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Abstract

Background: Chronic knee pain, most commonly caused by knee osteoarthritis, is a prevalent condition which in most cases
can be effectively treated through conservative, non-surgical care involving exercise therapy, education, psychosocia support,
and weight loss. However, most people living with chronic knee pain do not receive adequate care, leading to unnecessary use
of opiates and surgical procedures.

Objective: Assess the efficacy of aremotely delivered digital care program for chronic knee pain.

Methods: We enrolled 162 participants into a randomized controlled trial between January and March 2017. Participants were
recruited from participating employers using questionnaires for self-assessment of their knee pain, and randomized into treatment
(n=101) and control (n=61) groups. Participants in the treatment group were enrolled in the Hinge Health digital care program
for chronic knee pain. Thisisaremotely delivered, home-based 12-week intervention that includes sensor-guided exercisetherapy,
education, cognitive behavioral therapy, weight loss, and psychosocial support through a personal coach and team-based interactions.
The control group received three education pieces regarding self-care for chronic knee pain. Both groups had access to
treatment-as-usua. The primary outcome was the Knee Injury and Osteoarthritis Outcome Score (KOOS) Pain subscale and
KOOS Physical Function Shortform (KOOS-PS). Secondary outcomes were visual analog scales (VAS) for pain and stiffness
respectively, surgery intent, and self-reported understanding of the condition and treatment options. Outcome measures were
analyzed by intention to treat (excluding 7 control participants who received the digital care program due to administrative error)
and per protocol.

Results: Inanintent-to-treat analysisthedigital care program group had asignificantly greater reductionin KOOS Pain compared
to the control group at the end of the program (greater reduction of 7.7, 95% CI 3.0 to 12.3, P=.002), as well as a significantly
greater improvement in physical function (7.2, 95% CI 3.0 to 11.5, P=.001). This was also reflected in the secondary outcomes
VAS pain (12.3, 95% CI 5.4 to 19.1, P<.001) and VAS stiffness (13.4, 95% CI 5.6 to 21.1, P=.001). Participants' self-reported
likelihood (from 0% to 100%) of having surgery also reduced more strongly in the digital care program group compared to the
control group over the next 1 year (—9.4 percentage points, pp, 95% Cl —16.6 to —2.2, P=.01), 2 years (—11.3 pp, 95% CI —20.1
to 2.5, P=.01), and 5 years (—14.6 pp, 95% Cl —23.6 to —5.5, P=.002). Interest in surgery (from O to 10) also reduced more so
in the digital care program compared to control group (1.0, 95% CI —1.7 to —0.2, P=.01). Participants’ understanding of the
condition and treatment options (on a scale from 0 to 4) increased more substantially for participants in the digital care program
than those in the control group (0.9, 95% CI 0.6 to 1.3, P<.001). In an analysis on participants that completed the intervention
(per protocol analysis) al primary and secondary outcomes remained significant at greater effect magnitudes compared to intention
to treat, with those compl eting the program showing a 61% (95% CI 48 to 74) reduction in VAS pain compared to 21% (95% Cl
5 to 38) in the control group (P<.001). Accounting for the cost of administering the program, we estimate net cost savings on
surgery alone of US $4340 over 1 year and $7900 over 5 yearsfor those participants completing the digital care program compared
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to thosein the control group receiving treatment-as-usual. In an exploratory subgroup analysisincluding only participants exhibiting
clinical symptoms of osteoarthritis the program proved equally effective.

Conclusions: This trial provides strong evidence that a comprehensive 12-week digital care program for chronic knee pain,
including osteoarthritis, yields significantly improved outcomesfor pain, physical function, stiffness, surgery risk, and understanding

of the condition, compared to a control group.
Trial Registration:

International Standard Randomized Controlled Trial Number (ISRCTN)

13307390;

http://mww.isrctn.com/ISRCTN13307390 (Archived by WebCite at http://www.webcitation.org/6ycwjGL 73)

(J Med Internet Res 2018;20(4):€156) doi: 10.2196/jmir.9667
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Introduction

Background

Chronic knee pain (CKP), often caused by knee osteoarthritis,
affects 1 in 4 individuals over the age of 55 [1], and isamgjor
health condition [2] that isbecoming increasingly prevalent [3].
The effects of CKP are far-reaching and not limited only to the
knee joint. Rather, chronic pain can result in negative effects
on genera health status including socia functioning, energy
and vitality, general health perception, limitations due to
emotional and physical problems[4], negative effects on quality
of life[5], productivity [6], emotiona well-being [7], and health
care costs[8].

Current recommendations for management of chronic pain
suggest that treatments addressing multiple aspects of pain,
including physical, psychological, and social, are most effective
as compared to a single therapy [9,10]. Recommended
components of effective non-pharmacological care for chronic
muscul oskeletal paininclude physical activity, patient education,
weight reduction, and self-management and coping strategies
[9,11-13]. Thus, an effective treatment algorithm for CKPisa
comprehensive program consisting of the main components of
recommended conservative care.

Such comprehensive programsfor chronic pain - including knee
osteoarthritis (OA), one of the most common diagnosisfor CKP
[11] - have been shown to improve pain and function [15-23]
and reduce utilization of total knee arthroplasty (TKA) [12].
However, despite research into comprehensive programs for
CKP, utilization of such programs outside of the research arena
israre. For example, it is estimated that 80% of individua swith
CKP due to knee OA are not adequately treated with
conservative care [13]. This, in turn, leads many patients to
undergo costly knee surgeries that could have been otherwise
avoided [14]. Thus, thereisasignificant need to improve access
and increase use of acomprehensive treatment program for the
large population of individuals affected by CKP.

Digital technology has the potential to effectively provide
comprehensive CKP programs. A digital care program (DCP)
incorporating multi ple components of recommended care could
allow for more efficient, effective, and economical treatment
by overcoming barriers to behavior change often observed in
traditional in-person care, such as travel time, missed work,
cost of care, and limited access to healthcare. Furthermore, a
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DCP incorporating remote sensing would allow for monitoring
of patient adherence, a critical barrier limiting long-term
effectiveness of treatment programs[15,16]. Only afew studies,
however, have examined the use of digital technologies for
CKP, investigating web-based platforms for physical activity
and exercise [17,18], pain coping training [19], and more
comprehensive programs incorporating education and exercise
[20-22]. In particular, there are limited studies using a more
rigorous randomized controlled design [18,19,22], and the use
of digital health in musculoskeletal conditions is regarded as
early stage [23].

We have developed a 12-week program for CKP called the
Hinge Health DCP[24]. It consists of recommended components
of non-pharmacological care for chronic musculoskeletal pain
and includes sensor-guided exercise therapy promoting local
muscle strengthening and stretching, education, cognitive
behavioral therapy, psychosocial support through teams and
personal health coaches, weight loss, and activity tracking. We
have previously shown that the Hinge Health 12-week DCP
improves clinical outcomes of pain, function, and stiffness over
a period of 6 months after initiation of the program in a
single-arm study of individualswith CKP [24]. The purpose of
this study was to assess the short-term effectiveness (12 weeks
after initiation) of the Hinge Health DCP in improving knee
pain and disability in subjects with CKP, as compared to a
control group receiving treatment as usual and knee care
education only. We employed a randomized controlled trial
with the hypothesis that the DCP would cause a greater
improvement in outcome than the control treatment.

Methods

Study Design

This study was atwo-armed, randomized, controlled, unblinded
trial of participantswith chronic knee pain. Online applications
were invited from employees and their dependents at
participating employers spread out over 12 office locations.
Participants were recruited through emails and posters
distributed through the participants' employers between January
and March 2017. The trial was approved by the Western
Ingtitutional Review Board, and participants completed the
intervention at home. The trial was performed in compliance
with the Helsinki Declaration for research involving human
subjects and in line with ICH-GCP guidelines. The trial was

JMed Internet Res 2018 | vol. 20 | iss. 4 | €156 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/jmir.9667
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

preregistered at International Standard Randomized Controlled
Trial Number (ISRCTN) 13307390. We followed CONSORT
guidelines for reporting thistrial.

Study Population

We assessed the eligibility of al applicants that completed the
baseline questionnaire for CKP through their web browser.
Participants provided informed consent as part of this
guestionnaire using a checkbox and digital information sheet.
The inclusion criteria were: (1) age over 18, (2) knee pain for
at least 1 month in the last 12 months, (3) participating in the
collaborating employers' health plans, and (4) provision of
informed consent. The exclusion criteria were (1) a prior
diagnosis of rheumatoid arthritis, (2) surgery on the knee less
than 3 months ago, and (3) an injury to the knee less than 3
months ago. We did not include knee OA as an inclusion
criterion, though we did assess the presence of OA through 6
self-reported clinical criteria, whereby 3 or more positive criteria
suggested OA: age over 50 years, stiffness for <30 minutesin
the morning, crepitus, bony tenderness, bony enlargement, and
no palpable warmth [11]. As there were a limited number of
places available on the program, eligible applicants were
prioritized for enrollment, with those exhibiting greater pain,
disability, and surgery intent prioritized over those showing
less. Applicants that were not prioritized were placed on the
waitlist (n=73). Participants were not paid for their time, other
than anincentive offered to compl ete the outcome questionnaire
for those that did not completeit within 4 daysof first invitation.

Randomization

Eligible applicants were randomized into thetrial twice weekly
during the signup period. Batches of selected participants were
then randomized into treatment and control using a 60:40
(trestment: control) ratio (n=115) or using an 80:20 ratio (n=47).
The 80:20 ratio represents a deviation from the study protocol
dueto an administrative error and was only used for arestricted
time. The effective alocation ratio was therefore 62:38
(treatment: control). When a batch of applicants was
randomized, an algorithm shuffled the batch and selected the
first 60% (or 80%) to enter the treatment, and the remaining
40% (or 20%) to enter control. Assuch, the person(s) reviewing
the applicants had no way of knowing whether any given
applicant would end up in the treatment or control group
(concealed allocation). After randomization, participantsin the
treatment group received an email inviting them to complete
their profile and receive their kit to participate in the DCP,
whereas those in the control group received an email with three
education articles to help them care for their knee. Due to the
nature of the study, neither the study staff nor the participants
were blinded to group allocation.

Study Intervention

The treatment group received the Hinge Health 12-week DCP
for CKP. The contents of this program have been described
previoudly [24]. In short, participants received atablet computer
with the Hinge Health application installed, and two custom
Bluetooth sensors with strapsto be used on the upper and lower
leg during the in-app exercise therapy. Participants were
assigned a persona coach that provided support and
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accountability throughout the program and were placed in a
team to provide peer support through a discussion feed within
the app. Participation was completed entirely remotely through
the app, at timesand places chosen by the participant. Reminders
were provided by text message and email if the participant was
not engaging at the recommended intensity with the program.
On aweekly basis, participantsin the DCP were set the goal of
completing 3 sessions of sensor-guided exercisetherapy, reading
one to two education articles, logging their symptoms at |east
twice, performing cognitive behavioral therapy (CBT; subset
of weeks only), working at weight loss (if overweight), and
tracking at least three 30-minute sessions of aerobic activities.
Details of each of these components of the DCP are described
elsewhere [24]. Each participant also maintained access to
treatment as usual (TAU).

The control group received three pieces of education, presented
digitaly, that is aso part of the Hinge Health DCP. These
articles discussed the importance of self-care, how to deal with
setbacks in knee pain, and how to manage communication and
relationships when living with CKP. The control group
maintained access to TAU and were informed that they would
be reconsidered for the program when new places became
available following the 12-week study.

The application was devel oped, owned, and sponsored by Hinge
Health, Inc. The 12-week program received extensive testing
over a 2-year period prior to starting the trial. All participants
received the same version of the program, and there were no
major application updates during the course of the trial.

Study Outcomes

Primary Outcomes

The preregistered primary outcomes were the Knee Injury and
Osteoarthritis Outcome Score (KOOS) Pain subscale [25], and
the KOOS Physical Function Shortform (KOOS-PS, referred
to as“KOQOS short version” in preregistration) scale [26]. Both
scales span from 0 (no pain or impaired function, respectively)
to 100 (extreme pain or impaired function, respectively), and
were assessed at baseline and at the end of the 12-week DCP
in the intervention and control groups. Both surveys are
composite measures which may confound multiple conditions,
however the digital nature of the program precluded individual
clinical evaluation. Additionally, those in the treatment group
were asked to complete both questionnaires at weeks 4 and 8
as part of the DCP. To conclude a positive effect of treatment
we required a significant effect on both primary outcomes,
though we note this was not specified in the preregistration.

Secondary Outcomes

We describe multiple preregistered secondary outcomes. Firstly,
avisua analogue scale (VAS) for the question “Over the past
24 hours, how bad was your knee pain?’ from 0 (“none”) to
100 (“worst imaginable”). Secondly, a VAS for the question
“Over the past 24 hours, how bad was your knee stiffness?’
from O (“none’) to 100 (“worst imaginable’). Thirdly, we
assessed surgery intent using multiple questions: “What do you
think are the chances you'll have knee surgery in the next year,
in %7 aswell as the same question for 2 and 5 years into the
future. We also asked “ On ascale of 0 to 10 how interested are
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you in knee surgery?’ with labels “not at all” at O, and
“definitely going to get surgery” at 10. Lastly, we asked
“Thinking about your symptoms, how well do you feel you
understand your condition and your treatment options?’ with
answers “Not at al”, “Slightly”, “Moderately”, “Very well”,
“Completely”, coded from O to 4. All data were assessed at
baseline and at the end of the 12-week DCP in both the
intervention and control groups. Additionally, those in the
treatment group were asked to complete these questions at
various points during the DCP: the VAS twice each week, and
the questions related to surgery and understanding of their
condition at week 6.

Sample Size

The minima clinically important difference for KOOS is
considered to be approximately 10 pointson the 100-point scale,
and a standard deviation of 15 is recommended for power
calculations[27]. Although wedid not usethefull KOOS scale,
we assumed its derivate questionnaires would have similar
properties and used a standard deviation of 15 to perform power
calculations. The number of participants needed in each group
to detect a 10-point difference given a Type | error rate of 0.05
and power of 0.8 is36. Given our unequal alocation ratio, this
would need to be at least 54 in the treatment group and 36 in
the control group for a total of at least 90 participants in the
trial. Aswe had two primary endpoints albeit not independent
of one another, we significantly over-recruited participantsinto
the trial. We opted for an unequal allocation ratio to ensure we
would be able to enter a certain minimum number of people
into the treatment arm, acriterion mandated by the commercial
nature of the deployments.

Statistical Analysis

Our primary analysis was conducted using a modified
intent-to-treat approach. This analysisincluded all participants
that were randomized, including those in the treatment group
that never started the DCP. However, we excluded 7 participants
in the control group that were enrolled in the DCP due to an
administrative error (including these participants does not
materially affect the statistical significance of the results). We
describe baseline characteristics for the treatment and control
groups using frequencies, means, and standard deviation. For
those participantsin the treatment group that performed at least
one session of exercise therapy and those that completed the
week 12 outcome questionnaire respectively, we also provide
descriptive statistics of their engagement with the DCP. The
analysis of primary and secondary outcomes was performed
using a linear mixed model using the Linear Mixed-Effects
Model (“Imed”) package in R [28] with within-subject factor
“time point” (baseline or outcome) and between-subject factor
“group” (treatment or control) and their interaction. We modeled
a separate baseline for each participant, effectively examining
the change scores only (in Ime4 this was performed as “score
~ timepoint*group + (1jparticipant)”, where (1]participant)
modelsan intercept for each participant separately). We assessed
normality of theresidual s based on quantile-quantile (QQ)-plots.
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If we did not have outcome data for a participant, we used last
observation carried forward (LOCF). For those in the control
group, this meant their baseline was carried forward; for those
in the treatment group this meant either their baseline was
carried forward, or data collected during the course of the DCP.
We also analyzed all primary and secondary outcomes with
baseline carried forward (BOCF) also for the treatment group
(rather than LOCF). We a so omitted L OCF and instead allowed
the mixed-effects model to account for the missing data, which
yielded anidentical pattern of resultsasusing LOCF and BOCF.
We also report the primary and secondary outcomes following
a per-protocol analysis to assess the effect of the program on
those that complete it. Lastly, we performed an exploratory
subgroup analysis using the same primary and secondary
outcomes on participants that met the criteria for knee OA as
defined by having at least 3 out of 6 clinical criteria: age >50
years, dtiffness in the morning <30 min, crepitus, bony
tenderness, bony enlargement, and no pal pable warmth [11].

Surgery Cost Savings

We report the expected savings on surgery costs based on
participants' self-assessment of their likelihood to have surgery.
The calculation estimatesthe cost of knee surgery at US $40,000
[29]. For example, a 10-percentage point reduction in
self-reported 1-year surgery likelihood would translate into a
cost saving of US $4000 in the first year, minusthe costs of the
program per participant. The net cost saving is not considered
aprimary or secondary outcome of the clinical trial and isonly
caculated for those participants completing the trial (per
protocol).

Results

Study Population

A total of 309 people completed the screening for CKP in
January or February 2017, of which 162 entered the trial and
were randomized (Figure 1). Of those 162 individuas, 62%
entered the treatment arm (101/162) and 38% entered the control
arm (61/162). Seven participants in the control arm were given
the DCP due to administrative error and have all been excluded
from all following results. The errors afflicted this set of
participants completely at random (ie, not as a function of
symptoms, demographics, or otherwise) and their exclusion,
therefore, does not biasthefindings; in contrast, including these
participants would have led to an underestimation of the true
effect of treatment. The baseline demographicswere comparable
between groups (Table 1), with the average participant 46 years
of age and overweight. At baseline, all but 1 participant believed
the DCP would help them delay surgery, and 87% (135/155)
believed the DCP could help them avoid surgery atogether. A
substantial minority (41%) had aready undergone knee surgery
in the past, though none were actively rehabilitating. The only
difference in demographics between both groupswasthe gender
balance; there were more women in the treatment compared to
control group (43% versus 26% respectively).
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Table 1. Demographics of the control and treatment groups. The term SD refers to standard deviation.

Characteristic Treatment Control All
Number of participants 101 54 155
Agein years, mean (SD) 46 (12) 47 (12) 46 (12)
Body Mass Index (kg/m2), mean (SD) 27 (5) 28 (4) 27 (5)
Female, n (%) 43 (43) 14 (26) 57 (37)
Physical Training-like exercise at screening? n (%) 33(33) 17(31) 50(32)
Fear avoidance®, n (%) 6 (6) 6 (11) 12(8)
Godin activity score®, mean (SD) 34(23) 39(29) 36(24)
Hours sedentary per day, mean (SD) 6 (3) 6 (3) 6(3)
Think Digital Care Program can delay surgery, n (%) 100 (99) 54 (100) 154 (99)
Think Digital Care Program can avoid surgery, n (%) 87 (86) 48 (89) 135 (87)
Taking antidepressants, n (%) 22 0(0) 2(2)
Taking opioids, n (%) 5(5) 3(6) 8(5)
Sdlf-efficacy?, mean (SD) 11(3) 10 (3) 11(3)
Surgery on the knee in the past, n (%) 45 (45) 19(35) 64 (41)
K nee osteoarthritis®, n (%) 75(74) 44 (81) 119(77)

positive answer to the question “ Do you currently do any physical therapy-style exercises?’

bpositive answer to the question “It's really not safe for a person with a condition like mine to be physically active”

CComposite score; 24 indicates “active”, 14-23 indicates “Moderately active”, and <14 indicates “ Insufficiently active/sedentary” [30].
dHedlth self-efficacy assessment, scores from O (no self-efficacy) to 15 (high self-efficacy) [31].

€Defined as satisfying at least 3 out of 6 clinical criteria for osteoarthritis [11].

Figure 1. Participant flow diagram.
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Participant Flow

Participants in the treatment group were lost at three stages.
First, of the 101 participants randomized to treatment, 14 did
not respond to our invitation to take part in the DCP or
subsequent follow-up communications. Second, 7 participants
actively withdrew during the course of the DCP, due to injury
or for personal reasons (eg, time constraints or stress at work,
Figure 1). Third, 22 participants did not complete the week 12
online outcomes survey.

In the control group, 7 participants were placed in the DCP due
to an administrative error. A further 18 participants did not
complete the week 12 outcomes survey.

Engagement

For participants in the treatment group, we tracked completion
of each component of the DCP. Participants that started the
DCP (n=87), defined as performing at least one sensor-guided
workout, performed an average of 33 in-app workouts, or an
average of 2.5 workouts per week from week O (introduction
to the program) to 12. Users that completed the outcome
guestionnaires at 12 weeks (n=59) performed 43 sensor-guided
workouts (3.3 workouts per week), compared to the 3 times per
week that is recommended in the DCP. Average weekly
engagement with the DCP was 76% for those that started the
program, and 95% for those that completed it. Participants that
completed the 12-week follow-up read approximately 10
education articles, completed 2 Cognitive Behavioral Therapy
(CBT) sessions, posted on the feed 8 times, and contacted their
coach over text message or in-app message about 7 times.

Outcomes

Primary Outcomes

Both primary outcomes improved significantly more in the
treatment group compared to the control group (Table 3). We
observed a statistically significant mean group difference for
KOOS Pain whereby the treatment group improved by 7.7 (95%
Cl 3.0 to 12.3) points more than the control group. Similarly,

Mecklenburg et a

thetreatment group improved by 7.2 (95% CI 3.0to 11.5) points
more than the control group on the KOOS-PS scale.

Secondary Outcomes

Each of the secondary outcomes also showed the DCP to be
superior to control (Table 3). The VAS pain and stiffness scores,
although improved in the control aswell asthe treatment group,
improved by 12 (95% CI 5.4 to 19.1) points more for thosein
the DCPthanin control. The self-reported likelihood of surgery
inthenext 1, 2, and 5 years, aswell asinterest in having surgery,
all decreased more for those in the DCP than those in control
over the 12-week period. Lastly, participants on the DCP
improved their understanding of their condition and treatment
options more than those in the control group. All primary and
secondary outcomes remained statistically significant in an
analysis using baseline carried forward for the treatment group
rather than last observation carried forward.

Per Protocol Analysis

We also provide resultsfor only those participants that received
their alocated intervention and completed the outcome
guestionnaires (n=58 for treatment, n=36 for control) in Table
4. The per protocol results are fully consistent with the
intent-to-treat analysis.

Based on thereductionsin surgery likelihood we also cal cul ated
the net savings per participant of the program after accounting
for the costs of delivering the program. The 1-year net saving
of thedigital care programis US $4340 (13.1% * US $40,000,
corrected for the cost of the digital care program), the 2-year
savings are US $4660, and the 5-year savings are US $7900.

Subgroup Analysis: Knee Osteoarthritis

An intent-to-treat analysis on participants with knee
osteoarthritis (75/101 in the treatment group; 44/54 in the control
group) showed results consistent with the original intent-to-treat
analysis presented in Table 3 in terms of the magnitude of the
group difference and statistical significance.

Table2. Engagement indicatorsfor each of the aspects of the Digita Care Program. “ Starters” indicates participants performed at |east one sensor-guided
workout. “Finishers” indicates participants that completed the outcomes questionnaires at week 12 follow-up.

Indicator

All Starters (n=87) All Finishers (n=59)

Number of workouts, mean (SD)

Users engaging with the program per week, n (%)

Users active with sensor-guided exercise in weeks 1-4, n (%)
Users active with sensor-guided exercise in weeks 5-8, n (%)
Users active with sensor-guided exercise in weeks 9-12, n (%)
Offline activities logged in hours, mean (SD)

Education articles read, mean (SD)

Cognitive Behavioral Therapy session completed, mean (SD)
Team posts and comments, mean (SD)

In-app messages sent to coach, mean (SD)

33.1(24) 429 (17.3)
66.3 (76.2) 55.9 (94.8)
78(89.7) 58 (98.3)
69 (79.3) 56 (94.9)
60 (69) 55 (93.2)
9.6(9.1) 13.2(8.8)
7.3(4.5) 96(3.1)
1.4(12) 1.8(L1)
6.1(7.2) 8.4(7.6)
5.9 (5.6) 6.6 (5.7)
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Table 3. Primary and secondary outcomes for the intent-to-treat analysis of treatment and control groups. The mean group difference as well as the P
value for the interaction are derived from the linear mixed effects model. Each of the primary and secondary outcomes favors the treatment over the
control group. P values uncorrected for multiple tests. KOOS: Knee injury and Osteoarthritis Outcome Score; PS: Physical Function Shortform; VAS:

visua analogue scale.

QOutcome Treatmentat Treatmentat  Control at Control at Group difference, Interaction,
baseline, outcome, baseline, outcome, mean (95% CI) P value
mean (SD)  mean (SD) mean (SD)  mean (SD)

Primary Outcomes

KOOS Pain (0-100) 410(14.1) 303(17.1)  414(165) 384(172) -7.7(-123t0-3) .002
KOOS-PS (0-100) 538(12.3) 446(16.7) 545(157) 525(162) -7.2(-11.5t0-3) .001
Secondary Outcomes

VAS Pain score (0-100) 452 (21.4) 26.6(22) 447(203) 383(22) -123(-19.1to-5.4) .001
VAS Stiffness score (0-100) 426(234) 251(223)  474(219) 432(216) -134(-21.1to-5.6) .001
Surgery chance next year, % 245(26.9) 14.7(25) 243(262) 239(29.1) -9.4(-166t0-22) .01
Surgery chance next two years, % 32.1(31) 19.1(26.9) 31.7(27.9) 30(28.9 -11.3(-20.1to-2.5) .01
Surgery chance next five years, % 47.8(35) 275(32.9)  498(327) 441(336) -14.6(-23.6t0-55) .002
Surgery interest (0-10) 303(341) 192(293  302(332) 289(321) -10(-L7t0-02) .01
Understanding of condition and treatment 192(1.01) 268(0.937) 1.94(1.04) 176(1.03) 09(0.6t01.3 <.001

options (0-4)

Table 4. Per protocol results. All participants that completed their assigned treatment and completed the week 12 outcome questionnaire are included.
KOOS: Knee Injury and Osteoarthritis Outcome Score; PS: Physical Function Shortform; VAS: visual analogue scale.

Qutcome Treatment at Treatmentat  Control at Control at Group difference, Interaction,
baseline, outcome, baseline, outcome, mean (95% Cl) P value
mean (SD)  mean (SD) mean (SD) mean (SD)

Primary outcomes

KOOS Pain (0-100) 306(145) 21.8(13.4)  392(147) 34(129)  -12.6(-18.7t0-65) <.001
KOOS-PS (0-100) 529(126) 37.4(161)  51.8(164) 484(159) -12.1(-17.7t0-6.6) <.001
Secondary outcomes

VAS Pain score (0-100) 441(215) 172(162) 455(196) 358(21.8) -17.3(-26.3t0-8.3) <.001
VAS Stiffness score (0-100) 424(243) 159(17.3)  474(22.1) 40.8(209) -19.9(-30.4t0-9.4) <.001
Surgery chance next year, % 216(24.9) 759(185)  20.8(2L9) 20(26.3)  -13.1(-24.1t0—22) .02
Surgery chance next two years, % 28.1(29.1) 12.1(215) 27.4 (25) 25.3(26.9) -13.9(-26.6t0-1.3) .03
Surgery chance next five years, % 487(339) 182(265)  486(29.9) 40.1(309) -22(-35t0-9.1)  .001
Surgery interest (0-10) 203(3.28) 131(239)  3(33) 2.78(3.14) -1.4(-25t0-03) .01
Understanding of condition and treatment 1.88(1.03) 3.09(0.657) 1.83(1.06) 156(0.998) 15(1.1t01.9) <.001
options (0-4)

Discussion as usual over a period of 12 weeks after program initiation.

Principal Findings

While CKP is a prevalent cause of disability worldwide [1,2],
comprehensive conservative programs for the condition are
lacking. The Hinge Health DCP has been designed to address
thislack of chronic pain programs and incorporates components
of best-practice conservative care for CKP in a digital format
that provides flexibility to the user. The results of this
randomized controlled trial demonstrated large improvements
inknee pain, physical function, and stiffnessin individual swith
CKP on the Hinge Health DCP that were significantly greater
than acontrol group receiving knee care education and treatment
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Participant surgery interest also significantly decreased and
understanding of their condition increased in the treatment group
as compared to the control group. The positive results of this
study demonstrate the potentia of the Hinge Health DCP as a
treatment for a large number of individuals affected by CKP
that otherwise would be at risk for surgery.

Anaysis of primary study outcomes demonstrated large
improvements in both KOOS pain and function scales in the
treatment group. Similarly, significantly greater improvements
in physical function (KOOS-PS) scores were observed in the
treatment group as compared to the control group. When
considering individualswho started on and completed the study
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as per protocol, the improvements observed in KOOS Pain and
function scores were 45% in the treatment group as compared
to 13% in control, and 29% in treatment as compared to 7% in
control, respectively. The improvements observed in the
treatment group exceeded recommended minimal clinically
important changes for KOOS [27], while the small
improvementsin the control group did not. The group difference
in KOOS did not quite reach the minimal clinically important
difference due to the relatively large drop-off which ‘diluted’
the improvements of those that completed the program.
Nonetheless, the clinically significant improvements
demonstrated at the end of the 12-week program for not only
the primary outcome measures but also secondary metrics
provide strong evidence for the benefits of the Hinge Health
DCP for individual s affected by CKP.

Similar large improvements that were significantly greater in
the treatment group than in control were noted in secondary
outcomes of VAS pain and stiffness scales. At the end of the
12-week program, per protocol participants in the treatment
group had 61% and 63% improvements in VAS pain and
stiffness, as compared to 21% and 14%, respectively, in the
control group. Subjects perception of surgery interest and
surgery requirements also changed favorably at the end of the
12-week Hinge Health DCP, with a 63% reduction in the belief
that they would require surgery within the next 5 years in the
per protocol treatment group as compared to areduction of 17%
in the control group. It is aso important to note that the Hinge
Health DCP was safe for participants, asthere were no reported
adverse events during the 12-week program.

The results of this study demonstrated comparable or greater
improvements in pain, physical function, and stiffness as
compared to other treatment programs for CKP. Bossen et al
[18] demonstrated improvements of 15% in physical function
and 35% in pain at 3 months after initiation of a 9-week
web-based behavior graded physical activity intervention in
patients with knee and/or hip OA. Hughes et a [32] found
improvements in Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) pain, stiffness, and function
scores of 23%, 17%, and 23%, respectively, at the end of an
8-week exercise and behavior-change program for OA.
Similarly, Hurley et a [33] demonstrated per protocol
improvementsin WOMAC pain and function of 31% and 26%,
respectively, at the end of a 6-week rehabilitation program
combining self-management and exercise for CKP. While the
current study did not investigative the longer-term effect of the
Hinge Health DCP past the end of the 12-week program, data
from prior studies of treatment programs of similar duration
(6-12 weeks) [18,22,32-34] showed improvement in outcomes
can be maintained as long as 30 months after program
completion [33]. Thus, it islikely that the results of the Hinge
Health DCP would be maintained after the 12-week program.

The improvements observed as a result of the Hinge Health
DCP have the potential to trandate into substantial economic
savings, however, in lieu of long-term data are based on
participant self-report. Based on results for participants
self-reported likelihood of having surgery, the potential savings
per completing participant dueto surgery avoidance alone equate
to US $4340 net cost savings on surgery over the first year in
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individuals using the Hinge Health DCP as compared to
treatment as usual. Other integrated rehabilitation programsfor
CKP have a so demonstrated lower healthcare costs as compared
tousual care[33]. Thus, whilethelong-term effect of the Hinge
Health DCP may in part be dependent on continued adherence
to the program [35], it is anticipated that the behavioral,
educational, and psychosocial components of the program have
the potential for long-term clinical and economic effects [33].

When interpreting the results of this study, its strengths and
limitations should be considered. Strengths of this study include
the randomized controlled study design, and that the study was
designed, conducted, and analyzed according to apre-specified
protocol. Further, the digital format of the program provides
flexibility to individuals to participate at times and places
convenient to them. While the results of this study demonstrate
significantly greater improvements in primary and secondary
outcomes with the Hinge Health DCP as compared to control,
this study did not investigate the long-term effect of the Hinge
Health DCP past the end of the 12-week program. Thus, further
work is needed to evaluate the long-term impact of the Hinge
Health DCP as compared to control. Our prior work suggests
the potential for long-term effects asit demonstrated improved
patient-reported outcomesin asingle-arm study 6 months after
program initiation [24]. We are in the process of collecting
multi-year dataand these resultswill be publishedin due course.
A second point to note is that preliminary analyses not shown
here suggest that BMI, gender, and surgery risk all affect the
risk of dropping out. We plan to investigate risk factors for
failure to adhere to the DCP in an upcoming study. Finally,
around 20% of participants had |ess than 3 months of pain over
the past 12 months, which does not strictly meet a definition of
chronic pain. In alarger cohort, the efficacy of the program on
long-term versus intermittent knee pain should be examined.

The study enrolled a representative population with CKP
problems. While CKPisahallmark symptom of knee OA [11],
a diagnosis of knee OA was not required for inclusion in this
study. Analysis of participant baseline data demonstrated that
74% of individualsin the treatment arm and 80% of individuals
inthe control arm had knee OA as defined by clinical diagnosis
for knee OA derived from the American College of
Rheumatology criteria for OA of the knee [11]. A sub-group
analysis of these participants confirmed the successful outcome
of the Hinge Health DCPin the primary and secondary outcomes
over the 12-week period as compared to control, demonstrating
the applicability of the program to highly prevalent knee OA.

The comprehensive nature of the Hinge Health DCP addresses
multiple components of recommended management for CKP
[9,20]. However, it is therefore unknown if al components of
the program (sensor-guided exercise therapy, education,
cognitive behavioral therapy, weight loss, and psychosocial
support) are necessary to attain the reported results. Similar to
other studiesinvestigating interventionsfor CKP and knee OA,
[18,22,32,34,36] due to the nature of this study, participants
could not be blinded as to the intervention, and thus we cannot
rule out the possibility of an attention effect. The attrition rate
for week 12 patient-reported outcomes was in line with other
studies for CKP [18]. Further, as the rate was similar in both
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control and treatment it is not anticipated to have impacted the  self-reported clinical outcome measures of pain, physical
findings of the study. function, stiffness, aswell as surgery intent and understanding
conclus of their condition, as compared to a control group receiving
onciusion knee education articles and treatment as usual. Given the
Individuals with CKP who used the Hinge Health DCP for 12 ohserved benefits, the Hinge Health DCP may be an effective
weeks experienced significantly greater improvement in  comprehensive treastment program for individuals with CKP.

Acknowledgments

We would like to thank all participants for their efforts, and the participating companies for their contributions to the success of
the deployments.

Authors Contributions

GM, PS, and DP conceived of the study. All authors helped design the study. PS was responsible for data collection and analysis.
All authors contributed to the manuscript.

Conflicts of Interest

All authors except JH work at Hinge Health, Inc. Author JH is a paid domain expert consultant.

Multimedia Appendix 1
CONSORT - EHEALTH checklist (V 1.6.1).

[PDE File (Adobe PDF File), 648K B-Multimedia Appendix 1]

References

1. Peat G, McCarney R, Croft P. Knee pain and osteoarthritisin older adults: areview of community burden and current use
of primary health care. Ann Rheum Dis 2001 Feb;60(2):91-97 [FREE Full text] [Medline: 11156538]

2. Global B. Global, regional, and national incidence, prevalence, and years lived with disability for 301 acute and chronic
diseases and injuries in 188 countries, 1990-2013: a systematic analysis for the Global Burden of Disease Study 2013.
Lancet 2015 Aug 22;386(9995):743-800 [FREE Full text] [doi: 10.1016/S0140-6736(15)60692-4] [Medline: 26063472]

3. Nguyen UDT, Zhang Y, Zhu Y, Niu J, Zhang B, Felson DT. Increasing prevalence of knee pain and symptomatic knee
osteoarthritis: survey and cohort data. Ann Intern Med 2011 Dec 06;155(11):725-732 [FREE Full text] [doi:
10.7326/0003-4819-155-11-201112060-00004] [Medline: 22147711]

4. DawsonJ, Linsell L, Zondervan K, Rose P, Carr A, Randall T, et al. Impact of persistent hip or knee pain on overall health
status in elderly people: alongitudinal population study. Arthritis Rheum 2005 Jun 15;53(3):368-374 [FREE Full text]
[doi: 10.1002/art.21180] [Medline: 15934104]

5.  Breivik H, Collett B, Ventafridda V, Cohen R, Gallacher D. Survey of chronic pain in Europe: prevalence, impact on daily
life, and treatment. Eur J Pain 2006 May;10(4):287-333. [doi: 10.1016/].ejpain.2005.06.009] [Medline: 16095934]

6. AgaiotisM, Mackey MG, Jan S, Fransen M. Burden of reduced work productivity among people with chronic knee pain:
asystematic review. Occup Environ Med 2014 Sep; 71(9):651-659. [doi: 10.1136/0emed-2013-101997] [Medline: 24872332]

7. Gurge O, Von KM, Simon GE, Gater R. Persistent pain and well-being: a World Health Organization Study in Primary
Care. JAMA 1998 Jul 8;280(2):147-151. [Medline: 9669787)

8.  Gaskin DJ, Richard P. The economic costs of pain in the United States. J Pain 2012 Aug;13(8):715-724. [doi:
10.1016/j.jpain.2012.03.009] [Medline: 22607834]

9. Booth J, Mosdley G, Schiltenwolf M, Cashin A, Davies M, Hiibscher M. Exercise for chronic musculoskeletal pain: A
biopsychosocia approach. Musculoskeletal Care 2017 Dec;15(4):413-421. [doi: 10.1002/msc.1191] [Medline: 28371175]

10. Gatchel RJ, Peng YB, Peters ML, Fuchs PN, Turk DC. The biopsychosocial approach to chronic pain: scientific advances
and future directions. Psychol Bull 2007 Jul;133(4):581-624. [doi: 10.1037/0033-2909.133.4.581] [Medline: 17592957]

11. Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, et al. Development of criteriafor the classification and
reporting of osteoarthritis. Classification of osteoarthritis of the knee. Diagnostic and Therapeutic Criteria Committee of
the American Rheumatism Association. Arthritis Rheum 1986 Aug;29(8):1039-1049. [Medline: 3741515]

12. Deyle GD, Henderson NE, Matekel RL, Ryder MG, Garber MB, Allison SC. Effectiveness of manual physical therapy and
exercisein osteoarthritis of the knee. A randomized, controlled trial. Ann Intern Med 2000 Feb 01;132(3):173-181. [Medline:
10651597]

13. Moltu C, Stefansen J, Svisdahl M, Veseth M. Negotiating the coresearcher mandate - service users experiences of doing
collaborative research on mental health. Disabil Rehabil 2012;34(19):1608-1616. [doi: 10.3109/09638288.2012.656792]
[Medline: 22489612]

http://www.jmir.org/2018/4/e156/ JMed Internet Res 2018 | vol. 20 | iss. 4| e156 | p. 9
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v20i4e156_app1.pdf&filename=e03e6f53ddcde549a49fa586539dcd23.pdf
https://jmir.org/api/download?alt_name=jmir_v20i4e156_app1.pdf&filename=e03e6f53ddcde549a49fa586539dcd23.pdf
http://ard.bmj.com/cgi/pmidlookup?view=long&pmid=11156538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11156538&dopt=Abstract
http://europepmc.org/abstract/MED/26063472
http://dx.doi.org/10.1016/S0140-6736(15)60692-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26063472&dopt=Abstract
http://europepmc.org/abstract/MED/22147711
http://dx.doi.org/10.7326/0003-4819-155-11-201112060-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22147711&dopt=Abstract
http://dx.doi.org/10.1002/art.21180
http://dx.doi.org/10.1002/art.21180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15934104&dopt=Abstract
http://dx.doi.org/10.1016/j.ejpain.2005.06.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16095934&dopt=Abstract
http://dx.doi.org/10.1136/oemed-2013-101997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24872332&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9669787&dopt=Abstract
http://dx.doi.org/10.1016/j.jpain.2012.03.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22607834&dopt=Abstract
http://dx.doi.org/10.1002/msc.1191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28371175&dopt=Abstract
http://dx.doi.org/10.1037/0033-2909.133.4.581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17592957&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3741515&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10651597&dopt=Abstract
http://dx.doi.org/10.3109/09638288.2012.656792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22489612&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Mecklenburg et al

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

Riddle D, Jiranek W, Hayes C. Use of avalidated algorithm to judge the appropriateness of total knee arthroplasty in the
United States: a multicenter longitudinal cohort study. Arthritis Rheumatol 2014 Aug;66(8):2134-2143 [FREE Full text]
[doi: 10.1002/art.38685] [Medline: 24974958]

Aitken D, Buchbinder R, Jones G, Winzenberg T. I nterventionsto improve adherence to exercise for chronic muscul oskel etal
pain in adults. Aust Fam Physician 2015;44(1-2):39-42 [FREE Full text] [Medline: 25688958]

Sabaté E. World Health Organization, editors. Adherence to long-term therapiesvidence for action. Geneva: World Health
Organization; 2003:e.

Brooks MA, Beaulieu JE, Severson HH, Wille CM, Cooper D, Gau JM, et al. Web-based therapeutic exercise resource
center as atreatment for knee osteoarthritis: a prospective cohort pilot study. BMC Musculoskelet Disord 2014 May
17;15:158 [FREE Full text] [doi: 10.1186/1471-2474-15-158] [Medline: 24884547]

Bossen D, Veenhof C, Van Beek KE, Spreeuwenberg PM, Dekker J, De Bakker DH. Effectiveness of a\Web-Based Physical
Activity Intervention in Patients With Knee and/or Hip Osteoarthritis: Randomized Controlled Trial. JMed Internet Res
2013 Nov 22;15(11):€257. [doi: 10.2196/jmir.2662]

Rini C, Porter LS, SomersTJ, McKee DC, DeVellisRF, Smith M, et a. Automated | nternet-based pain coping skillstraining
to manage osteoarthritis pain: arandomized controlled trial. Pain 2015 May;156(5):837-848 [ EREE Full text] [doi:
10.1097/].pain.0000000000000121] [Medline: 25734997]

Dahlberg LE, Grahn D, Dahlberg JE, Thorstensson CA. A Web-Based Platform for Patients With Osteoarthritis of the Hip
and Knee: A Pilot Study. IMIR Res Protoc 2016 Jun 03;5(2):e115 [FREE Full text] [doi: 10.2196/resprot.5665] [Medline:
27261271]

Dobson F, Hinman RS, French S, Rini C, Keefe F, Nelligan R, et a. Internet-mediated physiotherapy and pain coping skills
training for people with persistent knee pain (IMPACT - knee pain): arandomised controlled trial protocol. BMC
Musculoskelet Disord 2014 Aug 13;15:279 [FREE Full text] [doi: 10.1186/1471-2474-15-279] [Medline: 25125068]
Lorig KR, Ritter PL, Laurent DD, Plant K. The internet-based arthritis self-management program: a one-year randomized
trial for patients with arthritis or fibromyalgia. Arthritis Rheum 2008 Jul 15;59(7):1009-1017 [FREE Full text] [doi:
10.1002/art.23817] [Medline: 18576310]

Li LC, Cott C, JonesCA, Badley EM, DavisAM, PEOPL E Meeting Participants. Improving Primary Health Carein Chronic
Muscul oskeletal Conditionsthrough Digital Media: The PEOPLE Meeting. IMIR Res Protoc 2013 Mar 08;2(1):e13 [FREE
Full text] [doi: 10.2196/resprot.2267] [Medline: 23612113]

Smittenaar P, Erhart-Hledik J, KinsellaR, Hunter S, Mecklenburg G, Perez D. Translating Comprehensive Conservative
Carefor Chronic Knee Pain Into aDigital Care Pathway: 12-Week and 6-Month Outcomes for the Hinge Health Program.
JMIR Rehabil Assist Technol 2017 Apr 05;4(1):e4 [FREE Full text] [doi: 10.2196/rehab.7258] [Medline: 28582253]
Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee Injury and Osteoarthritis Outcome Score
(KOOS)--devel opment of a self-administered outcome measure. J Orthop Sports Phys Ther 1998 Aug;28(2):88-96. [doi:
10.2519/jospt.1998.28.2.88] [Medline: 9699158]

Perruccio AV, Stefan LL, Canizares M, Tennant A, Hawker GA, Conaghan PG, et al. The development of a short measure
of physical function for knee OA KOOS-Physical Function Shortform (KOOS-PS) - an OARSI/OMERACT initiative.
Osteoarthritis Cartilage 2008 May; 16(5):542-550 [ FREE Full text] [doi: 10.1016/j.joca.2007.12.014] [Medline: 18294869]
Roos E, Lohmander L. The Knee injury and Osteoarthritis Outcome Score (KOOS): from joint injury to osteoarthritis.
Health Qual Life Outcomes 2003 Nov 03;1:64 [FREE Full text] [doi: 10.1186/1477-7525-1-64] [Medline: 14613558]
Bates D, Maechler M, Bolker B, Walker S. Ime4: Linear mixed-effects models using Eigen and S4. R Package Version 2.
2014. others URL : https://rdrr.io/cran/Imed/[WebCite Cache ID 6ykMOM2jq]

Blue CBS. Blue Health Intelligence. 2015 Jan. A Study of Cost Variations for Knee and Hip Replacement Surgeriesin the
U& amp;#46;S& amp;#46; Internet URL : https://www.bcbs.com/the-heal th-of -americalreports/

study-of-cost-vari ations-knee-and-hi p-repl acement-surgeries-the-us{ WebCite Cache |D 6ykM CIDzm)]

Godin G, Shephard R. Godin leisure-time exercise questionnaire. Med Sci Sports Exerc 1997;29(6):38.

Schwarzer R, Renner B. Social-cognitive predictors of health behavior: action self-efficacy and coping self-efficacy. Health
Psychol 2000 Sep;19(5):487-495. [Medline: 11007157]

Hughes SL, Seymour RB, Campbell RT, Huber G, Pollak N, Sharmal, et a. Long-term impact of Fit and Strong! on older
adults with osteoarthritis. Gerontol ogist 2006 Dec;46(6):801-814. [Medline: 17169935]

Hurley MV, Walsh NE, Mitchell H, Nicholas J, Patel A. Long-term outcomes and costs of an integrated rehabilitation
program for chronic knee pain: a pragmatic, cluster randomized, controlled trial. Arthritis Care Res (Hoboken) 2012
Feb;64(2):238-247 [FREE Full text] [doi: 10.1002/acr.20642] [Medline: 21954131]

Skou ST, Rasmussen S, Laursen MB, Rathleff MS, Arendt-Nielsen L, Simonsen O, et al. The efficacy of 12 weeks
non-surgical treatment for patients not eligiblefor total knee replacement: arandomized controlled trial with 1-year follow-up.
Osteoarthritis Cartilage 2015 Sep;23(9):1465-1475 [FREE Full text] [doi: 10.1016/j.joca.2015.04.021] [Medline: 25937024]
Roddy E, Zhang W, Doherty M, Arden NK, Barlow J, Birrell F, et a. Evidence-based recommendations for the role of
exercise in the management of osteoarthritis of the hip or knee--the MOV E consensus. Rheumatology (Oxford) 2005
Jan;44(1):67-73. [doi: 10.1093/rheumatol ogy/keh399] [Medline: 15353613]

http://www.jmir.org/2018/4/e156/ JMed Internet Res 2018 | vol. 20 | iss. 4 | €156 | p. 10

(page number not for citation purposes)


http://dx.doi.org/10.1002/art.38685
http://dx.doi.org/10.1002/art.38685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24974958&dopt=Abstract
http://www.racgp.org.au/afp/2015/januaryfebruary/interventions-to-improve-adherence-to-exercise-for-chronic-musculoskeletal-pain-in-adults/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25688958&dopt=Abstract
https://www.biomedcentral.com/1471-2474/15/158
http://dx.doi.org/10.1186/1471-2474-15-158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24884547&dopt=Abstract
http://dx.doi.org/10.2196/jmir.2662
http://europepmc.org/abstract/MED/25734997
http://dx.doi.org/10.1097/j.pain.0000000000000121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25734997&dopt=Abstract
http://www.researchprotocols.org/2016/2/e115/
http://dx.doi.org/10.2196/resprot.5665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27261271&dopt=Abstract
https://www.biomedcentral.com/1471-2474/15/279
http://dx.doi.org/10.1186/1471-2474-15-279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25125068&dopt=Abstract
http://dx.doi.org/10.1002/art.23817
http://dx.doi.org/10.1002/art.23817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18576310&dopt=Abstract
http://www.researchprotocols.org/2013/1/e13/
http://www.researchprotocols.org/2013/1/e13/
http://dx.doi.org/10.2196/resprot.2267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23612113&dopt=Abstract
http://rehab.jmir.org/2017/1/e4/
http://dx.doi.org/10.2196/rehab.7258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28582253&dopt=Abstract
http://dx.doi.org/10.2519/jospt.1998.28.2.88
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9699158&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1063-4584(07)00405-0
http://dx.doi.org/10.1016/j.joca.2007.12.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18294869&dopt=Abstract
https://hqlo.biomedcentral.com/articles/10.1186/1477-7525-1-64
http://dx.doi.org/10.1186/1477-7525-1-64
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14613558&dopt=Abstract
https://rdrr.io/cran/lme4/
http://www.webcitation.org/

                                            6ykM0M2jq
https://www.bcbs.com/the-health-of-america/reports/study-of-cost-variations-knee-and-hip-replacement-surgeries-the-us
https://www.bcbs.com/the-health-of-america/reports/study-of-cost-variations-knee-and-hip-replacement-surgeries-the-us
http://www.webcitation.org/

                                            6ykMCIDzm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11007157&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17169935&dopt=Abstract
http://dx.doi.org/10.1002/acr.20642
http://dx.doi.org/10.1002/acr.20642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21954131&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1063-4584(15)01141-3
http://dx.doi.org/10.1016/j.joca.2015.04.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25937024&dopt=Abstract
http://dx.doi.org/10.1093/rheumatology/keh399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15353613&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Mecklenburg et al

36. Hurley MV, Walsh NE, Mitchell HL, Pimm TJ, Patel A, Williamson E, et al. Clinical effectiveness of arehabilitation
program integrating exercise, self-management, and active coping strategies for chronic knee pain: a cluster randomized
trial. Arthritis Rheum 2007 Oct 15;57(7):1211-1219 [FREE Full text] [doi: 10.1002/art.22995] [Medline: 17907147]

Abbreviations

BMI: body-mass index

CBT: cognitive behavioral therapy

CKP: chronic knee pain

CONSORT: Consolidated Standards of Reporting Trials
DCP: digital care program

KOOS: Kneeinjury and Osteoarthritis Outcome Score
OA: osteoarthritis

PS: Physical Function Shortform

VAS: visua analogue scale

Edited by G Eysenbach; submitted 15.12.17; peer-reviewed by J Dahlberg, L Dahlberg, S Rasmussen; comments to author 23.01.18;
revised version received 20.03.18; accepted 07.04.18; published 25.04.18

Please cite as:

Mecklenburg G, Smittenaar P, Erhart-Hledik JC, Perez DA, Hunter S

Effects of a 12-Week Digital Care Program for Chronic Knee Pain on Pain, Mobility, and Surgery Risk: Randomized Controlled Trial
J Med Internet Res 2018;20(4): €156

URL: http://www.jmir.org/2018/4/e156/

doi: 10.2196/jmir.9667
PMID: 29695370

©Gabriel Mecklenburg, Peter Smittenaar, Jennifer C Erhart-Hledik, Daniel A Perez, Simon Hunter. Originally published in the
Journal of Medical Internet Research (http://www.jmir.org), 25.04.2018. Thisis an open-access article distributed under theterms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on http://www.jmir.org/,
aswell asthis copyright and license information must be included.

http://www.jmir.org/2018/4/e156/ JMed Internet Res 2018 | vol. 20 | iss. 4 | €156 | p. 11
(page number not for citation purposes)

RenderX


https://dx.doi.org/10.1002/art.22995
http://dx.doi.org/10.1002/art.22995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17907147&dopt=Abstract
http://www.jmir.org/2018/4/e156/
http://dx.doi.org/10.2196/jmir.9667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29695370&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

