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1
Introduction
Anna Belt is 43 years old and suffering from chronic pain complaints. Today she visited
a nearby rehabilitation centre and received a personalized telerehabilitation treatment
set. At home Anna logs on to her personalized exercise schedule, calibrates her wearable
sensors and a gaming console and starts her first exercise session. The next day a video
conferencing call with her personal therapist is scheduled to discuss her exercise plan for
the coming week.
While the treatment described above may for some seem far-fetched, the reality is that
some of these elements are already being explored in the field of exercise-based telerehabilitation. With the increased access to mobile devices, wearable sensors, and the
development of virtual exercise environments, such treatment possibilities are emerging at a rapid speed. These innovative telerehabilitation treatments are considered a
potential breakthrough in the treatment of chronic diseases, since they may contribute
to increased quality of care and increased access and convenience of care [1, 2]. The
management of chronic diseases, which is currently mainly coordinated in primary
care, is expected to gradually shift to alternate sites of care such as the home, as telerehabilitation allows patients to receive treatment within their own social environment
[3]. By helping patients to better self-manage their disease with the support of technology, it is expected that their demands on healthcare services will be reduced and
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that, as a consequence, high healthcare costs associated with chronic pain [4, 5] may
be reduced.
The development of effective telerehabilitation treatments, however, is far from
trivial. Despite the great potential of telerehabilitation, the intended benefits will only
be realised when these treatments are accepted as fully fledged alternatives for conventional care and are subsequently used by the patient. In addition, as patients’ views
on whether the treatment is relevant, meaningful and likely to be successful are linked
with their compliance, it is important to develop treatments that meet patients’ underlying value systems [6–8]. This means that, an understanding of the reasons behind
patients’ acceptance or refusal of telerehabilitation is important. What telerehabilitation characteristics are valued the most by patients? And to what extent do patients’
experiences with telerehabilitation affect acceptance?
This thesis focuses on the exploration of patients’ acceptance in the context of
exercise-based telerehabilitation for chronic pain. Five studies, viewing patients’
acceptance from different angles, will identify the drivers and barriers related to
patients’ acceptance and provide insights into the factors enabling telerehabilitation
success. In this chapter we will first introduce the reader to the main concepts that play
a role in this thesis and provide a background of the setting in which the research was
performed. Once the contextual framework is in place, we will then elaborate on the
aims of this thesis and the way patient acceptance was conceptualized. To conclude,
an outline of the rest of this thesis is presented.

Chronic pain
Chronic pain is defined as pain that persists beyond normal tissue healing time and
lasts for more than 3 months [9]. It is estimated that it affects approximately 19%
of the adult population in Europe [10]. Due to an ageing society, it is expected that
the prevalence of chronic pain will rise, as chronic pain prevalence is greater in older
adults [11, 12]. Chronic pain impacts quality of life [13], often interferes with family
responsibilities [10], and sleep [14], and it is linked with an increased risk of depression [15]. In addition to the physical and emotional burden that chronic pain brings,
it accounts for considerable direct health care costs, including costs related to tests,
medication, and treatment, as well as indirect costs such as lost income and reduced
work productivity [16]. In European countries, pain is estimated to cost economies
between 3% and 10% of gross domestic products [14], resulting in an estimate of at
least 140 billion euros per year [17].
Physical training and exercise have been proven beneficial for chronic pain patients
as they reduce pain and disability [18, 19] and therefore play an important role in
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current (multidisciplinary) pain rehabilitation programs. Although conventional rehabilitation programs are effective, poor adherence and high relapse rates have been
shown to compromise the effectiveness of these programs [20–23] and as such lead
to increased costs [1]. Because of the complexity and consequently high costs of treatment of chronic pain, there has been a growing interest in other possible deliveries of
interventions, like telerehabilitation.

Telerehabilitation
Telerehabilitation refers to the delivery of rehabilitation services via information and
telecommunication technologies. In recent years the use of telerehabilitation, providing remote delivery of rehabilitative services through Internet and communication
technology, has been steadily increasing [24]. Telerehabilitation offers several advantages over conventional care as patients are offered readily available care at the time
of need, which substantially facilitates the care delivery process and, in turn, can lead
to better patient health outcomes, well-being and quality of life [25]. Furthermore,
through telerehabilitation, contextual factors from the environment can be incorporated into the rehabilitation intervention, and by doing so, translation of the acquired
skills into the patients’ environment can be facilitated [2, 26]. Telerehabilitation also
has the potential to foster patient self-management [27]. For example, performance
can be monitored and feedback can be provided on progress without the real-time
involvement of a therapist, which can empower patients to take an active role in their
own rehabilitation [28].
The focus of this thesis lies on exercise-based telerehabilitation. While telerehabilitation initiatives have been steadily increasing in number and have become more
sophisticated in functionality [29], the use of exercise-based telerehabilitation in the
treatment of chronic pain is an emerging field. Currently applied strategies, among
others, are individually tailored exercise programs with videos and commonly include
either real-time (video consultations) or asynchronous telerehabilitation mediums
(email, or web forums) [30–32].

Patients’ acceptance of telerehabilitation
As mentioned before, the benefits reaped from telerehabilitation depend largely on
patients’ acceptance and actual use of these treatments [33]. However, research shows
high drop-out and non-usage rates, as well as great variation in how interventions are
used in terms of frequency and duration [34].
An important factor contributing to facilitating treatment acceptance and use of
telerehabilitation is the design of patient-centred treatment programs [2, 35, 36]. The
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Institute of Medicine defines patient-centred care as “providing care that is respectful of, and responsive to, individual patient preferences, needs and values, and ensuring that patient values guide all clinical decisions” [37]. The concept of patientcentred care has received increased attention in recent years and is considered an
important aim for health care improvement [37, 38]. The underlying assumption is
that by designing programs that reflect patients’ needs, values and preferences, the ‘fit’
between patients’ needs and the technology will improve, ultimately contributing to
patients’ acceptance and use [6, 25].
Currently, patients’ acceptance in the field of exercise-based telerehabilitation in
chronic pain is sparsely documented [24, 25, 39]. As a consequence, little is known
about the factors, such as patients’ beliefs and preferences, which influence patients’
acceptance. The exploration of factors that promote or hinder patients’ acceptance
of exercise-based telerehabilitation services in chronic pain is, therefore, a necessary
first step toward the design of patient-centred treatments. Ultimately, the gap between
what patients need and what is offered can be identified and treatment may be optimized [8].

Understanding patients’ acceptance
Strikingly, the concept of ‘acceptance’ itself is not clearly defined in the literature [40].
Davis [41] has described acceptance as a user’s decision about how and when they
will use technology. Within the field of telerehabilitation, this definition is not altogether satisfactory, because it leaves open the question of whether this refers to either
intention to use, actual use, or something else. This confusion is also present within
the literature. Or and Karsh [25] show that acceptance is commonly considered as
equivalent to behavioural intention to use, although end-user satisfaction is another
interpretation of acceptance that occurs in practice. We will further elaborate on the
definition of acceptance in this thesis in the section Thesis aims and outline, after we
have introduced the conceptual frameworks that prevail in the literature and that offer an extensive knowledge base that is valuable for the understanding of patients’
acceptance of telerehabilitation [42].

Technology acceptance models
Within the field of psychology and sociology, a number of influential models and theories have been developed to explain technology acceptance. Depending on the research
domain, acceptance is either characterized as implementation success on an organizational level [43], or described as individual acceptance of technology. In this thesis
we focus on the exploration of individual acceptance of technology. Within this line of
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research, the Technology Acceptance Model (TAM) [44] has been widely studied and is
regarded as a parsimonious model with high predicting power in explaining individual
acceptance behaviour across various contexts [45–48]. According to TAM, users’ attitudes and beliefs of perceived usefulness (PU) and perceived ease of use (PEU) are
the key predictors of users’ intention to use the system, which eventually drives actual
use. PEU represents an individual’s assessment of the effort necessary to operate a
technology, and PU represents an individual’s perception of the benefits that could
likely be obtained from using the technology. Taylor and Todd [49] added two factors,
subjective norm and perceived behavioural control to TAM, which led to the C-TAMTPB model. One of the latest models explaining technology acceptance is the Unified
Theory of Acceptance and Use of Technology (UTAUT) [42], which is based on TAM
and seven other models. Thus, UTAUT integrates core elements of eight prominent
models and theories of IT acceptance and use (for example the Theory of Reasoned
Action, Technology Acceptance Model, Theory of Planned Behaviour), and was found
to clearly outperform each of the individual, underlying models/theories in terms of
explanatory power [42]. Since its formulation in the early 2000s, UTAUT has been
applied to explain individuals’ intentions to use (information) technologies in various
contexts, including the context of telemedicine [50–52]. The general applicability of
the UTAUT model as well as the reliability and validity of the model constructs have
been demonstrated [53]. UTAUT suggests that, besides technology-related factors, societal factors and factors relating to the degree to which the patient feels in control,
affect behaviour. In line with UTAUT, in our studies we hypothesized that patients’
actual use is determined by patients’ intentions to use telerehabilitation as well as by
the degree to which patients perceive internal (such as a lack of skills and motivation)
and external constraints (lack of space, resources) that influence the use of telerehabilitation. In its turn, patients’ intentions to use telerehabilitation are determined by
patients’ perceptions of whether telerehabilitation will be of benefit (performance expectancy), perception of others’ opinions on whether or not to use technology (social
influence) and patients’ perceptions of internal or external constraints.
In this thesis, the above mentioned intention-based models are used as a theoretically based starting point and adapted to the context of telerehabilitation. In this way,
we extend the scarce base of research domains that has applied these models within the
field of patients’ acceptance of telerehabilitation [54, 55]. Furthermore, identification
of certain patient groups which are either more or less likely to accept telerehabilitation
in the treatment of chronic pain is also of importance to contribute to the understanding of patient acceptance and patient-centred design. In the treatment of chronic pain
little is known about patient characteristics in relation to patients’ acceptance. Yet,
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identifying characteristics that are important in telerehabilitation acceptance, can inform developers about whether and how an intervention should be adapted to those
specific subgroups of users.

Patients’ acceptance: a process-based view
While being valid and parsimonious, technology acceptance models such as TAM and
UTAUT, approach the concept of acceptance from a ‘static’ point of view and disregard
the fact that technology acceptance may change over time [44, 56–58]. Literature suggests that repeated exposure to technology and experience with the target behaviour
provides the user with a greater opportunity to consider various aspects of performing the desired behaviour [59]. Since patients commonly do not have prior experience
with telerehabilitation services, we could therefore expect patients’ beliefs and patients’
acceptance to change over time as they gain experience with the service [60, 61]. Besides, patients’ perceptions driving use of the telerehabilitation may not be the same
perceptions that have led to initial acceptance [62]. Insight into these changes in preand post-use perceptions during use is therefore of significant importance as this can
guide the development of both service design and education strategies thereby contributing to higher levels of patients’ acceptance of telerehabilitation and ultimate use.
Currently, within the field of telerehabilitation, patients’ acceptance and determinants
are commonly measured at one single point in time, either before or after patients have
used the service [63, 64]. Consequently, our understanding of perceptions leading to
telerehabilitation acceptance and how these might change over time is limited [62, 65,
66]. To contribute to addressing this knowledge gap, we have applied a process-based
view of acceptance in which we monitor acceptance at multiple time instants. The way
we view acceptance, i.e., as the result of a complex decision-making process, is very
similar to the technology adoption process described by Rogers’ Diffusion of Innovation
Theory [67]. According to Rogers, the innovation decision process may be conceptualized as a temporal sequence of steps (stages) through which a person passes from
initial knowledge of an innovation, to forming a favourable or unfavourable attitude
toward it, to a decision to adopt or reject it, to putting the innovation to use, and to
finally seeking reinforcement of the adoption decision made [67]. Adoption decisions
can be reversed during the process, if for example an individual becomes dissatisfied
with a technology. Figure 1.1 provides a schematic overview the research framework
and the stages of acceptance that were derived from Rogers’ Diffusion of Innovation
Theory.
From a theoretical perspective, by applying a process-based view of acceptance and
by investigating temporal changes of perceptions over time, these results represent an
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Stages in patient acceptance process
(adapted from Rogers’ Diffusion of Innovation Process)

Knowledge

Persuasion

Decision

Implementation

Qualitative
interviews
(chapter 2)

Experiment
(chapter 4)

Clinical trial
(chapter 5)

Clinical trial
(chapter 6)

Confirmation

Discrete
Choice
Experiment
(chapter 3)

Figure 1.1: Stages of acceptance.

important first step toward a richer understanding patients’ acceptance. From a practical perspective, knowing which factors are important for acceptance, enables system
developers to employ more targeted design and educational strategies at different
phases of the acceptance process.

Preferences value driven design
Alongside the fields of psychology and sociology, the domain of behavioural economics
offers methodologies that can contribute to a better understanding of the drivers and
barriers underlying patients’ acceptance of telerehabilitation. One such method is a
discrete choice experiment (DCE). A DCE is a preference elicitation methodology that
is being increasingly used in health care research [68]. Preferences, which we define as
the most desired choices among bound sets of alternatives, reflect the choices that individuals make in order to maximize their overall utility [69]. Patients use preference
evaluation prior to their decision-making process of whether to accept telerehabilitation at a certain point in time. A DCE offers respondents a series of choices between
two or more treatment alternatives, described by a combination of treatment attributes, and choose their preferred treatment. Analysis of these choices allows for the
estimation of the relative importance of treatment attributes. A DCE can assist in prioritizing health care resource allocation, as it provides a better understanding of the
factors that are most important to patients and can be used to inform patient-centred
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telerehabilitation design. In addition, the use of DCEs is especially valuable in the context of innovative treatments, for example chronic pain telerehabilitation treatment,
as it allows for the estimation of patients’ preferences for multiple treatment scenarios
that do not yet exist.

Thesis aims and outline
The goal of this thesis is to identify drivers and barriers related to patients’ acceptance
of exercise-based telerehabilitation among chronic pain patients. By doing so, we aim
to contribute to a better general understanding of patients’ acceptance in telerehabilitation and eventually to improvements in telerehabilitation design. More specifically, we
aim to acquire insights that can help to estimate the potential of novel telerehabilitation
alternatives in the management of chronic pain, based on the patients’ perspective.
In this thesis we provide a multi-faceted exploration of patients’ acceptance of telerehabilitation using a mixed-method approach, employing the different methods and
theoretical viewing points from the psycho-social and behavioural-economic domain
summarized in the section Understanding patients’ acceptance. This combined qualitative and quantitative work thus adds to the scarce body of mixed-methods research that
is currently applied within the field of information system research [70, 71]. As mentioned previously, within the field of telerehabilitation there is no universally accepted
definition of patient acceptance, which makes operationalisation of our aim far from
trivial. In addition, we have described how the concept of acceptance may be susceptible to change as patients gain knowledge and experience with telerehabilitation.
Consequently, we applied a process-based view of acceptance, investigating patients’
acceptance with five studies measuring acceptance at different moments in time. The
first two studies measured telerehabilitation acceptance of patients with limited knowledge of and no prior experience with telerehabilitation services; patients elaborated on
hypothetical telerehabilitation scenarios. During the third study, patients were offered
brief exposure to a telerehabilitation service, but were aware that the telerehabilitation
service they were evaluating was a prospective telerehabilitation service, not currently
offered in the chronic pain rehabilitation treatment. In the last two studies a group of
patients was subjected to a telerehabilitation service that was actually implemented
and used during their chronic pain rehabilitation program.The fourth study focused on
patients’ decisions to engage in telerehabilitation treatment. The fifth study explored
changes in patients’ pre- and post-use perceptions and in what way these perceptions
were related to patients’ actual use of telerehabilitation.
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As a consequence of both the process-based view and mixed-method approach that was
used in this thesis, patients’ acceptance was operationalised in the following ways:
1. patients’ intentions to use telerehabilitation (chapter 2, 3 and 4)
2. patients’ decisions to use telerehabilitation (chapter 5)
3. patients’ actual use of telerehabilitation (chapter 6)
For the reader’s convenience each study is briefly summarized below.

Chapter 2
An exploration of chronic pain patients’ perceptions of home telerehabilitation services
This chapter describes a qualitative exploration of patients’ perceptions regarding
prospective telerehabilitation services and the factors that facilitate or impede patients’
intentions to use these services. Using semi-structured interviews, patients reflected
on the pros and cons of various scenarios of prospective telerehabilitation services.
The study targets patients’ acceptance in the very first stage.
Chapter 3
Towards patient-centred telerehabilitation design: understanding chronic pain patients’
preferences of prospective telerehabilitation treatments using a discrete choice experiment
A Discrete Choice Experiment (DCE) can assist in prioritizing health care resource
allocation, as it provides a better understanding of the factors that are most important
to patients and can be used to inform patient-centred telerehabilitation design. In
addition, the use of DCEs is especially valuable in the context of innovative treatments,
for example, chronic pain telerehabilitation treatment, as it allows for the estimation
of patients’ preferences for multiple treatment scenarios that do not yet exist. Chapter
3 determines what treatment attributes are most important to chronic pain patients
and identifies which telerehabilitation scenario chronic pain patients are most likely
to accept as an alternative to conventional rehabilitation.
Chapter 4
Change of patients’ perceptions of telemedicine after brief use
Patients’ decisions to opt for telerehabilitation treatment and their underlying
perceptions might be influenced by knowledge and experience. The aim of this
study was to investigate the influence of brief experience on patients’ perceptions of
telerehabilitation.
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Chapter 5
To accept or refuse: exploring the factors related to patients’ decisions to participate in a
telerehabilitation program using the UTAUT framework
An exercise-based telerehabilitation program was designed and implemented as a
partial replacement of an outpatient multidisciplinary group rehabilitation program.
The aim of this exploratory study was to examine chronic pain patients’ decisions to
accept or refuse participation in this telerehabilitation program, using the UTAUT as
a theoretically supported starting point. Acceptance was operationalised as patients’
choice of whether or not to use the telerehabilitation service during treatment.
Chapter 6
Do patients’ perceptions of a telerehabilitation service change after use and what is the
relationship with actual use?
Insight into patients’ changing perceptions of a telerehabilitation service could guide
efforts to prevent for possible treatment attrition. Therefore, the aim of this study was
to gain insight in how patients’ perceptions of telerehabilitation change over time by
measuring patients’ pre- and post- use perceptions of a telerehabilitation service and by
investigating how these perceptions related to patients’ actual use of telerehabilitation.
Chapter 7
General discussion
In the final chapter of this thesis, we will first summarize the findings of the five studies.
We will then further reflect on the different factors that relate to patients’ acceptance of
telerehabilitation and discuss the implications for future research and the development
of telerehabilitation in the treatment for chronic pain.
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Abstract
Objectives To explore patients’ percep- fits such as reduced transportation barri-

tions regarding prospective telerehabilita- ers, flexible exercise hours and the possibtion services and the factors that facilitate ility to better integrate skills into daily life.
or impede patients’ intentions to use these However, many patients feared a loss of
services.

treatment motivation and expressed concerns about both reduced fellow sufferer
Design Using semi-structured interviews,
patients reflected on the pros and cons contact and reduced face-to-face therapist
of various scenarios of prospective telere- contact. Few arguments related to social
habilitation services. Patients’ arguments norms and effort expectancy.
were first arranged according to the Uni- Conclusions The effect of telerehabilitafied Theory of Acceptance and Use of Technology (UTAUT). Next, using inductive
analysis, the data for each UTAUT component were analysed and arranged into
subthemes.

tion on healthcare strongly depends on
patients’ willingness to use. Our study
showed that chronic pain patients valued
the benefits of telerehabilitation but hesitate to use it as an autonomous treatment.
Therefore, future initiatives should main-

and participants Twenty-five
chronic pain patients were selected from tain conventional care to some degree and
a rehabilitation centre in the Netherlands. focus on patients’ attitudes as well. Either
by giving information to increase patients’
Results Overall, participants considered
confidence in telerehabilitation or by adtelerehabilitation helpful as a complemen- dressing reported drawbacks into the futary or follow-up treatment, rather than ture design of these services. Further
an autonomous treatment. Arguments quantitative studies are needed to explore
mainly related to the UTAUT constructs patients’ intentions to use telerehabilitaof performance expectancy and facilitat- tion.
ing conditions. Patients valued the beneSetting
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Introduction
Chronic pain is a common condition that occurs in at least 19% of adult Europeans, and
varies from moderate to severe intensity [1]. As well as having personal consequences,
chronic pain puts pressure on society as it affects direct healthcare costs as well as
indirect costs such as social compensation, pensions and a loss of productivity [2–4].
At present, it is acknowledged that physical exercises should be part of chronic
pain treatment. Therapeutic exercises prove beneficial for chronic pain patients as
they reduce pain and disability [5–9]. Despite the benefits, adherence to the exercise
programs is often suboptimal. Dropout rates have ranged from 10 to 36% and many
patients’ exercise adherence levels decline even further once they have completed their
programme [10]. Geographical and transportation barriers, socio- economic factors
and financial constraints might be important determinants of this non-adherence [11].
Therefore, it is important to look for alternative models of health service delivery that
could better meet patients’ preferences and, in so doing, enhance exercise treatment
compliance.
Home-based telerehabilitation, providing care at home via communication technologies [12], is one such alternative model. Telerehabilitation is supposed to have
several advantages over conventional care as patients have the opportunity to rehabilitate within their own social environment [13], can avoid transportation issues [14],
are able to personally adjust exercise hours [15–17] and are encouraged to manage
their disease themselves.
Results from empirical effect studies coincide with the idea that telerehabilitation
services are beneficial to patients. Brattberg et al. [18] used the internet to provide
video-films for the rehabilitation of people on long-term sick leave due to chronic pain
and/or burnout. Over half of the experimental group reported an increased work
capacity, compared with thirteen percent in the control group. In addition, Buhrman
et al. [19] showed in their controlled trial that an internet based cognitive behavioural
intervention with telephone support for chronic back pain patients leads to significant
improvements in health.
Despite this, within the field of chronic pain and telerehabilitation, no attention
has been given to the patients’ perspective on telerehabilitation services. As patients’
judgements whether the treatment is relevant, meaningful and likely to be successful are linked with their compliance [20, 21] it is important to develop interventions
that meet patients’ underlying value systems. Therefore, the aim of this study is to explore chronic pain patients’ perceptions of prospective home telerehabilitation services
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and understanding the factors seen as important from their perspective by means of
qualitative interviews.

Method
Setting and sampling
A convenience sample of 25 chronic pain patients was selected from a rehabilitation
centre. The following inclusion criteria were applied:
i Patients were receiving or had received physical therapy,
ii patients had sufficient communication skills and a basic knowledge of the Dutch
language, and
iii only adults were asked to participate.
The sample included maximum variation, including a balance of men and women,
older and younger participants, and patients with and without experience with the
conventional rehabilitation program. Interviews took place at the research facilities
near the rehabilitation centre. Participants unable to visit the research department
were visited at home. Written and verbal consent to participate was obtained from all
participants.

Semi-structured interviews
Interviews were conducted by KC (communication scientist) and ESB (psychologist),
lasted between 30 and 90 min, and were guided by a semi-structured interview guide.
The guide explored the perceived advantages and disadvantages of potential exercisebased telerehabilitation services with a focus on cognitive behavioural treatment and
patients’ intention to use these services. Although areas for exploration were defined,
the semi-structured interview allowed for flexibility and deeper examination of issues
arising.
To facilitate the interview process patients first discussed the pros and cons of their
past and current treatments. Patients were then shown cards, providing a brief description and picture of four home-based treatments, including three prospective telerehabilitation treatments. The scenarios did not represent full and realistic treatments,
but each depicted a different functionality of telerehabilitation. The rationale behind
this was that this would help patients to gradually become familiar with the broad
concept of telerehabilitation. In addition, the scenarios represented telerehabilitation
as a total replacement of clinic-based care.
The first and final consultation would take place at the clinic, giving patients faceto-face contact with their therapist. This ‘extreme’ proposition was expected to trigger
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patients’ perceptions of telerehabilitation and to help them to elaborate on the pros
and cons. The functionalities presented were:
i. a home-based treatment with home visits by a therapist,
ii. a home-based treatment by means of web camera therapist consultations,
iii. a sensor-based treatment that made use of a system with incorporated sensors
generating feedback about a patient’s movements during exercising, and
iv. a home-based treatment through the use of a web-based tailored exercise program with video instruction files.
At the end of each interview patients filled out a short personal characteristics questionnaire.

Analysis
Interviews were audio recorded and transcribed verbatim with participants’ permission.
First, two coders (KC and ESB) separately read all transcripts to familiarize themselves
with the data. Data were then arranged according to a thematic framework based on
the Unified Theory of Acceptance and Use of Technology (UTAUT). We used this as
it has been proven a robust and parsimonious framework to understand the drivers
of user’s intentions to accept ICT [22]. According to UTAUT, performance expectancy,
effort expectancy, social influence and facilitating conditions are the key predictors of
ICT acceptance.
Next, the data for each UTAUT component were analysed and arranged into subthemes using an inductive process, meaning that patterns, themes and categories arise
from the data [23]. Differences were discussed and resolved during discussion meetings. The credibility of the analysis was aided by ongoing discussion with two additional reviewers CHCD (health promotion scientist) and LMAB (health scientist), both
having experience with qualitative analysis. To ensure confidentiality, we removed all
identifying information from the quotes.

Results
Sample characteristics
Table 2.1 outlines the characteristics of the research sample which consisted of 25
chronic pain patients of whom thirteen were female patients. Participants ranged in
age from 22 to 77 years, with a mean of 40 years. A total of five participants had a
high level of formal education, six an intermediate level and fourteen a lower level.
Seven participants were single; the remaining eighteen were married or cohabiting.
Thirteen patients were unemployed.
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Table 2.1: Characteristics of the research sample.

Demographics
Gender

n

Female

13

Male

12

Age
Mean (SD)
Range
Marital status
Single
Married/cohabiting

years
39.8 (14.1)
22 – 77
n
7
18

Employment

n

Employed

12

Unemployed

13

Education
Low

n
14

Middle

6

High

5

Interview results
There was much similarity in the characteristics that participants associated with prospective telerehabilitation services, although they differed in the value they attached to
these characteristics. The results are structured according to the following constructs,
all derived from the Unified Theory of Acceptance and Use of Technology (UTAUT)
[22]:
I.
II.
III.
IV.
V.

Performance expectancy
Effort expectancy
Social influence
Facilitating conditions
Intention to use

An overview of all themes and subthemes is provided in Figure 2.1. The majority of
the patients looked at telerehabilitation in the light of performance expectancy and
facilitating conditions. Fewer subthemes emerged regarding the constructs of social
influence and effort expectancy.

24

PATIENTS’ PERCEPTIONS OF HOME TELEREHABILITATION

Performance expectancy (I)
Quality of feedback (–)
Fellow sufferer contact (+ /–)
Transition knowledge (+)
Alienation (–)

Effort expectancy (II)
Ease of use (+)

Social influence (III)
Physician influence (+)
Partner influence (+)

Intention to use (V)

Use (VI) 1

Telerehabilitation services

Telerehabilitation services

Facilitating conditions (IV)
Treatment motivation (–)
Therapist motivation (–)
Group motivation (–)
Exercise environment (–)
Flexibility exercise times (+)
Travel issues (+)
Availability resources (–)
Social isolation (–)

Figure 2.1: Revealed themes, using the UTAUT as organising structure, relating to patients’ percep-

tions of prospective home telerehabilitation services (the – and + signs indicate whether
these perceptions were negative or positive).
1
The UTAUT construct ‘use’ was not explored during this research.

Performance expectancy (I)
Performance expectancy relates to the degree that a patient believes the use of telerehabilitation would improve his or her health outcome. With regard to all home-based
telerehabilitation scenarios presented, patients perceived the benefit of learning skills
outside the clinic. However, a majority of the patients also expressed worries concerning the quality of feedback, the possibility of fellow sufferer contact and the feeling of
alienation.
Quality of feedback First, all of the patients were concerned with the quality of feed-

back provided regarding their movement when exercising at home without their therapist physically present. For all scenarios presented, the majority stressed the importance of receiving feedback from a therapist during each exercise session. Patients
felt insecure about their own exercise abilities and were afraid something would go
wrong in absence of the face-to-face supervision of a therapist. With respect to the
web camera scenario a patient mentioned:
Then you’re at home with a video screen and he explains something to you. . .
what if you don’t do it right and you can’t correct yourself, then what?
(female participant, 23)
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Generally, patients expected their therapist to touch them during therapy:
A physiotherapist just tries to explain to you accurately which muscles you
have to tense and also lets you feel it. Via the Internet that is impossible.
(female participant, 59)

However, feedback by means of touching and feeling did not seem equally important
to everyone:
I mean, the therapist doesn’t always have to touch you of course.
(male participant, 37)

In addition, some patients indicated that their need for physical contact diminished during their treatment as they became more familiar with their exercises. These patients
had less concerns about the quality of feedback provided at a distance, as with the
web camera consultation scenario; however, their perceptions of the sensor feedback
scenario differed greatly. One half of the sample doubted the prospective sensor system could provide correct feedback about their exercise performances. The other half
was positive about the sensor system. They thought it could provide even more accurate feedback than a therapist. Nevertheless, most of them still preferred face-to-face
contact to discuss the feedback. Concerning the web-based exercise scenario, patients
were enthusiastic about the video files used for exercise instructions, but stressed the
need for feedback from their therapist during their exercise sessions.
Fellow sufferer contact Some patients perceived all the telerehabilitation scenarios

disadvantageous with respect to fellow sufferer contact, as none of the scenarios
offered fellow sufferer contact. They considered this contact important for the provision of emotional support during the rehabilitation process:
Because. . . with a physiotherapist you can open up your heart, but he doesn’t
know what you feel, how you feel. And then at home you can, as in my case,
tell your mother and your sister, but they don’t really get it.
(female participant, 23)

In addition, contact with fellow sufferers gave patients the opportunity to share advice
and to learn from each other by watching and copying during exercise:
You learn from each other. . . you can give each other a bit of advice.
(female participant, 55)

One male patient (participant, 23) suggested that contact with fellow sufferers could
be preserved within telerehabilitation by organizing chat sessions with other patients
or by developing a forum. Not every patient, however, appreciated fellow sufferer
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contact. These patients perceived all telerehabilitation scenarios to be beneficial, with
respect to the lack of fellow-sufferer contact, as they felt they had plenty of problems
of their own and had no need to hear other patients’ problems:
All of these people moaning. Some people complain about it a lot, don’t they?
(female participant, 54)
Transition knowledge The majority of the patients perceived the advantage of acquiring the exercise skills at home, outside the rehabilitation setting. For them, all telerehabilitation scenarios would make it easier to integrate exercise as a routine into their
daily life. Patients expected this to enhance the effectiveness of their treatment.
Alienation In addition, the majority of the patients commented on the effects of home-

based telerehabilitation on the patient-therapist relationship. Patients thought the
limited face-to-face contact with their therapist would limit emotional bonding and
subsequently treatment results. They considered pain rehabilitation as both a physical
and emotional process. As a consequence, it was important for them to talk to their
therapist in person and to share their feelings. Although web camera consultation
would enable communication with their therapist, most patients expressed a feeling
of alienation when they imagined themselves communicating remotely:
It’s just so. . . detached.

(female participant, 26)

Some felt that when communicating via web camera, the therapist might fail to notice
emotions as well as new complaints about pain. In addition, others felt it would be
more difficult to share feelings with someone by means of a web camera than with
in vivo contact. In general, telerehabilitation was associated with an impersonal approach:
I feel that with [the webcam scenario]. . . you are a bit like a number.
(female participant, 26)

Some patients, however, acknowledged their feelings about alienation could be the
result of their unfamiliarity with remote communication systems:
Perhaps it takes time getting used to it.

(male participant, 23)

Patients who did not feel the need for an emotional bond with their physiotherapist,
pointed out that video communication could work well.

Effort Expectancy (II)
Alongside the construct of performance expectancy, patients reflected on themes relating to the UTAUT construct of effort expectancy. This construct is defined as the degree
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of ease that a patient associates with the use of telerehabilitation. With regard to all
telerehabilitation scenarios, most patients expected that the software or equipment
would be easy to use or would be designed to be user friendly.
For both the web camera consultation and web-based exercise scenario, operating
the video communication system and the use of internet was considered easy by most
patients. Some of them had already experienced this form of communication. One
patient expressed reservations about the use of a web camera:
Well, I think that the camera brings about a lot of clumsiness.
(male participant, 27)

With regard to the sensor based scenario, the majority of participants thought that the
use of the sensors would not be problematic. One patient mentioned she did not want
to spend time learning how to work with technology:
[. . . ] because I don’t have that much understanding [of technology], I will
have to learn it all first. If I have to spend my time on it then I have better
things to do regarding my treatment.
(female participant, 59)

Social influence (III)
In this study, social influence, the third UTAUT construct, is defined as: patients’ perceptions whether people that are important to them think that they should choose a
certain treatment. These norms are influenced by peers such as family, friends and
partners on the one hand, and by professionals on the other hand. For all home based
scenarios, participants stated that it would be pleasant for them if their social environment held a positive attitude toward the treatment but that this would not be a
deciding factor. In addition, some participants associated the clinic with professionalism. As a result, they would rely on the advice of the rehabilitation clinic and their
therapist:
There is so much knowledge around. You [the rehabilitation clinic] will know
better what works best.
(female participant, 59)

Facilitating conditions (IV)
Patients reflected on themes relating to the facilitating conditions construct of the
UTAUT, which embodies three different constructs of perceived behavioural control,
facilitating conditions and compatibility. These constructs capture the user’s perceptions of their ability to perform the behaviour and measure the degree to which the
treatment fits with the user’s existing values, previous experiences and current needs
[22].
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Patients, who did not consider themselves very self-disciplined in particular, reflected on the construct of perceived behavioural control. For all telerehabilitation scenarios, they expected telerehabilitation to negatively affect their treatment compliance
because of reduced motivational stimulus resulting from remote therapist and fellow
sufferer contact and training in the home environment. In addition to the perceived
internal barrier of motivation, some patients reflected on external barriers (facilitating
conditions) as they found resources were lacking, such as exercise space and telerehabilitation equipment. Finally, a majority of the patients perceived benefits such as
reduced travel times and flexibility of exercise times, both relating to the compatibility
construct. These patients thought telerehabilitation would be more compatible with
their needs and way of life, compared to conventional care. On the other hand, some
patients reflected negatively on the compatibility construct as they thought telerehabilitation would lead to social isolation.
Treatment motivation The majority of the patients felt that all telerehabilitation sce-

narios would negatively affect their treatment motivation. Patients reflected on three
sources from which they derived motivational stimuli, namely their therapist, fellow
sufferers and their exercise environment.
Therapist motivation Some patients considered their therapist as the one who could

motivate them at times when they had difficulties with exercising. These participants
often stressed the importance of supervision by their therapist:
Well, in my case there must always be someone around, because I feel like. . .
I can’t do it. . . you know. . . then I quit.
(male participant, 23)
Therefore, some patients considered both the web-based exercise and the sensor-based
scenario motivating as their efforts were tracked. With regard to the web-based exercise scenario, patients commented on the fact that the system required them to log
on to a personal account. While this seemed to motivate some, others pointed out the
possibility of fooling the system:
And that he [the therapist] can see, based on your login and your exercises,
how often and when you exercise, and things like that. I find that. . . very
risky as I could think: “I’m not in the mood for performing exercises but I’ll
just log in so [the therapist] will think that I’ve done them anyway.”
(female participant, 23)

There was also a group of patients who thought it was their job to motivate themselves:
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It is me I am doing this therapy for, not the physiotherapist.
(male participant, 44)

This group did not foresee any problems in training individually with distant supervision.
Group motivation Furthermore, patients who did not consider themselves as self-

disciplined in particular, found it motivating to train in groups. For these patients
it was important to be motivated by others:
[. . . ] you stir each other up a little and you don’t want to be inferior to one
another.

(female participant, 23)

They thought that all home based exercise scenarios would be less motivational than
group training at a clinic. Nonetheless, some participants preferred treatment in the
home setting because they considered the group process to be inhibiting. One female
participant (47) thought she would express feelings more openly during individual
treatment. One male (23) expressed feeling shame when exercising in a group. He
felt de-motivated by the fact that he, a younger person surrounded by older people,
was so disabled.
Exercise environment Patients highlighted the fact that all scenarios presented would

have an impact on their motivation to exercise. Most patients felt more hesitation to
cancel an appointment at the clinic, than to decide to skip exercise at home in the case
of telerehabilitation:
[. . . ] I mean, I have to sit at home and exercise a little bit, this may be easy,
but. . . but it’s also the going out, that you go somewhere and that you have
an appointment, and then you must do it.
(female participant, 41)
In addition, some patients considered the house a more distracting environment:
Someone might just ring the doorbell. People can call.

(female participant, 36)

Some patients stressed they wanted to keep their home environment separate from
their treatment environment:
Well, and then you go [to the clinic]. You forget about work. You do have
to follow therapy and everything. . . It affects my state of mind. You are
completely out of your home environment.
(male participant, 44)
Though some patients favoured a separation of their home and rehabilitation environment, there were patients who preferred a home-based treatment because they found
the home environment more private and comfortable.
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Availability of resources All participants mentioned the necessity of resources for the

use of home telerehabilitation programs. Some patients reported a lack of exercise
space, lack of exercise equipment or the absence of a personal computer and internet
connection. However, the majority of the patients reported exercise space would be
available to them and expected that the technical resources and equipment would be
provided by the rehabilitation clinic.
Flexibility exercise times Participants perceived flexibility as the main advantage of

the telerehabilitation scenarios. Telerehabilitation was expected to be more compatible
with daily life:
No longer hurried, I have to go [to the clinic]. You can fit your treatment into
your own rhythm.
(female participant, 47)
Patients liked the idea of being able to perform their exercises early in the morning
or late in the evening, before and after work as they were not reliant on their clinic’s
or therapist’s availability. This perceived advantage applied most particularly to the
web-based and sensor based telerehabilitation scenario. One patient (male, 28) even
proposed the possibility of exercising at work. Although most people thought of flexibility as an advantage, a minority still preferred exercising at fixed times. They thought
that otherwise they would fail to give priority to exercising or would just forget to
exercise.
Travel issues Some participants stressed the physical and mental exhaustion of

travelling to the clinic:
Well, at the time [of treatment] I had a lot of trouble with driving. Especially
when it’s somewhat busier then it’s hard. Then you are already tired by the
time you arrive. . .
(male participant, 28)
Others experienced physical pain during the journey from their homes to the clinic:
Every bump I take hurts.

(female participant, 23)

In addition, patients who relied on others to get to the clinic felt they were being a
burden to their care givers. Participants with a job or other commitments in particular,
perceived the advantages of reduced travel time and reduced travel expenses with
respect to the telerehabilitation scenarios.
Social isolation Some patients considered social isolation as a consequence of home

based exercise treatment. Going to the clinic was considered as an opportunity to get
out of the house:
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Yes, then you’re sitting at home. . . for me that plays a role, you know, because
if I don’t take precautions, as I am not studying and don’t have a job, then I
will be at home all day long.
(male participant, 27)
In addition, the clinic-based treatment offered them the opportunity of meeting other
people.

Intention to use (V)
Finally, we asked patients about their intentions to use any of the potential telerehabilitation services presented to them. With respect to all telerehabilitation scenarios
patients were willing to use the technologies described. However, they attached great
value to therapist face-to-face contact and would rather not use these technologies
as replacement of clinic-based care. Instead they preferred to use these technologies
during follow-up care or as additional care to complement their regular care at the
clinic.

Discussion
The central aim of this study was to explore chronic pain patients’ perceptions of prospective telerehabilitation services and to determine the factors important to them.
Patients perceived telerehabilitation to have certain benefits over conventional care.
However, at present none of the participants would consider telerehabilitation as an
autonomous treatment as they expressed concerns relating to UTAUT construct of performance expectancy. For instance, patients highly valued face-to-face contact with
their therapist as they considered being touched by a professional essential for effective feedback and exercise instructions. This was especially important during the first
phases of treatment and diminished for some when they became more confident with
exercising. A study of Escolar-Reina et al. [24] confirms the importance of adequate
feedback and instructions to reduce pain patients’ insecurity when exercising at home.
Some participants were willing to accept less physical presence later on in their
treatment, if feedback about their movements was provided by means of a sensor
based system. Half of the participants, however, remained sceptical about the quality
of feedback that such a system would provide. This scepticism is probably the result
of a lack of exposure to telerehabilitation technologies [25] and the fact that patients
still consider physiotherapy as a predominantly ‘hands on’ practice. Secondly, face-toface contact with a therapist was considered important for receiving emotional support
during treatment. This coincides with the role psychological behavioural mechanisms
play in chronic pain [26]. Patients expressed concerns that remote communication
would lead to a feeling of alienation. This concern could be the effect of unfamiliarity
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with working with remote communication systems [27]. In addition, some patients
expressed dependence on the physical presence of their therapist to motivate them to
finish their exercise regimen. These patients were concerned that telerehabilitation
treatment could result in a loss of motivation and therefore be less effective. This
dependence on medical professionals is documented in earlier research about chronic
low back pain [28, 29]. A smaller number of patients indicated they did not feel the
need to be motivated by others.
In addition to face-to-face therapist contact, fellow-sufferer contact arose as an
important theme, grouped under the construct of performance expectancy. This fellowsufferer contact was considered particularly important for emotional support and for
exchange of illness related information. This finding fits with previous studies on the
importance of support groups [30–32].
In addition, most patients made use of the group to motivate themselves to work
harder and to adhere to their exercise regimen. This is explained by the social comparison theory of Festinger [33]. This theory states that individuals, especially in western
cultures, have the desire to evaluate their performance in comparison with others who
are similar to them and draw motivation from this as they feel pressure to improve
their abilities accordingly [34].
Patients valuing fellow sufferer contact expressed concerns that telerehabilitation
would reduce fellow sufferer contact and their motivation to exercise. Although one
patient pointed out the possibility of virtual support groups, most patients stressed
the importance of the physical presence of one another. Further research is needed to
investigate if virtual group support could replace the need for the physical presence of
fellow sufferers. Some patients on the other hand, felt that group exercise was inhibiting. This effect is also found in bladder patients [35] and in chronic low back patients
who expressed feelings of embarrassment when training in a group [36]. For these
patients, telerehabilitation treatment would address their desire to exercise privately.
Patients also valued individual treatment as they felt their individual needs would not
be addressed during group exercises.
Besides the UTAUT construct of performance expectancy, most of the subthemes
arose under the construct facilitating conditions. Among them was flexibility which
the participants regarded as the most important advantage of home based telerehabilitation. Patients stated they could exercise whenever they liked and avoid travelling
to the clinic during working hours. In addition, the home environment was preferred
by some as it offered privacy and a relaxing environment. Some patients considered
training in the home environment beneficial as exercise skills would be acquired at
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home and could be implemented in daily life. These findings are confirmed by other
studies [37, 38].
Nonetheless, for most participants the flexibility of time and location was inferior to
the advantages of the conventional treatment. Although travelling to the clinic could
be exhausting and time-consuming, some patients found it a good way ‘to get out of the
house’ and meet other people. This finding accords with other research [39]. As half
of our research sample was unemployed, this could be a possible explanation for their
need for social contacts. In addition, some patients stated they wanted to keep their
home environment separate from their treatment environment and would therefore
accept the travel time. A review regarding home based rehabilitation elucidates this
possible intrusion caused by home based care as it brings clinical care to the ‘safe
haven’ of the home environment [40].
In addition, patients thought that the atmosphere in the clinic kept them more
focused than they would be in their home environment. For them, training in the
home environment would result in a loss of motivation to exercise. This is explained
by Hale et al. [38] who state that within the home environment there is the need for
internal motivation, while in the clinical setting, the motivation for therapy may come
from the setting itself.
Finally, some patients stressed that it would be difficult to engage in telerehabilitation as their homes were not suited to becoming exercise areas due to a lack of space.
These results are in concordance with a study by Stephenson and Wiles [41].
These results make it clear that the UTAUT constructs perceived usefulness and facilitating conditions offer a good starting point in structuring and understanding patients’
perceptions of prospective telerehabilitation services. In relation to the UTAUT constructs social norm and ease of use, fewer themes arose. Those that did were of less
concern according to the interviewed patients. Few patients commented on the way
their peers would react to telerehabilitation and if so, they commented that their peers
would support them during their treatment. In addition, most of the patients did not
expect to have problems when using the software or equipment needed for telerehabilitation. This is in concordance with earlier literature. Taylor and Todd [42] point
out that, users without prior experience are more likely to view the use of technology
in terms of perceived usefulness.

Limitations
The sample size of this study is small, which limits the ability to generalize these
findings. However, the use of maximum variation allowed for a wide range of perceptions regarding prospective telerehabilitation services. Future quantitative studies
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are needed to further explore patients’ perceptions of these services and to investigate whether patterns in the patients’ characteristics might explain their perceptions
regarding telerehabilitation.
In addition, we intentionally used scenarios that each depicted a different functionality of telerehabilitation, thereby representing telerehabilitation as a total replacement of clinic-based care. Although this method has provided insight into patients’
perceptions about the pros and cons of telerehabilitation, future studies should investigate patients’ perceptions with regard to more realistic scenario’s by, for example,
exploring patients’ perceptions of telerehabilitation as a partial replacement of clinicbased care and by presenting scenarios that combine different modalities of telerehabilitation (e.g. a web-based exercise program with sensor monitoring).
Furthermore, patients who participated in this study had no prior experience with
telerehabilitation services. As limited telerehabilitation services exist at this point in
time, patients’ perceptions regarding telerehabilitation are solely based on their expectations. However, all participants were familiar with physiotherapy treatment; twelve
participants already experienced the clinic-based rehabilitation program. Therefore,
they were able to elaborate on the pros and cons of conventional versus prospective
telerehabilitation services. Further research should investigate the role of prior experience with telerehabilitation on patients’ perceptions regarding these services.

Conclusions
A central aim of this study was to explore chronic pain patients’ perceptions towards
future telerehabilitation services and to determine the factors important to them. The
main findings reveal that patients valued the benefits of telerehabilitation and considered telerehabilitation especially helpful as a complement or follow up to conventional treatment. However, none of them would consider telerehabilitation as an
autonomous treatment as they as they felt that the perceived benefits do not override their perceived barriers regarding the use of telerehabilitation. These barriers
included doubts about the effectiveness of telerehabilitation because of diminished
face-to-face therapist contact, fellow sufferer contact and feelings of alienation. In
addition, patients mentioned the internal barrier of motivation, stressing that telerehabilitation would result in a loss of motivational stimuli eventually leading to lower
treatment compliance. Future research should investigate whether these perceived
barriers are the result of unfamiliarity with telerehabilitation services and could therefore be overcome by giving more information to increase patients’ confidence in these
services and eliminate misunderstandings about it. In addition, research should focus
on careful selection of appropriate target groups and on the adaptation and design of
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technologies to overcome reported drawbacks.
Our research also shows that the Unified Theory of Acceptance and Use of Technology (UTAUT) [22] is a useful organising structure in which to study patients’ willingness to use prospective telerehabilitation applications and has made the UTAUT
constructs more context-specific for telerehabilitation. Future quantitative studies are
needed to further explore patients’ intention to use prospective telerehabilitation services.
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Abstract
Background Patient-centred design, ad- were received, of which 104 usable ques-

dressing patients’ preferences and needs, tionnaires, resulting in 1547 observations,
is considered an important aim for im- were included in analysis.
proving healthcare systems. At present,
Results Physician communication mode,
within the field of pain rehabilitation, the use of monitoring and feedback techpatients’ preferences regarding telereha- nology (FMT) and exercise location were
bilitation remain scarcely explored and key drivers of patients’ treatment preferlittle is known about the optimal combin- ences (p<0.001). Patients were willing to
ation between human and electronic con- accept less frequent physician consulting
tact from the patients’ perspective. In adoffered mainly through video communicadition, limited evidence is available about tion, provided that they were offered FMT,
the best way to explore patients’ pref- some face-to-face consulting and could
erences. Therefore, the assessment of exercise outside their home environment
patients’ preferences regarding telemedi- at flexible exercise hours. Home-based
cine is an important step towards the telerehabilitation scenarios with minimal
design of effective patient-centred care.
physician supervision were the least preObjective To identify which telerehabil- ferred. A reduction in healthcare premi-

itation treatment options patients with
chronic pain are most likely to accept as
alternatives to conventional rehabilitation
and to assess which treatment attributes
are most important to them.

ums would make these telerehabilitation
scenarios as attractive as conventional
clinic-based rehabilitation.
Conclusions ‘Intermediate’ telerehabilita-

tion treatments, offering FMT, some faceMethods A discrete choice experiment to-face consulting and a gym-based exerwith fifteen choice tasks, combining six cise location, should be pursued as promistelerehabilitation treatment characterist- ing alternatives to conventional chronic
ics, was designed. Each choice task con- pain rehabilitation. Further research is
sisted of two hypothetical treatment sce- necessary to explore whether strategies
narios and an opt-out scenario. Relat- other than healthcare premium reducive attribute importance was estimated tions could also increase the value of
using a bivariate probit regression ana- home telerehabilitation treatment.
lysis. One hundred and thirty surveys
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Introduction
Chronic pain and treatment
Chronic pain is considered a major public health problem. Breivik et al [1] explored
the prevalence of chronic pain in 15 European countries and Israel and found that 19%
(n = 8815) of their study sample suffered from chronic pain varying from moderate to
severe intensity. Due to an ageing society, it is expected that the prevalence of chronic
pain may rise even higher, as chronic pain prevalence is greater in older adults [2,
3]. Chronic pain often interferes with family and home responsibilities, recreational
activities [1], and sleep [4], and it is linked with an increased risk of depression [5].
In addition to the physical and emotional burden chronic pain brings, it accounts for
considerable direct health care costs, including costs related to tests, medication, and
treatment, as well as indirect costs such as lost income and reduced work productivity
[6]. In European countries, pain is estimated to cost economies between 3% and 10%
of gross domestic products [4], resulting in an estimate of at least €140 billion [7].
Physical training has been proven to decrease pain and improve function [8–10]
and therefore plays an important role in current (multidisciplinary) pain rehabilitation
programs. The majority of these programs are clinic-based and supervised [11]. Although conventional rehabilitation programs are effective, poor adherence and high
relapse have been shown to compromise the effectiveness of these programs [11–14]
and as such lead to increased costs [15].

Patient-centred design
An important factor in facilitating treatment adherence is the design of patient-centred
treatment programs [16–18]. The Institute of Medicine defines patient-centred care as
“providing care that is respectful of, and responsive to, individual patient preferences,
needs and values, and ensuring that patient values guide all clinical decisions” [19].
The concept of patient-centred care has received increased attention in recent years
and is considered an important aim for health care system improvement [19, 20].
Clinical guidelines for the management of chronic pain follow up on this patientcentred approach and recommend that patient preferences should be considered and
that treatment programs should be individualized [21]. The underlying assumption is
that by designing programs that address patients’ preferences and beliefs, treatment
adherence will improve [22]. In addition, there is evidence that patient preferences
affect treatment outcome. A systematic review found an increase in the effectiveness
of the treatment among participants in musculoskeletal medicine trials, who were
randomized to their preferred treatment compared with those who were indifferent to
the treatment allocation [23]. In addition, patients’ preferences should be respected on
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the basis of moral grounds alone regardless of their relationship to the health outcomes
[24].
The assessment of chronic pain patients’ preferences is, therefore, a necessary first
step toward the design of patient-centred pain rehabilitation programs that help better
meet patients’ needs. The gap between what patients prefer and what is offered can
be identified, and treatment may be optimized [22].
One method to estimate patients’ preferences is the use of a discrete choice experiment (DCE). A DCE is a preference elicitation methodology that is being increasingly
used in health care research [25, 26]. Respondents are offered a series of choices
between two or more treatment alternatives, described by a combination of treatment
attributes, and choose their preferred treatment. Analysis of these choices allows for
the estimation of the relative importance of treatment attributes. A DCE can assist in
prioritizing health care resource allocation, as it provides a better understanding of the
factors that are most important to patients and can be used to inform patient-centred
telerehabilitation design. In addition, the use of DCEs is especially valuable in the context of innovative treatments, for example, chronic pain telerehabilitation treatment,
as it allows for the estimation of patients’ preferences for multiple treatment scenarios
that do not yet exist.

Telerehabilitation
In recent years, the use of telerehabilitation, providing remote delivery of rehabilitative
services through Internet and communication technology, has been steadily increasing
[27]. Systematic reviews have demonstrated that telerehabilitation has small but significant effects on pain experience and reduction in functional disability [28–30]. A review by Kairy et al [27] concluded that telerehabilitation can lead to clinical outcomes
that are similar to those of traditional rehabilitation programs. Telerehabilitation is
considered a promising alternative strategy next to conventional clinic-based rehabilitation programs, as it can facilitate access and adherence to health interventions [31].
Since pain rehabilitation involves changes in often long-lasting personal behaviour
and lifestyle, it is important that patients are able to use the acquired skills outside of
the rehabilitation clinic. However, as most rehabilitation programs are supervised and
provided in clinics, they may not be conducive to fostering maintenance or compliance
in patients’ natural environments [11]. Telerehabilitation, offering care in the patients’
environment, can be a better fit with the patient’s lifestyle, and by doing so, translation
of the acquired skills into the patients’ environment will become easier [16, 32]. Furthermore, telerehabilitation has the potential to foster patient self-management [33].
For example, performance can be monitored and feedback can be provided on progress
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without the real-time involvement of a therapist, which perhaps will empower patients
to take an active role in their own rehabilitation [34]. Self-management is especially
encouraged in patients with a long-term condition such as chronic pain and has been
shown to improve patient outcomes [35]. International clinical practice guidelines
endorse the promotion of self-management behaviour, including physical activity, for
chronic pain patients as an important component of care [21, 36]. In a systematic
review, Liddle et al [37] found that educating chronic pain patients about appropriate
exercise and function activity to promote active self-management is effective.
At present, within the field of pain rehabilitation, patients’ preferences of telerehabilitation remain scarcely explored and little is known about the optimal combination
between human and electronic contact from the patients’ perspective. In addition, limited evidence is available about the best way to explore patients’ preferences. To our
knowledge, this is the first study in the field of telemedicine that uses a DCE to explore
what patients want as well as explore their priorities. As telerehabilitation represents
a fundamental change from conventional treatment programs, it is vital to understand
patients’ preferences, and DCEs may prove to be invaluable, as the market potential
of different prospective telerehabilitation services can be simulated.
Therefore, this study aims to identify chronic pain patients’ preferences for telerehabilitation services using a DCE. The primary objective is to determine what treatment
attributes are most important to chronic pain patients and identify which telerehabilitation scenario chronic pain patients are most likely to accept as an alternative to conventional rehabilitation. Conventional rehabilitation was described as physical activity
through supervised group exercise at the clinic. The telerehabilitation scenarios that
were explored varied at different levels, allowing exploration of the potential benefit of
telerehabilitation. Jansen-Kosterink [38] states that the potential value of telemedicine
services depends on the technology used, the clinical purpose it serves, and how the
telemedicine service is implemented in daily clinic practice (service configuration). To
that end, the scenarios explored different types of technology used for different clinical
purposes (e.g., monitoring or coaching) and also explored different methods of service
configuration (e.g., clinic-based care or home-based treatment). The scenarios represented a continuum of health care services ranging from clinic- based rehabilitation to
home-based telerehabilitation with a focus on patient self-management. Furthermore,
a willingness to accept (WTA) was estimated to explore whether patients were willing
to trade health care premium reduction for more resource-efficient telerehabilitation
treatments. To our knowledge, this is the first study in the field of telerehabilitation
to assess patients’ preferences with a DCE.
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Methods
Study design
Implemented as part of a larger survey that explored patients’ attitudes toward telerehabilitation, patients’ preferences for hypothetical telemedicine treatments were elicited using a self-administered discrete choice survey. The discrete choice experiment
followed the International Society for Pharmacoeconomics and Outcomes Research
(ISPOR) checklist [39] on patient-preference methods. The following steps were taken:
(1) identification of the key treatment attributes and assignment of levels to the attributes; (2) design of the experiment and determination of hypothetical treatment
scenarios using various combinations of attributes and levels; (3) choosing an elicitation format and obtaining choice data in patients; and (4) analysis of the choice data.
These steps are described in the following section.

Identification of key attributes of telemedicine treatment and
assignment of levels
Qualitative interviews with 10 chronic pain patients (6 females, mean age 41.0 years,
with pain complaints lasting longer than 6 months) and an expert focus group with
6 professionals (4 rehabilitation therapists, 1 nurse practitioner, and 1 rehabilitation
doctor) were used to select the following attributes (Table 3.1) for inclusion in the
survey: (1) treatment mode and location, (2) physician contact mode, (3) physician
contact frequency, (4) feedback and monitoring technology, (5) program flexibility, and
(6) health care premium reduction. The health care premium reduction attribute was
used to estimate a ‘willingness to accept’ value. This value represented a reduction in
health care premiums and was used to explore whether patients were willing to trade
more expensive conventional rehabilitation services for premium reductions.
Using the 6 attributes, a pilot questionnaire was developed and tested on 15 patients
(11 females, mean age 42.5 years, with pain complaints lasting longer than 6 months)
attending treatment in the rehabilitation clinic. In the pilot, data were collected on
the time taken to complete the questionnaire and the patients’ understanding of the
questionnaire. Only minor adaptations were made after the pilot tests, in particular
regarding the wording of the attributes.

Survey format and scenario development
Patients were offered 15 choice sets consisting of two telemedicine treatment scenarios
and one opt-out scenario. They were asked to choose their preferred scenario. The scenarios comprised short statements based on the treatment attributes described earlier.
Figure 3.1 represents a questionnaire example. The choice questions were designed
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Table 3.1: Treatment attributes and levels used to construct the rehabilitation scenarios.

Attributes

Levels
You exercise in a group at the gym

Treatment mode and location

You exercise individually at the gym
You exercise individually at home
You exercise in a virtual group at home
All physician contact takes place at the clinic
face-to-face

Physician contact mode

One quarter of your physician contact through web
camera
Three-quarters of your physician contact through web
camera
All your physician contact takes place through web
camera
Every exercise session you will have physician
consulting

Physician contact frequency

Once per 2 exercise sessions you will have physician
consulting
Once per 3 exercise sessions you will have physician
consulting
Once per 4 exercise sessions you will have physician
consulting

Feedback and monitoring
technology

Program flexibility

Use of technology-feedback and monitoring of your
exercises
No technology-feedback and monitoring of your
exercises
Fixed exercise times
Flexible exercise times
No discount

Health care premium reduction

€50 discount
€150 discount
€450 discount

to mimic the ‘real’ choices, and as such, the opt-out option was included to ensure
that the patients were not forced to make a choice between treatments when they
might choose neither in practice. The attributes and levels in this study (4 attributes
with 4 levels and 2 attributes with 2 levels) resulted in a total of 1024 hypothetical
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treatment scenarios. For practical reasons, not all of these could be presented to each
respondent. Hence, we employed a commonly used D-optimal experimental design
algorithm, which reduced the number of choice sets to the smallest number of choice
sets required to generate statistically efficient preference estimates for the treatment
attributes included. This resulted in a so-called fractional factorial design, using three
versions of the questionnaire, which explored 45 choice sets in total. The resulting
questionnaire design was orthogonal and balanced in terms of the number of times
each level of an attribute was seen in a scenario. Subjects were randomly assigned
to a questionnaire version. Sawtooth software (Sawtooth Software Inc.) was used to
design the choice tasks. Prior to choosing between treatment scenarios, all attribute
levels were described to the patients.
Your therapist offers you a choice between exercise program A and B. Which program do you prefer:

Rehabilitation program A

Rehabilitation program B

You will exercise individually at home

You will exercise in a group at the clinic

Every exercise session you will receive
physician counseling

Once per 4 exercise sessions you will receive
physician counseling

Three-quarters of your physician counseling
takes place at home through webcamera; one
quarter takes place at the clinic face-to-face

All your physician counseling takes place at the
clinic face-to-face

You will use technology - feedback about your
movements and your physician is able to
monitor your exercises

You will not use technology – no feedback
about your movements and your physician is
not able to monitor you exercises

Flexible exercise times

Fixed exercise times

450 euro discount on healthcare premiums

No discount on healthcare premiums

Choice of rehabilitation program:  Rehabilitation program A
(Please tick one box only)
 Rehabilitation program B
 Neither – I choose not to be treated at the rehabilitation center
Figure 3.1: Questionnaire example.

Survey administration
Patients in this study were recruited from a waiting list of a rehabilitation centre. These
patients were waiting to enrol in a group-based supervised exercise program, which
was part of the multidisciplinary pain rehabilitation program. In total, 300 questionnaires were administered per mail. Questionnaires were sent to patients’ home along
with their invitation for a physician-led interview at the clinic. They were asked to
return the completed questionnaire during the interview. Subjects were included if
they were 18 years or older. Respondents did not receive incentives.
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Consistency tests
In addition to the 15 choice sets, three fixed choice sets that were not included in
analysis were presented to test patients’ response consistency and assess the internal
validity of the stated-preference data. Validity was tested in two ways. The first was
to include a choice set that presented a dominant scenario to assess whether patients
chose the treatment scenario with the best treatment attributes. In this choice set, all
treatment attributes of both scenarios were kept the same, except for WTA. Second,
two choice sets were included that presented identical scenarios in reversed-order
scenarios (‘mirror set’). Patients who were inconsistent on both of these validity checks
were excluded from the analysis.

Model estimation
The choice between the two alternative scenarios and the status quo can be seen as
two choices simultaneously: first, the patient chooses between the status quo and
telemedicine treatment, and second, the patient chooses between alternatives A and
B. These two choices may depend on each other; that is, depending on the levels of
the telemedicine treatment, the preference between status quo and telemedicine may
change. We only observe the choice between the two telemedicine treatments when
the status quo is not chosen; consequently, we will have complete observations of the
first choice but a selected (censored) sample for the second choice. These types of data
can be analysed with a bivariate probit model with sample selection [40]. Patients’
utility for a telemedicine scenario is specified as linear in treatment attributes, and the
utility of no treatment is an alternative- specific constant. Categorical test attributes
were effects coded, and WTA was treated as a continuous variable. Accordingly, two
functions were used (Textbox 3.1).
The Vtreatment β parameters represent relative importance weights, where larger
values suggest more preferred attributes. Patient-specific characteristics are constant
for any pair of treatment alternatives and cancel out the utility differences unless they
are interacted with the uptake parameter. Therefore, patient characteristics were interacted with Dno-treatment , which represents a dummy variable indicating that the respondents chose the ‘non-option.’ The parameters indicate the effect of patients’ characteristics on telemedicine treatment uptake. The error terms εtreatment and εno-treatment
represent the part of the utility that is unobservable, and these error terms may be correlated with correlation ρ. The following patient characteristics were included in the
final regression model: gender, age, education, Internet experience, and work hours.
The relative importance of the treatment attributes is represented by the coefficient
estimates of the bivariate probit model. With these estimates, uptake of hypothetical
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TextBox 3.1: Functions.

Vtreatment =
βgroupgym × Dgroupgym +
+ βindividualgym × Dindividualgym +
+ βindividualhome × Dindividualhome +
+ βgrouphome × Dgrouphome +
+ β100%web camera × D100%web camera +
+ β75%web camera × D75%web camera +
+ β25%web camera × D25%web camera +
+ βconsultingeverysession × Dconsultingeverysession +
+ βconsultingper2sessions × Dconsultingper2sessions +
+ βconsultingper3sessions × Dconsultingper3sessions +
+ βFeedbackMonitoringTechnology × DFeedbackMonitoringTechnology +
+ βfixedsessions × Dfixedsessions +
+ βnodiscount × Dnodiscount +
+ β5%discount × D5%discount +
+ β15%discount × D15%discount +
+ εtreatment
Vno-treatment =
(β0 + βmale + β< 45 years + βeducation +
+ βworkhours + βinternet ) × Dno-treatment + εno-treatment

telemedicine treatments can be predicted for different levels of incentives and other
treatment attributes. For ease of presentation and interpretation, the model results
were rescaled from 0 to 10 using a linear transformation of β coefficients from 0
(least desirable level) to 10 (most desirable level). Data were analysed with heckprob
function in Stata 11.2 (Statacorp).

Scenario comparison of telerehabilitation treatment
As well as the individual treatment attributes, patients’ preferences for five hypothetical telerehabilitation treatments were explored. These scenarios represented a continuum of health care settings ranging from clinic-based rehabilitation to home-based
telerehabilitation with a focus on patient self-management and less physician involve-

50

TOWARDS PATIENT-CENTRED TELEREHABILITATION DESIGN

ment. All five scenarios were considered realistic treatment scenarios from a clinical
perspective. One scenario represented conventional clinic-based rehabilitation. The
conventional treatment consists of a supervised group-based exercise program at the
rehabilitation clinic. The exercise program is part of a multidisciplinary pain rehabilitation program. In every session, exercises are supervised face-to-face by a rehabilitation
physician. This conventional scenario was used to determine how patients valued the
five telerehabilitation scenarios relative to conventional care. This was estimated with
a willingness to accept value that represented a health care premium reduction in
euros.

Results
Overview
We received 130 surveys that resulted in a total of 1950 observations from choice sets,
with 13 observations missing. Patients who failed to pass both the validity checks were
excluded from the analysis, which resulted in 104 usable questionnaires and a total
of 1547 observations. The 104 respondents were spread fairly evenly across the three
versions, with 42, 31, and 31 patients for versions 1, 2, and 3, respectively.

Respondent demographics
The majority of the research sample (mean age 43.8 years, SD = 14.8) was female (66
out of 104) and had completed a middle-high education (51 out of 104 participants).
The majority of the respondents were unemployed (69 out of 104 participants) at
the time and had Internet access (97 out of 104 participants). Patients’ mean visual
analogue scale (VAS) pain score was 6.3 and pain complaints varied in the lower back,
hip, knee, joint, and neck areas and lasted longer than 6 months (Table 3.2).

Relative importance of the treatment attributes
The results of this study indicate that physician contact mode, feedback and monitoring technology, health care premium reduction, physician contact frequency, exercise
location, and program flexibility are all significant determinants of patients’ treatment
preference (p < .001). The sign and significance of the regression coefficients (Table
3.3) show that respondents preferred to have all physician counselling face-to-face.
These face-to-face consultations were preferred over consultations that were offered
either entirely or partly via remote video communication. Patients were relatively
indifferent as to whether they had 25% or 75% of their consultation via video communication; however, having all consultations with video camera was the least preferred
option. Furthermore, patients favoured the use of feedback and monitoring technology while exercising and preferred to exercise at a gym location. In addition, they
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Table 3.2: Respondent characteristics.

Respondent characteristics (n=104)
Gender
Female
Age (years)

n
66
mean
43.8

VAS pain score

Education

(%)
(63.4)
(SD)
(14.8)

min

6.3

(1.7)

10

2.1

(5.8)

Middle

50

(48.1)

High

48

(46.2)

Employment

n

Yes

20

max

(%)

Internet

79

(SD)

6

Employed

min

mean

n

Low

max

35
n
97

(%)
(33.7)
(%)
(93.3)

preferred physician contact every session and flexible exercise sessions and favoured
the highest discount on their health care premium. Conversely, respondents preferred
not to undergo treatment that involved video consulting and minimized physician
contact, exercising individually in the home environment without feedback and monitoring technology at fixed time frames. The attribute levels are generally well ordered,
except for the attribute ‘consulting frequency.’ Less frequent supervision (once per 4
exercise sessions) is preferred over more frequent supervision (once per 3 exercise
sessions).
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Table 3.3: Coefficient estimates of the bivariate probit model (n=1547).

Attribute level

β

(SE)
x

Treatment mode and location
Group at gym
Virtual group at home

95% CI

.05 (0.05)
−.20 (0.04)

x
−0.04 to

p

x
0.14

−0.28 to −0.12

.29
<.001

.20 (0.04)

0.11 to

0.28

<.001

−.04 (0.05)

−0.14 to

0.05

.35

.13 (0.04)

0.05 to

0.21

.001

Once per 2 exercise sessions

.02 (0.04)

−0.06 to

0.09

.68

Once per 3 exercise sessions

−.13 (0.04)

−0.20 to −0.05

.002

Once per 4 exercise sessions

−.02 (0.04)

−0.10 to

0.06

.60

Individually at gym
Individually at home
Consulting frequency
Every exercise session

Consulting mode
.31 (0.04)

0.22 to

0.39

<.001

25% Video consults

−.04 (0.05)

−0.13 to

0.04

.32

75% Video consults

−.06 (0.04)

−0.13 to

0.02

100% Video consults

−.21 (0.04)

−0.29 to −0.12

100% Face-to-face consults

.17
<.001

Feedback and monitoring
technology
0.26

<.001

−.22 (0.02)

−0.26 to −0.19

<.001

−.08 (0.02)

−0.12 to −0.03

<.001

Yes

.22 (0.02)

No

0.19 to

Flexibility exercise sessions
Fixed
Flexible
Health care premium reduction

.08 (0.02)

0.03 to

0.12

<.001

.004 (0.001)

0.00 to

0.01

.001

Decision of treatment
(no treatment=0)
Constant

1.59 (0.15)

1.30 to

1.87

<.001

Gender

−.09 (0.10)

−0.29 to

0.12

.41

Age >45 years

−.20 (0.10)

−0.40 to −0.01

.04

Secondary education

.10 (0.13)

−0.16 to

0.36

.43

Higher education

.13 (0.13)

−0.12 to

0.37

.31

.21 (0.20)

−0.18 to

0.59

.29

−0.53 to −0.15

.001

Internet
Work hours

−.34 (0.10)
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Figure 3.2 illustrates the relative importance of the attribute levels on a standardized scale, with preference weights scaled between 0 and 1. For the most important
attribute (physician contact mode), the most preferred level (100% face-to-face counselling sessions) is assigned a preference weight of 1. All other attribute levels are
scaled relative to the most important attribute. Physician contact mode, the presence

FMT
FMT

Location
Location

Frequency
WTA

WTA
Frequency

Flexibility
Flexibility

FMT
FMT
No FMT
No FMT

& ind
gymGym&Indiv.
group
gym &Gym&Group
& ind
homeHome&Indiv.
group
home & virt.
Home&Virt.
group

450 reduction
€ 450 reduction
150 reduction
€ 150 reduction
50 reduction
€ 50 reduction
no reduction
€ 0 reduction

PC every
session
session
PC each
per 2 sessions
PC per 2PCsessions
per 3 sessions
PC per 3PCsessions
per 4 sessions
PC per 4PCsessions

Flexible
Flexible
Fixed
Fixed

1.0

Communication
Communication

100% face2face
F2F
100%
webcamera
webcam
25% 25%
webcamera
webcam
75% 75%
webcamera
webcam
100%100%

of feedback and monitoring technology, and exercise location were the most important attributes. The utility of moving from 100% face-to-face contact to 100% video
consulting exceeded that for any other change between attribute levels. The smallest
utility difference was between 25% video consulting versus 75% video consulting and
€50 health care premium reduction and no health care premium reduction.

0.8

1.0

0.6

0.8

0.4

0.6

0.2

0.4

0.0

0.2

0.0

Figure 3.2: Relative importance of the attribute levels on a standardized scale.

Comparison of treatment scenarios
Using the results of the bivariate probit model, the choice probabilities of 5 hypothetical
telerehabilitation scenarios were explored (Table 3.4). These could be arrayed on a
continuum from clinic-based rehabilitation to home-based telerehabilitation with a
focus on patient self-management and less physician involvement, with scenario B as
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the most conventional scenario, E and F the least conventional, and C and D varying
in between. Scenario A represented conventional clinic-based rehabilitation.
Table 3.4 shows that scenario C is preferred the most out of all treatment scenarios. This treatment scenario is considered an ‘intermediate’ scenario that falls between
conventional and telemedicine care. Patients are offered a clinical exercise environment with feedback and monitoring technology; however, face-to-face consulting with
a physician is limited. Remarkably, scenario C is also the only scenario that outweighs
the utility of conventional care (A). This demonstrates the willingness of patients to accept both a reduction in consulting frequency and face-to-face consulting when remote
feedback and monitoring technology is offered.
Patients’ preferences for the five hypothetical telerehabilitation scenarios revealed
that scenario F is the least preferred scenario. This scenario offers therapy at home with
minimal physician supervision and requires a high level of patient self-management.
Furthermore, the results demonstrated that conventional rehabilitation (A) is preferred
over all home-based treatment scenarios varying in levels of monitoring and physician
consulting (D-F). The model suggests that a reduction in health care premiums could
raise the utility of these less preferred telerehabilitation treatments, which could increase future acceptance. For example, offering a reduction of €206.30 per year would
make the least preferred scenario F equally attractive to conventional care. A smaller
reduction (€70.70) is necessary to make scenario E equally attractive to conventional
care.

Preferences for no treatment
No treatment was preferred over treatment A or B in 136 observations, corresponding to 34 individuals who chose the ‘non-option.’ Of these, 9 individuals did so on
one occasion. One individual always chose the no treatment option. The parameter
estimates for the patient characteristics age (p = .04) and work hours (p = .001) interacted with no treatment and were statistically significant. Older patients were more
likely to choose the opt-out option than younger patients. Second, patients having a
higher number of working hours were less likely to choose the opt-out option.
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Table 3.4: Utility of the different treatment scenarios A−F (n=1547).

Treatment attributes

A

B

C

D

E

F

Gym;

Gym;

Gym;

Home;

Home;

Home;

group

group

individual

individual

virtual group

virtual group

100%
face-to-face

25%
video

75%
video

75%
video

75%
video

100%
video

Every
session

Every
session

1×4
sessions

Every
session

1×4
sessions

1×4
sessions

No

No

Yes

No

Yes

No

Flexibility

Fixed

Fixed

Fixed

Flexible

Flexible

Flexible

Health care premium
reduction

None

None

None

None

None

None

Utility (SD) [Heckman]

0.18 (0.08)

−0.17 (0.08)

0.27 (0.08)

−0.42 (0.09)

−0.13 (0.08)

−0.73 (0.08)

WTAa necessary to reach
utility scenario A (€)

−−

79.3

0

136.6

70.7

206.3

Location

Communication
Frequency
Feedback and monitoring
technology

a

WTA: willingness to accept
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Discussion
Principal findings
Although telemedicine is assumed to be improving efficient allocation of resources,
its actual success depends on the patients’ acceptance and adherence. Therefore, future telemedicine services need to be designed with the patients’ perspective in mind.
This study explored chronic pain patients’ preferences for telerehabilitation treatments
using a discrete choice experiment and determined which future telerehabilitation
design was preferred the most by chronic pain patients and which treatment attributes were most important to them. In addition, WTA was estimated to explore how
patients valued telerehabilitation services relative to conventional rehabilitation and
if they would be willing to trade health care premium discounts for more resourceefficient telerehabilitation treatments. Although DCEs are widely used in health care,
this is the first study in the field of telerehabilitation estimating preferences for treatments to inform patient-centred treatment design.
Five hypothetical telerehabilitation scenarios were explored, which could be arrayed on a continuum from clinic-based rehabilitation to home-based telerehabilitation with a focus on patient self-management and minimal physician supervision.
The most preferred treatment out of all five was an ‘intermediate’ scenario that falls
between conventional clinic-based rehabilitation and a telerehabilitation program with
a focus on self-management and with no frequent face-to-face supervision. Patients preferred treatment outside the home environment, with a combination of video consultation and face-to-face consulting and the use of feedback and monitoring technology.
Patients’ preference for an ‘intermediate’ scenario demonstrates patients’ willingness
to ‘trade’ between treatment attributes and underscores the potential of the use of remote feedback and monitoring technology in chronic pain telerehabilitation. Patients
were willing to accept less frequent physician consulting offered mainly through video
communication, provided that they were offered assistance through remote feedback
and monitoring technology and could exercise outside their home environment during
flexible exercise hours. A key finding is that this ‘intermediate’ scenario was preferred
over conventional rehabilitation, which suggests that this scenario would make a feasible alternative to conventional care.
On the contrary, home-based telerehabilitation scenarios with minimal physician
contact, provided entirely through video communication, and without the use of remote feedback and monitoring technology were preferred the least. This is an important finding, as a paradigm is emerging in which people with chronic disease are
encouraged to take an active role in self-management and become actors in their own
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health care [41, 42]. Offering remote feedback and monitoring technology as well as
some physician face-to-face consulting would make home-based rehabilitation more attractive; however, it would not make these scenarios equally attractive to conventional
rehabilitation. As such, to foster patient acceptance of home-based telerehabilitation
with minimal physician supervision, other incentives are necessary to make these treatment scenarios more attractive.
WTA was estimated and demonstrated that chronic pain patients were willing to
trade a reduction in health care premiums for less preferred treatment attributes, for
example, less face-to-face physician consulting or a home-based treatment scenario. A
reduction in health care premiums would make less preferred resource-efficient telerehabilitation scenarios with a focus on patient self-management equally attractive to
conventional clinic-based rehabilitation. Ultimately, even a home-based telerehabilitation scenario with minimal physician consulting, the least preferred scenario out of all
five, could become an acceptable alternative to conventional clinic-based care if health
care premium reduction is offered. However, these results must be interpreted with
caution. Further research is necessary to explore whether, next to health care premium
reductions, other strategies such as the use of motivational tools (e.g., serious gaming)
could increase the value of home-based telerehabilitation treatment.
In addition to the estimation of patients’ preferences for the various telerehabilitation scenarios, the importance of the individual treatment attributes was estimated.
While all attributes impacted patients’ treatment preference, physician contact mode
proved a key driver of preference for chronic pain rehabilitation with patients having a strong preference for some physician face-to-face contact. Treatment scenarios
with partly remote physician video communication were preferred over scenarios that
offered remote video communication only. The psychosocial nature of chronic pain
treatment could be underlying this preference. In the treatment of chronic pain especially, the patient-physician communication plays an important role, as pain must
be identified as a subjective phenomenon in the discussion [43] and both empathy
and emotional support are considered essential [43, 44]. Although touch is not necessary to convey empathy and establish a therapeutic bond [45, 46] per se, a qualitative
study in chronic pain patients established that some patients associated remote physician consultation with a loss of personal attention [47]. This same feeling of loss of
personal attention was also found by Mair et al [48]. A physician’s inability to perform
a hands-on physical examination during a remote consultation is also a cause for concern to some patients [46–49], which could also explain patients’ strong preference for
physician face-to-face contact. Some patients consider face-to-face supervision an es-
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sential means to provide effective feedback and instruction. Furthermore, supervision
during exercise may reduce patients’ insecurity and fear of exercising [50]. These findings indicate that integration of some face-to-face physician consultation is important
to increase patient acceptance, which is consistent with other literature that found that
attrition rates may be reduced by even minimal human contact [41]. A recent study of
chronic pain patients suggests that web-based chronic pain management intervention
may be the most effective for patients with mild or moderate chronic pain who have
better overall psychological and physical health. Individuals with numerous comorbidities, or spinal, neuropathic, or fibromyalgia pain, may require face-to-face contact, as
this could be necessary in achieving optimal outcomes in pain management [51].
The importance that chronic pain patients place on feedback during exercise is also
reflected in the value that patients place on the use of monitoring and feedback technology, which proved nearly as important as face-to-face physician contact. Strikingly,
although none of the research sample had prior experience with the telemedicine technology, a factor that is associated with increased acceptance [52, 53], the majority of
our research sample preferred to use remote monitoring and feedback technology. Possibly, the use of the latest technology translates into ‘quality of care,’ as some patients
expect that the use of remote monitoring and feedback could provide even more accurate feedback than a therapist [47]. These results suggest that the lack of experience
with the technology does not impede the acceptance of telerehabilitation and that,
on the contrary, the use of innovative technology can be used as a way to increase
acceptance of home telerehabilitation.
Treatment location proved a third important attribute, with patients having a preference for exercising individually outside the home environment. Patients attached
great value to exercise in a clinic-based setting, either individually or in a group, rather
than exercising in the home environment. Apparently, the hypothesized benefits that
home treatment could bring to patients, for example, reduced transportation issues
and easier translation of acquired skills, do not outweigh the disadvantages perceived
by our study sample. Previous research with chronic pain patients demonstrated that
a clinical environment can offer a more motivating environment for the patient and it
creates an opportunity to get out of the house and meet other patients [47]. In addition, feelings of intrusion could be underlying the preference to exercise outside the
home, since telerehabilitation brings clinical care into the ‘safe haven’ of the home.

Limitations
With regard to the reliability of the discrete choice experiment, some limitations of the
study must be emphasized. First, the results might be limited in terms of the extent to
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which they could be generalized. Data were collected in a specific patient population,
namely chronic pain patients waiting for their conventional rehabilitation to start. In
addition, perceptions of patients who did not pass the consistency tests were disregarded. Little is known about how patients’ preferences regarding telemedicine change
during treatment; therefore, we do not know whether patients’ possible insecurity at
the start of their treatment had affected their telemedicine treatment preferences and
whether this could explain why home-based telerehabilitation scenarios with a focus
on self-management were preferred the least. Future studies should assess patients’
preferences at different points of time during rehabilitation, since preferences are likely
to change over time and telerehabilitation treatments may need to be adjusted to the
altering needs of patients during treatment. We also chose to include a non-option.
This created a more realistic choice experiment, but also meant that we were limited
in the exploration of the effect of patient demographics on patients’ preferences. Data
revealed that both older patients and patients with a low education were more likely
to choose the opt-out option. This could partially be attributed to the cognitive burden, for which discrete choice experiments have been criticized. In addition, we were
not able to collect demographic information on non-responders to determine whether
there were systematic differences between responders and non-responders. Future
studies should further investigate the effect of patient demographics on treatment
preference.

Conclusions
A central aim of this study was to assess which treatment attributes were most important to chronic pain patients and to explore which telerehabilitation treatment
was the most preferred. Physician contact mode, the use of feedback and monitoring technology, and exercise location were key drivers of patients’ treatment preferences. An ‘intermediate’ treatment scenario consisting of attributes associated with
both conventional rehabilitation and telerehabilitation was the most preferred. This
demonstrated that patients were willing to accept less frequent physician consultation offered mainly through video communication, provided that they were offered
feedback and monitoring technology and some face-to-face consultation and could
exercise outside their home environment at flexible exercise hours. As such, telerehabilitation treatments that incorporate these attributes should be pursued as promising
alternatives to conventional rehabilitation. Home-based telerehabilitation treatments
with minimal physician supervision were the least preferred. However, offering health
care premium reductions could make these treatments as attractive as conventional
clinic-based rehabilitation.
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Abstract
Objective This study aims to investigate
whether patients’ perceptions regarding
a web-based telemedicine service, for instruction and monitoring of an exercise

TAM constructs perceived usefulness
[F (1,27)=3.40, p=0.08] and perceived
ease of use [F (1,27)=5.37, p=0.03] than
the control group, who showed no statis-

program, change after brief use.

tically significant change of perceptions.
Patients within the experimental group
Materials and methods Thirty patients
were allocated, matched on gender and became significantly more positive about
age, to a control group (10) or an ex- the usefulness and ease-of-use of the webperimental group (20). After basic train- based telemedicine program after a brief
ing, the experimental group was given period of use.
a 15 min opportunity to use a webbased telemedicine service. Patients’ perceptions regarding the telemedicine service were measured using a questionnaire, based on the Technology Acceptance Model (TAM). This questionnaire

brief use of a web-based telemedicine
service has a significant positive effect
on patients’ perceptions of this service.
Therefore, as patients do not have prior
experience with innovative telemedicine

was administered to both the control and
experimental group before and after the
experimental group’s intervention. Both
groups were compared with respect to any
change in perceptions related to the webbased telemedicine service.

services, offering patients a risk-free way
to explore and experiment with the service can increase the development of accurate perceptions and user needs. Ultimately, this will increase patients’ acceptance of telemedicine. Future studies

Results The experimental group showed

a significantly greater change on the
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Conclusions These findings show that

should investigate the effect of continued
usage on patients’ perceptions of telemedicine.

PATIENTS’ PERCEPTIONS AFTER BRIEF USE

Introduction
Chronic pain is a disorder that occurs in 19% of adult Europeans, with moderate to
severe intensity [1]. It affects a person’s ability to function, their mood, and social life.
In addition to its effect on individuals, chronic pain has major social and economic
consequences [2, 3]. Traditionally, pain rehabilitation programs involve clinic-based
care. However, recent developments in information and communication technologies
have fostered the development of telemedicine services. These services have several
advantages over conventional care as they overcome geographic and transportation
barriers [4] and offer the possibility of flexible exercise hours [5, 6]. In addition, with
telemedicine services patients can learn coping skills within their own social environment and can therefore integrate these more easily within their daily lives.
Despite the great potential of telemedicine, only a few of the numerous initiatives are eventually implemented in daily healthcare [7]. User acceptance proves
one important barrier to implementation [8]. By understanding the determinants of
patient acceptance of telemedicine services it becomes clear which issues that impede
acceptance should be addressed to improve acceptance and, consequently, uptake of
telemedicine services in mainstream healthcare.
Within the field of telemedicine, the determinants of patient acceptance are commonly measured at one point in time before patients used the service. However, insight
into whether use of telemedicine influences patients’ perceptions is currently missing
from the literature. Especially in the field of telemedicine services, we could expect
these perceptions to change before and after use as patients commonly do not have
prior experience with these innovative services. It is important to investigate the possible gap between patients’ pre- and post-use perceptions of a telemedicine service,
as its effect is twofold. First, a gap creates the risk of unintentionally missing out on
potential patient-users who could benefit from a telemedicine service as they decide
not to use the service based on their low expectations. Second, a gap brings the risk
of dissatisfied users [9] who decide to withdraw from their telemedicine treatment,
because their high hopes were not met.
Hence, reducing the gap between patients’ pre- and post-use perceptions is important, as this could contribute to higher patient acceptance rates. This can be reached
through targeted patient information programs to foster the creation of accurate perceptions of telemedicine. In addition, user-centred design contributes to minimizing
the gap as it will result in services that better meets patients’ needs and expectations.
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Therefore, the aims of this study were to investigate whether patients’ perceptions
of a telemedicine service change after brief use and to provide indications of where
efforts should be focused to maximize patient acceptance of future telemedicine services.

Methodology
Sample and procedure
The research population consisted of a convenience sample of 30 patients with a
primary diagnosis of chronic pain and who had participated in exercise therapy during
the past half year. Further, patients had to be proficient in Dutch to be able to complete the questionnaire. Patients who agreed to participate were allocated, matched
on gender and age, to a control group (10) or an experimental group (20). After basic
training, the experimental group was given a 15 min opportunity to use a web-based
telemedicine service and explore its functionalities. The control group was not given
this opportunity to gain experience with the service. Patients’ perceptions regarding
the telemedicine service were measured using a questionnaire. This questionnaire
was administered to both the control and experimental groups before (pretest) and
after (posttest) the experimental group’s intervention. Prior to the measurement of
patients’ perceptions at the pretest, both the control and experimental groups received
written and oral information about the web-based telemedicine service. Both groups
were compared with respect to any change in perceptions related to the web-based
telemedicine service.

Web-based telemedicine service
The telemedicine service in this study consisted of a tailored web-based exercise program (Figure 4.1), which gives patients access to a variety of online exercise instruction
videos, which are selected by their therapist. An online agenda serves as both a motivation and reminder for patients to exercise and enables the therapist to monitor the
duration and type of exercises a patient performed at home. By means of a web camera, patients are instructed to record specific exercises, which a therapist will remotely
examine to monitor the quality of the preformed exercises. In addition, the patient
has the choice of scheduling a video or phone consultation or to consult his therapist
by e-mail.
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Figure 4.1: Web-based telemedicine program.

Questionnaire
To investigate whether brief use leads to altered perceptions of the web-based telemedicine service, a questionnaire measured patients’ perceptions before (pretest) and after
(posttest) they used the service (Figure 4.2).

Pretest
Experimental Written and oral
information
group
Control Written and oral
information
group

Perceptions
questionnaire

Intervention
15 min. opportunity
to use the
telemedicine service
X
(no use)

Posttest

Perceptions
questionnaire

Figure 4.2: Experimental study design.

The questionnaire was based on the Technology Acceptance Model (TAM) [10], as
this model has proven to be a robust and parsimonious framework to understand individual acceptance of information technology [11]. It measured patients’ ‘intention’ to
accept telemedicine and its three determinants [10]: (1) perceived usefulness, which
reflects the degree to which telemedicine is perceived as providing benefits; (2) per-
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ceived ease of use, which refers to the beliefs about the effort it will take to learn
and use the technology; and (3) attitude, which measures an individual’s affective response toward telemedicine. In sum, holding a positive affective response toward the
technology and perceiving it to be both useful and easy to use will facilitate a patient’s
intention to accept technology.
Items used to operationalise the constructs were adopted from prior research [11,
12] and adapted to the context of telemedicine. All items were measured using a sevenpoint Likert scale. Further, respondents provided information about their demographic
characteristics. In the present sample, the questionnaire constructs showed a high
reliability (Chronbach’s alphas varying from 0.77 to 0.93 for the different constructs)
after the items that were worded in a negative manner received a reversed scoring
(Table 4.1).

Statistical analysis
Analysis of covariance (ANCOVA) was applied to examine the difference between the
experimental and control groups with respect to changes in the questionnaire pre- and
posttest scores. For each questionnaire construct (perceived usefulness, ease of use,
attitude, and intention), an ANCOVA was performed. Therefore, the posttest score was
used as the dependent variable, and the pretest score was used as a covariate. Prior to
each ANCOVA analysis, data were checked for normality and the homogeneity of the
regression slopes for both the experimental and control groups was tested to evaluate
whether this assumption for performing ANCOVA was met. In addition, a t-test was
performed to check for the difference between scores of the experimental and control
groups on the questionnaire pretest scores. All reported p-values are for two-sided
tests. Because of the relatively small sample size of the experimental group, a liberal
value of p = 0.10 was used as a cutoff point. Post hoc tests, using paired t-tests, were
used to give insight into the changes within both the experimental and control groups
between pre- and posttest scores.
In addition to the mean change, the number of relevant changes within both the
experimental and control groups was investigated by means of frequency statistics.
Therefore, the ∆ of the questionnaire pretest and posttest scores was calculated for
each construct. As there are no existing guidelines that define which magnitude of
change on a seven-point Likert scale is clinically relevant, the ∆ score of a patient’s
change between the questionnaire pre- and posttest scores was considered a relevant
change when the ∆ score exceeded the statistically relevant score of the 75th percentile
of the experimental or control group.
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Table 4.1: Questionnaire items and scientific justification per construct and their internal consist-

encies measured in the current research sample (n = 30).
Source
Perceived usefulness (α = 0.86)
PU1. Using the web-based exercise program will be of benefit to
my treatment.

Taylor and Todd [12]

PU2. I think the use of the web-based exercise program would
enhance the effectiveness of my treatment.

Davis [10]

PU3. I think the use of the web-based exercise program would
make my treatment easier.

Davis [10]

PU4. I would find the web-based exercise program useful in the
treatment of my complaints.

Davis [10]

Perceived ease of use (α = 0.82)
PEU1. It will be difficult to learn how to use the web-based
exercise program.

Taylor and Todd[12]

PEU2. I would find it easy to get the web-based exercise program
to do what I want it to do.

Davis [10]

PEU3. It will not be easy to become skilful to use the web-based
exercise program.

Davis [10]

PEU4. I think it will be easy to operate the web-based exercise
program.

Taylor and Todd [12]

Attitude (α = 0.77)
ATT1. Using the web-based exercise program is a bad/good idea.

Taylor and Todd [12]

ATT2. Using the web-based exercise program would be
unpleasant/pleasant.

Taylor and Todd [12]

ATT3. I dislike/like the idea of using the web-based exercise
program.

Taylor and Todd [12]

Intention to use (α = 0.93)
INT1. I have the intention to use the web-based exercise program
for my treatment.

Taylor and Todd [12]

INT2. If possible, I intend not to use the web-based exercise
program for my treatment.

Taylor and Todd [12]

INT3. I intend to use the web-based exercise program as much as
possible in my treatment.

Taylor and Todd [12]
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Results
A total of 30 participants (mean age = 40.4 years, standard deviation [SD] = 19.7)
engaged in the research; 50% were women. The majority of the respondents were
married or living with a partner (67%) and had a low or middle level of education
(80%). More than half of the respondents were employed (60%). The mean duration
of the patients’ complaints was 6.9 years, with a range of 0.5−20 years. All patients
had experience with the Internet, and only a small percentage of the patients had
used videoconferencing (17%). There were no statistical significant differences in
sample characteristics between both the experimental and control groups (p > 0.05),
indicating homogeneity of subjects across the groups (Table 4.2).
Table 4.2: Demographic and health characteristics of the participants.

Characteristics

Experimental
(n = 20)

Control
(n = 10)

Total
(n = 30)

male: n (%)

10 (50.0)

5 (50.0)

15 (50.0)

mean (SD)

42.5 (13.0)

45.1 (17.7)

43.3 (14.5)

Low

8

2

12

Middle

10

6

12

High

2

2

6

Single

7

3

10

Married/cohabiting

13

7

20

Employed

11

7

18

Unemployed

9

3

12

Internet

17

9

25

Videoconferencing

3

1

5

Sex
Age (years)
Education

Marital status

Employment

Experience

n

n

n

n

An ANCOVA statistical test investigated whether the changes in questionnaire
pretest and posttest scores significantly differed between the experimental and control groups. An ANCOVA test was conducted for each different questionnaire construct to determine whether the questionnaire posttest scores for the experimental
and control groups differed after adjustments were made for the questionnaire pretest
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scores. The assumption of equal regression slopes was tested prior to analysis and was
found tenable for the scores on the constructs of perceived ease of use [F (1, 27) = 0.87,
p = 0.36], perceived usefulness [F (1, 27) = 2.07, p = 0.16], attitude [F (1, 27) = 0.22,
p = 0.64], and intention [F (1, 27) = 0.45, p = 0.51].
The ANCOVA test (Table 4.3) revealed a significantly greater change on the constructs of perceived usefulness [F (1, 27) = 3.40, p = 0.08] and perceived ease of use
[F (1, 27) = 5.37, p = 0.03] for the experimental group than the control group, after
adjusting for the questionnaire pretest scores. This indicates that patients developed
a more positive perception of the usefulness of the technology and the effort it would
take to learn and use the technology, after they used the telemedicine service. The
ANCOVAs performed for the constructs attitude and intention showed no statistical
changes between the experimental and control groups on the change in the questionnaire pre- and posttest scores (p > 0.05).
Table 4.3: Comparison of the changes in questionnaire pre- and posttest scores between groups on

the questionnaire constructs.
∆ mean (SD) pre- and
posttest scores
Experimental
(n = 20)

a

Control
(n = 10)

Min ∆a

Max ∆a

∆

p

Perceived
usefulness

+0.26 (0.54) −0.10 (0.41)

−0.75

1.00

0.36

0.08b

Perceived
ease of use

+0.44 (0.66) −0.05 (0.26)

−0.50

2.25

0.49

0.03c

Attitude

+0.25 (0.68) −0.13 (0.45)

−1.00

1.33

0.38

0.13

Intention

+0.10 (0.69) +0.03 (0.53)

−1.67

1.67

0.07

0.76

Minimum ∆ and maximum ∆ range: −3 to +3.

b

p < 0.10.

c

p < 0.05.

The descriptives of the study variables at pre- and posttest are presented in Table
4.4. The mean item ratings of the pretest scores on perceived usefulness (mean =
0.77, SD = 1.27), perceived ease of use (mean = 1.28, SD = 0.92), attitude (mean =
0.83, SD = 1.25), and intention (mean = 0.95, SD = 1.74) indicated that patients held
neutral to slightly positive beliefs about the use of telemedicine.
A one-way ANOVA comparing mean differences on the questionnaire pretest scores
revealed no significant differences of these beliefs between the experimental and con-
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Table 4.4: Description of the studied variables in questionnaire pre- and posttest scores between

groups.
Experimental
(N = 20)
mean
(SD)

Control
(N = 10)
mean
(SD)

Total
(N = 30)
mean
(SD)

Perceived usefulness
Pretest

0.75

(1.21)

0.80

(1.46)

0.77

(1.27)

Posttest

1.01

(1.45)

0.70

(1.38)

0.91

(1.41)

Pretest

1.30

(0.88)

1.25

(1.05)

1.28

(0.92)

Posttest

1.74

(0.90)

1.20

(1.03)

1.56

(0.96)

Pretest

0.80

(1.31)

0.87

(1.17)

0.83

(1.25)

Posttest

1.05

(1.53)

0.73

(1.18)

0.95

(1.41)

Pretest

1.00

(1.80)

0.87

(1.71)

0.95

(1.74)

Posttest

1.10

(1.85)

0.90

(1.54)

1.03

(1.73)

Perceived ease of use

Attitude

Intention

trol groups (p > 0.05). These results further supported the homogeneity of the subjects
between groups.
Post hoc tests and paired t-tests revealed that within the control group there was
no statistical change (p > 0.05) between the questionnaire pre- and posttest scores on
the constructs of perceived usefulness [t(9) = 0.77, p = 0.46], perceived ease of use
[t(9) = 0.61, p = 0.55], attitude [t(9) = 0.94, p = 0.37], and intention [t(9) = −0.20,
p = 0.84].
Within the experimental group, the difference between the pre- and posttest scores
on the construct of perceived ease of use [t(19) = −2.95, p = 0.01] and perceived
usefulness [t(19) = −2.17, p = 0.04] proved statistically different. The differences
between the questionnaire pre- and posttest scores on attitude [t(19) = −1.64, p =
0.12] and intention [t(19) = −0.66, p = 0.52] showed no statistical change.
Looking to more detail at these significant differences between the questionnaire
pre- and posttest scores for the TAM constructs, the data reveal that, with respect to
the number of changes, significantly more respondents from the experimental group
showed a relevant change than those in the control group for both the constructs
of perceived ease of use (χ 2 = 6.79, p = 0.01) and perceived usefulness (χ 2 = 3.68,
p = 0.06). A change was considered relevant when the difference between the questionnaire pre- and posttest scores was within the 75th percentile of the total research
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sample. When a patient’s ∆ questionnaire pre- and posttest score is within the 75th
percentile, 75% of the other patients show a ∆ score that is below this score. This
means that the patient’s ∆ questionnaire pre- and posttest score is relatively high compared with the ∆ score of the whole group (Table 4.5). Further analysis revealed that
the majority of the patients in the experimental group who showed a relevant change
on perceived usefulness and ease of use changed from a slightly positive score to a
more positive score (n = 8). One respondent in the experimental group shifted from
a negative score on the construct ‘perceived ease of use’ to a positive score.
Table 4.5: Number of changes of the ∆ questionnaire pre- and posttest scores within the 75th

percentile for the constructs ‘Perceived Usefulness’ and ‘Ease of Use’ (n = 30).
Experimental

Control

Relevant change (∆ ≥ 0.75)

9

1

Non-relevant change (∆ < 0.75)

11

9

Relevant change (∆ ≥ 0.50)

12

1

Non-relevant change (∆ < 0.50)

8

9

Perceived usefulness

Perceived ease of use

Discussion
This study investigated whether patients’ perceptions of a web-based telemedicine
system changed after they briefly used it. Results demonstrated that brief use of the
telemedicine system leads to a positive change in perceptions regarding ease of use
and usefulness of the system. Patients in the experimental group were significantly
more likely to shift toward higher levels of these two constructs than patients in the
control group. Specifically, the majority in the experimental group changed from a
neutral or slightly positive score to a more positive score. One respondent changed
from a negative pretest score to a positive posttest score on the construct of ease of use
after using the service. Patients in the control group, who did not use the telemedicine
service, did not significantly change their perceptions about the constructs ease of use
and usefulness.
Other studies have also demonstrated this change in patients’ perceptions of
telemedicine after use. For example, Finkelstein et al. [13] found their patients developed more positive perceptions about the reliability and ease of use of a home
telecare system after experiencing it. In addition, Demiris et al. [14] stated their
patients became more familiar and confident with the technology after using their
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telehomecare system.
An explanation for these findings is that patients were only able to express perceptions about the telemedicine service after they used it. Possibly, patients’ perceptions,
prior to their experience with the telemedicine service, were based on an inaccurate vision of the service, as all patients had no prior experience with innovative telemedicine
services. These perceptions were readjusted after experiencing the service.
Second, the results could imply that patients may have been wary of the telemedicine treatment as they have no prior experience with it and, therefore, have set their
expectations deliberately ‘safely’ low for telemedicine. Additionally, the experience
turned out to be unexpectedly pleasant for these first-time users, which led to a positive change in perceptions after using the service.
These inadequate perceptions of telemedicine services could lead patients to decide
not to use the service. This can be prevented by offering patients a risk-free way to
explore and experiment with the service, for example, by giving them a chance to
briefly explore the service before they make the decision to use it in the long term.
This will foster the development of accurate perceptions and will increase patients’
comfort levels and ultimately patient acceptance. This coincides with the diffusion of
innovation theory of Rogers [15], who stated that the ‘trialability’ of an innovation will
reduce risk and uncertainty about the expected consequences of using the innovation.
According to the TAM [10], one should expect an increase in both patient’s attitude
and intention to use the service, when there is an increase in perceived usefulness
and ease of use. Remarkably, despite the fact that brief use with the telemedicine
service lead to significant changes in perceived usefulness and ease of use, there was
no significant change in patients’ intention to use the service in the future.
This could be the result of other determinants, aside from perceived usefulness and
ease of use, influencing patients’ intention to use the service. A more recent theory, the
Unified Theory of Acceptance and Use of Technology [16], includes a construct ‘facilitating conditions,’ which embodies an individual’s perceived external constraints. In
our research, for example, the available exercise space at home could have influenced
patients’ intention to use the service. Future research should further investigate these
perceived constraints. In addition, the relatively small sample size could have had
inadequate power to detect changes in patient’s intention to use the telemedicine service. This inadequate power could also have led to the insignificant change in patient’s
attitudes as the corresponding p-level (p = 0.13) approaches significance.
Although this study demonstrated that brief usage can increase patients’ perceptions in a short term, its long term effect remains unclear. It is possible that perceptions
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based on brief use reflect a degree of ‘over-enthusiasm.’ The Gartner Hype Cycle [17]
acknowledges the presence of over-enthusiasm and the subsequent disappointment
that goes along with the introduction of new technologies. The Hype Cycle includes
a ‘peak of inflated expectations’, which is followed by a ‘trough of disillusionment’ as
the unrealistic expectations cannot be met. It is unclear whether the brief use with
the telemedicine service created this peak within our patients sample, meaning the
post-use perceptions measured could be a reflection of the ‘over-enthusiasm’ caused
by the brief use. However, the research of Hanson et al. [18] leads one to suspect this
fluctuation of high expectations, and disillusionment is present during the process of
patient acceptance of telemedicine services. They demonstrated that their first-time
users were more likely to shift their attitudes about telemedicine in a positive direction
after use. On the other hand, already experienced telemedicine users were, after their
experience, as likely to increase their attitudes as to decrease them [18]. This could imply that the first-time users were still at the ‘peak of inflated expectations,’ whereas the
more experienced users already moved on to the ‘trough of disillusionment.’ Although
the development of perceptions needs further exploration by means of longitudinal
studies, this study demonstrates that perceptions are susceptible to change and are
snapshots in time based on the available information at the point in time.
A limitation of this study is the limited sample size. Therefore, a relatively liberal
cutoff point of p = 0.10 was used in this study and careful interpretation of the results is essential. However, the presence of a control group makes the results more
valid. As the focus of this study was on the changes within the experimental group,
more patients were allocated to this group. Future research should include more respondents who are evenly spread between both experimental and control groups to
prevent for possible power problems. In addition, future studies should include other
patient groups as little is known whether these results of chronic pain patients can be
generalized to other patient groups.
Further, this study was limited to the fact that telemedicine intervention under
investigation was a web-based telemedicine service. It can be questioned whether
such a service was considered an innovative, ‘really new service,’ as the majority of
the patients already had experience with both computers and Internet. Strikingly,
the results demonstrated a positive change in perceptions regarding ease of use and
usefulness of the system after use. Therefore, one could expect even greater changes
in the case when patients are introduced to a treatment that involves elements that
are ‘really new’ to the patient group, such as webcam consultation or on-body sensor
monitoring. Therefore, future research should investigate the effect of brief use of
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really new products on patients’ perceptions.
In summary, these results show the significant positive effect of brief use of a
telemedicine service on patients’ perceptions of this service. Therefore, it is important
to offer patients the opportunity to experiment with the service to foster the development of accurate beliefs, which will consequently result in more adequate user needs
possibly benefiting patient acceptance. In this way, as a healthcare provider, one is
able to be involved in ‘patient expectation management’ and to have some degree of
control over patients’ acceptance of prospective telemedicine services.
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5
To accept or refuse: exploring
the factors related to patients’ decisions
to participate in a telerehabilitation program
using the UTAUT framework

An earlier version of this chapter, co-authored with IJzerman MJ, and VollenbroekHutten MMR has been accepted (minor revisions pending) for publication in the International Journal of Medical Informatics.
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Abstract
Telerehabilitation is con- els were run to explore which determinsidered a promising alternative to conven- ants best explained patients’ acceptance of
tional rehabilitation in the treatment of telerehabilitation.
chronic pain. At present, research in the
Results 45 patients decided to participate
field of telerehabilitation and chronic pain in the telerehabilitation program, with
mainly focuses on effectiveness and little 35 patients completing the program; 11
is known about the factors that influence patients refused telerehabilitation. Repatients’ decisions to accept or refuse tele- sults showed that accepters of the telerehabilitation.
rehabilitation service held significantly
Objective The aim of this small sample higher levels of positive perceptions of
Background

size study was to examine chronic pain
patients’ decisions to accept or refuse participation in a telerehabilitation program,
using the UTAUT as a theoretically supported starting point. Acceptance was operationalised as patients’ decisions (yes or

Performance Expectancy and Facilitating
Conditions. Accepters also held significantly higher autonomy levels of exercise
motivation and significantly lower levels
of pain catastrophising behaviour. Penalized regression analysis showed that as

no) at one moment in time whether or not well as Performance Expectancy, Exercise
to use the telerehabilitation service during Motivation and Catastrophising behaviour
treatment.
were two important factors underlying
telerehabilitation acceptance.
Methods 56 chronic pain patients were
asked to participate in the telerehabilita- Conclusions This study shows that both
tion program. Prior to their decision to
either accept or refuse the program, respondents provided information regarding their perceptions of the telerehabilitation treatment, socio-demographic information and disease specific outcome

perceived telerehabilitation features and
patient characteristics play an important
role in the decision to participate in a
telerehabilitation program. Future research, explaining patient acceptance of
chronic pain telerehabilitation, could pos-

measurements. Observed choice behaviour was used as a measure of patients’
technology acceptance (decision). Univariate analyses were conducted to determine which variables held a significant relationship with acceptance of telerehabili-

sibly benefit from including exercise motivation and catastrophising behaviour
as either moderators or determinants of
acceptance, and as such capturing some
of the unique contextual features of telerehabilitation, focusing beyond the tech-

tation. Penalized logistic regression mod- nology itself. Since this study was of an
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exploratory nature, future studies are necessary to investigate how to adapt the
telerehabilitation service to better meet
patients’ needs and whether addressing

patients’ levels of exercise motivation and
catastrophising behaviour, could improve
patient acceptance of the telerehabilitation service.

Introduction
Chronic pain is considered a major public health problem. It occurs in at least 19% of
adult Europeans, varying from moderate to severe intensity [1]. Chronic pain is linked
with an increased risk of depression and often interferes with sleep, recreational activities and with family and home responsibilities [1–3]. In addition to the physical and
emotional burden chronic pain brings, it accounts for considerable healthcare costs, as
well as costs such reduced work productivity [4]. Physical training has proven effective in decreasing pain and improving function [5, 6] and therefore plays an important
role in conventional pain rehabilitation programs. The majority of conventional programs are clinic-based and supervised [7]. Although these rehabilitation programs
improve health outcomes, poor adherence and high relapse rates have been shown to
compromise the effectiveness of the programs [5, 8, 9] and as such lead to increased
costs [10].
Telerehabilitation, providing healthcare in the home environment via communication technology, is considered a promising alternative to conventional rehabilitation
in the treatment of chronic pain. It offers several advantages over conventional care
as patients have the opportunity to rehabilitate within their own social environment
[11], can avoid transportation issues [12] and are able to personally adjust exercise
hours [13]. Some studies in the field of telerehabilitation have shown show encouraging results. For example, physical symptoms can be improved and telerehabilitation
can increase self-management skills for patients with back pain [14]. Another study
found that a telerehabilitation outpatient rehabilitation program implemented as partial replacement of face-to-face care was as effective as the conventional outpatient
rehabilitation program [15].
However, a current systematic review, investigating the effectiveness of exercisebased telemedicine in the treatment of chronic pain, found that telemedicine interventions implemented as a substitution of usual care might be beneficial but that, due to
the limited quality of studies, compelling evidence of the effectiveness of these treatments is currently lacking [16].
In spite of the potential of telerehabilitation, the expected benefits of telerehabilitation are only realized when the treatment is accepted by its intended users. Therefore,
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an understanding of the reasons behind patients’ decisions to accept or refuse telerehabilitation treatment is important. At present, research in the field of telerehabilitation
and chronic pain mainly focuses on effectiveness and little is known about the reasons
for acceptance or refusal of the treatment or the specific components that influence
patients’ decisions to accept the service. Do patient characteristics play a part in the
acceptance of telerehabilitation, or it is merely influenced by the perceived characteristics of the technology itself?
Within the literature, the concept of technology acceptance is very broadly defined.
Depending on the stream of research, acceptance either focuses on implementation success on an organizational level or describes individual acceptance of technology [17].
This study focuses on the exploration of individual acceptance of technology. Within
this stream of research, Davis [18] describes acceptance as users’ decision about how
and when they will use technology. In this study, acceptance is employed as patients’
observed choice (behaviour) to either accept or refuse the use of a telemedicine service
that they were offered during chronic pain rehabilitation. Consequently, acceptance in
this study refers to one specific (decision) moment in time and does not target patients’
adherence over time.
In the field of technology acceptance, the Unified Theory of Acceptance and Use
of Technology (UTAUT) is the most recent theory that explores determinants of acceptance. The UTAUT was the result of a study by Venkatesh et al [17], who synthesized
eight theories of technology acceptance. The UTAUT model includes four direct determinants of technology acceptance. The model shows that, as well as the perceived
ease of use of a technology (effort expectancy), the efforts that can be expected to be
invested and the benefits that could be gained from technology (performance expectancy) is an essential predictor for patients’ decision to accept technology. The model
specifies that accepters should hold more positive perceptions of using the technology
than refusers, and thus should score higher on the constructs that influence acceptance.
The greater potential the value or benefit anticipated from acceptance of the technology relative to the current practice is, the more rapidly it will be adopted. Furthermore,
social influence as well as patients’ perceptions of facilitating conditions play a role.
Although the UTAUT model has not yet been used to model patient acceptance of telerehabilitation, it has been used in studies that investigate the patient perspective in
the field of home telehealth and inpatient routine care [19, 20]. These studies demonstrated that the UTAUT model is useful for conceptualization of technology acceptance
in the context of telerehabilitation.
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In this study, the UTAUT was used as a theoretically supported starting point to explore determinants of patients’ acceptance or refusal of the use of a telerehabilitation
service in the treatment of chronic pain. As such, it adds to the telerehabilitation literature which, at present is lacking from theoretically driven research [21]. Furthermore,
by using a study design that has not been used before in the field of telerehabilitation
acceptance, this study adds to the literature in two ways. First, we made use of observed choice behaviour as a measure of technology patients’ acceptance (decision).
In most studies in the field of technology acceptance, the (decision) moment of acceptance is often employed as ‘patients’ intention to use the technology’ and represents a
self-reported, imagined or hypothetical choice behaviour. As such it is unclear whether
patients would actually make this same choice in ‘real life.’ Using observed choice behaviour addresses this problem. Second, our research design allowed for the collection
of patients’ perceptions at the moment when these patients also made the decision to
accept or refuse the telerehabilitation service. This is important, since prior research
has shown that patients’ perceptions are susceptible to change over time [22].

Methods
Procedure and sample
This study was part of a larger study that investigated the implementation of a webbased telerehabilitation service in a multidisciplinary chronic pain rehabilitation program. In total, 56 chronic pain patients, who were referred to the rehabilitation program, were asked to participate in the telerehabilitation program, in which a webbased exercise program was implemented to partially replace conventional face-to-face
rehabilitation. Instead of three visits per week to the clinic as was being carried out
in conventional care, patients visited the outpatient rehabilitation clinic for two days
and they were instructed to exercise at least once in their own environment using the
exercise-based telerehabilitation service. The inclusion criteria used during the intake
of patients for the rehabilitation program for chronic low back pain were:
i chronic non-specific pain > 3 months,
ii motivated,
iii a psychoneurotic score < 150 on the Symptom Checklist SCL-90,
iv a Body Mass Index < 35, and
v > 18 years old.
The appropriate ethics committee approved the study and all patients gave their informed consent prior to participation.
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Home-based telerehabilitation service
The telerehabilitation service provided in this research was a web-based physical exercise program. It was designed and implemented as a partial replacement of a three-day
outpatient group for patients with chronic low back pain. The service made use of a
notebook with a webcam and consisted of two treatment modules. Module 1 contained
a database of exercise videos to increase strength, balance, flexibility, and endurance.
Module 2, a teleconference service, facilitated contact between patient and therapist.
Within these modules, the therapist remotely composed an individually tailored exercise program and supervised the patient. The patient and therapist contacted each
other weekly by teleconference or met each other during the remaining two days to
discuss the rehabilitation progress. Based on the experience and rehabilitation progress, the therapist updated the exercise program weekly. During the first two weeks
the patients visited the clinic for three days and received, in addition to their rehabilitation program, training (1 h/week) on how to use the exercise-based telerehabilitation
service. From the third week on, the telerehabilitation service was delivered to the
patients as partial replacement; one day at the clinic was replaced by one day of rehabilitation in their own environment. Chronic pain patients received seven weeks of
clinic-based group rehabilitation.

Assessment
Acceptance Patients’ decisions (yes or no) at one moment in time were used as a

measure of patients’ technology acceptance (decision). Patients either choose to accept telerehabilitation treatment and take home the equipment or choose to refuse
telerehabilitation treatment and receive clinic-based treatment only.
Socio-demographics Respondents provided information about their demographic

characteristics, namely age, gender, highest level of education and internet experience,
which are considered predictors in the use of telerehabilitation services [17].
Disease specific outcome measurements Complaints and disability were assessed in

the first week of the outpatient rehabilitation program. Complaints were measured
by asking patients to rate their level of pain during the previous week on a visual
analogue scale (VAS) [23, 24]. The psychometric properties of the VAS are sufficient.
Disability was measured with the Roland Disability Questionnaire (RDQ) [25]. This
questionnaire is an illness-specific 24 item functional assessment questionnaire that
is frequently used for back pain. The RDQ has established validity, reliability and
responsiveness to change. The Dutch version was used [26]. The Åstrand ergometer
bicycle test [27] was used to assess the physical condition of the chronic pain patients.
This sub maximal test, in which patients bicycle for 6 minutes at a certain intensity,

88

PATIENTS’ DECISIONS TO ACCEPT OR REFUSE TELEREHABILITATION

is not valid for measuring maximal oxygen intake, but is for determining its progress.
With the output of the test (workload and heart rate), the VO2 max (corrected for
gender, age, length and fat free mass) can be estimated with the Åstrand-Ryhmingnomogram.
Exercise motivation (RAI) The Dutch version of the BREQ-2 [28] was used to deter-

mine exercise motivation. The BREQ-2 comprises 19 items relating to five motivation types from the Self Determination Theory (SDT). The SDT describes motivation as a multidimensional concept that resides along a continuum of increasing selfdetermination [29]. At the lowest end of the continuum is amotivation, with an individual lacking motivation to adopt physical exercise. Intrinsic motivation, on the
other end, represents the most autonomous type of motivation, it is associated with
greater exercise participation [30] and involves being physically active for its own sake.
In between lies extrinsic motivation which occurs if an activity is performed for a purpose other than the task itself, e.g. obtaining promised awards or achieving or avoiding
other disappointment. The reasons may vary in relation to the individual’s degree of
autonomy, creating three categories: external regulation, internalized regulation, and
identified regulation. Each item is measured on a five-point Likert-scale. The mean
of the 5 retrieved subscales is calculated on a five-point scale to score the extent of
each motivation type separately. The BREQ-2 can also be used as a unidimensional
index of the degree of self-determination. An overall score of all subscales represents
the Relative Autonomy Index [31], with higher levels representing higher autonomy
levels. The present study aims to determine whether the level of motivation through
SDT, using the Relative Autonomy Index of the BREQ questionnaire, is related to the
choice of commencing web-based exercise telerehabilitation.
Innovation scale To measure patients’ innovativeness in the domain of IT, the four

items instrument of Agarwal and Prasad was used. Personal innovativeness refers to
“the willingness of an individual to try out any new information technologies” [32].
Personal innovativeness represents technology-related beliefs which determine individual’s pre-disposition to adopt innovative services. Therefore, given the same level
of beliefs and perceptions about an innovation, individuals with higher personal innovativeness are more likely to develop positive attitudes towards adopting it than
less innovative individuals [32]. Individuals who are more innovative should be more
positive in their beliefs about new technology.
Pain Coping Strategy To assess the use of cognitive and behavioural strategies patients

use, the Dutch version of the Coping Strategy Questionnaire (CSQ) [33] was used, the
Coping met Pijn Vragenlijst [34]. It comprises six subscales for cognitive strategies:
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catastrophising, ignoring pain sensations, coping self-statements, re-interpreting pain
sensations, diverting attention and praying/hoping. In addition, it measures ‘increasing activity level’ (a behavioural strategy) and ‘perceived effectiveness (how effective
do participants think they are in controlling and decreasing pain). The questionnaire
consists of 44 items, measured with a numerical rating scale ranging from 0 to 10
(10 cm visual analogue scales) with the end-points defined as ‘never do’ and ‘always
do’, indicating how frequently the strategy is used to cope with pain. A higher score
indicates a higher endorsement of the cognitive coping strategy.
UTAUT Perceptions of telerehabilitation Patients’ perceptions regarding the web-based

telemedicine service were measured using a questionnaire that was administered before patients made the decision to either use or refuse the telerehabilitation service
during rehabilitation. Prior to the measurement of patients’ perceptions, chronic pain
patients received visual and written information about the telerehabilitation service.
The questionnaire was based on the Unified Theory of Acceptance and Use of Technology [17] and measured its four determinants that influence the acceptance of technology: a) Performance Expectancy, b) Effort Expectancy c) Social Influence d) Facilitating Conditions.
Table 5.1: Operationalisation of the UTAUT constructs.
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Construct

Definition

Items

Example item

Performance
Expectancy

The degree to which a
patient believes that using
the telerehabilitation system
will enhance treatment

4

I expect that
telerehabilitation will be
effective in the treatment of
my chronic pain

Effort
Expectancy

Patients’ beliefs about the
effort it will take to learn
and use the telerehabilitation
service

4

I expect that it will be easy to
learn to operate the
telerehabilitation service
correctly

Social
Influence

Patients’ perception as to
whether people that are
important to them think they
should use the
telerehabilitation service

3

I think my physician would
like me to use the
telerehabilitation service in
the treatment of my chronic
pain

Facilitating
Conditions

Patients’ perceptions of
internal (e.g. knowledge,
motivation) and external
constraints (e.g. resources)

6

I expect that I will have the
knowledge necessary to use
the telerehabilitation service
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Table 5.1 shows how the UTAUT constructs were defined in this study. In total,
17 questionnaire items were formulated, derived from prior research [17, 35] and
adapted to the context of the telemedicine service (cf. example items in Table 5.1).
Respondents could answer on a seven-point Likert scale, varying from −3 [extremely
disagree] to +3 [extremely agree]. In the current sample, the questionnaire constructs
showed a satisfactory reliability (Cronbach’s alphas varying from 0.76. to 0.96 for the
different constructs) after the items which were worded in a negative manner received
a reversed scoring. Figure 5.1 presents an overview of the research framework, including the above described measurements.
Patients’ perceptions
Performance Expectancy
Effort Expectancy
Social Influence
Facilitating conditions

Telerehabilitation acceptance

Patient characteristics
Gender
Age
Education level
Internet experience
Innovativeness level
Disease characteristics
Duration complaints
Level of pain
Level of disability
Physical condition
Pain coping strategies
Exercise motivation

Figure 5.1: Research framework of telerehabilitation acceptance.

Statistical analyses
Data were analysed using SPSS 21 and R package logistf [36]. Univariate analyses
were conducted using Chi-square tests and t-tests to determine which variables have
a significant relationship with acceptance of telerehabilitation. Moreover, penalized
logistic regression models were run to correct for potential small-sample bias [36].
The idea of the Firth logistic regression is to introduce a more effective score function
by adding a term that counteracts the first-order term from the asymptotic expansion
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of the bias of the maximum likelihood estimation. The term will go to zero as the
sample size increases [37, 38]. Two separate penalized logistic regression analysis
were used to model the predictors of treatment acceptance that were identified in the
univariate analysis. Any variable having a significant univariate test at p-value cut-off
point 0.25 was included in the regression analysis. Based on the small sample size
of this study, we did not choose a traditional level such as 0.05, since this could fail
in identifying important predictors. The first regression analysis included the UTAUT
predictors only. The second analysis included the UTAUT predictors and both patient
and health characteristics. The logistic analyses were performed with both a forward
and backward selection approach. Both backward and forward entry showed same
results, for parsimony only the results of the backward analysis are presented in this
study. The two regression models were evaluated using the Akaike Information Criterion (AIC) as a goodness of fit measure. The AIC is a measure of the relative quality
of statistical models for a given set of data. AIC estimates the quality of each model,
and tries to balance good fit with parsimony. Hence, AIC provides a means for model
selection.

Results
A total of 56 participants were assigned to receive web-based telerehabilitation
(Figure 5.2). Of this group, 11 patients (20%) made the decision to refuse the telerehabilitation treatment. A majority of the group (80%) decided to start with the

Telerehabilitation offered (n=56)
(n=56)
Started with
telerehabilitation (n=45)
Drop-outs
did not complete telerehabilitation program (n=10)

Refusers

Accepters

not willing to use
telerehabilitation (n=11)

completed
telerehabilitation (n=35)

Figure 5.2: Recruitment and enrollment rate of chronic pain patients.
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telerehabilitation treatment. However, of this group, only 35 patients completed the
treatment, 10 patients discontinued the treatment. Personal circumstances, lack of
motivation and time were reasons underlying patients’ choices to discontinue the
treatment. Analysis suggested that the drop-outs should be considered as a subgroup
within the total patient group that started telerehabilitation treatment. Patients who
completed telerehabilitation treatment both had significantly higher scores on Effort
Expectancy (t = 2.07, df = 43, p = 0.04), Performance Expectancy (t = 2.41, df = 43,
p = 0.02) and Intention (t = 2.63, df = 44, p = 0.02) when compared to the scores of
the drop-out patients. We choose to exclude the drop-out group from analysis, in order
to keep the accepter group as homogeneous as possible and to make comparison with
the refuser group possible.

Differences in perceived telerehabilitation UTAUT attributes between
accepters and refusers
To explore the relation between perceived telerehabilitation attributes and patients’
acceptance decision, univariate analyses were performed. Results (Table 5.2) showed
that accepters of the telerehabilitation service held significantly higher levels of positive perceptions of Performance Expectancy (mean = 1.09 vs. 0.30, p = 0.03) and
Facilitating Conditions (mean = 1.77 vs. 0.98, p = 0.04). In general, both refusers
and users held positive perceptions of the telerehabilitation service with regard to the
attributes of Effort Expectancy, Performance Expectancy and Facilitating Conditions.
Table 5.2: Differences in patients’ perceptions of telerehabilitation between accepters and refusers.

UTAUT
constructs

Accepters (n = 35)

Refusers (n = 35)

mean (SD)

mean (SD)

Statistical result
t,

df,

p

Effort
Expectancy

1.30 (1.20)

0.80 (1.12)

1.18, 43, 0.25

Performance
Expectancy

1.09 (0.96)

0.30 (0.91)

2.32, 43, 0.03*

Social
Influence

0.04 (1.46)

−0.67 (0.83)

Facilitating
Conditions

1.77 (1.04)

0.98 (1.13)

1.39, 42, 0.17

2.10, 43, 0.04*
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Table 5.3: Differences in patient characteristics between accepters and refusers of telerehabilitation.

Accepters
(n = 35)
Socio-demographics

n (%)

Refusers
(n = 35)

Statistical result

n (%)

χ 2,

df,

p

Gender - female

14 (40.0)

5 (45.5)

0.10, 1, 0.75

Lower education

14 (40.0)

7 (63.6)

1.68, 1, 0.19

Internet experience

34 (97.1)

10 (91.0)

0.78, 1, 0.38

mean (SD)

mean (SD)

43.09 (11.03)

46.16 (9.51)

−0.83, 44, 0.41

Duration complaints (years)

8.16 (9.28)

6.86 (5.57)

0.44, 44, 0.67

Innovation scale

0.79 (1.33)

0.33 (0.85)

1.05, 42, 0.30

Age (years)

Disease assessments
Pain Intensity (VAS Week)

mean (SD)

mean (SD)

t,

t,

df,

df,

p

p

6.70 (2.16)

5.73 (3.05)

1.17, 44, 0.26

Roland Disability

12.54 (4.29)

10.09 (3.99)

1.68, 44, 0.10

VO2-max

27.20 (7.85)

25.56 (9.36)

0.56, 37, 0.58

Catastrophizing

2.63 (1.64)

4.87 (1.17)

3.84, 42, 0.00**

Perceived Effectiveness

4.48 (2.35)

4.72 (0.71)

0.30, 39, 0.77

Ignoring pain

4.20 (2.25)

4.89 (2.43)

0.79, 39, 0.43

Coping self-statements

6.01 (1.79)

6.10 (2.64)

0.12, 42, 0.90

Reinterpretation of pain

2.31 (1.73)

2.33 (1.15)

0.03, 39, 0.97

Increasing activity level

3.44 (1.84)

3.81 (2.08)

0.53, 42, 0.60

Praying/hoping

2.82 (1.87)

4.00 (2.57)

1.48, 37, 0.15

Diverting attention

2.94 (2.48)

3.72 (1.80)

0.88, 38, 0.38

10.84 (5.31)

6.85 (5.54)

2.07, 43, 0.04*

Pain Coping Strategy

Exercise Motivation (RAI)
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Differences in patient characteristics between accepters and refusers
Univariate analyses were performed to explore the relationship between patient characteristics and patients’ acceptance decision. Demographic and clinical features of the
sample and comparisons between those who accepted and those who refused telerehabilitation treatment are found in Table 5.3. Accepters held significantly higher
autonomy levels of exercise motivation (mean = 10.84 vs. 6.85, p = 0.04). In addition,
those who commenced with telerehabilitation were significantly more likely to hold
lower levels of pain catastrophising behaviour (mean = 2.63 vs. 4.87, p = 0.00). There
was also a trend for patients with higher reported levels of pain disability (p = 0.10)
to accept telerehabilitation. Accepters held slightly higher disability scores.
No significant relationships were found between acceptance of telerehabilitation
and gender, lower educational level, internet experience, age, duration of complaints,
patients’ innovativeness level, pain intensity, VO2 max level, and for all Pain Coping
Strategy Questionnaire scales other than the pain catastrophising scale.

Predictors of acceptance
Two separate logistic regression analyses were performed. The first binary logistic
regression analysis with backward selection of predictors for telerehabilitation acceptance/ refusal contained the four UTAUT attributes. Only Performance Expectancy
(B = −1.02, 95% CI −2.17 to −0.16, p = 0.02) was retained in the final model, see
Table 5.4.
Table 5.4: Results of logistic Firth regression backward analyses with telerehabilitation choice as

dependent variable for chronic pain patients UTAUT (n = 45).
Predictor (independent)
variables

B

SE

CI

p

Constant

-0.66

0.46

-1.58 to 0.21

0.13

Performance Expectancy

-1.02

0.50

-2.17 to -0.16

0.02*

AI C = −3.65; Likelihood ratio test = 5.65 on 1 df, p=0.00
Note: Variables not in the final equation are Effort Expectancy, Social Influence,
and Facilitating Conditions

Second, a regression analysis was performed with the four UTAUT variables and the
patient characteristics that held a p value < 0.25 on the univariate tests (Table 5.5).
These included the Pain Coping Strategies subscale ‘Praying/ Hoping’ and ‘Catastrophising’, Exercise Motivation (RAI), the Roland Disability Index, and education level.
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Table 5.5: Results of logistic Firth regression backward analyses with telerehabilitation choice as

dependent variable for chronic pain patients UTAUT + patient characteristics (n = 43).
Predictor (independent)
variables

B

SE

CI

p

Constant

0.58

2.67

-5.16 to 6.20

0.83

Exercise motivation (RAI)

-0.19

0.09

-0.39 to -0.03

0.02*

Catastrophizing (CPV-CA)

0.14

0.06

0.03 to 0.29

0.01*

AI C = −10.29; Likelihood ratio test= 14.37 on 2 df, p = 0.00
Note: Variables not in the final equation are Effort Expectancy, CPV-BH,
Performance Expectancy, Education, Roland Disability Index,
Social Influence, and Facilitating Conditions

The Binary logistic backward regression of predictors for telerehabilitation acceptance/ refusal retained two significant predictors, namely Exercise motivation (B =
−0.19, 95% CI −0.39 to −0.03, p = 0.02) and Catastrophising (B = 0.14 95% CI 0.03
to 0.29; p = 0.01). The Likelihood ratio test goodness-of-fit test indicated an adequate
model. In addition, the more negative AIC value, compared to the AIC value of the
model including the UTAUT predictors only, showed that the model including the
patient characteristics provided a better fit.

Relationship between patient characteristics and perceived telerehabilitation UTAUT attributes
Within the refusers group no statistical significant results (p < 0.10) were found
between the UTAUT constructs and the patient characteristics. However, within the
accepter group, significant correlations were found between Exercise Motivation and
both Effort Expectancy (r = 0.36, p = 0.04) and Performance Expectancy (r = 0.48,
p = 0.00). Also, a significant correlation was found between VO2-max and Social
Norms (r = 0.51, p = 0.00).

Discussion
The purpose of this study was to explore factors related to chronic pain patients’ decisions to accept or refuse the use of a telerehabilitation program, using the UTAUT as
a theoretically supported starting point.
In this study we found that the UTAUT partly explains patients’ decisions to use
telerehabilitation. Refusers held significantly lower levels of perceptions on the constructs of Effort Expectancy, Performance Expectancy and Facilitating Conditions. An
exploratory regression analysis, accounting for the small study sample size, suggested
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that of all UTAUT constructs, Performance Expectancy was the most important predictor of patients’ decisions to accept or refuse telerehabilitation. Patients’ perceptions
of the benefits that they thought they could gain from using telerehabilitation during
their treatment were essential for their decision to accept telerehabilitation. Patients
who held less positive perceptions of the benefits of telerehabilitation had a higher
likelihood of refusing telerehabilitation.
Studies in the field have shown that negative perceptions are susceptible to change
and as such do not have to be a definite barrier to telerehabilitation. Patients’ opinions can become more positive after patients gain experience with the service [22, 39].
As such, experience could contribute to higher levels of patients’ perceptions of Performance Expectancy and consequently contribute to higher levels of acceptance of
the telerehabilitation treatment. Further studies are necessary to estimate the effect
of (voluntary) trial periods to gain experience with the service and to explore whether
it would be beneficial to invest in such persuasion strategies.
Interestingly, next to patient’s perceptions of telerehabilitation, patient characteristics played an important role in telerehabilitation acceptance as well. Both patients
who held lower levels of pain catastrophising behaviour and those who held higher
autonomy levels of exercise motivation were more likely to accept telerehabilitation.
Possibly, adapting future telerehabilitation services to these characteristics could
be one strategy to contribute to acceptance of these services in chronic pain rehabilitation. For example, in this study, exercise motivation showed a significant relationship with patient’s perceptions of Performance Expectancy, alongside its relationship
with telerehabilitation acceptance. Less motivated patients held less positive perceptions of the benefits they would gain from telerehabilitation. Therefore, it could be of
importance to tailor the telerehabilitation service to the individual levels of exercise
motivation, including motivational strategies for those patients holding lower levels
of exercise motivation. An earlier study among chronic pain patients pointed out that
some patients consider telerehabilitation less beneficial since they perceive the home
environment to be less motivating or feel a loss of personal contact [40]. As such, motivational strategies including exergames or social networks could potentially improve
patients’ perceptions of Performance Expectancy of the service and ultimately lead to
improved levels of acceptance. Inclusion of cognitive behavioural treatment elements
to address patients’ catastrophising behaviour could be another strategy to improve
patients’ acceptance, since online cognitive behavioural treatment shows promise in
terms of reducing catastrophising behaviour [41].
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Next to adaptations in design offering psychological counselling to improve patients’
exercise motivational levels and lowering high catastrophising levels, prior to the start
of the telerehabilitation treatment, could be another strategy to increase acceptance
levels of telerehabilitation among patients with either lower motivational levels or
higher pain catastrophising levels. However, further research is necessary to investigate whether patients with increased levels of motivation or lowered levels of catastrophising behaviour do demonstrate higher levels of perceptions of telerehabilitation
and whether they have higher chances of accepting telerehabilitation. At last, allowing patients to gain experience with the service prior to the moment of their decision
to either accept or refuse telerehabilitation during treatment could possibly facilitate
acceptance, since brief experience has the potential to increase patients’ perceptions of
the service and as such can improve acceptance levels [22]. Further studies are necessary to investigate whether differences exist in the effects of brief experience among
the different groups holding either low or high levels of motivation, or low or high
levels of catastrophising behaviour.
Although, the UTAUT proved a useful framework in understanding patient acceptance of telerehabilitation, future research could benefit from further exploring the
role of patient characteristics. The UTAUT model has originally been validated in the
context of employee technology acceptance [17]. This raises the question whether the
UTAUT is able to capture some of the unique contextual features of telerehabilitation
acceptance. Further studies, including larger sample sizes, are necessary to further investigate whether adding exercise motivation and catastrophising, both determinants
that focus beyond the technology itself, can improve future models addressing patient
acceptance of telerehabilitation in the field of chronic pain. These studies could also
provide a better insight into whether these constructs should be considered moderators
or whether they should be modelled as independent predictors.
This study also revealed a relatively high level of acceptance of the telerehabilitation treatment, with only 20% of the patients deciding to reject the use the telerehabilitation service. An interesting question remains as to whether the ‘drop-outs’ in our
study should be considered ‘accepters’ or ‘refusers.’ When we do consider the dropout patients to be refusers, since they made their refusal decision at a later moment
in time, the refusal rate would rise to 38%. In depth research with larger patients
groups would be useful to gain insight into whether it is possible to predict, based
on patients’ perception of the intervention and patient characteristics, whether certain
patient groups have a higher probability of dropping out from treatment. Currently,
there are no existing studies about acceptance or refusal rates for online treatment
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targeting physical exercise and rehabilitation in the treatment of chronic pain. One
study, concerning an internet-based treatment for chronic headache, reported that 17
out of 156 patients did not start treatment [42]. However, no reasons were presented
why these patients did not start treatment. Another study, in the field of e-mental
health, offering an open access online service, reported that 58.7% of their potential
participants did not enrol in one of the treatment programs that were offered [43].
However, since the treatment is very different from the rehabilitation setting in which
acceptance was studied, it is not surprising that the number of ‘refusers’ was much
higher in their ‘voluntary’ setting of treatment.
Finally, our study did not find any significant relationships between acceptance of
telerehabilitation and any socio-demographic patient characteristics. This is contradictory to the findings of other studies in the field. For example, a study in prostate
and colorectal cancer survivors found that younger participants as well as higher educated participants were more likely to start a web-based physical activity treatment
[44]. A study in the field of chronic pain found that women were less happy to accept
the use of technology as a formal element of their care in the future than men [45].
Since their study sample was older than 60, and the age of this study sample was much
lower, we hypothesize that this could contribute to the different findings.
In conclusion, the results add to the ongoing consideration of whether current
technology acceptance models are applicable to the specific context of healthcare and
whether these models need specifications for different kinds of diagnosis groups and
treatment. Previous efforts have been made to improve the UTAUT by including other
variables [19, 46]; however, within the field of chronic pain and the patients’ perspective, up till now no such efforts exist. This study has been a first exploratory step to
investigate which determinants are associated with acceptance or refusal of telerehabilitation in the treatment of chronic pain.

Limitations
This study has limitations. First, we made use of a small sample size. Although we
corrected for the small sample size in our analysis by using Firth regression analysis
for small sample sizes, our conclusions should be interpreted with care. Our study was
intended to offer a first insight into the factors that play a part in patients’ acceptance
of telerehabilitation for chronic pain, using the UTAUT as a theoretical starting point.
However, future large sample size studies are necessary for the further development
of contextualized telerehabilitation acceptance models, such as the UTAUT, to the field
of acceptance and telerehabilitation and should further investigate the exact role of
disease specific characteristics, e.g. pain catastrophising and motivational levels.
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Furthermore, these studies are necessary to investigate how well technology acceptance models perform in other diagnosis group, since this study was limited to chronic
pain patients who were about the start chronic pain rehabilitation treatment. Also, the
acceptance and refusal rates in this study were investigated in the context of a clinical
trial. It is possible that higher refusal rates would occur when the treatment is offered
in a less monitored setting. As such, follow-up studies that observe patients’ choice
behaviour during a phase following telerehabilitation implementation, with less monitoring, are necessary. Finally, in this study, patient acceptance was operationalised as
a choice moment in time; however, it is unclear whether acceptance will directly translate to actual use of telerehabilitation. Follow-up studies should investigate patients’
actual use levels after they decided to take part in the telerehabilitation treatment.

Conclusion
The findings of this study extend the knowledge about telerehabilitation acceptance
among chronic pain patients, as there have been very few studies of acceptance from
the patients’ point of view. Our results made clear that the UTAUT proved a useful
framework to explore patients’ acceptance of telerehabilitation in chronic pain. However, next to perceived telerehabilitation characteristics, patient characteristics play an
important role in the acceptance of telerehabilitation treatment for chronic pain. Future research, explaining patients’ acceptance of chronic pain telerehabilitation, could
possibly benefit from including exercise motivation and catastrophising behaviour as
either moderators or determinants of acceptance, and as such capturing some of the
unique contextual features of telerehabilitation, focusing beyond the technology itself.
However, future studies are necessary to further investigate the role of these constructs and to generate knowledge on how to translate these findings into the design
of future services, since this study was exploratory of nature. Further research is also
necessary to investigate whether addressing patients levels of exercise motivation and
catastrophising behaviour prior to the start of the telerehabilitation treatment and
by making adaptations to the current telerehabilitation service, can improve patients’
acceptance of the telerehabilitation service.
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6
Do perceptions of chronic pain patients
regarding a telerehabilitation service
change after use
and what is the relationship with actual use?

An earlier version of this chapter, co-authored with Huis in ’t Veld MHA, IJzerman MJ,
Hermens HJ, Jansen-Kosterink SM, Vollenbroek-Hutten MMR is under review.
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Abstract
Objective The main objective of this study
was to gain insight into how patients’ perceptions of telerehabilitation change over
time by measuring patients’ pre- and post-

structs of perceived usefulness, attitude,
and intention to use. Patients who demonstrated a negative change towards a negative value of the direct predictor intention

use perceptions and to investigate how
this change is related to patients’ actual
use of the service. Insights into these aspects could guide efforts to prevent treatment attrition.

to use held significantly lower frequency
of use scores, than patients who showed
a negative change but held positive levels
of intention to use. Patients’ post-use perceptions of intention to use and perceived
behavioural control were significantly re-

Materials and methods 58 chronic pain

patients were asked to use exercise-based
telerehabilitation as a partial replacement
of conventional outpatient rehabilitation.
Patients’ perceptions were measured before and after receiving telerehabilitation,
using a questionnaire based on both the

lated to actual use and performed best in
explaining variance in patients’ actual use
(R2 = .39).
Conclusion The results of this study have

shown that patients’ perceptions of telerehabilitation do change after use and sug-

Technology Acceptance Model and the gest that alongside magnitude and direcTheory of Planned Behaviour (C-TAM- tion of change in patients’ perceptions, it
TPB).
is important to consider patients’ positive
or negative perceptions of telerehabilitaResults 45 patients started using the telerehabilitation service, with 33 patients tion service after use experience in relation to patients’ actual use of telerehabilcompleting the program. On average,
the service was used 1.4 (SD = 1.3) times itation. Therefore, monitoring and ada week. Patients showed a significant dressing patients’ perceptions during use
change in a negative direction on the con- could offer a opportunity to contribute to
higher use levels of telerehabilitation.
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Introduction
A significant amount of the population worldwide suffers from chronic pain, which
increases as the population ages [1–3]. Chronic pain interferes with physical and
emotional functioning in various aspects of life as it contributes to disability, anxiety
and depression and poor quality of life [4, 5]. Alongside the impact on personal life,
it impacts society as chronic pain accounts for considerable direct healthcare costs, as
well as indirect costs such as a loss of productivity [1].
Physical exercise has proven to decrease pain and improve function [6–8] and therefore plays an important role in multidisciplinary clinic-based pain rehabilitation programs. Despite findings of initial improvement for some patients, poor adherence and
high relapse have been shown to compromise the effectiveness of these programs [6,
9–11]. Research shows that conventional programs also suffer from low participation rates as a result of patients’ physical symptoms that limit mobility, transportation
requirements and cost constraints [12].
As such, there is a need for innovative pain rehabilitation programs that address
above mentioned issues and can increase patient uptake. In this respect, telerehabilitation, providing remote delivery of rehabilitative services through internet and
communication technology, is considered a promising strategy as it brings care into
the patient’s daily environment. Treatment can be a better fit with the patient’s lifestyle and translation of the acquired skills into the patient’s environment could become
easier [13, 14]. Furthermore, greater patient groups could be reached.
Although telerehabilitation offers an improved approach to providing healthcare,
the expected benefits of telerehabilitation are only realized when the treatment is
accepted and used by its intended users. Studies have demonstrated that participants
of web-based interventions show great variation in use, and they often do not complete treatment [15, 16]. Therefore, an understanding of the factors that influence
actual use is important. This may contribute to better uptake and ultimately lead to
better treatment outcomes. Within the field of telerehabilitation, only a small amount
of studies are dedicated to the investigation of the patients’ perspective on telerehabilitation [17–19]. The studies that do investigate the patients’ perspective are commonly
measured at one point in time, either prior to or after patients have experienced telerehabilitation [18, 19]. Whether these perceptions change during use is little explored.
Insight into these changes in pre- and post-use perceptions during use is of significant
importance to the implementation of future telemedicine initiatives, as it could jeopardize its success. Changing perceptions, for example, could lead to attrition in patients
who choose to engage based on their positive pre-use perceptions, yet withdraw as
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their expectations are not met during use [20]. Previous literature has shown that perceptions are susceptible to change. A recent study revealed that brief experience with
a web-based exercise service changed patients’ perceptions into a positive direction
[21]. However, it remains unclear how patients’ perceptions would have evolved after
an extended period of use. Research suggests that the perceptions of users without
prior experience with a service are likely to change into a positive direction [22, 23].
A study of Hanson [24] also revealed this effect for their first time users. However,
they demonstrated that experienced users, as opposed to first time users, are equally
likely to change their attitudes in a negative direction as they are to change them in a
positive direction.
To our knowledge, no other studies in the field of telemedicine have investigated
changes of patients’ perceptions over an extended period of time. Therefore, the current study investigates in what way patients’ pre- and post- use perceptions of a telerehabilitation treatment change after use and how these changes relate to patients’
actual use of telerehabilitation.

Methods
Procedure and sample
The research sample consisted of chronic low back pain patients who were referred
to a multidisciplinary outpatient rehabilitation program and agreed to use telerehabilitation during their treatment. During the first two weeks, patients visited the clinic
for three days of conventional rehabilitation and received training on how to use the
telerehabilitation service. From the third week on, patients used the telerehabilitation
service that was implemented as partial replacement of conventional care; one day of
conventional rehabilitation was replaced by one day of rehabilitation at home. The
total rehabilitation program lasted for seven weeks.
The telerehabilitation service consisted of a notebook, including a web camera and
internet access. The service consisted of two treatment modules: 1) a database of
exercise videos to increase strength, balance, flexibility and 2) a teleconference service. A physiotherapist composed a weekly online individual exercise program for
each patient. The teleconference service allowed patients to contact their therapist
weekly. In addition, patients had the opportunity to record a specific exercise that was
examined remotely by their therapist to assess the quality of the performed exercise.
The inclusion criteria used during the intake of patients for the rehabilitation program
for chronic low back pain were:
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1.
2.
3.
4.
5.

chronic non-specific pain > 3 months,
motivated,
a psychoneurotic score < 150 (Symptom checklist SCL-90 [25]),
a Body Mass Index < 35, and
age > 18 years

Patients’ pre- and post-use perceptions
Patients’ perceptions regarding the telerehabilitation service were measured using a
questionnaire that was administered before (T0 ) and after (T1 ) patients completed
the telerehabilitation program. Prior to the measurement perceptions at T0 , patients
received visual and written information about the telerehabilitation service. The questionnaire was based on the C-TAM-TPB. [26] (Table 6.1). This theory is based on
the integration of both the Technology Acceptance Model (TAM), a leading theory in
health ICT acceptance [27] , and the Theory of Planned Behaviour (TPB) [28].
Table 6.1: Operationalisation of the C-TAM-TPB constructs.

Construct

Definition

Items

Example item

Perceived
Ease of Use
α = 0.80

Patients’ beliefs about the
effort it will take to learn
and use the technology

4

I expect that it will be easy
to learn to operate the
telerehabilitation service

Perceived
Usefulness
α = 0.72

The degree to which a
patient believes that using
the system will provide
benefit

4

I expect that
telerehabilitation will be
beneficial in the treatment
of my chronic pain

Attitude
α = 0.76

Patients’ positive or
negative evaluative affect
about using the technology

3

I expect that I will enjoy
working with the
telerehabilitation service

Social Norms
α = 0.83

Patients’ perception as to
whether people that are
important to them think
they should use the
telemedicine service

3

I expect that my physician
would like me to use the
telerehabilitation service in
the treatment of my
chronic pain

Perceived
Behavioural
Control
α = 0.72

Patients’ perceived internal
and external constraints

6

I expect that I will have the
knowledge necessary to
use the telerehabilitation
service

Intention to use
α = 0.77

Patients’ beliefs about the
effort it will take to learn
and use the technology

3

I expect that I will use the
telerehabilitation service
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The C-TAM-TPB states that patients’ actual use is determined by patients’ perceived
behavioural control and intentions to use. In its turn, patients’ intentions to use are
determined by: (i) perceived usefulness, (ii) attitude, (iii) social norms, and (iv) perceived behavioural control. Patients’ attitudes are determined by patients’ perceptions
of ease of use and perceived usefulness.
In total, 19 questionnaire items were formulated, derived from prior research [27,
29] and adapted to the context of the telemedicine service (Table 6.2). Respondents could answer on a seven-point Likert scale, varying from −3 [extremely disagree] to 3 [extremely agree]. In the current sample, the questionnaire constructs
showed a satisfactory reliability. Furthermore, open-ended questions were included in

Table 6.2: Characteristics of telerehabilitation users (n = 33).

User characteristics (n = 33)
Gender

n

male
Age (years)

20
mean

(SD)

43.2
Education

n

Low

14

Middle

11

High

7

Marital status

n

Single

5

Married/cohabiting

28

Internet experience

n

Yes
Scale
Innovativeness scale
Exercise motivation (RAI)
Pain Intensity month
Pain Intensity week

32
mean

(SD)

min

0.75

(1.33)

−2.75

max
2.75

10.90

(5.41)

−6.00

18.33

6.12

(2.12)

2.00

9.90

6.64

(2.17)

2.10

9.60

Roland Disability

12.76

(4.21)

6.00

20.00

VO2-max

26.99

(7.84)

15.73

49.76

2.64

(1.66)

0.00

6.17

Pain catastrophizing behavior
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in the post-use questionnaire, which addressed perceived advantages and disadvantages during use. Patients were also questioned about their preferences regarding
telerehabilitation implementation (e.g. replacement of conventional care or follow-up
treatment).

Actual use
Actual use was operationalised as the average amount of logged exercise sessions that
a patient performed with the telerehabilitation system during five weeks. Patients were
advised by their therapist to use the telerehabilitation service at least once a week and
were considered compliant when they used the service at least once a week for three
weeks out of five.

Outcome measures
Exercise motivation (RAI) The Dutch version of the BREQ-2 [30] was used to determine exercise motivation. The BREQ-2 comprises 19 items relating to five motivation
types from the Self Determination Theory (SDT) [31]. Each item is measured on a fivepoint Likert-scale. An overall score of all subscales, the Relative Autonomy Index [32]

was used to assess patients’ autonomy levels, with higher levels representing higher
autonomy levels and scores ranging between −24 to 20.
Innovation scale To measure patients’ innovativeness, the willingness to try out new

information technologies, the four items instrument of Agarwal and Prasad [33] was
used. Given the same level of beliefs and perceptions about an innovation, individuals
with higher personal innovativeness are expected to be more likely to develop positive
beliefs towards the technology than less innovative individuals [33].
Pain Catastrophising To assess patients’ pain catastrophising behaviour, the subscale
‘catastrophising’ of the Dutch version of the Coping Strategy Questionnaire (CSQ) [34]
was used; the Coping met Pijn Vragenlijst [35]. The Coping met Pijn Vragenlijst consists of 44 items, measured with a numerical rating scale ranging from 0 to 10 (10 cm
visual analogue scales) with the end-points defined as ‘never do’ and ‘always do’, indicating how frequently the strategy is used to cope with pain. A higher score indicates

a higher endorsement of the cognitive coping strategy.
Disease specific outcome measurements Complaints and disability were assessed in

the first week of the outpatient rehabilitation program. Complaints were measured by
asking patients to rate their level of pain during the previous week on a visual analogue
scale (VAS) [36]. Disability was measured with the Roland Disability Questionnaire
(RDQ) [37]. This questionnaire is an illness-specific 24 item functional assessment
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questionnaire that is frequently used for back pain. The RDQ has established validity, reliability and responsiveness to change. The Dutch version was used [38]. To
assess patients’ physical condition, the Åstrand ergometer bicycle test [39] was used.
With the output of the test, both workload and heart rate during bicycle activity for
6 minutes, the VO2 max (corrected for gender, age, length and fat-free mass) was
estimated with the Åstrand-Ryhming-nomogram. In addition, respondents provided
information about their age, marital status, gender, highest level of education and
internet experience.

Statistical analyses
Wilcoxon signed ranks test were applied to examine the differences between the scores
on the perceptions questionnaire, before and after use of the telerehabilitation service
during rehabilitation. All reported p values are for two-sided tests. A delta of the questionnaire pre-use and post-use scores was calculated for each construct. All reported
p values are for two-sided tests.
Relationships between the delta scores of pre- and post-use scores and use were explored using descriptive statistics, thereby taking magnitude and direction of change
into account. In order to examine the relationship between pre-use and post-use perceptions and actual use, descriptive values and Spearman’s correlations were used.
In addition three separate Structural Equation Models (SEM), using patients’ pre-use
perceptions values, post-use perceptions values and delta change perceptions values
were used to investigate which of these values best predicted patients’ actual use. SEM
analyses were conducted using AMOS 18.0 software (IBM Corp, NY, USA). All p values
were calculated using the bootstrapping method in AMOS software, a non-parametric
method which allows for the estimation of statistical parameters from the sample by
means of resampling by replacement. Commonly used goodness-of-fit indices [40]
were employed to assess the overall model fit, including the chi-square root mean
square residual (RMSEA), the comparative fit index (CFI), incremental fit index (IFI)
and the Tucker Lewis Index (TLI).

Results
A total of 58 chronic low back pain patients were asked to use the exercise-based
telerehabilitation service during rehabilitation, 45 patients started using the telerehabilitation service. During the program, 12 patients stopped using the service and were
considered drop-outs. Reasons for discontinuation were a lack of time or motivation.
One patient dropped out because of problems with the telerehabilitation equipment.
In total, 33 patients completed the telerehabilitation treatment.

114

CHANGE OF PERCEPTIONS AFTER TELEREHABILITATION USE

Results demonstrated that a higher education level was positively associated with
higher scores of perceptions on ease of use, attitude, and intention. Furthermore,
patients who expressed both higher levels of innovativeness and higher autonomy
levels of exercise behaviour held higher scores of perceptions of ease of use, usefulness and attitude. Holding higher levels of innovativeness also was associated with
higher levels of perceived behavioural control. Lastly, higher pain intensity levels were
associated with lower scores on ease of use (Table 6.3).

Frequency of use and compliance
On average patients used the telerehabilitation service 7.2 (SD = 9.5) times, which
corresponds to an average of 1.4 (SD = 1.3) times per week. The frequency of use for
the final 2 weeks declined compared with the first 2 weeks (Figure 6.1). The service
was a used for 35.7 (SD = 37.5) minutes per week on average. A total of 55% of the
chronic pain patients was considered compliant and used the service at least once a
week for three weeks out of five.
5
4
3
2
1
0

Week 1

Week 2

Week 3

Week 4

Week 5

Figure 6.1: Frequency of use, mean number and SD of sessions per week (n = 33).

Changes in pre- and post-use scores on perceptions
Wilcoxon signed rank tests (Table 6.4) revealed a significant difference between the
pre- and post-use scores of chronic pain patients on the constructs perceived usefulness
(Z = −4.334, p = 0.00), attitude (Z = −2.831,p = 0.01), and intention to use (Z =
−4.673, p = 0.00). Patients’ perceptions of perceived usefulness and attitude changed
from a positive score into a neutral score. Patients’ intentions to use telerehabilitation
changed from positive to slightly negative. The differences between the patients’ pre-
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Table 6.3: Relationship between patient characteristics, frequency of use, and pre-use perceptions (n = 33).

USE
Socio-dem.

χ

(p)

2

EASE
χ

(p)

2

USEFULN
χ

(p)

2

ATT
χ

(p)

2

SN
χ

(p)

2

PBC
χ

(p)

2

INT
χ

(p)

2

Gender

-

-

-

-

-

-

-

Techn. exp.

-

-

-

-

-

-

-

Socio-dem.

(p)

r

(p)

r

(p)

r

(p)

r

(p)

r

(p)

r

(p)

r

Age

-

-

-

-

-

-

-

Education level

-

0.41 (0.02)

-

0.61 (0.00)

-

-

0.48 (0.01)

Duration pain

-

-

-

-

-

-

-

Innovativeness

-

0.34 (0.06)

0.51 (0.00)

0.63 (0.00)

-

0.38 (0.03)

-

Disease

(p)

r

(p)

r

(p)

r

(p)

r

(p)

r

(p)

r

(p)

r

Pain Intensity
month

-

-

-

-

-

-

-

week

-

-0.40 (0.02)

-

-

-

-

-

Roland disability

-

-

-

-

-

-

-

VO2-max

-

-

-

-

0.59 (0.00)

-

-

Pain catastroph.

-

-

-

-

-

-

-

Exercise motiv.

-

0.48 (0.01)

0.45 (0.01)

0.51 (0.00)

-

-

-
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and post-use scores on social norms and perceived behavioural control showed no
statistical change.
Table 6.4: Changes in pre- and post-use scores in patients (n=30).

pre-use score
mean

post-use score

(SD)

mean

(SD)

∆

Z

p

Perc. Ease of Use

1.40 (1.20)

1.18 (0.88)

−0.22

−0.781

0.44

Perc. Usefulness

1.19 (1.02)

−0.08 (0.87)

−1.27

−4.334

0.00*

Attitude

1.01 (0.97)

0.09 (1.58)

−0.92

−2.831

0.01*

−0.09 (1.46)

−0.43 (1.47)

−0.34

−1.302

0.19

Perc. Beh. Control

1.76 (1.42)

1.93 (0.93)

+0.17

−0.579

0.56

Intention to Use

2.04 (0.97)

−0.54 (1.84)

−2.58

−4.673

0.00*

Social Norms

Direction of changes between patients’ pre-use and post-use
perceptions
Looking in more depth at the changes in patients’ beliefs after use, Table 6.5 shows that
the majority of the patients’ beliefs move in a negative direction after use. However,
in the case of the constructs perceived usefulness and intention to use, about half of
the patients remained positive (+ → +). The only area in which a majority of patients’
beliefs moved towards a negative value (+ → −) was the construct of attitude.
Table 6.5: Direction of changes.

Direction of change (n)
negative ∆

positive ∆

∆≈0

total

+→−

−→−

+→+

−→−

+→+

−→+

Perc. Ease of Use

2

1

14

-

9

4

1

31

Perc. Usefulness

12

1

12

-

3

-

2

30

Attitude

13

1

7

-

7

-

2

30

Social Norms

7

6

4

2

1

3

9

31

Perc. Beh. Control

1

2

8

1

7

2

9

30

Intention to Use

15

1

12

-

1

1

1

31

We further explored the relationship between the changes in patients’ perception
and use, by looking specifically at the changes in the two constructs that are hypothesized to influence use directly, namely intention to use and perceived behavioural con-
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trol. Patients who demonstrated a negative change towards a negative value of ‘intention to use’ held significantly lower frequency of use scores (mean = 0.90, SD = 0.54,
n = 15), compared to patients who showed a negative change but held positive levels
of intention to use (mean = 2.07, SD = 1.53, n = 11) (t = −2.77, df = 24, p = 0.01).
For the construct perceived behavioural control, no significant difference was found
in frequency of use between patients who showed a negative change towards a positive score (mean = 1.75, SD = 1.13, n = 9) and patients who showed a positive score
towards a positive score (mean = 1.95, SD = 1.63, n = 8) (t = 0.28, df = 13, p = 0.78)

Patients’ perceptions in relationship to use
To gain insight into the relationships between the C-TAM-TPB constructs and use,
Spearman correlations were calculated. Table 6.6 shows that both patients’ preuse (r = .36, p = 0.04) and post-use perceptions of perceived behavioural control
(r = 0.42, p = 0.02) showed a significant correlation with use. Regarding intention,
post-use intention (r = 0.52, p = 0.00) as well as delta pre- and post-use intention
(r = 0.54, p = 0.00) showed a significant correlation with use.
Table 6.6: Spearman correlations (and p values) between patients’ use and patients’ pre-, post and

delta perceptions of the C-TAM-TPB constructs (30 ≤ n ≤ 33).
Spearman correlations between
Constructs

pre-use perceptions
and use

post-use perceptions
and use

∆ perceptions
and use

r

p

r

p

r

p

PBC

0.36*

(0.04)

0.42*

(0.02)

-0.92

(0.63)

INT

0.16

(0.39)

0.52*

(0.00)

0.54*

(0.00)

To gain further insight into the relationships of the full C-TAM-TPB model, three
separate SEM analyses were run to explore in what way patients’ perceptions were
related to actual use of the telerehabilitation service. The model, including patients’
pre-use perceptions as predictors of patients’ actual use, performed best in explaining patients’ actual use (Figure 6.2; Table 6.7). It showed that intention to use and
facilitating conditions were significant predictors of actual use and explained 39% of
variance in actual use. In turn, patients’ attitudes and perceived behavioural control
(and indirectly patients’ perceptions of perceived usefulness) could explain 75% of variance in patients’ intention to use. The fit statistics indicate that the model provided an
adequate fit to the data. The SEM models, including patients’ pre-use perceptions and
patients’ delta perceptions as predictors of use, were able to explain 13% and 17% of
variance in use (Appendix A).
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0.05

Perceived
Usefulness

0.77**

R²= 0.59

Attitude
0.01

0.80*

Ease of Use
R²= 0.75

Social
norms

-0.02

0.27*

Intention
to use

R²= 0.39

0.40**

Use

0.39*

Perceived
Beh. Control
Fit statistics:
(χ2(7,N=30)=7.838 , p=.347); CFI=.989; IFI=.991, RMSEA=.064, TLI=.968,
Bollen-Stein bootstrap p=.444.
**p<0.001; * p>0.05
Figure 6.2: C-TAM-TPB model Post-use perceptions relationship USE (mean frequency of use).
Table 6.7: Standardized regression weights and bootstrap confidence intervals for the post-use

SEM model (n = 30).
Estimate

S.E.

C.R.
5.873

confidence interval

p

1.019 to 1.751

.001

−.285 to

.385

.940

.567 to 1.226

.002

ATT ← PU

.775

.241

ATT ← PEU

.008

.166

.064

INT ← ATT

.797

.171

5.490

INT ← PU

.053

.318

.358

−.447 to

.732

.787

INT ← SN

−.017

.122

−.181

−.234 to

.222

.836

INT ← PBC

.268

.186

2.892

.282 to

.780

.002

USE ← INT

.403

.107

2.704

.128 to

.477

.004

USE ← PBC

.395

.214

2.651

.224 to

.961

.004

Additional measures of patients’ perceptions of telerehabilitation after
use
Patients also reflected on both perceived drawbacks and benefits during telerehabilitation treatment (Table 6.B.1, appendix B). The most reported benefits related to
avoiding travel issues, visual support at home when performing exercises and the flex-
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ibility of the exercise times at home. With respect to perceived drawbacks, patients’
reflected most on the absence of direct feedback on their exercise, technical issues (e.g.
problems with internet connection) and a loss of motivation. Furthermore, patients responded to the question whether they would use telerehabilitation again and if so, how
they would prefer telerehabilitation to be implemented (Table 6.B.2, appendix B). The
majority of the patients preferred telerehabilitation to be implemented as follow-up
treatment (43%), followed by a preference for additional treatment alongside conventional rehabilitation (30%).

Discussion
This study investigated whether patients’ perceptions of telerehabilitation changed
over time and in what way this change was related to actual use of telerehabilitation.
To our knowledge this is the first study within the field of chronic pain and telerehabilitation that investigates the relationship between both pre-use and post-use determinants and actual use. Furthermore, it adds to the field of technology acceptance, since it
is one of the few studies that addresses the subject of changing perceptions over time.
First, results showed that patients’ perceptions of telerehabilitation changed over
time. Patients’ perceptions of perceived usefulness, attitude and intention, shifted towards significantly less positive levels after use. Perceptions of both perceived usefulness and attitude changed from a positive score into a neutral score, whereas patients’
intention to use telerehabilitation changed from a positive score into a slightly negative score. These findings are contradictory with previous research that found inexperienced users perceptions’ to change in positive directions after use [22, 24]. Possibly,
in addition to a difference in population type, the nature of the telemedicine service
could be underlying these differences. For example, the studies of Demiris et al [22]
and Hanson et al [24] focus on the use of a teleconsultation service, whereas our telerehabilitation service targets (complex) exercise behaviour change. Furthermore, some
patients reported about technical issues, such as a slow computer system and a loss of
internet connection, which may have contributed to a negative change in perceptions.
Second, the results of this study suggest that as well as the magnitude and direction
of change in patients’ perception, it is also important to consider patients’ positive
or negative perceptions of the telerehabilitation service after use experience. Results
demonstrated that patients who showed a negative change towards a negative post-use
value of ‘intention to use’ used the telerehabilitation service less frequently, compared
to patients who showed a change in negative direction but still demonstrated positive
levels of intention to use. The fact that patients’ post-use perceptions of the C-TAMTPB performed better in explaining patients’ actual use, compared to patients’ delta
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pre- and post- use scores on the C-TAM-TPB, further indicated that, patients’ post-use
perceptions are important in understanding patients’ actual use of telerehabilitation.
The fact that patients’ perceptions change over time and that particularly the
patients’ perceptions after some practical experience with the telerehabilitation service appeared important in explaining use, implies that an opportunity exists to contribute to higher levels of actual use of telerehabilitation by addressing patients’ perceptions during use. In this study, patients’ post-use perceptions on intention to use and
perceived behavioural control affected actual use of the web-based telerehabilitation
service and could explain around 39% of variance in actual use. Patients’ attitudes,
perceived behavioral control and perceptions of perceived usefulness (indirectly) were
factors underlying patients’ intention to use the service. Therefore, in this particular
patient sample, we expect that by addressing perceptions regarding perceived usefulness, attitude, perceived behavioural control and intention, we could contribute
to higher usage levels. For example, with respect to the constructs behavioural control and perceived usefulness, some patients reported about technical issues during
use, decreased exercise motivation in the home environment and reported about a
lack of direct feedback on exercise quality performance. By addressing these reported barriers, patients’ use levels could be improved. Possibly, offering patients the
opportunity to have additional ‘live’ videoconferencing on demand could contribute
to resolving patients’ needs regarding direct exercise feedback. Technologies such as
virtual reality, which can track body movement and provide feedback, could also offer
a solution and have already proved useful in rehabilitation. [41, 42]. With respect
to the motivational issues mentioned by some patients, future studies are necessary
to explore which strategies could improve the telerehabilitation service for chronic
pain. Further tailoring of the individual consultations could possibly increase motivation[43], as well as offering a more individualized training program and integrating
social (fellow-sufferer) support. One study has looked into the possibility of providing
different coaching strategies based upon the variables stage of change and self-efficacy
to contribute to higher physical activity levels [44]. Future studies are needed to investigate which determinants could further explain patients’ use of telerehabilitation,
next to the C-TAM-TPB constructs. In our study, higher autonomy levels of exercise
motivation, higher levels of innovativeness and higher education levels were significantly correlated with higher scores on perceptions of ease of use, perceived usefulness
and attitude. Larger studies are necessary to further explore this effect. For example,
one study has found moderate evidence that health locus of control is associated with
adherence to home exercise. Other studies point in the direction of poor self-efficacy
and fear of pain [45–47]. As such, it would be interesting to explore how these dis-

121

CHAPTER 6

ease characteristics can optimize the prediction of actual use of telerehabilitation and
whether this changes over time.
In our study 55% of the patients completed at least two third of the program. This
percentage corresponds with previous studies in the field of web-based exercise [16,
48] and can be rated as reasonably high for web-based interventions [16]. However,
patients’ use of the telerehabilitation service declined over time, which is also found
in other research in the field of web-based treatment program [49]. In this study we
have used a mean frequency use score. However, in future work it would be interesting to measure patients’ perceptions at multiple points in time and to relate these to
multiple measurements of use. This could help to gain a deeper understanding of the
relationship between patients’ actual use and changing perceptions.

Limitations
This research is subject to limitations. First, in addition to the descriptive statistics
to describe the relationship between changes in perceptions and use, we used SEM
analysis to model patients’ acceptance of telerehabilitation. The models showed a
satisfactory fit on a broad array of model fit outcomes; however, the results should
be interpreted with great care as this study had a small sample size, which limits the
extent to which the research findings can be generalized beyond this context.
Second, delta scores between pre- and post-use perceptions were used to explore
the relationship with use. However, this approach has some limitations. When looking
at changes between pre-use and post-use perceptions in relation to use, one is looking at the interrelations between three factors. One should realize that using delta
scores to describe the relationship between pre- and post-use perceptions and actual
use reduced it to a two-dimensional one whereas in actual practice it could better be
described as a three-dimensional one. This was also pointed out by other researchers
and they suggested polynomial as a way to handle these complex relationships [50,
51]. The limited sample size of this study did not allow for exploration of a threedimensional relationship. As such, we choose to perform separate analysis on the
relationship between pre-use perceptions, post-use perceptions, delta perceptions and
patients’ actual use. Future research, including larger study samples, is necessary in
order to investigate in what way the use of such three-dimensional models could help
to gain further insight into the exact way changes contribute to patients’ acceptance
of telerehabilitation.
Third, in this study, patients’ pre-use perceptions explained less variance in use,
compared to patients’ post-use perceptions. Although this result coincides with other
research that has demonstrated that the influence of determinants of acceptance is
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different between during ‘pre-use’ and ‘post-use’ phases [52, 53], larger studies are
necessary to demonstrate whether this finding should be attributed to the small sample
size of this study or to the particular study sample of this study. For example, the majority of the patients included in this study were looking forward to receiving treatment;
after often long waiting list periods and had high hopes that their conditions could
be controlled. In addition, physicians could have expressed their enthusiasm for the
telerehabilitation treatment to some degree and as such will have affected patients’
pre-use perceptions. Future studies, including larger sample sizes, are necessary to
gain a better understanding of whether these finding are specific to the context of
innovative telerehabilitation treatments.
Finally, in this study, patients’ perceptions were only measured at two points is time
(pre- and post-use). Future studies which include multiple measurements in time are
necessary to gain further insight into the processes underlying the changes in patients’
perceptions. This would also allow for further exploration of patients’ changing needs
and perceptions during the rehabilitation process. For example, patients could be
internally motivated at the start of treatment but need motivational strategies later on
in their treatment as their motivation declines.

Conclusion
The aim of this study was to investigate how patients’ perceptions of telerehabilitation changed after the use of a telerehabilitation service and how these changes were
related to actual use. Patients in this study demonstrated a significant change in perceptions in a negative direction on the constructs of perceived usefulness, attitude and
intention to use after using the telerehabilitation service. The results of this study suggest that as well as the magnitude and direction of change in patients’ perceptions, it
is important to consider patients’ positive or negative perceptions of the telerehabilitation service after use in relation to patients’ actual use of telerehabilitation. This
suggests that an opportunity exists to contribute to higher levels of actual use of telerehabilitation, by monitoring and addressing patients’ perceptions during use.
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Appendix A:
Pre-use perceptions and delta perceptions SEM models
-0.18

Perceived
Usefulness

0.58*

R²= 0.53

Attitude
0.27

0.40*

Ease of Use
R²= 0.41

Social
norms

0.11

0.52*

Intention
to use

R²= 0.13

-0.06

Use

0.39*

Perceived
Beh. Control
Fit statistics:
(χ2(7,N=33)=7.865, p=.345); CFI=0.980; IFI=.985, RMSEA =.062, TLI=.941,
Bollen-Stein bootstrap p=.592.
**p<0.001; * p>0.05
Figure 6.A.1: C-TAM-TPB model Pre-use perceptions relationship USE (mean frequency of use).

Table 6.A.1: Standardized regression weights and bootstrap confidence intervals for the pre-use

SEM model (n = 30).
Estimate
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S.E.

C.R.

confidence interval

p

ATT ← PU

.584

.123

4.480

.339 to .719

.001

ATT ← PEU

.270

.080

2.072

−.015 to .375

.141

INT ← PU

−.184

.192

−.977

−.497 to .136

.346

INT ← SN

.107

.096

.762

−.052 to .273

.316

INT ← ATT

.404

.202

2.161

.141 to .903

.015

INT ← PBC
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3.541

.157 to .552

.002

USE ← INT
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−.304

−.325 to .262
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.177 to .510

.001
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-0.17

∆ Perceived
Usefulness

0. 74*

R²= 0.55

∆ Attitude
0.10

0.70*

∆ Ease of Use
R²= 0.59

∆ Social
norms

0.33

-0.41*

∆ Intention
to use

R²= 0.17

0.44*

Use

0.04

∆ Perceived
Beh. Control
Fit statistics:
(χ2(7,N=30)=8.114, p=.323); CFI: .978, IFI: .982, RMSEA = .074, TLI=.933,
Bollen-Stein bootstrap p=.251.
**p<0.001; * p>0.05
Figure 6.A.2: C-TAM-TPB model delta perceptions relationship USE (mean frequency of use).

Table 6.A.2: Standardized regression weights and bootstrap confidence intervals for the delta-

use SEM model (n = 30).
Estimate

S.E.

C.R.

confidence interval

p

ATT ← PU

.743

.156

5.959

ATT ← PEU

.099

.132

.794

−.093 to

.314

.381

INT ← SN

.325

.207

2.431

−.020 to

.943

.111

.337 to 1.443

.004

INT ← ATT

.704

.213

3.992

INT ← PU

−.177

.286

−.936

INT ← PBC

−.408

.170

−3.239

USE ← PBC

.044

.164

USE ← INT

.424

.121

.573 to 1.173

−.845 to

.001

.250

.436

−.839 to −.193

.021

.251

−.175 to

.220

.728

2.437

.123 to

.484

.006
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Appendix B: Reported benefits and drawbacks and
implementations preferences
Table 6.B.1: Reported drawbacks and benefits, reported after using the telerehabilitation service.

Drawbacks

Frequency Benefits

Frequency

Lack of personal contact with the
physiotherapist and/or lack of
immediate feedback during exercise

17

Visual support during exercising

13

Less motivation/ discipline at
home

14

Travel − less travel time and
travel issues

11

Technical failures (slow computer, loss of internet connection)

9

Flexible exercise schedule

8

Loss of fellow sufferer contact

5

Exercise in the home environment without distraction, easier
transition

5

Recording exercises with webcam − ‘awkward’ communication/ no confidence how to correct movements

4

Progress monitoring

2

No congruity with the exercise
program at the clinic/ no personalized exercise schedule

3

Table 6.B.2: Implementation preferences of patients after using the telerehabilitation service.

Implementation preference

Frequency

Follow-up treatment

13

Additional treatment

9

(Partial) replacement of conventional care

5

Not at all

3
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General discussion
Despite the great potential of telerehabilitation, the intended benefits will be realised
only when such treatments are accepted as fully fledged alternatives for conventional
care and are subsequently used by the patient. Therefore, an understanding of the
drivers and barriers related to patients’ acceptance of telerehabilitation is important.
The main goal of this thesis was the identification of drivers and barriers underlying patients’ acceptance of telerehabilitation and to provide insights into the factors
enabling telerehabilitation success. Assuming that telerehabilitation acceptance may
change dependent on the degree to which patients are familiar with telerehabilitation,
a process-based view was applied to gain a better understanding of its determinants.
Technology acceptance models focusing on individual acceptance of technology, including the Technology Acceptance Model (TAM) [1], the Unified Theory of Acceptance
and Use of Technology (UTAUT) [2] and the Combined Model of Theory of Planned
Behaviour and Technology Acceptance Model [3], served as a theoretically based starting point and were adapted to the context of telerehabilitation. In this final chapter,
we will report the main findings of this thesis. Subsequently, we will further reflect on
the different factors that relate to patients’ acceptance of telerehabilitation and discuss
the implications for future research and the development of telerehabilitation in the
treatment of chronic pain.
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Patients’ acceptance of telerehabilitation
From the studies in this thesis, it became clear that patients with chronic pain demonstrated a willingness to accept telerehabilitation in the treatment of chronic pain
(Chapters 2-6). Patients without prior experience with telerehabilitation expressed
positive intentions to use telerehabilitation (Chapters 2,4) and a willingness to accept
telerehabilitation as an alternative to conventional care (Chapter 3). However, a majority expressed a preference for telerehabilitation to be implemented as a complementary or follow-up treatment, rather than an autonomous treatment (Chapter 2), which
accords with other findings in the field of chronic pain [4]. Furthermore, the majority
of the patients, who engaged in a clinical trial, decided to accept telerehabilitation
in the treatment of chronic pain (Chapter 5) and exhibited positive intentions to use
the service during rehabilitation prior to the start of the telerehabilitation treatment
(Chapter 6). An important observation, nonetheless, was that patients’ acceptance
proved susceptible to change, which was demonstrated by the decline over time of
patients’ intentions to use, as well as their actual use of telerehabilitation (Chapter 6).
The technology acceptance models, that were utilised as a theoretical starting point
in this thesis suggest that in addition to technology-related factors (perceived usefulness, ease of use and attitude), both societal factors (social norms) and factors relating
to the degree to which the patient feels in control (internal and external constraints)
play a role in telerehabilitation acceptance. The results of this thesis demonstrated
that perceived usefulness, internal and external constraints and patients’ attitudes appeared to be the most salient drivers underlying the acceptance of telerehabilitation
by patients with chronic pain (Chapters 2, 4-6).
Moreover, it was demonstrated that although patients valued the benefits of telerehabilitation (such as flexible exercise times and acquiring exercise skills in the home
environment), they reflected on important pre-conditions relating to ‘motivation and
social support’ and ‘feedback and face-to-face contact’, that they felt were important
to address (Chapters 2, 3, 5, 6). Below we will further reflect on these pre-conditions
as well as on the strategies that could be integrated into telerehabilitation implementation and design to facilitate telerehabilitation acceptance.

Face-to-face contact and feedback
In the majority of telerehabilitation services, face-to-face patient-therapist contact is reduced while exercise instructions and feedback are offered through live videoconferencing, off-site video/email consultations or offline video instruction. However, patients
expressed a need for immediate performance feedback during exercise as well as a preference to see their therapist face-to-face during treatment (Chapters 2, 3, 6), as they
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felt this was necessary in order to receive adequate feedback (Chapters 2, 6). Patients’
willingness to accept reduced face-to-face contact during exercise was affected by how
confident patients were that they performed the exercises correctly, as well as by the
availability of feedback- and monitoring technology during use (Chapters 2, 3). This
corroborates findings of another study of chronic pain [5].
Studies in the field of exercise-based telerehabilitation services with a focus on the
patients’ perspective have also demonstrated the importance of feedback to increase
the acceptability of telerehabilitation services, some of them reporting about patients’
needs for feedback in terms of progress and treatment outcomes [6–9]. Nevertheless,
none of these studies reported about patients’ needs for immediate feedback during
exercise and the perceived necessity of face-to-face contact with the therapist.
Thus, because these studies targeted patient populations other than those with
chronic pain, the question is raised about whether the importance of face-to-face therapist contact during exercise, which became apparent from our studies, could be specific to the context of telerehabilitation in chronic pain and the role that psychological
factors play in the treatment of chronic pain. In the treatment of chronic pain, patients
consider being listened to, empathy and a good patient-physician relationship as important components of treatment [10]. It is possible that patients perceive remote
communication as a feature that affects these components in a negative way. However, we hypothesize that patients’ inexperience with remote communication could
have contributed to these findings, since other studies in the field have shown that
patients were highly satisfied with the remote communication with their therapist [11,
12]. Further research is necessary to explore how remote communication affects the
patient-physician relationship in chronic pain rehabilitation, as currently no studies
have investigated this issue.
Furthermore we hypothesize that psychological factors such as fear of pain and
overly negative thinking about pain, could be underlying patients’ preferences for immediate feedback and face-to-face contact during exercise. From the field of exercise
in chronic pain, it is clear that psychological factors, such as fear of pain and pain catastrophising have an effect on patients’ physical activity performance levels [13–16].
As such, it is possible that patients, who experience high levels of pain catastrophising
(referring to patients’ tendency to magnify symptoms and to feel helpless regarding
self-management [17]) and high levels of fear of pain during exercise, rely on face-toface feedback of the therapist to continue. This hypothesis was partly confirmed by the
results of chapter 5 which demonstrated that refusers of telerehabilitation treatment
held higher levels of pain catastrophising behaviour, compared to accepters.
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Motivation and social support
The results made clear that, both prior to telerehabilitation use and during use,
patients perceived that telerehabilitation led to decreased levels of (exercise) motivation (Chapters 2, 6). These findings coincide with other research in the field of
exercise-based telerehabilitation [6] and are not unique to the context of chronic pain.
Studies outside the field have also demonstrated declining levels of motivation and
engagement [18] and demonstrate that web-based interventions suffer from attrition
[19]. According to some patients, exercising in the home environment would lead
to distraction and a loss of treatment motivation (Chapter 2). This is in line with
other research describing that within the home environment there is the need for internal motivation, while in the clinical setting the motivation for therapy may come
from the setting itself [20] and the social interaction that is present [21]. Next to
the clinical environment, the physical presence and supervision of a therapist was described as an important source of exercise motivation (Chapters 2, 6) which has also
been found by other studies [5, 22, 23]. In addition, for some patients, the absence
of fellow-sufferers during training was perceived as a barrier for telerehabilitation
acceptance since fellow-sufferers provided both emotional and motivational support
(Chapter 2). The importance of fellow-sufferer contact is also demonstrated by other
research in the domain of exercise-based telerehabilitation [21, 24–26]. One study investigating home-based telerehabilitation in patients found that extrinsically motivated
patients exercised more irregularly as they reported that they missed group training
[24]. This importance of either internal or external motivation as an underlying driver
for telerehabilitation acceptance corroborates with the finding in Chapter 5, which
demonstrated that lower autonomous exercise motivation exerted a negative effect on
patients’ decision to take part in telerehabilitation treatment.

Implications for telerehabilitation design and implementation
To overcome the drawbacks perceived by patients, the implementation of a ‘blended’
care model, i.e., a combination of online and face-to-face clinic-based therapy, is recommended for the implementation of telerehabilitation for chronic pain. By retaining a certain degree of face-to-face contact with the therapist, patients’ needs regarding exercise motivation and their relationship with the therapist could be addressed
(Chapters 2, 6). This is expected to foster patients’ acceptance of telerehabilitation.
Moreover, the results of this thesis led us to believe that for some patients the home
environment should not be pursued as a treatment environment. Possibly, a gym-based
exercise location close to the home environment should be considered, which would
address both practical considerations such as lack of space as well as the described
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barrier of reduced motivation and social support (Chapter 2). In this respect, perhaps
cooperation between physiotherapists and rehabilitation centers should be pursued.
As technologies continue to develop, we hypothesize that it will become possible to
offer personalised telerehabilitation at remote locations using monitoring and feedback technology and remote therapist contact and instruction. Up until now, studies
on blended exercise-based telerehabilitation services are scarce and evidence for the
ratio of combined remote care and conventional care is therefore lacking. Evidence
of the effectiveness of blended care outside the field of exercise is inconsistent and
non-significant for most outcome measures [27]. Future studies that focus on further
understanding of the best way to combine telerehabilitation and conventional methods
of treatment delivery are therefore necessary [28].
Next to blended care, the integration of both feedback and monitoring technology and motivational treatment strategies is considered important to overcome
perceived barriers to acceptance of telerehabilitation. We hypothesize that feedback
and monitoring or virtual reality technology could supposedly address the need for
immediate feedback during exercise, although future research is necessary to investigate which parameters should be included to achieve acceptance of these systems in
chronic pain rehabilitation. Including exergames or social networks could address the
reported barrier of decreased motivation as well as patients’ needs for fellow-sufferer
contact, since other studies in the field demonstrated promising results [29, 30].
Finally, we suggest that exercise-based telerehabilitation treatment could benefit
from the integration of psychological counselling strategies. Telerehabilitation approaches that address psychological factors in addition to biomedical factors, in accordance with the biopsychosocial approach underlying pain treatment, are expected
to provide powerful benefits [31]. As such, psychological factors that appear to be related to patients’ physical activity levels – for example fear of pain and pain catastrophising behaviour [13, 16, 32] – should be addressed and ultimately could contribute to
increased acceptance levels of telerehabilitation.

Determinants of telerehabilitation acceptance: temporal
dynamics
To contribute to the understanding of the temporal dynamics in telerehabilitation
acceptance, changes in patients’ perceptions after both brief experience (Chapter 5)
and prolonged experience (Chapter 6) were explored. This in contrast to the majority
of studies in the field of telerehabilitation which measure perceptions of services either
through usability studies prior to use or with satisfaction measures, cross- sectionally,
after use [7].
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In line with findings from the field of information systems research, which found
that attitudes, intentions and use of information technology change over time as experience is gained [33, 34], results demonstrated that patients’ perceptions of telerehabilitation changed over time (Chapters 5, 6). This suggests that prior to and during
actual use of telerehabilitation, opportunities exist to improve acceptance of telerehabilitation.
Monitoring patients’ perceptions at multiple times during use and addressing perceptions accordingly (for example, by adjusting the telerehabilitation service) are suggested as ways to facilitate patients’ acceptance (Chapter 6). First, insight into patients’
experiences during use could lead to the decision to adjust the telerehabilitation service accordingly. However, strategies should be determined on how to ensure that
telerehabilitation services are responsive to users’ needs over time. Ideally, in the
future, a telerehabilitation service could benefit from intricate motivational- and feedback strategies and should be able to adjust these strategies to the different levels of
motivation that a patient displays over time. Second, measuring patients’ perceptions
and use at multiple moments in time allows for exploration of the idea that users’
expectations stabilize and become more realistic based on repeated interactions with
the system [34, 35], an idea rooted in the expectation-disconfirmation theory [36].
Using a three-period model (including perception measurements at pre-usage, t 1 and
t 2 ) [33] would allow for exploration of whether ‘unrealistic’ pre-use perceptions at the
start of telerehabilitation are likely to have contributed to the negative changes in perceptions that were found in Chapter 6, next to telerehabilitation system performance.
Further research is necessary to investigate whether, as such, patient expectation management could be considered a useful strategy, in addition to telerehabilitation design,
to facilitate patient acceptance of telerehabilitation.
Furthermore, we suggest that measurements of patients’ perceptions could be integrated into current user-centred design approaches that are used within healthcare,
such as contextual design [37] and participatory design [38]. These approaches employ iterative processes, which typically involve the clarification of user needs, the
development of prototypes and the evaluation of telerehabilitation services. Based on
our findings that brief use and prolonged use could have different effects on patients’
perceptions (Chapter 6), we suggest that it is important to extend these current usercentred design approaches with a ‘prolonged trial phase’, in line with Clemensen’s
research [38]. In our view, this phase should allow patients to utilise telerehabilitation
prototypes for a longer period of time in the environment in which they will be eventually implemented, such as in the home. As such, exploration of barriers apparent to
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only ‘experienced users’ becomes possible. Moreover, it incorporates the benefit that
perceptions are based on ‘real’ experiences gained outside the laboratory settings, in
which, at present, prototypes are commonly evaluated [38].

Measuring technology acceptance of telerehabilitation:
a reflection
In this thesis, we have demonstrated the value of technology acceptance models in understanding patients’ acceptance of telerehabilitation as these models provided a guiding framework, as well as explanatory insights, into the factors underlying patients’
acceptance of telerehabilitation (Chapters 2, 5, 6). Currently in the field of telerehabilitation, little attention is given to the patients’ perspective on telerehabilitation
acceptance [7, 39]. The studies that do focus on the patients’ perspective are, in general, of a qualitative nature [5, 25]. In addition, the majority of the studies report about
usability and satisfaction [7, 40], without using a theoretical framework that provides
insight into the (inter-)relation of factors that underlie technology acceptance. To generalize findings in the field and to reach a more comprehensive view on acceptance
throughout different fields in healthcare, we suggest that concepts of perceived usefulness, ease of use, attitude and perceived internal and external constraints could be
integrated more into future work on patients’ acceptance in telerehabilitation, thereby
including the field of usability, feasibility and satisfaction regarding healthcare technology. This integration would also address the need for measures that can be applied
consistently across technologies in the field of healthcare that serve the same purpose
[41], so that outcomes can be compared. Some researchers have already demonstrated
the use of both UTAUT and TAM in the field of usability and feasibility research [42,
43].
Although our results (Chapters 2, 4, 6) and other studies in the field [44, 45] demonstrate the value of intention-based technology acceptance models in understanding
technology acceptance, these models have been criticised as being unable to capture
some of the unique contextual factors of telerehabilitation or telemedicine in general
[46, 47]. Outside the field of telerehabilitation efforts already have been made through
integration of constructs such as ‘perceived security’ [44, 46]. In the field of telerehabilitation and chronic pain, we suggest further investigation of constructs that explore
patients’ perceptions regarding the patient-physician relationship, since our results
have demonstrated that reduced face-to-face contact and social support are important
for patients’ intentions to accept telerehabilitation (Chapters 2, 3).
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Furthermore, future (larger sample size) studies are important to achieve further
contextualization through specification and validation of factor measurements. In this
thesis, for the measurement of the factors of the models (Chapters 4-6), we relied on
scales that were developed and tested outside the telerehabilitation field [2, 3]. Although we adapted these scales as best we could to the context of telerehabilitation,
based on prior research, many of our choices were necessarily ad-hoc. This lack of
validated measurement tools is in fact illustrative of the broader field of eHealth. Currently, few validated measures are present to evaluate eHealth technologies, including
measurements relating to the patients’ perspective [41]. In addition, future largerscale studies could contribute to a further validation of constructs, because , presently,
disagreement and variation exist in how constructs, such as perceived usefulness and
facilitating conditions, are measured [46].
To gain a broad understanding of the factors underlying telerehabilitation acceptance, we used a mixed-methods approach, including the use of qualitative interviews
and discrete choice experiments. Qualitative interviews proved useful in gaining detailed contextual insight into the factors underlying acceptance and would also be
useful in studies exploring changes in patients’ perceptions over time. However, this
methodology consumes a significant amount of time to gather and analyse results.
The use of a discrete choice experiment (DCE) was valuable as it provided a better
understanding of the factors that are most important to patients and, as such, the results could be used to inform patient-centred telerehabilitation design. One important
drawback, though, was the cognitively demanding task it provided for patients. In this
thesis, the DCE methodology was employed to estimate preferences on a group level.
This provided insight into the importance of the telerehabilitation attributes, as well as
the desirability of the different telerehabilitation scenarios compared to conventional
care. Alternatively, the use of preference elicitation techniques could be explored to
estimate individual preferences for treatment and to investigate whether this type of
technique could be used in clinical practice to guide decision-making on preferred
treatment for patients.

Other methodological considerations
Our results demonstrate that patients’ perceptions changed after brief use. Nonetheless, it needs to be remarked that in our study (Chapter 4), the majority of patients
held positive perceptions of perceived usefulness and ease of use prior to use. Thus,
we were not able to investigate the effect of brief experience on patients holding negative perceptions. Besides, in this thesis the focus was on patients with chronic pain
and relatively small sample sizes were used. This consideration raises the question
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whether these findings are specific for the pain group and to what extent these results can be translated to the field of telerehabilitation in general. Also, two studies in
this thesis were conducted during the implementation of a telerehabilitation service
at a rehabilitation clinic in the Netherlands. As such, we hypothesize that both the
research team and the therapists will have influenced patients’ perceptions to a certain
degree. Furthermore, the ‘technical’ failures experienced during this phase may have
contributed as well.

General conclusions
From the studies presented in this thesis, it can be concluded that patients’ perceptions of perceived usefulness, patients’ attitudes and patients’ perceptions of internal
and external constraints are important factors underlying patients’ acceptance of telerehabilitation in chronic pain treatment [1–3]. We found that the integration of faceto-face therapist contact, the possibility to exercise in a clinical environment and the
inclusion of remote monitoring and feedback technology into telerehabilitation treatment are important strategies to reduce patients’ perceived barriers and may therefore
be considered principal driving forces for patients’ acceptance of telerehabilitation in
chronic pain treatment (Chapters 2, 3). Next to perceived telerehabilitation characteristics, patients’ characteristics were found to be drivers of telerehabilitation acceptance.
Lower autonomous exercise motivation and higher levels of pain catastrophising behaviour exerted a negative influence on patients’ decision to take part in telerehabilitation treatment (Chapter 5). Brief exposure to telerehabilitation contributed to
changes in positive direction of patients’ perceptions of telerehabilitation (Chapter 4).
Hence, offering patients the possibility to explore and experiment with a telerehabilitation service is proposed as a promising strategy that requires further investigation.
It is important to note, nevertheless that, although patients’ positive perceptions of
telerehabilitation prior to use were drivers of patients’ actual decision to accept telerehabilitation, these perceptions could explain patients’ actual use of telerehabilitation
to only a small extent (Chapters 5, 6). We conjecture that the observed changes in
patients’ perceptions after use of telerehabilitation might be underlying this finding.
The results imply that next to magnitude and the direction of change in patients’ perceptions, patients’ positive or negative perceptions of telerehabilitation services after
use are important to consider in relation to patients’ actual use of telerehabilitation.
This implication suggests that an opportunity exists to contribute to higher levels of
actual use of telerehabilitation, by monitoring and addressing patients’ perceptions
during use and by adapting telerehabilitation design accordingly.
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Summary
Chronic pain is considered a major public health problem. In addition to the physical and emotional burden that chronic pain brings, it gives rise to significant health
care costs. Although conventional rehabilitation programs are effective, the use of
telerehabilitation, providing remote care via communication technologies, is expected
to offer several advantages over conventional clinic-based rehabilitation because it affords patients to rehabilitate within their own social environment. This can facilitate
the care delivery process, increase access of care and improve patients’ well-being and
quality of life. However, despite the great potential of telerehabilitation, its intended
benefits will only be realized when these treatments are accepted and used by patients
as fully fledged alternatives to conventional care. Therefore, an understanding of
patients’ reasons for accepting or refusing telerehabilitation is crucial.
The aim of this thesis is to identify drivers and barriers related to patients’ acceptance of exercise-based telerehabilitation for chronic pain. This will provide more
insight into strategies that may improve telerehabilitation design and as such may
facilitate the uptake of prospective telerehabilitation services.
In this thesis, acceptance of telerehabilitation is considered a dynamic process,
since it is presumed that acceptance and underlying beliefs are likely to change as
patients gain knowledge of and experience with telerehabilitation. In the first two studies (Chapter 2, 3) acceptance of telerehabilitation services was measured of patients
with limited knowledge of and no prior experience with such services; patients elaborated on hypothetical telerehabilitation scenarios. During the third study (Chapter 4),
patients’ acceptance was analysed before and after brief exposure to a telerehabilitation service in an experimental setting. In the last two studies (Chapter 5, 6) a group
of patients was subjected to a telerehabilitation service that was actually implemented and used during their chronic pain rehabilitation program, and their acceptance
behaviour was investigated.
Throughout this thesis, different methodologies stemming from psychology, sociology and behavioural economics are employed to achieve a multi-faceted understanding of the drivers and barriers underlying patients’ acceptance. Technology Acceptance
Models, focusing on individual acceptance, are applied as a theoretically based starting
point.
Chapter 2 focuses on patients’ perceptions and intentions regarding the use of prospective telerehabilitation services. Patients’ arguments were arranged according to
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the Unified Theory of Acceptance and Use of Technology (UTAUT) and were found
to primarily relate to the constructs of performance expectancy and facilitating conditions. In general, patients considered telerehabilitation helpful as a complementary or
follow-up treatment, rather than an autonomous treatment. They appeared to value
benefits including reduced transportation barriers, flexible exercise hours and the opportunity to better integrate acquired skills into daily life. However, many patients also
feared losing treatment motivation and expressed concerns about both reduced fellowsufferer contact and reduced face-to-face contact with their therapist. They found such
contact essential for effective feedback and exercise instructions as well as emotional
support. Some patients were willing to accept feedback through remote monitoring
and feedback technology later in their treatment. Therefore, it is concluded that future initiatives should retain conventional care to some degree and focus on patients’
attitudes as well, either by offering information to increase patients’ confidence in
telerehabilitation or by addressing reported drawbacks into the future design of these
services.
Chapter 3 describes a discrete choice experiment that demonstrates which treatment characteristics (attributes) are most important to chronic pain patients and which
telerehabilitation scenario they are most likely to accept as an alternative to conventional rehabilitation. In this experiment, physician communication mode, the use of
monitoring and feedback technology and exercise location were the most important
treatment characteristics on which patients based their treatment preference. An ‘intermediate’ scenario, combining attributes of both conventional rehabilitation and telerehabilitation, was preferred the most. Patients were willing to accept less frequent
physician consulting offered mainly through video communication, provided that they
were offered feedback and monitoring technology (FMT), some face-to-face consulting
and could exercise outside their home environment at flexible exercise hours. Consequently, it is concluded that prospective telerehabilitation services should incorporate (at least part of) these attributes in order to be considered promising alternatives
to conventional chronic pain rehabilitation.
Chapter 4 zooms in on the effect of brief experience with a telerehabilitation service
on patients’ perceptions of that service. It was found that patients who had the opportunity to briefly use the telerehabilitation service in an experimental setting, showed
a significantly greater change in positive direction in their perceptions of perceived
usefulness and perceived ease of use, than patients in the control group who displayed
no change in their perceptions. Therefore, offering patients, with no prior telerehabilitation experience, the opportunity to explore and experiment with a telerehabilitation
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service is proposed as a promising strategy that requires further investigation.
Chapter 5 describes patients’ acceptance of an an exercise-based telerehabilitation
program that was designed and implemented as a partial replacement of an outpatient
multidisciplinary group rehabilitation program. Patients’ decisions to either accept or
refuse participation in the telerehabilitation program were observed and underlying
factors were explored. Patients who accepted the telerehabilitation program had significantly more positive perceptions of performance expectancy and facilitating conditions than those who rejected it. Furthermore, lower autonomous exercise motivation
and higher levels of pain catastrophising behaviour exerted a negative influence on
patients’ decision to take part in telerehabilitation treatment. Based on these findings,
it is concluded that both perceived telerehabilitation features as well as patient characteristics play an important role in patients’ decision to participate in a telerehabilitation
program. It is therefore advised that future studies investigate how a telerehabilitation service can be effectively adapted and better tailored to different levels of exercise
motivation and catastrophising behaviour.
Chapter 6 investigates the changes in patients’ perceptions over time by measuring patients’ pre- and post-use perceptions of telerehabilitation. It also explores how
these perceptions relate to patients’ actual use of the telerehabilitation service. In this
study it was found that patients’ attitudes and their perceptions of perceived usefulness decreased over time, from a positive to a neutral score. Furthermore a decline
in both patients’ intentions to use telerehabilitation as well as their actual use was observed. Patients’ post-use intention to use and post-use perceived behavioural control
performed best in explaining patients’ actual use. The results suggest that in addition
to the magnitude and direction of change in perceptions, it is important to recognize
the fact that patients’ actual use of telerehabilitation is also affected by the positive or
negative perceptions that are developed after gaining experience. This implies that an
opportunity exists to contribute to higher levels of actual use of telerehabilitation, by
monitoring and addressing patients’ perceptions during use and by adapting telerehabilitation design accordingly.
The final chapter (Chapter 7) integrates and discusses the findings of the previous studies and proposes recommendations for telerehabilitation design and future research. It also elaborates on the strengths and weaknesses of the methodologies used to
understand patients’ acceptance, and describes the added value of combining methodologies from different disciplines. It asserts that, although the technology acceptance
models used in this thesis are applicable to investigating chronic pain patients’ acceptance of telerehabilitation, there are two important features lacking in these models.
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First, they do not account for the temporal dynamics involved in patients’ acceptance.
Second, these models could benefit from further contextualization of the factors predicting patients’ acceptance; this can provide more detailed insight into how to address
patients’ perceptions and needs.
In this thesis it is concluded that alongside patients’ characteristics (e.g. exercise
motivation and pain catastrophising behaviour), patients’ attitudes and perceptions
of perceived usefulness, as well as internal and external constraints are important
drivers/barriers of patients’ acceptance for telerehabilitation. Since, in line with our
presumptions, these perceived drivers and barriers regarding telerehabilitation appeared to change with patients’ experience, patients’ acceptance should not be considered static but dynamic. Offering patients the possibility to gain experience with
telerehabilitation prior to their decisions to use these treatments, as well as monitoring
and addressing patients’ perceptions during use are considered promising strategies
that need further exploration.
Although patients seem to value certain benefits of telerehabilitation (e.g. the possibility to acquire exercise skills at home and have flexible exercise times), we also
conclude that it is important –in order to facilitate patients’ acceptance– to take into
consideration patients’ needs for immediate performance feedback and therapist faceto-face contact, as well as their needs for emotional and motivational support. To
address these needs, the implementation of a ‘blended’ care model, i.e., a combination
of telerehabilitation and conventional rehabilitation is recommended. This allows for
the incorporation of face-to-face contact with the therapist, the opportunity to exercise in a clinical environment and the inclusion of remote monitoring and feedback
technology; these features were found to be principal driving forces for patients’ acceptance of telerehabilitation. Further research is necessary to establish to what extent
different approaches, such as the use of virtual communities, (movement) tracking
sensors, virtual reality, motivational and persuasive strategies, and the integration of
psychological counselling, constitute effective means to address patients’ needs. Furthermore, future studies are necessary to provide insight into the ideal combination of
telerehabilitation and conventional care and to understand how this combination may
vary over time.
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Samenvatting
Chronische pijn komt wereldwijd veel voor en wordt beschouwd als een maatschappelijk probleem. Naast het persoonlijk leed op zowel lichamelijk als psychisch vlak
dat chronische pijn met zich mee brengt, gaat het gepaard met grote zorg- en maatschappelijke kosten. Hoewel traditionele revalidatieprogramma’s voor de behandeling
van chronische pijn effectief blijken, is de verwachting dat de inzet van telerevalidatie
(zorg op afstand met behulp van informatie- en communicatie technologie) voordelen
kan opleveren. Het feit dat chronische pijnpatiënten op deze manier het revalidatieprogramma in hun eigen omgeving kunnen volgen, kan bijdragen aan zowel een
grotere toegankelijkheid van zorg als aan een verhoogd welzijn en een grotere kwaliteit van leven. Ondanks het grote potentieel van telerevalidatie, zullen de verwachte
voordelen alleen gerealiseerd kunnen worden wanneer patiënten deze diensten ook
daadwerkelijk accepteren en gebruiken als volwaardige alternatieven voor conventionele behandelprogramma’s. Een goed begrip van de redenen die de patiënt heeft om
telerevalidatie te accepteren of af te wijzen is daarom van groot belang.
Het doel van dit proefschrift is om inzicht te verkrijgen in de factoren die de acceptatie van telerevalidatie door chronische pijnpatiënten bevorderen of juist belemmeren.
Deze kennis helpt te achterhalen welke strategieën mogelijk kunnen bijdragen aan een
verbeterd ontwerp van toekomstige telerevalidatiediensten. Een beter ontwerp kan op
zijn beurt weer bijdragen aan een meer succesvol gebruik van deze diensten.
In dit proefschrift is acceptatie van telerevalidatie beschouwd als een dynamisch
verschijnsel, omdat acceptatie en de ideeën die daaraan ten grondslag liggen mogelijk
veranderen naarmate patiënten meer kennis en ervaring opdoen met telerevalidatie.
Met de eerste twee studies (hoofdstuk 2 en 3) werd acceptatie onderzocht bij chronische pijnpatiënten die weinig kennis over telerevalidatie hadden en ook geen eerdere
ervaring daarmee hadden opgedaan. Er werd hen gevraagd te reflecteren op hypothetische telerevalidatie scenario’s. In de derde studie (hoofdstuk 4) werd acceptatie
van de patiënten gemeten voor en nadat zij kort ervaring hadden opgedaan met een
telerevalidatiedienst, die aangeboden werd binnen een gecontroleerde onderzoeksomgeving. In de laatste twee studies (hoofdstuk 5 en 6) werd onderzocht in welke mate
telerevalidatie werd geaccepteerd door patiënten aan wie het gebruik van een telerevalidatie service werd aangeboden die daadwerkelijk was geïmplementeerd en werd
gebruikt tijdens hun revalidatie.
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Om tot een zo goed mogelijk begrip te komen van de factoren die acceptatie van
telerevalidatie bevorderen of belemmeren en om zo veel mogelijk facetten te belichten, werd gebruik gemaakt van verschillende methoden. Deze waren afkomstig uit
het veld van de psychologie en sociologie, evenals uit het domein van de gedragseconomie. Technologie-acceptatiemodellen, gericht op het verklaren van acceptatie door
een individu, werden gebruikt als theoretisch startpunt.
Hoofdstuk 2 brengt in kaart hoe chronische pijnpatiënten dachten over telerevalidatiediensten zoals die in de toekomst mogelijk bestaan en of zij de intentie hadden
deze diensten te gebruiken wanneer mogelijk. Patiënten oordeelden dat telerevalidatie
waardevol leek als nabehandeling of als aanvullende behandeling op het traditionele
revalidatieprogramma, maar niet als vervanging van het traditionele revalidatieprogramma. De antwoorden van de patiënten werden gestructureerd aan de hand van
de Unified Theory of Acceptance and Use of Technology (UTAUT). Hieruit bleek dat
de meeste van de aangedragen onderwerpen te maken hadden met het verwachte
voordeel van telerevalidatie (performance expectancy) en met de mate waarin patiënten zich in staat gesteld voelden de behandeling met telerevalidatie ook daadwerkelijk
succesvol te volgen (facilitating conditions). Meer specifiek werd gevonden dat patiënten het waardeerden dat telerevalidatie zou leiden tot verminderde reistijden, dat het
makkelijker zou zijn de aangeleerde kennis direct toe te passen in het dagelijks leven
en dat men de behandeling op eigen gekozen tijden kon volgen. Aan de andere kant
vreesden veel patiënten dat het gebruik van telerevalidatie motivatieverlies voor het
volgen van het revalidatieprogramma tot gevolg zou hebben. Bovendien toonden zij
zich bezorgd over het feit dat telerevalidatie zou leiden tot een verminderd direct contact met zowel de therapeut als met lotgenoten. Dit contact werd als essentieel gezien
voor het ontvangen van effectieve feedback-instructies en emotionele ondersteuning.
Sommige patiënten gaven aan bereid te zijn een deel van de terugkoppeling te ontvangen via monitoring en feedback-technologie (op afstand) op een later moment in
hun behandeling. Concluderend kan worden gesteld dat het aan te raden is om bij toekomstige telerevalidatie-initiatieven een deel conventionele revalidatie te integreren.
Daarnaast zou de houding van patiënten wellicht beïnvloed kunnen worden door bij
het ontwerp van toekomstige diensten (en bij het geven van voorlichting) rekening te
houden met de gevonden belemmerende factoren.
In hoofdstuk 3 werden de voorkeuren van chronische pijnpatiënten voor telerevalidatie bepaald door middel van een ‘discrete choice experiment’. Patiënten werd gevraagd hun voorkeuren uit te spreken voor een aantal alternatieve behandelingen. De
resultaten lieten zien dat de aanwezigheid van face-to-face contact met de therapeut,
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het gebruik van monitoring en feedback-technologie en de oefenlocatie belangrijke
criteria waren die de keuze voor een bepaalde telerevalidatiebehandeling bepaalden.
Bovendien bleek dat patiënten de voorkeur gaven aan een behandeling die elementen
van zowel telerevalidatie als conventionele revalidatie combineerde (het zogenaamde
‘intermediate’ scenario). Patiënten bleken bereid om minder frequent contact met hun
therapeut, dat grotendeels via video-consultatie verloopt, te accepteren wanneer zij
gebruik kunnen maken van monitoring en feedback technologie, een deel van het faceto-face contact met de therapeut behouden blijft en zij de mogelijkheid hebben om te
oefenen op een locatie buiten de thuisomgeving. Het is dan ook aan te bevelen om
(een deel van) deze elementen in toekomstige telerevalidatiediensten te integreren om
zo een behandeling te kunnen bieden die door de patiënt als een volwaardig alternatief
wordt beschouwd voor traditionele revalidatie.
In hoofdstuk 4 is het effect van kortdurende ervaring met telerevalidatie onderzocht.
De resultaten lieten zien dat patiënten die de mogelijkheid hadden om telerevalidatie
uit te proberen in een experimentele onderzoeksomgeving, positiever oordeelden over
het nut (perceived usefulness) en het gebruiksgemak (ease of use), dan patiënten die
deze ervaring niet hadden opgedaan. Het aanbieden van een mogelijkheid om vrijblijvend ervaring op te doen met telerevalidatie, voordat een patiënt daadwerkelijk besluit
om de dienst te willen gaan gebruiken, wordt dan ook gezien als een veelbelovende
strategie, die echter wel nader onderzoek vereist.
In hoofdstuk 5 werden de beslissingen van patiënten om een telerevalidatieprogramma binnen hun behandeling te accepteren of te weigeren evenals de factoren
die hieraan ten grondslag lagen onderzocht. Dit programma richtte zich op fysieke
training en werd ingezet als gedeeltelijke vervanging van een conventioneel, multidisciplinair groepsrevalidatieprogramma. Het bleek dat de patiënten die besloten om
het telerevalidatieprogramma te gaan gebruiken, positiever oordeelden over het verwachte nut (performance expectancy), dan patiënten die deelname weigerden. Bovendien voelden patiënten die wilden deelnemen zich beter in staat het programma te
gebruiken (facilitating conditions). Daarnaast werd gevonden dat een lage intrinsieke
motivatie om te oefenen en hoge niveaus van pijn-catastroferend gedrag een negatieve
invloed uitoefenden op de beslissing van patiënten om deel te nemen aan het telerevalidatie programma. Dit leidde tot het inzicht dat niet alleen de verwachtingen die
de patiënt heeft ten aanzien van de telerevalidatie maar ook individuele kenmerken
van de patiënt een belangrijke rol spelen bij de acceptatie van telerevalidatiediensten.
Verder onderzoek is noodzakelijk om inzichtelijk te maken hoe telerevalidatiediensten
beter afgestemd kunnen worden op de verschillende niveaus van motivatie en pijn-
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catastroferend gedrag van de patiënt.
In hoofdstuk 6 zijn de percepties van patiënten gemeten voor en na het gebruik
van een telerevalidatiedienst en werd onderzocht welke rol deze percepties speelden
bij het daadwerkelijk gebruik van deze dienst door de patiënt. Het bleek dat patiënten
na gebruik een minder positieve attitude hadden ten aanzien van telerevalidatie; deze
veranderde van een positieve naar een neutrale attitude. Wat betreft het verwachte nut
(perceived usefulness) werd eenzelfde effect gevonden. Daarnaast was er ook een daling te zien in de intenties van patiënten om de dienst te gebruiken en werd deze daling
ook zichtbaar in het daadwerkelijk gebruik van de dienst over de tijd. De percepties
van patiënten, gemeten na een periode van gebruik, bleken het meest voorspellend
voor het daadwerkelijk gebruik. De resultaten lieten zien dat het niet alleen belangrijk
is om de grootte en richting van verandering in percepties in ogenschouw te nemen bij
het voorspellen van daadwerkelijk gebruik, maar ook in hoeverre de gevormde percepties van patiënten op basis van ervaring positief dan wel negatief zijn. Door percepties
van patiënten tijdens het gebruik van telerevalidatie te monitoren en te beïnvloeden,
en door het telerevalidatie-ontwerp aan te passen, kan mogelijk worden bijgedragen
aan een hoger daadwerkelijk gebruik.
Ten slotte zijn in hoofdstuk 7 de bevindingen van de hiervoor besproken studies
bediscussieerd en vergeleken met de resultaten van andere studies die zijn uitgevoerd
in het bredere veld van telerevalidatie. Daarnaast is ingegaan op de sterke en zwakke
punten van de methodologieën die zijn gebruikt om acceptatie door de patiënt te
begrijpen. Ook werd besproken in hoeverre het combineren van methoden uit verschillende onderzoeksvelden toegevoegde waarde biedt. Er is beargumenteerd dat de
gebruikte technologie acceptatiemodellen weliswaar toepasbaar zijn binnen het veld
van telerevalidatie en chronische pijn, maar dat twee belangrijke eigenschappen ontbreken. Allereerst wordt het dynamische karakter van acceptatie en percepties van de
patiënt niet onderkend. Ten tweede kunnen deze modellen verbeterd worden door
de factoren van de modellen nader te specificeren voor telerevalidatie bij chronische
pijn. Zulke modelaanpassingen kunnen bijdragen aan een meer gedetailleerd inzicht
in de strategieën die nodig zijn om tegemoet te kunnen komen aan de verwachtingen
en behoeften van patiënten.
Samenvattend, luidt de conclusie van dit proefschrift dat de acceptatie van telerevalidatie voor chronische pijn op substantiële wijze beïnvloed wordt door factoren
zoals patiëntkenmerken (motivatie en pijn-catastroferend gedrag), de attitude van
een patiënt, de percepties met betrekking tot nut en de verwachte/ervaren interne of
externe beperkingen. Omdat ervaring van invloed is op de mate waarin deze facto-
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ren gevoeld worden als bevorderend of belemmerend, moet acceptatie niet worden
beschouwd als een statisch, maar als een dynamisch verschijnsel dat aan verandering
onderhevig is. Het bieden van de mogelijkheid aan een patiënt om ervaring op te doen
met een telerevalidatiedienst voorafgaand aan zijn/haar beslissing om deze dienst al
of niet te gaan gebruiken, evenals het monitoren en het beïnvloeden van percepties
van patiënten tijdens het gebruik van telerevalidatie, worden beschouwd als strategieën die veelbelovend zijn, maar wel verder onderzoek behoeven. Patiënten blijken
bepaalde kenmerken van telerevalidatie te waarderen, maar tevens kan worden geconcludeerd dat patiënten groot belang hechten aan de mogelijkheid tot het ontvangen
van directe feedback tijdens het uitvoeren van fysieke oefeningen. Ook hebben zij behoefte aan face-to-face contact met de therapeut en aan motiverende en emotionele
steun tijdens de behandeling. Om tegemoet te kunnen komen aan deze behoeften
en zo acceptatie van telerevalidatie voor chronische pijn bij de patiënt te bevorderen,
wordt geadviseerd gebruik te maken van een ‘blended’ care model: een combinatie
van telerevalidatie en conventionele revalidatie. Zo heeft een patiënt de mogelijkheid
om face-to-face contact te hebben met de therapeut, de oefentherapie uit te voeren op
een externe locatie en monitoring en feedback te krijgen via technologie. Hiervan is
aangetoond dat dit belangrijke factoren zijn om de acceptatie van telerevalidatie te bevorderen. Verder onderzoek moet uitwijzen in hoeverre het gebruik van bijvoorbeeld
virtuele communities, (bewegings)sensoren, virtual reality, motivatie- en persuasieve
strategieën en de integratie van psychologische begeleiding, kan bijdragen aan het afstemmen van telerevalidatie op de behoeften en de wensen van de patiënt. Daarnaast
is vervolgonderzoek noodzakelijk om inzicht te krijgen in de optimale combinatie van
telerevalidatie en conventionele zorg en hoe deze combinatie zou moeten veranderen
naarmate een patiënt zich verder in de behandeling bevindt.
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