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Abstract
Background: Osteoarthritis (OA) is a leading cause of disability in the United States. Although no disease-modifying therapies
exist, patients with knee OA who increase walking may reduce risk of functional limitations.
Objective: The objective of the study is to evaluate the impact of a mobile app (OA GO) plus wearable activity monitor/pedometer
(Jawbone UP 24) used for 90 days on the mobility of patients with knee OA treated with hylan G-F 20.
Methods: Patients with knee OA aged 30 to 80 years who were eligible to receive hylan G-F 20 and were familiar with smartphone
technology were enrolled in this randomized, multicenter, open-label study. Patients who had a body mass index above 35 kg/m2
were excluded. All patients received a single 6-mL injection of hylan G-F 20 and wore the Jawbone monitor. The patients were
then randomized 1:1 to Jawbone and OA GO (Group A; n=107) with visible feedback (unblinded) or Jawbone only (Group B;
n=104) with no visible feedback (blinded). The primary endpoint was mean change from baseline in steps per day at day 90
between Groups A and B.
Results: Baseline characteristics were similar between groups. There were significant differences between the increases in least
squares (LS) mean number of steps per day (1199 vs 467, P=.03) and the mean percentage change (35.8% vs 11.5%, P=.02) from
baseline in favor of Group A over Group B. There was a greater reduction in pain from baseline during the 6-minute walk test
in Group A versus Group B. (LS mean change: −55.3 vs −33.8, P=.007). Most patients (65.4%) and surveys of physicians (67.3%)
reported they would be likely or very likely to use/recommend the devices. Patient Activity Measure-13 scores improved from
baseline (LS mean change for Groups A and B: 5.0 vs 6.9), with no significant differences between groups. The occurrence of
adverse events was similar in the 2 groups.
Conclusions: Use of a novel smartphone app in conjunction with a wearable activity monitor provided additional improvement
on mobility parameters such as steps per day and pain with walking in the 6-minute walk test in patients with knee OA who were
treated with hylan G-F 20. Results also highlight the amenability of patients and physicians to using mobile health technology
in the treatment of OA and suggest further study is warranted.
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Introduction
Osteoarthritis
Osteoarthritis (OA) is a leading cause of disability in the United
States [1]. From 2010 to 2012, an estimated 52.5 million
(22.7%) US adults reported doctor-diagnosed arthritis,
representing a net increase of 0.87 million adults with arthritis
per year since the 2007 to 2009 estimate of 49.9 million [2].
The prevalence of OA, the most common form of arthritis [1],
is estimated to double by 2020 [3] as predicted from the increase
in the number of US adults with clinical hand, hip, or knee OA
from 21 million in 1995 to 27 million in 2005 [4]. Estimates
suggest that symptomatic knee OA occurs in 13% of women
and 10% of men aged 60 years and older [5], approximately
17% of adults aged 45 years and older [4], and approximately
5% of adults aged 26 years and older [4]. Furthermore, the
number of people affected by symptomatic OA is likely to
increase as the population ages and the rate of obesity increases
[5]. OA of the knee can significantly contribute to pain and lack
of physical activity [2,6,7]. The resulting reduction in mobility
has also been found to negatively impact quality of life [8] and
result in an increased risk of sick leave and need for disability
[9]. A study using US national survey data found that
OA-associated absenteeism costs equaled approximately 3 lost
work days per year, totaling up to $10.3 billion in annual
absenteeism costs [10].

Management of Knee Osteoarthritis
To date, there is no disease-modifying therapy available for OA
[11]. Optimal management of knee OA requires a combination
of both pharmacologic (eg, oral or topical analgesics or
intra-articular therapies [viscosupplementation, corticosteroids])
and nonpharmacologic methods (eg, weight loss, exercise, and
physical activity) [12-15]. However, despite the well-recognized
benefits of exercise and the promotion of physical activity by
many professional societies [12,13,15], there is no standard
exercise or education program and no clear benefit of one
exercise program over another [13]. Information about the
benefits of exercise is readily available [12,13,15] but rarely
incorporated into patient behavior [16,17], and adherence to
such programs by patients with knee OA is poor [16,17]. There
is also no consensus on which measures or combination of
measures should be used to assess physical function in patients
with knee OA [18], complicating the initial assessment and
tracking of progress in mobility improvement.
Walking has been shown to significantly reduce symptoms and
the risk of functional limitations due to knee OA [19,20]. In
one study, patients with OA of the knee who walked 6,000 steps
per day or more reduced the risk of developing a functional
limitation by half within the next 2 years [19]. This suggests
that walking may maintain knee function. However, strategies
to encourage adherence to regular walking are clearly needed.
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Benefits of Mobile Health Apps
Adoption of mobile health apps has the potential to improve
patient outcomes. Mobile health apps have been shown to be a
useful tool in weight loss programs [21,22]. In addition, the use
of short message service text message reminders has been shown
to improve health care appointment attendance across health
care settings [23], and there is evidence from a randomized,
controlled trial to suggest that monthly phone contact can result
in clinical improvements in patients with knee OA [24]. Patient
physical activity level has been found to increase in studies
using Internet- and mobile-based apps for postrehabilitation
exercise persistence in chronic obstructive pulmonary disease
[25], in physical activity maintenance following cardiac
rehabilitation [26], in regular physical activity engagement by
cancer survivors [27], in increasing walking based in the
workplace [28], and in promoting a healthy lifestyle [29].
The use of mobile apps in health care may be one such strategy
to increase physical activity and enhance OA management.
However, there are currently no published data on the use of
mobile apps for the management of knee OA.
The objective of this study was to examine the impact on
mobility in knee OA patients who were treated with hylan G-F
20 and standard of care follow-up plus a mobile smartphone
app (OA GO) and a wearable activity monitor (Jawbone UP
24) versus hylan G-F 20 and standard of care follow-up only
over 90 days. We hypothesized that patients using the OA GO
app and a wearable activity monitor would experience a positive
impact on their mobility compared with those not using the app.

Methods
Study Population
Consecutive patients with knee OA whom the physician
investigator decided to treat with one 6-mL injection of hylan
G-F 20 (in accordance with the US label) who consented and
qualified were enrolled in this open-label, multicenter,
randomized, parallel-group study. Study sites and physicians
were recruited using a detailed questionnaire and site
qualification visit. Patients were recruited from the selected
private community-based practices and research-only practice
sites. All eligible patients were able to read and understand
English and provided informed consent prior to starting the
study. The protocol complied with the 18th World Health
Congress (Helsinki, 1964) recommendations and applicable
amendments and with any applicable country-specific laws,
regulations, and guidelines. The protocol was approved by
relevant ethics committees and/or institutional review boards.
After working with the US Food and Drug Administration
(FDA) to initiate registration of the trial, the sponsor deemed
the study not eligible to be posted on ClinicalTrials.gov
considering that clinical studies using devices whereby the
primary outcome measure relates solely to feasibility and not
to health outcomes are excluded from registration. The FDA
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concurred there was not a requirement to register the trial at
that time.
To be included in the study, all patients must have had unilateral
knee OA and have been suitable for treatment with hylan G-F
20 based on the decision of the physician investigator. Study
sites were requested to report whether or not a knee examination
was performed or x-ray was taken but the results of these
examinations were not captured.
Patients were excluded if they were aged younger than 30 years
or older than 80 years, were unfamiliar with smartphones, or
had baseline pain greater than 9 on the 11-point numeric pain
rating scale (NPRS; pain ratings could range from 0, no pain,
to 5, moderate pain, to 10, worst possible pain) in the
target-for-treatment knee while walking on a flat surface.
Patients with bilateral disease were excluded with the exception
of patients who were treated in only one knee and had
contralateral knee pain less than 4 on NPRS while walking on
a flat surface. Patients whose baseline daily step average was
less than 500 or more than 8000 as assessed during the screening
and run-in phases were not eligible. Also excluded were patients
who had a body mass index (BMI) greater than 35 or life
expectancy less than 12 months, were currently using a wearable
activity monitor or analogous device, had planned surgery on
any lower extremity joint or any significant medical condition
that would interfere with study participation, were chronic
narcotic users, or were pregnant or breastfeeding or likely to
become pregnant. The protocol did not specifically exclude
patients based on use of previous intra-articular injections
(cortisone or hyaluronic acid).

Study Design
All eligible patients received hylan G-F 20. Participants wore
a commercially available activity monitor (Jawbone UP 24) on
their wrists and were instructed to remove the monitor only
during the weekly charging times and in situations where the
device would be submerged in water. Patients were randomized
1:1 (stratified by site) to Group A or Group B. The
randomization scheme was generated by the study sponsor and
stratified by site. Sealed envelopes, numbered in an ascending
order for use, were provided to each site. The envelopes were
opened according to ascending sequence to ensure proper
randomization.
Group A patients were provided with regular follow-up as per
standard-of-care (information on the benefits of walking in a
brochure available from the Arthritis Foundation) plus an
unblinded wearable activity monitor and a mobile app (OA GO)
(Figure 1). The OA GO app (downloaded to a trial-sponsored
iPhone 5 or newer) provided motivational messages and
requested that the patient enter pain and mood data on a
once-daily basis. Trial coordinators demonstrated app use,
provided charging instructions for the Jawbone UP 24, and set
the daily step goal based on patient’s baseline steps per day
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during screening. The OA GO app combined continuously
retrieved data from the wearable activity monitor with data
entered by the patient to display the patient’s daily step count,
calories burned, and sleep. Daily and monthly cumulative
activity trends were available for the patient to review. Group
B was provided with regular follow-up plus a blinded wearable
activity monitor, with instructions to wear the monitor at all
times except during weekly charging and water activities. The
patients in Group B received standard-of-care instructions and
education but did not have access to activity recorded by the
wearable activity monitor. In this group, data from the activity
monitor were downloaded by the study team at last visit. The
study consisted of 5 visits: screening and baseline (days −7 and
1) with follow-up visits at days 7 and 30, and day 90, last visit.
The main study duration was 90 days. A poststudy adherence
check in Group A patients occurred at day 180, when data were
downloaded from the app (no visit).

Assessments
The primary endpoint was mean change from baseline to day
90 in mobility as measured by steps per day. Baseline steps per
day was the average over at least 3 days, and last assessment
was the average steps per day over the 7 days immediately
preceding the last visit. Change was calculated as the difference
between the 2 averages. Use of average steps per day avoided
bias due to any one particularly good or bad day for the patient.
The secondary endpoints were mean percentage change from
baseline in steps per day at each assessment visit (average of a
7-day period), and at day 90, mean percentage change from
baseline in the 6-minute walk test (distance and pain assessed
by the NPRS), patient and physician satisfaction with treatment,
percentage change in Patient Activation Measure (PAM)-13
questionnaire score [30], percentage change in sleep captured
by the wearable activity monitor (light, sound, and duration of
sleep), and Visual Analog Mood Scale (VAMS) assessment.
Treatment-emergent adverse events (TEAEs) were also assessed.
For Group A, the satisfaction of patients and physicians was
captured using survey questionnaires. The patient survey
consisted of 7 questions: the first 6 were answered on a 7-point
Likert scale related to the extent to which the patients
experienced changes (−3 to +3, where 0=no change), and the
seventh was a 4-point scale asking about their likelihood of
using the device in the future (not at all likely to very likely).
Valid questionnaires were those in which at least 4 of the first
6 questions were answered. A physician survey was similarly
constructed with a final question, using the 4-point scale, which
asked whether they would recommend the device in the future
(not likely to very likely). Physicians answered the survey at
day 90, before viewing the data, and must have answered at
least 3 of the first 4 questions. All responses to survey questions
were based on patient and physician observations and opinions.
The survey questionnaires were developed for this study and
were not externally validated.

JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 5 | e64 | p. 3
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Skrepnik et al

Figure 1. OA GO mobile app.

The PAM-13 [30] was used to assess patients’ knowledge, skills,
and confidence for self-management at randomization and last
visit, with responses given on a Guttman-like scale that ranged
from 1 to 4 (strongly disagree to strongly agree). Unanswered
items were scored as missing. Raw scores ranged from 13 to
52, with higher scores indicating more activation; raw scores
were converted to activation scores, which ranged from 0 to
100, with a score of 100 corresponding to the highest degree of
activation. The PAM-13 is a reliable and valid measure of
patient activation with higher activation scores associated with
increased self-management behaviors and increased self-efficacy
with respect to patients taking charge of their overall health and
involvement in their care. As a result, the concept of activation
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can be useful for evaluating interventions and for tailoring care
plans for individual patients in a clinical setting [30,31].
The VAMS was used to assess mood as captured in 8 domains
with raw scores transformed into T-scores with a mean of 50
and standard deviation of 10. The VAMS has been validated in
both normal and neurologically impaired individuals as a brief
measure of internal mood state [32,33].

Statistical Analysis
The Consolidated Standards of Reporting Trials guidelines were
followed [34]. A sample size of 200 randomized (172 evaluable)
patients (100 randomized [86 evaluable] per group) was
estimated to provide 80% power to detect an average increase
in the change from baseline steps per day of 25% for Group A
JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 5 | e64 | p. 4
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
compared with Group B, assuming a 2-sided significance level
of 5%. The variability was expected to be similar in the 2
groups, and an estimate of 58% for the coefficient of variation
was used in this calculation [35]. The sample size of 200
randomized patients assumed a drop-out rate of 15%.
All efficacy endpoints were analyzed in the modified
intent-to-treat population, which included all randomized
patients who had both a baseline value and an on-treatment
value for the primary endpoint on or after day 30. All efficacy
endpoint data comparing change from baseline between groups
were obtained from an analysis of covariance model with
baseline mean steps per day as the covariate and treatment
assignment and pooled site as class variables. They are presented
as least squares (LS) means with 95% confidence intervals (CIs).
Statistical analyses were based on initial verification of
parametric model assumptions, and a rank analysis of covariance
was then considered if conditions for a parametric model were
not met. To allay concerns by the readers, nonparametric
analyses are presented here. Patient and physician satisfaction
surveys at last visit were summarized.
Safety endpoints were analyzed for all patients provided with
a wearable activity monitor. Adverse events (AEs) were
presented as the number and percentage of patients experiencing
an AE. Multiple occurrences of the same event in the same
patient were counted only once. The denominator for
computation of percentages is the safety population within each
randomized group.
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Results
Patient Disposition, Baseline Characteristics, and
Adherence
All patients had a knee exam at baseline, and 119 of 211 (56.4%)
had an x-ray of the knee. A total of 211 knee OA patients treated
with hylan G-F 20 were randomized (Group A=107; Group
B=104), and nearly all patients completed the 90-day
observation period (Group A, 104/107 [97.2%]; Group B,
103/104 [99.0%]) (Figure 2). Almost all Group A patients
(101/107) decided to continue using the OA GO app and entered
the 90 to 180 days adherence period, and 81/101 (80.2%) of
these patients completed the 180 days. Baseline characteristics
were similar between the 2 groups (Table 1) with a mean patient
age of 62.6 (SD 9.4) years. For the total population at baseline,
mean number of steps per day was 4276 (SD 1807) and pain
NPRS score on the 6-minute walk test was 4.8 (SD 2.2), with
127/211 (60.2%) patients reporting pain of 5 or greater. Baseline
PAM-13 score for the total population was 71.2 (SD 13.2),
indicating that patients were highly activated. Overall, 91.0%
of patients were compliant with the activity monitor (defined
as using the wearable activity monitor 80% or more of the time).
Group A had 103/107 (96.3%) patients and Group B had 80/104
(76.9%) patients who were compliant. Of the patients in Group
A who entered the 90 to 180 days adherence period, 36/101
(35.6%) were 80% or more compliant with use of the OA GO
app.
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Figure 2. Patient disposition (a: 90-day observation period, b: 91 to 180 days).
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Table 1. Patient demographics and baseline characteristics.
Group A

Group B

Total

(n=107)

(n=104)

(N=211)

Age (years), mean (SD)

61.6 (9.5)

63.6 (9.3)

62.6 (9.4)

Male, n (%)

48 (44.9)

57 (54.8)

105 (49.8)

87 (81.3)

98 (94.2)

185 (87.7)

BMI , kg/m , mean (SD)

29.4 (3.9)

29.3 (3.4)

29.3 (3.7)

Steps per day, mean (SD)

4279.7 (1787.3)

4271.5 (1837.0)

4275.7 (1807.2)

Pain NPRSb, mean (SD)

4.6 (2.3)

5.1 (2.0)

4.8 (2.2)

Distance, meters, mean (SD)

402.8 (120.5)

395.6 (104.2)

399.3 (112.6)

71.7 (13.5)

70.6 (13.0)

71.2 (13.2)

Characteristic

Caucasian, n (%)
a

2

6-minute Walk Test

PAM-13c
Activation score, mean (SD)
a

BMI: body mass index.

b

NPRS: numeric pain rating scale.

c

PAM-13: Patient Activation Measure-13.

Mobility and Pain
A significant increase from baseline to last assessment in mean
number of steps per day was observed for all subjects (916 [SE
14.4]; P<.001). Improvement in mobility at day 90 was
significantly greater in Group A than in Group B. LS mean
change in number of steps per day was 1199 vs 467, a mean
difference of 732 steps (95% CI 127-1337; P=.03) (Figure 3).
An increase in mean steps per day was observed for both groups
at each visit. The percentage increase in steps per day was
significantly greater for all visits in Group A versus Group B.
LS mean percentage change in steps per day for Group A versus
Group B at day 7 was 16.8% versus 3.1% (mean difference:

13.7%, 95% CI 0.7-26.7; P=.03), at day 30 was 40.1% versus
9.0% (mean difference: 31.1%, 95% CI 16.2-45.9; P<.001),
and at day 90 was 35.8% versus 11.5% (mean difference: 24.3%,
95% CI 6.9-41.7; P=.02) (Figure 3).
In the 6-minute walk test, Group A experienced a significantly
greater improvement from baseline to day 90 in LS mean
percentage change in pain versus Group B, −55.3% versus
−33.8% (mean difference: −21.5%, 95% CI −37.8 to −5.2;
P=.007) (Figure 4). There was also a numerical, but not a
statistically significant, improvement in LS mean percentage
change in distance in the 6-minute walk test for Group A versus
Group B of 18.2% versus 6.3% (mean difference: 11.9%, 95%
CI −1.4 to 25.1; P=.96) (Figure 4).

Figure 3. Steps per day. Mean change from baseline at day 90 in number and mean percentage change from baseline. Data are presented as least squares
means and standard error. P values obtained from rank analysis of covariance.
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Figure 4. Six-minute walk test. Mean percentage change from baseline to day 90 in pain during the test and distance walked. Data are presented as
least squares means and standard error. P values obtained from rank analysis of covariance.

Quality of Life
A greater number of Group A patients (68/104, 65.4%) reported
they would be likely or very likely to use the devices compared
with patients (36/104, 34.6%) who reported that they would be
somewhat likely or not at all likely to do so (Figure 5). A total
of 76 physicians answered surveys for 104 patients; 70 of 104
(67.3%) physician surveys reported physicians to be likely or
very likely to recommend use of the devices versus 34 (32.7%)
surveys reporting physicians to be only somewhat likely or not
at all likely to recommend their use (Figure 5).
PAM-13 scores improved from baseline to day 90 in both
groups. The LS mean change from baseline was 5.0% in Group
A versus 6.9% in Group B (Figure 6; mean difference –1.9%,
95% CI –6.8% to 3.1%; P=.99).

There were no significant changes in sleep from baseline to day
90 for either group and no significant differences between
groups. Changes in VAMS scores from baseline to day 90 were
also not significantly different between groups.

Safety and Tolerability
The occurrence of TEAEs was similar in the 2 groups (Table
2) with no new safety signals noted. Arthralgia (Group A, 8/107
[7.5%]; Group B, 12/104 [11.5%]) and upper respiratory tract
infection (Group A, 7/107 [6.5%]; Group B, 2/104 [1.9%]) were
the 2 most commonly reported TEAEs among patients. No
major AEs or treatment-emergent serious AEs related to the
device or protocol occurred.

Figure 5. Satisfaction survey results in patients and physicians. Only patients in Group A (n=104) and their associated physicians participated in the
satisfaction survey, which was completed at day 90.
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Figure 6. Mean change from baseline in Patient Activation Measure-13. Data are presented as least squares means and standard error.
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Table 2. Treatment-emergent adverse events.
Group A

Group B

(n=107)

(n=104)

42 (39.3)

38 (36.5)

Arthralgia

8 (7.5)

12 (11.5)

Upper respiratory tract infection

7 (6.5)

2 (1.9)

Any serious TEAEsc

5 (4.7)

1 (1.0)

Any TEAE leading to death

0

0

Any TEAE leading to discontinuation of Jawboned

1 (0.9)

0

Any TEAE leading to discontinuation of OA GOd,e

1 (0.9)

—

Any TEAEa,b
Any TEAE occurring in ≥2% of patients

a

TEAE: treatment-emergent adverse events.

b

All TEAEs were mild to moderate in severity.

c

Serious AEs included upper respiratory tract infection, transient ischemic attack, large intestine perforation, arthralgia and worsening OA, each in one
patient in Group A and cholecystitis in one patient in Group B.
d

Same patient discontinued both devices; the TEAE leading to discontinuation was worsening OA.

e

OA: osteoarthritis.

Discussion
Principal Findings
Walking has been shown to have a beneficial effect on
symptoms and decreases risk of functional limitations in patients
with knee OA [19,20]; however, 66% of patients with arthritis
reported walking for fewer than 90 minutes per week [36]. This
study showed that, in patients treated with hylan G-F 20, those
also using the OA GO app significantly improved their mobility
with an increase in over twice as many steps per day and over
3 times the percentage change in steps per day compared with
patients not using this motivating app. The increased mobility
experienced by the patients using OA GO was also accompanied
by a significantly greater reduction in reported pain compared
with that for those not using the app. In addition, most patients
and physicians expressed satisfaction with the use of the app
and wearable activity monitor, suggesting that they would be
amenable to the adoption of the technology in their clinical
practice and daily lives. The above findings as a whole are
clinically and socially important, given the recognition that
increased mobility is closely associated with improved quality
of life [8]. This study is the first to demonstrate that the use of
a motivating mobile app can increase mobility and improve
pain outcomes in patients with knee OA.

Implication of Study Findings
Use of the OA GO app provides direct feedback on mobility
function and pain (whereby steps and mobility become
surrogates for pain and function, assuming there are no other
reasons for decreased activity), which should give a more valid
and reliable report of pain over time as it does not rely on patient
recall of pain experienced. In contrast, visual analog scales [37]
and the Western Ontario and McMaster Universities
Osteoarthritis Index (used to assess pain, stiffness, and physical
function over a specific time frame [ie, the last 48 hours] in
clinical trials [38]) are both subjective measures that rely on
http://mhealth.jmir.org/2017/5/e64/

XSL• FO
RenderX

patients thinking back to how they perceived they were feeling.
Furthermore, symptoms of OA are often variable depending on
a number of factors, including patients’ activity level [7] and
changes in the weather [39], suggesting that pain should be
assessed in the context of ongoing physical activity levels. This
technology, therefore, is an objective measure of functional
improvement over time resulting from clinical interventions
provided to patients, making it not only a motivating device for
patients but also an important research tool.
In this study, the results of the distance portion of the 6-minute
walk test were not statistically different between groups.
However, this assessment represents only a very brief snapshot
in time; distance monitored continuously may be a more reliable
measure of improvement in patient mobility. Despite these
results not achieving statistical significance, those using the OA
GO app ended the study with an average of more than 5500
steps per day, which approaches 6000 steps per day, a level that
has been shown to cut the risk of developing functional
limitation by half within 24 months [19].
PAM-13 scores were also not statistically different between
groups in this study. The observed lack of statistical difference
between groups could be due to the high mean baseline
activation state of patients in this study (71.2 [SD 13.2]), which
may have resulted from the selection criteria (ie, selecting
relatively high functioning patients with knee OA) and may
have been higher than for those excluded from the study. Indeed,
the baseline activation score in this study was higher than scores
for the general population in the US (61.9 [SD 21]) and
populations with other chronic conditions (a US population with
diabetes and with/without other comorbidities, 57.1 [40]; a
Korean OA population, 56.0 [41]; and a Norwegian community
mental health center population, 51.9 [42]). Evidence suggests
that patients who start at the lowest activation levels tend to
increase the most, suggesting that patients in this study may
have been approaching a ceiling at which their ability to further
JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 5 | e64 | p. 10
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increase activation levels may have been reduced, compared
with patients whose baseline activation levels were lower [43].

Limitations
This study does have some limitations. The patients studied
may not be fully representative of the general OA population
with respect to gender distribution (women are at higher risk
for knee OA than men [44]), and activity levels used as inclusion
and exclusion criteria were such that patients with low levels
(less than 500 steps per day) and high levels (more than 8000
steps per day) of baseline activity were not eligible for
enrollment. Patients with a BMI above 35 were also excluded
from the study. In addition, the Kellgren-Lawrence grade of
patients’ knee OA was not collected, so data could not be
stratified and analyzed in relation to radiographic disease
severity, which might have been helpful in clarifying some of
the study results such as the PAM-13 scores. The patient and
physician satisfaction survey collected important feedback but
is not an externally validated instrument. Moreover, the study
was short term, having been conducted over 90 days. Finally,
the study did not include an arm in which patients used the
motivating app and did not receive an injection, nor did it
include an arm in which patients used the motivating app and
received a saline injection (often designated as placebo).

Practical Considerations in the Use of Mobile Health
Apps
The practical aspects of incorporating a mobile health app into
treatment paradigms to improve patient mobility should be
further investigated. This strategy requires access to a
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smartphone, which may be a financial barrier for some patients
[45]. Patients must also understand how the smartphone app
works and have the ability and confidence to use it effectively
[45]. Finally, with the ever-increasing complexity of mobile
apps, continual improvements in smartphones, apps, and
wearable activity monitors are needed in order to limit or prevent
technical issues (and potential data loss) that may occur with
routine operations such as software updates [46,47]. Continual
improvement helps ensure that data are captured accurately
while avoiding false positives and negatives [48,49].
Overall, the results of this study provide evidence that in patients
suffering from knee OA who received hylan G-F 20, additional
improvement was achieved in this study, based on mobility
parameters of steps per day and pain reduction, with use of a
mobile app and wearable activity monitor.

Conclusions
Reduced mobility in patients with knee OA can be a significant
issue negatively affecting quality of life and experience of pain.
Increasing patients’ motivation to walk and thereby increasing
their mobility may reduce these negative effects. Use of a novel
smartphone app in conjunction with a wearable activity monitor
provided additional improvement on mobility parameters such
as steps per day and pain with walking in the 6-minute walk
test in patients with knee OA who were treated with hylan G-F
20 (see Multimedia Appendix 1). These results also highlight
the amenability of patients and physicians to using mobile health
technology in the treatment of OA and suggest further
investigation is warranted.

Acknowledgments
Sanofi Biosurgery LLC funded the study. Assistance with the writing and development of the manuscript was provided by Nicholas
C Stilwell, PhD, and Evidence Scientific Solutions and was funded by Sanofi Biosurgery LLC. The authors would like to
acknowledge Bruno Leroy, MD, of Sanofi who contributed to the trial concept and study design; Lynn Mcroy, MD, who contributed
to the trial concept and design and OA GO app development; and Scott D Kelly, who was an employee of Sanofi when the study
was conducted and contributed to data analysis. The authors would also like to thank the following investigators: Ladan Bakhtari,
MD, Doctors of Internal Medicine Ltd/Clinical Research Advantage, Plano, TX; John Ervin, MD, The Center for Pharmaceutical
Research, Kansas City, MO; Richard Glover II, MD, Heartland Research Associates, LLC, Newton, KS; B Matthew Hicks, MD,
Fort Wayne Orthopedics, Fort Wayne IN; Jeffry Jacqmein, MD, Jacksonville Center for Clinical Research, Jacksonville, FL; Ted
Jagielo, MD, Medical and Procedural Specialists of Illinois/Clinical Research Advantage, Inc, Chicago, IL; David Kirby, MD,
Clinical Research Advantage, Birmingham, AL; Tracy Klein, MD, Heartland Research Associates, LLC, Wichita, KS; Louis
Levy, MD, TriWest Research Associates, LLC, El Cajon, CA; Barry Lubin, MD, National Clinical Research Center, Norfolk,
VA; Erich Schramm, MD, St. John’s Center for Clinical Research, Ponte Vedra, FL; Tammi Shlotzhauer, MD, Rochester Clinical
Research, Rochester, NY; Michael Skyhar, MD, CORE Orthopaedic Medical Center, Encinitas, CA; Cynthia Strout, MD, Coastal
Caroline Research Center, Mt Pleasant, SC; and L Tyler Wadsworth, MD, Sundance Clinical Research, Norfolk, VA.

Conflicts of Interest
Nebojsa Skrepnik has been a consultant for Sanofi and Ortofix. Andrew Spitzer has been a consultant for DePuy, Flexion
Therapeutics, and Sanofi-Aventis; has received research support from DePuy; and has been a speaker for Sanofi-Aventis. Roy
Altman has been a consultant for Cytori, DuPuy, Ferring, Flexion, Iroko, McNeil, Novartis, GlaxoSmithKline, Olatec, Pfizer,
Q-Med, Rotta (MEDA), Strategic Science & Technologies, and Teva and has been a speaker for Iroko. John Hoekstra was a
principal investigator in this study while employed at National Clinical Research Inc. John Stewart is an employee of Sanofi.
Richard Toselli was an employee of Sanofi at the time the work was conducted and is currently an employee of Cochlear Ltd,
Sydney, Australia.

http://mhealth.jmir.org/2017/5/e64/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 5 | e64 | p. 11
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Skrepnik et al

Multimedia Appendix 1
Patient experience of smartphone app use during the study.
[MOV File, 73MB-Multimedia Appendix 1]

Multimedia Appendix 2
CONSORT-EHEALTH-v1-6.
[PDF File (Adobe PDF File), 12MB-Multimedia Appendix 2]

References
1.
2.

3.
4.

5.
6.
7.

8.
9.

10.
11.

12.

13.

14.

15.

16.
17.

18.

Murphy L, Helmick CG. The impact of osteoarthritis in the United States: a population-health perspective. Am J Nurs 2012
Mar;112(3 Suppl 1):S13-S19. [doi: 10.1097/01.NAJ.0000412646.80054.21] [Medline: 22373741]
Centers for Disease Control and Prevention. Prevalence of doctor-diagnosed arthritis and arthritis-attributable activity
limitation—United States, 2010-2012. MMWR Morb Mortal Wkly Rep 2013 Nov 08;62(44):869-873 [FREE Full text]
[Medline: 24196662]
Johnson VL, Hunter DJ. The epidemiology of osteoarthritis. Best Pract Res Clin Rheumatol 2014 Feb;28(1):5-15. [doi:
10.1016/j.berh.2014.01.004] [Medline: 24792942]
Lawrence RC, Felson DT, Helmick CG, Arnold LM, Choi H, Deyo RA, National Arthritis Data Workgroup. Estimates of
the prevalence of arthritis and other rheumatic conditions in the United States. Part II. Arthritis Rheum 2008 Jan;58(1):26-35
[FREE Full text] [doi: 10.1002/art.23176] [Medline: 18163497]
Zhang Y, Jordan JM. Epidemiology of osteoarthritis. Clin Geriatr Med 2010 Aug;26(3):355-369 [FREE Full text] [doi:
10.1016/j.cger.2010.03.001] [Medline: 20699159]
Bijlsma JW, Berenbaum F, Lafeber FP. Osteoarthritis: an update with relevance for clinical practice. Lancet 2011 Jun
18;377(9783):2115-2126. [doi: 10.1016/S0140-6736(11)60243-2] [Medline: 21684382]
Hawker GA, Stewart L, French MR, Cibere J, Jordan JM, March L, et al. Understanding the pain experience in hip and
knee osteoarthritis—an OARSI/OMERACT initiative. Osteoarthritis Cartilage 2008 Apr;16(4):415-422 [FREE Full text]
[doi: 10.1016/j.joca.2007.12.017] [Medline: 18296075]
Fagerström C, Borglin G. Mobility, functional ability and health-related quality of life among people of 60 years or older.
Aging Clin Exp Res 2010;22(5-6):387-394. [Medline: 21422794]
Hubertsson J, Petersson IF, Thorstensson CA, Englund M. Risk of sick leave and disability pension in working-age women
and men with knee osteoarthritis. Ann Rheum Dis 2013 Mar;72(3):401-405. [doi: 10.1136/annrheumdis-2012-201472]
[Medline: 22679305]
Kotlarz H, Gunnarsson CL, Fang H, Rizzo JA. Osteoarthritis and absenteeism costs: evidence from US National Survey
Data. J Occup Environ Med 2010 Mar;52(3):263-268. [doi: 10.1097/JOM.0b013e3181cf00aa] [Medline: 20190656]
Reginster J, Reiter-Niesert S, Bruyère O, Berenbaum F, Brandi M, Branco J, et al. Recommendations for an update of the
2010 European regulatory guideline on clinical investigation of medicinal products used in the treatment of osteoarthritis
and reflections about related clinically relevant outcomes: expert consensus statement. Osteoarthritis Cartilage 2015
Dec;23(12):2086-2093 [FREE Full text] [doi: 10.1016/j.joca.2015.07.001] [Medline: 26187570]
Hochberg MC, Altman RD, April KT, Benkhalti M, Guyatt G, McGowan J, American College of Rheumatology. American
College of Rheumatology 2012 recommendations for the use of nonpharmacologic and pharmacologic therapies in
osteoarthritis of the hand, hip, and knee. Arthritis Care Res (Hoboken) 2012 Apr;64(4):465-474. [Medline: 22563589]
Jordan KM, Arden NK, Doherty M, Bannwarth B, Bijlsma JW, Dieppe P, Standing Committee for International Clinical
Studies Including Therapeutic Trials ESCISIT. EULAR Recommendations 2003: an evidence based approach to the
management of knee osteoarthritis: Report of a Task Force of the Standing Committee for International Clinical Studies
Including Therapeutic Trials (ESCISIT). Ann Rheum Dis 2003 Dec;62(12):1145-1155 [FREE Full text] [Medline: 14644851]
Richmond J, Hunter D, Irrgang J, Jones MH, Levy B, Marx R, American Academy of Orthopaedic Surgeons. Treatment
of osteoarthritis of the knee (nonarthroplasty). J Am Acad Orthop Surg 2009 Sep;17(9):591-600 [FREE Full text] [Medline:
19726743]
Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, Arden N, et al. OARSI recommendations for the management
of hip and knee osteoarthritis, Part II: OARSI evidence-based, expert consensus guidelines. Osteoarthritis Cartilage 2008
Feb;16(2):137-162 [FREE Full text] [doi: 10.1016/j.joca.2007.12.013] [Medline: 18279766]
Marks R. Knee osteoarthritis and exercise adherence: a review. Curr Aging Sci 2012 Feb;5(1):72-83. [Medline: 21762086]
Pisters MF, Veenhof C, Schellevis FG, Twisk JW, Dekker J, De Bakker DH. Exercise adherence improving long-term
patient outcome in patients with osteoarthritis of the hip and/or knee. Arthritis Care Res (Hoboken) 2010 Aug;62(8):1087-1094
[FREE Full text] [doi: 10.1002/acr.20182] [Medline: 20235201]
Dobson F, Hinman RS, Hall M, Terwee CB, Roos EM, Bennell KL. Measurement properties of performance-based measures
to assess physical function in hip and knee osteoarthritis: a systematic review. Osteoarthritis Cartilage 2012
Dec;20(12):1548-1562 [FREE Full text] [doi: 10.1016/j.joca.2012.08.015] [Medline: 22944525]

http://mhealth.jmir.org/2017/5/e64/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 5 | e64 | p. 12
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
19.

20.
21.

22.

23.

24.
25.
26.

27.

28.

29.
30.

31.

32.

33.
34.

35.

36.
37.
38.
39.
40.

White DK, Tudor-Locke C, Zhang Y, Fielding R, LaValley M, Felson DT, et al. Daily walking and the risk of incident
functional limitation in knee osteoarthritis: an observational study. Arthritis Care Res (Hoboken) 2014 Sep;66(9):1328-1336
[FREE Full text] [doi: 10.1002/acr.22362] [Medline: 24923633]
Evcik D, Sonel B. Effectiveness of a home-based exercise therapy and walking program on osteoarthritis of the knee.
Rheumatol Int 2002 Jul;22(3):103-106. [doi: 10.1007/s00296-002-0198-7] [Medline: 12111084]
Flores MG, Granado-Font E, Ferré-Grau C, Montaña-Carreras X. Mobile phone apps to promote weight loss and increase
physical activity: a systematic review and meta-analysis. J Med Internet Res 2015;17(11):e253 [FREE Full text] [doi:
10.2196/jmir.4836] [Medline: 26554314]
Granado-Font E, Flores-Mateo G, Sorlí-Aguilar M, Montaña-Carreras X, Ferre-Grau C, Barrera-Uriarte M, et al. Effectiveness
of a smartphone application and wearable device for weight loss in overweight or obese primary care patients: protocol for
a randomised controlled trial. BMC Public Health 2015 Jun 04;15:531 [FREE Full text] [doi: 10.1186/s12889-015-1845-8]
[Medline: 26041131]
Guy R, Hocking J, Wand H, Stott S, Ali H, Kaldor J. How effective are short message service reminders at increasing clinic
attendance? A meta-analysis and systematic review. Health Serv Res 2012 Apr;47(2):614-632 [FREE Full text] [doi:
10.1111/j.1475-6773.2011.01342.x] [Medline: 22091980]
Weinberger M, Tierney WM, Booher P, Katz BP. Can the provision of information to patients with osteoarthritis improve
functional status? A randomized, controlled trial. Arthritis Rheum 1989 Dec;32(12):1577-1583. [Medline: 2688659]
Nguyen HQ, Gill DP, Wolpin S, Steele BG, Benditt JO. Pilot study of a cell phone-based exercise persistence intervention
post-rehabilitation for COPD. Int J Chron Obstruct Pulmon Dis 2009;4:301-313 [FREE Full text] [Medline: 19750190]
Antypas K, Wangberg SC. An Internet- and mobile-based tailored intervention to enhance maintenance of physical activity
after cardiac rehabilitation: short-term results of a randomized controlled trial. J Med Internet Res 2014;16(3):e77 [FREE
Full text] [doi: 10.2196/jmir.3132] [Medline: 24618349]
Hong YA, Goldberg D, Ory MG, Towne SD, Forjuoh SN, Kellstedt D, et al. Efficacy of a mobile-enabled Web app (iCanFit)
in promoting physical activity among older cancer survivors: a pilot study. JMIR Cancer 2015 Jun 26;1(1):e7 [FREE Full
text] [doi: 10.2196/cancer.4389] [Medline: 28410158]
Poirier J, Bennett WL, Jerome GJ, Shah NG, Lazo M, Yeh H, et al. Effectiveness of an activity tracker- and Internet-based
adaptive walking program for adults: a randomized controlled trial. J Med Internet Res 2016;18(2):e34 [FREE Full text]
[doi: 10.2196/jmir.5295] [Medline: 26860434]
Safran NJ, Madar Z, Shahar DR. The impact of a Web-based app (eBalance) in promoting healthy lifestyles: randomized
controlled trial. J Med Internet Res 2015;17(3):e56 [FREE Full text] [doi: 10.2196/jmir.3682] [Medline: 25732936]
Hibbard JH, Mahoney ER, Stockard J, Tusler M. Development and testing of a short form of the patient activation measure.
Health Serv Res 2005 Dec;40(6 Pt 1):1918-1930 [FREE Full text] [doi: 10.1111/j.1475-6773.2005.00438.x] [Medline:
16336556]
Hibbard JH, Stockard J, Mahoney ER, Tusler M. Development of the Patient Activation Measure (PAM): conceptualizing
and measuring activation in patients and consumers. Health Serv Res 2004 Aug;39(4 Pt 1):1005-1026 [FREE Full text]
[doi: 10.1111/j.1475-6773.2004.00269.x] [Medline: 15230939]
Stern RA, Arruda JE, Hooper CR, Wolfner GD, Morey CE. Visual analogue mood scales to measure internal mood state
in neurologically impaired patients: Description and initial validity evidence. Aphasiology 1997 Jan;11(1):59-71. [doi:
10.1080/02687039708248455]
Arruda JE, Stern RA, Somerville JA. Measurement of mood states in stroke patients: validation of the visual analog mood
scales. Arch Phys Med Rehabil 1999 Jun;80(6):676-680. [Medline: 10378494]
Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated guidelines for reporting parallel group randomized
trials. Ann Intern Med 2010 Jun 1;152(11):726-732. [doi: 10.7326/0003-4819-152-11-201006010-00232] [Medline:
20335313]
Bravata DM, Smith-Spangler C, Sundaram V, Gienger AL, Lin N, Lewis R, et al. Using pedometers to increase physical
activity and improve health: a systematic review. JAMA 2007 Nov 21;298(19):2296-2304. [doi: 10.1001/jama.298.19.2296]
[Medline: 18029834]
Centers for Disease Control and Prevention (CDC). State-specific prevalence of walking among adults with arthritis—United
States, 2011. MMWR Morb Mortal Wkly Rep 2013 May 03;62(17):331-334 [FREE Full text] [Medline: 23636026]
Wewers ME, Lowe NK. A critical review of visual analogue scales in the measurement of clinical phenomena. Res Nurs
Health 1990 Aug;13(4):227-236. [Medline: 2197679]
Bellamy N. WOMAC Osteoarthritis Index: WOMAC 3.1 Index. URL: http://www.womac.com/womac/index.htm [accessed
2016-07-25] [WebCite Cache ID 6jGuzl5mH]
McAlindon T, Formica M, Schmid CH, Fletcher J. Changes in barometric pressure and ambient temperature influence
osteoarthritis pain. Am J Med 2007 May;120(5):429-434. [doi: 10.1016/j.amjmed.2006.07.036] [Medline: 17466654]
Remmers C, Hibbard J, Mosen DM, Wagenfield M, Hoye RE, Jones C. Is patient activation associated with future health
outcomes and healthcare utilization among patients with diabetes? J Ambul Care Manage 2009;32(4):320-327. [doi:
10.1097/JAC.0b013e3181ba6e77] [Medline: 19888008]

http://mhealth.jmir.org/2017/5/e64/

XSL• FO
RenderX

Skrepnik et al

JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 5 | e64 | p. 13
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
41.

42.

43.
44.

45.

46.
47.

48.
49.

Skrepnik et al

Ahn YH, Kim BJ, Ham OK, Kim SH. Factors associated with patient activation for self-management among community
residents with osteoarthritis in Korea. J Korean Acad Community Health Nurs 2015;26(3):303. [doi:
10.12799/jkachn.2015.26.3.303]
Moljord IE, Lara-Cabrera ML, Perestelo-Pérez L, Rivero-Santana A, Eriksen L, Linaker OM. Psychometric properties of
the Patient Activation Measure-13 among out-patients waiting for mental health treatment: A validation study in Norway.
Patient Educ Couns 2015 Nov;98(11):1410-1417 [FREE Full text] [doi: 10.1016/j.pec.2015.06.009] [Medline: 26146239]
Hibbard JH, Greene J. What the evidence shows about patient activation: better health outcomes and care experiences;
fewer data on costs. Health Aff (Millwood) 2013 Feb;32(2):207-214. [doi: 10.1377/hlthaff.2012.1061] [Medline: 23381511]
Srikanth VK, Fryer JL, Zhai G, Winzenberg TM, Hosmer D, Jones G. A meta-analysis of sex differences prevalence,
incidence and severity of osteoarthritis. Osteoarthritis Cartilage 2005 Sep;13(9):769-781 [FREE Full text] [doi:
10.1016/j.joca.2005.04.014] [Medline: 15978850]
Boulos MN, Wheeler S, Tavares C, Jones R. How smartphones are changing the face of mobile and participatory healthcare:
an overview, with example from eCAALYX. Biomed Eng Online 2011;10:24 [FREE Full text] [doi:
10.1186/1475-925X-10-24] [Medline: 21466669]
Becker S, Miron-Shatz T, Schumacher N, Krocza J, Diamantidis C, Albrecht U. mHealth 2.0: experiences, possibilities,
and perspectives. JMIR Mhealth Uhealth 2014;2(2):e24 [FREE Full text] [doi: 10.2196/mhealth.3328] [Medline: 25099752]
Kumar S, Nilsen WJ, Abernethy A, Atienza A, Patrick K, Pavel M, et al. Mobile health technology evaluation: the mHealth
evidence workshop. Am J Prev Med 2013 Aug;45(2):228-236 [FREE Full text] [doi: 10.1016/j.amepre.2013.03.017]
[Medline: 23867031]
Case MA, Burwick HA, Volpp KG, Patel MS. Accuracy of smartphone applications and wearable devices for tracking
physical activity data. JAMA 2015 Feb 10;313(6):625-626. [doi: 10.1001/jama.2014.17841] [Medline: 25668268]
Piwek L, Ellis DA, Andrews S, Joinson A. The rise of consumer health wearables: promises and barriers. PLoS Med 2016
Feb;13(2):e1001953 [FREE Full text] [doi: 10.1371/journal.pmed.1001953] [Medline: 26836780]

Abbreviations
AE: adverse events
FDA: Food and Drug Administration
LS: least square
NPRS: numeric pain rating scale
OA: osteoarthritis
PAM-13: Patient Activation Measure-13
TEAE: treatment-emergent adverse events
VAMS: visual analog mood assessment

Edited by G Eysenbach; submitted 19.12.16; peer-reviewed by G Jerome, M Iversen; comments to author 09.01.17; revised version
received 27.02.17; accepted 23.03.17; published 09.05.17
Please cite as:
Skrepnik N, Spitzer A, Altman R, Hoekstra J, Stewart J, Toselli R
Assessing the Impact of a Novel Smartphone Application Compared With Standard Follow-Up on Mobility of Patients With Knee
Osteoarthritis Following Treatment With Hylan G-F 20: A Randomized Controlled Trial
JMIR Mhealth Uhealth 2017;5(5):e64
URL: http://mhealth.jmir.org/2017/5/e64/
doi: 10.2196/mhealth.7179
PMID: 28487266

©Nebojsa Skrepnik, Andrew Spitzer, Roy Altman, John Hoekstra, John Stewart, Richard Toselli. Originally published in JMIR
Mhealth and Uhealth (http://mhealth.jmir.org), 09.05.2017. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in JMIR mhealth and uhealth, is properly cited. The
complete bibliographic information, a link to the original publication on http://mhealth.jmir.org/, as well as this copyright and
license information must be included.

http://mhealth.jmir.org/2017/5/e64/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 5 | e64 | p. 14
(page number not for citation purposes)

