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Abstract

Osteoarthritis (OA) is a highly prevalent musculoskeletal condition worldwide. More than 300 million
individuals are affected by OA, and pain is the most common and challenging symptom to manage.
Although many new advances have led to improved OA-related pain management, smart technology
offers additional opportunities to enhance symptom management. This narrative review identifies and
describes the current literature focused on smart technology for pain management in individuals with
OA. In collaboration with a health sciences librarian, an interdisciplinary team of clinician-scientists
searched multiple databases (e.g. PubMed, CINAHL and Embase), which generated 394 citations for
review. After inclusion criteria were met, data were extracted from eight studies reporting on varied
smart technologies, including mobile health, wearables and eHealth tools to measure or manage pain.
Our review highlights the dearth of research in this crucial area, the implications for clinical practice
and technology development, and future research needs.
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o OA is a prevalent musculoskeletal condition that requires multimodal management.
e Smart technology can enhance monitoring and management of pain in OA.
o Evidence indicates the potential benefits of smart technology for pain management; more research is warranted.

managing OA-related symptoms [6], managing OA-re-
lated pain remains extremely challenging [7]. This is
Osteoarthritis (OA) is the most common form of arthritis probably attributable to the dynamic and biopsychoso-
and a leading cause of pain and physical disability af-  cial nature of OA-related pain [8], which results in wide

Introduction

fecting an estimated 303 million people worldwide [1, 2].
The prevalence, incidence, and costs of care of OA
have increased significantly over the past century [3],
which has been particularly evident in high- and middle-
income countries [4]. For example, in the USA, a
reported US$140 billion were spent on OA-related medi-
cal costs in 2013 [5]. Despite recent medical advances
and an increased focus on lifestyle approaches for self-
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inter-individual variability in pain [9]. Furthermore, con-
straints in access to health-care services and the current
global hesitancy in prescribing opioids for long-term
pain management add to the challenge of effective pain
management in OA [10-12]. Therefore, improved chronic
pain management models relative to OA are needed
that provide cost-efficient and accessible interventions
for chronic pain management [13]. Smart technology
that is tailored to the medical needs of patients might
overcome the current barriers and gaps in health-care
by providing remote assistance in monitoring, controlling
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and treating OA-related chronic pain [14]. Smart tech-
nology is defined as an Internet-connected and intercon-
nected electronic or automated device or system that is
responsive and/or reactive to real-time data input [5,
15]. Harnessing smart technology is the next step in the
optimization of personalized and precision medicine in
patients with chronic OA-related pain.

The past decade has yielded immense advances in
the volume and innovation of digital technologies for OA
management [15], including smart technology. These
technologies typically include a smart design interface
via artificial intelligence, machine learning and big data
cloud computing and require interactive engagement
with the end users (e.g. patients, providers) [15]. As out-
lined by Solomon & Rudin [15], smart technologies in-
clude virtual reality, mobile health (mHealth; e.g.
smartphones, smartwatches, tablets or other Internet-
enabled devices), wearables (e.g. smartwatches, smart
clothing), digital therapeutics and voice assistants.
Indeed, the US national public health agenda for OA
recommends that health-care providers promote self-
management through digital means, such as mHealth
and wearable devices, along with traditional options,
such as self-directed online programmes [16]. Smart
technology empowers individuals, regardless of age, to
engage actively in disease management strategies and
decision-making processes that foster improved quality
of life. The role of smart technology in disease self-man-
agement has been documented in chronic illness [17],
gout [18], RA [19] and JIA [20]. For example, in an inter-
national study among adults aged 45-54years,
researchers reported that >50% of people with rheu-
matic and musculoskeletal disorders were aware of
mHealth self-management applications (apps), and 42%
were currently using these apps, mainly to self-monitor
various health indicators and disease progression and to
communicate and interact with their health-care provider
directly [21]. Although there are ~280 smart applications
for chronic pain self-management, as of 2017, most are
limited in terms of their functionality and do not offer
comprehensive self-management capabilities [22].

The potential benefits of digital health technologies,
including smart technologies, in rheumatology have
been noted [15], including a significant moderate effect
on pain reduction in OA [23]. Nevertheless, many chal-
lenges persist in widespread utilization of smart technol-
ogies for health and OA-related pain management. One
of the most common and pervasive is the digital divide,
which limits access and use by older adults, racial/eth-
nic minorities, and individuals who are economically dis-
advantaged, live in rural environments, and have low
health literacy and/or cognitive and functional impair-
ments [24]. A second major limitation is the lack of best-
practice standards for digital health-care technologies
[15] and promotion of technology for self-management
in clinical guidelines. Despite these shortcomings, en-
abled technologies hold much promise for improved pa-
tient care and health outcomes through innovative
treatment and education delivery platforms, advanced

monitoring of symptoms and treatment responses, and
real-time communication with health-care providers. To
date, few reviews have assessed the available research
focused on smart technology for OA pain self-manage-
ment. Therefore, the purpose of this narrative review is
to synthesize and understand the current literature on
management of OA pain across the lifespan using smart
technology to guide future research and clinical
applications.

Methods
Study design

The aim of this narrative review was to describe the use
of smart technology for pain management in patients
with OA. The guiding question for this narrative review
was: how has smart technology been used for self-man-
agement of OA-related pain?

Search strategy

For this narrative review, a systematic search strategy
was developed by a health science librarian (M.E.), in
collaboration with the research team, to search the liter-
ature comprehensively. We defined smart technology as
intelligent (and intuitive) and connected digital technolo-
gies that actively used interactive, adaptive and respon-
sive self-monitoring analysis and reporting technology.
This eliminated technologies that are static (e.g. pre-pro-
grammed Web-based self-management programmes,
electronic health records). The search strategies devel-
oped used a combination of keywords, MeSH terms
and controlled vocabulary related to the core concepts
of OA, smart technologies, pain, pain management or
self-management.  Searched databases included
PubMed, Embase, CINAHL, PsycINFO and Web of
Science, with no date limits (through July 2020) and an
English language filter; full search strategies are avail-
able upon request. Search results (n=394) were
uploaded into Covidence software (Melbourne, Victoria,
Australia) for de-duplication and review.

Study selection

The review process was completed in Covidence and
conducted in two steps: review of the title and abstract,
and full-text review. Each article was assessed for eligi-
bility and inclusion by two reviewers. All reviewers were
assigned an equal number of titles and articles to review
at both steps. Articles were selected based on the fol-
lowing inclusion criteria: (a) original quantitative and
qualitative studies on OA; (b) uses smart technology for
pain and symptom management; and (c) any age group.
Articles were excluded if they were study protocols, lit-
erature reviews, focused on total joint replacement or
did not included pain as a primary or secondary out-
come. Discrepancies in study inclusion were resolved
after agreement was reached through team discussion.
Once discrepancies from the title and abstract review
were resolved, a full-text review was performed in the
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same manner. Final verification and quality control were
performed by the first and last authors.

Data extraction

Data were extracted from included articles by members
of the research team and added to a data extraction ta-
ble. The data extraction table included authors, study
design, participant age group, type of smart technology
used, results and reported limitations. Data abstraction
was limited to descriptive data; therefore, there were no
discrepancies during the data abstraction process be-
cause no analysis of the extracted data was performed.

Results

Our initial search yielded a total of 394 potential articles.
After removal of 62 duplicates, 332 articles were
screened, with 259 articles removed after the title and
abstract screening. The full-text review was conducted
on the remaining 73 articles, of which 65 did not meet
our inclusion criteria. Studies were excluded for the fol-
lowing reasons: (a) incorrect patient population (e.g. RA,
JIA, general musculoskeletal pain conditions not specific
to OA); (2) did not use smart technology (e.g. static on-
line self-management programmes with no smart tech-
nology interface); (c) wrong study design (e.g. reviews,
study protocols); (d) published abstracts without corre-
sponding full-text manuscript; and (e) non-English
language.

Eight studies met the inclusion criteria for full-text re-
view (Table 1). Of the four quantitative studies included,
two were randomized controlled trials (RCTs) [25, 26]
and two were pilot studies [27, 28], which examined the
effects and feasibility of different mHealth smart technol-
ogy applications for pain and symptom self-manage-
ment among individuals with OA. Each of the
quantitative studies relied on technology-assisted
assessments of symptoms and intervention delivery, us-
ing applications downloaded to smart phones or tablets.
Four qualitative studies were included in this review and
focused on the perspectives of physicians and patients
with regard to the use of smart technology to assist with
pain self-management [29-32]. Participants in all studies
were adults >18years of age. Although we aimed to in-
clude studies with younger samples (e.g. adolescents),
literature specific to OA in children and adolescents was
not found. This is not surprising given the relatively low
occurrence rate of OA in younger populations. Males
and females were both represented in the studies. Two
pilot studies [27, 28] and three qualitative studies [29,
31, 32] included a larger percentage of females than
males; otherwise, study samples were balanced across
sexes. The reported sample sizes ranged from 9 to 162
participants. Included studies were conducted in the
USA [25, 27, 28], England [30, 32], Australia [29],
Canada [31] and The Netherlands [26].

Quantitative studies include two RCTs and two pilot
studies, using apps downloaded to either a smartphone
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or tablet and/or wearable devices/sensors. Pronk et al.
[26] examined the effects of the PainCoach app on par-
ticipants’ opiate use and self-reported pain after total
knee replacement. The PainCoach app was downloaded
to patients’ smartphone or tablet and provided patients
with targeted recommendations for pain medication use,
exercise and rest based on participant input. Findings
indicated that the PainCoach app reduced opiate con-
sumption and increased the pain reduction rate during
activity compared with the control group [26]. In a sec-
ond study, researchers examined the effects of a down-
loadable app for smartphones or tablets (i.e. Hinge
Health digital care programme), which included sensor-
guided exercise therapy, education, cognitive behaviou-
ral therapy, weight loss and psychosocial support for
chronic knee pain [25]. The Hinge Health programme
was shown to reduce clinical pain significantly com-
pared with the control group at the end of the 12 week
programme [25]. In a pilot study, researchers assessed
the attitudes and perceptions of older adults with knee
OA to a smartwatch app that was designed to collect
ecological momentary assessments (EMAs) of OA symp-
toms, and found that the majority of participants (n =19)
assessed the technology positively [27]. Participants
also indicated interest in the capabilities of the smart-
watch to perform other health-tracking functions and its
potential use as a communication tool with health-care
providers [27]. Researchers piloting wearable technology
(i.e. Fitbit Charge 2) combined with motivational inter-
viewing among adults (n=22) with OA found the
mHealth self-management intervention to be feasible
and showed initial benefits for improving pain-related
symptoms in OA (i.e. sleep disturbance) [28]. Although
few in number, these four studies provide initial support
for the integration of smart technology for improved pain
management outcomes in OA.

Four qualitative studies were included and explored
the attitudes of patients and physicians to and experien-
ces with self-management apps and wearable technol-
ogy for OA-related pain [29-32]. A qualitative study
using semi-structured interviews among community-
dwelling adults with OA-related pain found that older
adults value apps for self-management, while recogniz-
ing the need for digital technology to be aligned with
patients’ preferences and clinician involvement [29]. In a
focus group of 21 participants with knee OA, partici-
pants reported that wearables provided a helpful mech-
anism to describe more objectively and explain a
subjective experience, such as pain. Many felt empow-
ered by the opportunity to be able to control and im-
prove their health with access to real-time feedback
[32]. Another study assessing perspectives of both
patients (n=4) and physicians (n=4) found contrasting
views [31]. Patients felt that pain was as an important
factor in their overall health and were open to smart
technology for self-management. In contrast, physicians
viewed OA-related pain as a relatively minor health
problem and did not endorse its proactive management
and were sceptical of technology-driven self-
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management [31]. In an exploratory study of the opin-
ions of clinicians (n=30) regarding a smart pressure-
sensing insole (Flexifoot), the authors reported that all
clinicians were in support of the smart technology as a
self-management tool that could be used to comple-
ment existing clinical tools, providing objective feedback
to promote more effective patient—provider communica-
tion, leading to improved outcomes [30]. Both physi-
cians and patients endorsed the use of smart
technology, with a few notable drawbacks. Among older
adults there is a willingness to use self-management
apps; however, this is coupled with the need for person-
alization and the fear that constant engagement will lead
to ruminating thoughts about pain [29]. When paired
with current methods, such as self-report, wearable
technologies provide more thorough functionality data to
health-care providers [30]. Although smart technology is
an innovative way to include patients in their care, future
developments should be mindful of the target audience
and assess wearables for cost and clinical effectiveness
[30].

Discussion

OA is a leading cause of chronic musculoskeletal pain
and disability [33]. Self-management is a vital compo-
nent of effective pain and symptom management in per-
sons with OA [34-36] and is strongly recommended in
current clinical treatment guidelines [2, 37]. Patient-cen-
tred care requires that patients become knowledgeable
about their disease and its treatment, in addition to the
provision of readily available tools and technologies that
can assist with pain and symptom management. Using
smart technologies introduces an innovative approach
for management of a challenging public health concern,
chronic pain. The use of smart technology to promote
and support self-management in OA is promising [26,
28], with patients expressing positive views about tech-
nology for advancing self-management and improving
clinician—patient interactions [32]. However, barriers to
implementation remain [31], signifying a need to elicit
the perspectives of end-users and to integrate such
technologies into clinical practice guidelines.

In the present review, we identified eight studies that
assessed the use of smart technologies for OA-related
pain management. Specifically, two studies examined
smartphones and tablet applications and two studies
assessed wearable devices/sensors (e.g. Fitbit and Gear
S3 Smartwatch). The use of the applications led to in-
creased exercise, reduced pain levels and decreased
opioid use. Of the studies using wearable sensors, one
study assessed the feasibility and efficacy of an
mHealth self-management intervention designed to im-
prove sleep outcomes in older adults with OA [28], and
the second study examined the attitudes and percep-
tions of older adults when using a smartwatch [27].
Zaslavsky et al. [28] found improvement in sleep out-
comes (i.e. insomnia and acceptance of sleep difficul-
ties) and 22 out of 24 participants who completed the

study over the 19 week period. Overall, patients
expressed positive views regarding the smartwatch
technology and wearables that provided an opportunity
to communicate their pain in a succinct and descriptive
way [27, 32]. Nevertheless, authors noted several con-
cerns and areas for improvement regarding usability
(e.g. accessibility issues, notification design, and use of
intuitive assessment scales) [27].

The effective implementation of mHealth applications
for OA management will require the development of
applications that are easy to use, accessible and meet
the expectations of physicians in addition to patient
needs [31]. Designers of smart technology should in-
clude easy communication between the individual and
the technology [38]. The nature and content of the train-
ing might also be a barrier to use of smart technology
(time required to learn to use the device, how to use,
how to interpret) [39]. Furthermore, additional smart
technologies for self-management exist in terms of
chronic pain more generally, or specifically for musculo-
skeletal and/or rheumatic conditions (e.g. JIA), especially
in the case of adolescents and young adults.

Implications

Gaps and opportunities for research

The present study is a narrative review focused on the
current literature regarding smart technology applied to
OA self-management across the lifespan. Our search
revealed a dearth of knowledge regarding this important
topic. We identified four quantitative and three qualita-
tive studies addressing the use of smart technology for
pain and symptom management in OA, with all studies
including only adults. Although the risk for OA is sub-
stantially lower among children and adolescents, it is im-
portant to consider how this technology can be adapted
effectively across the lifespan. This will be especially im-
portant as cases of OA increase owing to trauma sur-
vival and increased life expectancy.

Older adults are the fastest growing population world-
wide [40]. When compared with younger adults, older
adults might be less likely to adopt new technology,
such as smartwatches or other wearables [39]. Inclusion
of older adults in clinical trials of smart technology for
OA is particularly important considering that they are
predominantly affected by OA pain and disability [41].
Parker et al. [42] conducted several focus groups with
older adults to identify barriers to the use of mHealth
technology for pain management, and several barriers
identified included product affordability and lack of fa-
miliarity with mHealth devices. The authors noted that a
significant number of older adults lacked prior exposure
to mHealth technology, but this barrier could be over-
come with access and exposure to mHealth devices via
community-based programmes. Manini et al. [27] found
that for older adults, the use of a smartwatch design
might be familiar enough to overcome learning barriers
and promote the use of smartwatches for OA pain as-
sessment. Prior studies included in this review highlight
the positive attitude of older adults to mHealth
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Fic. 1 Smart technology applications for OA

Smart technologies are internet-connected
and inter-connected electronic or automated
device or system that is responsive and/or
reactive to real-time data input .
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applications [27]. Nevertheless, few intervention trials
have focused on smart technology for OA symptoms
among older adults. Future research is needed to deter-
mine preferences and acceptability, in addition to effec-
tiveness, of smart technology as part of an integrative
treatment strategy for OA pain and symptom
management.

Given that our review focused solely on OA, a condi-
tion predominantly impacting mid-life to older adults,
this restricted our ability to gauge the use of smart tech-
nology for pain self-management among adolescents
and young adults, thus limiting our capacity to examine
use from a lifespan perspective. Arguably, understand-
ing the implementation of these methods for pain and
pain-related symptoms (e.g. sleep disturbance, disabil-
ity) over the life course holds significant value for public
health. Although beyond the scope of the present re-
view, there is evidence to suggest that digital
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technology can serve as an effective tool among chil-
dren and adolescents with chronic musculoskeletal pain
[43]. Extending this review to musculoskeletal pain more
broadly (e.g. inclusion of JIA) might yield more informa-
tion about the utilization and efficacy of smart technol-
ogy for pain self-management tools that are available
and effective for individuals across generations.

Gaps and opportunities for clinical practice

Smart technology appears to be a promising tool that
might be used to improve OA-related pain outcomes
(Fig. 1). Although studies provide preliminary evidence
that these technologies have a positive impact on OA-
related symptoms (i.e. decreased opioid use, decreased
pain and improved sleep), there are several important
considerations for clinical practice. First, wearable smart
devices (wearable smartphones and tablets) might be
cost prohibitive or simply inaccessible for some patients,
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which could exacerbate health-care disparities. Data
from the 2012 Health Information National Trends
Survey (HINTS) revealed that patients of low socioeco-
nomic status were engaging less frequently with elec-
tronic health [44]. Second, studies investigating the
long-term use of smart technology are needed to deter-
mine whether patient compliance in use and benefits
are maintained. Third, it is crucial that patient preferen-
ces and clinical guidelines be addressed in the applica-
tion of smart technologies for OA. Fourth, patients might
need booster sessions to improve implementation and
compliance in use of the smart technology over the long
term, including training in the use of such technologies.
Finally, health-care providers can devise ways to incor-
porate the output from the smart technology device to
communicate ways to continue to improve the patient-
related outcomes between visits. Importantly, for conti-
nuity of care and real-time assessment, it will be crucial
for smart devices to be linked to electronic health
records/electronic medical records in order to capture
the dynamic patterns of pain and to serve as an impor-
tant source of health outcome data. Optimization of
smart technologies for OA will require an interdisciplin-
ary approach, integrating the expertise of pain special-
ists, rheumatologists, primary care providers, patients,
engineers, information technologists, data scientistis,
and nurses with informatics training.

Gaps and opportunities for technological advancement
Technological advances provide us with opportunities
for self-management interventions that are cost effective
for the medical community and convenient for patients,
such as the expansion of wearable devices and mobile
apps for smartphones. These technologies are readily
available and can be accessed anywhere or anytime
(untethered). The convenience of untethered apps and
wearables creates opportunities for self-monitoring and
reporting, including OA-related pain, physical activity
and analgesic adherence. Mobile and Internet/com-
puter-based interventions have been used successfully
for the education of health issues such as weight loss
[45-47], asthma [48] and diabetes [49, 50]. However,
there is scant research on developing evidence-based
mobile apps or wearables focused on OA and investi-
gating their effectiveness in OA management. To fill this
gap, future research is needed on incorporating artificial
intelligence and adaptive nanotechnology for diagnosis,
monitoring and managing pain symptoms of OA and for
the evaluation of effectiveness of regenerative and preci-
sion pain treatment [51]. Specifically, research must ex-
plore how to use artificial intelligence and machine
learning to leverage the responsiveness and adaptability
of smart technologies to automate data-driven
interventions.

Future directions should also look to extend beyond
direct pain management but also to use smart technol-
ogy to monitor, track and manage pain-related events,
such as falls and opioid-related overdoses. For exam-
ple, given that a significant proportion of older adults
with chronic musculoskeletal pain also report recurrent

falls [52], smart technology that includes mechanisms
for motion capture [53] and includes sensors to monitor
gait and risk of falling in people with severe, disabling
OA is a novel use of technology. Additionally, smart or-
thotic devices and other smart clothing technology
might also support individuals with hip, knee and foot
OA [54].

Limitations

Although a systematic process was used to search and
review the literature, this was a narrative review; there-
fore, we did not perform quality assessments of the
studies as typically done in systematic reviews and
meta-analyses. The limited number of studies, various
types of smart technology used and different outcome
measurements limit the conclusions drawn and the op-
portunity to conduct a meta-analysis or qualitative meta-
synthesis. The use of various types of smart technology
in health-related topics (i.e. tracking adherence, man-
agement of health conditions and provider—patient com-
munication) is becoming more popular among
researchers and clinicians. Our inclusion criteria for pain
management in OA precluded the examination of litera-
ture related to the use of smart technology for other
health-related conditions. Given that this is a rapidly
evolving area of research/interest, it is likely that studies
have been published since our original search. Rather,
at this stage in the genesis of smart technology, a narra-
tive review of the types and ways that technology has
been employed for pain management in OA is more
appropriate.

Conclusion

The future of technology is now. Real-world application
of smart technologies is quickly becoming an integral
part of daily life, including those with chronic conditions
such as OA. This review highlights the potential for
smart technology to improve pain in OA. However, there
are some current pitfalls that limit large scaling to vari-
ous technologies. More RCTs and pragmatic clinical tri-
als are needed to gain a better understanding of the
usability, feasibility, efficacy, effectiveness and safety of
smart technologies and their integration into routine
care. In conclusion, self-management of chronic OA-re-
lated pain might be positively augmented by smart
technology.
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