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Chapter 9

The studies in this thesis aimed to contribute to the improvement of the clinical 
assessment of patients with chronic low back pain (CLBP)2, for more effective 
pain management and rehabilitation. To address this aim, the studies focused 
on the involvement of central sensitization (CS) in the functioning of patients 
with CLBP and, additionally, in the measurement methods to assess CS and 
functioning. In this general discussion, the main findings of the research studies 
are summarized, their contribution to the body of knowledge described, their 
implications for the clinical practice discussed, the strengths, limitations and 
recommendations for future research reported, and the conclusion is presented.

Main findings

Research Question 1. What is the relationship between clinical reference 
symptoms indicative of CS and functioning measurements in patients with CLBP? 
Are changes in CS associated with changes in functioning (daily living activities) 
in patients with CLBP?

The association between CS and functioning in patients with CLBP was found, 
although this association was not straightforward (see Table 1 for a summary of 
the results). The results of the cross-sectional analyses (chapters 4 to 7) revealed 
very few weak-to-moderate associations between CS and functioning. Moreover, 
these associations were heterogeneous –differing between the indicators of 
CS and the functioning measurements– and even contrasting in the studies 
assessing lifting capacity (chapters 4 and 5). The results of the longitudinal 
analyses (chapter 4) revealed very few, moderate and diverse associations; and, 
additionally, differed from the results of the cross-sectional analyses.

Research Question 2. What is the relationship between three measurement 
methods which assess symptoms indicative of CS in patients with CLBP?

No association between three different CS measurement methods in patients 
with CLBP was found (chapter 3). These methods assess symptoms indicative of 
CS from three very different perspectives –self-reported CS-related symptoms, 
somatosensory function and autonomic nervous system function–, but showed 
no significant relationship between them.

2. Throughout the General Discussion, patients with CLBP are patients with primary CLBP (International 
Classification of Diseases 11th revision (ICD-11) code MG30.02 - Chronic primary musculoskeletal pain [47].
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Research Question 3. Is a maximal cardiopulmonary exercise test feasible 
and pain tolerable for patients with CLBP? What is the relationship between 
maximal aerobic capacity acquired by maximal cardiopulmonary exercise test 
and functioning in patients with CLBP?

The maximal cardiopulmonary exercise test was found to be safe, feasible, pain 
tolerable and partly associated with functioning in patients with CLBP (chapters 
7 and 8). A moderate association between maximal cardiopulmonary exercise 
test and performance-based functioning –lifting capacity– was found, but not 
with self-reported measurements.

Table 1. Summary of the associations tested between indicators of CS and Functioning  
measurements.

9
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Contribution to the body of knowledge

The findings of this thesis do not provide a clear straightforward answer on 
the involvement of CS in the functioning of patients with CLBP. Heterogeneous 
associations, which differed over time between indicators of CS and 
biopsychosocial factors, and functioning measurements, were found. These 
associations may suggest that CS can be a contributing factor to the functioning 
of patients with CLBP, although it does not seem to be playing a crucial role in 
hindering functioning. Considerations related to the findings of this thesis are 
discussed here below.

Patient individuality

Multiple biopsychosocial factors can define the pain and capacity of patients 
with CLBP to perform activities and engage in society [1,2]. That is, patients 
with CLBP can be highly variable, because the combination of different factors 
shapes their pain [3]. It is hypothesized that patient variability can play a role in 
the heterogeneous associations observed in this thesis; notably the individual 
and contextual characteristics at the time of the assessment. For example, 
conflicting results between groups of patients with CLBP on the association 
between self-reported CS-related symptoms and lifting capacity (chapters 
4 and 5) were found. In this case, a group of patients performed a baseline 
assessment for a pain rehabilitation program (chapter 4) and the other group 
of patients for a vocational rehabilitation program (chapter 5). It is plausible 
that the complexity of the cases can vary between the two patient groups. For 
instance, in personal characteristics such as motivation, behavior, psychological 
traits, and family, friend and/or work situation. But also, it is plausible that 
the context, the rehabilitation programs’ assessments, can differ in various 
features such as in clinicians’ assessment approach and in intervention goals. 
The impact of the environment on the functioning assessment of patients 
has been previously emphasized [4,5]. It is unknown in what way and to what 
degree, the complexity of patients and the rehabilitation context are involved 
in the conflicting associations between CS and functioning, and thus far a 
conjecture that future research may be able to test. Further, the time point of 
the assessment has been reported to play an important role in the associations 
between psychological factors and pain intensity, disability and quality of life in 
patients with CLBP [6]. It is possible that the differences in the results at baseline 
and over time of the association between CS and biopsychosocial factors, and 
functioning measurements (chapter 4), could be a reflection of within-patient 
changes [7]. Altogether, the unique characteristics of patients, and the context 
and the time of the assessments, are recognized, challenging the generalization 
of findings, assessments and interventions across patients with CLBP.
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Underlying factors

The biopsychosocial framework is based on the understanding of the factors 
contributing to pain and functioning limitations of patients with chronic pain 
[1]. However, the effect of these factors on the association between pain 
and functioning is unclear. It is important to know the effect that different 
biopsychosocial factors have on an association, as it can assist to define 
and prioritize relevant targets for the intervention of patients with chronic 
pain. In particular mediators and moderators are of interest because they 
can influence an association, respectively by explaining and changing the 
strength of the association [8]. In such a sense, if underlying (mediating and/
or moderating) factors were present in the associations between CS and 
functioning, heterogeneous associations, also over time, as found in this thesis 
(chapters 4 to 7), could be expected. Research on underlying factors of the 
association between pain and disability have been mostly on the mediating 
effect of psychological factors, and reported no conclusive effects [9–13]. It is 
recommended to study the underlying biopsychosocial factors involved in the 
association between pain and functioning, at a later stage CS, and also over time. 
Future research on underlying factors may help untangle and better understand 
pain-related disability in patients with CLBP. This research can be used for a 
better patient-centered design and implementation during pain management 
and rehabilitation interventions.

CS complexity and measurements

CS is complex, and a substantial diagnostic challenge for clinical practice. There 
is no defined diagnostic standard nor gold standard to clinically assess CS –only 
symptoms indicative of CS can be assessed [14,15]. On top of that, the presence 
and magnitude of CS can manifest diversely across patients with CLBP [14]. It is 
possible that different manifestations of CS may have been present in the patients 
with CLBP included in the studies, which were captured with the different CS 
measurements used in this thesis. But also, these measurements assess CS from 
different perspectives –self-reported CS-related symptoms, somatosensory 
function and autonomic nervous system function. The few and heterogeneous 
associations between CS and functioning –including biopsychosocial factors– 
(chapters 4 to 7) as well as the lack of associations between the different CS 
measurement methods (chapter 3); could be attributed to differences in the 
manifestations of CS and the perspective of CS measurements. These findings 
challenge the use of a single CS measurement method to detect, quantify and/
or assess all contributing aspects related to CS in the clinical practice.

9
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The currently available measurement methods to clinically assess the presence 
of CS [14] focus on the pain-related sensory and/or psychological symptoms 
indicative of CS. Pain is a complex multidimensional experience which includes 
the somatosensory, affective-motivational, evaluative-cognitive and motor 
control systems [16–18]. The CS measurement methods do not include the 
motor control or movement dimension in pain. Pain can produce changes 
in the movement behavior of individuals involving adaptations at multiple 
levels of the nervous system [19,20], which may contribute to chronification 
[21,22]. For example, patients with CLBP may move differently to reduce and 
protect from pain, leading to changes in functioning. In recent years, the need 
for an integrated multidimensional framework is becoming more and more 
important to better characterize pain using the concurrent examination of 
sensory, psychological and motor systems [22,23]. Provided that somatosensory 
information is a driver of motor control organization, increased somatosensory 
input such as in CS, along with psychosocial factors, may maintain and contribute 
to changes in the movement behavior and functioning [24]. Therefore, the 
integrated multidimensional framework could provide important insights 
into CS. Future research in the interplay of sensory, cognitive, psychological 
and motor systems may help in the understanding of pain processing and its 
association with functioning. Moreover, because movement behavior changes 
can differ across individuals with CLBP [25], the integrated framework could 
assist obtain a more accurate characterization of patients and become beneficial 
for the prevention, assessment and patient-centered intervention.

Functioning measurements

The functioning of patients with CLBP was comprehensively determined 
with a combination of performance-based and self-reported measurements. 
These measurements may determine functioning from different perspectives 
[26], and their outcomes and contributing factors can change with each 
functioning measurement. Discrepant outcomes between performance-based 
and self-reported measurements of physical functioning and activity levels 
of patients with CLBP have previously been reported [26–28]. Furthermore, 
biopsychosocial factors have been evidenced to differ across performance-
based and self-reported functioning measurements [29], and even across 
different performance-based capacity tests [30]. Consequently, it is reasonable 
that the maximal cardiopulmonary exercise test was associated with another 
performance-based functioning measurement –lifting capacity–, but not with 
self-reported measurements of functioning (chapter 8); and that indicators of 
CS and biopsychosocial factors, contributed diversely to different functioning 
measurements (chapters 4 to 7) as found in this thesis. Taken together, these 
associations underscore the specificity of each functioning measurement and 
the complex association with their contributing factors, including CS.
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Machine learning approach

Contemporary technological innovations allow for more in-depth approaches 
to data. One of such is machine learning, which aims at detecting patterns in 
the data [31] and is currently being used more and more for the assessment 
of patients with chronic pain. This approach can assist better understand pain 
and be a useful tool for the decision-making of healthcare professionals [32–
34]. The analyses of this thesis were planned and executed with conventional 
statistical analyses aiming to answer the research questions (chapter 2). Seeing 
the heterogeneity in the associations between CS and functioning (chapters 4 
to 7), it is possible that more in-depth approaches may be needed. Machine 
learning can assist more accurately characterize the functioning of patients with 
CLBP and the association between CS and functioning. For example, machine 
learning has been able to analyze gait performance outcomes of patients with 
CLBP, and recognize gait pattern differences between patients with more self-
reported CS-related symptoms and those with less [35]. The combination of both 
approaches has the potential to be more insightful [33], which can be used to 
design individualized pain management interventions.

Implications for the clinical practice

The studies in this thesis were performed within the clinical setting and as 
close as possible to care as usual. Because of that, the findings have important 
implications in daily clinical practice.

There is no ‘One-intervention-fits-all’ but ‘Custom-made intervention’

The discovery of and research on CS has given a different understanding of 
pain and made a paradigm shift in the management of patients with CLBP, 
and other chronic pain disorders [36]. The suspicion of CS dominating the 
clinical picture in patients with CLBP calls for a general treatment approach. An 
approach that may include pharmacological, conservative pain neuroscience 
education and cognitive behavioral therapy, exercise therapy, and lifestyle –
sleep management, stress management, and/or diet– interventions [15,37]. The 
findings in this thesis emphasize the role of biopsychosocial factors and the 
integrated multidimensional framework for individualized clinical assessment 
and rehabilitation of patients with CLBP. For patient centered interventions, 
where biopsychosocial factors are considered, a general treatment approach 
such as the one described above [15,37] may be recommended whether there 
is suspicion of CS dominating the clinical picture or not. On top of that, given 
the within-patient changes over time, it is recommended that interventions are 
dynamic –concurrently adjusted to patients’ progression. It may be subject for 

9
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future research when and how frequently the assessments should take place 
during pain management interventions for these to remain patient-centered.

Role of CS in rehabilitation programs

CS has become a focus of attention and a target for clinical practice since it 
was first described [38]. It has also gained importance because evidence 
showed that predominant CS pain could predict poor treatment outcomes in 
patients with chronic musculoskeletal pain [39]. However, the heterogeneous 
associations between CS and functioning in this thesis, may point towards CS 
being considered in rehabilitation programs rather than being an important 
target in them. Reportedly, there is no evidence for including CS as a target in the 
intervention instead of considering CS in the intervention [15]. Improvements 
in pain and disability from individualized interventions have not been reported 
to be parallel to changes in the pain sensory profile [40]. On the other hand, the 
currently available measurement methods to assess symptoms indicative of CS 
may collect relevant information to describe patients’ pain. The aforementioned 
collected information can be of use in clinical practice to better differentiate 
between patients and more precisely characterize patients who experience 
pain. It is recommended that for patient-centered interventions, the symptoms 
indicative of CS are taken into account along with biopsychosocial factors, but 
not be the main focus. For example, if specific indicators of an amplified pain are 
identified, CS can be explained to patients to enable their self-management of 
pain and be the foundation for exercise interventions and better functioning [41]. 
Which would make the inclusion of CS a useful addition in the assessment and 
pain management and rehabilitation process. The role and extent to which CS 
is involved in the assessment and intervention for the promotion of functioning 
of patients with CLBP may be subject of future studies.

The performance of a maximal cardiopulmonary exercise test is justifiable

In routine clinical practice, several self-reported and performance-based 
measurements are used to assess the functioning of patients with CLBP. Maximal 
cardiopulmonary exercise test is the gold standard for the assessment of aerobic 
capacity [42]. This test can be useful as a benchmark and support in the decision-
making of the design and implementation of exercise interventions of patients 
with CLBP. In the studies of this thesis, the maximal cardiopulmonary exercise 
test was found to be safe, feasible and pain tolerable in patients with CLBP. 
Moreover, it was related to the performance-based measurement functioning 
–as expressed by lifting capacity. On top of it, during the conduct of the research, 
the maximal cardiopulmonary exercise test was reported to be a ‘satisfactory’ 
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experience3 by several participating patients, despite the increase in the 
intensity of pain essentially in the upper legs. As a result of this thesis, a maximal 
cardiopulmonary exercise test can be recommended for the assessment of 
aerobic capacity (a base to rely on in terms of conditioning) of patients with 
CLBP in clinical practice. Provided patients are willing to perform it and there is 
availability and compatibility with the program in the usual care.

Clinicians/assessors are decisive in the assessment of patients

The influence of clinicians’ beliefs on patients’ performance during the 
physical assessment has been recognized [43]. But as it seems, the beliefs of 
the rehabilitation team –of which the assessor may or may not be part of– 
also play a role, particularly in the selection of performance-based assessment 
methods. The assessment of the aerobic capacity of patients with CLBP can 
illustrate this. Despite a maximal cardiopulmonary exercise test being the gold 
standard for the assessment of the aerobic capacity [42], in general, patients 
with CLBP have not undergone this test, because it was believed that pain would 
limit their performance [44] and/or patients would not be able to manage the 
consequences. The findings and the experiences collected during the research 
of this thesis contrast with such a statement. There is some pain response to the 
maximal cardiopulmonary exercise test assessment but, as shown in this thesis, 
the test should not be avoided due to the potential pain response. Alternatively, 
a balanced decision on whether a patient should or should not undergo the 
test that considers potential pain flares after the test –a response resembling 
that in able-bodied– is recommended. Through these lines, it is aimed to raise 
awareness of the influence of clinicians and their beliefs in the assessment of 
patients even before the assessment begins. Knowledge about the feasibility 
and tolerance of assessment methods can assist patients and clinicians in making 
informed decisions for their selection. Future research may consider including 
feasibility and tolerance within the psychometric properties of performance-
based tests to facilitate making an informed decision.

It is relevant to mention that after the presentation of these results to the pain 
rehabilitation team involved in this research, they will implement the maximal 
cardiopulmonary exercise test during the assessment of the aerobic capacity 
of patients with CLBP (when indicated and possible).

3. A ‘satisfactory’ experience is, in this context, the sensation of achievement or the feeling of pride from 
performing the maximal CPET.

9
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General considerations: Strengths and Limitations

In chapter 2, the methodology choice and decisions are discussed. In chapters 3 
to 8, the strengths and limitations of each of the studies are reported. Therefore, 
in this section, a general summary is presented.

One of the strengths of this thesis is that it is embedded in the International 
Classification of Functioning, Disability and Health [45] framework. A Framework 
that aims to unify and standardize the description of health and health-related 
states. Another strength of the thesis is that a comprehensive set of CS and 
performance-based and self-reported measurements of functioning were 
collected and tested cross-sectionally (with baseline data), and in most of the 
associations also longitudinally (changes over time). One last strength of this 
thesis is that the research projects were conducted in a specialized care setting 
and organized around patients’ usual care. The assessments were non-invasive, 
feasible and compatible with usual clinical practice procedures. Except for the 
quantitative sensory testing, which was assessed by a trained researcher, all 
other assessments were performed by healthcare professionals who routinely 
conducted the assessments.

In hindsight, there is a number of limitations that need to be taken into account. 
First, the sample size of patients with CLBP is smaller than a priori calculated 
in the protocol (chapter 2); this has likely contributed to the lower statistical 
power of analyses. Second, associations between CS, and non-organic signs and 
aerobic capacity, were only assessed cross-sectionally. Third, the association 
between CS and physical activity was not examined in this thesis, even though 
accelerometer measurements were collected for the project (chapter 2). First 
results with machine learning approach, despite not being part of this thesis, 
show that the gait pattern of patients with CLBP differed between patients 
with more self-reported CS-related symptoms and those with less [35]. Fourth, 
in particular for the pain tolerance to maximal aerobic capacity (chapter 7), 
pain response measurements were limited to 24 hours after the test, and the 
comparison to able-bodied individuals is lacking. Fifth, the studies from chapter 
5 and 6 are not part of the same protocol. In these studies, only self-reported 
CS was assessed and certain biopsychosocial factors did not overlap due to the 
scope of the rehabilitation programs. Lastly, of the CS measurement methods, 
the assessment of the somatosensory function (quantitative sensory testing) 
turned out to be methodologically challenging and deviated on several occasions 
from the original protocol described by the DFNS [46]. As a result of the trade-
off, the protocol was adapted to be compatible with usual care and limit the 
burden for the patients.
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Future research

From the findings of this thesis, a fair amount of speculation and hypotheses 
have been formulated, based on which several recommendations for future 
research are proposed.

This thesis described the association between CS and functioning in patients with 
CLBP using measurement methods that assess different aspects of them. For a 
more complete overview of the association, future research should overcome 
limitations presented above. For example, the association between multiple 
measurement methods of CS and non-organic signs (chapters 5 and 6), the 
association between CS and physical activity measurements, and/or longitudinal 
associations between CS and functioning.

Variability in patients with CLBP is high, which stresses the importance of 
individual characteristics at the time of the assessment. It is interesting for 
future research to test the involvement of the complexity of patients and the 
rehabilitation context in the association between CS and functioning. For the 
interventions to remain patient-centered, these need to be dynamic –continually 
adjusted to patients’ progression. Recurrent re-assessments of patients during 
the course of the rehabilitation program, allow pain management interventions 
to remain patient-centered according to the changing needs of patients. Future 
research should look into when and how frequently during the course of the 
intervention patients should be re-assessed for this aim. Also, prospective 
cohort studies could be able to distinguish and profile subgroups of patients 
with CLBP who may evolve differently during the interventions and for whom 
different treatment approaches may be needed. Regarding CS, future research 
should examine its role in the assessment and intervention for the promotion 
of functioning.

Pain is a personal experience, which involves multiple (interacting) factors 
and systems that differ between individuals. Future research should study 
potential underlying (mediating and/or moderating) biopsychosocial factors in 
the association between pain and functioning, at a later stage CS, and also over 
time. This may help untangle and better understand pain-related disability, and 
assist clinicians define and prioritize relevant targets for the intervention of 
patients with CLBP. Furthermore, future research should also study the interplay 
of sensory, cognitive, psychological and motor systems for better insights into 
pain processing, including CS. This integrated multidimensional framework could 
also assist in the identification and profiling of subgroups of patients with CLBP 
and their contribution to functioning.

9
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The methods to assess patients’ functioning should report sufficient psychometric 
properties to be useful for pain management and rehabilitation. Feasibility 
and tolerance of performance-based functioning tests could provide valuable 
information and assist clinicians in the choice of assessment methods. Future 
research should consider including these properties within the psychometric 
studies of performance-based functioning measurements. To better describe 
the pain tolerance of a cardiopulmonary exercise test, future research should 
explore pain responses for a period longer than 24 hours after the test, and 
compare the pain responses between patients with CLBP and matched able-
bodied. Given that if CS dominates the clinical picture patients may experience 
enhanced pain, the potential implication of CS on pain-related tolerance is of 
interest for future research.

For a more detailed characterization of patients with CLBP and patient-
centered interventions the combined use of conventional and machine learning 
analysis approaches are proposed. It is, however, important to consider the 
characteristics and requirements of each of the approaches, in addition to 
the measurement selected, during the design of the study. For example, the 
machine learning approach is data-driven and, because of this, it needs raw, 
detailed source data to create reliable algorithms. Based on the design of 
the research project (chapter 2), most of the measurements were not apt for 
machine learning. Exceptionally, the collection of large amounts of data from 
accelerometers was possible, which was afterwards analyzed with machine 
learning [35]. Awareness is raised for future research to be mindful about the 
aim of the research and its requirements, in order to design research projects 
with matching measurements and approaches.
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General conclusion

The main aim of this thesis was to study the involvement of CS in the functioning 
of patients with CLBP and, additionally, the measurement methods to assess the 
indicators of CS and functioning. Indicators of CS and functioning measurements 
were comprehensively collected in patients with CLBP combining different 
methods. Results showed few and heterogeneous associations which differed 
over time between CS and functioning; no associations between CS measurement 
methods; and a safe, feasible and pain tolerable maximal cardiopulmonary 
exercise test partly associated with functioning measurements. All things 
considered, it is concluded that: (1) Pain is a complex, personal, multifactorial 
and multidimensional experience. The inclusion of the biopsychosocial and 
integrated (sensory, cognitive, psychological and motor systems) frameworks 
is crucial for the understanding of CLBP and CS, and for better matching of 
assessments and interventions to patients’ progression. (2) CS is complex and it 
can be a contributing factor to the functioning of patients with CLBP, although it 
does not seem to be playing a crucial role in hindering functioning. (3) Maximal 
cardiopulmonary exercise tests can be recommended for the assessment of 
aerobic capacity in patients with CLBP in clinical practice.

9
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