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Abstract

Background: Patients with orthopedic conditions frequently use the internet to find health information. Patient education that
is distributed online may form an easily accessible, time- and cost-effective alternative to education delivered through traditional
channels such as one-on-one consultations or booklets. However, no systematic evidence for the comparative effectiveness of
Web-based educational interventions exists.

Objective: The objective of this systematic review was to examine the effects of Web-based patient education interventions for
adult orthopedic patients and to compare its effectiveness with generic health information websites and traditional forms of patient
education.

Methods: CINAHL, the Cochrane Library, EMBASE, MEDLINE, PsycINFO, PUBMED, ScienceDirect, Scopus, and Web of
Science were searched covering the period from 1995 to 2016. Peer-reviewed English and Dutch studies were included if they
delivered patient education via the internet to the adult orthopedic population and assessed its effects in a controlled or observational
trial.

Results: A total of 10 trials reported in 14 studies involving 4172 patients were identified. Nine trials provided evidence for
increased patients’ knowledge after Web-based patient education. Seven trials reported increased satisfaction and good evaluations
of Web-based patient education. No compelling evidence exists for an effect of Web-based patient education on anxiety, health
attitudes and behavior, or clinical outcomes.

Conclusions: Web-based patient education may be offered as a time- and cost-effective alternative to current educational
interventions when the objective is to improve patients’ knowledge and satisfaction. However, these findings may not be
representative for the whole orthopedic patient population as most trials included considerably younger, higher-educated, and
internet-savvy participants only.

(J Med Internet Res 2018;20(4):e143) do0i:10.2196/jmir.9013
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: access and the availability of health information on public
Introduction websites increases, it is now common for patients to also use
Background the internet to learn about health and illness [9]. People with

orthopedic conditions such as osteoarthritis, rheumatic arthrosis,
or trauma form no exception to this trend. Internet use among

- it X i this group increases rapidly: 79% of patients had internet access
Traditionally, it is provided through face-to-face teaching ;. 5012, and among them, 23% in 2010 to 65% in 2012 had
methods by health care professionals (HCPs) [3-5]. These '

methods are often supplemented with written booklets or
pamphlets [4,6], or multimedia channels such as audiotapes,
digital versatile disc, and video [7,8]. However, as both internet

Patient education is a valuable part of care that enables patients
to be informed, active participants in their own treatment [ 1-3].

used the internet to research their orthopedic condition or
upcoming treatment [10,11].
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Patients themselves are positive about using the internet to find
health information. They perceive online health information to
produce health benefits and social benefits (eg, improved
self-care behavior and better social support) in a manner that is
easily accessible, cost-effective, and time-effective [12].
Reactions of HCPs, however, have been mixed. It is recognized
that health information that is distributed online can incorporate
unique features such as tailored information, multimedia, and
interactivity to keep patients engaged with the educational
material [12,13]. For example, McKay and colleagues
incorporated interactive elements in their internet-based diabetes
self-management support intervention by allowing patients to
live chat with each other and HCPs [14]. That such elements
can ultimately enhance the education’s effectiveness is
demonstrated, for example, in the fields of breast cancer and
general surgery: Web-based patient education increases patients’
knowledge and satisfaction [15,16], improves the
physician-patient relationship [17], and creates awareness about
health issues in the general population [18]. Despite these initial
successes, concerns with Web-based education have been voiced
in orthopedic practice as well. Most of these stress the poor
quality of online health information, which is deemed overly
commercialized and poorly readable even when produced by
qualified HCPs [19-21]. Furthermore, despite increasing internet
access in the population as a whole, clinicians fear the
generalizability of previous findings to elderly patients who
may be inexperienced with internet usage [13,17,22]. To
acknowledge these potential downsides while meeting patients’
demands for online patient education, it is important to
systematically examine and evaluate the effects of Web-based
educational interventions that are currently in place.

This review follows the definition of Roter and colleagues [23]
in defining educational interventions as “pedagogic
interventions, verbal or written, with a knowledge-based
emphasis designed to convey information.” This distinguishes
educational interventions from behavioral and affective
interventions that focus on shaping behavioral patterns and
appealing to feelings and emotions, respectively. The core aim
of educational interventions is knowledge acquisition by patients
[8,18,19,22]. With knowledge, the patient can participate in
decision making and build skills for self-care [20]. In this way,
increased knowledge can result in better clinical outcomes and
ultimately improve the patient’ quality of life [24].

Web-Based Patient Education in Comparison With
Traditional Patient Education

When evaluating Web-based patient education, it is inevitable
to compare its effectiveness with that of traditional patient
education. Therefore, the first aim of this review was to compare
the effectiveness of Web-based patient education with the more
traditional methods for patient education, such as face-to-face
teachings or the use of print materials. To make an accurate
comparison between the two, we will provide a brief overview
of the effectiveness of traditional patient education as identified
in previous systematic reviews below.

In orthopedic practice, positive effects following traditional
patient education include increased knowledge regarding
surgical procedures and the informed consent process, improved
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self-management skills, and reduced length of stay [25-28]. Yet,
educational interventions are no more effective than other
interventions such as attention control or physiotherapy [29].
Furthermore, clinical outcomes such as pain and functioning
do not improve following patient education [26,28,30], just as
patient education also does not decrease anxiety in a clinically
meaningful way [26,28]. Finally, there is insufficient evidence
currently available to determine the effect of education on
patients” empowerment and self-efficacy [26], and no systematic
reviews have examined the effect of patient education on patient
satisfaction. From these findings, we hypothesize the following:

Hypothesis 1: Web-based patient education
interventions have a positive effect on patients’
knowledge, but not on anxiety or clinical outcomes.

Web-Based Patient Education in Comparison With
Generic Health Information Websites

As outlined earlier in this introduction, educational interventions
are no longer the sole source of knowledge for patients, as an
abundance of health information is also freely available on the
internet. When patients make use of generic health information
while included in the experimental arm of a Web-based patient
education intervention trial, online health information forms a
potential strong co-intervention [13]. Thus, to accurately
evaluate Web-based patient education, it is important to not
only compare its effect with that of traditional interventions but
also with that of public health information websites. Therefore,
the second aim of this study was to compare Web-based patient
education interventions with health information websites.

Health information websites are often broader in scope than
educational interventions, as they typically target the general
population as well as patients, whereas patient education targets
patients or other members of the health care system only [31].
This means these websites are also unlikely to involve HCPs,
or make use of clinical measurements or other information about
patients that is derived from the health care system. Furthermore,
health information websites are generally not theory-based. In
contrast, patient education interventions are often developed
and implemented using various theoretical frameworks [32].
Although we recognize that use of theory in intervention
development is varied and may be absent from some patient
education interventions as well [31-33], embedment of theory
in general does set apart educational interventions from generic
health information websites. Therefore, we expect and
hypothesize the following:

Hypothesis 2: theory-based, or professionally
facilitated, Web-based patient education interventions
perform better than generic health information
websites.

Review Objective

Concluding, promising results of Web-based patient education
interventions have been reported, but a systematic review of
Web-based patient education specifically for orthopedic practice
has not yet been carried out. The effects of Web-based patient
education can be evaluated in itself but should also be compared
with other interventions currently in place: (1) to traditional
patient education interventions that are theory-based or

J Med Internet Res 2018 | vol. 20 | iss. 4 | e143 | p.2
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

professionally facilitated but are provided through different
channels (such as verbally, written, or by using multimedia)
and (2) to publicly accessible, generic health information
websites that share the same channel of information provision
(the internet) but are generally not theory-based or professionally
facilitated. The overall aim of this systematic review was to
tackle these comparisons by examining the effects of Web-based
patient education interventions on patients with orthopedic
conditions as reported in controlled and observational trials in
comparison with traditional patient education and health
information websites. The questions that guided us in examining
the comparative effectiveness were as follows: (1) “what are
the effects of Web-based patient education on adult patients
with orthopedic conditions?” and (2) “what are the effects of
Web-based patient education in comparison with the effects of
traditional patient education and generic health information
websites?”

Methods

Protocol and Registration

This systematic review has been written according to the
requirements of the Preferred Reporting Items for Systematic
Review and Meta-Analyses statement [34,35]. The review’s
protocol has not been published.

Eligibility Criteria

We included peer-reviewed, controlled, and observational trials
reported in English or Dutch that self-defined as studying the
effects of patient education interventions delivered via an online
environment, including mobile devices, websites, and online
systems, to adult people with any orthopedic illness or condition
and currently receiving treatment for such conditions. Following
our definition of educational interventions, we excluded
behavioral or affective interventions. These may include
educational components but differ from educational
interventions as they specifically target behavioral patterns or
appeal to feelings or social relationships to change patients’
outcomes [23]. As our focus lay with studying interventions,
we did not include studies that only discussed generic, not
theory-based, not professionally facilitated health information
websites and did not compare their effectiveness with
Web-based patient interventions. No mandatory principal
outcomes were defined for studies to be eligible for inclusion
in the review. No restrictions on publication date were imposed
in the search for eligible studies. However, in the final selection
of studies, we excluded studies that were published before 1995
to ensure the review represented current evidence.

Dekkers et al

Information Sources

Studies were initially identified by searching the electronic
databases CINAHL, Cochrane Central Register of Controlled
Trials, EMBASE, MEDLINE, PsycINFO, PubMed,
ScienceDirect, Scopus, and Web of Science from September 1,
2015 to November 30, 2015. As an example, the search strategy
for the PubMed database can be found in Textbox 1. Search
strategies for the other databases are available in Multimedia
Appendix 1. The search was repeated in September 2017 to
ensure the latest evidence was included. This search strategy
was complemented by reviewing the bibliographies of included
studies to identify additional studies of interest. We contacted
one author for a full-text copy of an eligible study that was
subsequently provided to the review team. For all other articles,
full-text copies were available, and no further contact with the
original authors was made.

Study Selection

The first author assessed the identified studies for eligibility by
title and abstract. The predefined selection criteria were applied
to full-text reports of potentially eligible studies primarily by
the first author in discussion with two review authors (MM and
HdR) until consensus was reached. A third review author (BSG)
was available for arbitration, but this was not required.

Data Collection Process

A structured data extraction sheet was employed to extract data
from included studies. The data extracted included (1) Study
characteristics (ie, author, year of publication, design,
population, and timing of outcome measures); (2) Intervention
characteristics (ie, content and duration of intervention and
control intervention, total sample size, and sample sizes in
separate conditions); (3) Patient characteristics (ie,
sociodemographic variables, health status, and experience with
internet); and (4) outcomes (ie, type of outcome measure,
instrument, and effect). For each study, the effect of the
intervention was coded as (1) significant result (positive + or
negative —), (2) nonsignificant result (=); or (3) not reported
().

To provide a structured overview of the components in each
intervention, we employed Barak and colleagues’ [36]
framework for internet-supported interventions. This framework
provides guiding definitions for four components that make up
a Web-based education intervention, including (1) Program
content (educational or behavior change content), (2) Multimedia
use (type of media used to convey program content), (3)
Interactive online activities (activities offered to increase patient
interest, understanding, and engagement), and (4) Guidance and
supportive feedback (if and how patients can obtain automated
or human support and feedback).

Textbox 1. PubMed search strategy for the identification of studies assessing the effects of Web-based patient education interventions for the adult

orthopedic population.

(internet OR “world wide web” OR online OR web-based OR “computer assisted” OR e-health OR network OR “web services”) AND (“patient
education” OR “patient education as topic” [MeSH Terms] OR “consumer health informati*”” OR “medical education” OR “health education” OR
“health knowledge, attitudes, practice”’[MeSH Terms]) AND (orthopedic* OR orthopaedic* OR “joint replacement” or “arthroplasty” OR “hip” OR
“knee”) AND (Adult OR Aged) AND (Effect OR efficacy OR performance OR result OR outcome)
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Risk of Bias in Individual Studies

To appraise the risk of bias in included studies, data regarding
reporting, external validity, internal validity, and statistical
power were extracted independently by two review authors (TD
and BSG) using a modified version of Downs and Black tool
for assessment of methodological quality [37]. This tool was
selected for its high internal consistency and reliability and its
applicability to both randomized and observational studies
[37,38]. In line with previous studies, the ambiguous item
regarding statistical power was modified to indicate the presence
of a statistical power analysis or sample group calculation by
allocating 1 (present) or 0 (absent) points [39-41]. The range
of the modified tool is 0 to 28, with higher scores indicating
higher methodological quality. Studies were not excluded on
the basis of their methodological quality; however, findings
from medium- and poor-quality studies were given less weight
in the qualitative synthesis than studies of high methodological

quality.
Synthesis of Results

We examined the effectiveness of Web-based patient education
interventions by describing and comparing the characteristics
and results of the included studies, as summarized in the
structured data extraction sheet (see Data Collection Process)
through qualitative synthesis [42]. No meta-analysis was
attempted because of the small number of included studies and
considerable variability in the outcome measures employed.

Dekkers et al

Results

Study Selection

The search identified 1032 eligible studies of which 10 trials,
reported in 14 papers, met the inclusion criteria and were
included in the review (Figure 1). Five of the included studies
[43-47] concern separate reports of the same trial. To account
for potential inconsistencies in reporting, all five reports of the
trial were included in the review [35].

Study Characteristics

Seven of the 10 trials employed a randomized controlled design,
two an observational design, and one a quasi-experimental
design. Four trials assessed the effect of Web-based patient
education in comparison with traditional patient education
channels, including face-to-face education with a nurse or
physician [43-49] and patient information sheets [50]. Three
trials compared Web-patient education with health information
websites [51-53], and three assessed the interventions’ effects
but did not compare these with either traditional patient
education or health information websites [54-56].

Patient Characteristics

Most of the studies provided Web-based patient education to
patients undergoing surgical treatment, including total knee
arthroplasty [48,50], total hip arthroplasty [48,50,55], knee
arthroscopy [43-49], shoulder arthroscopy [43-48], anterior
cruciate ligament reconstruction [48], and unspecified
ambulatory orthopedic surgery [52].

Figure 1. Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) flow diagram presenting identification and selection of
articles for the systematic review of effectiveness of Web-based patient education in orthopedics.
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Two studies provided Web-based patient education to patients
with chronic conditions, including: rheumatoid arthritis [54]
and osteoarthritis [56]. Two studies provided Web-based patient
education to populations at risk for orthopedic conditions such
as osteoporosis [51] and hip fracture [53]. The mean age of
participants across studies was 56.3 years, and the sample was
predominantly female (average 71.3% females in studies
reporting gender). Most studies (70%) reported access to the
internet as an explicit inclusion criterion, and some also required
participants to also have an unspecified level of comfortableness
[49] or skill [43-47,52,53] in using the internet.

Intervention Characteristics

The intervention characteristics of all included studies are
described in Multimedia Appendix 2. Most interventions
consisted of a single website that was developed specifically
for study purposes, whereas 1 study provided patient education
by sharing multiple websites that are publically available [50].
We did not identify any studies that used mobile devices for
patient education.

Program content was specific to each intervention. Most
interventions offered practical information about the orthopedic
condition or treatment, such as the procedures planned for the
day of surgery or instructions for postoperative monitoring
[43-50,52,55,56]. Others focused on providing information
regarding behavioral determinants [51,52] and local health care
services [54]. Only 2 studies explicitly reported using content
that was not primarily educational: patient testimonials or
narratives [53,56].

Half of the interventions conveyed content in a moderate to
highly dynamic manner, meaning that they used three or more
multimedia formats such as text, pictures, videos, animations,
or audio [43-47,51,53,55,56]. The other interventions primarily
used text and pictures to convey the content. We did not find
consistent evidence for the obvious assumption dynamic
multimedia use increases the intervention’s success. For
example, both the static Orthoanswer website (primarily text)
used by Fraval and colleagues [48] and the highly dynamic
social cognitive theory website (text, graphics, audio, animation,
and video) of Nahm and colleagues [56] increased patients’
knowledge. On the other hand, the similarly dynamic website
of Drieling and colleagues [51] did not do so.

While half of the interventions could be considered dynamic in
terms of multimedia use, only one provided highly dynamic
activities (meaning, more than three interactive online activities
were offered) [51]. Activities offered to the patient on the
dynamic Bone Health Improvement Project website included
problem-solving exercises, goal-setting exercises, and
self-assessment. Among the more static websites,
self-assessment was the most common interactive activity
[53,56]. Due to the limited use of interactive online activities,
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we were not able to assess the influence interactivity might have
on patient outcomes.

Most websites offered some human support or feedback as part
of the intervention [43-47,51,53,54,56]. Examples of extensive
support include a moderated message board [53] and highly
tailored automated feedback [51,56]. Other interventions offered
fairly limited support by only sharing contact details of a nurse
or other health professional [43-47,54]. Again, there was no
clear evidence that the level of support or feedback provided
had an influence on the interventions’ success.

In terms of duration and frequency of website usage, we
observed considerable variation. This ranged from single 20-min
visits [49] to 18 repeated 60- to 90-min visits over the course
of 6 months [51]. As duration and frequency were not
consistently reported, we were not able to assess a dose-response
relationship between usage of a Web-based intervention and
outcomes.

Methodological Quality of Included Studies

The methodological quality of the studies was moderate, based
on a mean Downs and Black score of 17.67+5.42 out of 28
(Table 1) [37,38]. Most studies adequately reported intervention
and sample characteristics, but the external validity was often
problematic, as was the lack of power analyses.

Outcome Measures of Included Studies

Most studies assessed knowledge acquisition
[44,45,48-51,53-56] (90% of trials) and patient satisfaction,
sometimes through qualitative feedback [46,48,49,51-53,55]
(70% of trials). Other reoccurring outcome measures included
anxiety [48-50], functional outcomes [45,52], and self-efficacy
[46,51,53].

Many studies employed custom instruments that were designed
by the researchers to assess the outcomes of their specific
intervention. This resulted in a broad assortment of instruments
that are difficult to interpret and compare (Table 2). To illustrate
this diversity, consider instruments used to assess knowledge
acquisition. Only one validated instrument (the Osteoporosis
Health Belief Survey) was used in more than one study [51,53].
Four other studies also employed validated instruments, but not
the same ones, as the topics of study (informed consent,
anesthesia, and empowerment) differed considerably
[44,48,50,56]. Four other studies employed instruments that
had been developed specifically for each intervention, though
the authors had pilot-tested or used these before [44,45,53,54].
Finally, 2 studies did not report anything regarding the validity
or testing of their custom instruments [49,55].

The Effects of Web-Based Patient Education
Interventions in Orthopedics

A summary of the effects of Web-based patient education
interventions is provided in Multimedia Appendix 3.
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Table 1. Methodological quality of included studies (ordered by quality).

Dekkers et al

Study Downs and Black [37] subscales®
Reporting External validity ~Bias Confounding Power Overall study qualityb

Heikkinen et al [44] 10 1 5 6 1 High
Fraval et al [48] 8 2 5 6 1 High
Drieling et al [51] 10 1 5 5 0 High
Nahm et al [53] 9 1 6 4 1 High
Heikkinen et al [43] 10 1 4 6 0 High
Heikkinen et al [47] 10 1 4 6 0 High
Heikkinen et al [45] 9 1 4 6 0 High
Umapathy et al [56] 10 1 5 3 1 High
Yin et al [49] 9 1 5 5 0 High
Groves et al [50] 6 1 6 5 1 High
Meesters et al [54] 9 1 5 1 0 Medium
Goldsmith and Safran [52] 7 0 5 2 0 Medium
Heikkinen et al [46] 5 1 3 3 0 Medium
Sobel and Popp [55] 3 0 1 0 0 Low
Median study quality 9/11 1/3 517 5/6 0/1 High

#Lowest to highest possible score for reporting (0-11), external validity (0-3), bias (0-7), confounding (0-6), power (0-1), and overall quality (0-28).

bPercentage scores were calculated by dividing the final score by the maximum score and multiplication by 100. The percentage scores were used for
ordinal categorization of the studies as low quality (<33%), medium quality (33.4%-66.7%), and high quality (>66.8%) [38].

Knowledge Acquisition

Web-based patient education significantly increased patients’
knowledge about orthopedic conditions and orthopedic treatment
[44,45,48-51,53-55]. Web-based interventions were more
effective than interventions provided through traditional
channels [44,45,48-50], and these effects persisted over 2 weeks
[45]. Increased knowledge levels also resulted in patients feeling
more knowledgeable [44,45,49,54,55]. However, feelings of
knowledgeability did not significantly increase more after
Web-based education [44,45], except when provided in addition
to face-to-face sessions [49].

Patients who received educational interventions did not acquire
more knowledge than those who independently reviewed health
information websites. One trial reported that a theory-based
intervention produced higher knowledge levels regarding
osteoporosis than a health information website in healthy older
females [51], but another found no significant difference
between both interventions in the same target group [53].

Patient Satisfaction and Patient Feedback

Patient satisfaction was a main outcome in 2 studies [48,49].
Both found that Web-based patient education had a positive
effect on patients’ satisfaction. Yin and colleagues report a
persistent increase in satisfaction with information and teaching
on the day of surgery (M;=8.7 vs M_=7.7, P=.03) and at the first
postoperative visit (M;=9.2 vs M =8.1, P=.01) after exposing
knee arthroscopy patients to a custom online teaching module
with explanations of anatomy, pathology, and perioperative
instructions [49]. Fraval and colleagues report that satisfaction
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increased more in orthopedic outpatients who consulted both
the online module and received verbal counseling with their
surgeon compared with those who had only received the latter
[48].

Seventy percent of trials investigated patient satisfaction or
collected qualitative patient feedback but had not defined it as
a principal outcome. Feedback on the online interventions was
generally positive: patients described them as “very effective”
[52], “easy to use” [43,50,55], and “worth the time” [49].
Compared with face-to-face education and health information
websites, Web-based education was mostly evaluated better
[48,53]. Only Heikkinen and colleagues report worse evaluations
in terms of clarity of the content for the Web-based intervention
(mean=79.75) compared with the face-to-face session with a
nurse (mean=86.41), P=.001 [46]. However, both methods were
considered clear enough to warrant further use.

Anxiety

In the 3 studies that assessed patients’ anxiety following
Web-based patient education, no significant effects on anxiety
were found. Knee arthroscopy patients reported few distressing
emotions in general, and anxiety was not influenced by
Web-based patient education or verbal education [47]. After
visiting a website providing an overview of the preoperative,
intraoperative, and postoperative care processes, orthopedic
outpatients were not less anxious about the planned surgery
than patients who had discussed the same content with their
surgeon [48]. For knee arthroscopy patients, using a Web-based
educational tool did also not decrease anxiety about the surgery
but did decrease anxiety about recovery [49].
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Table 2. Patient outcomes and instruments used to assess the effect of Web-based patient education (alphabetical order).

Outcome measure Instrument Used in
Knowledge acquisition Deaconess Informed Comprehension Test [48]
Hip Fractures Knowledge Test [53]
Knowledge Test [44,45]
Modified Standard Anaesthesia Learning Test [50]
Osteoporosis Health Belief Survey [51,53]
Orthopaedic Patients Knowledge Questionnaire [44]
Osteoarthritis Quality Indicator [56]
Sufficiency of Knowledge [44,45]
Custom instrument (no name provided) [54,55,49]
Patient satisfaction and patient feedback® Client Satisfaction Questionnaire [48]
Patients’ Evaluations of Education [46]
Perceived Health Website Usability Questionnaire [53]
Custom instrument (no name provided) [49]
Anxiety Emotions Questionnaire [47]
State-Trait Anxiety Index [48]
Patients’ Evaluations of Education [46]
Custom instrument (no name provided) [49]
Empowerment, self-efficacy, and health attitudes ~ Calcium subscale of Osteoporosis Self-efficacy Scale [53]
Osteoporosis Health Belief Scale [51,53]
Outcome Expectations for Exercise Scale [53]
Patients’ Evaluations of Education [46]
Self-efficacy for Exercise [53]
Web-based Learning Self-efficacy Measure [53]
Self-management and behavior change Behavioral Risk Factor Surveillance System [51]
Block-National Cancer Institute Health Habits and History Questionnaire [53]
Brief Physical Activity Survey [51]
Health Education Impact Questionnaire [56]
Yale Physical Activity Survey [53]
Clinical outcomes The Symptoms [43]
Verbal Rating Scale of McGill Pain Questionnaire [52]

3Qualitative feedback methods [51,52,55] are not included in the table.

Empowerment, Self-Efficacy, and Health Attitudes

Two studies included self-efficacy as a primary outcome
measure and reported contradicting evidence [51,53]. One study
showed that both patients who used a structured social cognitive
theory—based educational intervention and those who browsed
health information websites had increased self-efficacy for
calcium intake, the health behavior of interest [53]. In contrast,
these effects were not replicated in a similar study that reported
that self-efficacy was not influenced by patient education at all
[51]. A lower quality report of the larger randomized controlled
trial of Heikkinen and colleagues reported results that indicate
that Web-based patient education may even adversely influence
self-efficacy. When participants were asked how well they could
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act based on the knowledge received in the education, the
intervention group perceived their abilities significantly lower
(mean=82.77) than the control group (mean=88.86), P=.001
[46]. Thus, the extent to which Web-based educational
interventions impact self-efficacy remains unclear.

Self-Management and Health Behavior Change

Only one study assessed the effect of Web-based patient
education on self-management [56]. In Umapathy and
colleagues’ 2015 study, patients with self-assessed osteoarthritis
used a tailored information tool to enhance self-management
for 12 months. Users of the tool reported increased
health-directed activity, engagement with life, self-monitoring,
skill acquisition, and social integration but not significantly
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more so than nonusers. Users did acquire more knowledge about
self-management and lifestyle as measured with the
Osteoarthritis Quality Indicator and showed a significant
reduction in weight (change score: —6.3%) compared with
nonusers (change score: 2.5%), P=. 03. Although these results
are promising, confounds in the study’s design contaminate its
findings: participants in this study were not randomized to the
conditions, and this opportunity for patients to self-select may
have resulted in motivated users and demotivated nonusers.

Clinical Outcomes

The evidence for an effect of Web-based patient education on
clinical outcomes is limited and contradictory: although access
to a pain management section of an ambulatory surgery website
resulted in a significant decrease in “discomforting” pain scores
after ambulatory surgery [52], Web-based tutorials about knee
arthroscopy had no effect on pain after surgery [43]. In fact, the
second study’s findings suggest that pain may be less effectively
decreased after Web-based patient education in comparison
with face-to-face education. Four weeks after the surgery,
patients who had received Web-based education reported more
pain in other areas (15.7% moderate-high pain) in comparison
with the control group (7% moderate-high pain). However,
three-way interactions between pain, group, and time failed to
reach significance. The same study also reports that other
postoperative symptoms (including tiredness, problems with
digestion, and swelling of the operation area) decreased
regardless of the patient education method used.

Discussion

Overall Findings

This review set out to examine the effects of Web-based patient
education in the care for adult orthopedic patients. This is an
important subject, as orthopedic patients are commonly using
the internet to find health information [10,11] and perceive this
to have an impact on both their health and social environment
[12], although these effects have not yet been systematically
examined. The comparative evaluation of Web-based
educational interventions is especially relevant: to generic health
information websites that potentially form a strong
co-intervention [13] and to traditional patient education
interventions that may be more effective but have higher costs
[12].

This review identified 14 studies that reported the effects of ten
different Web-based patient education interventions targeted
toward the orthopedic patient population. Although the amount
of studies is limited, the overall methodological quality of the
included studies is high. Still, the different studies could not be
compared on a meta-analytic level given the wide variety in
scope, primary outcomes, and means of outcome assessment.
Furthermore, the reported findings may be limited to patients
who were already able to use the internet, as 70% of the studies
included in this review established criteria that excluded
inexperienced, less skilled patients with limited access to the
internet to the trials. Hence, it is difficult to draw definitive
conclusions about the effectiveness of Web-based patient
education interventions.
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While keeping these limitations in mind, the currently available
evidence does suggest that patients who are offered Web-based
patient education find the service both usable and satisfactory
[43,48,49,51,52,53,55]. It increases their knowledge levels
[44,45,48-50,53-55], which also results in patients who feel
knowledgeable [44,45,49,54,55] and are able to participate in
the informed consent process [48,49,55]. Web-based education
appeared to be more effective in these aspects than traditional
education methods [44,45,48-50]. Despite their knowledge gain,
the provision of online information to patients does not
subsequently reduce patients’ anxiety [47-49]. These findings
support our first hypothesis that Web-based patient education
interventions would have a positive effect on patients’
knowledge but not on anxiety. Contrary to second hypothesis,
however, Web-based education was not found more effective
than generic health information websites [49,51]. A possible
explanation for this finding is that both Web-based patient
education materials and generic health information websites
suffer from issues such as poor readability [21,57-59].

There is still insufficient evidence to determine the effect of
Web-based patient education on self-efficacy, self-management,
or clinical outcomes. Only 2 studies investigated self-efficacy
[51,53], 1 observational study investigated self-management
[56], 2 studies investigated pain [43,52], and no studies have
assessed  patients’  functioning using  standardized
patient-reported outcome measures for orthopedic practice, such
as the Western Ontario and McMasters Universities
Osteoarthritis Index or Hip Disability and Osteoarthritis
Outcome Score. Therefore, we were unable to test our
hypothesis that Web-based patient education would not have
an effect on clinical outcomes.

This review illustrates the typical Web-based patient educational
intervention that is currently offered to people with orthopedic
conditions. These are mostly websites focused on practical,
informational content that is presented using multiple media
formats including text, pictures, and video. Most offer some
form of (human) support to patients using the programs but are
still static in terms of interactivity. Still, it seems that online
self-assessment is being recognized as an appropriate strategy
to make educational content more engaging. At this point, there
was not enough evidence to conclude that either of these
intervention characteristics—content, media use, support,
interactivity, or duration—has a consistent effect on the
interventions’ success. However, regarding support provision,
it should be noted that almost all studies that did not specify the
level of support offered on the website did include some form
of provider contact as part of the usual care given to both the
experimental and control groups [48-50,52]. Patients may have
received feedback and support during these meetings, which
makes it difficult to estimate the effects that added online
support or feedback may have. Therefore, future work should
report whether (information and communication technology)
support or feedback was provided as part of usual care.

Most of our findings are in line with previous reviews of
Web-based patient education. We found further support for the
idea that changing the channel of communication in patient
education can increase patient satisfaction, as was tentatively
hypothesized in Nguyen and colleagues’ 2004 review [13].
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Web-based patient education is also equally effective in
orthopedics as in oncology practice [15]. Similarly to orthopedic
patients, breast cancer patients’ knowledge and satisfaction
increased following Web-based education, whereas their anxiety
was not affected. Furthermore, in both fields, a wide variety of
study outcomes and corresponding instruments was identified.
Thus, this review can only further endorse the need for
standardized instruments in the evaluation of Web-based
interventions as previously addressed by Ryhdnen and
colleagues in 2010 [15].

Despite the aforementioned replications, we could not determine
whether self-care behavior of orthopedic patients increased
because of Web-based patient education, an effect that has been
identified in cardiovascular patients who were offered online
educational interventions [60]. Because the internet can be used
without constant professional supervision, online interventions
may play a continuous role in the education and support of
chronically ill orthopedic patients [61-63]. Despite this potential,
we found only 1 study that specifically evaluated education
within the context of an online self-management intervention
[56]. This may have been because we have excluded behavioral
or affective interventions from review. This narrow scope
allowed us to precisely examine the effectiveness of education
alone, but a next step for Web-based interventions would be
report separately on educational, behavioral, and affective
content. This will allow those who are tasked with developing
interventions to study the interplay between these components
to determine the “ideal” dose for a specific population or
condition. Taxonomies to facilitate such in-depth examination
of intervention components have already been developed for
behavior change techniques [64] and computer tailoring [65].
Slowly, similar efforts are done for Web-based interventions
as well, such as Barak and colleagues’ internet-supported
interventions model [36] used in this review to describe
intervention components and Win and colleagues’ online patient
education features model [12]. Still, a consensus on an
appropriate taxonomy has not yet been reached, and until this
is in place, it will be difficult to estimate the specific role
education can play in enhancing complex outcomes such as
self-management capabilities.

Limitations

This review has several limitations that relate to the
representativeness of the samples included in the studies, the
limited number of included studies, and the lack of a
meta-analysis.

First, the quality of the reported studies was higher than what
previous reviews of Web-based interventions have documented
[13,66]. Most studies provided an elaborate description of the
control groups and interventions, including the specific
interactive elements designed into the programs. Still, the
external validity of the included studies is low; no studies
provided evidence that the included sample was representative
of the entire population. This is concerning considering that
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most studies had criteria in place that excluded participants with
less internet use and experience. Compared with these selected
samples, the entire population was likely older [10,67-69], lower
educated [10,68,69], and more likely to receive public care
[10,70]. On the other hand, younger patients are also the ones
who expect more information [71,72], value online services
[73,74], and are most likely to benefit from educational
interventions [75]. Thus, although we cannot conclude that it
serves the whole orthopedic population, Web-based patient
education may be an excellent way to cater to this younger
patients’ specific needs.

Second, we were able to evaluate only a limited number of
studies. Although the initial search identified over a thousand
potential studies, only ten trials specifically evaluated
Web-based patient education interventions in a sufficiently
controlled setting. As a result, we were not able to draw any
reliable conclusions about the effect of Web-based patient
education on patient reported outcomes, including postoperative
pain and functioning, whereas reviews of traditional patient
education show that these outcomes may be affected [28-30].

Third, the studies employed a wide variety of outcome measures
that did not allow for a meta-analysis of the findings. Though
the qualitative synthesis does indicate that Web-based patient
education increases patients’ knowledge levels and satisfaction,
we were not able to determine the extent of these effects.
Therefore, their clinical relevance has yet to be determined.

Conclusions

In summary, offering patient education interventions via the
internet to adult people with orthopedic conditions increases
their knowledge about their condition and its treatment
[44,45,47-51,53-55]. Online educational interventions are
typically instructional websites that make use of multimedia
but offer limited interactivity. They are considered usable and
can increase patient satisfaction [43,48,49,50,52,53,55].
However, the provision of online information to patients does
not subsequently reduce patients’ anxiety [47-49].

Given these findings, we tentatively conclude that Web-based
patient education may be offered as a time- and cost-effective
alternative to current educational interventions when the primary
aim of the intervention is to increase patients’ knowledge and
satisfaction. However, there is too little evidence to advocate
for Web-based patient education to replace existing interventions
that aim to improve other outcomes, including self-management
skills, pain, and function. Furthermore, it should be kept in mind
that Web-based interventions currently cater to younger patients
who may not be comparable to the general patient population.
A solution for hospital administrators or health care policy
makers currently planning an educational intervention for
orthopedics patients is to provide Web-based education in
addition to verbal or written components, which allows patients
to select the platform they are most comfortable with while
ensuring satisfactory results.
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