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ABSTRACT

BACKGROUND: Exercise therapy, self-management and education are recommended interventions for hand osteoarthritis (OA), but new de-
livery systems are needed to solve lack of adherence.

AIM: To determine the effects on hand function and pain related measures of a mobile app-delivered intervention, compared with usual care, in
patients with symptomatic hand OA.

DESIGN: A pragmatic, multicenter, two-group parallel randomized controlled trial.

SETTING: Community health centers in rural southern Spain.

POPULATION: Eighty-three participants with unilateral or bilateral symptomatic hand OA were proposed to participate, and finally 74 were
included and randomized.

METHODS: Participants received a home multimodal treatment (exercise, education, and self-management recommendations) with the Care-
Hand mobile app or usual care (written exercises) over 12 weeks. Monthly telephone calls were performed to monitor adherence. The primary
outcome was hand physical function (Australian/Canadian Hand Osteoarthritis Index, AUSCAN) at 3- and 6-months. Secondary measures
included hand pain intensity and morning stiffness, upper limb function, hand dexterity, and grip and pinch strength.

RESULTS: The CareHand group showed significant within-group changes in hand function at 6-months (-3.0, 95% CI -5.1 to -0.9 vs. usual care:
-0.9, 95% CI -3.3 to 1.5). Neither group showed improvements in hand function at 3-months (CareHand: -1.5, 95% CI -3.1 to 0.1; usual care:
-0.5,95% CI-2.7 to 1.7). For the secondary outcomes, the CareHand group showed better results on upper limb function both at 3- and 6-months,
and on pain both at 1- and 3-months compared to usual care group. Linear regression models indicated that baseline scores of pain intensity, hand
status, and upper limb function were associated with a greater improvement in hand pain and physical function.

CONCLUSIONS: A mobile app-delivered intervention is effective for improving hand function, and better than usual care for upper limb func-
tion and pain. Further research is warranted to understand the impact of mobile health (mHealth) in people with hand OA.

CLINICAL REHABILITATION IMPACT: mHealth interventions are a feasible and secure multimodal delivery approach in older adults with
hand OA in rural primary care setting. Baseline pain and upper limb function might predict functional hand outcomes.

(Cite this article as: Rodriguez Sanchez-Laulh¢ P, Biscarri-Carbonero A, Suero-Pineda A, Luque-Romero LG, Barrero Garcia FJ, Blanquero J, et al.
The effects of a mobile app-delivered intervention in people with symptomatic hand osteoarthritis: a pragmatic randomized controlled trial. Eur J Phys
Rehabil Med 2023;59:54-64. DOI: 10.23736/S1973-9087.22.07744-9)
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Symptomatic hand osteoarthritis (OA) is a com-
plex and prevalent disease in adults older than 45
years,! with an overall lifetime risk of 40%.2 Patients
with hand OA experience joint pain, stiffness, and im-
paired function, e.g., reduced pinch and grip strength,3
and hindered gross dexterity.4 Despite hand OA poses
serious socioeconomic implications, it has been poorly
investigated compared to the vast amount of research in
hip or knee OA.S

Clinical guidelines for a comprehensive manage-
ment of OA recommend some form of exercise and
education, in addition to pharmacological treatment,
as a core part of standard care.6-® Lack of adherence
to intervention is common in people with rheumatic
diseases and has been associated with higher costs
and worse outcomes.? To ensure adherence, exercise
therapy needs to be individually tailored,!® monitored,
and combined with self-management strategies.!! For
this purpose, digital tools!2. 13 can be feasible,!4 acces-
sible,!5 and cost-effective solutions,!4 although aspects
such as users’ readiness, motivation, and awareness
may compromise their clinical effect.!3. 16 The quality
of the evidence on the impact of digital interventions
for OA is low to moderate,'4 thus further research is
warranted.

New technologies have an enormous potential to
save time and resources during rehabilitation.!3 Mobile
app-delivered interventions (mHealth) are the most ef-
fective e-health modality to decrease pain interference
for chronic pain.!” A feedback-guided exercise pro-
gram performed on a tablet touchscreen has shown to
increase function and strength, and reduce healthcare
usage, in people with wrist, hand or fingers injuries.!8
mHealth is purported to be useful to deliver home ex-
ercises for individuals with rheumatic hand disorders.!®
This has been demonstrated, to some extent, to enhance
hand function,20 self-monitoring,2! and self-manage-
ment behaviors in patients with rheumatoid arthritis of
the hands.?2 To date, the effects of mHealth have been
barely investigated in hand OA.14 The aim of the study
was to determine if a mobile app-delivered intervention
combining exercise, education, and self-management
recommendations was more effective at improving hand
physical function and pain related measures than usual
care in patients with symptomatic hand OA. As an addi-
tional aim, we explored which factors may be associated
with greater changes in hand physical function and pain
intensity. We hypothesized better results for those who
received the mHealth approach.
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Materials and methods
Study design

This was a pragmatic, multi-center, and two-group par-
allel randomized controlled trial planned to conform to
the CONSORT guidelines and the ethical principles of
the Helsinki Declaration. The study was approved by
the Biomedical Research Committee of Andalusia, Spain
(PI_RH 2018) and registered prior to initiation at Clini-
calTrials.gov (NCT04263974, only the information refer-
ring to hand OA is pertinent to the study). All participants
provided written informed consent.

Deviations from intended protocol

Due to the onset of the COVID-19 pandemic, to preserve
the health of participants and the research team and re-
spect patients’ preferences, self-reported measures were
collected by phone or during in-person visits.

Setting and participants

Patients were recruited from two community health cen-
ters in rural southern Spain. The inclusion criteria were:
older than 18 years; a clinical diagnosis of unilateral or
bilateral hand OA according to the American College of
Rheumatology;23 a history of hand pain for at least 6
months; current self-reported pain intensity >2 in a Nu-
meric Rating Scale (NRS); and having a smartphone or
tablet with internet access. Exclusion criteria included:
upper limb surgery, fracture, or severe trauma within the
previous 6 months;24 anticipated hand surgery;2s a di-
agnosed cognitive dysfunction; having received steroid
injections in the past 2 months;2¢ or suffering from an-
other rheumatic disease.2¢ Participants were asked not to
engage in any new treatment, including manual or exer-
cise therapy, during the study period but were allowed to
continue with their regular medication intake. For those
with bilateral symptoms, both hands were selected if eli-
gibility criteria were fulfilled.20

Treatment allocation and blinding

An external staff member performed randomization us-
ing a computer-generated random numbers table with
permuted block design and considering a 1:1 distribution
ratio. After baseline assessment, sealed opaque envelopes
were used to mask treatment allocation. Outcome asses-
sors were blinded to allocation.
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Interventions

All participants completed a home exercise program (4
times a week) over 12 weeks, delivered with the CareHand
mobile app (Healthinn, Seville, Spain) or using a paper
sheet (usual care) that included pictures and explanations
of exercises and dosage. For those who received usual
care, information about the disease was provided by the
physician during regular visits. The latter is the regular ap-
proach for rehabilitation of hand OA at the public health
system where the study was conducted. All exercises were
first explained in an introductory session. After that, home
sessions were planned to last between 15 to 20 minutes
depending on symptoms and training phase, with the num-
ber of repetitions gradually increased every 2 weeks. In
case of a flare up, participants were instructed to reduce
the number of sets and repetitions. The CareHand app
uses a dosing algorithm, based on a daily report of pain
intensity before and after exercising, to progress through-
out training.2’” The app also includes self-management
recommendations, joint protection material,28 general in-
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formation about the disease, videos with demonstrations,
and a “follow-up diary” with graphical representations of
the exercises performed every session (Figure 1). In both
groups, follow-up calls were made once a month to moni-
tor adherence and solve possible issues. Interventions are
described in detailed in Supplementary Digital Material 1,
Supplementary Tables I-111, following the intervention de-
scription and replication (TIDieR) checklist.2?

Outcome measures

Clinical and demographic variables were obtained from
all participants. Outcomes were collected by physicians or
physical therapists trained in the use of the measurement
tools.

Hand physical function

The primary outcome was self-reported hand physical func-
tion at 3- and 6-months postintervention, using the physi-
cal function subscale (9 items) of the Australian/Canadian
Hand Osteoarthritis Index (AUSCAN), Likert version.30
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Figure 1.—The CareHand mobile app: A) exercise videos; B) self-monitoring system; C) visual display of self-reported pain intensity.
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The AUSCAN has shown high internal consistency and
content validity, and acceptable test-retest reliability in indi-
viduals with hand OA.3! A 8% change has been established
as clinically meaningful for AUSCAN physical function.32

Secondary outcomes

Secondary outcomes included self-reported measures of
hand overall status, pain intensity and morning stiffness,
and upper limb function. We used the AUSCAN Global
Score and the stiffness (1 item) and pain (5 items: at rest,
and while gripping, lifting, turning, and squeezing objects)
subscales of AUSCAN at 3 and 6-months, and the short-
form of the Disabilities of the Arm, Shoulder, and Hand
questionnaire (QuickDASH),3 together with a 11-point
NRS at 1, 3, and 6 months postintervention. The Quick-
DASH is a highly recommended tool in people with hand
conditions,33 and the NRS is easy to administer and has
demonstrated excellent psychometric properties.3 Addi-
tionally, performance-based function was assessed con-
sidering hand dexterity (Nine Hole Peg Test, NHPT),35
and grip and pinch strength using a dynamometer (Sachan
SH5001, Sachan Corp., South Korea) and a Baseline® me-
chanical pinch gauge (Fabrication Enterprises, NY, USA).36

Sample size estimation

Based on previous research,20 sample size was estimated for
the number of treated hands per group to detect a clinically
relevant difference between groups in AUSCAN physical
function (>4 points) at 3-months postintervention.32 We
considered an alpha level of 0.05 with 80% power and a
correlation among repeated measures of 0.5 (G*power soft-
ware, v. 3.1.9.7, Kiel University, Kiel, Germany). A total of
122 hands were needed to account for a 20% attrition rate.

Statistical analysis

Statistical analysis was performed with the IBM Statistics
Package for Social Science® software, v.26 (IBM Corp,
NY, USA), using an intention-to-treat approach. The nor-
mality of variables was tested with the Shapiro-Wilk Test.
Data are reported as mean+SD, mean and 95% confidence
interval (CI), or in absolute numbers (frequency percent-
ages). Baseline clinical and demographic data were ana-
lyzed with the independent sample z-test or Mann-Whit-
ney tests for continuous variables, and the Fisher’s Exact
Test for categorical variables.

A linear mixed model for repeated measures was con-
ducted to compare the differences between groups in the
changes of hand function and pain related measures from
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baseline to postintervention, with group (CareHand vs.
usual care) as the between-subjects factor, time as the
within-subjects factor, and baseline score of the NHPT
as a covariate. The time variable included three points
(baseline, 3 months, and 6 months postintervention) for
AUSCAN and morning stiftness, four points (baseline, 1
month, 3 months, and 6 months) for the QuickDASH and
pain intensity with the NRS, and two time points (baseline,
3 months) for performance-based function outcomes. Sta-
tistical significance was set to a P value <.05.

Multivariable linear regression of factor associated with
changes in function and pain

We examined the association between changes in hand
physical function and pain intensity from baseline to
3-months postintervention with patients’ demographics
(gender and age), baseline scores of primary and second-
ary measures, and mean changes in the AUSCAN, NRS,
and QuickDASH. We analyzed the correlation coefficients
between each of the individual factors with hand function
and pain intensity, and only those with r > 0.3 were consid-
ered in the linear multivariable regression model.

Results

A total of 83 patients with hand OA were screened for eli-
gibility between March 2020 and February 2021. Of those,
74 individuals (50 females, 67.5%) provided consent to
participate and were randomized to the CareHand group
(N.=34, 66 symptomatic hands) or usual care (N.=40, 78
symptomatic hands). Sixty-three participants completed
assessments at the 3- and 6-months follow-ups (Figure 2).

There were no baseline differences between groups in
their clinical and demographic characteristics, except for
hand dexterity (P=0.001) (Table I).

Hand physical function

The CareHand group showed significant within-group im-
provements in hand physical function at 6-months postint-
ervention (mean difference, 95% CI: -3.0, 95% CI -5.1 to
-0.9 vs. usual care: -0.9, 95% CI -3.3 to 1.5). There were
no changes in this outcome for neither group at 3-months
(CareHand: -1.5, 95% CI -3.1 to 0.1; usual care: -0.5, 95%
CI -2.7 to 1.7) (Table II).

Secondary outcomes

The CareHand group intervention was more effective than
usual care at improving upper limb function (F=3.006,
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Assessed participants with hand osteoarthritis (OA) Enrollment

(N.=83), corresponding to 162 symptomatic hands

Excluded participants (N.=9)

|| - No pain intensity >2 in a 0 to 10 Numeric Rating Scale (NRS), N.=7

- Diagnosed cognitive impairments, N.=1

- Diagnostic criteria of the American College of Rheumatology not fulfilled, N.=1

Y

Recruited participants with hand OA who underwent randomization (N.=74),
corresponding to 144 symptomatic hands
Baseline outcome measures: Australian/Canadian Hand Osteoarthritis Index
(AUSCAN), pain intensity and morning stiffness, grip and pinch strength,
hand dexterity, and shortform of the Disabilities of the Arm, Shoulder,

and Hand questionnaire (QuickDASH)

Allocation

|
Y v

Allocated to Usual Care group, N.=40 Allocated to CareHand group, N.=34
(78 symptomatic hands) (66 symptomatic hands)

- Received intervention, N.=39 - Received intervention, N.=39

- Declined to participate, N.=24 - Declined to participate, N.=24

- Do not download mobile app, N.=1

1-month follow-up: Pain intensity and QuickDASH |

Lost to follow-up (N.=4) Lost to follow-up (N.=1)
- Scheduled problems, N.=1 - Scheduled problems, N.=1
- Health problems, N.=2

3-month follow-up: AUSCAN, pain intensity, morning stiffness,
grip and pinch strength, hand dexterity, and QuickDASH

Lost to follow-up (N.=2)
- Articular injections, N.=1
- Declined, N.=1

Lost to follow-up (N.=4)
- Scheduled problems, N.=1
- Personal problems, N.=1
- Health problems, N.=1

|6-month follow-up: AUSCAN, pain intensity, morning stiffness, and QuickDASH|

| Lost to follow-up (N.=0) | | Lost to follow-up (N.=0) |

Data analysis

Y Y
Per-protocol analysis: N.=33 Per-protocol analysis: N.=19
(64 hands) (37 hands)
Intention-to-treat analysis: N.=34 Intention-to-treat analysis: N.=29
(66 hands) (57 hands)

Figure 2.—CONSORT Flow chart diagram.
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P=0.041, 1n2=0.052), both at 3-months (CareHand: -7.9,
95% CI -14.1to-1.6; usual care: 1.1,95% CI-7.7t0 9.9) and
6-months postintervention (CareHand: -8.9, 95% CI-15.8 to
-1.9; usual care: -1.2,95% CI -11.1 to 8.8). In addition, hand
pain intensity decreased in the CareHand group, compared
to usual care (F=4.601, P=0.004, n2=0.040), at 1-month
(CareHand: -0.8, 95% CI -1.5 to -0.1; usual care: 0.9, 95%
CI 0.2 to 1.8) and 3-months after intervention (CareHand:
-0.7,95% CI -1.3 to -0.0; usual care: 1, 95% CI1 0.2 to 1.8).
There were no changes in hand pain intensity for those who
received usual care during follow-up measurements.

Further, there was no time*group effect for any of the
other secondary measures (all, P>0.05). However, for those
in the CareHand group: 1) the AUSCAN overall status im-
proved at 3-months (CareHand: -2.9, 95% CI -5.3 to -0.4;
usual care: -0.5, 95% CI -3.9 to 2.8) and 6-months (Care-
Hand: -5.3, 95% CI -8.4 to -2.2; usual care: -2.1, 95% CI
-5.6 to 1.5); 2) the AUSCAN pain significantly decreased
at 3-months (CareHand: -1.3, 95% CI -2.5 to -0.1; usual
care: -0.4, 95% CI -1.6 to 0.9) and 6-months (CareHand:
-2.0, 95% CI -3.2 to -0.8; usual care: -1.1, 95% CI -2.4 to
-0.3); and 3) hand morning stiffness, assessed with a NRS,
was reduced after intervention at 3-months (CareHand:
-0.7, 95% CI -1.4 to 0.0; usual care: 0.3, 95% CI -0.5 to
1.1) and 6-months (CareHand: -1.7, 95% CI -2.6 to -0.7;
usual care: -0.8, 95% CI -1.8 to 0.1).

As regards performance-based function outcomes,
neither mHealth nor usual care could increase grip or
pinch strength. Significant changes were only observed at
3-months for hand dexterity in the CareHand group (Care-
Hand: -3.8 seconds, 95% CI -7.3 to -0.3, usual care: -1.6
seconds, 95% CI -3.4 to -0.3).

Factors associated with changes in hand physical function
and pain intensity

Model 1 explained 62.9% of the variance in changes in AUS-
CAN physical function from baseline to 3-months postinter-
vention. A lower pain intensity (AUSCAN pain) at baseline,
aworse baseline hand overall status, and a greater decrease of
pain from baseline to 3-months were associated with a higher
improvement in hand physical function. For every point less

TABLE I.—Baseline clinical and demographic characteristics of participants.

Baseline characteristics CareHand group (N.=34, 66 hands) Usual care (N.=40, 78 hands) P value
Age 62.2+8.8 64.3+7.7 0.242
Sex: female, N. (%) 25 (73%) 25 (62%) 0.417
Dominant hand: right; left; both, N. (%) 32 (94%); 1 (3%); 1 (3%) 37 (92%); 0 (0%); 3 (8%) 0.389
Affected hand: right; left, N. (%) 33 (50%); 33 (50%) 39 (50%); 39 (50%) 1.000

Normally distributed data are reported as meantstandard deviation. Categorical data are presented as absolute number and percent (%).
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TABLE Il.—Primary and secondary outcomes (baseline scores and within-groups mean differences at each timepoint).

RODRIGUEZ SANCHEZ-LAULHE

Variable Group Baseline Change to 1-month  Change to 3-months  Change to 6-months P valu?
roup Time
Primary outcome
AUSCAN function  CareHand (N.=66 hands) 17.8+8.2 NA -1.5+£5.8 -3.0+£7.8 0.252  0.034
(15.7 to 19.8) (-3.1t0 0.1) (-5.1 to -0.9)*
Usual care (N.=78 hands) 16.9+8.3 NA -0.5+8.7 -0.9+£9.5
(15.1 to 18.8) (-2.7to0 1.7) (-3.3t0 1.5)
Secondary measures
QuickDASH CareHand (N.=66 hands) 45.0+23.2 -8.1+14.6 -7.9+16.1 -8.9+18.2 0.041 0.048
(3691t053.1) (-13.7to -2.4)* (-14.1 to -1.6)* (-15.8 to -1.9)*
Usual care (N.=78 hands) 46.9+22.2 -6.3+£16.2 1.1£24.9 -1.2+£28.0
(37.2t052.5) (-12.2t0 -0.5)* (-7.7t09.9) (-11.1 to 8.8)
AUSCAN Pain CareHand (N.=66 hands) 8.8+4.3 NA -1.3+4.6 -2.0+4.6 0.543  0.002
(7.7t09.8) (-2.5t0 -0.1)* (-3.2 to -0.8)*
Usual care (N.=78 hands) 9.1+4.6 NA -0.4+5.1 -1.1+£5.4
(8.1t0 10.1) (-1.6t0 0.9) (-2.410-0.3)
AUSCAN Stiffness  CareHand (N.=66 hands) 1.3£1.1 NA -0.1+1.2 -0.3+1.4 0.246  0.035
(1.1 to 1.6) (-0.4 t0 0.3) (-0.7 t0 0.1)
Usual care (N.=78 hands) 1.4+1.2 NA 0.3+1.2 -0.1£1.5
(1.1to 1.7) (0.0 to 0.6)* (-0.4 t0 0.3)
AUSCAN Total CareHand (N.=66 hands) 27.9+12.4 NA -2.949.1 -5.3+11.7 0.271  0.004
(24.8t0 30.9) (-5.3 t0 -0.4)* (-8.4 to -2.2)*
Usual care (N.=78 hands) 27.4+13.2 NA -0.5+13.3 -2.1+£14.3
(24.5t030.4) (-3.9102.8) (-5.6 to 1.5)
NRS Pain CareHand (N.=66 hands) 5.7£2.6 -0.842.5 -0.7+2.4 0.0+£2.6 0.004 0.576
(5.1t0 6.4) (-1.5to -0.1)* (-1.3 t0 0.0)* (-0.7 t0 0.7)
Usual care (N.=78 hands) 4.9+2.8 0.9+£3.1 1.0£3.2 0.4£3.5
(4.3t05.6) (0.2 to 1.7)* (0.2 to 1.8)* (-0.4 to 1.3)
NRS Stiffness CareHand (N.=66 hands) 4.5+£3.4 NA -0.7+2.6 -1.743.6 0.193  0.001
(3.7t05.4) (-1.4 t0 0.0)* (-2.6 to -0.7)*
Usual care (N.=78 hands) 4.84£3.2 NA 0.3+£3.2 -0.8+3.9
(4.1t05.5) (-0.5t0 1.1) (-1.8t0 0.1)
Grip Strength CareHand (N.=66 hands) 40.8+21.9 NA -1.2+18.9 NA 0.057 0.084
(354 t0 46.2) (-6.8 to 4.3)
Usual care (N.=78 hands) 43.5+18.5 NA 3.4+15.1 NA
(39.4 t0 47.7) (-0.7 to 7.5)
Pinch Strength CareHand (N.=66 hands) 10.3+4.7 NA -0.4+4.0 NA 0.661 0.530
(9.1to 11.5) (-1.6 10 0.8)
Usual care (N.=78 hands) 11.2+4.7 NA -0.1+3.1 NA
(10.1 to 12.3) (-0.9 t0 0.8)
NHPT CareHand (N.=66 hands) 34.2+13.4 NA -3.8+11.8 NA 0.239  0.006
(30.9 to 37.5) (-7.3 t0 -0.3)*
Usual care (N.=78 hands) 27.945.9 NA -1.6+£6.9 NA
(26.6 t0 29.3) (-3.4t0-0.3)

Data are reported as mean+SD (95% confidence interval).
*Significant intragroup mean difference P value<0.05.

NRS: numeric rating scale; QuickDASH: short form of the Disabilities of the Arm, Shoulder, and Hand questionnaire; AUSCAN: Australian/Canadian Hand

Osteoarthritis Index.

in AUSCAN pain at baseline, there was a one-point increase
in hand function (Table IIT). Model 2 explained 57.3% of the
variance in changes of pain intensity (NRS) from baseline to
3-months. A higher pain intensity, a poorer upper limb func-
tion before intervention, and a greater improvement of up-
per limb function at the 3-months follow-up were associated
with a greater reduction of pain intensity. Sex, group, age,
and the rest of clinical measures were included in the models,
but no significant associations were found.

Vol. 59 - No. 1

Adverse events

There were no serious adverse events during the study.
One participant receiving usual care complained of an in-
flammatory flare-up and was prescribed corticosteroids.
Three participants (2 in the CareHand group) complained
of minor hand pain flare-ups during follow-up and another
3 (2 in the usual care group) experienced transient shoul-
der or neck pain that did not require additional treatment.
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TABLE lIl.—Factors associated with changes in hand physical function and pain intensity from baseline to 3 months postintervention.

Model 1: Changes in Hand physical function (AUSCAN function), r2=0.629

Factor B (95% Confidence Interval) P value
Hand pain intensity (AUSCAN pain) at baseline 0.995 (0.788 t02.639) 0.001
Hand overall status (AUSCAN total) at baseline -1.054 (-1.060 to -0.206) 0.005
Change in AUSCAN pain from baseline to 3 months postintervention 0.592 (0.406 to1.431) 0.001
Model 2: Changes in Hand Pain intensity (NRS), r2=0.573
Factor B (95% Confidence Interval) P value
Hand pain intensity (AUSCAN pain) at baseline -0.603 (-0.997 to -0.334) 0.001
Upper limb function (QuickDASH) at baseline 0.433 (0.008 to 0.106) 0.023
Change in QuickDASH from baseline to 3 months postintervention 0.469 (0.016 to 0.112) 0.010

AUSCAN: Australian/Canadian Hand Osteoarthritis Index; NRS: Numeric Rating Scale; QuickDASH: short form of the Disabilities of the Arm, Shoulder, and Hand

Questionnaire.

Discussion

This is the first randomized controlled trial to determine
if home exercise therapy is more effective when delivered
with a mHealth app or on paper in patients with symptom-
atic hand OA. Hand physical function increased over time,
with significant changes at the 6-month follow-up for those
who used the CareHand app. In addition, the home exer-
cise program was more effective when performed with the
mobile app, compared to usual care, to improve upper limb
function and reduce hand pain intensity. For the rest of sec-
ondary measures, hand overall status, morning stiffness,
and dexterity improved over time, with better results for
the CareHand app, and neither group showed changes for
grip or pinch strength. For the secondary aim, our findings
support the importance of baseline scores of pain intensity,
hand overall status, and upper limb function for changes
over time in hand physical function and pain intensity.

Hand physical function

Patients with hand OA rate function as one of the most im-
portant domains affecting their daily life.37 Overall, previ-
ous literature concludes that exercise leads to a beneficial,
but small, effect on hand function,s 38 with some contra-
dictory results.3® However, this evidence is mostly sup-
ported by low-quality trials with high heterogeneity and
risk of bias.5. 38 40 OQur findings were in line with studies
where home exercise programs were conducted together
with joint protection materials,28 or within a multimodal
protocol including nutritional advice and strategies to en-
hance self-efficacy.4!: 42 Noteworthy, better results have
been reported following supervised exercise regimes,*3; 44
which could explain that the positive effects of exercise
may sometimes decrease when performed as a home pro-
gram.*> Nevertheless, a face-to-face approach is far from
the reality of clinical settings, particularly in primary care,
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where rehabilitation practice tends to be home-based.
When interpreting these results, it is important to bear in
mind that significant changes were shown at the 6-month
follow-up, but not at our primary endpoint. However,
these observed improvements surpassed the clinically rel-
evant threshold,32 which suggests a beneficial effect of the
CareHand app. Despite these promising findings, the dif-
ferences between studies in exercise dose, treatment deliv-
ery, and training routine and duration supports the need of
new research to understand the impact of exercise on hand
OA outcomes,38: 46 especially with digital tools.

We found that baseline scores of hand pain and overall
status were associated with changes in hand function. This
agrees with results showing that pain intensity is a high
determinant of hand functional limitations in people with
hand OA.#7 In contrast, we found no correlation between
age and changes in hand function. Future studies could
cluster participants based on different levels of hand pain
and function and provide more information of the role of
risk factors in this population.s. 48

Secondary outcomes

The CareHand app was better than usual care to reduce up-
per limb functional impairments, with changes within the
8-to-16-point range considered as clinically meaningful .4
Hand exercise therapy, alone or together with education
and assistive devices, has demonstrated a similar magni-
tude of improvement for upper limb function in previous
research in hand OA.50. 51 However, evidence is still con-
flicting,52. 53 and surgery, i.e., joint arthroplasty, may be-
come suitable for those with advanced disease who do not
improve with conservative care.>* Cognitive and psycho-
logical factors, such as self-efficacy,’5 and pain catastro-
phizing,5¢ can also predict patients’ upper limb disability,
which could explain the different results in the literature.
The CareHand app was more beneficial than usual care
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to decrease pain intensity. There is moderate certainty of
evidence that hand exercises reduce pain and joint stift-
ness, and improve hand overall status in hand OA,3. 38, 46,57
albeit with contradictory findings.58 5% Although hand sta-
tus, morning stiffness, and dexterity improved over time in
both groups, changes were higher for those who used the
mHealth app. In fact, these within-group improvements
surpassed the clinically relevant threshold for AUSCAN
pain and global score (15% and 8% change, respective-
ly)32 at 6-months postintervention, which seems encourag-
ing. Additionally, the regression analysis showed that im-
provements in pain intensity can be influenced by the level
of hand pain and upper limb function before intervention.
This has been already observed for pain intensity in adults
with thumb base OA.%0 In patients with hip or knee OA,
different clusters have been characterized to target groups
for tailored exercise interventions.!® Our results suggest
that self-reported measures of hand pain and upper limb
function could be also useful to clinically subgroup pa-
tients with hand OA.

Clinical guidelines recommend rehabilitation programs
involving hand exercises to increase hand strength and dex-
terity,>’ but present evidence is ambiguous. Some system-
atic reviews suggest a small to moderate positive impact
of exercise on hand strength,3 38. 61 while others conclude
otherwise.3® The effect of exercise does not seem to be in-
fluenced by how the intervention is delivered. In fact, posi-
tive and negative results have been observed after group-
based sessions,4?- 43, 50 individual face-to-face interven-
tions,28: 44 home exercise programs,24 4162 or a combination
of those.26 Hand dexterity is essential for good performance
in daily life activities,35 but it has been rarely included as an
outcome measure in studies about exercise therapy in hand
OA. The scarce literature on this topic has shown either a
lack of effect of the exercise program?26. 5 or slight improve-
ments.53 In the latter case, the changes were attributed to the
use of bimanual tasks and fine motor skills movements.53 In
short, the heterogeneous literature on the topic,38 the differ-
ences among studies in how grip strength is measured,>!
and other factors, i.e., patient’s age, sex, physical fitness,
and comorbidities, can influence performance-based func-
tion measures in individuals with hand OA.63

Hand OA and mHealth

The growing burden of OA and the rapid advance of new
technologies have raised the question whether e-health mo-
dalities may have a similar impact than usual care for OA.14
Digitally-delivered rehabilitation can lead to improvements
in pain and function,!4 and promote adherence to treat-
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ment®* in patients with hip or knee OA. However, this re-
mains uncertain for hand OA.14 Most existing apps for the
management of rheumatic diseases are low-quality and not
evidence-based.®5. 60 Therefore, a mHealth app combining
exercise with video demonstrations and a self-monitoring
system could support people with hand OA long term and
reduce the costs associated with face-to-face sessions.!® The
CareHand app has proven to be effective to increase hand
function and work performance and reduce pain intensity
in individuals with rheumatoid arthritis of the hands.2° Our
current findings seem to support partially these results.

New technologies can be a solution to enhance access to
health care in rural settings.6” Older age and living in a ru-
ral area are often cited as barriers for patients’ adoption of
mHealth, together with social, organizational, health, and
political factors.®® A proper balance between telehealth
and in-person attention may increase engagement with
digital primary care.® In the present study, neither age nor
the clinical setting were perceived as hindering factors for
adherence to treatment. However, none of these aspects
were specifically investigated and their exact role remains
to be elucidated.

Strengths and limitations of the study

The main strength of this clinical trial is that, for the first
time, the effect of a mHealth app has been compared with
usual care in older adults with hand OA living in a rural
area. Yet, this sample may not represent a wide spectrum
of patients. Additionally, usual care did not include self-
management recommendations. Although this may have
influenced the results, our pragmatic approach aimed to re-
flect routine clinical practice. Those factors associated with
changes in hand pain and function were assessed at the
3-month follow-up despite only changes in hand pain in-
tensity were shown at this assessment point. Due to the on-
set of the COVID-19 pandemic, some participants reported
a state of stress or anxiety during the study period, which
could have influenced their approach to interventions and
the findings. In addition, the mHealth app could not collect
data for treatment adherence, which may be of clinical in-
terest. Finally, a cost-utility analysis based on consumption
of health care resources and the health-related quality of
life of participants would be conducted in a future study.

Conclusions

A mobile app-delivered home exercise program includ-
ing education and self-management recommendation is an
effective intervention to increase hand physical function,
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and better than usual care to improve upper limb function
and hand pain intensity. Baseline levels of hand pain and
upper limb function can predict changes in hand physical
function and pain intensity. Future research should con-
firm the clinical impact of mHealth in hand OA in different
settings and populations.
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