 (−9.69 to 6.31)11.67 (5.18 to 18.16)Third month

.237.19 (−4.79 to 19.16)0.31 (−7.72 to 8.35)7.50 (−1.82 to 16.82)Sixth month

.26Activities of daily living

.305.66 (−5.38 to 17.31)5.59 (−2.70 to 13.87)11.55 (3.85 to 19.25)Third month

.256.64 (−4.68 to 17.97)3.19 (−5.14 to 11.52)9.83 (2.12 to 17.55)Sixth month

.006Work performance

.1710.97 (−4.70 to 26.64)−0.97 (−10.94 to 9.00)10.00 (−2.94 to 22.94)Third month

.0123.83 (5.77 to 41.90)−5.50 (−16.12 to 5.12)18.33 (2.40 to 34.26)Sixth month

<.001Paina

<.001−35.08 (−50.54 to −19.62)12.58 (1.59 to 23.57)−22.50 (−33.5 to −11.49)Third month

<.001−26.06 (−39.69 to −12.42)8.75 (−0.82 to 18.32)−17.31 (−27.32 to −7.30)Sixth month

.10Esthetic

.2110.50 (5.93 to 26.93)−11.28 (−22.80 to 0.23)−0.78 (−12.77 to 11.21)Third month

.0820.56 (−2.37 to 43.48)−18.16 (−32.38 to −3.93)2.40 (−16.88 to 21.68)Sixth month

.006Satisfaction

<.00123.37 (11.37 to 35.36)−3.23 (−10.93 to 4.47)20.14 (10.33 to 29.96)Third month

.0218.62 (2.04 to 35.20)−4.04 (−14.02 to 5.94)14.59 (0.30 to 28.88)Sixth month

<.001Total

.00116.86 (8.70 to 25.03)−4.35 (−9.32 to 0.62)12.51 (5.48 to 19.55)Third month

.00717.21 (4.78 to 29.63)−5.65 (−13.97 to 2.68)11.56 (1.88 to 21.24)Sixth month

aIn the MHQ pain subscale, higher scores represent worse pain status.

Secondary Outcomes
Scores for the secondary measures are presented in Table 3.
The ANOVA reported no time×group interaction for any of the
following outcomes: pain intensity (F3,153=1.352; P=.26;

η2=0.03), morning stiffness (F2,106=1.299; P=.28; η2=0.02), GS

(F1,35=0.001; P=.99; η2=0.001) and pinch strength (F1,35=0.112;

P=.74; η2=0.003), and the QuickDASH (F3,75=0.924; P=.43;

η2=0.04).
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Table 3. Within- and between-group differences for self-reported pain and stiffness, grip strength and pinch strength, and upper limb function.

Time-group
effect, P value

Differences between CareHand and con-
trol groups

Within-groups differences from baseline, mean difference
(95% CI)

P valueValues, mean difference (95%
CI)

Control groupCareHand group

.26Pain intensity (VASa)

.201.14 (−0.64 to 2.91)−0.20 (−1.45 to 1.06)0.94 (−0.36 to 2.25)First month

.87−0.12 (−1.58 to 1.34)−0.32 (−1.39 to −0.75)−0.44 (−1.42 to 0.54)Third month

.650.40 (−1.33 to 2.13)0.50 (−0.67 to 1.68)0.90 (−0.43 to 2.24)Sixth month

.28Stiffness intensity (VAS)

.650.57 (−1.03 to 2.19)−0.95 (−1.81 to −0.09)−0.38 (−1.89 to 1.14)Third month

.211.21 (−0.71 to 3.13)−1.02 (−2.30 to 0.27)0.19 (−1.31 to 1.69)Sixth month

Grip strength (kg)

.99.990.00 (−3.05 to 3.06)1.69 (−0.35 to 3.73)1.69 (−0.76 to 4.15)Third month

Pinch strength (kg)

.74.74−0.20 (−1.37 to 0.99)−0.22 (−0.92 to 0.48)−0.42 (−1.48 to 0.65)Third month

.43QuickDASHb

.69−3.14 (−19.27 to 13.00)−5.78 (−16.74 to 5.18)−8.92 (−22.00 to 4.17)First month

.57−3.74 (−17.25 to 9.77)−7.05 (−15.75 to 1.63)−10.80 (−22.47 to 0.87)Third month

.18−10.31 (−25.82 to 5.21)−6.91 (−17.37 to 3.54)−17.22 (−29.82 to −4.62)Sixth month

aVAS: visual analog scale.
bQuickDASH: shortened version of the Disabilities of the Arm, Shoulder, and Hand questionnaire.

Adverse Effects
No adverse events related to interventions were reported
throughout the trial. A total of 17% (6/36) of participants
experienced disease-associated pain flare-ups during follow-up.

Discussion

Principal Findings
As hypothesized, the findings of this study suggest that the
CareHand app was better than conventional care in improving
hand functional ability (overall hand function, work
performance, pain, and satisfaction) in the short and medium
term in adults with RA of the hands. However, no differences
between groups were demonstrated for self-reported pain and
morning stiffness, GS and pinch strength, and upper limb
function; thus, the results must be interpreted cautiously.

Hand Function
For the MHQ, the ANOVA showed a medium to large size
effect in favor of the digital app. Mean differences between
groups surpassed the clinically relevant thresholds for overall
hand function (13 points) at the 3-month follow-up and for pain
(11 points) at the 3- and 6-month follow-ups [58]. Pain and
function are the best domains of the MHQ for identifying
satisfied patients after treatment [58]. Recent evidence highlights
the importance of considering hand function as the primary
outcome in clinical trials investigating the efficacy of exercise
therapy for RA of the hands [11], which should become a
priority in daily practice [14].

The current literature on the impact of exercise on rheumatic
hands is conflicting [11], although positive effects have mostly
been reported [59]. Our findings are in line with those of a core
trial on the topic, the Strengthening and Stretching for
Rheumatoid Arthritis of the Hand (SARAH) project [15]. Lamb
et al [15] concluded a positive effect on hand function (mean
change: approximately 4.5 points), ADL, and total MHQ scores
at 4 and 12 months after a multimodal approach with
individualized exercises, strategies to enhance adherence,
general recommendations, and joint protection education, as
adjunct to drug treatment [15]. They also reported long-term
improvements in hand dexterity. However, all observed changes
only suggested a minimal clinical impact [15]. This study
conducted an extended follow-up beyond 2 years, when the
efficacy of the program diminished considerably compared with
usual care [60]. Good results for hand function have also been
reported when combining active hand exercises with wax baths
[61]. In contrast, adding hand strengthening and mobility
exercises to joint protection information was not superior to
information alone in enhancing hand and finger function at 6
months [14]. Similarly, an 8-week exercise program, together
with compensatory strategies; for example, joint protection, and
use of assistive devices, added no benefits for task performance
or ADL ability in women with RA of the hands [37]. These
contradictory findings, along with the low quality of most trials
on the topic, warrant new research [11].

eHealth has become an alternative and cost-saving approach to
make evidence-based treatments available for patients and
clinicians and to foster proactive self-management [30]. In this
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context, a web-based self-guided exercise program has been
tested in adults with RA of the hands [62], with promising
preliminary findings for hand function at 12 and 16 weeks [63].
Different mobile apps are also used by people with RA.
However, most of them provide either symptom tracking or
information alone and lack a comprehensive experience for
patients [64]. Very recently, a mobile app including a structured
hand exercise program was assessed for usability in adults with
rheumatic hands, with good levels of satisfaction [65]. To date,
the CareHand app is the first to be investigated in a clinical
setting. This app includes educational information and adherence
strategies, together with symptom tracking (exercise diary)
through attractive audiovisual material [35]. The CareHand app
also individualizes the exercise dose based on the self-reported
pain intensity. This multimodal approach has proven to be
effective in increasing hand function and self-efficacy in this
population [15,19]. Higher self-efficacy is an empowerment
protective factor in people with chronic symptoms and has been
correlated with better hand function and quality of life in adults
with RA [66]. All these app features may help to increase
adherence to intervention [19] and treatment efficacy [11], even
in the long run [21], which would explain our positive findings
for the primary measure.

Secondary Measures
According to the present evidence, systemic exercise treatment
may be suitable for reducing RA-related pain [59]. However,
it is still uncertain whether upper limb exercise therapy decreases
hand pain or stiffness in adults with rheumatic hands [11]. In
our study, the findings showed no effect of any of the
interventions on self-reported pain or morning stiffness. Our
results agree with those of previous trials where home exercise
programs, alone or together with education and self-management
routines, did not change pain intensity in the medium term
[15,37,67,68] or long term [15,60] in this population. Similar
findings were obtained when using digital technology to deliver
an exercise regime [63]. In contrast, other trials have found that
combining exercise with other forms of physical therapy helps
to reduce hand pain, both in the short [16] and medium term
[19,39,61,69]. RA is a condition that usually involves periods
of flare-ups, which could affect self-reported pain scores and
explain the conflicting evidence on the topic [70]. In addition,
more than half of the participants (19/36, 53%) used DMARDs,
which could also have influenced this outcome. Unsurprisingly,
pain intensity did not improve despite changes in hand function.
However, pain and function are not necessarily associated
factors. This has been demonstrated in individuals with RA [37]
and, most importantly, in people with chronic conditions [71]
probably because of the multifactorial etiology of persistent
pain [71]. Therefore, although therapists and patients with RA
usually consider pain intensity as an important clinical measure
[65], a recent systematic review proposed the use of function
instead of pain as the primary outcome in this population [11].
Morning stiffness is one of the first symptoms caused by RA
and is a predictor of a poor prognosis [45]. With regard to
stiffness, evidence from the scientific literature is also
contradictory, as observed for pain. Some studies have found
good results for this outcome after exercise training [61],
although most evidence points out the lack of efficacy of

exercise programs for reducing morning hand stiffness
[11,19,72]. The lack of treatment responsiveness has been partly
explained by the great variability of this symptom within and
between patients with RA [73].

Clinical and research guidelines recommend assessing GS and
pinch strength in people with RA or osteoarthritis of the hands
[74], as lower hand strength could be related to reduced
functional ability [56] and greater structural joint damage [53].
The present literature is conflicting and unclear regarding this
issue. Overall, very low–quality evidence indicates that hand
exercise training, compared with no treatment, may improve
GS and pinch strength in the short term [11]. However, when
compared with usual care, it seems to have little or no benefit
on hand strength in people with RA of the hands [11]. This
could be a plausible explanation for our results. In line with
this, joint protection programs [75] or general aerobic exercises
[76] are not effective in increasing GS in patients with hand
arthritis. Given the course of the disease and the heterogeneity
of training protocols among studies, it is difficult to reach a
definite conclusion. In addition, there are many different
person-related factors; for example, age, gender, dominant hand,
work occupation, leisure activities, and psychological aspects,
that may influence this outcome in people with arthritic
conditions, whether RA [53] or osteoarthritis [74]. Future studies
should control for these confounding variables [53].

Finally, upper limb function is an important measure in RA, as
it is associated with disease activity [19,77], self-efficacy [19],
sensorimotor deficits [78], and quality of life [77]. However,
there is little evidence regarding the effect of exercise training
on this outcome. In the within-group analysis, we found
improvements in both groups that surpassed the smallest
detectable difference for the QuickDASH (6.9 points) [79] in
the short and medium term. This may help to explain the lack
of time×group effect, although differences between groups were
clinically relevant at 6 months (−10.31 points, 95% CI −25.82
to 5.21 points). However, it has been questioned whether the
QuickDASH is specific enough for people with RA of the hands
[80]. Among the scarce studies in this area, Manning et al [19]
delivered a similar intervention, using an Education,
Self-Management, and Upper Extremity Exercise Training
(EXTRA) program, with positive results for upper limb function
at 12 weeks, compared with usual care, which eventually
disappeared at 36 weeks, in line with former trials [68]. The
scant evidence suggests a potential benefit of exercise therapy
in decreasing upper limb disability, but further research is
needed to support this statement.

Limitations
This study has several limitations. The sample size was rather
small, although relevant for the study aim and clinical purposes.
In addition, there was a deviation from the initial protocol in
terms of reporting the sample size estimation. This was intended
to adhere pragmatically to the common standard practice of the
clinical setting where the study was conducted. Despite the
multicenter design, the participants were selected from a rural
setting, which could limit the external validity of the findings.
Changes in the study measures were evaluated in a medium-term
follow-up (6 months); however, a long-term assessment is
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needed to better understand the efficacy of digital tools and the
impact of the strategies used to engage patients. Important
factors such as self-efficacy, psychological aspects, and
treatment adherence were not measured. At baseline, both
groups differed in the pain and satisfaction subscales of the
MHQ, which may be a source of bias. In addition, owing to the
restrictions imposed by the COVID-19 pandemic, some of the
outcomes were collected via telephone. Finally, the normal
course of RA includes periods of remission and exacerbation
of symptoms, which can affect self-reported data.

Clinical Implications
The CareHand app is a usable digital tool that opens a new field
for the management of chronic rheumatic conditions of the hand.
This app, developed with feedback from patients and health
professionals, allows clinicians to treat people with RA and
monitor their symptoms, evolution, and engagement with
intervention. The app features foster proactive self-management.
This may enhance self-efficacy and empower patients, which

is key to managing chronic musculoskeletal disorders [81]. The
feedback features also allow for a quick response if a disease
flare-up appears [82]. The wide use of mobile devices and their
portability represent a great potential impact of this app on
health care delivery processes [65]. When implemented in a
clinical setting, the CareHand app could reduce unnecessary
visits to medical centers, as observed with other telehealth
strategies in RA [83], with subsequent economic implications.

Conclusions
A multimodal approach including a home exercise regime and
self-management recommendations, as delivered with the
CareHand smartphone app, was more effective than providing
written instructions for the exercise program to improve hand
function in the short and medium term in adults with RA of the
hands. Despite these promising findings, no effects were found
for self-reported pain intensity and stiffness, hand strength, and
upper limb function.
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