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Abstract
Background
Osteoarthritis (OA) is a chronic, progressive condition that can be effectively managed via conservative treatments including exercise, weight management and education. Offering these treatments contemporaneously and digitally may increase adherence and engagement due to the flexibility and cost-effectiveness of digital program delivery. The objective of this review was to summarise the characteristics of current digital self-management interventions for individuals with OA and synthesise adherence and attrition outcomes.

Methods
Electronic databases were searched for randomised controlled trials utilising digital self-management interventions in individuals with OA. Two reviewers independently screened the search results and extracted data relating to study characteristics, intervention characteristics, and adherence and dropout rates.

Results
Eleven studies were included in this review. Intervention length ranged from 6 weeks to 9 months. All interventions were designed for individuals with OA and mostwere multi-component and were constructed around physical activity. The reporting of intervention adherence varied greatly between studies and limited the ability to form conclusions regarding the impact of intervention characteristics. However, of the seven studies that quantified adherence, six reported adherence > 70%. Seven of the included studies reported attrition rates < 20%, with contact and support from researchers not appearing to influence adherence or attrition.

Conclusions
Holistic digital interventions designed for a targeted condition are a promising approach for promoting high adherence and reducing attrition. Future studies should explore how adherence of digital interventions compares to face-to-face interventions and determine potential influencers of adherence.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13690-022-00854-x.
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	Cognitive behavioural therapy

	COVID-19
	Coronavirus disease 2019 (COVID-19)
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Background
Osteoarthritis (OA) is a chronic and disabling condition, characterised by joint pain and stiffness leading to loss of function and impaired quality of life [1]. OA is highly prevalent, affecting approximately 2.2 million Australians [2], with incidence estimates rising steeply with age in both males and females [3]. The knee and hip are the most commonly affected joints, ranking highly among global causes of disability and chronic pain, and contributing to a large proportion of the economic burden [4, 5]. OA is a chronic progressive condition that can be effectively managed through conservative non-surgical interventions but can often require specialist consultation and surgery [6]. The core conservative strategies recommended by evidence-based guidelines include physical activity, weight management and OA education and self-management [7–9].
Self-management is defined as the individual’s ability to manage the symptoms, treatment, physical and psychosocial consequences and lifestyle changes inherent in living with OA [10]. The core components of self-management programs recommended by national and international guidelines are OA education, physical activity and weight loss in those who are overweight or obese [6–9, 11]. Other components commonly included in self-management programs include cognitive behavioral therapy, mind-body exercise (yoga and tai-chi), aquatic exercise and use of assistive walking devices [6–9]. As pain is often the predominant symptom and a cause of significant burden, providing pain-management support is crucial [12]. Self-management programs that encompass patient education and include a cognitive behavioural component are widely recommended, and have been found to reduce pain [13, 14], enhance physical function [13] and increase self-efficacy [15].
The growing burden of OA on both the healthcare system and the individual, as well as the restrictions in face-to-face consultation due to the coronavirus disease 2019 (COVID-19) pandemic, has led to increased development and implementation of programs that can be offered digitally [16, 17]. Digital programs could be useful as they provide increased accessibility, flexibility and convenience, all at low, or no cost for the user [18]. There has been some success in reducing pain and improving function with these types of interventions for individuals with OA [13]. A recent systematic review and meta-analysis reported that digital self-management programs moderately reduced pain and improved physical function at comparable levels to face-to-face interventions [13]. However, there are often challenges that exist with digital programs that have limited practitioner support, including poor adherence and high dropout rates [19, 20].
Implementing conservative, digital self-management strategies for individuals with OA at a population level can result in substantial cost savings to the individual and the healthcare system [7]. Digital self-management interventions have the capacity to reach a large number of people, improving the dissemination of health-related education and support to individuals with OA. However, digital health interventions may also face critical barriers with engaging and retaining participants [21]. The aim of this systematic scoping review is to summarise and characterise the current digital self-management interventions in individuals with OA and synthesise adherence and attrition outcomes to these interventions.
Methods
This scoping review adhered to the Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) [22] and was guided by the framework outlined by Arksey and O’Malley [23].
Search strategy and eligibility criteria
Electronic database searches were conducted in July 2021 using EBSCOhost (CINAHL, MEDLINE, APA PsycInfo and SPORTDiscus), CENTRAL, Ovid MEDLINE and EMBASE with no date or language restrictions placed on the search. The databases selected were comprehensive and cover a broad range of disciplines. The search included a combination of Medical Subject Heading (MeSH) terms and free text keywords relating to OA, digital-based, self-management interventions. The search strategy was developed in consultation with an institutional librarian. An example search strategy is reported in Additional file 1 and was adapted for the specific requirements of each database. Reference lists of relevant review articles were also searched to identify additional eligible studies.
Eligibility criteria
The participant, intervention, comparison, outcome and studies (PICOS) framework was used for this systematic scoping review. Randomised controlled trials that included adults (≥18 years of age) with a diagnosis of OA (self-report or by a medical practitioner), or who met the criteria for chronic hip and/or knee pain and utilised a digital-based, self-management intervention were included in this review. Digital interventions included those that were online (website) or a mobile phone application. We included interventions that utilised a self-management program, as defined by Lorig and Holman [24]. We included randomised controlled trials (RCT) with any form of control group (e.g. waitlist, treatment as usual, active controls, etc.) that reported any measure of feasibility or acceptability. Studies were excluded when participants were in an in-patient setting (hospital, nursing home or care institution), or had received surgery, and studies that utilised a supervised intervention (face-to-face or telehealth) as the primary component.
Study selection
After the removal of duplicates, two reviewers independently screened each article by title and abstract, followed by full-text review using Covidence software (Covidence systematic review software, Veritas Health Innovation, Melbourne, Australia. Available at www.​covidence.​org). Discrepancies were resolved through discussion or in consultation with a third reviewer when required.
Data charting and synthesis
A data extraction template was jointly developed a priori by two reviewers in order to determine which data to extract. The two reviewers independently piloted the data extraction template, discussed the results and iteratively updated the template. Data were extracted independently by two reviewers (R.P. and A.T.). Extracted data included study design, participant characteristics (age, BMI, sex and affected joint), main findings, intervention characteristics (duration and frequency), intervention content, mode of delivery and outcomes relating to adherence, attrition and useability. Study details, participant characteristics and intervention details were summarised. Studies were then grouped and discussed according to the content provided within their intervention, with categorisation of content being collectively agreed upon by the two reviewers. Lastly, studies reporting outcomes relating to adherence, attrition and useability were summarised.
Results
A flow diagram of the study selection process is presented in Fig. 1. Overall, 5148 studies were identified in the initial database search. After 1620 duplicates were removed, 3528 were screened, from which 115 were reviewed for full-text. Of these, 16 articles met the eligibility criteria (Fig. 1). Following this, the reference lists of relevant articles were reviewed, but no additional articles were identified that fulfilled the inclusion criteria. Of the 16 eligible articles, five were secondary analyses from which data was not required for this review. Therefore, a total of 11 articles are discussed in this review.[image: ]
Fig. 1PRISMA flow diagram


Summary of study details and participant characteristics
A summary of the study information, participant characteristics and main findings of the 11 included studies is reported in Table 1 and briefly described. Six studies included individuals with knee OA [25–30], one included individuals with hip OA [31] and four included individuals with either hip or knee OA [15, 32–34]. Ten studies reported a higher numbers of female participants (range, 56–100%). The mean age of participants ranged from 54 to 68 years. The sample size of the studies ranged from 40 to 427. Four studies included a follow-up at 12-months [15, 26, 31, 34], one at 9 months [28] and the remaining six studies had no follow-up [25, 27, 29, 30, 32, 33]. The control groups varied amongst included studies. Four studies provided education to their control group [27, 28, 30, 31], one provided a home-based exercise program [25], one provided usual physical therapy [34], two included a waitlist control group [15, 26] and three studies did not provide anything to their control group [29, 32, 33]. In addition to a control group, two studies also included a physical therapy group, which included individualised home exercise programs. Pain was the most commonly reported outcome used by authors to assess the effectiveness of the interventions [25, 28, 29, 32–34].Table 1Study details, participant characteristics and main findings


	Study
	Country
	Participant characteristics
Age & BMI: mean ± SD
Sex: (N female/male)
	Affected joint (%)
	Main study findings

	Alasfour & Almarwani 2020 [25]
	Saudi Arabia
	Age: 54.4 ± 4.3 years
BMI: NR
Sex: 40/0
	100% knee OA
	Greater improvements in pain in the intervention group compared to the control group.

	Allen et al. 2018 [26]
	USA
	Age: 65.3 ± 11.1 years
BMI: 31.4 ± 8.0
Sex: 251/99
	100% knee OA
	No significant differences in WOMAC scores between groups.

	Allen et al. 2021 [27]
	USA
	Age: 60.0 ± 10.3 years
BMI: 33.9 ± 7.4
Sex: 53/292
	100% knee OA
	Greater improvement in the total WOMAC score in the intervention group compared to control group.

	Bennell et al. 2017 [28]
	Australia
	Age: 60.8 ± 6.5a years
BMI: 32.0 ± 13.9a
Sex: 83/65
	100% chronic knee pain suggestive of OA
	Significant improvement in pain and physical function in the intervention group compared to the control group.

	Bennell et al. 2018 [31]
	Australia
	Age: 61.2 ± 7.2a years
BMI: 29.2 ± 13.1a
Sex: 82/62
	100% hip OA
	No significant differences between groups in pain or physical function.

	Bossen et al. 2013 [15]
	The Netherlands
	Age: 62.0 ± 5.7 years
BMI: 27.6 ± 4.5
Sex: 129/70
	64% knee OA, 21% hip OA and 15% had both
	Significant improvements in physical function in the intervention group compared to the control group.

	Gohir et al. 2021 [29]
	UK
	Age: 66.7 ± 9.2 years
BMI: 31.9 ± 5.9a
Sex: 71/34
	100% knee OA
	Significant improvements in pain and physical function in the intervention group compared to the control group.

	Kloek et al. 2018 [34]
	Netherlands
	Age: 63.8 ± 4.2a years
BMI: 27.8 ± 4.2a
Sex: 141/67
	67% knee OA, 18% hip OA and 15% had both
	Both groups significantly improved pain, quality of life and self-efficacy.
No significant differences between the groups.

	Nelligan et al. 2021 [30]
	Australia
	Age: 60.0 ± 8.0 years
BMI: 31.1 (26.6–34.9)a,b
Sex: 109/97
	100% knee OA
	Significant improvements in pain and physical function in the intervention group compared to the control group.

	Pelle et al. 2020 [32]
	Netherlands
	Age: 62.1 ± 7.3 years
BMI: 27.8 ± 5.1a
Sex: 306/119
	73% knee OA and 27% hip OA
	No significant difference in health care utilisation between the two groups. Significant improvements in pain, symptoms and activities of daily living in the intervention group.

	Rini et al. 2015 [33]
	USA
	Age: 67.6 ± 9.5 years
BMI: NR
Sex: 91/22
	35% knee OA, 12% hip OA and 52% had both
	Significant improvements in pain among women who received intervention compared to the control group.
Both men and women increased self-efficacy post-intervention compared to the control group.


Abbreviations: BMI body mass index, OA osteoarthritis, PT physical therapy, UK United Kingdom, USA United States of America, WOMAC Western Ontario and McMaster Universities Osteoarthritis Index
aIntervention group only
bMedian and interquartile range



Intervention summary
The intervention details are reported in Table 2. All interventions were designed specifically for individuals with OA. The length of the interventions ranged from 6 weeks to 9 months. Four interventions were less than 10 weeks [15, 25, 29, 33], three were between 10 and 20 weeks [26, 28, 34] and four were longer than 20 weeks [27, 30–32]. Eight studies utilised a website to deliver their intervention [15, 26–28, 30, 31, 33, 34] and the remaining three studies used a smartphone application [25, 29, 32].Table 2Intervention details


	Study &
delivery
	Duration & frequency
	Physical activity
	OA education
	Nutrition
	Pain management
	CBT
	Other (reminders, equipment, etc.)

	Alasfour & Almarwani 2020 [25]
App-based
	Duration: 6 weeks
Frequency: NR
	Strengthening exercises for lower-limb muscles
	X
	X
	X
	X
	• Alerts and monitoring system.
• Resistance band

	Allen et al. 2018 [26]
Internet-based
	Duration: 16 weeks
Frequency: 3 times per week
	Tailored strengthening, stretching and aerobic exercise with progressions
	X
	X
	Pain monitoring
	X
	• Automated reminders
• Progress tracking
• Ankle weights and resistance bands

	Allen et al. 2021 [27]
Internet-based
	Duration: 9 months
Frequency: 3 times per week
	Tailored strengthening, stretching and aerobic exercise with progressions
	X
	X
	Pain monitoring
	X
	• Automated reminders
• Tracking progress
• Ankle weights and resistance bands

	Bennell et al. 2017 [28]
Internet-based
	Duration: 12 weeks
Frequency: 1 PCST module and 3 exercise sessions per week
	Individualised lower-limb-strengthening exercise program
	Weeks 1–8: Education material on a range of topicsa
	Education about healthy eating
	Education regarding pain management
	Weeks 1–8: PCSTb
	• Resistance bands and ankle weights
• Email reminders
• Optional pedometer

	Bennell et al. 2018 [31]
Internet-based
	Duration: 24 weeks
Frequency: 1 PCST module and 3 exercise sessions per week
	Weeks 8–24: Individualised lower-limb-strengthening and flexibility exercises
	Weeks 1–8: Education material on a range of topicsa
	Education about healthy eating
	Education regarding pain management
	Weeks 1–8: PCSTb
	• Email reminders

	Bossen et al. 2013 [15]
Internet-based
	Duration: 9 weeks
Frequency: 1 module per week
	Self-paced, graded, self-selected physical activity program
	Education about OA
	X
	X
	X
	• Web-based messages and emails
• Goal settings

	Gohir et al. 2021 [22]
App-based
	Duration: 6 weeks
Frequency: daily exercises
	Leg strengthening, core stability and balance
	Education about OA, treatments, managing symptoms, behaviour change and healthy lifestyle
	X
	X
	X
	• Daily emails or notifications
• Quizzes

	Kloek et al. 2018 [34]
Internet-based
	Duration: 12 weeks
Frequency:
	Self-selected aerobic exercise and 2 strength exercises progressed gradually
	Weekly videos about OA etiology, medication, and social influences on pain
	Information regarding weight management
	Education regarding pain management
	X
	•Weekly automatic emails
•Tailored feedback

	Nelligan 2021 [30]
Internet-based
	Duration: 24 weeks
Frequency: 3 times per week
	Lower limb strengthening
exercise program
	Education about living with knee OA and treatments
	X
	Education about managing exercise pain
	X
	• Regular automated messages and prompts
•Logbooks

	Pelle et al. 2020 [32]
App-based
	Duration: 26 weeks
Frequency: daily exercises
	Exercise library containing 10 exercises
	OA education and treatment, generic lifestyle advice, physical activity and vitality
	Information and goal setting regarding nutrition for weight management
	X
	Goal setting
	• Tailored goals
• Daily notification
/reminders
•Rewards

	Rini et al. 2015 [33]
Internet-based
	Duration: 8 weeks
Frequency: 1 PCST module per week
	X
	X
	X
	Education regarding pain management
	PCSTb
	•Automatic reminders
• Earn badges
• COACHtrack to self-monitor
• COACHchat for social support


CBT cognitive behavioural therapy, NR not reported, PCST pain-coping skills training
X = not included in intervention
aEducation material covering exercise and physical activity, pain management, emotions, healthy eating, complementary therapies, and medications from www.​arthritisaustral​ia.​com.​au
bPCST included progressive relaxation, activity-rest cycling, scheduling pleasant activities, changing negative thoughts, pleasant imagery and distraction techniques, and problem solving



Summary of intervention content
Physical activity
A broad range of physical activity prescriptions were utilised in the included studies. Ten of the 11 studies included a physical activity component, eight of which focused their exercise prescription around lower-limb strengthening exercises [25–29, 31, 32, 35], one included both strength exercises and aerobic exercise [25] and one included only aerobic exercise [30]. Two of the studies that primarily focused on strengthening exercise also provided aerobic exercise recommendations [26, 27]. Four studies provided individualised exercise prescription [26–28, 31]. Six of the studies included exercise progressions for the lower limb strength exercises [26–29, 31, 34], one study gave participants the ability to alter the intensity of their aerobic exercise [15], one study periodically increased the amount of exercises completed per week [25] and the remaining two studies did not report progressions [30, 32]. Six studies requested participants complete their recommended exercises three times per week [26–28, 30, 31, 34], two studies recommended daily exercises [29, 32], one study asked participants to complete one module per week [15] and the remaining study did not report the frequency of exercise [25]. No studies reported prescribed exercise intensity.
Education
A diversity of educational content were delivered. Seven of the studies included a component of OA disease-specific education [15, 28–32, 34]. The most common topics covered were OA treatments, and the benefits of behavioural change and lifestyle modifications for improving the symptoms of OA. Other topics included OA aetiology, medications, vitality, nutrition and alternative therapies.
Weight management/healthy eating
Only four studies included a component addressing healthy eating/weight management [28, 31, 32, 34]. One of these provided nutritional information for weight management and included goal setting on nutrition to promote weight management [32]. Two studies focused on education regarding healthy eating [28, 31] and the fourth study provided education on weight management [34].
Pain management and cognitive behavioural therapy/behaviour change techniques
Seven studies included a component of pain management [26–28, 30, 31, 33, 34]. Two of these studies only provided pain monitoring [26, 27], two provided information regarding pain management [30, 34] and the remaining three studies used a pain-coping skills training (PCST [PainCOACH]) program, which uses cognitive behavioural therapy principles to manage or reduce pain [28, 31, 33]. The PainCOACH program included eight modules, one completed per week, each providing interactive training in a cognitive or behavioural pain coping skill. The modules covered progressive muscle relaxation, activity-rest cycling, scheduling pleasant activities, changing negative thoughts, pleasant imagery and distraction techniques and problem solving.
One study also had a strong focus on goal setting with tailored goals [32], with the central feature of the application used being a library of predefined “tiny habit” goals and triggers to a healthier lifestyle.
Social/peer support
Only one of the included studies had a component of social or peer support [33]. Participants were able to post their own experiences and read about the experience of others.
Contact with study personnel
Four of the studies provided a phone number or an email address for participants to contact the research team if they needed assistance [26, 27, 29, 30]. Five studies either did not provide or did not report whether participants were given details to contact the research team [15, 25, 31–33]. Two studies provided either teleconferencing [28] or face-to-face consults with participants [34]. Every study utilised automated reminders sent via email or text message, or from within the website, and ranged from daily to monthly reminders.
Adherence, attrition, usability and satisfaction
Adherence to intervention
Adherence outcomes are reported in Table 3. Of the 10 studies utilising a home exercise program, five reported adherence rates. Four studies reported adherence levels ranging from 68.0 [28] to 87.9% [29] and one used the exercise adherence rating scale, reporting a score of 15.4/24 [30]. The study reporting the greatest adherence to the exercise program (87.9%) utilised an app-based program for 6 weeks [29]. Another 6 week app-based intervention reported an average adherence of 83.4% [25]. The lowest mean adherence to a home exercise program of 68% was for an intervention of 12 weeks duration [28]. The two studies with the highest reported levels of exercise adherence were app-based studies [25, 29], whereas the two studies with the lowest reported adherence were online interventions [28, 31].Table 3Feasibility outcomes


	Study
	Group size (total N)
	Adherence
	Dropout rates post-intervention
	Dropout rates at follow up
	Satisfaction

	Alasfour & Almarwani 2020 [25]
	I: 20
C: 20
(40)
	• An average of 85% of exercise sessions were completed
	10%
	X
	X

	Allen et al. 2018 [26]
	I: 142
C: 68
(350)
	• 80% logged on to program at least once
• Mean of 21 logins per participant
	25%
	27%
	X

	Allen et al. 2021 [27]
	I: 230
C: 115
(345)
	• 72% logged on to program at least once
• Median of 2 logins per participant (median of 11 for those that logged in at least once)
	29%
	X
	X

	Bennell et al. 2017 [28]
	I: 74
C: 74
(148)
	• 68% of home exercise sessions completed
• 78% accessed education material
• 64% of PCST practices completed
• Average of 6.4 of 8 PCST modules were completed
	5%
	11%
	• Education = 1.8/5a
• PCST = 2/5a
• Physiotherapy = 1/5a

	Bennell et al. 2018 [31]
	I: 73
C: 71
(144)
	• 72% of home exercise sessions completed
• 74% accessed educational material
• Average of 6.6 of 8 PCST modules were completed
	9%
	12%
	17 questions on the usability of PCST. See paper for details.

	Bossen et al. 2013 [15]
	I: 100
C: 99
(199)
	• 94% logged on at least once
• 62% of education modules completed
• 46% adherent to the intervention (6/9 modules completed)
• 19% completed all modules
	16%
	24%
	SUS = 73/100a

	Gohir et al. 2021 [29]
	I: 48
C: 57
(105)
	• An average of 88% of exercise sessions were completed
	28%
	X
	X

	Kloek et al. 2018 [34]
	I: 109
C: 99
(208)
	• 81% of participants adhered to the program (completed at least 8 of the 12 modules)
	18%
	39%
	SUS = 73/100a

	Nelligan et al. 2021 [30]
	I: 103
C: 103
(206)
	• 97% logged on at least once
• 39% accessed the website in final 4 weeks
• Mean of 6 logins per participant
• 73% reply rate to text messages
	13%
	X
	• Treatment satisfaction = 5.6/7a
• Usefulness of website = 5.3/7a
• Usefulness of text messages = 5.3/7a

	Pelle et al. 2020 [32]
	I: 214
C: 213
(427)
	• 80% opened the app at least once
• 70% adherent to intervention (chose at least one goal)
• 53% achieved at least one goal
• 26% still used intervention at the end of the study
	39%
	X
	SUS = 65/100a

	Rini et al. 2015 [33]
	I: 58
C: 55
(113)
	•91% completed all PCST modules
	2%
	X
	X


All reported data is for intervention group at the main assessment time point
X = outcome not reported
Abbreviations: C control, I intervention, PCST pain-coping skills training, SUS system usability scale
aA higher score indicates greater satisfaction



Five studies reported average module completion rates, with rates ranging between 62 and 91% [15, 28, 31, 33, 34]. Three of these studies reported module completion rates for the pain-coping skills training (PainCOACH) program [28, 31, 33]. Two studies reported an average of 6.4 [28] and 6.8 [31] out of 8 modules were completed by participants whilst the third study reported that 91% [33] of participants completed all modules. The remaining two studies examined module completion rates relating to weekly exercise assignments [15, 34]. One study reported that 46% of participants reached the set adherence threshold of 6 out of 9 modules completed, reporting an average of 5.6 of the 9 modules were completed by participants [15]. The second study reported that 81.1% of participants completed at least 8 of the 12 weekly modules [34]. Both of these studies used a self-selected aerobic exercise, however, the latter also included strength exercises on 3 days of the week.
Dropouts
Dropout rates varied from 1.7% [33] to 39.3% [32] (Table 3). Of these, one study reported a drop out rate > 30% [32], three studies reported a dropout rate of 20–30% [26, 27, 29], four studies reported a drop out rate between 10 and 20% [15, 25, 30, 34], and three studies reported dropout rates < 10% [28, 31, 33]. The lowest dropout rates were reported among interventions of shorter interventions with the lowest dropout rates (1.7%) occurring in an 8-week intervention [33]. Similarly, there was a dropout rate of 5% after a 6-week intervention [25]. One exception was a 6-week intervention, which recorded the second largest dropout rate at 28%, however, this study lost approximately 20% of participants due to COVID-19 lockdowns preventing post-intervention testing [29]. The largest dropout rate (39.3%) was reported in a 26-week intervention [32]. However, other 24-week interventions recorded much lower dropout rates ranging from 9.6 to 12.6%. Of the three 12-week interventions, dropout rates ranged from 5.4 to 19.7%. Dropout rates at follow up were only available for six studies and varied between 11 and 39% [15, 26–28, 31, 34].
Satisfaction and usability of the intervention
Six of the 11 studies reported satisfaction and usability outcomes. The system usability scale (SUS) was utilised by three studies [15, 32, 34] and a numerical rating scales (NRS) of treatment satisfaction was used by the other three studies [28, 30, 31]. The SUS scores ranged from 65 to 73/100 and are considered average scores [36]. A higher score suggests the intervention was more usable. The study with the lowest SUS score was also the study with the highest dropout rate and one of the longest intervention durations [32]. Treatment satisfaction assessed using a NRS were measured using several different scales and the results are thus difficult to interpret.
Discussion
Despite guidelines for OA management clearly indicating key topics of importance, the online programs varied widely, not only in intervention content, but also in their duration, type of OA, and reporting of adherence measures. All interventions were, however, multi-component, included alerts and monitoring, and all but one intervention included physical activity. It appears that, irrespective of the content of the self-management interventions, there was a relatively high adherence and low attrition to the online programs, with the majority of studies reporting a dropout rate of less than 20%. It was, however, noted that interventions of longer duration tended to have higher dropout rates. Therefore, future studies should address barriers to long-term adherence to improve the impact of conservative, cost-effective therapy for individuals with OA.
Overall, the content covered in the online programs was quite diverse. Physical activity was the most common topic covered in self-management interventions, included in all but one program, which is in line with current evidence-based recommendations [6–9]. Despite weight management also being considered a core component of OA management, surprisingly, less than 40% of studies included this topic [7, 8]. It is not clear why weight management was not covered in all programs, particularly since all studies reported a mean BMI > 25 kg/m2, which indicates that most participants were overweight or obese, and likely increasing the progression of osteoarthritis [37]. The majority of the interventions also focused specifically on either knee or hip OA, with only four designed for both. Although the management of OA in these two joints is very similar, there are slight differences, particularly in regards to exercise prescription [7, 11]. The duration of the interventions also varied greatly making it difficult to determine factors that may promote long-term adherence. Furthermore, only two studies reported adherence to the program between the end of the intervention and follow-up, both reporting a further decrease of ~ 20% adherence to the program. It is important that future studies measure long-term adherence to the intervention.
The various measures of program use and adherence, and the lack of reporting in some instances make it difficult to form definitive conclusions regarding factors that may have contributed to higher adherence. Overall we found that, unlike other digital interventions, which commonly report adherence rates of only around 50% [38, 39], studies included in this review typically reported adherence rates of 70% or greater. Three studies that reported high adherence utilised pain-coping skills training. The pain-coping skills training uses cognitive behavioural therapy and behaviour change principles to help individuals manage OA pain [40]. Cognitive behavioural therapy has been found to be beneficial for a range of health conditions including chronic pain [41], nonspecific back pain [42], mental disorders [43] and fibromyalgia [44]. The Osteoarthritis Research Society International guidelines also recommend cognitive behavioural therapy when combined with a component of exercise for individuals with knee OA [8]. Furthermore, a secondary analysis of one of these studies indicated that participants reported that they were better able to cope with the pain due to the pain-coping techniques and training utilised [45]. Autonomous motivation is an important predictor of health behaviour change and maintenance [46]. Another potential reason why adherence rates were relatively high in these studies is the self-selection of participants. Participants were recruited via advertisements and letters of invitations introducing self-selection bias, suggesting that those willing to participate in an online intervention are more willing to make a lifestyle change and therefore more likely to adhere to the intervention compared to those recruited from an inpatient setting or hospital waiting list [47].
Despite high dropout rates being a common concern among digital interventions [21], studies included in this review had relatively low dropout rates of between 5 and 39%, and only four of the included studies had dropout rates higher than the generally accepted rate of 20% [26, 27, 29, 32]. However, one of these studies was impacted by COVID-19 lockdowns, preventing approximately 20% of participants from completing post-intervention testing, inflating the dropout rate [29]. The other studies with higher dropout rates had relatively long interventions of 16 weeks or greater, suggesting the prolonged study length may have contributed to higher dropout rates. Notably, one 26 week intervention with high attrition rates also reported the lowest SUS score [32]. In contrast, two studies with interventions of 12 and 24 weeks reported low dropout rates [28, 31]. Although speculative, the fact that both studies were multidisciplinary, comprehensive interventions that utilised a combination of physical activity, education, pain management and cognitive behavioural therapy could have contributed to lower attrition rates.
The high adherence and low dropout rates reported may also be due to increased public understanding of the importance of self-management in chronic disease management, providing individuals with the tools to effectively manage their illness and improve health outcomes [48]. Adding to this, one of the most successful and well-known OA self-management programs, the Arthritis Self-Management Program, has been adopted worldwide [49, 50] and has been used as a foundation for most existing OA self-management interventions. Although these interventions are typically not delivered digitally, a recent meta-analysis exploring the impact of digital self-management interventions for people with OA demonstrated that such programs can result in a significant reduction in pain compared to a control group [13]. Although not included as a main outcome of this review, it was noted that a large number of studies included in this review reported significant improvements in their main outcome, most commonly pain, between the intervention and control groups.
We also must consider the impact of the increased accessibility of online interventions in that they allow people to receive treatment at any time and location [51]. Digital-based interventions are also more cost-effective compared to face-to-face interventions and reduce traditional barriers to treatment such as time scheduling, missing work and travel [52]. A challenge with digital interventions is that many are typically delivered only in one language and often require a certain level of literacy. Given the cultural diversity in most countries, the potential reach of these online self-management interventions will be limited if they are not developed to accommodate for individuals from linguistically diverse backgrounds. Furthermore, most self-management interventions are primarily available through participation in clinical trial evaluations. Hence, making these interventions available to the wider population could be beneficial for reducing the burden on individuals with OA and on the healthcare system.
One limitation of this review is that we were unable to differentiate the characteristics, and adherence and attrition rates between hip and knee OA due to the small number of included studies, only one of which focused on hip OA. Therefore, future research is required to determine whether knee and hip OA have different needs, in order to encourage adherence and reduce attrition to an intervention. Furthermore, some studies did not adequately report adherence or program usage, which made it difficult to determine the impact of the interventions on these outcomes. It is important for future studies to assess and report on intervention adherence and program usage in order to determine which characteristics are successful for improving these outcomes. In addition, very few studies stated whether their intervention used was designed following a theoretical framework. This information is crucial for understanding behaviour change and adherence. The application of theory is advocated as an integral step in intervention design and evaluation [53]. Although it is likely that the included studies were grounded in appropriate theories, many made no mention of such. Future studies should specifically state which theories were targeted in the development of the digital self-management interventions for individuals with OA in order to understand whether these may have impacted adherence. Lastly, studies analysing satisfaction and usability used various outcome measures, making it difficult to compare the results and form conclusions. Future studies should report participant satisfaction and use validated outcomes measures such as the SUS to determine the level of participant satisfaction and inform future interventions.
Conclusion
In conclusion, the majority of self-management interventions for individuals with OA have been successful in promoting adherence and reducing attrition to these interventions. Given the flexibility, availability and accessibility of these programs, whilst maintaining participant adherence, digital self-management interventions could offer an opportunity for individuals with OA to self-manage symptoms and reduce their need for more invasive treatments. Future digital self-management interventions should be multi-component and include physical activity and other key aspects of osteoarthritis management such as weight management, education and cognitive-behavioural approaches to pain management to increase engagement with the intervention. In addition, future studies should consider strategies to promote long-term adherence and determine whether long-term adherence to lifestyle behaviours results in ongoing reductions in pain.
Acknowledgements
Not applicable.

Authors’ contributions
RKP conducted the search, screening and selection of articles, data extraction, drafting and revision of manuscript. AT assisted with the search, screening and selection of articles, data extraction and revision of manuscript. RP, AP, MD, PT, MM, RL, VA and CS critically reviewed the manuscript. IL and MW contributed to the drafting and editing of this manuscript. All authors read and approved the final manuscript.

Funding
Open Access funding enabled and organized by CAUL and its Member Institutions This work was supported by the Victorian Higher Education State Investment Fund.

Availability of data and materials
Not applicable, all data are available within the manuscript.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Martel-Pelletier J, Barr AJ, Cicuttini FM, Conaghan PG, Cooper C, Goldring MB, et al. Osteoarthritis. Nat Rev Dis Prim. 2016;2(1):16072.PubMed

	2.
Australian Bureau of Statistics. Microdata: National Health Survey, 2017–18, detailed microdata, DataLab. ABS cat no. 4324.0.55.001. Canberra; 2019.

	3.
Prieto-Alhambra D, Judge A, Javaid MK, Cooper C, Diez-Perez A, Arden NK. Incidence and risk factors for clinically diagnosed knee, hip and hand osteoarthritis: influences of age, gender and osteoarthritis affecting other joints. Ann Rheum Dis. 2014;73(9):1659–64.PubMed

	4.
Cross M, Smith E, Hoy D, Nolte S, Ackerman I, Fransen M, et al. The global burden of hip and knee osteoarthritis: estimates from the global burden of disease 2010 study. Ann Rheum Dis. 2014;73(7):1323–30.PubMed

	5.
Hunter DJ, Schofield D, Callander E. The individual and socioeconomic impact of osteoarthritis. Nat Rev Rheumatol. 2014;10(7):437–41.PubMed

	6.
Bruyère O, Honvo G, Veronese N, Arden NK, Branco J, Curtis EM, et al. An updated algorithm recommendation for the management of knee osteoarthritis from the European Society for Clinical and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases (ESCEO). In:  Seminars in arthritis and rheumatism: Elsevier; 2019.

	7.
Royal Australian College of General Practitioners. Guideline for the management of knee and hip osteoarthritis: Royal Australian College of General Practitioners East Melbourne; 2018.

	8.
Bannuru RR, Osani M, Vaysbrot E, Arden N, Bennell K, Bierma-Zeinstra S, et al. OARSI guidelines for the non-surgical management of knee, hip, and polyarticular osteoarthritis. Osteoarthr Cartil. 2019;27(11):1578–89.

	9.
Kolasinski SL, Neogi T, Hochberg MC, Oatis C, Guyatt G, Block J, et al. 2019 American College of Rheumatology/Arthritis Foundation guideline for the Management of Osteoarthritis of the hand, hip, and knee. Arthritis Care Res. 2020;72(2):149–62.

	10.
Barlow J. How to use education as an intervention in osteoarthritis. Best Pract Res Clin Rheumatol. 2001;15(4):545–58.PubMed

	11.
Fernandes L, Hagen KB, Bijlsma JWJ, 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.PubMed

	12.
Geenen R, Overman CL, Christensen R, Åsenlöf P, Capela S, Huisinga KL, et al. EULAR recommendations for the health professional’s approach to pain management in inflammatory arthritis and osteoarthritis. Ann Rheum Dis. 2018;77(6):797–807.PubMed

	13.
Safari R, Jackson J, Sheffield D. Digital self-management interventions for people with osteoarthritis: systematic review with meta-analysis. J Med Internet Res. 2020;22(7):e15365.PubMedPubMedCentral

	14.
Smith C, Kumar S, Pelling N. The effectiveness of self-management educational interventions for osteoarthritis of the knee. JBI Libr Syst Rev. 2009;7(25):1091–118.PubMed

	15.
Bossen D, Veenhof C, Van Beek KEC, Spreeuwenberg PMM, 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.PubMedPubMedCentral

	16.
Mouratidis K, Papagiannakis A. COVID-19, internet, and mobility: the rise of telework, telehealth, e-learning, and e-shopping. Sustain Cities Soc. 2021;74:103182.PubMedPubMedCentral

	17.
Martins Van Jaarsveld G. The effects of COVID-19 among the elderly population: a case for closing the digital divide. Front. Psychiatry. 2020;11:577427.

	18.
Murray E, May C, Mair F. Development and formative evaluation of the e-health implementation toolkit (e-HIT). BMC Med Inform Decis Making. 2010;10(1):61.

	19.
Wangberg SC, Bergmo TS, Johnsen J-AK. Adherence in internet-based interventions. Patient Prefer Adherence. 2008;2:57–65.PubMedPubMedCentral

	20.
van Ballegooijen W, Cuijpers P, van Straten A, Karyotaki E, Andersson G, Smit JH, et al. Adherence to internet-based and face-to-face cognitive behavioural therapy for depression: a meta-analysi. PLoS One. 2014;9(7):e100674.PubMedPubMedCentral

	21.
Meyerowitz-Katz G, Ravi S, Arnolda L, Feng X, Maberly G, Astell-Burt T. Rates of attrition and dropout in app-based interventions for chronic disease: systematic review and meta-analysis. J Med Internet Res. 2020;22(9):e20283.PubMedPubMedCentral

	22.
Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann Intern Med. 2018;169(7):467–73.PubMed

	23.
Arksey H, O'Malley L. Scoping studies: towards a methodological framework. Int J Soc Res Methodol. 2005;8(1):19–32.

	24.
Lorig KR, Holman HR. Self-management education: history, definition, outcomes, and mechanisms. Ann Behav Med. 2003;26(1):1–7.PubMed

	25.
Alasfour M, Almarwani M. The effect of innovative smartphone application on adherence to a home-based exercise programs for female older adults with knee osteoarthritis in Saudi Arabia: a randomized controlled trial. Disabil Rehabil. 2020;1-8.

	26.
Allen KD, Arbeeva L, Callahan LF, Golightly YM, Goode AP, Heiderscheit BC, et al. Physical therapy vs internet-based exercise training for patients with knee osteoarthritis: results of a randomized controlled trial. Osteoarthr Cartil. 2018;26(3):383–96.

	27.
Allen KD, Woolson S, Hoenig HM, Bongiorni D, Byrd J, Caves K, et al. Stepped exercise program for patients with knee osteoarthritis: a randomized controlled trial. Ann Intern Med. 2021;174(3):298–307.PubMed

	28.
Bennell KL, Nelligan R, Dobson F, Rini C, Keefe F, Kasza J, et al. Effectiveness of an internet-delivered exercise and pain-coping skills training intervention for persons with chronic knee pain: a randomized trial. Ann Intern Med. 2017;166(7):453–62.PubMed

	29.
Gohir SA, Eek F, Kelly A, Abhishek A, Valdes AM. Effectiveness of internet-based exercises aimed at treating knee osteoarthritis: the iBEAT-OA randomized clinical trial. JAMA Netw Open. 2021;4(2):e210012.PubMedPubMedCentral

	30.
Nelligan RK, Hinman RS, Kasza J, Crofts SJC, Bennell KL. Effects of a self-directed web-based strengthening exercise and physical activity program supported by automated text messages for people with knee osteoarthritis: a randomized clinical trial. JAMA Intern Med. 2021;181(6):776–85.PubMed

	31.
Bennell KL, Nelligan RK, Rini C, Keefe FJ, Kasza J, French S, et al. Effects of internet-based pain coping skills training before home exercise for individuals with hip osteoarthritis (HOPE trial): a randomised controlled trial. Pain. 2018;159(9):1833–42.PubMed

	32.
Pelle T, Bevers K, van der Palen J, van den Hoogen FHJ, van den Ende CHM. Effect of the dr. Bart application on healthcare use and clinical outcomes in people with osteoarthritis of the knee and/or hip in the Netherlands; a randomized controlled trial. Osteoarthr Cartil. 2020;28(4):418–27.

	33.
Rini C, Porter LS, Somers TJ, McKee DC, DeVellis RF, Smith M, et al. Automated internet-based pain coping skills training to manage osteoarthritis pain: a randomized controlled trial. Pain. 2015;156(5):837–48.PubMedPubMedCentral

	34.
Kloek CJJ, Bossen D, Spreeuwenberg PM, Dekker J, de Bakker DH, Veenhof C. Effectiveness of a blended physical therapist intervention in people with hip osteoarthritis, knee osteoarthritis, or both: a cluster-randomized controlled trial. Phys Ther. 2018;98(7):560–70.PubMedPubMedCentral

	35.
Williams QI, Gunn AH, Beaulieu JE, Benas BC, Buley B, Callahan LF, et al. Physical therapy vs. internet-based exercise training (PATH-IN) for patients with knee osteoarthritis: study protocol of a randomized controlled trial. BMC Musculoskelet Disord. 2015;16:264.PubMedPubMedCentral

	36.
Lewis JR. The system usability scale: past, present, and future. Int J Hum Comput Interact. 2018;34(7):577–90.

	37.
King LK, March L, Anandacoomarasamy A. Obesity & osteoarthritis. Indian J Med Res. 2013;138(2):185–93.PubMedPubMedCentral

	38.
Kelders SM, Kok RN, Ossebaard HC, Van Gemert-Pijnen JEWC. Persuasive system design does matter: a systematic review of adherence to web-based interventions. J Med Internet Res. 2012;14(6):e152.PubMedPubMedCentral

	39.
Christensen H, Griffiths KM, Farrer L. Adherence in internet interventions for anxiety and depression: systematic review. J Med Internet Res. 2009;11(2):e13.PubMedPubMedCentral

	40.
Rini C, Porter LS, Somers TJ, McKee DC, Keefe FJ. Retaining critical therapeutic elements of behavioral interventions translated for delivery via the internet: recommendations and an example using pain coping skills training. J Med Internet Res. 2014;16(12):e245.PubMedPubMedCentral

	41.
Ehde DM, Dillworth TM, Turner JA. Cognitive-behavioral therapy for individuals with chronic pain: efficacy, innovations, and directions for research. Am Psychol. 2014;69(2):153.PubMed

	42.
Sveinsdottir V, Eriksen HR, Reme SE. Assessing the role of cognitive behavioral therapy in the management of chronic nonspecific back pain. J Pain Res. 2012;5:371.PubMedPubMedCentral

	43.
Hofmann SG, Asnaani A, Vonk IJJ, Sawyer AT, Fang A. The efficacy of cognitive behavioral therapy: a review of meta-analyses. Cogn Ther Res. 2012;36(5):427–40.

	44.
Bennett R, Nelson D. Cognitive behavioral therapy for fibromyalgia. Nat Clin Pract Rheumatol. 2006;2(8):416–24.PubMed

	45.
Lawford BJ, Hinman RS, Nelligan RK, Keefe F, Rini C, Bennell KL. "I could do it in my own time and when I really needed it": perceptions of online pain coping skills training for people with knee osteoarthritis. Arthritis Care Res (Hoboken). 2020;72(12):1736–46.

	46.
Hurkmans E, Maes S, De Gucht V, Knittle K, Peeters A, Ronday H, et al. Motivation as a determinant of physical activity in patients with rheumatoid arthritis. Arthritis Care Res. 2010;62(3):371–7.

	47.
Hegedus EJ, Moody J. Clinimetrics corner: the many faces of selection bias. J Man Manip Ther. 2010;18(2):69–73.PubMedPubMedCentral

	48.
Grady PA, Gough LL. Self-management: a comprehensive approach to management of chronic conditions. Am J Public Health. 2014;104(8):e25–31.PubMedPubMedCentral

	49.
Lorig K, González VM, Laurent DD, Morgan L, Laris BA. Arthritis self-management program variations: three studies. Arthritis Rheum. 1998;11(6):448–54.

	50.
Lorig KR, Mazonson PD, Holman HR. Evidence suggesting that health education for self-management in patients with chronic arthritis has sustained health benefits while reducing health care costs. Arthritis Rheum. 1993;36(4):439–46.PubMed

	51.
Ritterband LM, Thorndike FP, Cox DJ, Kovatchev BP, Gonder-Frederick LA. A behavior change model for internet interventions. Ann Behav Med. 2009;38(1):18–27.PubMed

	52.
Tate DF, Finkelstein EA, Khavjou O, Gustafson A. Cost effectiveness of internet interventions: review and recommendations. Ann Behav Med. 2009;38(1):40–5.PubMed

	53.
Davis R, Campbell R, Hildon Z, Hobbs L, Michie S. Theories of behaviour and behaviour change across the social and behavioural sciences: a scoping review. Health Psychol Rev. 2015;9(3):323–44.PubMed



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Digital self-management interventions for osteoarthritis: a systematic scoping review of intervention characteristics, adherence and attrition


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/13690_2022_854_Fig1_HTML.png
Identification

Screening

Included

Records identified from database
searching (n = 5148)

\ 4

Records removed before screening:
Duplicate records removed
(n=1620)

Records screened
(n = 3528)

v

Records excluded
(n=3413)

Reports sought for retrieval
(n=115)

v

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=115)

Reports excluded:
Wrong publication type (n = 46)
Wrong intervention (n = 32)
Wrong study design (n =13)
Wrong outcomes (n = 4)
Wrong population (n = 4)

[

Studies included in review
Primary articles (n=11)

Secondary analyses
(n=5)






OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





