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ABSTRACT

Purpose: Digital technologies, including mobile applications, websites, and wearable devices,

Article info: like smartwatches are among the newest approaches in prevention, care, and treatment studies;

Received: 10 Jun 2020 they could provide public access to high-quality rehabilitation services. The current review study
Accepted: 22 Aug 2020 : aimed to evaluate the effects of digital technologies for enhancing physical activity, as well as

Available Online: 01 Oct 2020 : improving and managing pain in individuals with knee injuries and pain.

Methods: The keywords “digital care program”, “e-health”, “physical activity”, and “knee
pain” were used to search the studies in the PubMed, Scopus, and Google Scholar databases.
In total, 734 articles were found. Then, studies published in languages other than English; the
articles with completely similar results; the studies on diseases other than knee problems, and
those investigating children or adolescents were excluded. Thus, valid articles indexed in these
databases that digital technologies were an except original in the intervention; databases that
investigated the impact of digital technologies on osteoarthritis and total knee arthroplasty knee
improvement, and the randomized controlled trials were included in this research. Eventually,
8 articles were evaluated in this study. The methodological quality of the studies was assessed
using the PEDro score.

Results: The overall outcome of the explored studies indicated that digital technologies
significantly impact pain relief, and improve mobility, quality of life, and self-care in patients
with osteoarthritis and total knee arthroplasty.

Keywords: : Conclusion: Digital technologies increase the effectiveness of rehabilitation programs and play
Osteoarthritis, Knee :  an essential role in creating a self-care culture. These technologies have resulted in savings in
arthroplasty, Technology, . medical, commuting, pharmacotherapy, and surgery costs by communicating between patient
Fitness trackers :  and therapist at any time in any place.
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Highlights
e Digital technologies are one of the newest approaches used in the field of prevention, care, and treatment.

e Digital technologies provide opportunities for home rehabilitation by empowering the patients that can help with
reducing costs.

e The use of digital technologies provides significant improvement in motor parameters and reduces pain in patients
with knee OA and TKA.

Plain Language Summary

OA is the most common progressive articular injury. Knee osteoarthritis causes pain and decreased physical activity.
Up to now, no definitive cure has been identified for OA and only the required measures have been taken to manage
it. Exercise at home can improve the pain, mobility, and quality of life of people with OA. Patient self-care is an im-
portant factor for managing OA and post-TKA care, for which the use of digital technologies are helpful in this regard.
Exercise therapy through DVDs, websites, or video software on mobiles allows patients to exercise comfortably in
their homes while watching a sports show. In addition, remote sensing technologies enable monitoring of patients
adherence leading to individual and timely interventions during treatment, a major barrier that limits the effectiveness

of long-term treatment programs.

1. Introduction

nee Osteoarthritis (OA) is the most
frequent articular disorder. Its preva-
lence is approximately 45% in the gen-
eral population (40% & 47% for men
& women, respectively). Knee OA is
among the 5 main causes of disability
in adults over 50 years of age [1]. Besides, it is a signifi-
cant threat to their Quality of Life (QoL) and indepen-
dence. Previous studies have suggested that OA affects
about 14% of individuals aged >26 years, 27% of adults
aged >45 years, and 37% of adults aged >60 years [2].

Knee OA causes pain and decreased physical activity,
which adversely affects the patient’s QoL [3, 4]. No de-
finitive cure has been identified for and only the required
measures have been taken to manage it. The optimal man-
agement of knee OA requires a combination of pharma-
cological (e.g., corticosteroids, topical analgesia, & intra-
articular therapy) and non-pharmacological (e.g., weight
loss, exercise, & physical activity) therapies [5, 6]. Total
Knee Arthroplasty (TKA) is necessary when the conserva-
tive treatments of knee OA, such as physiotherapy, weight
loss, physical activity, exercise, patient training [7], intra-
articular injection, and anti-inflammatory medications are
ineffective [6]. The incidence of TKA has increased by
56% in 2020 [8]. It is estimated that the demand for TKA
will rise by 673% until 2030 [9].

The benefits of TKA are negligible due to its side ef-
fects for the patients treated with TKA. Numerous stud-
ies have reported that long-term rehabilitation is critical to
facilitate muscle strength recovery, the range of motion,
walking, and proprioception, and improve kinematics
during dynamic activities, and daily living activities [10,
11]. Therefore, postoperative rehabilitation is an essential
complement to surgery. It is also a necessary component
of returning to optimal functional levels in patients with
TKA.

Among conservative treatments, exercise therapy gen-
erates the least adverse effects on the internal organs of
the body; it can be practiced anywhere, anytime, and at a
low cost [12]. In addition, home exercise therapy is effec-
tive for improving the patient’s walking ability and daily
living activities. This is due to improved joint stability,
muscle strength, and range of motion [4]. Based on the
literature, patients with knee OA who walk >6000 steps
per day encounter less functional limitations, compared
to their sedentary counterparts [13]; thus, walking can
maintain knee function and reduce the complications of
this disease.

Digital technologies are among the newest approaches
used in the field of prevention, care, and treatment. There
were more than two billion smartphones and 287000 life-
style applications on the Google Play Store in 2020; such
data demonstrate the strong influence of digital technolo-
gies on human life [14]. Digital technologies can be a
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cost-effective alternative to in-person treatment sessions,
where the lifestyle changes, follow-up, and guidance of
patients are addressed. These technologies are easily ac-
cessible via smartphones and smartwatches, email, web-
sites, webcams, and remote monitoring sensors.

Besides, remote sensing technologies enable the moni-
toring of patients’ adherence to treatment, leading to in-
dividual and timely interventions during treatment; it is
a major barrier that limits the effectiveness of long-term
treatment programs [ 15]. Patient self-care is important for
managing OA and post-TKA care; accordingly, applying
digital technologies is helpful. Digital technologies pro-
vide opportunities for home rehabilitation by empower-
ing the patients that can assist with reducing costs. Such
applications have demonstrated clinical pain relief over
the past 5 years. They have also resulted in saving medi-
cal costs due to reduced need for injections, medications,
and surgery.

Digital health is moving to many different areas of
healthcare, including Cognitive-Behavioral Therapy
(CBT) for pain and depression, and the remote monitor-
ing of patients with cardiovascular disease [16]. A digital
health program has reflected positive results in the pre-
vention of diabetes; the outcomes continue for up to two
years after the completion of the program [17]. Similarly,
the effects of a digital sleep therapy program have been
established in a randomized controlled trial [18]. How-
ever, there is relatively limited digital innovation in the
musculoskeletal field and it has rarely been studied in this
context.

A certain treatment for OA remains undiscovered; thus,
patients usually reported functional limitations and pain
after TKA [19]. According to the significance of knee re-
habilitation in the return to optimal functional levels and
advantages of non-face rehabilitation, the current review
aimed to evaluate the effects of digital technologies for
enhancing physical activity, improving, and managing
pain in patients with knee injuries and pain.

2. Materials and Methods

A systematic search was conducted from October 2019
to January 2020 in the PubMed, Scopus, and Google
Scholar databases. The used keywords included “digital
care program”, “e-health”, “physical activity”, and “knee
pain”. This review study only considered articles that
have directly studied knee treatment and rehabilitation
programs through various digital technologies. The stud-
ies published in languages other than English; those on
diseases other than knee problems; the articles with com-
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A total of 734 articles were searched using the keywords
listed in the text that included:

Scopus; 216, Google scholar; 411, PubMed; 107

e N
Excluding the articles that were not
related to the knee: 361 articles

-

Excluding the articles published in

languages other than English: 109
articles

Excluding the articles with
completely similar results: 38 articles

J

( )
Excluding similar articles indexed in
the different sites: 114 articles

N\ J
e N
Excluding non-RCT* articles: 104
articles
\ J

[ Final results: 8 articles ]
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Figure 1. The PRISMA diagram
*RCT: Randomized Controlled Trial.

pletely similar results, and those investigating children or
adolescents were excluded. The inclusion criteria were
as follows: valid articles indexed in these databases that
digital technologies were an except original in the inter-
vention; databases that investigated the impact of digital
technologies on OA and TKA knee improvement, and the
randomized controlled trials (Table 1).

3. Results

A total of 734 articles were found based on the search
strategies of this study. Then, the title and abstract of the
articles were evaluated considering the inclusion and ex-
clusion criteria of the study. Finally, 8 articles were re-
mained and assessed based on the full-text evaluation of
the articles. Figure 1 shows the exclusion algorithm of the
explored papers.

The studies evaluated in this review were randomized
controlled trials that had examined the impact of digi-
tal technologies on the improvement of knee problems.
Furthermore, most reviewed articles were focused on in-
dividuals with knee OA, and only 3 studies focused on
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Table 1. Evaluating the studies according to the PED ro scale
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Researchers (year)

PED ro Scale Eichler Mecklenburg Skrepnik

etal. etal. etal.
(2019) [22] (2018) [23]

(2017) [24]

Li Bini Lawford Bossen Hussain
etal. etal. etal. etal. etal.
(2017) [25] (2017)[26] (2018)[27] (2013)[28] (2017)[29]

1. Eligibility criteria were
specified
2. Random allocation of the
research subjects

+ + +

3. Allocation was concealed - + +

4. Groups were similar at the
baseline
5. There was blinding of all
study subjects

6. Blinding of therapists - - -

7. Blinding of assessors - - -

8. >1 Key outcome was ob-
tained for more than 85% of
the subjects initially allocated
to the research groups
9. All study subjects . . .
received the treatment
or control condition as
allocated or, where this was + - +
not the case, data for 21 key
outcome was analyzed by
‘intention to treat’

10. The results of between-
group statistical comparisons
were reported for 21 key
outcome
11. The study provided both
point measures &

The measures of variability
for 21 key outcome

Total score 6 8 9

+ + + - +

7 7 7 7 6

TKA. The study participants included 1101 males and
females. These interventions were performed to reduce
pain, stiffness, Body Mass Index (BMI), and surgical risk,
as well as to increase physical activity and QoL. The re-
search participants’ age ranged 18-80 years, with the in-
tervention period ranging 2-12 weeks.

The technologies used in the selected studies included
mobile applications, activity trackers, and websites. The
explored participants received relevant programs and ex-
ercises through a website in two studies; activity trackers
were used alone in one study; rehabilitation was conduct-
ed through smartphone applications in the 3 other stud-
ies. A combination of digital technologies was employed
in other articles. Most evaluated investigations had used
consultants or supporters to motivate and maintain the
treatment process. The interventions of control groups
varied in different studies (Table 2).
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To evaluate the quality of the methodology, the PEDro
scale was used for randomized studies [20]. The score of
each study was determined by two authors. The PEDro
scale includes 11 items, and the first item evaluates exter-
nal validity. This item is usually not included in the study
evaluation. Thus, the evaluation was performed based on
items 2-12 in the present study according to Moher et al.’s
(2015) guidelines. Score one was given for the option
“yes” and the score zero was dedicated to the option “no”.
The studies with this scale ranged from zero to 4, as poor
methodological quality, 6 or 6 as moderate, and those with
scores of >7 had high methodological quality [21].

4. Discussion

Digital technologies can effectively provide knee self-
care (chronic pain) programs. The patients with OA may
have trouble performing moderate to severe activities due
to pain [30]. In this situation, individuals can perform light
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Table 2. Details of the explored articles
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~
g Statis- Consul- Experimental it
S & - . . . Technology Group
£ Statistical Society tical Study Period Type tant/Sup- Group Interven- (—— Results
2 Sample porter tions .
g tions
The proportion of
subjects who returned
Receiving trainin to work was greater
Eichler et Individuals with 111 . - s g . in the training group.
. MeineReha Supervising  program through No inter- .
al. (2019)  total knee and hip sub- 3 months ; . Improvements in
) System therapist the system by a vention . . .
[22] arthroplasty jects therapist walking distance, pain
P reduction, and QoL
were observed in both
groups
Exercises with sen-
Mecklen- Hinge sor, training, CBT, Improved pain,
burg et Individuals with 162 fe- 8 Private weight loss, and Self-care improved physical per-
12 weeks Health soft- . . .
al. (2018) OA males coach remote psychologi- training formance, stiffness,
ware .
[23] cal support from a reduced risk of surgery
private coach
Obtaining feedback
from activities Reduced pain,
- Individuals with 0A GO and performed daily |‘ncreased mobility,
Skrepnik X and monthly (the increased number
unilateral knee Jawbone : )
etal. " 211 The number of steps, No feed- of stairs going up
osteoarthritis 12 weeks UP 24 . . .
(2017) males X patients level of calories back and down, improved
and Hylan G-F 20 mobile ap- .
[24] iniection lication consumed, & performance in the
! P amount of sleep) 6-minute walking test,
along with motiva- improved QoL
tional messages
Similar
. . L Fhe Improved moderate to
Telephone Using activity experimen- . .
. e . severe physical activity
Lietal. - . Fitbit Flex consulta- tracker along with tal group . .
Individuals with 34 fe- . X X N in the experimental
(2017) 8 weeks activity tionwitha  weekly telephone with a . .
OA males . . ) group; improved pain,
[25] tracker physio- consultation witha  one-month iy L
therapist hysiotherapist delay in the el M3 s avifss,
2 [ > ) v Qol, and health status
interven-
tion onset
Bini et al Individuals with Capture- Using Similar clinical results
’ 50 sub- P The Applying video outpatient
(2017) total knee arthro- . 12 weeks Proof . . X for both groups
jects patients software on mobile physical
[26] plasty software
therapy
Receiving
Receiving treat- trﬁjt:;:‘:
12 weeks . ment program P .g. All participants in the
Online . K similar .
Lawford (measure- . . . via the internet exercise group had a
- . interactive Physio- . to the o ..
etal. Individuals with 14 sub- ment at X (app sections: self- . significant reduction in
. . automated  therapist; ) experimen- . P
(2018) OA jects baseline and X management train- pain and a significant
PCST via Skype . A tal group R .
[27] after 3, and 9 ing, using the PCST i improvement in
program . without
months) program, talking to self-care
hysiotherapists) access to
7 the PCST
program
In the first 3-months,
i
(measure- Without Sign up for the Py P -
Bossen et - . 199 . A R . . and self-efficiency
Individuals with ment at Join2move  supervisor site and receive No inter- .
al. (2013) sub- A . ) . was observed in the
OA ) baseline and Website or sup- weekly emails and vention .
[28] jects exercise group and no
after 3, and 12 porter schedules changes in physical
months) 8 phy

activity were detected
in the exercise group
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~
B0 . . ntrol
g Statis- Technolo Consul- Experimental Cc;otuo
2 8 Statistical Society tical Study Period By tant/Sup- Group Interven- P Results
s > Type . Interven-
a Sample porter tions .
2 tions
Digital Improved pain, range
12 weeks s . P . P €
orthopedic of motion, and knee
(measure- .
reha- - function improved
ment at 4 e Clinical . .
bilitation Qol, improved physi-
. - . weeks before care team
Hussain et Individuals with 320 platform . L . cal and mental health
surgery, ) R (surgeons Using digital No inter- )
al. (2017)  total knee arthro- sub- . . (including . scores (i.e., stress,
) immediately . and phys- platform vention . .
[29] plasty jects 2 mobile . anxiety, depression),
before sur- . iothera- .
erv. 12 and apps, activ- ists) improved self-man-
gery, ity tracker, P agement, and ability to
52 weeks after . .
surgery) clinical actively bend the knee
gery website) in the training group.

activities. Studies have revealed that an inactive lifestyle
(e.g., sitting for long periods) is a predictor of poor health
outcomes [31]. In this regard, Li et al. (2017) investigated
the effects of using an activity tracker for 8 weeks (>10
minutes fast walking) along with telephone consultation
with a physiotherapist once a week [32]. In their study, the
control group received similar interventions to that of the
exercise group with a one-month delay in the onset. Both
research groups indicated moderate to high improvements
in physical activity, pain, QoL, and health status, as well
as increased daily living activity [25]. Interestingly, light
activities, even at moderate levels (e.g., conducting daily
living activities while standing or walking slowly), can be
beneficial to health [32].

Moreover, Talbot et al. (2003) combined a pedometer-
based walking program with self-management training
for patients with knee OA [33]. Their results suggested
a moderate increase in the daily number of going up and
down the stairs (23%) and the isometric strength of pa-
tients’ quadriceps muscles (21%), compared with the con-
trols [33]. Compared to a pedometer, wearable devices,
such as smartwatches and gadgets provide additional
features, like the ability to track activity intensity and
can provide performance diagram over time. These fea-
tures enable individuals to follow specific goals with the
awareness of their progress and provide real feedback on
achieving the goals [34].

Better results were found in the studies in which super-
vision and support were provided and the patients were
informed concerning their treatment process and progress
[24]. Bossen et al. (2013) aimed to increase the patients’
interaction and engagement with the treatment plan; ac-
cordingly, the program and treatment process was pro-
vided to the patients by weekly emails [28]. When each
step was completed, the patient was allowed access to the

PHYSICAL TREATMENTS

next treatment step. This measure increased the patient’s
efforts to complete the steps to achieve rewards and reach
the next intervention steps [28].

Therefore, designing an appropriate exercise program
personalized to the patient’s condition and symptoms,
and capable of being implemented at home, is of great
importance [35, 36]. Additionally, targeting programs ac-
cording to the individuals’ characteristics and conditions
is an essential principle of an exercise schedule. Limited
studies have personalized the goals of physical activity,
i.e., effective in promoting health, compared with public
physical activity purposes [27].

Long-term adherence to exercises can habituate behav-
ior in individuals. Based on the explored articles, employ-
ing digital technologies at different time intervals (2-12
weeks & even up to one year of follow-up) can promote
health and improve self-care. In the study by Mecklen-
burg et al. (2018), exercise training was performed with
sensor and remote psychological support by a private
coach [23]. Besides, self-care training was conducted in
12 weeks. Their collected results reflected improvements
in pain, physical function, and a decrease in the desire
for surgery [23]. The cost of surgery in the United States
is $40000. This study indicated that the cost savings for
surgery were estimated as $4340 during one year, $4660
over two years, and $7900 over 5 years for the patients
who participated in the digital care program, compared
with the controls that only received self-care education
articles [23].

Exercise therapy through DVDs, websites, or video
software on mobiles allows patients to comfortably prac-
tice in their homes while watching a sports show [26,
35]. A study compared web-based and DVD-based exer-
cise therapy in patients with hip osteoarthritis; the self-
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efficiency values were higher in the website group, i.e.,
important in behavior modification [35]. DVD-based ex-
ercise programs are only available by providing copied
DVDs to the patients. Moreover, websites allow patients
to have broader access to sports programs via the internet;
however, there are concerns about interest in the internet
among older patients [37].

Managing knee OA with exercises is a basis of conser-
vative self-care for this chronic disease [37]. Despite the
substantial literature supporting this recommendation,
most physicians overlook exercises as part of patients’
management plans. Generally, considering exercise by
physicians to manage musculoskeletal disorders is scarce
(%14) [38]. The main reasons for the non-use of exercise
prescription include the following: restricted visiting time
of patients, and the lack of exercise training in medical
schools, resulting in insufficient basic knowledge of ex-
ercise training [39, 40]. Patients with OA stated that their
main reason for not exercising and improving their condi-
tion was the lack of receiving exercise suggestions from
their physician [39].

Web-based and smartphone applications as well as the
internet can be successfully used for self-management
and rehabilitation interventions in patients with knee OA
[41]. The patients who received personalized and interac-
tive instructions to improve pain, stiffness, and physical
performance were satisfied with this approach [42, 43].
Applying the internet for health and physical activity
interventions has the potential to reduce costs, improve
health, and satisfy users [44]. Brooks et al. (2014) in
their prospective study designed the first comprehensive
web-based system (Therapeutic Exercise Resource Cen-
ter [TERC]) to evaluate, prescribe, monitor, and adjust
exercise therapy programs for patients with OA [28]. In
this system, a personalized program, including strength,
flexibility, and aerobic exercises is designed based on
the patient-entered data, and developed to improve neu-
romuscular disorders, knee OA symptoms, and general
health [45].

TERC can be used by healthcare providers to promote
exercise among patients with knee OA [44]. The clini-
cal features of the TERC program include the following:
the ability to determine the health level of individuals;
to administer a personalized exercise program for each
participant, and to provide high-quality animations that
present the correct pattern of exercise movements to the
patients with OA. Live modeling or the video training of
exercises significantly reduces the number of functional
errors, compared to the mere use of printed tables of ex-
ercise program. Patients’ confidence increases respecting
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the ability to correctly perform the sports prescriptions
and the odds of adherence to exercise programs. In this
study, >90% of patients reported that sports animations
were useful and easy to imitate [45].

Using mobile health applications has the potential to im-
prove the patient’s therapeutic outcomes. Mobile health
programs are beneficial tools in weight loss programs
[46]. Mobile phones are considered as mobile technolo-
gies, one of which is smartphones [47]. Some features of
mobile phones include sensors, such as GPS, accelerom-
eter, Wi-Fi, and Bluetooth, as well as wireless communi-
cation with apparatus, like heart rate belts [48, 49].

Schoeppe et al. (2016) argued that the effectiveness of
smartphone applications with wearable devices is greater
than that of smartphone applications alone [50]. However,
no articles compared the distinct roles of wearable devices
with smartphone apps on physical activity and adherence
to the sport. Hussain et al. (2017) evaluated the effects of
using a home-based digital platform after surgery. Their
results demonstrated improved pain, range of motion,
and knee function; improved QoL and biopsychological
health scores (i.e., stress, anxiety, depression), and im-
proved self-management and the ability to actively bend
the knee [29]. Such services not only provide access to
post-surgical rehabilitation to the patients in the relatively
remote geographic areas but also reduce transportation
costs and time required for the healthcare systems and the
patients, as well as prolong rehabilitation interventions.

5. Conclusion

Considering the increasing prevalence of knee pain
among the population and the rising cost of treatment, the
necessity of training individuals on prevention, treatment,
and self-care has been overemphasized. Furthermore, the
role of digital technologies and media is becoming more
noticeable. This is due to the high cost of developing
physical platforms for health education and information
provision in the field of health, as well as the advance-
ments of technologies and their increasing use in individ-
uals’ lives. The present study data indicated that decreased
mobility in patients with knee OA may adversely impact
their QoL and pain. Motivating patients to walk may in-
crease mobility which can reduce these negative effects.

Applying digital technologies provides a significant im-
provement in motor parameters and reduces pain in pa-
tients with knee OA and TKA. Moreover, the ability of
patients and physicians to use digital technologies in the
treatment and control of diseases is of importance. How-
ever, further studies are required to increase the accep-
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tance rate of using digital technologies for treatment and
self-care by sports therapists, physicians, and patients.
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