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Chronic musculoskeletal pain (CMP) has a negative impact on a person’s general 
functioning and is associated with high levels of productivity loss from work 
and significant socioeconomic impact. Achieving sustainable levels of work 
participation by workers with CMP is of significant importance from both societal 
and individual perspectives.

Research has shown that biopsychosocial multi-domain vocational rehabilitation 
(VR) is beneficial in achieving sustainable levels of work participation for sick-
listed workers with CMP. VR can be understood as an interdisciplinary, multi-
domain intervention program, comprising multimodal treatments provided by a 
multidisciplinary team, collaborating in the assessment and treatment of patients 
using a biopsychosocial model and shared goals.

There are however a number of research gaps concerning “clinimetrics” and “dose-
content” in VR. In this thesis, clinimetrics is looked at in relation to the absence 
of a “VR-pain Core Set” of questionnaires measuring the concepts of pain and 
work together, and the measurement properties of meaningful questionnaires, 
such as “work participation”, “pain-related disability”, and “healthcare usage.” 
Dose-content is looked at in relation to the gap in knowledge about the duration, 
frequency, contact hours, and content of VR programs applied in research and 
common practice. These research gaps were examined in this thesis. The overall 
aim of this thesis was to contribute to the quality improvement of VR for patients 
with chronic musculoskeletal pain and reduced work participation.

The aims of this thesis were divided into two parts:

I. To investigate the clinimetric properties of work participation, healthcare 
usage, and pain-related disability measures;

II. To investigate the relationship between the dosage and content of VR on 
work participation.

Four research questions were formulated to address the aims of this thesis.

Research question 1: Which questionnaires should be included in a focused 
“VR-pain Core Set” that can be used across VR practice in the Netherlands and 
can examine clinical and cost effectiveness?
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A consensus-based core set of diagnostic and evaluative measures— specifically 
tailored for use in the context of Dutch VR centers for the VR of patients with 
subacute and chronic musculoskeletal pain— was described in Chapter 2. To 
accomplish this “VR-pain Core Set”, the brief ICF (International Classification of 
Functioning, Disability and Health) core set for VR was used as the reference 
framework in VR, and IMMPACT (the Initiative on Methods, Measurement, and 
Pain Assessment in Clinical Trials) recommendations were used in the outcome 
measurements around pain. These two existing outcome sets were merged, and 
irrelevant items were deleted. Next, the remaining domains were matched with 
existing instruments or measures. In a final step, a preliminary core set was 
judged by proposed users (VR clinicians), Dutch pain rehabilitation experts, and 
international VR experts. With this range of input, a final core set was developed 
consisting of 18 relevant domains for pain and VR and 12 validated instruments 
measuring these domains.

The developed VR-pain Core Set consists of items from the following questionnaire 
tools: EuroQol 5 Dimensions (EQ-5D), Work Ability Index (WAI), productivity and 
disease questionnaire [PRODISQ, later replaced by the iMTA productivity Cost 
Questionnaire-Vocational Rehabilitation (iPCQ-VR)], Pain Disability Index (PDI), 
RAND-36 physical functioning scale, work reintegration questionnaire (WRQ), 
Numeric Rating Scale (NRS) pain, NRS fatigue, lifting test, Astrand bicycle 
test or Bruce treadmill test, Trimbos iMTA questionnaire for measuring costs 
of psychiatric illnesses (TiC-P, later replaced by the TiCP-VR), and the Global 
Perceived Effect (GPE). Of these, iPCQ-VR, TiCP-VR, and EQ-5D can be used for 
cost-effectiveness purposes.

After the development of the VR-pain Core Set, it was adapted to a web-based 
input structure and adopted by seven Dutch VR centers. From 2014 until today, 
this core set is used to collect data for diagnostic, evaluative, and scientific 
purposes. In clinical practice, patients complete web-based questionnaires at 
baseline, discharge, and at six and twelve-month follow-up.

Research question 2: What are the clinimetric properties of work participation, 
healthcare usage, and pain-related disability questionnaires for patients with CMP 
and reduced work participation in attendance of, and following discharge from 
VR, in the Netherlands?

In chapter 3, test-retest reliability, agreement, and patient responsiveness to 
the iPCQ-VR questionnaire, which measures work participation, were assessed. 

9
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Test-retest reliability and agreement were assessed with a two-week interval. 
Responsiveness was assessed in VR treatment, and following discharge from a 
VR program of 15 weeks duration. Data was obtained from six VR centers in the 
Netherlands. Test-retest reliability was determined with an intraclass correlation 
coefficient (ICC) and Cohen’s kappa (k). Agreement was determined by the 
Standard Error of Measurement (SEM), smallest detectable changes (on group 
and individual level), and percentage observed, positive and negative agreement. 
Responsiveness was determined with area under the curve (AUC) obtained from 
a receiver operating characteristic curve (ROC-curve). Agreement was studied on 
50 participants, retest reliability on 16-23 stable participants, and responsiveness 
was studied on 223 participants. The iPCQ-VR showed good measurement 
properties on “working status” (k 0.96), “number of hours working per week” 
(ICC 0.90; AUC 0.861), and “long-term sick leave” (k 0.74). Low measurement 
properties were found for “short-term sick leave” (k 0.45; ICC 0.54; AUC 0.664) 
and “presenteeism” [k 0.42; ICC 0.52 (days), 0.56 (score); AUC 0.55 (days), 0.60 
(score)].

The retest reliability and agreement of the TiCP-VR questionnaire, which 
measures health care usage, were also examined in Chapter 3. The TiCP-VR 
showed adequate reliability on “all healthcare utilization items together” (ICC 
0.81) and “medication use” (k 0.78), but showed low agreement (e.g. low kappa 
scores) on the single healthcare utilization items.

In chapter 4, responsiveness and interpreting the change scores concerning the 
Pain Disability Index (PDI) questionnaire were examined. Retrospective data from 
patients with CMP that underwent vocational rehabilitation between 2014 and 
2017 was used. The anchor-based method was used to assess the responsiveness 
of the PDI in VR treatment, and following discharge from a VR program, of 15 
weeks duration. The responsiveness was also examined by looking at subsamples 
based on PDI baseline quartile scores. An ROC-curve was performed, including 
Area Under the Curve (AUC) and Minimal Important Change (MIC). Analyses 
were performed on a total sample of 341 participants and on subsamples based 
on PDI baseline quartile scores. The results showed that the PDI was responsive 
to detect real changes in pain-related disability after VR treatment (AUC 0.79). 
A PDI change score of 13 points (MIC 12.5) can be considered as a real change 
in pain-related disability for the total study sample, and a PDI change score of 

4 This AUC was found on a subgroup of patients who were at full sick leave at baseline.
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7-20 points can be considered as a real change in pain-related disability for the 
lowest and highest subsamples based on PDI baseline scores.

In summary, from Chapter 4 it can be concluded that the PDI can detect real 
change in patients with CMP upon discharge of VR. To interpret a PDI change 
score at the discharge of VR as “real change”, patients with a PDI baseline score 
of ≤27 should decrease a minimum of 7 points; patients with a baseline score 
between 28 and 42 should decrease a minimum of 15 points; and patients with 
a baseline score ≥43 should decrease a minimum of 20 points. These results 
can be used in clinical practice and research to perform “responder analysis”. 
Responder analysis focuses on the percentage of patients that have reached real 
change. This has been recommended as a readily interpretable measure that can 
be of relevance for both researchers and clinicians.

Research question 3: What are the opinions and experiences of patients, 
professionals, and managers regarding the usefulness and feasibility of 
“comprehensive” and “less-comprehensive” VR programs?

Chapter 5 contains a study protocol paper of a multicenter randomized 
controlled trial (RCT). The aim of the paper was to describe the design of a non-
inferiority trial evaluating the effectiveness and cost-effectiveness of 40-hour 
“less comprehensive” VR (LC-VR) compared with 100-hour “comprehensive” VR 
(C-VR) on work participation for workers on sick leave due to subacute or chronic 
musculoskeletal pain. The RCT was conducted between 2014-2016, but was 
discontinued because too few participants were included in the study.

In Chapter 6, the purpose of the study was to explore the usefulness and 
feasibility of the C-VR program and the LC-VR program for workers on sick leave 
due to CMP. Semi-structured interviews using topic lists were held with seven 
patients placed into the LC-VR program, six patients in the C-VR program, and 
with professionals (n=8) and managers (n=9). All interviews were transcribed 
verbatim. Data was analyzed with systematic text condensation using thematic 
analysis. Three themes emerged for usefulness (“patient factors”, “content”, 
and ”dosage”) and six themes emerged for feasibility (”satisfaction”, ”intention 
to continue use”, ”perceived appropriateness”, ”positive/negative effects on 
target participants”, ”factors affecting implementation ease or difficulty”, and 
”adaptations”).

9
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The main findings include, from the patients point of view, that both programs are 
considered feasible and generally useful. However, some patients stated that not 
all of the content was useful, and in some cases, content saturation took place. 
Professionals preferred working with the “C-VR as standard” program, although 
some disliked its rigid and uniform character. Professionals also felt that the C-VR 
program was too extensive for some patients and that these patients would 
likely benefit from the LC-VR program. Several patient factors were identified 
by professionals that might help stratification of patients into either the C-VR or 
LC-VR program. Managers felt that, despite appreciating the relevance of the 
LC-VR program, implementation of the program would not be financially possible 
due to the Dutch healthcare system. The overall conclusion from the patients, 
professionals, and managers was that it is not useful to deliver one VR program 
for all patients and that treatment should be personalized through the use of 
quasi-flexible and tailored VR programming.

Research question 4: Are patients with CMP and reduced work participation 
who attended “VR with work module” more likely to achieve work participation 
than patients who attended “VR without work module?”

In Chapter 7, a retrospective cohort study looks at the relationship between 
VR —with and without an additional work module— on the work participation 
of patients with CMP and reduced work participation, both following discharge 
from a VR program of 15 weeks duration, and follow-up six months later. 
Retrospective data was retrieved from care as usual provided by seven VR centers 
in the Netherlands. The VR program without work module (“VR”) consisted of 
multi-component health care (physical exercise, cognitive behavioral therapy, 
education, relaxation). The VR program with an additional work module (“VR+”) 
consisted of additional case management and workplace visit components. A 
multivariate logistic regression model was applied. The dependent variable was 
work participation (achieved/not achieved). Independent variables were type 
of intervention (VR/VR+), demographics, clinical, and work-related (return to 
work [RTW] expectation, sick leave duration, working status, job strain, and 
job dissatisfaction). The results showed that of the 142 patients included, 26% 
received the VR program and 74% received the VR+ program. Both programs 
increased work participation (proportion full and part-time work) at discharge 
(VR 71%; VR+ 80%) and at six-month follow-up (VR 80%, VR+ 86%). However, 
there were non-significant relationships between the type of intervention and 
work participation on discharge (OR 1.0, p = 0.99) and six-month follow-up (OR 
1.3, p = 0.52). The RTW expectation was the only significant independent factor 
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in the multivariate model on discharge (OR 2.9, p = 0.00) and six-month follow-
up (OR 3.0, p = 0.00). This means that patients who are positive about there 
return to work within six months from baseline have three times more chance of 
achieving successful work participation on discharge and six-months follow-up.

In conclusion, both programs led to increased work participation at discharge 
and six-month follow-up, but the addition of a work module to the VR program 
did not increase work participation.

Conclusion and recommendations for further research and  
practice

This thesis contributes to understanding how to improve the quality of VR. This 
has been achieved in several ways. First, a core set of diagnostic and evaluative 
measures specifically designed for use in Dutch VR centers has been developed. It 
is recommended that VR practices in the Netherlands use the VR-pain Core Set for 
data collection. This will increase knowledge transfer and enables benchmarking.

Second, the clinimetric properties of relevant questionnaires were examined 
in a Dutch VR context. This provided information detailing which instruments, 
questionnaire items, and cut-off scores can be used for diagnostic, process-
related, and evaluative purposes in VR clinical practice and research. For instance, 
professionals and researchers might consider using the responsiveness and change 
scores of the iPCQ-VR/PDI questionnaires to perform responder analyses. This 
information can be used for evaluative purposes at individual patient level or can 
be used for benchmarking purposes at group level.

Third, the experiences of patients, professionals, and managers with C-VR and 
LC-VR programs were collected. The overall conclusion is that it is not useful to 
deliver one VR program for all patients and that treatment should be personalized 
through the use of quasi-flexible and tailored VR programming. Hence, future 
research might focus on the design and benefits of a stepped-care VR approach. 
An initial suggestion would be to develop and validate a stratification instrument 
which can be used in a VR context.

Finally, since the relationship between multicomponent VR both with and without 
an additional work module on work participation was non-significant, it should be 
recommended to not include a work module to VR as part of standardized care, 
but the decision to include or not should be determined on a patient by patient 
basis.
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