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Objective: This study aimed to compare the effectiveness and costs of eHealth tools

with usual care in delivering health-related education to patients’ undergoing total hip or

knee arthroplasty due to osteoarthritis.

Data Sources: Six electronic databases were searched to identify randomized

controlled trials and experimental designs (randomized or not) examining the effect of

eHealth tools on pre- or post-operative care. Only manuscripts written in English were

included. In the current study, no specific primary or secondary outcomes were selected.

Any study that investigated the impacts of eHealth tools on hip or knee arthroplasty

outcomes were included.

Review Methods: Two researchers reviewed all titles and abstracts independently and

in duplicate. Two researchers also conducted full-text screening and data extraction from

the 26 selected articles.

Results: The data were descriptively reported, and themes could emerge from each

outcome. Two researchers separately assessed the Risk of Bias for each paper using

the Cochrane risk of bias assessment tool. The majority of studies evaluated the impact

of eHealth tools on physical (n = 23) and psychosocial outcomes (n = 19). Cost-related

outcomes were measured in 7 studies. eHealth tools were found to be equivocal to

usual care, with few studies reporting statistically significant differences in physical or

psychosocial outcome measures. However, cost-related outcomes showed that using

eHealth tools is more cost-effective than usual care.

Conclusions: This review demonstrated that eHealth tools might be as effective as usual

care, and possibly more cost-effective, a crucial implication for many overly burdened

health care systems.
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SUMMARY

Strengths and limitations of this study

• Including any type of eHealth interventions.
• Investigating the impact of eHealth interventions on physical,

psychological, and cost-related outcomes.
• Not conducting meta-analysis due to diversity in

eHealth interventions.

INTRODUCTION

Osteoarthritis (OA) is a leading contributor to global mobility
impairment, driving the rapidly-increasing demand for total hip
and knee arthroplasty (THR, TKR) surgery in the US and Canada
(1, 2). THR and TKR surgeries, in turn, result in substantial
health-care costs (3). Health promotion interventions delivered
mainly by physiotherapists and occupational therapists, such as
preoperative (prehab) and postoperative (rehab) education which
may focus on different topics such as exercise, pain management,
nutrition and weight management, surgery and precautions and
recovery after surgery, are vital in optimizing surgical outcomes
and reducing hospitalization costs (4–6). Several studies have
shown that providing prehab and rehab education, which
increases health literacy (7), is effective in reducing preoperative
anxiety in patients undergoing joint arthroplasty (8, 9) and in
patients with other types of surgeries (10–12). Both prehab and
rehab education can reduce direct and indirect costs by up to 30%
in patients who undergo joint arthroplasty (13), improve patient
care, and recovery (14, 15), reduces hospitalization stays by half
(13, 16), and improves physical functioning and quality of life in
elective surgical procedures (17–19).

Currently, most prehab and rehab education is provided either
through in-person and group sessions or educational booklets
(9). These types of educational delivery methods which consist
the majority of the current “usual care” may be inaccessible for
many patients due to various reasons, including mobility issues
due to OA, not being able to take time off work to attend in-
person and group sessions, and not being able to travel great
distances if living in remote and rural areas (20). Reduced access
to education can result in lower health literacy (e.g., insufficient
knowledge about surgery and precautions) which is the single
best predictor of poor health outcomes (21–23).

EHealth tools offer an attractive alternative mode of delivery
for health-related education. In this study, eHealth is used
to refer to any type of intervention or treatment that is
delivered with information and communication technology (e.g.,
videoconferencing, telemonitoring, and phone calls). Health
education using eHealth approaches has been lauded for being
interactive and enabling learners to re-engage over sustained
periods. eHealth also has the potential to improve the quality of
care for older adults (24–26), enhance communication between
patients and health care providers [e.g., medical professionals]
(27), reduce care costs, and increase access to health care
and evidence-based health information. As older adults are
increasingly using computers to seek health information (28), the
feasibility of harnessing eHealth tools for patients undergoing

THR and TKR due to OA is also increasing, providing an
opportunity for older adults to benefit from the advantages of
eHealth tools. Finally, considering the restrictions caused by the
COVID-19 pandemic in accessing in-person education, eHealth
education can be considered as a reliable and sustainable way of
delivering education (29).

The development of eHealth tools and their evaluation
for delivering education for patients undergoing THR and
TKR is gaining prominence (30). However, there is no
systematic evidence evaluating whether eHealth tools are
effective in this space. The present study aimed to assess the
effectiveness of eHealth tools (any tools that use information and
communication technologies) on the outcomes (any outcomes
including physical, psychological, and cost-related outcomes) of
patients undergoing THR and TKR due to OA.

METHODS

Patient and Public Involvement
“No patient involved.”

Eligibility Criteria
The current study was not limited to only one type of eHealth
tools. Specifically, articles were included for analysis if they
met the following inclusion criteria: (1) included patients with
hip/knee osteoarthritis who either will have or had a hip/knee
arthroplasty; (2) studied (randomized or not randomized
experimental study designs) eHealth tools (mentioned telehealth,
mHealth, eHealth, phone calls tools in the title and/or abstract);
(3) investigated the economic, psychosocial or physical impact of
eHealth tools (no primary or secondary outcomes selected); (4)
published manuscripts and advance access publications in peer-
reviewed journals; (5) mentioned hip/knee replacement surgery
or arthroplasty in the title and/or abstract, and (6) were published
in English. Studies were excluded if they were (1) on other joint
arthroplasties (e.g., shoulder, ankle); (2) were on themanagement
of OA; (3) were not related to eHealth for patients undergoing
THR/TKR; (4) were related solely to the cost of using eHealth
tools on health care system; (5) were cohort studies and non-
randomized controlled trials; and (6) were without complete data
(e.g., protocols of RCTs and conference abstracts).

Study Sources and Searches
This research applied a systematic search approach to investigate
the impacts of eHealth tools on patients with hip and knee
arthroplasty. The following databases were searched without
being limited to any date: Ovid MEDLINE, Embase, Cochrane
Controlled Register of Trials (Central), CINAHL,Web of Science,
and Google Scholar (Please see Supplementary Material A for
an example of the search strategy used in this study). The first
search strategy was conducted in June 2018. The search has been
updated in July 2019 and June 2020. Supplementary Material A

presents the search strategy used for Medline. To search Google
Scholar, four separate but simplified search strategies were
created and the first 100 results for each search strategy were
examined at search time points.
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Study Selection
To select the potential articles for full-text screening, two
researchers (SM and a research assistant who received training
from a librarian prior to screening) reviewed all titles and
abstracts independently and in duplicate. Full-text screening and
data extraction from the selected articles were also conducted
by two researchers independently (SM and a research assistant
who received training from a librarian prior to screening) and in
duplicate. In all the phases, if there were any disagreements, the
researchers discussed the issue, and a third researcher (JMR) was
consulted to resolve the final conflicts when consensus could not
be achieved.

Data Extraction and Quality Assessment
All selected articles for full-text review were imported to
Covidence (Covidence.org, Melbourne, Australia) to facilitate
data extraction. The data on the author-corresponding
information, method (e.g., duration of the study), population
(e.g., inclusion and exclusion criteria, demographic information
of the sample), intervention (e.g., description, duration, timing),
and outcomes were extracted.

To assess the risk of bias of the sample, the standard Cochrane
Risk of Bias assessment form (31) which was integrated into
Covidence.org was used. The Cochrane Risk of Bias assessment
form assesses sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessors, incomplete outcome data, selective outcome reporting,
and other sources of bias (e.g., funding). Quality assessment of
the sample completed by two researchers separately, and then
all the assessments were compared. Disagreements were first
discussed among the two assessors. If consensus could not be
achieved, a third researcher was consulted.

The Cochrane risk of bias assessment tool defines a study with
a “low risk of bias” as a study that has low risk of bias for all
domains, a study with unclear risk of bias has been defined as
a study with “unclear risk of bias for one or more key domains.”
Finally, a study with high risk of bias has been defined as a study
“High risk of bias for one or more key domains” (32).

Data Synthesis and Analysis
Meta-analyses were not conducted in the sample due to the
substantial heterogeneity of the outcomes and themeasurements.
Hence, the outcomes were compiled into themes, and a
descriptive and narrative synthesis of the data was used to
provide information regarding the findings of the included
studies and assess the impact of prehab and rehab education on
patients’ outcomes after total hip or knee arthroplasty due to OA.

RESULTS

Search Results
The detailed search in six main databases resulted in 12,032
references. After removing the duplicates, 6,312 abstracts
remained for the title and abstract screening. Independent title
and abstract screening resulted in the exclusion of 6,209 articles.
In total, 103 articles were selected for full-text screening. Of these,
21 articles were excluded because participants did not have OA

of hip or knee; 20 were excluded due to study design (e.g., cohort
studies); 15 articles were excluded as they were RCT protocols; 10
were excluded because they were conference abstracts; five had
wrong patients population; two were not in English, and one was
excluded because of outcome type (i.e., clinicians’ outcomes). A
total of 29 articles (33–61) were included in this study. Figure 1
shows the PRISMA flow diagram of search returns that were
retrieved and included.

Study Characteristics
Of the 29 studies that formed our final sample (33–61), most
of the studies had one intervention arm and a control arm.
However, two studies had two interventions arms (50, 53).
Duration of the studies ranged from 7 days (54) up to 52
weeks [e.g., (33)]. Studies were performed in 10 different
countries: Canada, USA, Denmark, Germany, Portugal, Spain,
UK, South Korea, China, and Australia. Except for one
study (53) all interventions were conducted postoperatively.
The number of participants ranged from 5 to 209. Some
examples of interventions included six 45-min telerehabilitation
sessions vs. six 45-min in-person rehabilitations for 6 weeks
(34); a web-based follow-up with a surgeon vs. an in-person
appointment with the surgeon (40); and 16 sessions of 45–60min
videoconferences vs. 16 45–60min in-person physiotherapy
sessions for 16 weeks. Table 1 lists all descriptive characteristics
of the studies included in the final sample.

Participants
In our sample, 25 studies targeted patients undergoing total knee
arthroplasty due to the OA. The remaining studies recruited
patients undergoing total hip arthroplasty or a combination of
patients undergoing hip or knee arthroplasty.

Type of Interventions
Delivering rehabilitation sessions via video conference (i.e.,
telerehabilitation) by an expert (e.g., physiotherapist) was one
of the main eHealth approaches used in our sample (n = 9)
(34, 35, 39, 42–44, 53, 56, 57). The telerehabilitation sessions were
focused on assessment, treatment techniques and exercises. Of
the selected studies, six studies (33, 37, 46–50) used telephone
as the format of the intervention. The focus of phone calls was
on various topics, including wound care, pain management, and
health assessment. In addition, phone calls were used to remind
patients about their exercises and reinforce care behaviors.
In three studies (38, 49, 52) patients were asked to watch
educational videos related to their surgery, postoperative care
and other topics. In two studies (40, 41) web-based interactions
(e.g., remote viewing of x-ray images) were used to perform
a follow-up meeting with the surgeon. Eisermann et al. (36)
used computer-supported training. Three studies used mobile
applications to deliver the training and education to patients
(54, 59, 60). Finally, other studies used virtual reality training
(55, 61) and the Vivofit 2 device (provides feedback on daily
steps) (51, 58).
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FIGURE 1 | PRISMA flow chart.

Risk of Bias
We used the Cochrane risk of bias assessment tool (32) to assess
the risk of bias of included studies. The main unmet criterion was
not blinding the study personnel. Specifically, eight studies either
fail to blind the personnel (35, 38, 40, 42, 49–51, 56, 57) or 11
did not provide sufficient information on blinding the personnel
(33, 34, 36, 37, 45, 47, 48, 52–55, 58). Incomplete outcome data
for all outcomes and other sources of bias (e.g., not reporting

funding sources) were the other two unmet criteria. Figure 2
provides the information related to the risk of bias assessment.

Main Outcomes of the Included Studies
Physical Outcomes
In 23 studies (33–37, 39, 42, 43, 46–55, 57–61) physical outcomes
were measured. We categorized the outcome types into three
main categories: (1) pain, (2) physical health and functioning,
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TABLE 1 | Characteristics of the included studies.

References Country Sample size Population Time of

intervention

Duration/length

of follow up

Intervention

Russell et al. (34) Australia Intervention: 10

Control: 11

TKR Post-

operative

6 weeks Intervention group: attended six 45-min telerehabilitation

sessions.

Control group: attended six 45-min in-person rehabilitation

session.

The focus of the sessions was on assessment, exercises and

treatment techniques.

Kramer et al. (33) Canada Intervention: 80

Control: 80

TKR Post-

operative

52 weeks Intervention group: received at least one phone call from the

clinician between weeks 2 and 6 and another call from the

clinician between weeks 7 and 12. The goal was to reinforce

the critical role of doing exercise, wound care, scar treatment,

and pain control.

Control group: attended two physiotherapy sessions per

week between weeks 2 and 12 after surgery.

Eisermann et al.

(36)

Germany Intervention: 79

Control: 70

TKR Post-

operative

24 weeks Intervention group: used a computer-aided training, 3–5 times

(30min) for 2–4 weeks without any supervision.

Control group: received self-training for 3–4 weeks.

Hørdam et al. (37) Denmark Intervention: 82

Control: 93

THR Post-

operative

36 weeks Intervention group: 2 and 10 weeks after their surgery,

received telephone support and counseling to understand

patients’ health status and their additional needs. Moreover,

they received standard care.

Control group: received the standard care (i.e., discharging

from hospital 5–7 days after surgery and a clinical control 3

months after surgery).

Russell et al. (35) Australia Intervention: 31

Control: 34

TKR Post-

operative

6 weeks Intervention group: attended six 45-min tele-rehabilitation

sessions.

Control group: attended six 45-min in-person rehabilitation

session.

The focus of the sessions was on assessment, exercises and

treatment techniques.

Leal-Blanquet

et al. (38)

Spain Intervention: 42

Control: 50

TKR Post-

operative

48 weeks Intervention group: watched a video related to surgery

procedure, recovery, post-operative care, outpatients care at

2, 6, and 12 months after surgery.

Control group: received verbal information about surgery,

potential complications and habilitation.

Piqueras et al. (39) Spain Intervention: 90

Control: 91

TKR Post-

operative

12 weeks Intervention group: received 10 1-h interactive virtual

tele-rehabilitation sessions. The focus of the sessions was on

exercises.

Control group: received 10 1-h in-person rehabilitation

sessions after surgery.

Marsh et al. (40) Canada Intervention: 66

Control: 61

THR Post-

operative

48 weeks Intervention group: completed a web-based follow up with

their surgeon.

Control group: completed an in-person follow up with

their surgeon.

Marsh et al. (41) Canada Intervention: 61

Control: 61

THR Post-

operative

48 weeks Intervention group: completed a web-based follow up with

their surgeon.

Control group: completed an in-person follow up with

their surgeon.

Mobolaji and

Lynne (42)

UK Intervention: 69

Control: 71

TKR Post-

operative

6 weeks Intervention group: used a rehabilitation Visualization System

for 6 weeks after surgery when exercising. In addition,

patients received a video call 3 weeks after their surgery from

a clinician and had a clinical checkup 6 weeks after surgery.

Control group: received exercise handbook and DVD. In

addition, patients received a checkup call 2 weeks

after surgery.

Tousignant et al.

(45)

Canada Intervention: 97

Control: 100

TKR Post-

operative

16 weeks Intervention group: received 16 telerehabilitation sessions via

videoconferences led by a physiotherapist.

Control group: received 16 in-person rehabilitation sessions

led by a physiotherapist.

The rehabilitation was focused on assessment and

functional rehabilitation.

(Continued)
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TABLE 1 | Continued

References Country Sample size Population Time of

intervention

Duration/length

of follow up

Intervention

Moffet et al. (43) Canada Intervention: 104

Control: 101

TKR Post-

operative

16 weeks Intervention group: received 16 sessions of 45–60min

physiotherapy sessions via videoconference.

Control group: received 16 45–60min in-person

physiotherapy sessions.

The content of the sessions was on the assessment before

and after exercise, supervised exercise training, and

prescription of home exercises.

Szots et al. (48) Denmark Intervention: 54

Control: 54

TKR Post-

operative

12 weeks Intervention group: received Telephone follow ups after their

discharge (4 and 14 days) as well as standard care. The

focus of Telephone Follow ups was on the patients’ wound,

pain management and exercises.

Control group: received standard care.

Szots et al. (47) Denmark Intervention: 59

Control: 58

TKR Post-

operative

48 weeks Intervention group: received Telephone follow ups after their

discharge (4 and 14 days) as well as standard care. The

focus of Telephone follow ups was on the patients’ wound,

pain management, and exercises.

Control group: received standard care.

Chen et al. (46) China Intervention: 101

Control: 101

TKR Post-

operative

48 weeks Intervention group: received a structured telephone call

aiming to reinforce care and the standard care.

Control group: received only the standard care with no

telephone follow up.

Standard care included home exercises, rehabilitation manual

and a video.

Moffet et al. (44) Canada Intervention: 84

Control: 98

TKR Post-

operative

8 weeks Intervention group: received 16 45–60min telerehabilitation

session (i.e., videoconference)

Control group: received 16 45–60min in-person

physiotherapy session.

Bini and Mahajan

(49)

USA Intervention: 14

Control: 15

TKR Post-

operative

12 weeks Intervention group: received instructional exercise videos.

Patients received additional videos after clinicians reviewed

patients uploaded videos of their exercise performance. The

clinicians and the patients determined the endpoint.

Control group: received the standard care and joining other

patients in the rehabilitation clinic.

Park and Song

(50)

South Korea Telephone Intervention:

21

Text message

group: 19

TKR Post-

operative

12 weeks Intervention group: received telephone counseling 1, 3, 5, 7,

9, and 11 weeks after discharge. The focus of the calls was

on general condition, activity of daily living, and affected joint

dysfunction.

Control group: patients in the text message group received

telephone counseling 1, 3, 5, 7, 9, and 11 weeks after

discharge. The focus of the text messages was on general

condition, activity of daily living, and affected joint dysfunction.

Culliton et al. (52) Canada Intervention: 209

Control: 207

TKR Post-

operative

48 weeks Intervention group: watched 32 brief educational videos. The

videos provided information on pain, functional outcomes,

limitations, and restrictions.

Control group: received an educational booklet before their

surgery without any reminder.

Doiron-Cadrin

et al. (53)

Canada Interventions (2): 22

Control: 11

THA/TKA Pre-operative 12 weeks Intervention group 1: received a home-based prehabilitation

program at home via telecommunication application.

Intervention group 2: received a home-based prehabilitation

program at the orthopedic clinic.

Control group: received usual care without prehabilitation.

Hardt et al. (54) Germany Intervention: 26

Control: 27

TKA Post-

operative

Days Intervention group: received the GenuSport application. The

application provided training for active knee extension.

Patients also received the standard care.

Control group: received the standard care.

The standard care consisted of “knee mobilization, gait

training, assisted walking with crutches, strength exercises,

stair climbing, manual lymphatic drainage, and cryotherapy”

three times a day.

(Continued)
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TABLE 1 | Continued

References Country Sample size Population Time of

intervention

Duration/length

of follow up

Intervention

Jin et al. (55) China Intervention: 33

Control: 33

TKA Post-

operative

24 weeks Intervention group: received virtual reality training. In the VR

training, patients rowed a boat three times a day (30

minutes/per session).

Control group: performed knee flexion exercises using their

arms. Exercises should perform 30 times a day (∼30min).

Van der Walt et al.

(51)

Australia Intervention: 81

Control: 82

TKA/THA Post-

operative

24 weeks Intervention group: used the Vívofit 2 device. Patients were

able to see their daily steps count.

Control group: used the Vívofit 2 device. Patients were not

able to see their daily steps count.

Timmers et al. (59) Netherlands Intervention group: 114

Control group: 99

TKR Post-

Operative

4 weeks Intervention group: used the Patient Journey App to receive

day-to-day information about recovery

Control group: Received information related to recovery two

times per week

Pronk et al. (60) Netherlands PainCoach: 38

Control group: 33

TKR Post-

Operative

4 weeks Intervention group: downloaded the PainCoach app, that

provides information on using pain medicine, exercises, rests,

when to call the clinic and the usual care.

Control group: only received the usual care in which they

received the advice similar to the PainCoach advice.

Gianola et al. (61) Italy Intervention group: 44

Control group: 41

TKR Post-

Operative

6-7 days Intervention group: received VR Based rehabilitation.

Control group: received traditional rehabilitation.

Christiansen et al.

(58)

USA Intervention: 20

Control: 19

TKR Post-

operative

12 months Intervention group: received a Fitbit Zip, received a

recommended number of steps per week/day from a

physiotherapist and received monthly follow up calls.

Control group: received an exercise program and an exercise

log. The physical therapist updated the record weekly.

Nelson et al.

(56, 57)

Australia Intervention: 35

Control: 35

THR Post-

Operative

6 months Intervention group: received a telerehabilitation program and

an exercise program using an iPad.

Control group: received in-person physiotherapy and home

exercise program.

and (3) functioning of the operated hip/knee. A total of
42 different types of measures and scales were used in the
sample to assess physical outcomes. As an example, pain was
measured using the Visual Analog Scale (62), pain subscale of
the Knee Injury and Osteoarthritis Outcome Score (KOOS) (63),
and the pain subscale of the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) (64), Outcomes
related to physical health and functioning were assessed by
measures such as Knee Society Score (KSS) (65), Patient Specific
Functional Scale (PSFS) (66), and Timed Up and Go Test (TUG)
(67) and outcomes related to the functioning of the operated
hip/knee were evaluated bymeasures including but not limited to
Oxford Knee Score (OKS) (68), Biodex System-3 dynamometers,
Nicholas Manual Muscle tester (NMMT) dynamometer (Kg),
Angle degree, and Limb girth measurement. In total, 195 separate
comparisons related to physical outcome types were reported.
Of these 195 separate comparisons, in 169 comparisons, no
statistically significant difference between the intervention and
control groups was not observed. Only 28 comparisons [in 12
studies (34, 35, 46, 51, 52, 54, 55, 58–61)] showed a statistically
significant difference between the intervention and control
groups (i.e., patients who received the usual care) in themeasured
outcome at the study endpoint, in 25 cases, the intervention
groups had significantly better outcomes. Specifically, in the
pain category, in 36 comparisons there was only six significant

differences between the intervention groups and the control
groups [the intervention groups reported less pain in two studies
(54, 55, 59, 60)].

In the physical health and functioning category, in 90
comparisons (out of 106), no significant differences were
observed between the results of the intervention and the control
groups. However, in 16 cases, the patients in the intervention
groups showed statistically significant differences from the
patients in the control group. For example, patients in the
intervention group showed higher scores in overall functioning
intervention types: Educational videos; VR intervention; six 45-
min tele-rehabilitation sessions; GenuSport application for the
active knee extension; journey App (35, 54, 55, 59), exercises and
physical activity, and mobility [intervention type: journey App;
FitBit Zip; wearing the Vívofit 2 device; Virtual rehabilitation
(39, 51, 58, 59)]. Only in three comparisons [intervention type:
educational videos (52)], the control groups were found to have
a higher score in functional activity (p = 0.02), less symptoms,
and higher change in rigidity [Intervention type: VR based
rehabilitation (61)], compared to the intervention group at the
end of the study period.

In the functioning of the operated knee/hip category, in 47
comparisons (out of 53), no significant differences were found
between the intervention and the control groups. However, in
six comparisons related to overall functioning of the operated
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FIGURE 2 | Risk of bias in included studies.

joint [intervention types: GenuSport application for the active
knee extension; VR intervention (54, 55)], muscle strength
[intervention type: interactive virtual tele-rehabilitation sessions
(39)], range of motion [intervention type: GenuSport application
for the active knee extension; VR intervention (54, 55)], the
patients in the intervention group scored better than the patients
in the control groups. Table 2 lists the details of the statistically
significant analyses related to physical outcomes.

Psychological and Social Outcomes
In 19 studies (35, 37, 38, 42–44, 46–52, 54, 57, 59, 61,
71, 72) psychological and social outcomes were assessed. In
total, 67 separate comparisons were conducted between the
intervention and the control groups, using 16 distinct measures

including Medical Outcomes Study Short Form (73), Short-
Form questionnaire (74), Beck Depression Inventory (BDI) (75),
Hospital Anxiety/Depression Scale (76), Pain Catastrophizing
Scale (77), and Health Care Satisfaction Questionnaire (78). We
categorized these outcomes in eight main psychological outcome
types: (1) mental health, (2) intrinsic motivation, (3) self-efficacy,
(4) emotional role, (5) quality of life, (6) patient satisfaction, (7)
expectations, and (8) social function. Mental health was the most

studied psychological outcome (n= 9 studies) (37, 42, 46–49, 51–
53). In 54 cases (out of 67), there were no statistically significant
differences between the psychological or social outcomes of the

eHealth intervention group and the control group, or both the
intervention group and the control group had improved at

the end of the study compared to baseline. However, for 12
discrete comparisons [in five studies (38, 46, 52, 57, 59)], there

was a statistically significant difference between the intervention
and the control group. For example, Culliton and colleagues
[intervention type: educational videos (52)] reported that 12
months after surgery, patients in the eHealth intervention group

had higher levels of anxiety (p= 0.02), pain-relatedmagnification
(p = 0.02), pain-related rumination (p = 0.02), and pain-related
helplessness (p = 0.02) than the control group. However, Leal-

Blanquet and colleagues [intervention type: educational video

(38)] found that 4 months after surgery, the control group
had statistically significant increased expectations of knee range

of motion than the intervention group (p = 0.04), and the

intervention group had significantly increased expectations for
going up (p = 0.03) and down (p = 0.03) stairs than the control
group participants. Table 3 lists the details of the statistically
significant analyses related to psychosocial outcomes.

Cost-Related Outcomes
In seven studies (40–42, 45, 54, 56, 59) usability and cost-
related outcomes were measured using 27 comparisons. In total,
four main outcome types were assessed: (1) adherence to the
rehab program, (2) travel distance, (3) time, and (4) cost. In 15
comparisons [in 5 studies (40, 41, 45, 56, 59)] the intervention
group reported lower expenses and costs than the control groups.
For example, Marsh and colleagues [intervention type: a web-
based follow-up with the surgeon (40)] in their study found
that travel distance to the medical facility (p < 0.01), travel
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TABLE 2 | Summary of the statistically significant physical outcomes assessed in the included studies.

Outcome type References Measure/scale Subscale Finding(s)

Pain (54) Numeric Rating Scale (NRS) Pain in motion Significant differences between the intervention group (mean = 4) and the

control group (mean = 5) about 7 days after surgery (p = 0.006; the intervention

group reported lower pain).

Pain (55) Visual Analog Scale (62) NA Significant differences between the intervention group (mean = 3.87) and the

control group (mean = 4.42) about 1 week after surgery (p = 0.002; the

intervention group expressed less pain).

Pain (60) Opiate use Oxycodone usage Significant differences after 2 weeks between the intervention group and the

control group (p = 0.02; Intervention group used 32.2% less opiate).

Pain (59) NRS Pain during night Significant difference between the intervention group (mean = 4.18) and the

control group (mean = 5.21) 4 weeks after discharge (p = 0.003; the

intervention group reported less pain).

Pain (59) NRS Pain at rest Significant difference between the intervention group (mean = 3.45) and the

control group (mean = 4.59) 4 weeks after discharge (p = 0.001; the

intervention group reported less pain).

Pain (59) NRS Pain during activity Significant difference between the intervention group (mean = 3.99) and the

control group (mean = 5.08) 4 weeks after discharge (p < 0.001; the

intervention group reported less pain).

Physical health

and functioning

(61) Stabilometric platform of the

Virtual Reality Rehabilitation

System

Global

proprioception

Significant difference in mean change (i.e., week 1 and week 4 after discharge)

between the intervention (mean change = 73.46) and the control group (mean

change = 59.86; p = 0.002; the intervention group had more improvement).

Physical health

and functioning

(34) Timed Up and Go Test

(TUG) (67)

NA There was a significant difference between the intervention group and the control

group p < 0.001; the intervention group reported higher mean change after the

end of the study).

Means have not been reported.

Physical health

and functioning

(46) Days Home exercise Significant difference after 12 months between the intervention (mean = 78.35)

and the control group (mean = 70.21; p < 0.01; the intervention group had a

higher mean).

Physical health

and functioning

(46) Minutes Home exercise Significant difference after 12 months between the intervention (mean = 54.12)

and the control group (mean = 48.95; p < 0.01; the intervention group had a

higher mean).

Physical health

and functioning

(52) Knee Society Score (KSS)

(65)

Symptoms Significant difference between the intervention group (mean = 18.90) and the

control group (mean = 19.84) 12 months after surgery (p = 0.04; better

outcome for the control group).

Physical health

and functioning

(52) KSS (65) Functional

activities

Significant difference between the intervention group (mean = 64.75) and the

control group (mean = 68.18) 12 months after surgery (p = 0.04; higher score in

the functional activity in the control group).

Physical health

and functioning

(35) Patient Specific Functional

Scale (PSFS) (66)

NA Significant difference in mean change (baseline to 1.5 months after surgery)

between the intervention group (mean = 5.05) and the control group

(mean = 3.97; p = 0.04; intervention group showed higher score in functioning).

Physical health

and functioning

(54) KSS (65) Function Significant differences between the intervention group (mean = 42) and the

control group (mean = 37) about 7 days after surgery (p = 0.01; the intervention

group reported higher score in functioning).

Physical health

and functioning

(51) Daily Step Count Mobility Significant differences between the intervention group (mean = 137) and the

control group (mean = 117) 6 months after surgery (p = 0.030; the intervention

had more daily steps).

Physical health

and functioning

(55) WOMAC (64) NA Significant differences between the intervention group (mean = 21.58) and the

control group (mean = 26.33) about 6 months after surgery (p = 0.000; the

intervention group had less functional limitations).

Physical health

and functioning

(59) OA KOOS-Physical

Function Shortform

(KOOS-PS) (69)

Functioning

limitation

Significant difference at week 4 between the intervention (mean = 37.61) and the

control group (mean = 43.08; p < 0.001; the intervention group reported less

functioning limitation).

Physical health

and functioning

(59) EuroQol-5 Dimensions NA Significant difference at week 4 between the intervention group (mean = 0.76)

and the control group (mean = 0.67; p < 0.001; the intervention group reported

more improvement).

Physical health

and functioning

(59) NRS Physiotherapy

exercises

Significant difference in mean change between the intervention (mean = 7.50)

and the control group (mean = 6.88) 4 weeks after discharge (p = 0.03; the

intervention reported higher ability to perform physical exercises).

(Continued)
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TABLE 2 | Continued

Outcome type References Measure/scale Subscale Finding(s)

Physical health

and functioning

(61) WOMAC (64) Rigidity Significant difference in mean change (i.e., week 1 and week 4 after discharge)

between the intervention (mean change = −45.43) and the control group (mean

change = −67.05; p = 0.046; the intervention reported less change in rigidity).

Physical health

and functioning

(58) Minutes Physical activity Significant difference at 12 months between the intervention (mean = 133.8) and

the control group (mean = 57.7) 12 months after surgery (95% CI: 10.5, 141.5;

the intervention group had a higher mean in physical activity).

Physical health

and functioning

(58) Daily steps Physical activity Significant difference between the intervention (mean = 6,144) and the control

group (mean = 4,169) 12 months after surgery (95% CI: 466, 3,422; the

intervention group had a reported more daily stems).

Functioning of the

Operated

Knee/Hip

(55) Hospital for Special Surgery

(HSS hip) (70)

NA Significant differences between the intervention group (mean = 87.55) and the

control group (mean = 80.39) about 6 months after surgery (p = 0.000; the

intervention group had better score in functioning).

Functioning of the

Operated

Knee/Hip

(46) Angle degree Active range of

motion

Significant difference between the intervention group and the control group

(p = 0.01; the intervention group had a higher mean change after 12 months).

Functioning of the

Operated

Knee/Hip

(39) Nicholas Manual Muscle

tester (NMMT)

dynamometer (Kg)

Quadriceps

muscle strength

Significantly increased in the intervention group (mean change = 8.48) compared

to the control group (mean change = 5.89) 3 months after surgery (p = 0.018).

Functioning of the

Operated

Knee/Hip

(54) KSS (65) Knee Significant differences between the intervention group (mean = 71) and the

control group (mean = 59) about 7 days after surgery (p = 0.0002; intervention

group had better functioning).

Functioning of the

Operated

Knee/Hip

(54) Angle degrees Active range of

motion

Significant differences between the intervention group (mean = 76) and the

control group (mean = 67) about 7 days after surgery (p = 0.034; intervention

group had better active range of motion).

Functioning of the

Operated

Knee/Hip

(55) Angle degree Knee range of

motion

Significant differences the intervention group (mean = 93.73) and the control

group (mean = 86.36) about 2 weeks after surgery between (p = 0.000;

intervention group had higher range of motion).

costs (p < 0.01), time spent completing the follow-up assessment
(p < 0.01) and time spent by caregivers (p < 0.01) were lower in
the eHealth intervention group than the control group. Similarly,
Nelson et al. (56) reported a statistically significant difference
in patient/carer travel costs between the intervention group
(mean = $0.77) and control group (mean = $77.69). In another
study, Marsh and colleagues [intervention type: a web-based
follow-up with the surgeon (41)] showed that the cost of the
follow-up assessment based on both the societal (p < 0.01) and
the health-care payer perspectives (p < 0.01) was lower in the
intervention group than the control group.

Table 4 lists the details of the statistically significant analyses
related to usability and cost-related outcomes.

DISCUSSION

This review investigated the effectiveness of eHealth tools
in providing pre- and post-operative education for patients
undergoing total hip and knee arthroplasty. Based on the type
of analyses that have been conducted, the findings showed that
often both the intervention group and the control groups show
statistically significant improvements at the end of the study
period compared to baseline. Overall, there were no major
differences between the intervention and the control groups at
the end of the study period indicating that eHealth tools are as
effective as usual care.

Findings from this review uncovered a few significant
benefits of eHealth tools when physical or psychological and
social outcomes were considered. These results are consistent
with other studies in the field of surgery that have generally
found no statistically significant differences in the outcomes
of eHealth tools in postoperative care vs. traditional or usual
care interventions (80–83). A systematic review focused on
telemedicine conducted by Grunter et al. (84) demonstrated
that complication rates after surgery do not differ between
eHealth intervention groups and control groups in various
patient populations. However, our findings are at odds
with other work that has found eHealth tools to be more
effective than usual care in other contexts, for example, in
improving physical activities in older patients [e.g., (85)].
In addition, in one study (52), researchers reported slightly
higher levels of anxiety, pain-related rumination, magnification,
and helplessness in the intervention group compared to the
control group. While these may be considered minor and
non-clinically relevant findings, it is important to conduct
more research on the potential benefits and the harms of
eHealth tools.

While costs and expenses have been measured only in few
studies (40–42, 45), in most cases, eHealth tools were found to
be more cost-effective than usual care, making lower-cost a key
advantage of eHealth tools over usual care. In line with this
finding, Hwa et al. (86) found that using telephone follow-ups
can lead to 110 additional opening spots in their clinics. Besides
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TABLE 3 | Summary of the psychological and social outcomes assessed in the included studies.

Outcome type References Measure/scale Sub-scale Finding(s)

Mental health (46) Medical Outcomes Study

Short Form (SF-36) (73)

Mental component

summary

Significant difference between the intervention (mean T0 = 45.6; mean

T3 = 52.5) and the control group (mean T0 = 44.7; mean T3 = 50.5; p = 0.03;

the intervention group had a bigger change).

Mental health (52) Hospital Anxiety and

Depression Scale (76)

Anxiety Significantly more anxiety in the intervention group (mean = 3.40) compared to

the control group (mean = 2.81) 12 months after surgery (p = 0.02).

Mental health (52) Pain Catastrophizing Scale

(PCS) (77)

Rumination Significantly more rumination in the intervention group (mean = 2.16) compared

to the control group (mean = 1.51) 12 months after surgery (p = 0.02).

Mental health (52) PCS (77) Magnification Significantly more magnification in the intervention group (mean = 1.03)

compared to the control group (mean = 0.69) 12 months after surgery

(p = 0.02).

Mental health (52) PCS (77) Helplessness Significantly more helplessness in the intervention group (mean = 2.32)

compared to the control group (mean = 1.76) 12 months after surgery

(p = 0.02).

Quality of life (59) Numerical Rating Scale

(NRS) (0–10)

Daily self-care Significant difference between the intervention (mean = 8.32) and the control

group (7.64) 4 weeks after discharge (p = 0.004; the intervention group reported

higher daily self-care).

Quality of life (59) NRS (0–10) Satisfaction with

information

Significant difference between the intervention (mean = 7.61) and the control

group (mean = 5.32) 4 weeks after discharge (p < 0.001; the intervention group

were more satisfied).

Quality of life (59) NRS (0–10) Patient-perceived

involvement by the

hospital

Significant difference between the intervention (mean = 7.24) and the control

group (mean = 4.90) 4 weeks after discharge (p < 0.001; the intervention group

perceived more involvement).

Satisfaction (57) Questionnaire Home exercise

compliance

The intervention group (overall compliance=86%) reported higher compliant than

the control group (overall compliance=74; p = 0.048) after surgery.

Expectations (38) The Hospital for Special

Surgery Knee Replacement

Expectations Surgery

(KRES) (79)

Knee range of

motion

The intervention group (mean of the change = 0.0) had significantly decreased

expectations of knee ROM in comparison to the control group (mean of the

change = 0.1) 4 months after surgery (p = 0.04).

Expectations (38) KRES (79) Going up stairs The intervention group (mean of the change = 0.1) had significantly increased

expectations for going up stairs than the control group (mean of the

change = −0.04) 4 months after surgery (p = 0.03).

Expectations (38) KRES (79) Going down the

stairs

The intervention group (mean of the change = 0.2) had significantly increased

expectations for going down the stairs than the control group (mean of the

change = −0.02) 4 months after surgery (p = 0.03).

the health care systems’ benefits, patients who use eHealth tools
and their family members can also benefit financially by traveling
fewer kilometers, dedicating less time for travel, reducing the
amount of time they take off from their work and decreasing
money spent on transit (82, 87).

Despite broad inclusion criteria that encompassed prehab
interventions, our search strategy only uncovered one study
where eHealth tools were used before surgery. More research
is needed to understand better the effect of eHealth tools
that aim to deliver prehab education. In addition, most of
the research included in this review did not meet all the
criteria for high-quality studies. While character limitations and
journal requirements may play a role in the quality of the
papers, still the findings should be considered with caution
and may not represent the actual impact of eHealth tools. The
overrepresentation of studies focused on using eHealth tools
on patients with knee arthroplasties over hip arthroplasties also
limits the generalizability of the impacts uncovered. Similarly,
our sample contained a majority of studies assessing the impact
of eHealth tools designed to deliver exercises and physiotherapy

and as such, physical outcomes were the main focus. This
narrow focus highlights the need to consider the potential of
eHealth tools in promoting a holistic view of both prehab
and rehab, which includes attention to psychosocial factors.
Furthermore, our sample mainly contained studies that did not
fully embrace contemporary eHealth approaches (e.g., interactive
designs). Therefore, it is possible that using interactive eHealth
tools can improve eHealth benefits from usual care. While we
did not restrict our search to any language, but we had to
exclude studies that were not in English (two studies) due to
our limited resources. Qualitative studies were excluded from
this study. Therefore, potential benefits and harms that were
uncovered through qualitative work have not been captured
in this work. Furthermore, because of the lack of evidence
about the most common outcomes measured in the studies
related to eHealth tools and hip and knee arthroplasties, our
team decided not to select any primary or secondary outcome
measures. Finally, due to the heterogeneity of the outcome
and the measurements, we did not perform a meta-analysis.
The absence of meta-analyses will limit our ability to estimate
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TABLE 4 | Summary of the statistically significant cost-related outcomes assessed in the included studies.

Outcome type References Measure/scale Subscale Finding(s)

Travel distance (40) Kilometers Travel distance Travel distance to the radiology appointment was significantly lower for the

intervention group (mean = 28.2) compared to the travel distance to the

radiographs and clinic visits (mean = 103.7) for the control group about 12

months after surgery (p < 0.01).

Time (40) Minutes Time to complete Completion time for follow-up assessment was significantly less for the

intervention group (mean = 121.7) than the control group (mean = 228.8) about

12 months after surgery (p < 0.01).

Time (40) Minutes Caregiver time Caregiver time for follow-up assessment was significantly less for the intervention

group (mean = 44.1) than the control group (mean = 127.2) about 12 months

after surgery (p < 0.01).

Time (56) Minutes Patient time Significant difference in patient time between the intervention group (mean = 79)

and the control group (mean = 331) (p-value not reported); intervention group

spent less patient time.

Time (56) Minutes Carer time Significant difference in carer time between the intervention group (mean = 38)

and the control group (mean = 302) (p-value not reported); intervention group

spent less carer time.

Costs and

expenses

(40) Dollar Travel cost Travel costs were significantly lower for the intervention group (mean = 10.45)

compared to the control group (21.36) about 12 months after surgery (p < 0.01).

Costs and

expenses

(41) Dollar Follow up

appointment cost

based on societal

perspective

Mean cost of follow-up per patient was significantly lower for the intervention

group (mean = CDN$98) compared to the control group (mean = CDN$162)

about 12 months after surgery (p < 0.01).

Costs and

expenses

(41) Dollar Follow up

appointment cost

based on

health-care payer

perspective

Mean cost of follow-up per patient was significantly lower for the intervention

group (mean = CDN$45) compared to the control group (mean = CDN$71)

about 12 months after surgery (p < 0.01).

Costs and

expenses

(41) Dollar Software Cost (i.e.,

Licensing Fee)

The intervention group would be significantly cost-saving when a surgeon

follow-up 20 or more patient per year using this method compared to the control

group from 12 to 24 months after surgery (p < 0.01).

Costs and

expenses

(41) Dollar Value of unpaid

time for ($0/h,

$10.25/h,

$26.19/h)

The intervention group was significantly more cost-saving if the value of the

unpaid time was $0/h (p < 0.01) or $10.25/h (p < 0.01) or even $26.19/h

(p < 0.01) compared to the control group.

Costs and

expenses

(45) Dollar Total cost for

treatment

(includes received

and canceled

treatments)

Total cost was significantly lower for the patients in the intervention group

(mean = $1,224) than the patients in the control group (mean = $1,487;

p < 0.001).

Costs and

expenses

(45) Dollar Cost for one

treatment

Cost per treatment was significantly lower for the patients in the intervention

group (mean = $80.99) than the patients in the control group (mean = $93.08;

p = 0.008).

Costs and

expenses

(59) Researcher made question Point of contact

with hospital

Significant difference in overall point of contact between the intervention

(mean = 1.22) and the control group (mean = 1.62; p = 0.014; the intervention

group had fewer contacts with the hospital).

Costs and

expenses

(56) Number Intervention

physiotherapy

sessions

Significant difference between intervention group (mean = 2.5) and control group

(mean = 2.9; p-value not reported); intervention group had less sessions.

Costs and

expenses

(56) Dollar Patient/Carer

travel costs

Significant difference in patient/carer travel costs between the intervention group

(mean = $0.77) and control group (mean = $77.69; p-value not reported);

intervention group had less patient/carer travel costs.

the effect size of eHealth interventions. It will also limit our
ability to generalize our findings (88). In summary, findings
from this review revealed that eHealth tools are as effective
as usual care interventions and may be more cost-effective in
their implementation. The use of eHealth intervention requires
attention to several factors. Patient preferences and computer

literacy levels are critical to the success of remote interventions,
especially when using interactive designs. While for some
eHealth modalities such as telephone follow-ups, high computer
or literacy skills are not critical, other interventions delivered
through apps and computer programs require not only access to
these devices but also comfort in using them. Another important
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issue raised by researchers in this field (84, 89) is patients’
privacy when using eHealth tools. For example, Watzlaf et al.
(90) found that most voices over internet protocol (VOIP)
videoconferencing software that is used for videoconferencing
have serious security vulnerabilities. Moving forward, attention
to ethical issues such as privacy, confidentiality and quality
are crucial in ensuring eHealth tools are both adopted and
beneficial (91).

Conclusion
The overarching goal of the current study was to provide
an understanding of the effectiveness of eHealth tools on the
outcomes of patients undergoing total hip and knee arthroplasty.
While the included studies used heterogeneous group of
interventions, in conclusion, the overall findings showed that
regardless of the type of the eHealth intervention that was used
in each study, in the majority of the cases, eHealth tools were
as effective as usual care interventions, but more cost-effective
which can be a good argument in supporting their development
and application in the health care system.However, only a smaller
set of studies investigated the cost-related outcomes, and more
investigations, especially longitudinal investigations, are needed
to assess the short- and long-term impacts of eHealth tools
on cost-related outcomes. The findings of this study do not
indicate that using eHealth tools will totally remove the costs
of prehabilitation and rehabilitation intervention. However, it
shows that eHealth tools can significantly reduce some of the
expenses (e.g., travel time). Considering the evidence around
the procedures for tool development that suggests eHealth
tool should contain personalized advice, have features that
enable communications between patients and their health care
providers, and include patients’ health profile (92) to increase
the effectiveness of the eHealth tools, more robust approaches
in developing these tools should be taken into account in
future. Furthermore, more research should compare the effect
of eHealth education with standard care. Especially usability and
feasibility of different aspects and features of eHealth education
(e.g., videos, text, quizzes) should be assessed. In addition,
the effectiveness of the different types of eHealth education
(e.g., webinars, online applications with or without professional

support) should be compared with in-person education. While
the COVID-19 pandemic restricted many from accessing in-
person education, it also mitigated the transformation of in-
person education to online education, an opportunity that should
not be missed (93).

Clinical Outcomes
• Using eHealth tools in providing health-related education for

patients undergoing hip/knee arthroplasty can be as effective
as usual care.

• eHealth tools are more cost-effective than usual care.
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