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Abstract

Background: The role of eHealth programs to support patients through surgical pathways, including total hip arthroplasty
(THA), is rapidly growing and offers the potential to improve patient engagement, self-care, and outcomes.

Objective: The aim of this study is to compare the effects of an eHealth program (intervention) versus standard care for pre-
and postoperative education on patient outcomes for primary THA.

Methods: A prospective parallel randomized controlled trial with two arms (standard care and standard care plus access to the
eHealth education program) was conducted. Participants included those who underwent THA. Outcome measures were collected
preadmission, at 6 weeks, and at 3 and 6 months after surgery. The primary outcome was the Hip Dysfunction and Osteoarthritis
Outcome Score. Secondary outcomes were a 5-level 5-dimension quality of life measure and the self-efficacy for managing
chronic disease scale. Demographic and clinical characteristics were also collected. A satisfaction survey was completed by all
participants 6 weeks after surgery, and those in the intervention arm completed an additional survey specific to the eHealth
program.

Results: A total of 99 patients were recruited: 50 in the eHealth program (intervention) and 49 in standard care (control). Clinical
improvements were demonstrated in both groups across all time points. Per-protocol analysis demonstrated no differences between
the groups for all outcome measures across all time points. Participants in the eHealth program reported that the program was
accessible, that they felt comfortable using it, and that the information was helpful.

Conclusions: This study demonstrated that the eHealth program, in addition to standard care, had no additional benefit to THA
recovery compared with standard care alone. The study found that the eHealth program was highly valued by participants, and
it supported the preoperative preparation, recovery, and postoperative rehabilitation of participants.

Trial Registration: Australian New Zealand Clinical Trial Registry ACTRN12617001433392;
http://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=373657
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Introduction

eHealth programs can provide individualized patient care at the
preoperative, perioperative, and postoperative stages and have
the potential to improve patient engagement, self-care, and
outcomes across the surgical pathway [1,2]. The implementation
of eHealth has many benefits, including enabling a single source
of information that can be regularly and easily updated within
a rapidly changing environment and enabling equitable access
to all patients regardless of geographical location. Various
capabilities can be incorporated into eHealth programs,
including platforms to communicate directly with health
professionals and electronic reminders to prompt patients to
complete an exercise or take medication, and it can also be used
by other health professionals and caregivers to provide an
enhanced continuity of care [2].

One surgical pathway where preadmission, perioperative, and
postoperative education is essential is total hip arthroplasty
(THA) to prepare people physically and psychologically before
surgery and to promote recovery after surgery. THA is a surgical
procedure that improves both joint function and quality of life
(QoL) in patients with hip osteoarthritis [3]. Osteoarthritis is a
major disabling joint disorder worldwide, with the hip being
the second most affected joint, and can result in pain, decreased
function, and reduced QoL [4]. Within Australia and
internationally, the number of people undergoing THA has
increased annually over the last 10 years [5,6]. In Australia,
over half of all hip arthroplasties (59.7%) are conducted in
private hospitals [3].

The most prevalent form of education delivery for THA
currently includes a combination of one-to-one verbal
discussions, patient group sessions, educational booklets, and
educational videos [7]. Many studies and reviews have
demonstrated the benefits of these education programs, including
reduced length of hospital stay, lower readmission rates, fewer
adverse events, increased functional abilities, improved QoL,
less anxiety, more effective pain management, and improved
cost-effectiveness [8-12].

The incorporation of eHealth programs in the delivery of
education has shown some potential to further enhance the
educational experience and outcomes for postsurgical
rehabilitation for orthopedic patients, including those undergoing
THA [13]. Most studies have focused on the use of
telerehabilitation in either the pre- or postsurgical periods
[1,13-15]. A systematic review conducted on the evidence of
the benefit of telerehabilitation after orthopedic surgery has
shown strong to moderate grades of evidence for hip
replacement interventions; the review recommends that
high-methodological quality studies are needed [13]. Therefore,
this study adds to the body of knowledge by conducting a
high-quality randomized controlled trial (RCT) that aims to
investigate the use of telerehabilitation across the perioperative
period and not only the rehabilitation phase and compares the
addition of an eHealth program (intervention) versus standard

care (control) for pre- and postoperative education on patient
outcomes for primary THA.

Methods

Study Design
A prospective RCT was conducted in a private metropolitan
hospital in Western Australia. The trial consisted of two arms:
one receiving the eHealth program and standard care
(intervention) and the other receiving only standard care
(control).

Participants
Participants included patients undergoing primary elective THA
in a private hospital. Patients were included if they were (1) 18
years or older, (2) able to provide informed consent, and (3)
had at least three weeks’ lead-up time before THA surgery.
Exclusion criteria included (1) admission to undergo a THA
revision, a bilateral THA, THA following a fractured neck of
the femur, or a previous THA; (2) inability to write or speak in
English; (3) no access to a web-based device; and (4) a risk
assessment and prediction tool score less than 6.

Recruitment
Participants were screened and invited to hear more about the
study by the preadmission nurse during the routine preadmission
phone call. Eligible participants were then provided with
additional study information and invited to participate by a
member of the research team. The recruitment for the study was
conducted from January 2018 to January 2019.

Randomization
Participants were randomized one-to-one using permuted block
randomization to ensure that an equal number of participants
were allocated to each arm of the trial. Allocation concealment
in the order of recruitment was conducted off site after consent
had been obtained by a researcher, separate to participant
recruitment. Blinding of the participant or health care team was
not possible due to the type of intervention.

Standard Care
The standard practice was an enhanced recovery program (ERP)
based on an orthopedic recovery program developed in the
United Kingdom [16]. The ERP included an enhanced recovery
booklet received before admission; a 1-hour, hospital-based,
face-to-face preoperative education session presented by a
registered nurse, occupational therapist, pharmacist, and
physiotherapist; and follow-up phone call post discharge. The
program included information and education to support patients
to prepare for hospital, during hospital, discharge, and post
discharge.

Intervention
Participants in the intervention arm received standard care plus
access to the My Hip Journey eHealth education program.
Depending on the participant’s surgical approach (posterior,
anterior, or SUPERPATH), which was determined by the
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surgeon’s discretion, they were allocated into 1 of 3 types of
programs. Access to the program was provided at least 2 weeks
before surgery, and the program was run until 6 weeks post
surgery.

My Hip Journey provided participants with web-based access
to a range of educational resources, including fact sheets, videos,
exercise videos, and email reminders about the pre- and
postoperative care of a THA. Participants were encouraged to
log in daily to view their My Program window displaying a list
of videos and information as well as exercises that had been
allocated for them to view or complete that day. Participants
could also communicate with the health care team at the hospital
using the communication log within the program; they could
also invite other health care professionals or support persons to
be part of the program.

Data Collection
Participants completed data collection electronically in four
phases: (1) preadmission, (2) 6 weeks, (3) 3 months, and (4) 6
months after surgery. Across all the four phases, participants
completed the primary outcome measure Hip Dysfunction and
Osteoarthritis Outcome Score (HOOS) and the secondary
outcome measures of EuroQoL 5-Dimension 5-Level
(EQ-5D-5L) and self-efficacy for managing chronic disease
(SEMCD). The EQ-5D-5L consists of 2 parts, the EQ-5D visual
analogue scale (VAS) and the index score, which are scored
0-100 and 0-1. At 6 weeks postsurgery (phase 2), participants
also completed a satisfaction survey, and those in the
intervention arm completed an additional survey specific to the
eHealth program, and web-based analytics were also sourced.
Further information on the data collection tools is outlined in a
protocol paper [17].

Sample Size
Sample size calculations were conducted based on the primary
outcome (HOOS). The calculations were conducted for 3 out
of the 5 HOOS subscales, and the QoL subscale required the
largest sample size with a minimal clinically important
improvement of 17 [18] and a SD of 23.5 [19]. On the basis of
a power of 90% and a 5% significance level, 42 participants per
group were required. A sample size of 50 per group was required

to allow for a dropout rate of approximately 15%. Therefore,
the estimated and required sample size for this study was 100
participants.

Statistical Analysis
Data were reported in accordance with the CONSORT
(Consolidated Standards of Reporting Trials). The mean (SD)
and percentages were used to describe the characteristics of the
study group and survey responses. The categorical responses
for the 5 dimensions of the EQ-5D-5L (mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression) for each
participant were transformed into an index score using the UK
EQ-5D-5L value set [20].

Independent sample t test and chi-square or Fisher exact tests
were conducted to determine any differences in baseline
characteristics. Independent t tests were used to examine the
differences in baseline outcome scores. Treatment effects were
calculated on the pre- to postintervention outcomes at 6 weeks
using an independent sample t test to examine the differences
between groups. Further analysis was performed on the
posttreatment effects at 3 and 6 months postsurgery. The clinical
treatment effect of each intervention group was further analyzed
using multilevel mixed-effects linear regression pre- to
postintervention changes across the range of outcome measures
to account for repeated measures with the covariates of age and
gender.

Results

In total, 99 participants were recruited for the study, with 50
allocated to the intervention group and 49 to the control group.
Two participants withdrew because their surgery was postponed
when their private health fund did not cover THA, leaving 47
participants in the control group.

Data collection commenced in January 2018 and was completed
in July 2019. Loss to follow-up occurred during each phase of
the study. At the end of phase 4 (6-month follow-up), 66%
(33/50) of participants remained in the intervention group and
82.9% (39/49) in the control group. A flow diagram of the
patients participating in this study is outlined in the CONSORT
diagram (Figure 1).
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of patients participating in the study.

Baseline Demographics and Clinical Characteristics
No significant difference was found between the control and
intervention groups in terms of baseline demographic data and

clinical characteristics (type of surgery and length of hospital
stay; Table 1). A statistically significant difference at baseline
for pain and activities of daily living was found between the
groups for the HOOS scores (Table 2).
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Table 1. Baseline demographics of participants in the intervention and control groups.

P valueControl (n=49)Intervention (n=50)Characteristics

.76aGender, n (%)

24 (49)26 (52)Male

25 (51)24 (48)Female

.20b64.6 (9.7)61.7 (12.1)Age (years), mean (SD)

.69aAge (years), n (%)

16 (33)20 (40)60

17 (34)17 (34)61-70

16 (33)13 (26)≥71

.79b10.6 (1.3)10.5 (1.2)RAPTc score, mean (SD)

>.99dRAPT score, n (%)

6 (12)7 (14)Additional interventions needed before discharge directly home (score 6-9)

42 (86)43 (86)Discharge directly home (score 10-12)

1 (2)0Missing

.42dType of hip surgery, n (%)

22 (45)21 (42)Left THRe

25 (51)29 (58)Right THR

2 (4)0No surgery

.18dSurgery approach, n (%)

19 (39)26 (52)Posterior

24 (49)23 (46)Anterior

4 (8)1 (2)SUPERPATH

2 (4)0No surgery

.46b3.7 (1.2)3.9 (1.5)Length of stay (days), mean (SD)

.76a26 (53)25 (50)Attended education class, n (%)

.68d2 (4)4 (8)Known readmission, n (%)

aChi-square test.
bIndependent t test.
cRAPT: risk assessment and prediction tool.
dFisher exact test.
eTHR: total hip replacement.
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Table 2. Primary outcome assessment Hip Dysfunction and Osteoarthritis Outcome Score.

DifferenceControlInterventionTime periods

P valued (95% CI)n (%)Mean (SD)n (%)Mean (SD)

Baseline/preadmissiona

.136.10 (−1.82 to 14.02)47 (100)43.38 (20.34)47 (100)49.48 (18.28)Symptoms

.03 b6.16 (0.70 to 11.62)46 (98)45.33 (14.07)47 (100)51.49 (12.41)Pain

.0078.67 (2.44 to 14.88)47 (100)47.78 (14.86)47 (100)56.44 (15.50)Activities of daily living

.215.65 (−3.32 to 14.62)46 (98)30.34 (19.93)47 (100)35.99 (23.45)Sport/recreation

.323.46 (−3.44 to 10.36)47 (100)27.26 (16.09)47 (100)30.72 (17.57)Quality of life

Change baseline—6 weeksa

.43−4.20 (−14.71 to 6.32)41 (95)31.62 (25.17)37 (95)27.42 (21.01)Symptoms

.50−2.93 (−11.58 to 5.72)40 (95)33.00 (18.67)37 (95)30.07 (19.41)Pain

.34−4.02 (−12.39 to 4.35)41 (95)27.44 (20.38)37 (95)23.43 (16.23)Activities of daily living

.66−2.95 (−16.07 to 10.16)40 (95)21.19 (30.9)37 (95)18.24 (26.49)Sport/recreation

.860.97 (−10.01 to 11.96)41 (95)27.74 (26.45)37 (95)28.72 (21.72)Quality of life

Change baseline—3 monthsa

.42−4.85 (−16.64 to 6.94)37 (100)37.53 (28.41)39 (93)32.68 (23.01)Symptoms

.50−3.05 (−12.07 to 5.97)36 (97)39.65 (21.62)39 (93)36.6 (17.5)Pain

.18−6.57 (−16.21 to 3.07)37 (100)35.13 (23.35)39 (93)28.56 (18.67)Activities of daily living

.32−7.17 (−21.50 to 7.17)36 (97)39.70 (32.01)39 (93)32.53 (30.29)Sport/recreation

.55−3.48 (−15.16 to 8.19)37 (100)42.91 (26.4)39 (93)39.42 (24.72)Quality of life

Change baseline—6 monthsa

.23−6.89 (−18.25 to 4.48)3941.25 (24.61)32 (97)34.36 (22.97)Symptoms

.63−2.21 (−11.27 to 6.86)3840.72 (18.88)32 (97)38.52 (19.01)Pain

.15−6.84 (−16.19 to 2.50)39 (100)37.55 (19.76)32 (97)30.71 (19.50)Activities of daily living

.57−4.15 (−18.47 to 10.17)3844.19 (28.30)32 (97)40.04 (31.74)Sport/recreation

.70−2.34 (−14.19 to 9.55)39 (100)47.44 (22.75)32 (97)45.12 (27.39)Quality of life

aIndependent t test.
bP value in italics are statistically significant.

HOOS
From the analysis of the HOOS scores, it was found that both
groups improved immediately after surgery, and this
improvement was demonstrated across all 5 HOOS domains.
Participants continued to improve at 3 months and 6 months
after surgery. Baseline scores for pain and activities of daily
living were significantly different between the intervention and
control groups. No significant differences in changes between
the intervention and control groups were detected at baseline

and at 6 weeks, at 3 months, and at 6 months after surgery for
the HOOS scores (Table 2).

EuroQol EQ-5D-5L
An improvement in health-related quality of life (HRQoL) was
observed at 6 weeks, 3 months, and 6 months after surgery in
both the control and intervention groups, as measured by the
EQ-5D-5L VAS and the EQ-5D-5L index scores (Table 3).
However, there were no statistically significant differences
between the groups at any of the time points.
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Table 3. Secondary outcome assessment 5-level 5-dimension quality of life measure.

DifferenceControlInterventionTime periods

P valued (95% CI)n (%)Mean (SD)n (%)Mean (SD)

Baseline/preadmissiona

.200.05 (−0.03 to 0.14)47 (100)0.59 (0.21)47 (100)0.64 (0.19)Index

.34−3.77 (−11.62 to 4.09)47 (100)68.55 (18.23)47 (100)64.79 (20.02)VASb

Change baseline—6 weeksa

.77−0.02 (−0.12 to 0.09)42 (98)0.19 (0.26)37 (95)0.17 (0.20)Index

.98−0.09 (−7.01 to 6.83)42 (98)10.52 (15.73)37 (95)10.43 (15.05)VAS

Change baseline—3 monthsa

.72−0.02 (−0.11 to 0.08)37 (100)0.23 (0.21)40 (95)0.21 (0.21)Index

.463.06 (−5.08 to 11.21)37 (100)9.76 (15.05)39 (93)12.82 (20.08)VAS

Change baseline—6 monthsa

.29−0.05 (−0.15 to 0.05)39 (100)0.27 (0.22)32 (97)0.22 (0.18)Index

.482.54 (−4.63 to 9.72)39 (100)13.23 (13.21)31 (94)15.77 (16.90c)VAS

aIndependent t test.
bVAS: visual analogue scale.
cLarge outlier (−62)—intervention participant (ID#51) not included.

SEMCD
Both groups reported an increased sense of postsurgical
self-efficacy. Both groups had an above-average level of
self-efficacy preoperatively. Participants continued to improve

at 3 months and 6 months after surgery. However, no significant
differences in changes between the intervention and control
groups were detected at baseline and at 6 weeks, at 3 months,
and at 6 months after surgery (Table 4).

Table 4. Secondary outcome assessment self-efficacy for managing chronic disease score; per-protocol analysis.

Difference between groupsControlInterventionTime Periods

P valued (95% CI)n (%)Mean (SD)n (%)Mean (SD)

.86−0.07 (−0.82 to 0.69)47 (100)6.60 (1.80)47 (100)6.52 (1.88)Baseline/preadmissiona

.62−0.22 (−1.06 to 0.63)42 (98)1.51 (1.70)37 (35)1.29 (2.09)Change baseline—6 weeksa

.400.36 (−0.49 to 1.21)37 (100)1.49 (1.67)41 (98)1.85 (2.06)Change baseline—3 monthsa

.510.31 (−0.61 to 1.22)39 (100)1.76 (1.61)32 (97)2.06 (2.24)Change baseline—6 monthsa

aIndependent t test.

Repeated Measures Analysis
A repeated measure analysis based on per-protocol analysis was
performed using multilevel mixed-effects linear regression
accounting for age and gender. We found no effect over time
with the interaction of intervention by time, considering any
differences in baseline measures. Thus, the results were the
same regardless of the intervention group.

Economic Evaluation
As there were no statistically significant differences in the
primary and secondary outcomes for the eHealth program and
standard care, no further economic analysis was conducted.

Satisfaction Survey Results
The satisfaction survey was administered electronically 6 weeks
after surgery to all participants, with 43 participants in the
control group and 39 participants in the intervention group
completing the survey and 92% and 78% response rate,
respectively. Across all 6 questions, no statistically significant
difference in the satisfaction levels between the intervention
and control groups was noted (Table 5). The majority of
participants either strongly agreed or somewhat agreed that the
information was easy to follow (intervention group: 39/39,
100%; control group: 40/43, 93%), found the presurgery
information helpful (intervention group: 39/39, 100%; control
group: 40/43, 93%), found the postsurgery information helpful
(intervention group: 37/39, 94.8%; control group: 39/43, 90.7%),
and the content gave me a good understanding of my surgery
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pathway (intervention group: 38/39, 97.4%; control group:
37/43, 86%), The majority of participants either strongly agreed
or somewhat agreed that the content gave me a good
understanding of how to maximize recovery (intervention group:

37/39, 94.8%; control group: 38/43, 88.4%), and I feel that the
package that was supplied assisted me in my recovery
(intervention group: 36/39, 92.3%; control group: 37/43, 86%).

Table 5. Satisfaction survey results by group.

P valueaIntervention group (n=39), n (%)Control group (n=43), n (%)Survey questions

.34I found the information easy to follow

0 (0)0 (0)Strongly disagree

0 (0)2 (4.6)Somewhat disagree

0 (0)1 (2.3)Neither agree nor disagree

8 (20.5)11 (25.6)Somewhat agree

31 (79.5)29 (67.4)Strongly agree

.15I found the presurgery information helpful

0 (0)3 (7.0)Strongly disagree

0 (0)0 (0)Somewhat disagree

0 (0)0 (0)Neither agree nor disagree

8 (20.5)12 (27.9)Somewhat agree

31 (79.5)28 (65.1)Strongly agree

.51I found the postsurgery information helpful

0 (0)2 (4.65)Strongly disagree

1 (2.6)0 (0)Somewhat disagree

1 (2.6)2 (4.65)Neither agree nor disagree

10 (25.6)12 (27.9)Somewhat agree

27 (69.2)27 (62.8)Strongly agree

.42The content gave me a good understanding of my surgery pathway

0 (0)1 (2.3)Strongly disagree

0 (0)2 (4.6)Somewhat disagree

1 (2.6)3 (7)Neither agree nor disagree

6 (15.4)5 (11.6)Somewhat agree

32 (82)32 (74.4)Strongly agree

.70The content gave me a good understanding on how to maximize recovery

0 (0)2 (4.6)Strongly disagree

1 (2.6)1 (2.3)Somewhat disagree

1 (2.6)2 (4.6)Neither agree nor disagree

10 (25.6)11 (25.6)Somewhat agree

27 (69.2)27 (62.8)Strongly agree

.80I feel that the package that was supplied assisted me in my recovery

1 (2.6)2 (4.7)Strongly disagree

0 (0)0 (0)Somewhat disagree

2 (5.1)4 (9.3)Neither agree nor disagree

10 (25.6)12 (27.9)Somewhat agree

26 (66.7)25 (58.1)Strongly agree

aChi-square test.
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Over 80% (51/82) of the participants in both the intervention
and control groups responded to the open-ended questions. Most
of the intervention group (n=16) stated that there was no further
information that they needed, and they felt well informed. In
contrast, others (n=11) reported a lack of information pertaining
to the expected physical abilities after the surgery and weaning
off crutches and suggested including additional videos from
physiotherapists and occupational therapists along with more
information on anesthetic options, medications, and risks
associated with surgery. One participant suggested that the
program should have additional information for people living
without a support person. In addition, many participants in the
control group (n=15) provided suggestions for additional
information, including the need for additional occupational
therapy and physiotherapy advice, information on presurgery
exercise, postsurgery exercises, and the recovery pathway. Other
feedback was specific to the individual participant experiences
and included suggestions for further information about
medication, postoperative complications, and variations in length
of stay.

eHealth Program Survey
Participants in the intervention group completed an additional
survey specific to the use of the eHealth program 6 weeks after
surgery. In total, 39 participants completed the survey, of which
97% (n=38) accessed the program at least once. Participants
accessing the program varied: 30% (11/37) used it daily, 27%
(10/37) used it 2-3 times a week, 13% (5/37) used it at least
once a fortnight, and 30% (11/37) only accessed the program a
couple of times overall (less than once a fortnight). The majority
felt that the “application was easy to use” (35/37, 95%,), they
felt “comfortable using the application” (35/37, 95%), it was
“easy to find the information needed” (35/37, 95%), “the
organization of the information on the application screen was
clear” (35/37, 95%), the “information was effective in helping
them complete the daily tasks” (33/37, 89%), and the “content
in the emails were helpful” (33/37, 89%). All participants said
they somewhat agreed or agreed that they would recommend
the app to others; however, some participants stated that they
would still prefer paper-based information. Most participants
were satisfied with the app (33/37, 89%). Only a small
percentage of respondents contacted the health professional
using the email within the app (7/37, 18%), of which 3 neither
agreed nor disagreed that the health professional’s response
supported them in their recovery, 1 somewhat agreed, and 3
agreed that the responses supported them in their recovery.

In response to what participants liked most about the program,
the majority provided feedback (n=31), including ease of access
to the information (n=10) and the information provided was
informative, concise, and clearly presented (n=10). Others
commented on the benefits of the program through videos,
exercise videos, clear layout of the program, environmentally
friendly program, reinforcing good day-to-day practice, and
benefit of using in your own time. A total of 17 participants
shared dislikes of the program related to repetition of
information, frequency of emails, and timing of information.
Moreover, 19 participants provided additional comments, with
the majority (n=15) sharing positive feedback, including “it was
an excellent tool to assist my recovery,” “the information

provided kept me informed,” “wonderful resource” and “it made
me very well informed for my surgery.” Other participants (n=4)
provided further feedback, including the importance of including
a social worker, having more practical advice from an
occupational therapist, having too many boxes to record their
daily activities, and their lack of confidence in technology
affected their use of the program.

Safety and Adverse Events
For all participants involved in the study, there were a total of
6 readmissions to hospitals, 4 from the eHealth program, and
2 from standard care. Reasons for readmission included revision
of the hip, excision trochanter bursa, gluteal tendon repair,
washout of THA, dislocation of THA with revision, and
development of deep vein thrombosis in the leg. Two
participants from the intervention group transitioned to the
rehabilitation ward following surgery for further in-hospital
support.

Discussion

Principal Findings
ERPs for patients undergoing THA have become increasingly
common and have been shown to reduce hospital length of stay
and complications [21]. Preoperative patient education is a key
part of ERP protocols, and health care facilities are exploring
eHealth as a flexible option to support patient education and
enhance patient involvement. This study used an eHealth
program for pre- and postoperative education for THA and
found it to be as effective as standard care. Participants in both
groups demonstrated improvement in the primary outcome
measure (HOOS) at 6 weeks, 3 months, and 6 months after
surgery. No statistically significant differences were observed
between the intervention and control groups. Other studies have
also compared the effectiveness and benefits of eHealth apps
in joint arthroplasty and reported similar findings [22-24].
Across the secondary outcomes of length of stay, HRQoL, and
SEMCD, no statistically significant difference between the
intervention and control groups was observed. Self-reported
HRQoL increased in both groups after surgery, which was
consistent with other studies reporting improved QoL with
increased functionality [25].

Preoperative patient education was identified as being important
in contributing to patient recovery by providing patients with
more realistic expectations and an understanding of the
postoperative period while empowering them to be actively
engaged in their recovery [5,26]. Patient satisfaction with both
the standard care education and the eHealth program was high,
and there was no significant difference between the groups.
More specifically, the presurgery education information and
postsurgery information were found to provide a good
understanding of the surgical journey and of how to maximize
recovery. Previous studies also found positive benefits of
preoperative patient education in THA [6,27]. Participants in
the intervention group reported high satisfaction scores for the
eHealth program, in the helpfulness of the pre- and postsurgery
information, and for the content supporting their understanding
of the surgery and maximizing their recovery. In addition, most
participants stated that there was no further information that
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they needed, and they felt well informed. This was an important
finding as a key part of ERPs for hip arthroplasty was pre- and
postoperative patient education, particularly exercises, to achieve
functional recovery and reduced hospital stay [28]. Constructive
feedback from both groups identified areas for development in
patient education, with specific feedback from the control group
on the need for more information on pre- and postsurgery
exercises. This was not reported by the intervention group, and
the exercise videos in the eHealth program most likely addressed
this need, but they did suggest including additional information
about preoperative preparation within the presurgery videos.

Health professionals have identified that a patient’s knowledge
of postoperative exercises and undertaking these exercises
correctly contributes to the success of hip arthroplasty, and
eHealth apps can facilitate better patient engagement with the
discharge exercise regime [29]. The overall satisfaction with
using the eHealth program was positive and the regular use (at
least once per week) by most of the participants may have
contributed to the perceived benefits. Over 75% reported
positive benefits focused on ease of use, including good visual
display, access via any device, quality of information through
the daily email reminders, web-based resources and videos
encouraging regular use, and flexibility. These reported benefits
align with the usefulness, utility, and usability (including
learnability, memorability, and satisfaction) criteria identified
for usable eHealth programs [30].

Participants’ individual differences and preferences formed the
basis of suggestions for improvement, including considering
the frequency of emails, the volume of information, and the
need for a dedicated focus on recovery for people who have
limited or no care support. Overall, the positive feedback
identified that the program was a valuable resource in supporting
patient recovery, and participants would recommend the use of
the program to others. These findings support the notion that
developing effective eHealth programs requires feedback from
end users and recognizes the value in supporting patient
engagement in their own recovery [31,32].

Interestingly, only a few participants reported using the
functionality to contact other health professionals or hospitals
via email. This may indicate that the platform provided sufficient

information to support recovery, and urgent concerns may have
been directed to the surgeon. This area could be explored further,
and the program expanded to include discharge plans on the
platform as a record for patients and to communicate directly
with the primary health care team.

On the basis of the findings of this study, it is recommended
that the eHealth program be provided as an option to support
patients in their perioperative journey for hip arthroplasty. The
results of this study can help inform the development and future
research of telerehabilitation programs for other surgical
procedures.

Limitations
The study was developed and conducted according to the
CONSORT statement. This study had two key limitations. The
study was conducted in an acute private hospital; hence, the
findings may not be generalizable to other hospitals because
the results are limited to the study population and may not be
representative of participants at other hospitals. The study may
have lent itself to participants who were more comfortable with
technology, which may have created a potential selection bias.

Conclusions
Preoperative patient education is important for positive patient
outcomes following hip arthroplasty, and eHealth patient
education is becoming an increasingly flexible option to deliver
these resources to patients and guide the preparation and
recovery from surgery along with their direct contact with health
care professionals. This study demonstrated that participants in
the intervention group did not differ in outcome measures
compared with the control group, who received standard patient
education. The study demonstrated that an eHealth program
created an opportunity to provide preoperative guidance on
preparation and recovery and supported postoperative
rehabilitation. The acceptance of the program was high, with
participants reporting that it was easy to use and enabled them
to access information when they wanted to. These promising
results demonstrate that health care organizations can implement
and adapt digital health systems with good uptake by patients.
Larger studies would help further inform how eHealth programs
can be adapted for other orthopedic and surgical procedures.

Acknowledgments
The authors would like to acknowledge the consumer representatives involved in the project, the participants, and the nursing
and allied health staff who developed the patient education resources and videos and Go Well Health who provided the eHealth
platform. This study was funded by the HPH Research Foundation.

Conflicts of Interest
None declared.

Multimedia Appendix 1
CONSORT-eHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 3063 KB-Multimedia Appendix 1]

References

JMIR Rehabil Assist Technol 2021 | vol. 8 | iss. 1 | e22944 | p. 10https://rehab.jmir.org/2021/1/e22944
(page number not for citation purposes)

Saunders et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=rehab_v8i1e22944_app1.pdf&filename=57cb046b8b0472cc3f32086ab3ee9eae.pdf
https://jmir.org/api/download?alt_name=rehab_v8i1e22944_app1.pdf&filename=57cb046b8b0472cc3f32086ab3ee9eae.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


1. Wijnen A, Hoogland J, Munsterman T, Gerritsma CL, Dijkstra B, Zijlstra WP, et al. Effectiveness of a home-based
rehabilitation program after total hip arthroplasty driven by a tablet app and remote coaching: nonrandomized controlled
trial combining a single-arm intervention cohort with historical controls. JMIR Rehabil Assist Technol 2020 Apr
27;7(1):14139 [FREE Full text] [doi: 10.2196/14139] [Medline: 32338621]

2. Waller A, Forshaw K, Carey M, Robinson S, Kerridge R, Proietto A, et al. Optimizing patient preparation and surgical
experience using eHealth technology. JMIR Med Inform 2015 Sep 01;3(3):29 [FREE Full text] [doi:
10.2196/medinform.4286] [Medline: 26330206]

3. Ethgen O, Bruyère O, Richy F, Dardennes C, Reginster J. Health-related quality of life in total hip and total knee arthroplasty.
A qualitative and systematic review of the literature. J Bone Joint Surg Am 2004 May;86(5):963-974. [doi:
10.2106/00004623-200405000-00012] [Medline: 15118039]

4. March L, Smith EUR, Hoy DG, Cross MJ, Sanchez-Riera L, Blyth F, et al. Burden of disability due to musculoskeletal
(MSK) disorders. Best Pract Res Clin Rheumatol 2014 Jun;28(3):353-366. [doi: 10.1016/j.berh.2014.08.002] [Medline:
25481420]

5. Pabinger C, Geissler A. Utilization rates of hip arthroplasty in OECD countries. Osteoarthritis Cartilage 2014
Jun;22(6):734-741 [FREE Full text] [doi: 10.1016/j.joca.2014.04.009] [Medline: 24780823]

6. Australian Orthopaedic Association. National Joint Replacement Registry: Annual Report 2016. 2016. URL: https://aoanjrr.
sahmri.com/documents/10180/275066/Hip%2C%20Knee%20%26%20Shoulder%20Arthroplasty [accessed 2021-02-02]

7. Edwards PK, Mears SC, Lowry Barnes C. Preoperative education for hip and knee replacement: never stop learning. Curr
Rev Musculoskelet Med 2017 Sep;10(3):356-364 [FREE Full text] [doi: 10.1007/s12178-017-9417-4] [Medline: 28647838]

8. McDonald S, Page MJ, Beringer K, Wasiak J, Sprowson A. Preoperative education for hip or knee replacement. Cochrane
Database Syst Rev 2014 May 13(5):CD003526 [FREE Full text] [doi: 10.1002/14651858.CD003526.pub3] [Medline:
24820247]

9. Huang SW, Chen PH, Chou YH. Effects of a preoperative simplified home rehabilitation education program on length of
stay of total knee arthroplasty patients. Orthop Traumatol Surg Res 2012 May;98(3):259-264 [FREE Full text] [doi:
10.1016/j.otsr.2011.12.004] [Medline: 22480863]

10. Jones S, Alnaib M, Kokkinakis M, Wilkinson M, St Clair Gibson A, Kader D. Pre-operative patient education reduces
length of stay after knee joint arthroplasty. Ann R Coll Surg Engl 2011 Jan;93(1):71-75 [FREE Full text] [doi:
10.1308/003588410X12771863936765] [Medline: 21418755]

11. Yoon RS, Nellans KW, Geller JA, Kim AD, Jacobs MR, Macaulay W. Patient education before hip or knee arthroplasty
lowers length of stay. J Arthroplasty 2010 Jun;25(4):547-551. [doi: 10.1016/j.arth.2009.03.012] [Medline: 19427164]

12. Moulton LS, Evans PA, Starks I, Smith T. Pre-operative education prior to elective hip arthroplasty surgery improves
postoperative outcome. Int Orthop 2015 Aug;39(8):1483-1486. [doi: 10.1007/s00264-015-2754-2] [Medline: 25862634]

13. Pastora-Bernal JM, Martín-Valero R, Barón-López FJ, Estebanez-Pérez MJ. Evidence of benefit of telerehabitation after
orthopedic surgery: a systematic review. J Med Internet Res 2017 Apr 28;19(4):142 [FREE Full text] [doi: 10.2196/jmir.6836]
[Medline: 28455277]

14. Thomas K, Burton D, Withrow L, Adkisson B. Impact of a preoperative education program via interactive telehealth network
for rural patients having total joint replacement. Orthop Nurs 2004;23(1):39-44. [doi: 10.1097/00006416-200401000-00012]
[Medline: 14999951]

15. Doiron-Cadrin P, Kairy D, Vendittoli P, Lowry V, Poitras S, Desmeules F. Feasibility and preliminary effects of a
tele-prehabilitation program and an in-person prehablitation program compared to usual care for total hip or knee arthroplasty
candidates: a pilot randomized controlled trial. Disabil Rehabil 2020 Apr 13;42(7):989-998. [doi:
10.1080/09638288.2018.1515992] [Medline: 30638076]

16. Wainwright T, Middleton R. An orthopaedic enhanced recovery pathway. Current Anaesthesia & Critical Care 2010
Jun;21(3):114-120 [FREE Full text] [doi: 10.1016/j.cacc.2010.01.003] [Medline: 25587207]

17. Saunders R, Seaman K, Ashford C, Sullivan T, McDowall J, Whitehead L, et al. An eHealth program for patients undergoing
a total hip arthroplasty: protocol for a randomized controlled trial. JMIR Res Protoc 2018 Jun 12;7(6):137 [FREE Full text]
[doi: 10.2196/resprot.9654] [Medline: 29895515]

18. Paulsen A, Roos EM, Pedersen AB, Overgaard S. Minimal clinically important improvement (MCII) and patient-acceptable
symptom state (PASS) in total hip arthroplasty (THA) patients 1 year postoperatively. Acta Orthop 2014 Feb;85(1):39-48
[FREE Full text] [doi: 10.3109/17453674.2013.867782] [Medline: 24286564]

19. Duivenvoorden T, Vissers MM, Verhaar JAN, Busschbach JJV, Gosens T, Bloem RM, et al. Anxiety and depressive
symptoms before and after total hip and knee arthroplasty: a prospective multicentre study. Osteoarthritis Cartilage 2013
Dec;21(12):1834-1840 [FREE Full text] [doi: 10.1016/j.joca.2013.08.022] [Medline: 24012622]

20. Devlin NJ, Shah KK, Feng Y, Mulhern B, van Hout B. Valuing health-related quality of life: an EQ-5D-5L value set for
England. Health Econ 2018 Jan;27(1):7-22 [FREE Full text] [doi: 10.1002/hec.3564] [Medline: 28833869]

21. Wainwright TWEA. Consensus statement for perioperative care in total hip replacement and total knee replacement surgery:
Enhanced Recovery After Surgery (ERAS®) Society recommendations. Acta Orthop 2020 Jun 14;91(3):363. [doi:
10.1080/17453674.2020.1724674] [Medline: 32056486]

JMIR Rehabil Assist Technol 2021 | vol. 8 | iss. 1 | e22944 | p. 11https://rehab.jmir.org/2021/1/e22944
(page number not for citation purposes)

Saunders et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

https://rehab.jmir.org/2020/1/e14139/
http://dx.doi.org/10.2196/14139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32338621&dopt=Abstract
https://medinform.jmir.org/2015/3/e29/
http://dx.doi.org/10.2196/medinform.4286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26330206&dopt=Abstract
http://dx.doi.org/10.2106/00004623-200405000-00012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15118039&dopt=Abstract
http://dx.doi.org/10.1016/j.berh.2014.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25481420&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1063-4584(14)01044-9
http://dx.doi.org/10.1016/j.joca.2014.04.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24780823&dopt=Abstract
https://aoanjrr.sahmri.com/documents/10180/275066/Hip%2C%20Knee%20%26%20Shoulder%20Arthroplasty
https://aoanjrr.sahmri.com/documents/10180/275066/Hip%2C%20Knee%20%26%20Shoulder%20Arthroplasty
http://europepmc.org/abstract/MED/28647838
http://dx.doi.org/10.1007/s12178-017-9417-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28647838&dopt=Abstract
http://europepmc.org/abstract/MED/24820247
http://dx.doi.org/10.1002/14651858.CD003526.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24820247&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1877-0568(12)00037-0
http://dx.doi.org/10.1016/j.otsr.2011.12.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22480863&dopt=Abstract
http://europepmc.org/abstract/MED/21418755
http://dx.doi.org/10.1308/003588410X12771863936765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21418755&dopt=Abstract
http://dx.doi.org/10.1016/j.arth.2009.03.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19427164&dopt=Abstract
http://dx.doi.org/10.1007/s00264-015-2754-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25862634&dopt=Abstract
https://www.jmir.org/2017/4/e142/
http://dx.doi.org/10.2196/jmir.6836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28455277&dopt=Abstract
http://dx.doi.org/10.1097/00006416-200401000-00012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14999951&dopt=Abstract
http://dx.doi.org/10.1080/09638288.2018.1515992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30638076&dopt=Abstract
http://psycnet.apa.org/?&fa=main.doiLanding&doi=10.1037/a0029041
http://dx.doi.org/10.1016/j.cacc.2010.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25587207&dopt=Abstract
https://www.researchprotocols.org/2018/6/e137/
http://dx.doi.org/10.2196/resprot.9654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29895515&dopt=Abstract
http://europepmc.org/abstract/MED/24286564
http://dx.doi.org/10.3109/17453674.2013.867782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24286564&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1063-4584(13)00940-0
http://dx.doi.org/10.1016/j.joca.2013.08.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24012622&dopt=Abstract
http://europepmc.org/abstract/MED/28833869
http://dx.doi.org/10.1002/hec.3564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28833869&dopt=Abstract
http://dx.doi.org/10.1080/17453674.2020.1724674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32056486&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


22. Russell TG, Buttrum P, Wootton R, Jull GA. Internet-based outpatient telerehabilitation for patients following total knee
arthroplasty: a randomized controlled trial. J Bone Joint Surg Am 2011 Jan 19;93(2):113-120. [doi: 10.2106/JBJS.I.01375]
[Medline: 21248209]

23. van der Meij E, Anema JR, Otten RHJ, Huirne JAF, Schaafsma FG. The effect of perioperative e-Health interventions on
the postoperative course: a systematic review of randomised and non-randomised controlled trials. PLoS One
2016;11(7):0158612 [FREE Full text] [doi: 10.1371/journal.pone.0158612] [Medline: 27383239]

24. Kuether J, Moore A, Kahan J, Martucci J, Messina T, Perreault R, et al. Telerehabilitation for total hip and knee arthroplasty
patients: a pilot series with high patient satisfaction. HSS J 2019 Oct 21;15(3):221-225 [FREE Full text] [doi:
10.1007/s11420-019-09715-w] [Medline: 31624476]

25. Shan L, Shan B, Graham D, Saxena A. Total hip replacement: a systematic review and meta-analysis on mid-term quality
of life. Osteoarthritis Cartilage 2014 Mar;22(3):389-406 [FREE Full text] [doi: 10.1016/j.joca.2013.12.006] [Medline:
24389057]

26. McDonald DA, Siegmeth R, Deakin AH, Kinninmonth AWG, Scott NB. An enhanced recovery programme for primary
total knee arthroplasty in the United Kingdom-follow up at one year. Knee 2012 Oct;19(5):525-529. [doi:
10.1016/j.knee.2011.07.012] [Medline: 21880493]

27. Conradsen S, Gjerseth MM, Kvangarsnes M. Patients' experiences from an education programme ahead of orthopaedic
surgery-a qualitative study. J Clin Nurs 2016 Oct 08;25(19-20):2798-2806. [doi: 10.1111/jocn.13281] [Medline: 27060967]

28. Kaye AD, Urman RD, Cornett EM, Hart BM, Chami A, Gayle JA, et al. Enhanced recovery pathways in orthopedic surgery.
J Anaesthesiol Clin Pharmacol 2019 Apr;35(Suppl 1):35-39 [FREE Full text] [doi: 10.4103/joacp.JOACP_35_18] [Medline:
31142957]

29. Jansson MM, Harjumaa M, Puhto A, Pikkarainen M. Healthcare professionals' proposed eHealth needs in elective primary
fast-track hip and knee arthroplasty journey: a qualitative interview study. J Clin Nurs 2019 Dec 18;28(23-24):4434-4446.
[doi: 10.1111/jocn.15028] [Medline: 31408555]

30. Sousa VEC, Dunn Lopez K. Towards usable e-Health. A systematic review of usability questionnaires. Appl Clin Inform
2017 May 10;8(2):470-490 [FREE Full text] [doi: 10.4338/ACI-2016-10-R-0170] [Medline: 28487932]

31. Kayser L, Kushniruk A, Osborne RH, Norgaard O, Turner P. Enhancing the effectiveness of consumer-focused health
information technology systems through ehealth literacy: a framework for understanding users' needs. JMIR Hum Factors
2015 May 20;2(1):9 [FREE Full text] [doi: 10.2196/humanfactors.3696] [Medline: 27025228]

32. Barello S, Triberti S, Graffigna G, Libreri C, Serino S, Hibbard J, et al. eHealth for patient engagement: a systematic review.
Front Psychol 2015 Jan 08;6:2013 [FREE Full text] [doi: 10.3389/fpsyg.2015.02013] [Medline: 26779108]

Abbreviations
ERP: enhanced recovery program
EuroQol EQ-5D-5L: 5-level 5-dimension quality of life measure
HOOS: Hip Dysfunction and Osteoarthritis Outcome Score
HRQoL: health-related quality of life
QoL: quality of life
RCT: randomized controlled trial
SEMCD: self-efficacy for managing chronic disease
THA: total hip arthroplasty
VAS: visual analogue scale

Edited by G Eysenbach; submitted 02.08.20; peer-reviewed by T Alessa, B Liu; comments to author 21.09.20; revised version received
08.10.20; accepted 17.01.21; published 03.03.21

Please cite as:
Saunders R, Seaman K, Emery L, Bulsara M, Ashford C, McDowall J, Gullick K, Ewens B, Sullivan T, Foskett C, Whitehead L
Comparing an eHealth Program (My Hip Journey) With Standard Care for Total Hip Arthroplasty: Randomized Controlled Trial
JMIR Rehabil Assist Technol 2021;8(1):e22944
URL: https://rehab.jmir.org/2021/1/e22944
doi: 10.2196/22944
PMID: 33656449

©Rosemary Saunders, Karla Seaman, Laura Emery, Max Bulsara, Catherine Ashford, Judith McDowall, Karen Gullick, Beverley
Ewens, Trudy Sullivan, Charlotte Foskett, Lisa Whitehead. Originally published in JMIR Rehabilitation and Assistive Technology
(http://rehab.jmir.org), 03.03.2021. This is an open-access article distributed under the terms of the Creative Commons Attribution

JMIR Rehabil Assist Technol 2021 | vol. 8 | iss. 1 | e22944 | p. 12https://rehab.jmir.org/2021/1/e22944
(page number not for citation purposes)

Saunders et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

http://dx.doi.org/10.2106/JBJS.I.01375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21248209&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0158612
http://dx.doi.org/10.1371/journal.pone.0158612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27383239&dopt=Abstract
https://journals.sagepub.com/doi/10.1007/s11420-019-09715-w?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1007/s11420-019-09715-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31624476&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1063-4584(13)01039-X
http://dx.doi.org/10.1016/j.joca.2013.12.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24389057&dopt=Abstract
http://dx.doi.org/10.1016/j.knee.2011.07.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21880493&dopt=Abstract
http://dx.doi.org/10.1111/jocn.13281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27060967&dopt=Abstract
http://www.joacp.org/article.asp?issn=0970-9185;year=2019;volume=35;issue=5;spage=35;epage=39;aulast=Kaye
http://dx.doi.org/10.4103/joacp.JOACP_35_18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31142957&dopt=Abstract
http://dx.doi.org/10.1111/jocn.15028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31408555&dopt=Abstract
http://europepmc.org/abstract/MED/28487932
http://dx.doi.org/10.4338/ACI-2016-10-R-0170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28487932&dopt=Abstract
https://humanfactors.jmir.org/2015/1/e9/
http://dx.doi.org/10.2196/humanfactors.3696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27025228&dopt=Abstract
https://doi.org/10.3389/fpsyg.2015.02013
http://dx.doi.org/10.3389/fpsyg.2015.02013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26779108&dopt=Abstract
https://rehab.jmir.org/2021/1/e22944
http://dx.doi.org/10.2196/22944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33656449&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in JMIR Rehabilitation and Assistive Technology, is properly cited. The
complete bibliographic information, a link to the original publication on http://rehab.jmir.org/, as well as this copyright and license
information must be included.

JMIR Rehabil Assist Technol 2021 | vol. 8 | iss. 1 | e22944 | p. 13https://rehab.jmir.org/2021/1/e22944
(page number not for citation purposes)

Saunders et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

