PLOS ONE
RESEARCH ARTICLE

Improving osteoarthritis care by digital means
- Effects of a digital self-management program
after 24- or 48-weeks of treatment
Leif E. Dahlberg1,2, Andrea Dell’Isola ID1, L. Stefan Lohmander ID1,2, Håkan Nero ID1,2*
1 Department of Clinical Sciences Lund, Orthopaedics, Lund University, Lund, Sweden, 2 Arthro
Therapeutics, Malmö, Sweden
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Osteoarthritis (OA) is highly prevalent in older adults and a growing cause of disability. Easily accessible first-line treatment of OA is increasingly important. Digital self-management
programs have in recent years become available. Evidence of short-term effects of such
programs are abundant, yet reports on long-term benefits and adherence to treatment are
scarce. The current study’s objective was to investigate the long-term pain and function outcomes of people with hip or knee OA participating in a digital self-management programme.

Methods and findings
In this longitudinal cohort study, individuals with hip and knee OA, from the register of a digital self-management program and with 0-24-week (n = 499) or 0-48-week adherence (n =
138), were included. The treatment effect in terms of monthly pain (NRS, 0–10 worst to
best) and physical function (30-second chair stand test (30CST), number of repetitions)
change were investigated using a mixed model, controlling for the effect of age, body mass
index (BMI), gender and index joint. For the 24-week sub-sample, pain NRS decreased
monthly by -0.43 units (95% CI -0.51, -0.35, mean knee pain from 5.6 to 3.1, and hip pain
from 5.9 to 3.8) and 30CST repetitions increased monthly by 0.76 repetitions (95% CI 0.64,
0.89 mean for knee from 10.0 to 14.3, and for hip from 10.9 to 14.8). For the 48-week subsample, pain decreased monthly by -0.39 units (95% CI -0.43, -0.36, mean knee pain from
5.7 to 3.2, and hip pain from 5.8 to 3.8), and repetitions increased by 0.72 repetitions (95%
CI 0.65, 0.79, mean repetitions for knee from 10.3 to 14.4, and for hip from 11.1 to 14.9).
There were no clinically relevant effects on the improvement of pain or function by any
covariate (age, sex, index joint). The lack of a control group and randomization limit our ability to explain the mechanisms of the observed results.

Conclusions
Continuously participating in a digital OA treatment program for 6 or 12 months was associated with a clinically important decrease in joint pain and increased physical function, in hip

PLOS ONE | https://doi.org/10.1371/journal.pone.0229783 March 4, 2020

1 / 13

PLOS ONE

researchers completing a data request with an
approved research proposal and a data access
agreement, signed by all parties. Contact
data@jointacademy.com for more information.
Funding: Funding was received by LED from
Vinnova - Sweden’s Innovation Agency (grant
number: 2016-04187, www.vinnova.se) and
Stiftelsen för Bistånd åt Rörelsehindrade i Skåne
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Long-term effect of digital OA treatment

and knee OA. Future research should follow OA-related outcomes in participants that end
their treatment to explore when and why that decision was made.

Introduction
Osteoarthritis (OA) is the most common joint disease and one of the main causes of musculoskeletal disability worldwide [1]. More than 10% of men and 18% of women aged older than
60 suffer from symptomatic OA [2]. Driven by the increasing longevity of the population combined with the rise of obesity, joint injuries, and physical inactivity, OA is now the fastest
growing cause of disability worldwide [3–5].
National and international guidelines recommend education and exercise as first-line treatment for OA due to the effectiveness in reducing pain and disability [6–12]. However, reports
show a low uptake of these recommendations with only 36% of patients receiving a joint
replacement having been provided a first-line intervention, and less than 50% receiving appropriate care for their OA [13, 14]. Without immediate action, the rising OA prevalence will be a
challenge without solution for the health care systems and for society worldwide [7, 15].
To tackle the increasing burden of OA and increase uptake of recommended first-line treatment, self-management programmes have been initiated in several countries [16–18]. Despite
their success in improving patients’ symptoms, the high prevalence of OA and difficulties
related to their implementation, these programmes reach only a minority of the suffering OA
population that would benefit from education and exercise [17, 19, 20].
Digital self-management programmes have been developed to further facilitate access to
first-line treatment for OA and to aid patients in maintaining a long-term exercise regime [21,
22]. Early reports have shown a reduction in pain, disability and desire for surgical treatment
in patients with OA after six weeks in a digital self-management programme [23, 24]. However, there is a dearth of knowledge surrounding the long-term effectiveness of such programmes, or adherence and effectiveness of the face-to-face counterparts [18, 19]. Hence, the
main objective of the current study was to report on the long-term outcomes (24 and 48
weeks) of people with hip or knee OA participating in a digital self-management programme
delivering first-line OA management, and statistically investigate the mean treatment effect of
duration on pain and physical function, as well as differences in pain over time between hip
and knee OA with or without additional covariates.

Methods
This was an observational longitudinal cohort study approved by the regional ethics committee of Lund University and the Swedish Ethical Review Authority (Dnr: 2018/650 and 2019–
02232). Written informed consent from participants was obtained during registration. The
study adheres to the STROBE guidelines for observational studies [25] (S1 Checklist).

Setting and participants
Participants joined the digital OA self-management and education programme (see Intervention below for details), through recommendation by their local orthopaedic surgeon or physiotherapist, and via online advertisements and campaigns placed on search engines and social
networks. Included participants had a radiographic and or clinical diagnosis of hip or knee
OA from a physical therapist or physician (95% of all patients at the date of data extraction).
Individuals without a prior diagnosis had clinical OA confirmed by an orthopaedic surgeon or
physiotherapist via telephone (diagnosis according to NICE criteria and Swedish National
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Guidelines, and confirming the absence of any red flag symptoms), or if deemed necessary
were recommended to seek face-to-face care before inclusion in the programme.
Data was extracted from the digital self-management programme registry on the 13th of
March 2019. At that time point, the register contained data from 1709 Swedish participants
(710 individuals had started �48 weeks before data extraction) that had reported one of their
knees or hips as their most symptomatic joint (index joint), had been treated in the programme for at least three weeks with a minimum adherence of 70% and had registered �24
weeks before data extraction. Adherence was defined as the percentage of completed activities
(exercises, text or video lessons on OA, and quizzes on lesson material) per the pre-defined
period (the cut-off of 70% for the initial three weeks represents about 5 out of 7 days per week
performing recommended activities), and mean adherence was defined as the group mean for
the period of interest. Outcome analysis was made in two separate sub-samples; participants
with a pain report at start and at week 24 or adjacent week (+- 4 weeks) and at start and at
week 48 or adjacent week (+- 6 weeks), respectively. Adjacent weeks were added to collect the
maximum amount of data (around 50% of active participants had reported pain at week 24
and 48, respectively). Hence, if a pain report was missing at week 24 or 48, the report from the
closest week available was used (if two pain reports were available at the two most adjacent
weeks, e.g. week 25 and 23, mean pain for these two was used). Those included in the 48-week
sub-sample were excluded from the 24-week sub-sample, to enable comparison.

Intervention
The intervention consisted of a digital, structured and individualized treatment programme
for people with hip or knee OA (Joint Academy1; www.jointacademy.com). The programme
consists of instructions for neuromuscular exercises appropriately adjusted to each patient in
regard to degrees of complexity and difficulty. Exercises are distributed daily during the whole
participation period, in general, two per day. While rating perceived difficulty and adding
comments, patients also indicated when exercises were completed. Program continuation was
halted until all exercises for the day were marked as completed. Information (based on current
OA management guidelines and research) in the form of text or video lessons (with quizzes on
the material after each episode) on subjects related to OA, OA symptoms and its management
is also distributed to each participant. The lessons come packed in themes, with each theme
containing 1–5 lessons where participants receive a theme per week the first six weeks, and
then every other week, for a total of 70 lessons over a 48-week period. Completion of a lesson
was indicated by the patient answering the quiz correctly. Additionally, continuous access to
and dialogue with a physiotherapist through an encrypted chat function, and/or telephone, is
provided.

Outcome measures
In this program, several measures are collected at separate time points. There are weekly measures (joint pain), bi-weekly measures (physical function), and quarterly measures (other
instruments not relevant for this study). Joint pain was assessed at baseline, and weeks 12, 24
and 48 using the Numerical Rating Scale (NRS, discrete boxes 0–10) with the instruction [26];
Mark on this scale how much pain you had the last week in your hip/knee, followed by a 0–10
scale where 0 was defined as No pain and 10 was defined as Maximum pain. Minimal clinically
important change (MCIC) of pain was defined as an improvement of 20% (slightly or moderately important improvement according to Tubach et al., 2012) [27]. As a measure of physical
function, the 30CST from week 12, 24 and 48 were used [28], performed by the participant
with the help of an instruction video with a coupled visual timer. The patient entered the
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performed number of repetitions after each test. Physical function data was handled similarly
to the NRS, with week 24 ±4 adjacent weeks and week 48±6 adjacent weeks included for those
with available NRS data. All outcomes were self-assessed and self-entered using the digital programme interface and chosen based on the International Consortium for Health Outcomes
Measurement Standard Set for Hip & Knee Osteoarthritis (ICHOM) [29]. Data on the participants’ overall health and characteristics (age, gender, BMI), as well as OA-related factors (most
painful joint, afflicted side), were collected at inclusion.

Statistical analysis
Summary data are described by the mean value, standard deviation and number of observations or the number and percent of the categories of interest. Comparisons of baseline data
between the 24-week sub-sample and excluded participants (with missing data due to ending
treatment or not reporting pain) were performed using independent samples t-test and the
Fisher’s Exact test (for dichotomous variables). The group-specific mean treatment effect of
duration on pain and repetitions (30CST—physical function), as well as differences in pain
over time between hip and knee OA with or without additional covariates, were estimated and
tested using random slopes and intercepts models. Pain development over time was plotted for
hip and knee OA, respectively.
To describe patients adhering for six months with contrasting pain severity at baseline, participants were divided into same-sized tertiles based on reported baseline pain, and mean pain
per time point was calculated and plotted for each group (not performed for the 48-week subsample due to small numbers per group).
Significance level was set to p<0.05, and p-values and 95% confidence intervals were
reported when applicable. Statistical calculations were performed in SPSS Version 25 (IBM
Corporation, New York, USA) and Stata 15.1 (StataCorp LLC, Texas, USA).

Role of the funding source
The funding source had no role in any part of this study. The in-kind support sponsor, Arthro
Therapeutics, aided in the collection and extraction of data from the registry, otherwise was
not in any way involved in design, analysis or interpretation of data, writing of the text or submitting the paper for publication.

Results
After identifying active users at week 24, a total of 920 individuals were found, whereof 290
individuals had not reported their pain into the register at or around week 24. Excluding those
with 48-week data, 499 individuals reporting pain were included in the 24-week sub-sample.
For the 48-week sub-sample, a total of 138 individuals (n = 7 missing 24-week data included)
with pain data at 48 weeks were included (Fig 1).

24-week sub-sample
There were no differences between the 24-week sub-sample (n = 499) and excluded participants (combining those ending treatment, not reporting pain at 24 weeks or excluded due to
having reported pain at 48 weeks also, n = 1210) in regard to age, BMI, baseline pain, baseline
physical function, or the distribution of gender and index joint (for details, please see S1
Table).
Percentage of those reaching MCIC in pain after 24 weeks was 72% while mean adherence
(SD) was 75% (18%). Descriptive data separated by index joint is reported in Table 1. Pain
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Fig 1. Flowchart describing the disposition of patients.
https://doi.org/10.1371/journal.pone.0229783.g001

change over time per index joint showed continuous pain relief over 6 months of adherence
for both joints (Fig 2). Visual inspection of plotted mean pain per pain severity group suggested a difference in absolute change, yet similar pain relief in terms of relative change for
both hip and knee (Fig 3).

48-week sub-sample
Percentage of those in the 48-week sub-sample reaching MCIC in pain was 67% while mean
adherence (SD) was 74% (21%). Descriptive data separated by index joint is reported in
Table 2. Plotted pain change over time per index joint showed maximum pain relief
achieved at around 6 months, and no signs of worsening pain for either joint, for up to 12
months (Fig 4).
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Table 1. Descriptive data for knee and hip OA in the 24-week sub-sample (n = 499).
Characteristic

Knee (n = 301)

Age, mean (SD)

64 (9)

Hip (n = 198)
63 (9)

Female, n (%)

220 (73)

152 (77)

BMI, mean (SD)

28.2 (4.8)

26.5 (4.9)

Weight status, n (%)
• Underweight (BMI <18.5)

1 (0)

1 (1)

• Normal weight (BMI 18.5–24.9)

67 (22)

83 (42)

• Overweight (BMI 25–29.9)

141 (47)

79 (40)

• Obese (BMI �30)

92 (31)

35 (18)

• Low, mean (SD)

3.3 (1.3)

4.1 (0.9)

• Moderate, mean (SD)

5.6 (0.5)

6.4 (0.5)

• Severe, mean (SD)

7.6 (0.8)

7.7 (0.8)

Baseline pain per severity group

BMI = body mass index. NRS = Numeric rating scale. OA = osteoarthritis.
https://doi.org/10.1371/journal.pone.0229783.t001

Treatment effect over time
The treatment effect was modelled in terms of monthly pain change and monthly change in
repetitions as a function of treatment duration for 24- and 48-week sub-samples using a mixed
model with random slopes and intercepts. The models yielded marginally different estimates
for pain with a decrease of -0.43 units (95% CI -0.51, -0.35) and -0.39 units (95% CI -0.43,
-0.36) per month for the 24- and 48-week sub-sample, respectively. Similarly, physical function

Fig 2. Pain change over time, per index joint, for the 0 to 24-week subgroup of patients. Symbols show mean pain
value at 0, 12 and 24 weeks for patient subgroups with index joint knee (n = 301) or hip (n = 198). Error bars represent
95% confidence intervals.
https://doi.org/10.1371/journal.pone.0229783.g002
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Fig 3. Joint pain change over 24 weeks stratified in tertiles by baseline pain severity for the 0 to 24-week subgroup of patients.
Symbols show mean pain value at 0, 12 and 24 weeks for patient subgroups with index joint knee (n for tertiles low 100, mid 99, high
102) or hip (n for tertiles each 66). Error bars represent 95% confidence intervals.
https://doi.org/10.1371/journal.pone.0229783.g003

increased by 0.76 repetitions (95% CI 0.64, 0.89) and 0.72 repetitions (95% CI 0.65, 0.79) per
month, for the 24- and 48-week sub-sample respectively. The group difference (comparing 24and 48-week sub-samples) in pain change did not reach statistical significance.
BMI, index joint or gender did not importantly influence pain or physical function over
time. Pain improvement was not affected by age, yet with increasing age, there was a statistically significant but not clinically relevant decrease in the improvement in physical function
(-0.003 per year; 95% CI -0.005, -0.002; p<0.01). Mean and median values of pain and physical
function, for each time point and per index joint and sub-sample, are reported in Table 3.

Discussion
This is, to the best of our knowledge, the first study investigating the long-term benefits of
patients adhering to a digital OA self-management programme. Results in two groups of 499
and 138 individuals being adherent to treatment for about 5 out of 7 days per week for 24 or
48 weeks showed a substantial reduction in the level of pain and an increase in physical performance per month of treatment. Based on available group-level data, there were no signs of
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Table 2. Descriptive data for knee and hip OA in the 48-week sub-sample (n = 138).
Characteristic

Knee (n = 78)

Age, mean (SD)

65 (9)

64 (8)

Female, n (%)

54 (69)

42 (70)

27.0 (4.4)

26.0 (3.8)

BMI, mean (SD)

Hip (n = 60)

Weight status, n (%)
• Underweight (BMI <18.5)

0 (0)

0 (0)

• Normal weight (BMI 18.5–24.9)

29 (37)

30 (50)

• Overweight (BMI 25–29.9)

28 (36)

17 (28)

• Obese (BMI �30)

21 (27)

13 (22)

• Low, mean (SD)

2.7 (1.0)

3.8 (1.1)

• Moderate, mean (SD)

5.5 (0.7)

6.5 (0.7)

• Severe, mean (SD)

7.6 (0.7)

8.4 (0.7)

Baseline pain per severity group

BMI = body mass index. NRS = Numeric rating scale. OA = osteoarthritis.
https://doi.org/10.1371/journal.pone.0229783.t002

worsening of symptoms during participation. Around 70% of those undertaking the programme reached a clinically relevant pain reduction at both follow-ups, and could thus be
characterized as responders to treatment, with no clear difference between people with knee or
hip OA. This result suggests that taking part in and adhering to a digital self-management programme is beneficial for reducing pain intensity and increasing physical function for older
adults with knee or hip OA, and that results are maintained for up to one year.
In the present study, we observed greater improvements in both pain and physical function
when compared to results from systematic reviews summarizing studies on people with knee
and hip OA undergoing first-line interventions, where a decrease in pain of 6 points out of
100, at six months, was reported for knee OA [6, 7]. Yet these results are not directly comparable since the meta-analysis reported results several months after the close of active treatment,
while the current study reports on a continuous intervention, but also due to potential differences in study population and intervention delivery.
The reduction in pain and increase in physical function in people with OA participating in
first-line interventions has been shown to decline over time [6, 7, 18], probably due to the limited treatment duration (usually between 8 and 12 sessions over 8 weeks). Available evidence
suggests that undertaking exercise for longer periods is associated with better outcomes [6,
30], regardless of the duration of a single session, potentially explaining the larger improvement experienced by people undergoing the present digital programme [31, 32].
The results of this study are comparable to, or somewhat better than shown in previous
studies analysing the effect of digital self-management programmes. Bossen et al. showed a
2-point reduction on the WOMAC pain subscale (equivalent to a 10-point reduction on a
0–100 scale) after 8 months of providing a fully automated web-based programme aiming to
increase patients’ physical activity (n = 199) [21]. The intervention consisted of a 9-week gradually increasing program. The presence of targeted joint-specific exercises in the present digital
self-management programme performed 5–10 minutes daily, combined with the inclusion of
human supervision with continuous follow-up of goals and outcomes, may explain the greater
pain reduction showed in the current study. Another self-management programme including
education and exercise delivered digitally, showed a similar pain reduction after 6 months in
comparison to the current study, although results were based on a small sample (n = 41), and
the program ended after 12 weeks [22].
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Fig 4. Pain change over time, per index joint, for the 0 to 48-week subgroup of patients. Symbols show mean pain value at 0, 12, 24
and 48 weeks for patient subgroups with index joint knee (n = 78) or hip (n = 60). Error bars represent 95% confidence intervals.
https://doi.org/10.1371/journal.pone.0229783.g004

Participants in the present digital self-management programme with more severe pain experienced larger absolute pain reductions compared to those with less severe pain, yet the relative
reduction was comparable. This suggests that the programme has the potential to yield similar benefit regardless of pain experienced by the participant at baseline. Hence it may be argued that the
selection of patients for an exercise-based intervention should not be based solely on pain, and
confirms that exercise is effective in reducing pain regardless of symptom severity [12].
Results from some exercise-based OA interventions suggest that knee OA patients experience a larger pain reduction, in comparison to those suffering from hip OA [18, 19]. We were
unable to confirm this differential response to exercise of the knee and hip in the present
study. Differences in participant’ characteristics (e.g. age, disease severity), outcomes used,
treatment delivery and exercise dose may explain these different study results.
Some limitations of our study need to be addressed. The lack of a control group and randomization limit our ability to explain the mechanisms of the observed reduction in pain and
increased physical function in these OA patients, or to claim a direct cause and effect relationship. However, previous systematic reviews and meta-analyses of controlled trials provide evidence of a cause and effect relationship between exercise and patient benefits [33, 34].
In the current study pain and physical function were both shown to improve over time.
Furthermore, patients of all pain levels at baseline improved (high variability in baseline pain
was found). Even so, some contribution to outcomes by context effects and regression to the
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Table 3. Pain and physical function at baseline and follow-up.
Time

Mean (95% CI)

Median (IQR)

Mean (95% CI)

Median (IQR)

24-week sub-sample (n = 499)
Knee OA (n = 301)

Hip OA (n = 198)

Pain
Baseline

5.6 (5.4–5.8)

6 (2)

5.9 (5.7–6.2)

6 (2)

Week 12

3.4 (3.2–3.7)

3 (3)

3.9 (3.7–4.3)

4 (4)

Week 24

3.1 (2.9–3.4)

3 (3)

3.8 (3.4–4.1)

3 (3)
10 (3)

Physical function
Baseline

10.0 (9.6–10.4)

10 (4)

10.9 (10.4–11.5)

Week 12

13.7 (13.2–14.2)

13 (6)

14.2 (13.4–14.9)

13 (6)

Week 24

14.3 (13.7–14.8)

14 (6)

14.8 (13.9–15.5)

14 (7)

48-week sub-sample (n = 138)
Knee OA (n = 78)

Hip OA (n = 60)

Pain
Baseline

5.7 (5.2–6.1)

6 (3)

5.8 (5.2–6.3)

6 (3)

Week 12

3.2 (2.8–3.7)

3 (3)

3.9 (3.3–4.4)

4 (4)

Week 24

2.9 (2.4–3.5)

2 (3)

3.4 (2.8–3.9)

3 (3)

Week 48

3.2 (2.7–3.8)

3 (4)

3.8 (3.1–4.4)

4 (4)

10.3 (9.6–10.9)

10 (4)

11.1 (10.2–12.1)

11 (4)

Physical function
Baseline
Week 12

13.7 (12.8–14.6)

14 (5)

14.6 (13.5–15.7)

14 (6)

Week 24

15.1 (13.9–16.3)

15 (6)

15.4 (14.1–16.7)

15 (7)

Week 48

14.4 (13.1–15.7)

14 (6)

14.9 (13.7–16.2)

15 (5)

a

Measured using the Numerical Rating Scale (NRS 0–10).

https://doi.org/10.1371/journal.pone.0229783.t003

mean would be expected, although the magnitude is uncertain. Only a randomized controlled
trial can provide a specific answer to the degree of regression to the mean.
Since results are based on a register of patients voluntarily choosing whether to report their
outcomes and when to end treatment, reflecting clinical reality, some data is missing.
Although the results suggest that those ending treatment do not importantly differ from
included participants in terms of descriptive factors at baseline, for future studies it would be
of value to interview and follow those ending treatment, and their OA-related outcomes. Specifically, it would be valuable due to the current program being continuous and having no
defined ending. The participant sample was drawn from a register and inclusion criteria comprised of a hip or knee OA diagnosis and having initiated treatment with a 70% adherence for
the initial weeks, supporting generalisability. Hence, the sample should reflect the population
to a greater extent than randomized controlled trials that commonly have more stringent
inclusion criteria. Adding on, the 30 CST was instructed using a video and the patient thus
performed the test accordingly without the supervision of a physiotherapist, hence the result
from the measure should be interpreted with caution when compared to other studies. Finally,
we could not control for other treatments undertaken by the participants during the study
period, therefore use of concurrent non-pharmacological or pharmacological treatments may
have influenced the results.
The challenges and barriers of delivering exercise and education based self-management
programmes to the growing OA population are substantial. Considering the positive results
showed in this and previous studies, digital interventions may represent a viable alternative for
patients without access to or not interested in participating in traditional face to face
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programmes. Digital interventions such as the present one may also complement traditional
programmes to enhance long-term adherence to treatment. Yet further investigation into specific components of digital interventions outside of exercise is warranted, to more clearly
understand the mechanics and benefits of specific parts of digital OA treatment programs.
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S1 Table. Comparative data for the 24-week sub-sample (n = 499) and excluded participants (n = 1210).
(PDF)
S1 Checklist. STROBE statement—checklist of items that should be included in reports of
cohort studies.
(DOC)

Acknowledgments
The authors would like to thank the participants of the study for contributing essential data.
We express our gratitude to Vinnova, the Swedish Innovation Agency, for their financial support. Also, thanks to Jonas Ranstam for statistical guidance and advice, and to Daniel Kloek
for graphical assistance.

Author Contributions
Conceptualization: Leif E. Dahlberg, Andrea Dell’Isola, L. Stefan Lohmander, Håkan Nero.
Data curation: Håkan Nero.
Formal analysis: Håkan Nero.
Funding acquisition: Leif E. Dahlberg.
Investigation: Leif E. Dahlberg, Andrea Dell’Isola, L. Stefan Lohmander, Håkan Nero.
Methodology: Leif E. Dahlberg, Andrea Dell’Isola, L. Stefan Lohmander, Håkan Nero.
Resources: Leif E. Dahlberg.
Visualization: L. Stefan Lohmander.
Writing – original draft: Leif E. Dahlberg, Andrea Dell’Isola, L. Stefan Lohmander, Håkan
Nero.
Writing – review & editing: Leif E. Dahlberg, Andrea Dell’Isola, L. Stefan Lohmander, Håkan
Nero.

References
1.

Murray CJL, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. Disability-adjusted life years
(DALYs) for 291 diseases and injuries in 21 regions, 1990–2010: a systematic analysis for the Global
Burden of Disease Study 2010. The Lancet. 2012; 380(9859):2197–223. https://doi.org/10.1016/
s0140-6736(12)61689-4

2.

Willett M, Duda J, Gautrey C, Fenton S, Greig C, Rushton A. Effectiveness of behavioural change techniques in physiotherapy interventions to promote physical activity adherence in patients with hip and
knee osteoarthritis: a systematic review protocol. BMJ Open. 2017; 7(6):e015833. Epub 2017/07/02.
https://doi.org/10.1136/bmjopen-2017-015833 PMID: 28667221; PubMed Central PMCID:
PMC5726121.

3.

Kingsbury SR, Gross HJ, Isherwood G, Conaghan PG. Osteoarthritis in Europe: impact on health status, work productivity and use of pharmacotherapies in five European countries. Rheumatology

PLOS ONE | https://doi.org/10.1371/journal.pone.0229783 March 4, 2020

11 / 13

PLOS ONE

Long-term effect of digital OA treatment

(Oxford). 2014; 53(5):937–47. Epub 2014/02/04. https://doi.org/10.1093/rheumatology/ket463 PMID:
24489012.
4.

Turkiewicz A, Petersson IF, Bjork J, Hawker G, Dahlberg LE, Lohmander LS, et al. Current and future
impact of osteoarthritis on health care: a population-based study with projections to year 2032. Osteoarthritis and cartilage / OARS, Osteoarthritis Research Society. 2014; 22(11):1826–32. Epub 2014/08/02.
https://doi.org/10.1016/j.joca.2014.07.015 PMID: 25084132.

5.

Wallace IJ, Worthington S, Felson DT, Jurmain RD, Wren KT, Maijanen H, et al. Knee osteoarthritis has
doubled in prevalence since the mid-20th century. Proceedings of the National Academy of Sciences of
the United States of America. 2017; 114(35):9332–6. Epub 2017/08/16. https://doi.org/10.1073/pnas.
1703856114 PMID: 28808025; PubMed Central PMCID: PMC5584421.

6.

Fransen M, McConnell S, Harmer AR, Van der Esch M, Simic M, Bennell KL. Exercise for osteoarthritis
of the knee. In: Fransen M, editor. Chichester, UK: John Wiley & Sons, Ltd; 2015.

7.

Fransen M, McConnell S, Hernandez-Molina G, Reichenbach S. Exercise for osteoarthritis of the hip.
Cochrane Database Syst Rev. 2014;(4):CD007912. Epub 2014/04/24. https://doi.org/10.1002/
14651858.CD007912.pub2 PMID: 24756895.

8.

Fernandes L, Hagen KB, Bijlsma JW, Andreassen O, Christensen P, Conaghan PG, et al. EULAR recommendations for the non-pharmacological core management of hip and knee osteoarthritis. Ann
Rheum Dis. 2013; 72(7):1125–35. Epub 2013/04/19. https://doi.org/10.1136/annrheumdis-2012202745 PMID: 23595142.

9.

Hochberg MC, Altman RD, April KT, Benkhalti M, Guyatt G, McGowan J, et al. 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; 64(4):465–74. Epub
2012/05/09. https://doi.org/10.1002/acr.21596 PMID: 22563589.

10.

The Swedish National Board of Health and Welfare—National guidelines for orthopaedic conditions.
Available from: http://www.socialstyrelsen.se/nationalguidelines/
nationalguidelinesfororthopaedicconditions

11.

Bannuru RR, Osani MC, Vaysbrot EE, Arden NK, Bennell K, Bierma-Zeinstra SMA, et al. OARSI guidelines for the non-surgical management of knee, hip, and polyarticular osteoarthritis. Osteoarthritis Cartilage. 2019. Epub 2019/07/07. https://doi.org/10.1016/j.joca.2019.06.011 PMID: 31278997.

12.

Juhl C, Christensen R, Roos EM, Zhang W, Lund H. Impact of exercise type and dose on pain and disability in knee osteoarthritis: a systematic review and meta-regression analysis of randomized controlled trials. Arthritis Rheumatol. 2014; 66(3):622–36. Epub 2014/02/28. https://doi.org/10.1002/art.
38290 PMID: 24574223.

13.

Basedow M, Esterman A. Assessing appropriateness of osteoarthritis care using quality indicators: A
systematic review. Journal of Evaluation in Clinical Practice. 2015; 21(5):782–9. https://doi.org/10.
1111/jep.12402 PMID: 26083547

14.

Runciman WB, Hunt TD, Hannaford NA, Hibbert PD, Westbrook JI, Coiera EW, et al. CareTrack:
assessing the appropriateness of health care delivery in Australia. Med J Aust. 2012; 197(2):100–5.
Epub 2012/07/17. https://doi.org/10.5694/mja12.10510 PMID: 22794056.

15.

Caneiro JP, O’Sullivan PB, Roos EM, Smith AJ, Choong P, Dowsey M, et al. Three steps to changing
the narrative about knee osteoarthritis care: a call to action. British journal of sports medicine. 2019.
Epub 2019/09/06. https://doi.org/10.1136/bjsports-2019-101328 PMID: 31484634.

16.

Allen KD, Choong PF, Davis AM, Dowsey MM, Dziedzic KS, Emery C, et al. Osteoarthritis: Models for
appropriate care across the disease continuum. Best Practice and Research: Clinical Rheumatology.
2016; 30(3):503–35. https://doi.org/10.1016/j.berh.2016.09.003 PMID: 27886944

17.

Thorstensson CA, Garellick G, Rystedt H, Dahlberg LE. Better Management of Patients with Osteoarthritis: Development and Nationwide Implementation of an Evidence-Based Supported Osteoarthritis
Self-Management Programme. Musculoskeletal Care. 2015; 13(2):67–75. Epub 2014/10/28. https://
doi.org/10.1002/msc.1085 PMID: 25345913.

18.

Dell’Isola A, Jonsson T, Ranstam J, Dahlberg LE, Hansson EE. Education, home exercise and supervised exercise for people with hip and knee osteoarthritis as part of a nationwide implementation programme: data from the BOA registry. Arthritis Care Res (Hoboken). 2019. https://doi.org/10.1002/acr.
24033 PMID: 31325229.

19.

Skou ST, Roos EM. Good Life with osteoArthritis in Denmark (GLA:D): evidence-based education and
supervised neuromuscular exercise delivered by certified physiotherapists nationwide. BMC Musculoskelet Disord. 2017; 18(1):72. Epub 2017/02/09. https://doi.org/10.1186/s12891-017-1439-y PMID:
28173795; PubMed Central PMCID: PMC5297181.

20.

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

PLOS ONE | https://doi.org/10.1371/journal.pone.0229783 March 4, 2020

12 / 13

PLOS ONE

Long-term effect of digital OA treatment

Care Res (Hoboken). 2012; 64(2):238–47. Epub 2011/09/29. https://doi.org/10.1002/acr.20642 PMID:
21954131.
21.

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. J Med Internet Res. 2013; 15(11):e257. Epub 2013/11/26. https://doi.org/10.2196/jmir.2662
PMID: 24269911; PubMed Central PMCID: PMC3841352.

22.

Smittenaar P, Erhart-Hledik JC, Kinsella R, Hunter S, Mecklenburg G, Perez D. Translating Comprehensive Conservative Care for Chronic Knee Pain Into a Digital Care Pathway: 12-Week and 6-Month
Outcomes for the Hinge Health Program. JMIR Rehabil Assist Technol. 2017; 4(1):e4. Epub 2017/06/
06. https://doi.org/10.2196/rehab.7258 PMID: 28582253; PubMed Central PMCID: PMC5460069.

23.

Nero H, Dahlberg J, Dahlberg LE. A 6-Week Web-Based Osteoarthritis Treatment Program: Observational Quasi-Experimental Study. Journal of medical Internet research. 2017; 19(12):e422. Epub 2017/
12/20. https://doi.org/10.2196/jmir.9255 PMID: 29254906.

24.

Cronstrom A, Nero H, Dahlberg LE. Factors associated with patients’ willingness to consider joint surgery after completion of a digital osteoarthritis treatment program: A prospective cohort study. Arthritis
Care Res (Hoboken). 2018. Epub 2018/10/10. https://doi.org/10.1002/acr.23772 PMID: 30298990.

25.

Von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting
observational studies. Annals of internal medicine. 2007; 147(8):573–7. https://doi.org/10.7326/00034819-147-8-200710160-00010 PMID: 17938396

26.

Williamson A, Hoggart B. Pain: a review of three commonly used pain rating scales. Journal of clinical
nursing. 2005; 14(7):798–804. Epub 2005/07/08. https://doi.org/10.1111/j.1365-2702.2005.01121.x
PMID: 16000093.

27.

Tubach F, Ravaud P, Martin-Mola E, Awada H, Bellamy N, Bombardier C, et al. Minimum clinically
important improvement and patient acceptable symptom state in pain and function in rheumatoid arthritis, ankylosing spondylitis, chronic back pain, hand osteoarthritis, and hip and knee osteoarthritis:
Results from a prospective multinational study. Arthritis Care Res (Hoboken). 2012; 64(11):1699–707.
Epub 2012/06/08. https://doi.org/10.1002/acr.21747 PMID: 22674853.

28.

Dobson F, Hinman RS, Roos EM, Abbott JH, Stratford P, Davis AM, et al. OARSI recommended performance-based tests to assess physical function in people diagnosed with hip or knee osteoarthritis.
Osteoarthritis and cartilage / OARS, Osteoarthritis Research Society. 2013; 21(8):1042–52. Epub
2013/05/18. https://doi.org/10.1016/j.joca.2013.05.002 PMID: 23680877.

29.

Rolfson O, Wissig S, van Maasakkers L, Stowell C, Ackerman I, Ayers D, et al. Defining an International
Standard Set of Outcome Measures for Patients With Hip or Knee Osteoarthritis: Consensus of the
International Consortium for Health Outcomes Measurement Hip and Knee Osteoarthritis Working
Group. Arthritis Care Res (Hoboken). 2016; 68(11):1631–9. Epub 2016/10/27. https://doi.org/10.1002/
acr.22868 PMID: 26881821; PubMed Central PMCID: PMC5129496.

30.

Young JL, Rhon DI, Cleland JA, Snodgrass SJ. The Influence of Exercise Dosing on Outcomes in
Patients With Knee Disorders: A Systematic Review. J Orthop Sports Phys Ther. 2018; 48(3):146–61.
Epub 2018/01/13. https://doi.org/10.2519/jospt.2018.7637 PMID: 29320945.

31.

Nicolson PJA, Hinman RS, Kasza J, Bennell KL. Trajectories of adherence to home-based exercise
programs among people with knee osteoarthritis. Osteoarthritis and cartilage / OARS, Osteoarthritis
Research Society. 2018; 26(4):513–21. Epub 2018/01/24. https://doi.org/10.1016/j.joca.2018.01.009
PMID: 29360592.

32.

Lee AC, Harvey WF, Han X, Price LL, Driban JB, Bannuru RR, et al. Pain and functional trajectories in
symptomatic knee osteoarthritis over up to 12 weeks of exercise exposure. Osteoarthritis Cartilage.
2018; 26(4):501–12. Epub 2018/02/03. https://doi.org/10.1016/j.joca.2018.01.016 PMID: 29391277;
PubMed Central PMCID: PMC5871586.

33.

Edge R, Farrah K. Exercise for the Management of Knee Osteoarthritis: A Review of Clinical Effectiveness. CADTH Rapid Response Reports. Ottawa (ON)2017.

34.

Wellsandt E, Golightly Y. Exercise in the management of knee and hip osteoarthritis. Curr Opin Rheumatol. 2018; 30(2):151–9. Epub 2017/12/19. https://doi.org/10.1097/BOR.0000000000000478 PMID:
29251659.

PLOS ONE | https://doi.org/10.1371/journal.pone.0229783 March 4, 2020

13 / 13

