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Abstract

Background: Patients with post–COVID-19 condition (PCC) experience a wide range of complaints (physical, cognitive, and
mental), sometimes with high levels of disability in daily activities. Evidence of effective interdisciplinary rehabilitation treatment
is lacking. A person-centered, biopsychosocial, interdisciplinary rehabilitation program, adapted to expert opinions and the
patient’s needs, was therefore developed.

Objective: This study aims to present a study protocol for a clinical trial to evaluate the effect of a new, person-centered,
interdisciplinary rehabilitation treatment for PCC. It is aimed at improving participation in society and health-related quality of
life in patients with PCC who perceive a high level of disability in daily activities or participation.

Methods: A total of 20 Dutch adults, aged 18 years or older, with high levels of disability in daily activities and participation
in society will be included in this replicated and randomized single-case experimental design study, from October 2023 onward.
The replicated and randomized single-case experimental design consists of 3 phases. The baseline phase is the observational
period, in which no specific treatment will be given. In the intervention phase, patients will receive the new outpatient treatment
3 times a week for 12 weeks, followed by a 12-week follow-up phase. During the intervention phase, the treatment will be
personalized according to the patient’s physical, mental, and cognitive symptoms and goals. The treatment team can consist of
a rehabilitation physician, physiotherapist, occupational therapist, speech therapist, and psychologist. The primary outcomes of
the study are daily diaries, which consist of 8 questions selected from validated questionnaires (Utrecht Scale for Evaluation of
Rehabilitation-Participation, EQ-5D-5L, and the Hospital Anxiety and Depression Scale). The other primary outcome measurements
are participation in society (Utrecht Scale for Evaluation of Rehabilitation-Participation) and health-related quality of life
(EQ-5D-5L). The secondary outcomes are physical tests and validated questionnaires aimed at physical, mental, and cognitive
complaints. Effect evaluation based on daily assessments will include visual analysis, calculation of effect sizes (Nonoverlap of
All Pairs), randomization tests, and multilevel analysis. In addition, other analyses will be based on ANOVA or a 2-tailed Student
t test.

Results: Data collection for this study started in October 2023 and is planned to be completed in July 2024. The results will be
published in peer-reviewed journals and presented at international conferences.
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Conclusions: This is the first study investigating the effect of an interdisciplinary rehabilitation treatment with a person-centered,
biopsychosocial approach in patients with PCC. Our findings will help to improve the treatment and support of patients with
PCC.

Trial Registration: German Clinical Trials Register DRKS00032636; https://drks.de/search/en/trial/DRKS00032636

International Registered Report Identifier (IRRID): DERR1-10.2196/63951

(JMIR Res Protoc 2024;13:e63951) doi: 10.2196/63951
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Introduction

A COVID-19 infection, caused by the SARS-CoV-2 virus,
typically causes respiratory tract illness [1]. In the Netherlands,
there have been more than 8.5 million COVID-19 infections
since December 2019 [2]. Although most patients with
COVID-19 fully recover, about 10% to 20% of them retain
symptoms after recovery from the initial SARS-CoV-2 infection
[1]. Post–COVID-19 condition (PCC), commonly known as
long COVID, is defined as the continuation or development of
new symptoms 3 months after the initial SARS-CoV-2 infection,
with these otherwise unexplained symptoms lasting for at least
2 months [3]. PCC can affect anyone exposed to the
SARS-CoV-2 virus, regardless of their age or the severity of
the original symptoms. Although the exact number of patients
with PCC is uncertain, it is believed that more than 1.7 million
people across Europe may have experienced it during the first
2 years of the pandemic (2020-2021) [3]. Common symptoms
of PCC include fatigue, dyspnea, anosmia, muscle aches,
headache, chest pain, palpitations, cognitive dysfunction, anxiety
or depression, and sleep problems [4,5].

Persistent symptoms associated with PCC seem to harm physical
and cognitive function, health-related quality of life (HRQoL),
and participation in society [4,6]. According to the vision of
health by the World Health Organization (WHO)—as presented
based on the International Classification of Functioning,
Disability and Health—functional impairments as a result of
biomedical and psychosocial factors can reduce social
participation, quality of life, and the ability to perform activities
[7]. Therefore, it is possible that persistent complaints of PCC
can be maintained by both (defined or still undefined)
biomedical and psychosocial factors. This is consistent with
findings from one of our earlier prospective cohort studies, in
which survivors of COVID-19 in intensive care units (ICUs)
who were admitted due to severe biomedical complications in
this early phase of their illness were followed over time.
Patients’ levels of participation improved during the first year
after ICU discharge [8]. But we also found that personal factors,
such as less proactive coping, anxiety, or depression assessed
1 month after ICU discharge, appeared more predictive than
biomedical (ICU-related) factors in indicating a delayed return
to the patient’s habitual level of participation during the first
year. These findings suggest that rehabilitation treatment for
survivors of COVID-19 in ICUs should focus on strengthening
personal and environmental factors to improve functioning,
participation in society, and quality of life and not just on

biomedical complaints. Although these findings were
specifically related to survivors of COVID-19 in ICUs [8], the
same treatment components may also apply to patients with an
initially milder course of COVID-19 infection who go on to
develop PCC. This would be in line with the advice of the WHO,
which recommends that rehabilitation treatment should have a
human-centered, goal-oriented, and holistic approach designed
to optimize functioning in individuals with health conditions
or impairments in interaction with their environment [9].
Guidelines from the WHO and others recommend an
interdisciplinary rehabilitation treatment for long-lasting
complaints due to PCC with a high level of disability [9-11].

Recently, multiple studies on the effect of rehabilitation
treatment in PCC were published. Two systematic reviews show
an uncertain-to-positive effect of physical (pulmonary) training
on functional exercise capacity, dyspnea, and quality of life
[12,13]. Neither systematic review found any serious adverse
events for any of the physical (pulmonary) training [12,13]. In
addition, 2 experimental studies found no postexertional malaise
or other adverse events due to physical activity [14,15].
However, a recent study showed changes in skeletal muscle
structure in patients with PCC that are associated with a lower
exercise capacity [16]. Another systematic review showed that
a multidisciplinary rehabilitation treatment (multiprofessional,
programs were ambulatory or inpatient) may have beneficial
effects on fatigue, dyspnea, physical capacity, pulmonary
function, quality of life, and daily life activities [17]. However,
this evidence is very uncertain due to the low level of evidence,
inconsistency in the results, varying treatment programs, and
varying patient characteristics. Based on the biopsychosocial
focus of PCC, psychological interventions such as cognitive
behavioral therapy (CBT) or acceptance and commitment
therapy (ACT) could also be useful. These would be aimed at
increasing psychological flexibility or strengthening a person’s
resilience, depending on the patient’s problem [18,19]. In a
study by Kuul et al [20], CBT was effective in reducing fatigue
complaints and improving physical and social functioning in
patients with PCC. Furthermore, CBT seemed to be both feasible
and accepted by patients with PCC [21]. In addition, in a study
of Nikrah et al [22], ACT significantly increased the resilience
and HRQoL of patients with PCC. In summary, although there
has been research on rehabilitation treatments for PCC, the
current understanding of the most effective rehabilitation
treatment approach and the effects on participation levels and
HRQoL is still limited.
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The precise cause of PCC remains unclear. A recent study by
Appelman et al [16] showed changes in skeletal muscle
structure, with severe exercise-induced myopathy and tissue
infiltration of amyloid-containing deposits in the skeletal
muscles of patients with PCC. Although there may be a somatic
cause for PCC, a biopsychosocial approach seems promising
for improving functioning in patients with PCC who perceive
a high level of disability in daily activities and participation. It
seems to be important to improve physical as well as mental
resilience in order to optimize participation in society, despite
health complaints due to PCC, by using a person-centered
program focused on the various biopsychosocial factors of the
patient and supported by a treatment plan from the entire
interdisciplinary rehabilitation team. We therefore developed a
new person-centered and tailored interdisciplinary rehabilitation
treatment for patients with multiple health-related PCC
complaints and high levels of disability in daily activities and
participation. The treatment program is based on patients’ and
health care professionals’ experiences and needs and on
recommendations from the European Physical and
Rehabilitation Medicine position paper [23]. This study aims
to describe the replicated and randomized single-case

experimental design (R-SCED) that is used to test the
effectiveness of a 12-week, personalized, interdisciplinary
rehabilitation treatment in secondary care and to evaluate
changes in the recovery of participation levels and quality of
life in patients with PCC.

Methods

Study Design
The design is R-SCED. This R-SCED study will use repeated
measurements according to an AB follow-up design. In this
design, patient functioning is closely monitored during a baseline
phase (A), a treatment phase (B), and a follow-up phase. The
length of phase A is 2 weeks. Phase B lasts for 12 weeks for all
participants, and the follow-up phase lasts for 12 weeks. Figure
1 is a schematic presentation of the design, with treatment design
and measurements (T0: beginning of phase A; T1: after
completion of phase B; and T2: after completion of the
follow-up phase). This R-SCED will be performed at Adelante
Zorggroep, location MUMC+, which is an outpatient
rehabilitation center in the south of the Netherlands.

Figure 1. Schematic presentation of the design: (left) the R-SCED design and treatment and (right) measurements. R-SCED: replicated and
randomized-single case experimental design; T0: beginning of the baseline phase (phase A); T1: after completion of the treatment phase (phase B); T2:
after completion of the follow-up phase.

Ethical Considerations
The institutional review board of Maastricht University Medical
Centre, University of Maastricht, approved this study
(NL83848.068.23 or METC 23-008) in July 2023. All
participants provided written informed consent. All personal

data will be handled in accordance with the EU General Data
Protection Regulation and the Dutch Act on Implementation of
the General Data Protection Regulation. (in Dutch:
Uitvoeringswet AVG, UAVG). Participating patients will
receive €75,00 after finishing the diaries and all the
questionnaires.
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Eligibility Criteria
Adults, aged 18 years or older, having an indication for
outpatient interdisciplinary rehabilitation treatment for PCC
(high levels of disability in daily activities and participation
based on the expert opinion of the rehabilitation physician) and
with adequate Dutch literacy were eligible for inclusion.
Participants will be excluded if PCC symptoms could be
explained by an alternative medical disease or if they are not
able to speak or read the Dutch language fluently; have no access
to a smartphone, tablet, or computer; or have insufficient digital
skills.

Regular Health Care Procedure
After referral by a general practitioner or medical specialist, the
rehabilitation physician will invite the participant for a first
consultation. This first consultation is for validating PCC
complaints and their impact on daily life activities and
participation. Biopsychosocial disabling factors will be identified
and possibilities for psychological flexibility will be assessed.
There will also be a medical examination, and other medical
diseases will be excluded. If necessary, a referral to other
medical specialists in secondary care will take place. Finally,
education about PCC complaints and biopsychosocial factors
for the participant and partner will be given [24]. During this
consultation, a decision is made on whether there is an indication
for an interdisciplinary rehabilitation treatment in secondary
care. If an interdisciplinary rehabilitation treatment in secondary
care is indicated and the participant meets the inclusion criteria,
the rehabilitation physician will include the participant for the
treatment and inform them about the aim and content of the
study. Potential participants will have 1 week to reflect before
deciding they want to participate. If the participant is willing
to participate in the study, the study treatment protocol will
start.

Baseline Phase (Phase A)
The baseline phase (phase A) is the control period of each
participant. No specific treatment will be given during this
period. The start of phase A is determined based on the start
date of the interdisciplinary rehabilitation treatment and lasts 2
weeks. The number of days (7, 8, 9, or 10) a participant must
fill in a daily diary during phase A will be randomized by a
dedicated computer program (YourResearch). Phase B will start
directly after phase A.

Treatment Phase (Phase B)
All participants will receive an outpatient interdisciplinary
rehabilitation treatment in secondary care. This treatment aims
to increase patients’ levels of activity, participation in daily life,
and HRQoL regardless of the level of complaints they
experience. During phase B, participants are invited to fill in a
daily diary for 40 days (Figure 1).

The treatment team consists of a rehabilitation physician,
physiotherapist, occupational therapist, speech therapist, and
psychologist. The team is experienced in interdisciplinary
rehabilitation treatment with a biopsychosocial approach.
Education has been given and supervision team meetings are
planned monthly. For each participant, the content of the
interdisciplinary rehabilitation treatment will be personalized

according to the participant’s individual physical, mental, and
cognitive complaints and personal goals. As a result, input from
the various disciplines can vary according to the participant’s
problem profile and needs. The individual goals are activity-
and participation-oriented and determined during the intake
with the rehabilitation physician and further specified during
the treatment (eg, “being able to vacuum the entire house”).
The Canadian Occupational Performance Measure (COPM),
administered by an occupational therapist, will be used to
support individual goal setting. The COPM was developed to
set treatment goals based on problems experienced by the patient
in daily activities [25,26]. The rehabilitation physician is the
team supervisor and has final medical responsibility for the
participants during the study period.

The interdisciplinary rehabilitation treatment lasts 12 weeks,
with the patient receiving therapy approximately 3 half days
per week (depending on their goals and initial capacity). In order
to improve the level of functioning, the first 4 weeks consist of
an assessment phase, in which the various disciplines gain
insight into the participant’s complaints, functional capabilities,
and the potential to strengthen physical and mental resilience.
After this first phase, a multidisciplinary consultation (MDC)
takes place with all disciplines involved. During this MDC, an
individual model explaining the level of COVID-19–related
disability is proposed, based on the interaction of the disabling
factors involved. The team will propose an 8-week treatment
plan tailored to the patient’s individual problems and goals.
After this MDC, the patient will receive an interdisciplinary
education from the treatment team in which the proposed
individual explanatory model from a biopsychosocial
perspective is discussed with the participant, including the
hypothesized disabling factors that interfere with performing
activities and participation in daily life. This education with a
biopsychosocial approach is aimed at increasing mental and
physical resilience despite the PCC complaints. Another MDC
will take place in weeks 7 and 11 to discuss the progress in the
treatment process and whether treatment goals or treatment
plans should be adjusted. After each MDC, the rehabilitation
physician provides all feedback to the participant and discusses
the proposed plan according to principles of shared
decision-making. If necessary, the rehabilitation physician will
give additional biopsychosocial education. There will be a
follow-up consultation with the rehabilitation physician after 3
months of completing the treatment phase.

The following are the commitment of disciplines within the
interdisciplinary rehabilitation treatment and the contribution
of the disciplines can vary according to the patient’s profile and
needs.

• Rehabilitation physician, at least 4 times (45 minutes for
the first consultation, 15 minutes for a regular consultation):
first consultation, after the MDC, and follow-up
consultations.

• Physiotherapy, 2 times per week (each session takes 60
minutes), for improving physical performance such as
physical condition and muscle strength through functional
training and hydrotherapy and to guide in case of any pain-
or tension-related complaints [11,27]. Patients are also
encouraged to experience movement possibilities and will
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be encouraged to be as active as possible, regardless of the
number and severity of complaints, particularly for valuable
activities and social participation.

• Occupational therapy, 2 times per week (each session takes
60 minutes), for education in energy management and
recognizing and pushing boundaries. The occupational
therapist helps in resuming and building up daily activities
(such as household duties, leisure activities, or work) despite
the level of complaints [11,28].

• Speech therapy, 2 times per week (each session takes 30
minutes), for breathing exercises in case of dyspnea
complaints, dysfunctional breathing, or dysfunction of the
diaphragm [11].

• Psychotherapy, once a week (each session takes 60
minutes). To strengthen a person’s resilience, first and
second-generation CBT as well as third-generation CBT
(ACT) will be applied. CBT aims to improve quality of life
by strengthening individual resilience to cope with
complaints [19,29]. The treatment can include a variety of
techniques such as psychoeducation, verbal challenge
techniques (learning to critically examine dysfunctional
thoughts), behavioral experiments, skills training, breathing
and relaxation exercises, stress management,
problem-solving skills, and exercises to broaden sensory
perception. The goal of ACT is growth in psychological
flexibility [18]. The emphasis here is not on controlling and
changing, but on accepting thoughts, behavior, feelings,
and experiences such as negative physical experiences,
fatigue, and pain.

Follow-Up Phase
The follow-up phase takes 12 weeks and starts directly after
phase B. In the last 2 weeks of the follow-up phase, participants
are invited to fill in a daily diary. The number of days (7,8, 9,
or 10) a participant must fill in a daily diary during the last 2
weeks of the follow-up phase, will be randomized by a dedicated
computer program (YourResearch). Phase B will start directly
after phase A.

Assessment
Since PCC can affect different domains of functioning,
measurements were chosen based on an integral vision of health
and include body function impairments, activity limitations,
and participation restrictions as well as personal factors,
according to the International Classification of Functioning,
Disability and Health [7]. All variables will be measured by
daily diary items, validated questionnaires, and physical
examination (Figure 1 and Tables 1-3). Based on design
standards, the recommended minimum number of baseline
measurements in an R-SCED study is 5 [30]. In this study, daily
diaries will be completed for 7 to 10 days (baseline
measurements) in phase A. In addition, there are 40
measurements during the rehabilitation treatment and a
minimum of 7 to 10 follow-up measurements. The validated
self-administered questionnaires will be collected at the start
of phase A (T0), at the end of phase B (T1), and after 3 months
of follow-up (T2). Participants will complete the questionnaires
and the daily measurements with an app (YourResearch) on a
computer or mobile device.

Table 1. Overview of the secondary outcome measurements: body function.

T2cT1bT0aMeasurement instrumentSecondary outcome measure-
ments

✓✓Muscle strength is a commonly used test for physical function [31]. A Jamar

HHDd is used for handgrip muscle strength [32,33]. Muscle strength of the
knee extensor or flexor is measured using a dynamometer (Biodex System 3
Pro Dynamometer) [34].

Muscle strength

✓✓✓MFISe: this is a 21-item metric for fatigue severity. A total score is calculated
as the sum of the subscale scores (0-84). Higher scores indicate higher levels
of fatigue [35].

Fatigue

✓✓✓MRCf breathlessness scale: ranging from 1=no trouble with breathlessness to
5=I am too breathless to leave the house [36].

Breathlessness

✓✓✓NRSg: mean pain intensities in the last 7 days, ranging from 0 to 10 [37].Pain

✓✓✓CFQh: this is a 25-item self-report questionnaire. The total scores range from
0 to 100, with higher scores reflecting a report of more frequent cognitive errors
in everyday life [38,39].

Cognitive function

aT0: beginning of baseline phase (phase A).
bT1: after completion of the treatment phase (phase B).
cT2: after completion of the follow-up phase.
dHHD: handheld dynamometer.
eMFIS: Modified Fatigue Impact Scale.
fMRC: Medical Research Council.
gNRS: Numerical Rating Scale.
hCFQ: Cognitive Failure Questionnaire.
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Outcome Measurement

Primary Outcome Variables
The primary outcome measurements are participation in society
and HRQoL. A daily diary will be used, including a short
(10-item) questionnaire to assess changes over time. The daily
diaries consist of 8 questions selected from the validated
questionnaires: Utrecht Scale for Evaluation of
Rehabilitation-Participation (USER-P), EQ-5D-5L, and the
Hospital Anxiety and Depression Scale (Multimedia Appendix
1). Each question is rated on a scale from 0 to 10. In addition,
the daily dairy will focus on 2 most important individual goals
(the participant will be asked to rate each goal on performance
and satisfaction, on a scale from 0 to 10, based on the COPM
score). The individual goals are determined by the patient,
immediately after inclusion in the study.

Validated self-administered questionnaires will also be used.
Participation in society will be assessed by USER-P. The
USER-P consists of 3 subscales: the frequency of activities, the
restriction subscale, and the satisfaction subscale. For all 3
subscales, the total score ranges from 0 to 100, with higher
scores indicating better participation [40,41]. HRQoL is

evaluated with the 5-dimension descriptive system (EQ-5D-5L)
and the associated visual analog scale [42]. The EQ-5D-5L
includes 5 domains, namely, mobility, self-care, usual activities,
pain, and anxiety or depression. Each dimension is rated on a
5-level scale from “no problems” to “unable.” For the resulting
5-digit EQ-5D health profile, a weighted EQ index was
calculated using Dutch reference values [43]. The EQ-5D-5L
visual analog scale asks the participant to value their perceived
health from 0=the worst imaginable health to 100=the best
imaginable health, with higher scores indicating higher quality
of life.

Secondary Outcome Variables
Secondary outcome variables are presented in Tables 1-3. Body
function impairments (muscle strength, fatigue, breathlessness,
pain, cognitive impairments), activity limitations (functional
exercise, perceived limitations in daily life), participation
(individual goals, activity and participation oriented), and
personal factors (baseline characteristics, anxiety, depression,
coping style and resilience) are assessed combined with physical
examination and validated self-administered questionnaires.
Details of the measurement instruments are also presented in
Tables 1-3.

Table 2. Overview of the secondary outcome measurements: activity limitations and participation.

T2cT1bT0aMeasurement instrumentSecondary outcome measure-
ments

✓✓Functional exercise • 6MWTd: a submaximal exercise capacity by walking distance. The dis-
tance reached will be recorded in meters [44].

• STSe: for functional mobility, balance, and lower limb strength. Time in
seconds is the main outcome [45,46].

• The 2-minute SCTf: a submaximal exercise capacity. The number of steps
is the main outcome [47]. The 6MWT, STS, and SCT will be performed
by an experienced physiotherapist.

✓✓✓Perceived limitations in daily life • PROMISg physical function short form 8b: has 8 questions. Higher scores
indicate better physical function [48,49]

✓✓Individual goals, activity, and
participation oriented

• COPMh: to set treatment goals based on problems experienced by the
patient in daily activities and will be administered by an occupational
therapist [25,26].

aT0: beginning of baseline phase (A).
bT1: after completion of the treatment phase (B).
cT2: after completion of the follow-up phase.
d6MWT: 6-minute walk test.
eSTS: Sit-to-stand test.
fSCT: stair climbing test.
gPROMIS: patient-reported outcomes measurement information system.
hCOPM: Canadian Occupational Performance Measure.
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Table 3. Overview of the secondary outcome measurements: personal factors.

T2cT1bT0aMeasurement instrumentSecondary outcome measure-
ments

✓Age, sex, weight, education level, and marital status, as well as information
about the time of COVID-19 infection, current complaints since the COVID-
19 infection, the need for hospitalization due to COVID-19 infection, who di-
agnosed the post–COVID-19 condition, and previous treatments for the
post–COVID-19 condition (open question and participant opinion).

Baseline characteristics

✓✓✓HADSd: this is a 14-item self-rated scale. The total score ranges from 0 to 21.
A score ≥8 on either subscale is considered to be substantial anxiety or depres-
sion symptoms [50].

Anxiety and depression

✓UPCCe: a 21-item self-assessment tool. The total score was the average for all
item scores (range 1-4), higher scores indicate higher levels of proactive coping
[51].

Proactive coping skills

✓BRSf: a 6-item questionnaire. The total score is the mean score of all answers
(range 1-5). Higher scores indicate a better-developed ability of resilience
[52,53]

Resilience

aT0: beginning of baseline phase (phase A).
bT1: after completion of the treatment phase (phase B).
cT2: after completion of the follow-up phase.
dHADS: Hospital Anxiety and Depression Scale.
eUPCC: Utrecht Proactive Coping Scale.
fBRS: Brief Resilience Scale.

Sample Size Calculation
Experience from previous single-case experimental design
(SCED) studies showed that the sample size varies between 6
and 27 participants [54-56]. One of our earlier prospective
cohort studies was used in calculating the sample size. In this
study, the USER-P was the primary outcome and improved in
the first year after ICU discharge, [8]. In this cohort, the effect
size based on changes in the level of participation appeared to
be medium from baseline to 12 months follow-up (>0.5), with
a statistical power of >0.8. Using the calculation tool developed
by Bouwmeester and Jongerling [57] for SCED studies, with a
medium effect size, the number of measurements, and
accounting for loss-to-follow-up, 20 patients need to be included
in this study. Patients withdrawn from the study will not be
replaced. All analysis will be performed according to the
“intention-to-treat” principle.

Statistical Analysis
Baseline and demographic characteristics will be presented in
means (SD), medians (IQR), or percentages, as appropriate.

For our primary outcome measurements, the daily dairies, the
statistical analysis will be performed using the Shiny app (KU
Leuven) for single-case data analysis [58]. The following steps
will be taken to test the effects of the intervention. First, in
visual analysis, the within-case data of the daily dairies will be
plotted and visually inspected per participant with respect to
within-phase (eg, level, trend, variability) and between-phase
characteristics (eg, immediacy of effect, overlap, consistency)
[59]. Second, the percentage of nonoverlapping pairs between
phases will be used to calculate the effect size of each
participant. Nonoverlapping data between phases indicate
performance differences between phases and is an important

part of visual analysis in single-case research [60]. The
Nonoverlap of All Pairs is an index of data overlap between
phases in single-case research [60]. The Nonoverlap of All Pairs
equals the number of comparison pairs showing no overlap,
divided by the total number of comparisons. It can be calculated
as an area under the curve [60]. Third, randomization tests will
be performed to test the null hypothesis; that the interdisciplinary
rehabilitation treatment has no effect on participation levels and
HRQoL. The observations of the baseline phase will be
compared to those of the intervention and follow-up phases,
respectively (mean phase A – mean phase BC = test statistic,
where C is the follow-up phase). Because the starting point of
phase B (intervention) is randomly determined and the follow-up
phase does not include any new intervention methods, phase B
and the follow-up phase are combined. In case visual analysis
suggests delayed effects, the randomization test will be repeated
with lagged data until the lowest P value has been reached.
Fourth, in a SCED study, 1 outcome is repeatedly measured in
the same person. These replicated single-case experiments may
be considered as multiple studies that can be combined using
meta-analytical procedures [61,62]. To evaluate the overall
changes in the daily diaries the daily data in phase A, phase B,
and follow-up a multilevel analysis will be used to summarize
the single-case data. Previously calculated effect sizes will be
combined.

Missing data will be handled according to the
randomized-marker method, in which all days of the diary that
were not completed will be displayed as “N/A” (not applicable)
[63].

For the other primary outcome measurements (USER-P and
EQ-5D-5L) and the secondary outcome measurements, the
results on T0, T1, and T2 will be computed as total scores on
each questionnaire individually. Outcomes will be presented in
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mean (SD) or median (IQR), depending on the distribution.
Outliers will be checked, defined as values more than 3 times
the IQR from the median. The statistical analysis of the
questionnaires will use repeated measures ANOVA in case of
normal distribution or the Friedman test in case of nonnormal
distribution. The statistical analysis of the physical examination
will use the paired 2-tailed Student t test in case of normally
distributed variables or the paired Wilcoxon test in case of
nonnormally distributed variables. The significance level was
set at P=.05, 95% CI. The statistical analysis will use IBM SPSS
statistics version 26. No imputation will be made for missing
data.

Data and Safety Monitoring
The risks attached to participating in this study are negligible
and, in any case, no greater compared with other
interdisciplinary rehabilitation treatments. A data safety and
monitoring board has been appointed from de Clinical Trial
Center Maastricht, with expertise in clinical trials. Monitoring
includes informed consent forms, source data verification, and
serious adverse events.

Results

This study was funded in June 2022. The institutional review
board of Maastricht University Medical Centre, University of
Maastricht, approved this study in July 2023. Participant
recruitment started in October 2023 and was completed in July
2024. Data collection for this study is expected to be completed
by January 2025. The analysis will be conducted after data
collection has been completed. It is expected that the results
will be published in spring 2025.

Discussion

Expected Findings
This study will assess the effectiveness of a new person-oriented
interdisciplinary rehabilitation treatment in patients with PCC.

The WHO and other international guidelines recommend an
interdisciplinary rehabilitation treatment for long-lasting
complaints due to PCC with high level of disability [9-11,23].
Although the number of studies evaluating (interdisciplinary)
rehabilitation treatments for PCC has increased [12,13,17],
knowledge regarding the effect of these rehabilitation treatments
on participation levels and HRQoL is still limited. It is expected
that this personalized interdisciplinary rehabilitation treatment
for patients with PCC, who perceive high levels of disability in
daily activities and participation, will improve their level of
participation and HRQoL and that physical, mental, and
cognitive complaints will decrease.

Next, it is expected that this interdisciplinary rehabilitation
treatment, when proven effective, can be implemented in other
rehabilitation centers in the Netherlands and beyond. At the
same time, we anticipate that patients and health care
professionals will be satisfied with the interdisciplinary
rehabilitation treatment. Depending on the results of the study,
the interdisciplinary rehabilitation treatment can be further
improved, based on information derived from a study of the

experiences of patients and health care professionals. In addition,
further research is necessary regarding the cost-effectiveness
of the treatment, and when proven effective, further
implementation studies will be facilitated to implement the
program in current rehabilitation health care in the Netherlands
and beyond. The results of the study will be published in
peer-reviewed journals and presented at international
conferences.

Strengths and Limitations
One strength of the study is its interdisciplinary approach.
Various interventions (among others, physical training, energy
management, breathing techniques, and psychological
interventions) that may be effective in the treatment of PCC
have been combined into a single interdisciplinary rehabilitation
treatment program. Each patient is treated with a
biopsychosocial approach aimed at improving physical and
mental resilience and optimizing participation in society.
Patients with PCC can experience various complaints such as
fatigue and physical, mental, and cognitive complaints [5,64].
Patients included in this study experience high levels of
disability in daily activities and low levels of participation, but
the combination of their complaints may differ. An
interdisciplinary rehabilitation treatment with a biopsychosocial
approach tailored to a patient’s complaints and goals, and which
takes into account personal and contextual factors, therefore
seems promising.

Another strength of the study is the chosen design: SCED [65].
Randomized controlled trials (RCTs) are seen as the gold
standard for evaluating treatment effectiveness [66]. However,
RCTs are time-consuming, and SCEDs seem to be a good
alternative [67]. SCED studies are characterized by multiple
measurements in a few participants, which allows a small sample
size, whereas RCTs are based on a few measurement moments
in many participants. Each patient functions as its own control
and SCEDs are considered to be more compatible with clinical
practice than an RCT [65,68]. A SCED can result in strong
internal and external validity [65]. This study aims to evaluate
the effect of a person-oriented interdisciplinary rehabilitation
treatment, which makes a SCED most appropriate.

One limitation of the study is that a SCED may be resource
intensive. The need for detailed observation and repeated
measurements for a single participant can be demanding. A
second limitation in using a SCED may be the generalizability
of results. Since the focus is on a single participant or a small
group, it may be hard to generalize the results to larger and more
diverse populations. However, this interdisciplinary
rehabilitation treatment was developed for a selected population,
that is, patients with high levels of disability in daily activities
and participation due to PCC. This selected group is a good fit
for the design of a SCED study. Nevertheless, making
conclusions about the effectiveness of the treatment in patients
with less severe complaints needs further consideration. More
research will be needed regarding the characteristics of patients
who are more likely to benefit from the treatment.
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Conclusions
To our knowledge, this will be the first study to investigate the
effect of an interdisciplinary rehabilitation treatment with a

person-centered, biopsychosocial approach, to aim at improving
social participation and HRQoL for patients with PCC. Our
findings will help to improve the treatment and support of
patients with PCC.
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