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General introduction

Infroduction

Neck pain is the fourth major cause of disability worldwide '. From 1990 to 2010, the
disability burden attributable to musculoskeletal disorders (MSK) increased by 46%. It
is further expected that this burden will increase in the coming years with the ageing
population and an increase in other contributing factors, such as further increase
of co-morbidities 2. In 2010 neck pain was responsible for 20% of the total proportion
Years Lived with Disability (YLDs) due to MSK('). In 2015, more than one third of a billion
people worldwide had neck pain of more than 3 months duration 2, which makes
neck pain a serious health threat and also a socio-economic burden on society 2.

In Western Europe, non-specific neck pain has a one-year prevalence of 12 to 71%,
among other things depending on the case definitions used, in the general popula-
fion 4. The one-year prevalence of neck pain that leads to impaired physical function-
ing ranges between 1.7 and 11% °.

A study published in 2003 shows that in the Dutch population aged 25 years and old-
er, the neck, the lower back and the shoulder region are the anatomical regions in
which musculoskeletal disorders most frequently occur ¢. Pain, stiffness and/or loss of
mobility associated with neck pain often results in health care utilization, such as diag-
nostic assessments and various freatments 8. In the Netherlands the costs of care for
neck and back complaints amounted to 937 million euros in 2017 ?. This corresponds
to 14% of the total care costs incurred for diseases of the musculoskeletal system and
connective tissue.

Since physiotherapists are regularly consulted by people with non-specific neck pain,
with substantial associated costs, the question arises whether physiotherapy interven-
fions are effective in this patfient population. At least six Cochrane reviews focussing
on physiotherapy interventions for patients with neck pain have shown inconclusive
evidence for the effect of physiotherapy interventions %1%, This observation leads to a
number of probing questions: Why is the evidence inconclusive? Are there differential
effects of physiotherapy interventions in people with non-specific neck paine Or are
there methodological issues that may (at least partly) explain the inconclusive results
in this population?2
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Evidence-based medicine

Evidence-based medicine (EBM) is "the conscientious, explicit and judicious use of
current best evidence in making decisions about the care of individual patients” 'é.
The aim of EBM is the infegration of the best research evidence with clinical expertise
and patient values”'é. The goal of EBM is to improve the quality and consistency of
care. The early model of EBM is shown in Figure 1.

Clinical expertise

Research Patient
evidence preferences

Figure 1: Early model of the key elements for evidence-based clinical decisions '

The clinical state of the patient and the circumstances under which the patient is
located were missing in the first model of Sacket. Haynes updated the model with
the element: “clinical state and circumstances” (Figure 2). Patients’ clinical state, the
clinical setting, and the clinical circumstances they find themselves in when they seek
medical attention are key, and often dominant, factors in clinical decisions; “patient
preferences” is more broadly defined to include patients’ actions and is reversed in
position with “research evidence”, which signifies its frequent precedence.

Finally, “clinical expertise” is an overarching construct as the means to integrate the
other 3 components: thus, constituting a 4th element. Clinical expertise must encom-
pass and balance the patient's clinical state and circumstances, relevant research
evidence, and the patient's preferences and actions, to ensure the delivery of best
clinical practice 7.

Theoretically, it should be easy to integrate this model into physiotherapy practice.
However, sufficient evidence for the application of a specific physiotherapy modal-
ity or therapy aiming at a specific subgroup of patients with non-specific neck pain
is barely available'®. The main recommendation in a review of physiotherapy inter-
ventions for patients with chronic neck pain was to identify relevant subgroups with
matching treatments among patients with non-specific neck pain '®.
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Clinical state and circumstances

Clinical expertise

Figure 2: An updated model for evidence-based clinical decisions '

Research
evidence

Patient
preferences
and actions

Physiotherapy

The World Confederation for Physical Therapy has described physiotherapy in a pol-
icy statement 7 as: “Physiotherapy provides services by physiotherapists to individ-
uals and populations fo develop, maintain and restore maximum movement and
functional ability throughout the lifespan. The service is provided in circumstances
where movement and function are threatened by ageing, injury, pain, diseases, dis-
orders, conditions or environmental factors and with the understanding that function-
al movement is central to what it means to be healthy”.

Physiotherapists are qualified and professionally required to:

e undertake a comprehensive examination/assessment of the patient/client
or needs of a client group

¢ evaluate the findings from the examination/assessment to make clinical
judgments regarding patients/clients

e formulate a diagnosis, prognosis within their expertise and determine when
patients/clients need to be referred to another professional

¢ implement a physiotherapist intervention/treatment programme

e defermine the outcomes of any interventions/treatments

¢ make recommendations for self-management

The first three bullet points describe the diagnostic process to obtfain information
about the patients’ clinical state and circumstances and about patient’s preferences
and actions (what a patient can or is willing to do) to ultimately arrive at a diagnosis
that guides the decision about appropriate intervention(s). The last three bullet points
describe the treatment process. It may be clear that the diagnostic process aims to
clarify the cause or causes of the health problem with which the patient consults the
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physiotherapist and that the intervention or interventions are matched to the identi-
fied cause(s) 2.

In this dissertation we refer to this match between the diagnostic process and inter-
vention process as "physiotherapeutic validity". In both processes, research evidence
should, where possible, be infegrated intfo the clinical decision making of the phys-
iotherapist. Conversely, scientific research must be sufficiently physiotherapeutically
valid in order to be able to franslate the results of this scientific research into daily
practice.

Models applied in physiotherapy

The International Classification of Diseases (ICD) is the classification system used in
the medical world for diagnosing and reporting diseases, disorders, injuries and other
related health conditions ?'.

Physiotherapists, most of the time, do not freat pathology but the consequences of
pathology where movement and function are threatened. A theoretical framework is
helpful to further operationalize the consequences of a pathology on movement and
function. Verbrugge and Jette reported in 1994 that “the disablement process” by
Nagi 2 could be used to describe the impact of pathology on physical functioning
(Figure 3).

Extra-individual factors

The main pathway

| Pathology }—>| Impairments }—>| Functional limitations }—>| Disability |

| Risk factors | | Intra-individual factors |

Figure 3: A model of The Disablement Proces %

In 2001, the World Health Organisation published “the International Classification of
Functioning, Disability and Health™ (ICF) 2. The ICF is a framework for describing and
organising information on functioning and disability. It provides a standard language
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and a conceptual basis for the definition and measurement of health and disability
(Figure 4). This model has the following domains: body functions and structures, ac-
fivities and participation. The ICF also lists environmental and personal factors that
interact with all these domains. In this manner, it enables the user to record useful
profiles of individuals’ functioning, disability and health in various domains. In ICF, the
term functioning refers to all body functions, activities and participation, while disabil-
ity is similarly an umbrella term for impairments, activity limitations and participation
restrictions.

| Extra-individual factors |

The main pathway

| Pathology }—>| Impairments }—>| Functional limitations }—>| Disability |

| Risk factors | | Intra-individual factors |

Figure 4: The ICF model #

The ICF model takes Nagi's patient-centered concepft further by expanding on how
contextual factors (personal factors and environmental factors) impact physical func-
fioning. This expansion represents an increased focus on how a disease or condition
can affect different people in different ways based on the person's unique situation.
It also reflects that there is focus on improving health instead of improving (or to cure)
the disease.

The ICF framework creates the possibility to describe physical functioning in differ-

ent domains and how contextual factors influence physical functioning. In order to

provide insight into a person’s physical functioning, one should strive to measure vari-

ables of each domain. Examples of these variables are for:

e Body functions: e.g., mobility of joint functions or muscle functions or movement
functions

e Body structure: e.g., structure of the nervous system or structure of extremities

e Activities: e.g., carrying, moving and handling objects or driving

e Participation: e.g., washing oneself or toileting, social activities, work, school, sports
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Describing physiotherapy treatment options as variables of the ICF can thus lead to
a common language in physiotherapy 2. The use of outcome measurement tools
that measure these variables can in turn help to franslate the outcomes into daily
practice.

Today, many evidence-based practice guidelines are being developed using the ICF
as the basis for describing and classifying care provided by physiotherapists to pa-
tients with a variety of musculoskeletal conditions 2°. Although we increasingly speak
a common language in physiotherapy, this has not yet resulted in the integration of
scientific evidence in our practice 8%,

In the past twenty-five years 3 approaches (models) for delivering health care have
been developed; the stepped care, stratified care and matched care approach 7.
These models reflect daily physiotherapy practice and can be explored in scientif-
ic research. Stepped care proposes that more conservative interventions should be
tried first, progressing to more complex interventions only when the simpler interven-
tions fail. A limitation is that stepped care may delay proper treatment .

The stratified care model attempts to categorize groups of patients into risk catego-
ries based on the risk for poor outcome, with matching intervention intensities. Strat-
ified care aims to provide more comprehensive treatment for those with high risk,
while allowing those with low risk o recover with litfle or no treatment. Thus, strafified
care individualizes the intervention based on the needs of the group #. A limitation
of strafified care is that risk identification does not identify the underlying mechanism
of why the patient is at low or high risk to develop a chronic condition 7. Matched
care is the new innovation approach in freatment and prevention %. Matched care
involves identifying those at higher risk; but unlike strafified care, it tailors the interven-
fion fo the individual patient’s particular risk issues. Therefore, matched care takes
also into account individual differences in people’s environments, and lifestyles 2. Of
the three models, aftention for matched care in the Netherlands is increasing, reports
the National Institute for Public Health and the Environment #. Possible advantages
of matched care are that targeting of treatments more specifically to the individual
patient has the potential to revolutionize healthcare delivery through improved ef-
fectiveness of treatments and reduced side-effects and associated costs *°. Matched
care is closely aligned with “physiotherapeutic validity” as described earlier. A limita-
fion of matched care is that accurate matching of interventions to profiles/risks is yet
under development.
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It can therefore be argued that physiotherapy clinical practice should focus on
matched care and as such it should be a form of personalized care. In the ideal phys-
iotherapy world, physiotherapists first determine if physiotherapy is indicated for this
specific patient. If so, the physiotherapist, as a part of the clinical reasoning process,
subgroups this patient, aiming fo match treatment to the patients’ signs and symp-
toms, including the results of diagnostic tests 231, In addition, the use of the correct
outcome measurement tools, for example ICF variables, is of great importance to
monitor and opfimise the freatment process. Both the diagnostic process and the
freatment process must therefore be recognizable in research into physiotherapy
care by the physiotherapist in order to optimize the clinical relevance of research.

To achieve relevant results for physiotherapy in scientific research, matching individ-
ual patients with the most appropriate treatment for their profile (matched care),
might be of great importance 32 and has consistently been a research priority for the
last few years 32,

Despite the fact that matched care seems to be a priority of the last few years, the
question remains to what extent matched care takes place in physiotherapeutic sci-
entific research. It is even questionable whether physiotherapy researchers agree on
which 'care' suits which patient.

Research into physiotherapy

We confinue with a discussion of forms of scientific research in which matched care
should be recognizable. Firstly, a Randomized Controlled Trial (RCT) specifically exam-
ines the effect of an infervention. Therefore, as a form of matched care, one might
expect a link between diagnostics and infervention. More specifically, one expects
a link between in - and exclusion criteria and the aim and/or working mechanism
of the infervention under research. Secondly, treatment-based classification systems,
as a form of matched care, suggest that treatment is based on a certain diagnos-
tic classification system. Finally, one might ask physiotherapy researchers themselves
which diagnostic information they use as a basis for their (matched) interventions, for
example with a Delphi method.

Randomised Controlled Trials

In a RCT it is of the utmost importance that the included intervention group has, for
example, an impairment, an activity limitation and/or a participation restriction which
the intervention aims to remedy. Thus, the impairment or activity limitation and/or
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participation restriction must be present in the included patient group. As such, the
impairment or activity limitation must therefore be diagnosed and defined as an in-
clusion criterion of a RCT. Therefore, a valid and reliable diagnostic process is essential.

Impairments and activity limitations can be measured using questionnaires or through
physical tests. However, questionnaires and physical tests do not necessarily measure
the same construct *. There are patients who report that an activity cannot be per-
formed, but in the exercise room it turns out to be possible, and vice versa. It may be
clear that capacity based measurement tools (i.e. physical test) and patient-self-re-
ported outcome measures (i.e. PROMS or questionnaires) of physical function assess
different aspects of physical functioning *#¥. Considering these different aspects in
the light of physiotherapeutic validity, it is important to use PROMs or physical tests in
RCTs, depending on the construct to be investigated. This construct must then match
with daily practice. The "physiotherapeutic validity" of RCTs in people with non-specif-
ic neck pain has not yet been subject to scientific scrutiny.

The CONSORT statement for RCTs recommends precise specification of trial processes
including details of the intervention being studied or components of that interven-
tion #. Despite this recommendation, health care providers in daily practice are not
provided with a complete description of the intervention in most RCTs. Glasziou et al
demonstrated that in back pain trials, only 13 % of the interventions could be replicat-
ed “#. Given the importance of adequate reporting of interventions in clinical trials,
the Template for Intervention Description and Replication (TIDieR) was developed by
Hoffman et al. ¥. The most frequently investigated physiotherapeutic interventions in
patients with non-specific neck pain are manipulations or mobilizations *°.

Treatment Based Classification Systems

A second way to match a specific intervention to the individual patient is to devel-
op classification systems that suggests specific freatments for specific subgroups, i.e.,
freatment-based classification systems (TBCSs). In other words, TBCSs should match
the outcome of a classification process (i.e., a diagnostic process) to specific inter-
vention(s) . The "physiotherapeutic validity" of TBCSs in people with non-specific neck
pain is unknown.

The Delphi method

The Delphi method is an appropriate method when aiming fo reach consensus in a
field where a lack of agreement or incomplete knowledge is evident ¥. The Delphi
method creates the opportunity to gather information from a group of international
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scientifically trained experts in treating patients with non-specific neck pain, without
the need of a meeting “. Scientifically tfrained experts can be expected to have an
unambiguous opinion about the physiotherapeutic validity of research results that
they integrate into their daily practice.

Therefore, a Delphi method is suitable for examining expert opinion by establishing
whether there is consensus on their clinical reasoning in people with non-specific neck
pain.

Clinical practice

In clinical practice, physiotherapists first determine if physiotherapy is indicated for
a patient. If so, they then, as a part of the clinical reasoning process, subgroup their
patients aiming to match their tfreatment to the signs and symptoms and results of the
diagnostic tests. Another important part of the clinical reasoning process is the use
of measurement instruments. Measurement instruments, such as PROMs and physical
tests are used to support and objectify the clinical reasoning process. Understanding
which measurement instruments are most suitable for use in the diagnostic and / or
therapeutic process is desirable. In addition, it is unclear how they support the clinical
reasoning process in patients with nonspecific neck pain.

The clinical reasoning process is complex and often includes a combination of inter-
ventions. Campbell et al # indicated that we first must understand working mecha-
nisms of unimodal interventions (such as mobilizations, strength fraining or pain edu-
cation) before combining them into multimodal interventions. Therefore, it is sensible
fo first reach consensus on the various aspects of the clinical reasoning process when
using unimodal inferventions in patients with non-specific neck pain. A linear clinical
reasoning process consists of three sequential phases: the diagnostic, the therapeutic
and the evaluative phase. In this thesis, we defined sequential linear clinical reasoning
as the transition from signs and symptoms to diagnostic tests, from diagnostic tests
to an intervention with matching treatment goals and the evaluation based on out-
come measurements related to the matched goals.

Aim of the dissertation
Physiotherapists should strive to substantiate their choices within the clinical reasoning

process by matching the results of diagnostic tools to the intervention they aim to
apply. This leads to a fundamental question that physiotherapists should be able to
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answer: why do they do what they do? This dissertation focuses on this fundamental
question.

The general aim of this dissertation is to gain insight intfo the physiotherapeutic validity
of physiotherapy research as in daily practice in subjects with non-specific neck pain.

Outline of the dissertation

The first aim of this dissertation was to systematically explore the literature in order to
assess whether the intervention matches the diagnostic process in RCTs and in TBCSs
in pafients with nonspecific neck pain (NSNP).

High quality RCTs are generally considered to provide the best evidence for interven-
fions as they tend to be highly internally valid. However, in addition fo high internal
validity, studies must also be of sufficient external validity in order to be able to gener-
alise the results to the population as seen in clinical practice *'. Several authors have
stressed the importance of assessing the clinical relevance of RCTs or external validity,
in addition to the internal validity 4243, A prerequisite for external validity is a recogniz-
able clinical reasoning process which can be verified and understood by clinicians.
Chapter 2 describes the critical appraisal of the clinical reasoning process in RCTs on
patients with NSNP.

The lack of proven effective physiotherapy interventions can potentially be explained
by heterogeneous research populations. One method of dealing with this hetero-
geneity is to match treatment more specifically to subgroups of patients with NSNP.
Studies have described the lack of evidence of accurate and reproducible classifi-
cation systems that aim fo subgroup patients into distinct subgroups with a matching
intervention 83844 Chapter 3 describes the critical appraisal of Treatment Based Clas-
sification Systems.

The second aim of this dissertation was to examine expert opinion regarding match-
ing inferventions to the results of the diagnostic process in patients with non-specific
neck pain.

Chapter 4 describes: 1) expert opinion on the indication for physiotherapy when a
patient’s only problem is pain, without other signs or symptoms or positive diagnostic
tests, 2) which measurement instruments are being used by experts to support their
clinical reasoning process, for which purpose (diagnostic or evaluative), 3) consensus

20
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regarding the use of unimodal interventions, i.e., sequential linear clinical reasoning.

The third aim of this thesis was to investigate, from the perspective of physiotherapeu-
fic validity, the most commonly used physiotherapy intervention, namely manipula-
fions or mobilizations, and their indication in patients with nonspecific neck pain. More
specifically, the aims were to assess how these interventions are described in the liter-
ature, to investigate the diagnostic accuracy tests that are used to indicate the need
for these inferventions and, to investigate the effect of mobilisations/manipulations in
a population with a matching indication for these interventions.

Chapter 5 describes the critical appraisal of the description of mobilisations and ma-
nipulations. The main aim was to assess if these interventions are described in such a
way that they are reproducible in daily practice.

After investigating the description of mobilizations and manipulations the diagnostic
process leading to these interventions was investigated in chapter é. A limited range
of motion (ROM) seems to be the most important criterion for experts as an indication
for mobilizations or manipulations. Diagnosis of a limited ROM can be made by asking
a diagnostic question or questions or by using one or more diagnostic tests. The diag-
nostic accuracy of a self-reported ROM test of the cervical spine in combination with
the best physical examination test per movement direction was investigated.

Finally, in chapter 7 we conducted an exploratory, practice-oriented pilot study into
matched treatments in patients with non-specific neck pain. We investigated the
change in ROM in patients with non-specific neck pain with and without a limited
ROM of the cervical spine after an intervention aimed at improving the ROM.

Chapter 8 addresses the main findings of our research and discusses its implications.
Recommendation for future research is presented.

21
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Abstract

Objective: Primarily fo evaluate the completeness of the description of the clinical
reasoning process in RCTs with patients with non-specific neck pain with an argued
or diagnosed cause i.e. an impairment or activity limitation. Secondly, to determine
the association between the completeness of the clinical reasoning process and the
degree of risk of bias.

Data Sources: Pubmed, Cinahl and PEDro were systematically searched from incep-
fion to July 2016.

Study Selection: RCTs (n=122) with patients with non-specific neck pain receiving
physiotherapy treatment published in English were included.

Data Exiraction: Data extraction included study characteristics and important fea-
tures of the clinical reasoning process based on the Hypothesis-Oriented Algorithm for
Clinicians Il (HOAC 11)].

Data Synthesis: Thirty-seven studies (30%) had a complete clinical reasoning process
of which 8 (6%) had a 'diagnosed cause' and 29 (24%) had an ‘argued cause’. The
Spearmans rho association between the extent of the clinical reasoning process and
the risk of bias was -0.2.

Conclusions: In the majority of studies (70%) the described clinical reasoning process
was incomplete. A very small proportion (6%) had a ‘diagnosed cause’. Therefore, a
betfter methodological quality does not necessarily imply a better described clinical
reasoning process.

Key Words: systematic review, neck pain, evidence based medicine, physiotherapy
modalities
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Infroduction

Non-specific neck pain is a major concern in the adult Western world population.
A recent review reports a 12-month prevalence ranging from 30%-50%, with activity
limitations ranging from 2-11%. About 10% of these patients will develop a chronic
pain disorder '. Additionally, neck pain poses an important socio-economic burden
on society because pain, stiffness or loss of mobility associated with neck pain often
results in utilization of diagnostic assessments and treatments 2. For effective tfreatment
of non-specific neck pain, physiotherapists should be able to rely, within their clinical
reasoning process, on the evidence from scientific research. However, scientific re-
search evidence is poorly integrated in physiotherapy *4. One possibility is that RCTs
do not reflect “real world” of physiotherapy clinical practice 4.

High quality randomized controlled trials (RCTs) are generally considered to provide
the best evidence for interventions as they tend to be highly internally valid. Internal
validity refers to how “well” the research was performed 7. High internal validity of the
included studies is of paramount importance as this determines the level of confi-
dence for making recommendations for treatment methods. However, in addition to
high internal validity, studies must also be of sufficient external validity in order to be
able to generalise the results to the population as seen in clinical practice 8. External
validity refers to the "“real world” applicability of the research findings or generally the
clinical relevance 7. Several authors have stressed the importance of assessing the
clinical relevance of RCTs, in addition to the internal validity #1°. A prerequisite for ex-
ternal validity is a recognisable clinical reasoning process which can be verified and
understood by clinicians.

An instrument that supports the description of the clinical reasoning process is the
Hypothesis-Oriented Algorithm for Clinicians II (HOAC 1I) ''. The HOAC Il provides a
systematic algorithm, consisting of key components, for the clinical reasoning pro-
cess of physiotherapists. Within this clinical reasoning process, hypothetico-deduc-
tive strategies '2and/or pattern recognition are used 3. In the clinical practice of a
physiotherapist a diagnostic strategy is used, which includes history taking and clari-
fication of the patients complaints, i.e. the patient-experienced problems. Next, the
physiotherapist needs to generate one or more (alternative) hypotheses as to the
cause or causes of the complaint. The HOAC defines the term “cause(s)” as the pos-
sible reason(s) for the neck pain or disability; i.e. impairments, limitations in activities or
restrictions in parficipation. These hypotheses guide the physical examination, which
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serves to refute or to confirm these hypotheses. The final clinical hypothesis guides the
choice for an intervention to eliminate or reduce the cause of the problem. Finally
outcome measures should be used to fest the clinical hypothesis. Unlike the HOAC Il
we consider these outcome measures as twofold:

1) at the level of the patient, i.e. they measure the patients complaint (problem relat-
ed outcome)

2) at the level of the physiotherapist. i.e. they measure the effect of the intervention
(infervention related outcome). In this way, there is a distinction between the imme-
diate effect of the intervention, reflecting the working mechanism of the intervention
and, the experienced effect of the patient 5.

A complete clinical reasoning process starts therefore with the physiotherapeutic di-
agnostic process. Diagnosis in physiotherapy is the result of a clinical reasoning pro-
cess which results in the identification of existing or potential impairments, limitations
in activities and restrictions in participation and of factors affecting functioning posi-
tively or negatively ¢V

The physiotherapist has fo determine which impairments, limitations in activities and
restrictions in participation are a potential cause or causes of the experienced prob-
lem of the patient. The dictionary definition of diagnosis is “the idenfification of the
nature of an iliness or other problem by examination of the symptoms” 8. Therefore,
part of the diagnostic process is performing one or more applicable test(s) for identi-
fying a possible cause of the patient experienced problem. In our paper we consider
this to be a ‘diagnosed cause’. In RCTs these fests should be used to make sure that
every participant actually has the assumed cause and can be included in the study.
When the diagnostic process only consists of propositions, of what could be a cause,
without testing, we consider this an ‘argued cause’. In RCTs this argumentation is of-
tfen found in the infroduction section. Hence, the main difference between a study
with a ‘diagnosed cause’ and an ‘argued cause’ is that in the “argued cause” stud-
ies it is possible that the study sample did not have an impairment or activity limitation
at all, despite a complaint of pain. In research it is of great importance to know if the
population under research actually did have the impairment or activity limitation the
intervention intents to influence. Without the presence of an impairment or activity
limitation, there is no need to infervene. This is why, unlike the HOAC, we distinguish
between a physiotherapeutic ‘diagnosed cause' and ‘argued cause’.
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Therefore the key components of the physiotherapeutic clinical reasoning process

based on the HOACII and extended with our distinction between problem versus

goal-related outcome and diagnosed versus argued cause are:

* a patient experienced problem (the complaint)

e acause (either diagnosed or argued)

¢ agoal aimed at the diagnosed impairment, activity limitation or restriction in par-
ficipation.

* amatched intervention to the goal

e an outcome measure related to the diagnosed cause (intervention related out-
come)

e an outcome measure related fo the patient’s experienced problem (problem
related outcome)

The assessment of the clinical relevance is increasingly important as evidenced by
the updated method guideline for systematic reviews in the Cochrane back and
neck group . Now they recommend to specifically describe the type, intensity, dos-
age, frequency and duration of freatment. However, there is still littfle attention to the
clinical reasoning process. Consequently, it remains unclear if risk of bias of a study is
associated with the extent to which this study used (and described) a clinical reason-
ing process.

Therefore, the research questions are:

* Are the key components of the clinical reasoning process described within the
methodology of RCTs on patients with non-specific neck pain?

e How many studies with a complete clinical reasoning process have a diagnosed
cause?

e Whatis the association between the extent of a complete clinical reasoning pro-
cess and the risk of bias¢

Methods

This systematic review is reported in accordance with the Preferred Reporting ltems
for Systematic Reviews and Meta-Analyses (PRISMA) statement 2,

Data sources and Searches
A comprehensive literature search was performed in MEDLINE, CINAHL and PE-
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Dro from inception to July 2016. The search was completed in collaboration with a
medical information specialist (JM)?'. A sensitive search strategy was developed for
MEDLINE with the acceptance of false positive findings (Appendix 1). To collect as
many potentially eligible RCTs as possible, the search strategy combined two primary
pathways. The first combined neck pain with physiotherapy and the second con-
cerned the combination neck pain with the subheadings “rehabilitation”, “therapy”
and “prevention and confrol” because these subheadings included most likely also
physiotherapy. The first and second pathways were combined with the Boolean term
“"OR". Subsequently, the outcome was limited for RCTs with the "Cochrane Highly
Sensitive Search Strategy” for identifying randomized trials”. In CINAHL the same strat-
egy was used as in MEDLINE with an adapted Cochrane search strategy. In PEDro the
Abstract and Title box was filled with “neck”, the problem box with “pain” and the
method box with "clinical trial”.

The selection process and data extraction were performed by two independent re-
searchers. The titles and abstracts were judged by these researchers based on the in-
and exclusion criteria. Full text was reviewed for hits that could not be excluded based
on title/abstract. Afterindependently selecting the studies, they discussed differences
until consensus was reached. If no consensus was reached, a third researcher (HW)
was consultfed and consensus was reached based on discussion between them.

Study selection

A study was included if it met the following criteria: full-text original article, published
in English, adult patients (>18 years old) with non-specific neck pain, mono disciplinary
physiotherapy intervention and randomized controlled trial (RCT). RCTs with mixed
population were included if the clinical reasoning process was described specifically
for patients with non-specific neck pain instead of a mixed population. Non-specific
neck pain was defined as pain (with or without radiation) located in the cervical spine
and/or occiput region and/or cervico thoracic junction and muscles originating from
the cervical region acting on the head and shoulders, without underlying pathology,
such as: frauma (fractures), infection, inflammatory disorders, neurologic pathology
or systemic disease '.

A study was excluded if: if the study was performed in patients with headache with
or without non-specific neck pain, temporomandibular joint dysfunctions or trigger
points in the trapezius region or trapezius myalgia. Also studies in patients with whip-
lash related neck pain were excluded.
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Data extraction and Quality assessment

Risk of bias was assessed using the PEDro scale 2. The Intra-class Correlation Coef-
ficient for consensus ratings is 0.68 (95% confidence interval 0.57-0.76) executed by
experienced assessors; therefore ratings from the physiotherapy evidence database
(www.pedro.org.au) were used 2. We considered a cut-off score of > 6 as high quali-
ty 4. When no score was available in the PEDro database, two authors independently
assessed the risk of bias.

Two a-priori data extraction forms were developed for this review. One form to score
patient and study characteristics of the RCTs (Appendix 2) and the other to score
the HOAC Il based clinical reasoning process rating scale (Table 1). To determine the
completeness of the clinical reasoning process a é-item scale was developed based
on the HOAC Il (Table 1). Two independent raters scored the RCTs on this scale. Differ-
ences were discussed until consensus was reached.

Data synthesis and analysis

We rated a clinical reasoning process complete if 1. an experienced problem was
described, 2. a cause was ‘diagnosed’ or ‘argued’, 3. the main goal of the interven-
tion was related to the ‘cause’, 4. the intervention matched the main goal, 5. the
intervention related outcome measure maftched the main goal of the physiothera-
pist and 6. the problem related outcome measure matched the patient-experienced
problem (Table 1). The rating scale is described in Table 1.

For each score on the HOAC Il based clinical reasoning process rating scale, there
was a prerequisite: there had to be a “+" score on the preceding item.

Without a clearly defined cause, it is not possible to define a clear goal and for that
reason it is not possible to match the intervention with intervention related outcome
measures. Therefore, all 6 items should be scored with af least “+" or 2" before we
scored the clinical reasoning process as complete.

Spearmans rho was calculated, to determine the association between PEDro scores
and the number of positive items on the HOAC Il based clinical reasoning process rat-
ing scale, using the software package of IBM SPSS Statistics 22.0 (SPSS Inc., Chicago,

).
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Table 1: HOAC Il based clinical reasoning process rating scale.

ltfems

Score

1 Is a patient-experienced +
problem described?

A patient-experienced problem, for example
pain or activity limitation must be described
as an inclusion criterion.

A patient-experienced problem is not
described as an inclusion criterion.

2 Is the cause of the problem ++
diagnosed or argued?

A cause is ‘diagnosed’ if a fest is used to
determine the cause of the patient-
experienced problem and that this fest is

described as an inclusion criterion.

+ A cause is ‘argued’ if the argumentation is
described in the infroduction section but
no further objectification took place as
an inclusion criterion

2 A cause is unclear if the argumentation
described in the infroduction is multi
interpretable.

- A cause is not described.

3 Is the main goal of the + The main goal of the intervention should
intervention(s) related to the be to eliminate the ‘argued’ or ‘diagnosed’
cause ¢ cause.

(as described in 2) = The main goal is not to eliminate the argued
or diagnosed goal.

4 Does the intervention(s) + The infervention should be aimed at achieving
match the main goal 2 the main goal.

(as described in 3) = The intervention is not focused on the main goal.

5 Does the intervention + The intervention related outcome measure
related outcome measure should measure the change of the cause.
match the direct goal? o There is no outcome measure that measure the
(as described in 3) change of the cause

6 Does the problem related o The problem related outcome measure should

outcome measure match

the patient experienced

problem 2 -
(as described in 1)

measure the change of the experienced
problem by the patient.

There is no outcome measure that measure the
chance in the patient-experienced problem.
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Results

The literature search retrieved 2799 studies. After removing the duplicates, 2331 re-
mained for further screening. Figure 1 describes the screening process. One hundred
and twenty-two studies were included %4,

Appendix 2 gives an overview of the participant and study characteristics. Sample
sizes varied from 9 74 to 393 '¥7 participants. Recruitment took place in various ways,
for example by newspaper advertisement or recruitment from different kind of clin-
ics. There were more female than male participants in the study populations. Twen-
ty-three (19%) studies included only females pursuing a homogeneous study popu-

lation. Ninety-eight (80%) studies included participants with chronic neck pain 22732
34-36, 38, 39, 41-43, 47-50, 53-64, 67, 69-74, 76, 77, 79-87, 90, 92-94, 97, 99-108,110-116, 119-121, 123-135, 137—746.

All RCTs reported pain as the most experienced problem by the participants 2514

Of the 122 studies thirty-seven studies, (30%) scored a complete clinical reasoning
process (Figure 2). Fifty-six studies (46%) scored "-" on item 2 (cause) of the rating
scale and therefore, the problem related outcome, matched intervention and inter-
vention related outcome measures also scored negative 2527 32 35 36,43, 45, 47:49, 54:57, 65,67, 66,

71-74,76, 78, 81-83, 91-95, 103,105,108, 110,114,117, 119, 120, 124, 125, 129,130, 132, 134, 135,137,138,140, 142, 144-146

Sixty-six RCTs (54%) described a cause of the experienced problem 2731 33 34,3742, 44,45, 50-53,
58-64, 66, 67, 69, 71,75, 77,79, 80, 84-90, 96-100, 102, 104, 107, 111-113, 115, 116,118, 121-123, 126-128, 131, 133, 136, 139, 141, 743.

Forty-six studies (38%) had an ‘argued’ or ‘unclear’ cause (the argued cause path-
Woy) 29, 34, 37-42, 44, 51, 53, 58-64, 66, 67, 69, 70, 75, 77, 84, 85, 88, 89, 98, 100, 102, 107, 112, 113, 116, 121-123,127,128, 131,133, 136,139,141, MZ'

Twenty studies (16%) scored a ‘diagnosed’ cause (the diagnosed cause pathway)*
,31, 33, 46, 50, 52, 79, 80, 86, 87, 90, 96, 97,99, 104,106, 111, 115, 118, 126.

The researched population in these 20 (16%) studies with a “diagnosed cause” ac-
fually had the impairment or activity limitation that the intervention intended to im-
prove. However 5 (4%) RCTs had no cause related goal and thereafter, 4 (3%) no
intervention related outcome measures. Therefore 11 (9%) of the included studies had
a diagnosed cause with at least one intervention related outcome measure 3 31 4
20,79, 80,8696, 97104111 - Of these 11 studies 8 (6%) presented also problem outcome meas-
ures and therefore completed the entire clinical reasoning process 0314650728087 The
detailed score of the components of the clinical reasoning process is described in
Appendix 3.
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Records identified through
Pubmed database searching

(n = 1262)

Identification

Screening

Eligibility

Included

Additional records identified through
PEARO and CINAHL database sear-
ching (duplicates removed)
(n=1537)

l

Records after duplicates removed

(n=2331)
Records excluded
(n =213¢)
Records screened

Title/abstract No RCT 790

(n= 2331) No non-spec neck pain 461

No PT 435

Specific pathology 183

Triggerpoint/Myalgia 87

Whiplash 85

Not English 41

Headache 4]

T™MD 13

Full-text articles excluded,
with reasons
Full-text articles assessed (n=73)
for eligibility

(n=195) No RCT 10
No non-spec neck pain 12
No PT 14
Specific pathology 16
Trigger point/Myalgia 7
Not English 9
Headache 3
Not full text available 2

Studies included in
qualitative synthesis
(n=122)
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The PEDro scores ranged from 2 to 10 with a median of seven. Because the majority,
87 (71%) of the studies, scored = 4, the overall methodological quality was high. Of
five studies no score was available in the PEDro database 70718182 124 Therefore the first
two authors assessed the Risk of Bias. Finally, there was a small negative correlation
between PEDro scores and the number of positive items on the HOAC Il based clinical
reasoning process rating scale (spearmans rho -0.2).

Discussion

This review illustrates that the minority of studies (n=37; 30%) describe the complete
clinical reasoning process, and that only a very small proportion of these studies with
a complete clinical reasoning process (n=8; 6%) had a ‘diagnosed cause’. In fact,
the HOAC Il key-component most frequently missing was the “cause” (either diag-
nosed or argued), with nearly half of the studies not describing any cause at all. It
could be argued that these are the ultimate “irial and error” RCTs because even an
argued cause, that is, an argued reason why the intervention could be effective, is
missing. The HOAC Il key-component most frequently described is the “intervention”.
This means that in all the included RCTs with a cause, the interventions were described
in ferms of a cause matching the predefined goals.

Only 11 (9%) of the included studies had a diagnosed cause with at least one in-
tervention related outcome measure 30 31- 46 50. 79, 80, 86,96, 97,104 111 These studies make
it possible to understand the clinical reasoning process used for the choice of the
intervention and what the intervention aimed to achieve (the goal). In contrast to
studies with a ‘diagnosed’ cause, in studies with “an argued cause” it remained un-
clear what the impairment, activity limitation or restriction in participation was. Thus,
it is possible that in these studies the population did not have an impairment, activity
limitation or restriction in participation at all. To illustrate; there were 5 studies aiming to
improve neck Range of Motion (ROM), but the authors did not find any improvement
in ROM 70.71.81.82.124 'However, their conclusion that the intervention had no effect on
ROM can be questioned as ROM at baseline was equal to norm values '¥. This could
occur because a diagnosed ROM limitation was not used as an inclusion criterion.
Although some participants could have a ROM limitation, the possibility remains lim-
ited to achieve a good result if norm values are measured at baseline. This example
clearly emphasises the need to define and measure specific impairments, activity
limitations or restriction in participation as inclusion criteria for participants.
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Recently, Hoffmann et al made recommendations to enhance the usability of sys-
tematic reviews'®, Within the PICO (Patient/Intervention/Comparison/Outcome) for-
mat the intervention should be given as much consideration as the other compo-
nents. They recommend the use of their Template for Intervention Description and
Replication (TIDierR) checklist '#. The TIDierR checklist and guide was published with
the specific aim of improving the completeness of reporting and ultimately the rep-
licability of interventions. The authors included an item into the TIDieR checklist to
describe any rationale, theory, or goal of the elements essential o the intervention
. This is to gain insight into the working mechanism of the intervention. They also
state that “the known or supposed mechanism of action of the active components
of the infervention should be described because if the active components of the
infervention were omitted, the infervention would be ineffective” as demonstrated in
our ‘ROM’ example.

Added to this, there is now a consensus statement about reporting spinal manipu-
lative therapy including the item “rationale of the therapy” ™. This also underpins
the need for a diagnosed impairment or activity limitation with matching goal of the
intervention and intervention related outcome to understand if an intervention is to
be effective and further understand its working mechanism. This knowledge is of the
utmost importance for the physiotherapist to make evidence based decisions during
the clinical reasoning process and, this knowledge is lacking in 91% of the RCTs includ-
ed in this review.

Finally we assessed if the risk of bias and clinical reasoning were correlated. There
was a small negative correlation of -0.2 of the PEDro scores with extent of the clini-
cal reasoning process. The negative score implies that lower risk of bias is associated
with lower complete clinical reasoning. These finding indicates that a better meth-
odological quality does not necessarily imply a better clinical reasoning process. As
stated earlier, the updated method guideline for systematic reviews in the Cochrane
back and neck group strongly advises the use of the TIDieR checklist for describing
the intervention 7. However, the clinical reasoning process is broader and was more
optimally represented in the previous edition in the Cochrane back and neck group
guideline ?. For the next version of the guideline we strongly advise to consider incor-
porating assessment of the clinical reasoning process, or otherwise to at least include
a description of the diagnostic process, so it becomes possible to asses if the popu-
lation under research had the impairment or activity limitation that the intervention
intended to improve.
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This systematic review (SR) has limitations. Firstly, we did not request additional infor-
mation from authors. Authors may not have reported clinical reasoning while in fact
it did take place. Therefore it is possible that a negative score was given despite
the fact that clinical reasoning has taken place. However, the main omission in the
scored clinical reasoning processes was the diagnostic process. Diagnostic inclusion
criteria objectify the assumed cause of the experienced problem and were used in
only 16% of the RCTs. In addition, it is unlikely that authors forget fo mention inclusion
criteria. Hence, it is not expected that an unfair negative score, due to unreported
clinical reasoning, will offen occur.

Secondly, Itis possible that researchers have adopted a different framework or model
that underpins the choice of the intervention. However many other models of clinical
reasoning in physiotherapy all use a diagnostic process to substantiate the choice
of intervention'?'1153, Furthermore, the WCPT policy statement: "Description of physi-
cal therapy” stated that: “physiotherapist are professionally required to undertake a
comprehensive examination/assessment of the patient/client”, thereby clearly illus-
frating that a diagnostic process is a conditional part of the physiotherapeutic pro-
cess . Despite the importance of the diagnostic process, our review highlights that
the absence of a diagnostic process is the main omission in the included studies.

Thirdly, we realise that there is no Gold Standard for clinical reasoning. We developed
a scoring list by using the HOAC Il steps. The HOAC Il has two advantages. First, it is
compatible with “the guide to physiotherapist practice’s ''. This ensures that the HOAC
is in line with daily physiotherapy practice. Second, in the structure of the HOAC Il the
hypothetico-deductive reasoning model is incorporated. The advantage here is that
this model has its roots in the empirical-analytical research paradigm matching the
RCT methodology '2. In summary, the HOAC Ilis consistent with the physiotherapy pro-
cess and in line with the RCT methodology. In addition, although scoring the clinical
reasoning process is subjective, by using the HOAC as a scoring tool we are confident
that the scorings system is at least more transparent. Finally, we only judged wheth-
er the key components were present, not whether the components were valid. This
could be subject to further study.

A strength of this study is the large number of included sftudies. As we anticipated

finding a large body of RCTs as we used a sensitive search strategy, strict inclusion and
exclusion criteria were applied and myalgia, whiplash and headache were excluded
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in order to include a homogeneous population with non-specific neck pain. Because
of the sensitive search it is not expected that many studies have been missed, or that
these missed studies (if any) will have a substantial impact on our main findings. An-
other strength was the use of the PEDro ratings. The reliability of PEDro scores is known
for trained raters 2%, Therefore, we adopted the scores from the PEDro organisation
website, because trained raters performed their ratings. This way we made sure that
the listed scores are of sufficient reliability.

To our knowledge, this is the first systematic review that provides an overview of the
completeness of the clinical reasoning process of RCT's in patients with non-specific
neck. In the non-specific neck pain literature we found only one review of Kjellmann
et al with similarities to this study'®. It concerned patients with neck pain but they
also included specific pathology. In contrast to our study, they evaluate the inclusion
criteria, intervention and outcome measures. They reported that no study used func-
fional limitations as an inclusion criterion. In fact, none of their included RCTs had a
diagnosed problem as an inclusion other than a specific pathology. They also found
a great diversity in inferventions and that mostly PROMS were used as outcome meas-
ures with the exception of ROM as a regularly used impairment outcome measure.
Our study more or less confirms these findings. Despite a different research population,
a study of Hoogeboom et al also shows similarities with our study'**. In contrast to our
study they scored part of the clinical reasoning process where they specifically target-
ed the validity of the intervention. The best comparable item was the match between
the diagnosed cause and the intervention. They scored a match in 8% of the studies,
which is quiet comparable with our score of 12%.

Future research should focus on all key elements discussed in this review. Diagnos-
fic tests should be reported as inclusion criteria with their matching interventions. In
addition, measurement properties of these tests should be reported. This is equally
important for the reporting of appropriate outcome measures, which should include
both intervention and patient related outcomes. For example; two studies with a
complete clinical reasoning process about endurance training showed good resulfs
on intervention related outcome measures however, poor results on problem related
outcome measures ¥, The use of problem related outcome measures could have
led, unjustly, fo the conclusion that this intervention had no effect. This underpins the
importance of using both types of outcomes measures.
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The outcome of diagnostic tests should lead to relevant subgroups matching the cho-
sen intervention. This fits within the current discussion about subgroups and classifica-
fion systems and the need to develop targeted tfreatments for known impairments
and activity limitations or developed classification systems for patients with non-spe-
cific neck pain '>>1%, We hope that this review contributes to the subgroup discussion.

In summary a complete line of clinical reasoning appears to be of paramount impor-
tance for the examination of a specific intervention with its matching specific effect in
order to understand working mechanisms of interventions. In general, this study was a
first step to provide insight in the completeness of the clinical reasoning process within
RCTs on non-specific neck pain.

In conclusion: In the majority of studies no complete clinical reasoning process was
described, therefore lacking, to a large extent, the external validity. A very small pro-
portion (9%) had an diagnosed cause with a matching intervention and intervention
related outcome measures, thereby determining what needs to be freated and if the
goal of the intervention was reached. Finally, the small negative correlation between
the extent of the clinical reasoning process and the risk of bias, indicates that a better
methodological quality does not necessarily imply a better clinical reasoning process.
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Appendix 1: Medline search

((("Neck Pain"[Mesh] OR “neck pain”[fiab] OR neckache*[tiab] OR “neck ache”[-
fiab] OR “neck aches”[tiab] OR cervicodynia*[tiab] OR cervicalgia*[tiab]) AND
(“Physical therapy Modadalities”[Mesh] OR “physical therapy”[fiab] OR “physical ther-
apy”[tiab] OR “physical therapies”[tiab] OR “manual therapy”[tiab] OR “manual
therapies”[tiab])) OR (“Neck Pain/rehabilitation”[Mesh] OR “Neck Pain/therapy-
"[Mesh] OR "Neck Pain/prevention and control”’[Mesh])) AND (randomized con-
frolled trial[pt] OR controlled clinical trial[pt] OR randomized|tiab] OR placebo(tiab]
OR drug therapy[sh] OR randomly[tiab] OR trial[tiab] OR groups([tiab]) NOT (ani-
mals[mh] NOT (animals[mh] AND humans[mh]))
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Abstract

Objective: We aimed fto identify published classification systems with a targeted
freatment approach (freatment-based classification systems (TBCSs)) for patients
with non-specific neck pain, and assess their quality and effectiveness.

Design: Systematic review.

Data sources: MEDLINE, CINAHL, EMBASE, PEDro and the grey literature were system-
atically searched from inception to December 2019.

Study appraisal and synthesis: The main selection criterium was a TBCS for patients
with non-specific neck pain with physiotherapeutic interventions. For data extraction
of descriptive data and quality assessment we used the framework developed by
Buchbinder et al. We considered as score of < 3 as low quality, a score between 3
and 5 as moderate quality and a score > 5 as good quality. To assess the risk of bias
of studies concerning the effectiveness of TBCSs (only randomized clinical frials (RCTs)
were included) we used the PEDro scale. We considered a score of > six points on this
scale as low risk of bias.

Results: Out of 7664 initial references we included 13 studies. The overall quality of the
TBCSs ranged from low tfo moderate. We found two RCTs, both with low risk of bias,
evaluating the effectiveness of two TBCSs compared to alternative freatments. The
results showed that both TBCSs were not superior to alternative treatments.

Conclusion: Existing TBCSs are, at best, of moderate quality. In addition, TBCSs were
not shown to be more effective than alternatives. Therefore using these TBCSs in daily

practice is not recommended.

Keywords: Treatment-based classification system; Neck pain,; Physiotherapy; System-
atic review
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Infroduction

Neck pain is the fourth major cause of disability worldwide '. In 2010, the proportion of
Years Lived with Disability (YLDs) from all musculoskeletal disorders (MSK) was 21.3% of
the total proportion of YLDs. Neck pain was responsible for 20.1% of the total propor-
fion due to MSK 2. In 2015, more than a third of a billion people worldwide had neck
pain of more than 3 months duration 2.

At least six Cochrane reviews focussing on physiotherapy interventions for patients
with neck pain reported inconclusive evidence for their effectiveness 7. This may be
due to heterogeneity of the study population.

One method to deal with this heterogeneity is to match treatment more specifically
fo subgroups of patients with “non-specific pain”. Matching groups of patients with
the most appropriate treatment for their risk profile or with freatment that they are
most likely to benefit from, i.e. stratified or matched care '°, has been a research pri-
ority for the last few years ' as it might increase the effectiveness of the interventions
12, However, studies have described the lack of evidence of accurate and reproduc-
ible classification systems that aim to subgroup patients into distinct subgroups with a
matching intervention (freatment-based classification systems (TBCSs)) '35,

The development of a TBCS can be achieved through a (clinical) judgement ap-
proach and/or a statistical approach '¢. The judgment approach relies on three types
of judgment: (1) traditional custom (to identify the variables in the literature that have
been suggested to be the most important); (2) conventional wisdom (common, but
unpublished, beliefs of the clinical community); and (3) personal experience (the de-
velopers' own clinical experiences). The statistical approach relies on one, or a com-
bination of, statistical procedures (e.g. cluster analysis) designed to identify variables
that can be used to distinguish subgroups of patients.

Our overall aim is to gain more insight into existing TBCSs and their potential for treat-
ment in people with non-specific neck pain. Therefore, we aim to identify published
classification systems with a targeted freatment approach (TBCSs) for patients with
non-specific neck pain, and assess their quality and effectiveness.
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Methods

Design.

This systematic review is reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement 7 and registered in the in-
ternational prospective register of systematic reviews PROSPERO (CRD 42018087763).

Data sources and Searches.

A sensitive electronic search was completed in collaboration with a medical informa-
fion specialist, in MEDLINE, CINAHL, EMBASE and PEDro. All databases were searched
from inception to December 2019. A MEDLINE search of first authors or the name of
the included TBCSs was performed, to include any additional published research. To
identify grey literature, we searched the following electronic sources: DART-Europe
E-theses Portal, Open Access Theses and Dissertations, Networked Digital Library of
Theses and Dissertations (NDLTD), ClinicalTrials.gov and WHO International Clinical Tri-
als Registry Platform (ICTRP) The search strategies for PUBMED, CINAHL, EMBASE, PEDro
and the grey literature are described in Appendix 1.

Study selection.

We defined the following selection criteria:

1) Design

For the description of TBCSs we included studies on the development of TBCSs. To
assess quality of the research into the TBCSs, we included, in addition to studies on
the development, studies that investigated the quality of the TBCS such as reliability
studies. To assess the effectiveness we included only Randomized Control Trials (RCTs)
comparing TBCSs to control conditions or usual care. Case reports and case series
were excluded for this review.

2) Population

Studies were eligible when including adult patients (> 18 years of age) with non-spe-
cific neck pain. Non-specific neck pain was defined as pain (with or without radiation)
located in the cervical spine and/or occiput region and/or cervicothoracic junction
and muscles originating from the cervical region acting on the head and shoulders,
without underlying pathology (18). A study was excluded if the study was performed
in patients with whiplash, headache of non-cervicogenic origin or in patients with
temporomandibular joint dysfunctions only.
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3) Intervention
TBCSs should include physiotherapeutic interventions. Chiropractic care or osteopa-
thy were not considered to be physiotherapeutic interventions.

Two reviewers (FM, JP) independently reviewed the fitles, abstracts and the papers
retrieved for full text based on the inclusion and exclusion criteria. Differences were
discussed until consensus was reached. In case of persistent disagreement, a third
independent reviewer (HW) was consulted.

Data extraction and Quality assessment

Description

We used a framework, used in multiple reviews, to describe the characteristics of a
classification system . This framework consists of seven items: purpose of the study;
method of development (i.e. based on a clinical judgment or using statistical meth-
ods); domain of interest (patient population and setting); specific exclusions for pa-
fients (i.e. exclusion criteria), one or more categories to name the specific subgroup;
criteria used to assign patfients to the subgroup; and, finally, freatment matching the
categories.

Quality

A scoring system, using seven criteria, was developed to critically appraise the quality
of the TBCSs: purpose, content validity, face validity, feasibility, construct validity, (di-
agnostic) reliability, and generalizability ', see Table 1. The overall inter-rater reliability
of the Buchbinder scale had an Intraclass Correlation Coefficient (ICC) of 0.82 7. In
this article, we will refer to these seven criteria as the “Buchbinder appraisal scale”. A
score of one point (= yes) was awarded for meeting a criterion, a half point for par-
fially meeting a criterion, and zero points (= no) for not meeting a criterion or being
unable to score due to lack of evidence or information. Scores were summed up and
in fotal the score could range from 0 - 7.

Two authors (FM, JP) independently extracted the data, using the guidance as de-
scribed previously '¢. We pilot tested the data extraction on two articles not selected
for this review.

Regarding the reliability criterion of the Buchbinder appraisal scale, the inter and/or

infra reliability had to be weighted. For this weighting we used the following classifi-
cation for interpretation of Cohen's kappa values: 0-0.4 slight to fair (= score of "0"
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Table 1:
Criteria used to appraise the quality of treatment based classification systems '

Criteria Description

Purpose Is the purpose, population and setting clearly specified?

Content Is the domain and all specific exclusions from the domain clearly specified?
validity Are all relevant categories included?

Is the breakdown of categories appropriate, considering the purpose?2

Are the categories mutually exclusive?

Was the method of development appropriate2*

If multiaxial, are criteria of content validity satisfied for each additional axis?

Face Is the nomenclature used to label the categories satisfactory?

validity Are the terms used based upon empirical (directly observable) evidence?
Are the criteria for determining inclusion info each category clearly
specified?
If yes do these criteria appear reasonable?
Have the criteria been demonstrated to have reliability or validity?2
Are the definitions of criteria clearly specified?
If multiaxial are criteria of face validity satisfied for each additional axis?

Feasibility Is the classification simple to understand?
Is classification easy to perform?
Does it rely on clinical examination alone?2
Are special skills, tools and/or fraining required?
How long does it take to performeg**

Construct Does it discriminate between entities that are thought to be different
validity in a way appropriate for the purpose?
Does it perform satisfactorily when compared to other classification systems
which classify the same domain?

Reliability Does the classification system provide consistent results when classifying the
same conditions?

Is the intra-observer and inter-observer reliability satisfactory?

Generalisability Has it been used in other studies and/or setfingse***

Operationalisation after pilot testing.

*Judgement based development. A Yes when more methods were used besides the judgement of one person or small
group of physiotherapists such as reviewing the literature. If one method was used a score of Partial and if it was unclear how
a judgement had been formed we scored No.

*How long does the TBCS take to perform. Achievable in a standard physiotherapeutic examination of 30 minutes as Yes, if
not as Partial and No if the amount of time remained unclear.

***Has it been used in other studies and/or settings? We scored a Yes if the other study, that applied the TBCS, also included
a non-specific neck pain population, a No if it has been used in other populations or has not been used at all in other studies.
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on the Buchbinder scale), 0.4-0.8 moderate to substantial (= score of “0.5” on the
Buchbinder scale) and >0.8 almost perfect (= score of “1" on the Buchbinder scale)?.
For the ICC we used 0-0.5 as poor (= score of “0" on the Buchbinder scale), 0.5-0.75
as moderate (score of "0.5” on the Buchbinder scale) and >0.75 as good (= score of
“1" on the Buchbinder scale)?'.

Effectiveness

We assessed the risk of bias of the RCTs using the PEDro scale (www.pedro.org.au)?.
The PEDro scale has moderate-to-good reliability with an ICC of 0.68 (95% confidence
interval (Cl) 0.57 to 0.76)%. We considered RCTs with a score of > six points on the PE-
Dro scale as studies with a low risk of bias 2.

Data synthesis and analysis

We considered the quality of a TBCS on the Buchbinder scale to be low if the score
was < 3, fo be moderate if the score was between 3 and 5, and to be good as
the score was > 5. We described the characteristics of the TBCSs included and their
quality narratively. Concerning the effectiveness, we assessed the between group
differences on the primary outcomes (pain and/or disability), that is, between the
TBCS under investigation and the comparator intervention. The clinical relevance was
assessed on the basis of the Minimal Important Change (MIC) if it was known for the
used outcome measures.

Results

Search results for TBCSs

The literature search refrieved 7664 studies: after removing duplicates, 6051 remained
for further screening. Figure 1 describes the screening process. No additional studies
from the grey literature were included. Eighteen studies were included in the qualita-
five syntheses, i.e. the description of TBCSs and their quality 2542,

We identified 13 different TBCSs 25:263032:3¢:38-42 Two TBCSs were very similar, but not iden-
fical 2634, Fritz et al. used the proposed classification system from Childs et al. to devel-
op an algorithm to prioritize the findings and place each patient into a classification
category. This algorithm is slightly different from that of Childs et al. ?¢ due to differ-
ences in criteria and interventions (Table 3). Therefore, we included both as separate
TBCSs and considered both studies as development studies.
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Description of TBCSs

The characteristics of the TBCSs are presented in Tables 2 and 3. Table 2 describes
the purpose of the TBCS, the method of development, the domain of interest and
the specific exclusions, so when not to use the TBCS. For example, one TBCS aimed
fo develop a classification system to classify patients with non-specific neck pain into
prognostic risk groups 2. The method of development was judgement-based in which
only a small group of experts was involved. It also included a literature review and
the domain of interest was patients with non-specific neck pain. They described no
specific exclusion criteria which means that this TBCS can be applied to every patient
with non-specific neck pain.

Table 3 presents the TBCSs and the criteria they use to subgroup patients and the
freatments that are matched to each subgroup. For example, the above mentioned
TBCS had three categories (low, moderate and high risk for persisting disability) with
their own criterion (i.e. the score on the StartBackTool) with freatments for each cri-
ferion.

Six (out of 13) TBCSs followed a statistical approach 3335341 and are all referred to as

Clinical Prediction Rules (CPRs) #4344 Seven TBCSs used a judgment-based approach
25,26,32,34,36,38,42'

Quality of TBCSs

The percentage agreement between the raters was 100% on purpose, face validity,
construct validity and reliability, 92% on content validity and generalizability and 83%
on feasibility and the total score (see Table 2, Figure 2 and Appendix 2).

We included five reliability studies 25272734 for four TBCSs: STarT Back tool, McKenzie
system, Cleland classification system and Fritz 2530343¢_ The reliability scores varied be-
tween 0.56 and 0.95. Three TBCSs scored half a point on the Buchbinder appraisal
scale for the reliability criterion, and only the Fritz system had a score of one point on
the Buchbinder scale.

Four TBCSs had the lowest overall quality score of 2.5 point (out of 7) 26323842 while one
TBCS gained the highest score of 5 (out of 7) points 2°. We found for all TBCSs that the
criterion ‘construct validity’ scored zero and the criterion ‘purpose’ scored one. Four
TBCSs were also used in other seftings than in the studies describing the development
of the TBCSs %454 sypporting the generalizability of these TBCSs. Figure 2 shows the
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Identification

Screening

Eligibility

Included

Records identified through Grev Literat
rey Literature
database searching y
Dart Europe 73
Database (interface) Records . .
MEDLINE (PubMed) 0237 Open access theses and dissertations 203
ubMe
NDLTD 327
CINAHL (EBSCO) 1968 o )
. ClinicalTrials.gov 317
EMBASE (Elsevier) 2367
PED 3 WHO ICTR 19
ro
Records after duplicates removed
(n=6051)
Records excluded
Records screened (n = 6009)
Title/abstract No physiotherapeutic
(n=6051) classification system 5659
No physiotherapy 180
No non-spec neck pain 123
Case report/case series 29
Whiplash 18
v Full-text articles excluded,
Full-text articles assessed (n=24)
for eligibility No physiotherapeutic
(n=42) classification system 23
Case report/case series 1

Y

18 studies included in qualitative synthesis

13 Treatment-Based Classification Systems

2 RCTs
5 Reliability studies

Figure 1: Flowchart of articles reviewed
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summary of the quality of the 13 classification systems. The overall quality of the TBCSs
ranged from low o moderate.

Effectiveness of TBCSs
Two RCTs investigated the effectiveness of two TBCSs: the Cleland classification sys-
tem and the McKenzie system 3%,

The Cleland study investigated the effect of four intervention groups: these were mao-
nipulation plus exercise, with one group positive and one group negative on the CPR;
and exercise only, with one group positive and one group negative on the CPR (=rule
status). The authors found no stafistical significant mean differences, nor clinically rele-
vant differences “# on function (the Neck disability index (NDI)) for + CPR vs — CPR) of
-0.68 (95 % CI-3.1 to 1,7) and of 0.9 (95% CI-0.3 to 0.49) or pain (Numeric Pain Rating
Scale (NPRS))This finding does not support the use of the CPR 3.

Concerning the McKenzie system; one study compared the effectiveness of three
groups: McKenzie treatment, general exercise and a control group ¥. The control
group received ultrasound administered atf the lowest intensity possible and with
the indicator lights on. They found no statistically significant (nor clinically relevant)
between-group differences. Results after six months were: Pain (Visual Analog Scale
(VAS)): McKenzie 21 (SD 17), general exercise 23 (SD 26) and control group 27 (SD 23);
function (NDI): McKenzie 15 (SD 12), general exercise 17 (SD 17) and conftrol group
18 (SD 15). Both studies had a low risk of bias score on the PEDro scale (https://www.
pedro.org.au).

Purpose

Confent Validity
Face Validity
Feasibility
Construct Validity
Reliability

Generalizability

. Yes . Partial No

Figure 2: Quality summary of the 13 classification systems, based on the appraisal tool
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Discussion

Main results

This systematic review identified a total of 13 TBCSs. The overall quality of the TBCSs
ranged from low fo moderate. We found two randomized clinical frials, with low risk of
bias, evaluating the effectiveness of two TBCSs, showing that they were not superior
to alternative freatments.

Discussion of findings

No statistically-derived TBCS scored the maximum of one point for the face validity
criterion because there is no clear relation (in the clinical sense) between the items of
the TBCSs and their presumed matching interventions. For statistically-derived TBCSs
tfo make predictions about an individual response to a treatment it does not matter
how the variables relate to the intervention, as long as they are predictive of the
outcome. Therefore, face validity seems to plays no direct role in statistically-derived
TBCSs. However, in the methodological standards for derivation of a statistically-de-
rived TBCS, it was stated that such a TBCS has to make “clinical sense™ .

Judgement based TBCSs also had poor face validity. Exemplary for this was that many
criteria of the framework did not match the interventions. For example, the cate-
gory ‘Exercise and condifioning’ with the intervention ‘Strengthening exercises’ for
deep neck muscles and upper-quarter muscles. In this category, is at least one diag-
nostic criterion that relates to reduced muscle strength seems to be missing. If mus-
cle strength is not reduced, why apply ‘Strengthening exercises’. Or in other words,
how could muscle strength be effective if muscle strength is not reduced in the first
place®. Apparently, it is difficult to link diagnostic criteria to clinically-relevant match-
ing interventions. A further explanation for moderate-to-low face validity may be the
lack of convincing evidence for which subgroups should be matched to which treat-
menfts. In a recently-published systematic review, RCTs typically lacked a clear and
recognizable clinical reasoning process .

We were not able to appraise the construct validity as none of the included studies
compared their TBCS (or parts of this TBCS) to other relevant classification systems. Al-
though this may be challenging, we still think it is important to establish the construct
validity of a TBCS.
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Comparison with other literature

Our study is broadly in line with a recent published review. This review only included
stafistically-derived TBCSs but came to the same conclusions and also recommended
not to use statistically-derived TBCSs in daily practice . Another review that critically
appraised statistically-derived TBCSs focused on musculoskeletal conditions® con-
cluded that “at present, there is little evidence that statistically-derived TBCSs can be
used to predict effects of treatment for musculoskeletal conditions".

Strengths and weaknesses

As far as we know, this review is the first review focusing specifically on TBCSs in pa-
fients with non-specific neck pain, but its results should be interpreted in the light of
some limitations. First, the validity of the Buchbinder scale has not been established.
In addition, as the quality criteria of the Buchbinder scale could not always be clearly
operationalized, this may have affected scores. To overcome this limitation, we de-
fined, a-priori, agreements how to score (based on the pilot test). A strength of this
study was the use of sensitive search strategies in multiple databases, developed in
collaboration with a medical information specialist, and also the searching of grey
literature to avoid missing relevant studies *.

Implications

One important feature of a TBCS is the clinical relevance *°. For most of the included
TBCSs, the clinical relevance was not always clear. Therefore, if we continue to devel-
op TBCSs, attention should be paid to the clinical relevance within the design.

Only two of the 13 TBCSs were evaluated on the impact on clinical outcomes. As only
TBCSs that have an impact in daily practice should be recommended, we recom-
mend fo evaluate the impact of existing TBCS instead of developing new ones %,
Due fo the low to moderate quality and the lack of effectiveness of the existing TBCSs
we do not recommend their use in daily clinical practice.

In conclusion, we identified 13 TBCSs with overall a low to moderate quality. In addi-
tion, the effectiveness of the majority of these TBCSs was not evaluated. Two TBCSs
were evaluated on effectiveness and found fo be equally effective compared to
other approaches. Furthermore, the clinical relevance of the included TBCSs was not
always clear. Therefore, we conclude that these TBCSs should not be used in clinical
practice.
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Appendix 1: Search strategies

Pubmed

("Neck Pain"[Mesh] OR "neck pain"[tiab] OR neckache*[tiab] OR "neck ache"[tfiab] OR "neck aches"[tiab] OR
cervicodynia*[tiab] OR cervicalgia*[tiab])

AND

(algorithm*[Title/Abstract] OR "Algorithms"[Mesh] OR "Classification"[Mesh] OR "Prognosis'[Mesh:NoExp] OR
"Physical Examination"[Mesh] OR "Clinical Decision-Making"[Mesh] OR clinical decision making[Title/Abstract]
OR predict*[Title/Abstract] OR taxonom*[Title/Abstract] OR classif*[Title/Abstract] OR prognos*[Title/Abstract]
OR subgroup*[Title/Abstract])

AND

("Treatment Outcome"[Mesh] OR "Rehabilitation"[Mesh] OR "Physical Therapy Modalities'[Mesh] OR physio-
therap*[Title/Abstract] OR physical therap*[Title/Abstract] OR treatment(Title/Abstract] OR rehabilitation|[Ti-
tle/Abstract])

Cinahl

(MH "Neck Pain") OR "neck pain" OR neckache* OR "neck ache" OR "neck aches" OR cervicodynia OR
cervicalgia)

AND

(MH "Physical Examination+") OR (MH "Physical Therapy Assessment") OR (MH "Predictive Value of Tests") OR
(MH "Prognosis+") OR (MH "Classification”) OR (MH "Decision Making, Clinical') OR MH "Algorithms" OR "clinical
decision making" OR "physical examination” OR predict* OR taxonom* OR classif* OR prognos* OR subgroup*
OR algorithm*)

AND

(MH "Physical Therapy+" OR MH "Treatment Outcomes+" MH "Rehabilitation+" OR physiotherap* OR physical
therap* OR freatment OR rehabilitation)

Embase

('neck pain'/exp OR 'neck pain':ab,ti OR neckache*:ab,ti OR 'neck ache':ab,ti OR 'neck aches':ab,ti OR
cervicodynia*:ab,ti OR cervicalgia*:ab, i)

AND

(‘classification algorithm'/exp OR 'clinical decision making'/exp OR 'prognosis'/exp OR 'prognosis':ab,ti OR
‘classification'/exp OR 'classification:ab, i OR 'prediction’/exp OR 'prediction’:ab,ti OR 'clinical decision
making':ab,ti OR predict*:ab,ti OR taxonom*:ab,ti OR classif*:ab,ti OR prognos*:ab,ti OR subgroup*:ab,ti OR
algorithm*:ab, ti)

AND

(‘rehabilitation'/exp OR 'physiotherapy'/exp OR 'treatment outcome'/exp OR 'physical therap*':ab,ti OR phys-
ioterap*:ab,ti OR treatment:ab,ti OR rehabilitation:ab, ti)

PEDro

Abstract and Title: Classif*

Problem: Pain

Body part: Head or neck

Grey literature databases

. Dart Europe: “neck” AND “classification”

. Open access Theses and Dissertations: “neck” AND “classification”

. NDLTD: “neck” AND classification”

. Clinical trials.gov: “neck” AND “classification”

. WHO ICTRP: “neck” AND “classification”
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Abstract

Background: Neck pain is the fourth major cause of disability worldwide but sufficient
evidence regarding treatment is not available. This study is a first exploratory attempt
fo gain insight info and consensus on the clinical reasoning of experts in patients with
non-specific neck pain.

Objective: First, we aimed fo inventory expert opinions regarding the indication for
physiotherapy when, other than neck pain, no positive signs and symptoms and no
positive diagnostic tests are present.

Secondly, we aimed to deftermine which measurement insfruments are being used
and when they are used to support and objectify the clinical reasoning process.
Finally, we wanted to establish consensus among experts regarding the use of uni-
modal inferventions in patients with non-specific neck pain, i.e. their sequential linear
clinical reasoning.

Study design: A Delphi study.

Methods: A Web-based Delphi study was conducted. Fifteen experts (feachers and
researchers) participated.

Results: Pain alone was deemed not be an indication for physiotherapy treatment.
PROMs are mainly used for evaluative purposes and physical tests for diagnostic and
evaluative purposes. Eighteen different variants of sequential linear clinical reasoning
were investigated within our Delphi study. Only é out of 18 variants of sequential linear
clinical reasoning reached more than 50% consensus.

Conclusion: Pain alone is not an indication for physiotherapy. Insight has been ob-
tained into which measurement instruments are used and when they are used. Con-

sensus about sequential linear lines of clinical reasoning was poor.

Keywords: Non-specific neck pain, Physiotherapy, Evidence based medicine,
Delphi study
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Infroduction

Neck pain is the fourth major cause of disability worldwide'. The prevalence for neck
pain in the world was 4.9% in 2010. The total disability burden from musculoskeletal
disorders (MSK) measured as Years Lived with Disability (YLDs), was 21.3% of which
20.1% as a result of neck pain 2. Moreover, from 1990 to 2010, the disability burden at-
fributable to MSK disorders increased by 46%. It is further expected that this burden will
increase in the coming years.2 Therefore, effective freatment methods are necessary.
There is no conclusive evidence regarding specific pathology in the majority of cases
of acute or chronic neck pain, therefore, most cases are labeled as nonspecific neck
pain or neck pain of unknown origin, without further subdivision into subgroups 2.

The most frequently used interventions for the treatment of neck pain are exercises,
manipulative therapies, mobilization, massage, and multidisciplinary biopsychosocial
rehabilitation 4. The evidence regarding the effectiveness of physiotherapy for neck
pain is emerging *%. However, sufficient evidence for application of a specific physio-
therapy modality or therapy aiming at a specific patient subgroup is not available(?).
The main recommendation in a review of physiotherapy interventions for patients
with chronic neck pain was to identify relevant subgroups with matching treatments
among patients with non-specific neck pain °.

This matches the need in clinical practice for forms of "targeted freatment”, or person-
alized treatment '°. Personalized treatment is tailoring therapy to specific subgroups
in order to optimize effectiveness ''. There are indications in patients with non-specific
lower back pain that subgrouping is effective and cost effective 2. There is a need to
do the same for patients with non-specific neck pain.

In clinical practice, physiotherapists first determine if physiotherapy is indicated for
a patient. If so, they then, as a part of the clinical reasoning process, subgroup their
patients aiming fo mafch their freatment to the signs and symptoms and results of
the diagnostic tests. Another important part of the clinical reasoning process is the
use of measurement instruments. Measurement instfruments, such as Patient Reported
Outcome Measures (PROMs) and physical tests are used to support and objectify
the clinical reasoning process. Which measurement instruments are most appropriate
when they are used and how they support the clinical reasoning process in patients
with non-specific neck pain is unclear.
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The Hypothesis-Oriented Algorithm for Clinicians Il (HOAC I)'® provides an algorithm
to describe the clinical reasoning process, and it combines the diagnostic process
(the *why’) with the therapeutic process (the ‘what’). This helps the physical thera-
pist to decide “why” to do "what" as the "why" describes the specific diagnosed
group within a population of patients with non-specific neck pain and the “what”
describes the matched freatment. In addition, the HOAC Il recommends matching
outcome measures to the goals of freatment in order to evaluate the effectiveness
of freatment. This way this linear clinical reasoning process consists of three sequen-
fial phases: the diagnostic, the therapeutic and, the evaluative phase. Following the
HOAC II, sequential linear clinical reasoning in the present study is defined as the
fransition from signs and symptoms to diagnostic tests, from diagnostic fests to an
infervention with matching treatment goal and evaluation based on outcome mea-
surements related to the matched goals.

A recent review of the literature on the clinical reasoning process in research on pa-
fients with non-specific neck pain showed a lack of a complete clinical reasoning
process with matching outcome measures. Only 11 (9%) out of 122 randomized con-
frolled trials (RCT) described a complete clinical reasoning process whereby the di-
agnostic process (“the why”), i.e. other signs or symptoms or diagnostic tests in their
inclusion criteria, could be linked to the therapeutic process (“the what”) 4. A remark-
able outcome was that 46% of the 122 included RCT's described no impairment or
activity limitation at all, with inclusion criteria limited to age and (duration of) pain. It
can be questioned whether subjects having pain without any other signs/symptoms
or positive diagnostic tests have an indication for physiotherapy treatment.

In conclusion, there is insufficient scientific evidence to form subgroups with matching,
uni- or multimodal, inferventions within patients with non-specific neck pain. Camp-
bell et al ' indicated that we first must understand working mechanisms of unimodal
interventions before combining them into multimodal interventions. Therefore, it is sen-
sible to first reach consensus on the various aspects of the clinical reasoning process
when using unimodal interventions in patients with non-specific neck pain.

In this study we aimed to 1. describe expert opinion on the indication for physiother-
apy when a patient’s only problem is pain without other signs or symptoms or positive
diagnostic tests 2. explore which measurement insfruments are being used by experts
fo support their clinical reasoning process; when they are being used and for which
purpose, 3. to establish consensus regarding the use of unimodal interventions, i.e.
sequential linear clinical reasoning.

124



Clinical reasoning, a Delphi Study

Methods

A Web-based Delphi study was conducted. The first round included questions o
achieve the first two goals. In the second and third round an attempt was made to
reach consensus regarding the use of unimodal interventions (to achieve the third
goal).

To get expert opinion on the indication for physiotherapy when patients’ only prob-
lem is pain without other signs or symptoms or positive diagnostic tests, we asked:
“"Suppose you have a patient with non-specific neck pain. Other than pain, there are
no other signs or symptoms and no positive diagnostic test(s). There are no confra-in-
dications for physiotherapy. Do you think there is an indication for physiotherapy?2”
Secondly, we wanted information on the type of measurement instfruments being
used for diagnostic and/or evaluative purposes. For this purpose, we offered a list
with the most frequently used measurement instruments in patients with non-specific
neck pain selected from the 122 RCTs included in the review of Maissan et al.’. We
asked the experts which measurement instruments they use and whether they use
additional measurement instruments. We also gathered information about the fim-
ing of the evaluative tests; i.e. only by start and finish of the freatment or also during
the treatment. We made a distinction between patients with acute/sub-acute and
chronic neck pain. In this way, we assessed whether the duration of the presence of
pain influences the fiming of measurements. Regarding the diagnostic process we
assessed the extent to which physical impairments were pragmatically diagnosed
(i.e. a test developed in their own practice without evidence of the psychometric
properties) or with valid fests (with known psychometric properties). If a valid test was
used, we asked them fo specify the test.

The Delphi method is appropriate to reach consensus in a field where a lack of agree-
ment or incomplete knowledge is evident '¢. The Delphi technique is a widely used
and accepted method for achieving convergence of opinion concerning real-world
knowledge solicited from experts within certain areas of interest V. Therefore, the
Delphi method creates the opportunity to gather information from a group of inter-
national experts in freafing patients with non-specific neck pain, without the need
of a meeting '®. In this method, experts independently and anonymously answer a
range of questions. During several rounds these experts get insight into group opinions
and have the possibility fo reconsider their own opinion as the results of the earlier
rounds are returned until they achieve consensus . The Delphi study consisted of
three rounds as described by Hsu et al . For the Delphi study "“Formdesk” software
was used and invitations to participate were sent by email.
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Preparation phase

For this exploratory Delphi study a convenience sample of twenty-four experts from
the expert network of the second author were invited to participate. The expert group
consisted of teachers and researchers in the field of Orthopedic Manipulative Ther-
apy (Table 1) and, were all experts in freatment of patients with non-specific neck
pain. Most experts were members of the standard committee of wherein the second
author (JP) also participated. Table 1 shows their current main job and other char-
acteristics. Although it was not part of the inclusion, all participants also met the four
criteria set by Jensen et al. for being an expert in physiotherapy. These criteria are:
knowledge, clinical reasoning skills, examination and evaluation skills of movement
and virtues 2. We chose experts because we assumed that they were most likely to
reach consensus based on their knowledge from scientific research and the ability to
franslate this knowledge into practice. By completing the questionnaire of round 1,
the participants confirmed their participation in this study.

Procedure

The workgroup of this Delphi study consisted of the first two authors (FM, JP) who de-
signed the three rounds and summarized the returned data. We considered more
than 50% consensus in responses as the consensus cut-off point ¢,

First round Delphi

The first round addressed a linear clinical reasoning in physiotherapy based on the
HOAC Il. It consisted of open-ended questions starting with questions about the use of
measurement instruments. As a starfing point, the most frequently used measurement
instruments in patients with non-specific neck pain were presented to the experts. We
asked the experts for which signs and/or symptoms they would use a specific diag-
nostic test to determine the hypothesized cause of the patient experienced prob-
lem. Then we asked about the relationship between the diagnostic test (cause) and
a chosen intervention. In other words, which diagnostic fests lead to which specific
infervention. Finally, we wanted fo determine which outcome measures the experts
use to evaluate the effect of a specific intervention. In this way, we aimed to get an
overview of the match between history taking (signs and symptoms), physical exam-
ination (diagnostic test), intervention, and the use of evaluative outcome measures.
According to HOAC Il this sequence describes the entire linear clinical reasoning pro-
cess of the physical therapist 3. In addition to the clinical reasoning process, we in-
ventoried which inferventions the experts use regularly. Inferventions used by 3 or less
experts were not considered “regular treatment” in patients with non-specific neck
pain.
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Second round Delphi

In the second round each expert was asked to review and reflect on the items sum-
marized by the investigators based on the information provided in round one'’. The
experts were asked to rate the importance of the signs and symptoms in relation to
the given diagnostic test, to rate the importance of the diagnostic test in relation to
the given intervention and finally, rate the importance of the outcome measurement
instruments in relation to the given intervention. The rating scale ranged from 1 (very
important) to 5 (not important). This way preliminary priorities among items were es-
tablished. In the second round the experts were also asked which physical or mental
function or activity of the patient they wanted to improve (goal of the intervention) in
relation fo the chosen interventions.

Third round Delphi

The third round consisted of the summarized items and ratings of the importance
of the previous round. In this final round, the complete sequence of a linear clini-
cal reasoning process was presented in a table for each intervention. Each line in
Table 5 represents such a sequence. For each included diagnostic test a different
sequence of linear clinical reasoning was added o the questionnaire. The reason for
this approach was that mulfiple diagnostic tests could lead to the same intervention,
however, with possible different goals and evaluative measurement instruments. The
signs and symptoms with more than 50% consensus on the score “very important” or
“"important” were combined because multiple signs and symptoms could lead to one
diagnostic test. When there was no consensus after round two on “signs and symp-
foms” and “direct goal of intervention” and “evaluation test”, summarized results of
round two were offered as final choice options in round three per sequence of linear
clinical reasoning.
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Results

Round 1 of the Delphi study began with 15 participants. There were 4 drop outs in
round 2. The drop outs in round 2 were due to technical problems logging in the sys-
tem. Data of these four experts were only partly restored. In round 3 fourteen experts
participated. There was only one drop out. Upon inquiry no reason could be deter-
mined.

Table 1: Participant characteristics (n=15)

Gender 9 female
Age; mean (range) 49.9 (39-65)
Nationality Canada 3, Australia 3, New Zealand 2, USA

1, the Netherlands 1, Belgium 1, Portugal 1,
South Africa 1, Denmark 1, Spain 1

Highest level of education Phd 10, Msc 5
Current main job functions Private practice 6, education 10, research 11,
consultant 1

Years of experience in physiotherapy prac- 20.3 (6-40)
tice; mean (range)
Present-day work time as a physical 9.9 (1-35)

therapist in hours a week; mean (range)

Table 1 describes the characteristics of the participants. All experts considered phys-
iotherapy treatment not indicated in patients with non-specific neck pain without any
positive signs and/or symptoms or diagnostic tests. However, six out of fourteen (43%)
experts named one possible freatment, namely pain education.

Table 2 and 3 show which measurement instruments the experts use in daily practice.
Table 2 shows which PROMs the experts use in their daily practice and when the ex-
perts use the PROMs in their clinical reasoning process. The use is explicitly expressed
as either diagnostic or evaluative use or both. Table 3 shows the use of measurement
instruments to measure physical constructs (physical tests). The timing “regular during
freatment” of the use of these physical tests, to guide the infervention, was higher
(81%) than the use of PROMs (39%) for patients with acute/sub-acute non-specific
neck pain than in the group of patients with chronic non-specific neck pain namely,
73% and 30%. The PROMs were mainly used at the beginning and end of the treat-
ment, except for pain measurements and the Neck Disability Index (NDI), which were
also considered fo be able to guide an intervention.
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Table 4 shows whether a construct was measured in a pragmatic or valid manner.
Multiple valid measurement instruments were named, however, most experts mea-
sured physical constructs pragmatically.

The inferventions used by less than 3 experts were: franscutaneous electrical nerve
stimulation, electro thermal therapy, low level laser, Ultra Sound and taping. These
inferventions were excluded in this study. Table 5 describes the degree of consensus
among the participating experts concerning the remaining interventions. The sequen-
tial linear clinical reasoning process is divided into 5 steps: - signs and/or symptoms,
- diagnostic fest, - intervention, - direct goal of the intervention and, - evaluation test.
For example: "movement dysfunction/presence of sfiffness” as sign and/or symp-
tom leads to the diagnostic test for “range of movement” (ROM), which leads to
the infervention “mobilization” which leads to the direct goal of “improve quality of
movement”, which leads to the evaluation test “"ROM". The last column represents
the degree of consensus of that specific sequential line of linear clinical reasoning.
Only 6 out of 18 lines of sequential linear clinical reasoning reached more than 50%
consensus. In addition to the consensus sequence as shown in table 5, an overview of
all other additional information given by the experts in round 3 is shown in Appendix 1.

Discussion

The experts state that pain alone is not an indication for physiotherapy, and that there
must be other signs/symptoms present and/or at least one or more positive diagnostic
test o substantiate the indication for physiotherapy. However, the review of Maissan
et al ' reported that only 16% of the 122 randomized controlled frials (RCTs) had a
diagnosed cause, i.e. at least one diagnostic test was used as an inclusion criterion.
Therefore, one could argue that RCTs, to examine the effect of a physiotherapy inter-
vention, were regularly conducted without first determining whether or not there was
an indication for physiotherapy, and if this was done, then this was not explicitly de-
scribed in those RTCs. This discrepancy between what experts deemed o be import-
ant and the absence, orlack of a clear description, of an indication for physiotherapy
underlines the need to apply recognisable clinical reasoning within the methodology
of RCTs to enhance fransferability to daily practice, especially the translation of the
diagnostic process into the in/exclusion criteria for subject recruitment.

Our Delphiillustrates that experts used a wide range of measurement instruments. The
most used PROMs were pain questionnaires (Visual Analogue Scale pain and Numer-
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ic Pain Rating Scale) and a questionnaire for physical functioning (NDI). Also PROMs
regarding psychosocial topics, like catastrophizing or illness perceptions, were used.
This indicates that the experts measure physical functions as well as mental functions.
However, it is notable how rarely questionnaires about mental functioning are used
for diagnostic purposes. For example, the Tampa scale of Kinesiophobia is used by 4
experts, Fear avoidance beliefs questionnaire by 3 and Impact of event scale (IES) by
2. On the other hand, the Visual analogue pain scale is used by 6 experts and the NDI
by 5. This finding corresponds with other scientific research 222, Indeed, for diagnostic
purposes the experts use measurement instfruments for constructs representing physi-
cal functioning 4 times more than PROMs.

We acknowledge that physiotherapists use multiple interventions within one treat-
ment session i.e. complex or multimodal interventions '> and that focusing on unimod-
al intferventions is a simplification of clinical practice. To illustrate, one expert com-
mented: “clinical practice is fluid and an intervention is not delivered in isolation”
thereby underlining the fact that daily practice is more complex. However, this study
shows that achieving consensus on unimodal clinical reasoning proved to be difficult
enough. Despite the lenient boundary of consensus at > 50%, only 6 out of 16 linear
lines of clinical reasoning reached consensus of > 50%. After round 1 the most fre-
quently used interventions were further explored. After round two and three inconsis-
tency was mainly on the items “Direct goal of the intervention” and “Evaluation test”.
In hindsight, this was to be expected as interventions can pursue different goals with
different evaluative outcome measures. An explanation for the inconsistency among
expert regarding the item “Evaluation test” could be that different experts may have
different preferences for certain outcome measures.

In addition to the aforementioned items “Direct goal of the intervention” and “Eval-
uation test”, there was also inconsistency on the other two items *sign and/or symp-
tfom” and "diagnostic test”. A last explanation for overall inconsistency could be the
lack of translatability of the results from scientific research 2. We hypothesized that
if scientific research includes a clear clinical reasoning process, it should be easier
to translate this reasoning into daily practice, especially by experts. In our study we
found that in inferventions to improve motor control or endurance consensus was
reached. This can be explained when we look in more detail at a review of Maissan
et al. This review showed that 4 RCTs to improve motor control 2425 or endurance 6%
were part of the 11 out of 122 RCTs with a complete clinical reasoning process. In
other words, these RCTs included a diagnostic criterion like potential impairments,
limitations in activities or restrictions in participation, to get a sub-group that matched
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with the unimodal intervention. Hence, it looks as if these research findings were easy
fo translate to clinical practice. Therefore, this seems to confirm the need to perform
future research with a more clinically relevant focus.

A limitation of the study was the fechnical problems in round two; because of this
technical problem some data have been missed. However, because in round three
all the experts of round one had the opportunity to participate and the opportunity
for additional suggestions, the loss of information was minimal. A second possible lim-
itation is the relatively small number of experts. However, they were consistent in their
answers. Sfill, this was an exploratory study and further research is needed fo confirm
our findings.

A strength of our study was the diversity of nationalities (Table1) which ensured that
the results of clinical reasoning are transboundary and not biased by habits of a single
country. We also consider a strength the use of a transparent framework for clinical
reasoning, namely the HOAC.

We already stated that future research must organize itself in a more clinically rele-
vant manner, thus include a diagnostic process prior o or part of inclusion in a RCT.
Per intervention, experts appointed signs/symptoms and diagnostic tests (Table 5)
which can be the basis of a diagnostic process leading to a matching intervention
which then can be incorporated into daily practice or into clinical trials. We do want
tfo emphasize the importance of evaluating the direct effect of the intervention in
addition to patient experienced effects in order to determine if there is a (causal)
relation between them, both in scientific research and in daily practice. To do so,
measurement instruments to “diagnose” physical or mental constructs should also be
used in the evaluative process to determine if the physical or mental construct under
freatment has improved. However, appendix 1 shows, in addition fo a wide variety of
measurement instruments or diagnostic tests, also an inconsistency in the use of the
same measurement instruments before and after the intervention. Only by using the
same measurement instrument before and after the intervention more clarity can
be obtained if the perceived effect by the patient is due because, or in spite of the
infervention.

In conclusion: Pain alone, without other signs/symptoms present and/or at least one or
more positive diagnostic test does not substantiate the indication for physiotherapy.
Insight has been obtained into which measurement instruments are used and when
they are used. Consensus about sequential linear lines of clinical reasoning was poor.
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Chapter 5

Abstract

Study design: A secondary analysis of a systematic review

Background: Manipulations or mobilizations are commonly used interventions in pa-
fients with mechanical neck pain. The treatment effects have often been studied in
randomized conftrolled trials (RCT) which are generally considered the gold standard
in evaluating the treatment effects, mainly due fo its high internal validity. External
validity is defined as the extent to which the effects can be generalised to clinical
practice. An important prerequisite for this is that interventions used in clinical trials
can be replicated in clinical practice. It can be questioned if interventions utilized in
randomized confrolled trials can be translated into clinical practice.

Objectives: The overall aim of this study is fo examine whether the quality of the de-
scription of manipulation and mobilization interventions is sufficient for to replication
of these interventions in clinical practice.

Methods: A comprehensive literature search was performed. Two independent re-
searchers used the Template for Intervention Description and Replication (TIDieR)
which is a 12-item checklist for describing the completeness of the interventions.

Results: Sixty-seven articles were included that used manipulation and/ or mobiliza-
fion inferventions for patients with mechanical neck pain. None of the articles de-
scribe the intervention e.g. all the items on the TIDieR list. Considering item 8 (a-f) of
the TIDieR checklist only one arficle described the used techniques completely.

Conclusion: Manipulation or a mobilization interventions are poorly reported in RCTs,
which jeopardize the external validity of RCTs, making it difficult for clinicians and

researchers to replicate these interventions.

Keywords: Randomized controlled frial; Mobilization; Spinal manipulation:
TiDieR checklist
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Infroduction

The randomized controlled trial (RCT) is generally considered the gold standard in
evaluating the effects of freatment '. Internal validity of these studies is of importance
as this determines the level of confidence for making tfreatment recommendations
because the conclusions of a specific trial are then valid for the population of interest.
Furthermore, studies must also be of sufficient external validity to allow for generaliz-
ability and replication of the interventions in clinical practice 2. External validity has
been defined in many different ways in the literature 234, Rothwell defined it as the
extent to which the results of a trial are relevant to clinical practice, among other
things, the extent to which the intervention is likely to be replicated when applied to
patients in a particular clinical setting 3.

One of the challenges identified in the reporting of clinical trials is the quality of the
description of the intervention °. Providing sufficient details about interventions is fun-
damental in the scientific process and is critical for the development of evidence
informed practice ¢. As Hoffman et al stated; “Without a complete published descrip-
fion of interventions, clinicians cannoft reliably implement interventions that are shown
fo be useful, and other researchers cannoft replicate or build on research findings”.

The CONSORT statement for RCTs recommends precise specification of trial processes
including details of the intervention being studied or components of that interven-
fion 7. Despite this recommendation, health care providers in daily practice are not
provided with a complete description of the intervention in most RCTs. Glasziou et al
demonstrated that in back pain trials, only 13 % of the interventions could be repli-
cated 8. Given the importance of adequate reporting of interventions in clinical trials,
the Template for Intfervention Description and Replication (TIDieR) was developed by
Hoffman et al. 3. This template was developed to guide the complete reporting of an
intervention and is an extension to the CONSORT 2010 statement. The TiDieR check-
list was published in 2014 as an official extension of the Consolidated Standards of
Reportfing Trials (CONSORT) 2010 statement. The CONSORT statement suggests that
authors should report on “The interventions with sufficient details to allow replication”.

In this article we consider interventions used in patients with non-specific neck pain.
Neck pain is the fourth major cause of disability worldwide. In 2015, more than a third
of a billion people worldwide had neck pain of more than 3 months duration ¢, which
makes neck pain a serious health threat.
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The interventions that are used for the treatment of neck pain are exercises, manipu-
lative therapies, mobilization, massage, physical methods, and multidisciplinary bio-
psychosocial rehabilitation, or a combination of these modalities.The most frequently
used physiotherapeutic interventions in patients with non-specific neck pain are ma-
nipulations or mobilizations °.

The TIDieR checklist assesses all the relevant issues related to an intervention, such as
for example why the intervention was performed, by whom and where. Item 8 of the
TIDieR checklist focuses specificly on the used techniques, such as the ‘segmental
level’, ‘frequency’,'direction’, ‘intensity’, ‘dosage’. In this article we focused on both,
that is, all the relevant issues related to the infervention, as well as the specific manip-
ulation and mobilization techniques and the replication of these techniques.

A manipulation technique is defined as: A passive, high velocity, low amplitude thrust
applied to a joint complex within its anatomical limit with the intent to restore optimal
motion, function, and/ or to reduce pain. A mobilization technique is defined as : A
fechnique comprising a continuum of skilled passive movements that are applied at
varying speeds and amplitudes to joints, muscles or nerves with the intent to restore
opfimal motion, function, and/or to reduce pain (Www.IFOMPT.org). The descriptfion
of these techniques can be found in textbooks ' and videos on the Internet. This arti-
cle examines whether the quality of the description of manipulation and mobilization
interventions as well as the techniques is sufficient for replication in clinical practice.

This has led to the following research questions;

I. Are interventions which include manipulation and or mobilization techniques,
used in clinical trials on patients with non-specific neck pain described complete
according to all items on the TIDdier check list 2

2. Are the manipulation or mobilisation techniques described in a reproducible
mannerég

This review was performed as a secondary analysis alongside a review on the clinical

reasoning process in randomized clinical frials with patients with non-specific neck
pain 10,
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Methods

A comprehensive literature search was performed in MEDLINE, CINAHL and PEDro
from inception to September 2018. We used a sensitive search strategy that we used
in a previous review '2. To collect all potentially eligible RCTs, the search strategy com-
bined two primary pathways. The first combined neck pain with physical therapy and
the second concerned the combination neck pain with the subheadings “rehabilita-
fion”, “therapy” and “prevention and control” because these subheadings included
most likely also physical therapy. The first and second pathways were combined with
the Boolean term “OR". Subsequently, the outcome was limited for RCTs with the
“"Cochrane Highly Sensitive Search Strategy” for identifying randomized trials”.

In CINAHL the same strategy was used as in MEDLINE with an adapted Cochrane
search strategy. In PEDro the Abstract and Title box was filled with “neck”, the prob-
lem box with “pain” and the method box with “clinical trial”.

Study selection

A study was included if it met the following criteria: full-text original arficle, published in
English, adult patients (>18 years) with non-specific neck pain as their main complaint,
the intervention consisting of mobilisation or manipulation techniques and random-
ized controlled trial (RCT) as the study design. Non-specific neck pain was defined as
pain (with or without radiation) located in the cervical spine and/or occiput region
and/or cervico thoracic junction and muscles originating from the cervical region
acting on the head and shoulders. The selection process was performed by two in-
dependent researchers (FM,JP). After independently selecting the studies, the differ-
ences were discussed until consensus was reached. If no consensus was reached, a
third researcher (HW) was consulted and consensus was reached based on discus-
sion between them.

Two reviewers (FM and NW) independently selected the RCTs with manipulation or
mobilization interventions. If a manipulation or mobilization intervention was com-
bined with other interventions, only the manipulation or mobilization intervention part
was assessed.

Data-extraction

To deftermine whether the reporting manipulation and/or mobilization intervention
performed on patients with non-specific mechanical neck pain was complete we
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used the 12-item TIDieR checklist to determine the replicability of these interventions °.

Each item was scored with no (0) or yes (1), except for items 1, 5 and 8 which are
scored with a describtion or actual scores. A score of “0" foritem 1, 5 or 8 (a-f) means
that it is not described. A score of “0" for item 8 means that the manipulations or mo-
bilizations were not used in combination with other interventions. Again, if no consen-
sus was reached, a third researcher (JP) was consulted and consensus was reached
based on discussion between them.

To answer research question 1, all items from the Tidier list were used and to answer
research question 2, item 8 (a-f).

Risk of bias assessment

The TiDieR checklist was published in 2014 as an additional exploration. Therefore,
we compared the articles published before 2015 with articles published after 2015
fo get an impression if the description of interventions was improved and fo explore
publication bias.

Analysis
A descriptive analysis was performed using the software package of IBM SPSS Statis-
fics 23.0 (SPSS Inc., Chicago, II).

Results

We found 67 articles using manipulation or mobilization techniques as the intervention
under study (see Figurel) 72,

None of the articles described all the items on the TIDieR list (see Table 1). For exam-
ple, in only 55,2 % of the RCTs a rationale for the intervention was described. For a
complete overview of the scored percentages on the TIDieR items we refer to Table 2.

In 17% of the studies manipulation of the cervical spine was used and in 22% manip-
ulation was applied to the thoracic spine (22.6 %); in 18.9 % both manipulation and
mobilization techniques were used and in 41.5% only mobilization was used.

Several mobilization techniques were used; in 9.4 % specific Maitland mobilization
tfechniques (11),in 1.9 % Snags techniques by Mulligan and in 30.2 % all other modal-
ities of mobilization techniques. In 47.2% of all treatment sessions a combination of
modalities was used, for example the addition of exercises.
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Identification

Screening

Eligibili

Included

Addifional records identified through PEARO
and CINAHL database searching
(duplicates removed)

Records identified through
Pubmed database searching
(n=180T1)

(n=2213)
'
Records after duplicates removed
(n =3180)
7
Records screened Records excluded
Title/abstract (n=2862)

(n=318) No RCT 1089
No non-spec neck pain 844
No PT 571
Triggerpoint/Myalgia 116
Whiplash 119
Not English 50
Headache 60
T™MD 13

7
Full-text articles assessed Full-text articles excluded, with reasons

for eligibility (n=148)

(n=215) No RCT 10
No non-spec neck pain 28
No PT 20
No MT 82
Trigger point/Myalgia 7
Headache 3
Not full text available 3

4

Studies included in TiDieR synthesis
(n=67)

Figure 1: Flowchart of articles reviewed
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Considering item 8 (a-f) of the TIDieR checklist only one article described the tech-
nigue completely 2. In 94.3 % of the articles the number of treatment sessions was de-
scribed, with a range of 1 fo 30 treatment sessions; in 45.3 % of the treatment sessions
only 1 technique was the topic of research. The duration of the treatment sessions
varied from 1 minute fo 45 minutes but in most cases (60.4%) it was not described.
In this review the intensity or dose of the techniques was described in 32.1 % of the
included articles. In half of these trials, grades of movement were used according to
Maitland(11). The vertebral level at which the technique was applied was described
in 15.1 %. The majority of authors (51 %) used the results of the physical examination
as reference for the level of intervention but did not report what the results were.

After the studies were stratified according fo publication date (before or after 2015)
the scores of items 2, description of the intervention rationale, 8b frequency and 8f
level of the infervention increased slightly (see Table 3).

Discussion

Main findings

None of the articles fully described the manipulation or mobilization interventions used
in clinical trials on non-specific neck pain, considering all items of the checklist. Only
one article completely described the manipulation or mobilisation technique, consid-
ering item 8 of the checklist '*. The TIDieR checklist intends to check the intervention as
a whole. Within the checklist (more specifically, using item 8) we considered the used
manipulation and or mobilisation techniques.

We consider the most relevant items in the checklist for replication of these tech-
niques, the rationale (the why), the expertise, the background or level of training of
the therapist (the who) and the parameters of the intervention (the what) such as the
amount of time, number of sessions, the duration, the intensity and level. Less relevant
items are the name of the intervention, “materials” because for these interventions
no materials were needed. Tailoring and modifications are expected because each
freatment is tailored to the individual patient, although these items were not always
reported as such (n =37,3 %). As Tuttle et al stated 7* that applying parameters of
The second rationale is neuro-physiological, with the aim to influence the patient’s
pain by applying an input on the neuro-musculo skeletal system. Another issue was
the rationale for the selection of a manipulation or mobilization technigue. In the con-
text of safety, it seems important whether and, if so, when one prefers manipulation
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Description of manipulation and mobilization

Table 2: Summary of scores TIDieR checklist (n=67)

TIDieR items

1. Description of the name of the intervention

2. Description of the intervention rationale, theory or goal of the
elements essential o the intervention

. Description of materials used in the intervention

. Detailed description of procedures used in the intervention

. Description of the person who provided the intervention

. Description of the modes of delivery (such as face to face)

. Description of the location where the intervention occurred

0 N o0 O AW

. Descripfion of the parameters regarding the intervention
8a. No of sessions
8b. Frequency
8c. Durafion (min)
8d. Intensity or dose
8e. Type of infervention
8f. Level of intervention
8g. Combination of intervention
9. Was the intervention tailored i.e. personalized?
10. Was the intervention modified during the treatment?2
11. Was the adherence of the intervention assessed

12. If so: was the intervention delivered as planned?

100 %
55,2 %

46,0 %
88.0 %
83.6 %
100 %
60,7 %

95,5 %
56,7 %
37.3%
32,8 %
21.0%
20,9 %
53,7 %
42,0 %
18,0 %

75 %
552 %
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Table 3: Differences in scores TIDieR checklist articles published before 2015 versus published after 2015

TIDieR items 48 <2015 | 19> 2015
1. Description of the name of the infervention 100 % 100 %
2. Descripfion of the infervention rationale, theory or goal of the
elements essential to the intervention 28 % 737 %
3. Description of materials used in the intervention na
4. Detailed description of procedures used in the intervention 86.8 % 89.5%
5. Description of the person who provided the intervention 100 % 100 %
6. Description of the modes of delivery (such as face to face) 100 % 100 %
7. Description of the location where the intervention occurred 54.7 % 52.6 %
8. Description of the parameters regarding the intervention
8a. No of sessions 94.3 % 94.7%
8b. Frequency 47.2 % 68.4 %
8c. Duration (min) 39.6% 36.8 %
8d. Intensity or dose 321 % 421 %
8e. Type of intervention 88.7 % 100 %
8f. Level of intervention 15.1 % 36.8 %
8g. Combination of intervention 472 % 73.7 %
9. Was the intervention tailored i.e. personalized? 58.5 % 11 %
10. Was the intervention modified during the treatment? 30.2 % 21 %
11. Was the adherence of the intervention assessed 7.7 % 53 %
12. If so: was the intervention delivered as planned? 48.1 % 68.4%

na = not applicable ; =Improved TIDieR items compared to <2015
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Description of manipulation and mobilization

techniques are no longer predetermined but are continuously adjusted due to the
feedback of the patients and the adjustment of the therapist fo the responses of the
individual patient. Furthermore, the perception of the patient as well of the therapist
on the performed intervention is of influence on the tailoring of the intervention.

Finally, intervention adherence assessment is a less relevant item because adherence
does not provide information about how the intervention is performed.

Although a rationale is not necessary to replicate an intervention, we consider it a
relevant tem because there must be a hypothesis present on why the intervention
could be effective. The rationale for the use of the techniques was described in only
55.2 % of the included studies. Two main rafionales for the use of manipulation and/or
mobilization were described.

First, the biomechanical rationale; the therapist identified a hypo mobile segment or
articular dysfunction and used a manipulation or mobilization technique to restore
mobility. over mobilization 7>7¢. From this current review it was impossible to determine
why a manipulation or a mobilization was chosen.

Because the checklist was published in 2014, we also compared the arficles published
before 2015 with articles published after 2015 to get an impression if the description of
interventions had improved. The description improved slightly after the publication of
the TIDieR checklist. See Table 3.

A diagnostic clinical reasoning process for determining the segmental level at which
the infervention would be applied to was used in 55% of the trials, however the specif-
ic levels were not always reported. Although the specific segmental level is potentially
relevant, its relevance can also be questioned because several studies showed that
the validity and reliability of determining a segment to be treated is low 7. In addition,
Hegedus et al 78 stated in a recently published review, that it is still unclear whether it
is necessary to determine a specific level with cervical mobilization. In this review we

found that in 20,9 % the level was described as *high cervical spine”, “mid cervical
spine” or “thoracal spine”.

The dose or the intensity of the manipulation or mobilisation fechnique seems import-
ant 77, however, enormous variations in research exist €. In this survey the intensity or
dose of the techniques was described in 32.1 % of include articles, half of these frials,
grades of movement were used according to Maitland ''. Furthermore, inter-reliability
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of assessing the grade of movement was poor (ICC= 0.23) and infra-reliability was
moderate to good (ICC 0.83-0.94) &2!. Further research must demonstrate whether
the dosage or intensity matters.

Comparison with existing literature

Overall, the interventions were poorly reported , the used manipulation and or mo-
bilisation techniques somewhat better. One reason for this may be the result of the
word limits imposed on authors by journals 82. Conn et al reported that only 7% of the
space in an arficle was used for description of the intervention in 141 studies in Nursing
Research Journals ¢. A possible solution could be attaching an appendix describing
the details of the infervention or a design arficle with the complete description of the
intervention 8. Also, specific register forms can be used to describe every used tech-
nique during the treatments sessions 8. However, it remain problematic to describe
an optimal dose, level and frequency. Another option was suggested by Glasziou et
al.®, these authors suggested to video three interventions in advance of conducting
the clinical trial with, for example, a mild, moderate or intense intervention which is an
option to consider. However, this is a fime consuming and potentially costly method,
although the use of a smartphone can make it more accessible.

Weaknesses

The results of this study should be interpreted in the light of some limitations. As far as
we know, nothing is known about the methodological properties of the TIDieR list.
The use of a dichotomous response options on most items on the checklist restrict full
information about topics concerning the intervention, a more qualitative description
could be more informative.

Furthermore, does the description of intervention or the description of a specific tech-
niques fully resembles what happens in daily practice? This is also related to the het-
erogeneity of patient’s problems, patient’s reaction and patient’'s perception. Also,
the beliefs of the patients and of the therapist plays a role in the application of tech-
nigques and or the intervention as a whole &,

Finally, we only included English-language research. There is a chance that this has
affected the results, although given the amount of included artficles, this chance
seems small.

Strengths

A strength of this study is the use of a sensitive search strategies in multiple databases,
developed in collaboration with a medical information specialist.
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Description of manipulation and mobilization

Another strength is the use of the TIDieR checklist as this includes all relevant aspect
that should be described.

Implication

What can be expected of a description of the intervention within the methodology
of a RCT2 A manipulation or mobilization technique is in most cases tailored to the
individual patient as the dosage, velocity and segmental level for example. Also, the
inconsistency of the applied manual forces during spinal mobilization has to be taken
intfo account 88 which makes it very difficult to describe the amount of force and
the replication of it, which can be a topic for future research. In our opinion, the TIDi-
eR checklist covers the most important items to give an impression of the complete-
ness of the description of an manipulation or mobilisation intervention, although the
specific description of the technique should be considered for addition to the TiDieR
checklist.

Conclusion

In conclusion, interventions with manipulation or mobilization techniques are poorly
reported in RCTs. Poor reporting and incomplete descriptions of the techniques jeop-
ardize the external validity of RCTs, making it difficult for clinicians and researchers to
replicate the techniques. It is also important to investigate which aspects matter with
regard to the effectiveness of manipulations and mobilizations.
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Chapter 6

Abstract

Objective: To determine the diagnostic accuracy of a self-report test, eight physi-
cal tests, and combinations of both, for the measurement of limitations in cervical
range of motion (ROM) as index tests, compared fo the Cervical Range of Movement
(CROM) device as reference test.

Method: Subjects with non-specific neck pain were included. A self-report test and
eight physical examination tests were investigated separately, and combinations of
the self-report test with the best physical test for a particular movement direction
were also investigated. Diagnostic accuracy was determined by calculating sensi-
tivity, specificity, positive and negative predictive values, positive and negative likeli-
hood ratios (LR+, LR-) and their 95% confidence intervals.

Results: In total, 128 subjects were included. In general, combining the self-report test
with the best physical tests had the best diagnostic accuracy. The LR+ for the best
combination of tests ranged from 2.96 (right rotation) to 1.39 (flexion). The LR- ranged
from 0.61 (flexion) to 0.19 (left lateral flexion).

Conclusion: The LRs of the combination of the self-report test and the best physical
tests were small but sometimes clinically important. Unfortunately, they have not
demonstrated o be useful for all directions of movement. Therefore, we advise the
use of the CROM device to determine a restricted ROM of the neck.

Key words:
Diagnostic test, neck pain, range of motion
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Infroduction

Neck painis a common condition that causes substantial disability. Globally, the point
prevalence of neck pain is 4.9% (95% confidence interval (Cl) 4.6 to 5.3) '. Worldwide,
disability-adjusted life years increased from 23.9 million (95% CI 16.5 to 33.1) in 1990 to
33.6 million (95% CI 23.5 to 46.5) in 2010 '. In 2015, more than 333 million people world-
wide had neck pain for more than three months’ duration 2.

Limitations in cervical Range of Motion (ROM) have been associated with the devel-
opment of neck pain  and people with non-specific neck pain often have significant
limitations in cervical ROM, compared to those without 4. Cervical ROM is often mea-
sured to document baseline status and freatment effect, and to readjust freatment
plans as needed in physiotherapy °.

There are many methods of evaluating cervical ROM, ranging from more fraditional
subjective methods (self-report, physical examination) to more objective measure-
ment devices using more or less advanced technology °. In international clinical
guidelines, no specific recommendations are made about the assessment of ROM 72,
To objectively assess cervical ROM, reliable and valid tests or insfruments are needed
with small measurement errors. To date, no study has assessed which of the com-
monly used clinical measurement methods yields precise estimates of restrictions of
movement of the cervical spine.

Therefore, our main research question was: What is the diagnostic accuracy of com-

monly used methods compared with an objective measurement device fo assess

restrictions in ROM of the neck in subjects with non-specific neck pain.

This main research question is divided into three sub-questions:

e  Whatis the diagnostic accuracy of a self-report of limitations in cervical ROM by
the patient as part of history-taking?

*  Whatis the diagnostic accuracy of tests to assess restrictions in cervical ROM as
part of physical examination?

e What is the diagnostic accuracy of the combination of self-report and physical
examination tests in assessing resfrictions in cervical ROM?
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Methods

The reporting of this study of diagnostic accuracy follows the STARD statement ?. This
study was approved by the Institutional Review Board of HU University of Applied Sci-
ences Utrecht (reference number 78_000_2018).

Participants

Consecutive patients who entered physiotherapy consultations between Decem-
ber 2018 and June 2019 and met the inclusion criteria were recruited. Physiothero-
pists were allowed to evaluate patient according to their discretion. Based on his-
tory-taking and, if necessary, additional physical examination tests, eligible subjects
were recruited by their physiotherapists. The inclusion criteria were: 218 years of age;
non-specific neck pain (acute and chronic); and good understanding of the Dutch
language. Non-specific neck pain was defined as pain located in the cervical spine
and/or occiput region and/or cervico-thoracic junction and/or muscles originating
from the cervical region acting on the head and shoulders. The exclusion criterion
was: underlying pathology (such as trauma (fractures), infection, inflammmatory dis-
orders, neurological pathology or systemic disease) '°. To further rule out cervical ra-
diculopathy, the upper limb tension test (ULTT) had to be negative ''. Eligible subjects
were so informed and invited to participate in the study. On agreement, subjects
gave written informed consent prior fo data collection.

Data collection

Reference test

The reference test was the Cervical Range of Mofion (CROM) device, a valid meao-
surement device of the ROM of the cervical spine 2. A systematic review rated the
concurrent validity positively if the correlation coefficient was above 0.65. Construct
validity of the CROM was determined by comparing CROM with radiographics, and
an optoelectronic system. The Pearson correlations with radiographics were for flexion
0.97, extension 0.98, lateral flexion left 0.82 and right 0.84. The Pearson correlations
with an optoelectronic system were for flexion 0.98, extension 0.99, rotation right 0.89,
rotation left 0.94, lateral flexion right 0.91 and left 0.89. Furthermore, the CROM device
has high inter- and intra-rater reliability in patients with non-specific neck pain '*. Final-
ly, the standard error of measurement for flexion was 2.8°, extension 4°, rotation right
2.4°, rotation left 2.3°, lateral flexion right 2.5° and left 2.5° 14, This makes the CROM one
of the most valid and reliable measurement devices for determining the ROM of the
cervical spine in daily physiotherapy practice.
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The CROM measurement procedure was as follows: subjects were positioned sitting
on a chair with a backrest and a seat height of 45 cm, with both feet were resting on
the ground. Subjects were instructed on how to perform the movements of interest
(e.g. without compensation from the thoracic spine; remaining in contact with the
chair) and were asked to slowly move the neck to what they felt to be the end of
their range of motion. Participants were asked to perform these movements once
prior to the test as a warm-up and to ensure they understood the instructions. The
CROM device was calibrated to a “zero” starting position prior to the test. Participants
performed flexion, extension, rotation right and left, lateral flexion right and leftf once
each (in a 2-dimensional movement plane) in random order (using a computerized
randomization program). End range positions were held for 5 seconds, and the range
of motion was recorded in whole degrees for each movement (see link below for an
exact demonstration).

Index tests

An index test is a diagnostic test that is evaluated against a reference standard test.
One of these, recommended by the Dutch guidelines on neck pain, concerns self-re-
ported restriction in cervical ROM, with perceived limitations being inquired about
during history-taking. In the Netherlands, physiotherapists quantify patients’ experi-
enced functional restrictions using a Patient-Specific Functional Scale 7. Subjects were
asked about their perceived cervical ROM individually for each direction, namely
flexion, extension, rotation (left/right) and lateral flexion (left/right). First, the patient
was asked to perform the movement as far as they could, with the physiotherapist
demonstrating if not performed correctly. After performing the movement correctly
atleast once, subjects were asked to answer the following question in respect of each
movement direction: “To what extent do you feel restricted in moving your neck?”,
using a 0-10 numerical rating scale (NRS) (0 “no restriction” to 10 “fully restricted”). For
our main analyses, we dichotomized the results of this self-report test to “not limited”
(0) or “limited” (1 to 10).

There is no consensus on which physical tests can best be used to determine limita-
fions in cervical ROM. Through a Delphi-survey among experts, eight groups of physi-
cal examination tests have been suggested for assessing the presence of an articular
dysfunction > which can be used for this purpose. These tests are also commonly used
by the partficipating physiotherapists in their diagnostic practice.
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Despite already performing these tests regularly, the participating physiotherapists
practised them for a total of five hours. The aim of this was to reach consensus on the
profocol, the performance of the CROM test, and the performance of the physical
examination tests.

The following eight tests '> were investigated:

1. Six unidirectional movement tests performed in sitting position: active flexion, ex-
fension, left/right rotafion and left/right lateral flexion. The result is positive when
unilateral compression pain and/or stretch pain occurs during active movement.

2. Four tests in sitting position performed to determine restriction in ROM and the
end-feel (the sensation felt by the physiotherapist at the end of each movement)
during passive combined movement testing: three-dimensional (3D) flexion/ex-
tension with rotation and lateral flexion in the same left and right direction. The re-
sult is positive when an aberrant end-feel is sensed by the physiotherapist. An ab-
errant hard end-feel is defined as “a firm, abrupt end of motion...when passively
moving the joint to its end range” 'é. The result is also positive when a decreased
ROM is detected by the physiotherapist.

3. Hold-relax test, performed in a sitting position, for only the most limited 3D move-
ment as rated by the physiotherapist. A hold-relax test for all four 3D movements
was considered too stressful for the patient. The result is positive if relaxation of
relevant myofascial structures does not result in an increased passive ROM.

4. Traction test performed in supine position with neck in neutral position. The result is
positive if fraction reduces pain or other symptoms in the neck region.

5. Palpation test for muscle tension performed in supine position with neck in neutral
position. The result is positive if increased muscle tension is identified by the phys-
iotherapist in the dorsal neck region.

6. Myofascial pain provocation by palpation test performed in supine position with
neck in neutral position. The result is positive when pain is provoked by palpating
for pressure soreness in the dorsal neck region.

7. End-feel test in neutral position performed in supine position. The physiotherapist
places one hand under the neck and observes the end-feel for each segment
with pressure against the spinal process. The result is positive when a restriction of
intervertebral movement at an impaired segment (experienced by the physio-
therapist as resistance or a barrier to further motion) is identified.

8. Unilateral Posterior-Anterior (UPA) provocation test performed in prone position
with neck in neutral position. The result is positive when pain or other symptom
provocation occurs in the enfire neck region.
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The physical examination tests were performed in several directions: 1) the same asin
the reference test; 2) in 3D directions; or 3) in neutral position. If tests were performed
in the same direction as the reference test, then this direction was used to determine
diagnostic accuracy. A 3D movement has to be resolved into three 2D movements
tfo enable evaluation of the 3D test. We argue, based on the coupling behaviour of
the cervical spine 7, that a limited 3D movement will manifest itself as a limitation in
at least one of the three 2D planes that make up the 3D movement. For example: the
3D reference test: flexion - left rotation - left lateral flexion was compared with each
individual 2D plane on the index test, that is, flexion, left rotation and left lateral flex-
ion. The neutral position physical tests were compared with all anatomical planes as
assessed by the index test because they are not specific to one direction of motion.

The reference test (during physical examination) was performed minutes after the
self-report index test (during history-taking) and before the physical examination tests.
The tests were performed in the order described, except for the end-feel test in neutral
position. This was performed before the myofascial provocation test to preclude any
influence of the latter on its outcome. The UPA was performed when no more pain
was experienced from the myofascial provocation test. The physiotherapists were not
aware of the pooled normative values prior to the reference test.

Online data collection system

An online data collection system named “lime survey” was used (https://community.
limesurvey.org/licence-trademark/). Using “lime survey” guarantees non-fraceable
personal data from the subjects, in compliance with European Privacy laws. If there
was insufficient time within the physiotherapy process, subjects could complete the
baseline characteristics themselves in an online digital form of the digital database
“lime survey".

Data collection process

Five physiotherapists (PT) collected data in six primary care physiotherapy practices
in the Netherlands. Three were in their final year of an advanced physiotherapy MSc
programme in Orthopaedic Manual Therapy). These three had a mean work experi-
ence of 3 years. The two others were also manual therapists (MT) (MSc) (work experi-
ence: 13 years PT/10 years MT and 30 years PT/23 years MT).

Data collection took place during the physical therapeutic diagnostic usual care pro-
cess of history-taking and physical examination.
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Baseline characteristics were: gender, age, education, neck pain during the last 24
hours measured with a numeric rating scale (NRS), and the Neck Disability Index (NDI).
The NRS was used to capture the participant’s level of pain infensity '8 over the last 24
hours using a scale ranging from 0 (no pain) to 10 (worst pain imaginable). This NRS is
more efficient in an online data collection system than a visual analogue scale (VAS),
with patients seeming to find the VAS more difficult to understand 7.

The NDI is a valid questionnaire to measure disability, with a total score ranging from 0
(no disability) to 50 (maximum disability) 2.

The outcomes of the index and reference tests were recorded during the diagnostic
process by the physiotherapist. For transparency purposes, we filmed the tests. An ex-
act demonstration of the index and reference tests can be seen via the following link:
https://www.youtube.com/watch?2v=qlvk0jleZol&feature=youtu.be.

Sample size

The sample size calculation is based on Buderer's formula for sensitivity and specificity
of diagnostic health studies 2'. For a sensitivity and specificity of 0.7, a prevalence of
0.3, a precision of 0.15 and a 95% confidence level, a sample of 121 subjects was
needed.

Cut-off point

A recent systematic review presented pooled normative data, stratified by age cat-
egory 2. When the ROM is less than the norm value, it could be considered limited.
However, this limited ROM may also be the result of the normal anatomical variation
and therefore may noft reflect a true limitation in ROM. Thus, there is an overlap be-
tween the distribution of ROM measurements in people with and without non-specific
neck pain. The cervical ROM was considered limited if the ROM on the reference
test was less than the pooled normative value minus one standard deviation per age
category.

Statistical analyses

Descriptive staftistics were used for baseline characteristics of the subjects and cross-
tabs. Statistical analyses were performed with SPSS Version 25 (IBM Corporation, Ar-
monk, NY).

As recommended by the STARD statement 23, diagnostic accuracy was determined
by calculating sensitivity, specificity, positive and negative predictive values (PPV,
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NPV), positive and negative likelihood ratios (LR +, LR-) and their 5% confidence in-
tervals (Cl) and the “area under the curve” (AUC) %, A LR+ between 1 and 2 is con-
sidered small, 2-5 small but sometimes important, 5-10 moderate and >10 large 2.
An LR- between 0.5 and 1 is considered small and rarely important, 0.5-0.2 small but
sometimes important, 0.1-0.2 moderate and < 0.1 large (24). An AUC of £ 0.75 was
considered as not clinically useful 2.

First, the diagnostic accuracy of the self-report test for each movement direction was
determined. Thereafter, the diagnostic accuracy of each of the eight physical ex-
amination tests was determined separately for each direction of movement. Finally,
the diagnostic accuracy of the self-report test was combined with the best test of the
nine physical tests for each direction of movement.

Determining the diagnostic accuracy when combining fests, in this case a self-report
test and a physical examination fest, can be done in two ways, namely using either a
serial or parallel testing strategy #. With serial testing, the second test is performed only
if the result of the first test is positive. With parallel testing, both tests are performed and
the results are subsequently combined. The consequence of serial testing is a higher
specificity at the cost of lower sensitivity, and the opposite with parallel testing. Clin-
ically, it means that with serial testing one can better demonstrate an activity limita-
tion or can exclude this with parallel testing 8. Therefore, we analysed the diagnostic
accuracy of the combination of tests according to both strategies.

Sensitivity analysis

For our main analyses, we dichotomized the results of the self-report test into ‘not lim-
ited’ (0) and ‘limited’ (1 to 10). However, we hypothesized that patients might have
some difficulties distinguishing between an NRS of 0, 1 or 2. Therefore, we performed
a sensitivity analysis categorizing 1) NRS scores of "0 and 1", and 2) the NRS "0, 1 and
2", as 'not limited’ (Appendix 1).

Results

A total of 131 subjects were invited to participate in the study and 128 were enrolled.
Three subjects refused fo participate for privacy reasons. Female subjects numbered
83 (65%) and males 45 (35%). Ages ranged from 20 to 81 years. Other characteristics
are described in Table 1.

179




Chapter 6

Table 1: Characteristics of enrolled patients

n=128 Mean SD
Gender Female 83 (64.8%)
Male 45 (35.2%)

Age 50.8 14.9
Education Primary education 3 (2.3%)
Secondary education 27 (21.1%)
Specialized VET programs 64 (50.0%)
Higher professional education 29 (22.7%)
Research-oriented education 5 (3.9%)

Neck pain NPRS 5.0 2.1

Disability NDI 11.5 7.1

SD =standard deviation; VET = Vocational education and training; NDI = Neck disability index; NPRS = Numeric pain rating scale

The prevalence of limited cervical ROM at a cut-off point of 10, assessed with the
CROM, was 24% for flexion, 40% for extension, 45% for left rotation, 52% for right rota-
tion, 27% for left lateral flexion and 32% for right lateral flexion.

For the self-reported test (Appendix 1), sensitivity ranged from 0.42 (95% CI1 0.25-0.61)
for flexion to 0.83 (95% CI 0.72-0.91) for right rotation, and specificity from 0.41 (95%
Cl1 0.30-0.54) for left rotation to 0.62 (95% CI 0.50-0.77) for extension. LR+ ranged from
0.99 (95% Cl 0.62-1.60) for flexion to 1.7 (95% CI 1.20-2.41) for extension. LR- ranged
from 1.00 (95% CI 0.73-1.38) for flexion to 0.34 (95% CI 0.19-0.60) for right rotation. PPV
ranged from 24% (95% Cl 14-38%) for flexion to 64% (95% CI 53-74%) for right rotation,
and NPV ranged from 72% (95% Cl 60-82%) for extension to 87% (95% Cl 73-95%) for left
lateral flexion. The AUC ranged from 0.50 for flexion to 0.72 for left rotation.

When conducting the sensitivity analysis for the diagnostic accuracy of the self-report
test, categorizing the sum of scores of "0 and 1" and "0, 1 and 2" (Appendix 1) as "not
limited", we found a minimal improvement in accuracy. Overall, diagnostic accuracy
decreased slightly for sensitivity, LR- and NPV, as increasing numbers of scores (0, 1
and 0, 1, 2) were considered as “not limited”. Conversely, diagnostic accuracy im-
proved slightly for specificity, LR+ and PPV, as increasing numbers of scores (0, 1 and
0, 1, 2) were considered as “not limited” (Appendix 1). It can be concluded from this
sensitivity analysis that including ratings of Tor 2 in our definition of ‘limitation of the
cervical spine’ has hardly any influence on the outcomes.
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For the physical examination tests, the highest sensitivity values ranged from 0.71 for
extension (95% CI 0.57-0.82 for end-feel 3D extension left rotation-lateral flexion and
UPA) fto 0.80 for right lateral flexion (95% Cl 0.64-0.90 UPA) (Appendix 2). The highest
specificity values ranged from 0.86 for flexion (95% CI 0.77-0.92 muscle tension palpa-
fion) and left rotation (95% CI1 0.75-0.93 fraction test) to 0.89 for extension (95% CI 0.80-
0.00 muscle ftension palpation). The highest LR+ values ranged from 1.43 for left lateral
flexion (?5% Cl10.67-3.06 traction test) to 1.73 forright rotation (?5% CI1 0.79-3.79 traction
test). The LR- values ranged from 0.81 for left lateral flexion (95% Cl 0.46-1.41 end-feel
3D extension left rotation /lateral fliexion) to 0.51 for left rotation (95% CI1 0.25-0.68 UPA).
The PPV ranged from 32% for flexion (95% CI 21-45% active flexion movement with
unilateral compression and/or stretch pain) to 65% for right rotation (95% CI 43-83%
traction test). The NPV ranged from 59% for right rotation (95% Cl 42-73% UPA) to 83%
for flexion (67-92% UPA).

For an overview of all outcomes regarding the diagnostic accuracy of all physical
examination tests, see Appendix 2.

For the best combination of the self-report test and the physical test for any direction
expressed in a LR+, serial testing is required. The best combination of tests for any di-
rection of movement were the self-report test plus:

¢ Flexion: Active flexion movement test (1.39; 95% Cl 0.67-2.88)

e Exfension: Muscle tension (palpation) test (2.52; 95% CI 0.63-10.07)

e Left rotation: Traction test (2.66; 5% Cl1 0.98-7.20)

¢ Right rotation: Traction test (2.96; 95% CI 1.02-8.59)

e Leftlateral flexion: Traction test (2.07; 95% CI1 0.83-6.95)

e Right lateral flexion: Muscle tension (palpation) test (1.77; 95% C1 0.57-5.47)

For the best combination of the self-report test and the best physical test per direction

expressed in a LR-, parallel testing is required. The best combination of tests per direc-

fion of movement were the self-report test plus:

e Flexion: Active flexion movement test (0.61; 5% CI 0.28-1.31)

e Extension: End-feel and 3D extension left rotation-lateral flexion test (0.42; 5% ClI
0.17-1.06)

e Leftrotation: UPA test (0.20; 95% CI 0.05-0.86)

¢ Right rotation: UPA test (0.23; 95% 0.07-0.77)

e Left lateral flexion: UPA test (0.19; 95% CI 0.03-1.39)

e Right lateral flexion: UPA test (0.33; 95% CI 0.08-1.38)
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Table 2 further summarizes the diagnostic accuracy of the combination of the self-re-
port test and the best physical test for any direction of movement, both for serial and

parallel testing.

Table 2 Diagnostic accuracy self-report test + physical tests

Physical tests Serial Parallel
Sensitivity Specitivity Sensitivity Specitivity
(95%Cl) (95%Cl) (95%Cl) (95%Cl)
Flexion
UPA 0.32 (0.17-0.51) | 0.73(0.63-0.82) | 0.87 (0.70-0.96) | 0.20 (0.13-0.30)
Muscle tension (palpation) 0.06 (0.00-0.11) | 0.94 (0.87-0.98) | 0.51 (0.33-0.70) 0.50 (0.39-0.60)
Extension
End feel 3D extension left
rotation-lateral flexion / UPA 0.46 (0.33-0.62) | 0.76 (0.66-0.85) | 0.90(0.79-0.97) | 0.23 (0.15-0.34)
Muscle tension (palpation) 0.10 (0.03-0.21) 0.96 (0.89-0.99) | 0.71 (0.56-0.83) 0.55 (0.43-0.66)
Left rotation
UPA 0.64 (0.50-0.76) | 0.65(0.53-0.77) | 0.96 (0.88-0.99) | 0.17 (0.09-0.28)
Traction test 0.19 (0.10-0.31) | 0.92(0.84-0.98) | 0.86 (0.75-0.94) 0.35 (0.23-0.47)
Right rotation
UPA 0.61 (0.49-0.73) | 0.69 (0.56-0.80) | 0.96 (0.87-0.99) | 0.19 (0.11-0.32)
Muscle tension (palpation) 0.12 (0.05-0.22) 0.93 (0.84-0.98) | 0.85 (0.74-0.92) 0.43 (0.30-0.56)
Left lateral flexion
UPA 0.61 (0.42-0.76) | 0.62(0.52-0.72) | 0.96 (0.85-0.99) | 0.14 (0.08-0.24)
Muscle tension (palpation) 0.12 (0.03-0.27) 0.93 (0.85-0.97) | 0.85 (0.70-0.95) 0.37 (0.26-0.46)
Right lateral flexion
UPA 0.54 (0.37-0.69) | 0.65(0.55-0.75) | 0.94 (0.83-0.99) | 0.16 (0.08-0.24)
Muscle tension (palpation) 0.12 (0.04-0.26) 0.94 (0.86-0.97) | 0.73 (0.57-0.86) 0.38 (0.28-0.49)
Serial Parallel
LR+ (95%Cl) LR- (95%Cl) LR+ (95%Cl) LR- (95%Cl)
Flexion
Active flexion movement with
unilateral compression and/or
stretch pain 1.39 (0.67-2.88) | 0.91 (0.73-1.14) | 1.19 (0.95-1.48) 0.61(0.28-1.31)
UPA 1.20 (0.66-2.21) | 0.93 (0.71-1.21) | 1.10 (0.93-1.30) 0.63 (0.23-1.69)
Extension
Muscle tension (palpation) 2.52(0.63-10.07) | 0.94 (0.85-1.04) 1.55 (1.15-2.10) 0.54 (0.34-0.86)
End feel 3d extension left rota-
tion-lateral flexion 2.01 (1.22-3.31) | 0.69 (0.52-0.92) | 1.18(1.01-1.37) 0.42 (0.17-1.06)
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Table 2 Diagnostic accuracy self-report test + physical tests (continued)

Left rotation

Traction test 2.66 (0.98-7.20) | 0.87 (0.76-1.00) | 1.31 (1.08-1.60) 0.40 (0.20-0.83)
UPA 1.86 (1.28-2.71) | 0.55(0.38-0.81) | 1.17 (1.04-1.31) 0.20 (0.05-0.86)
Right rotation
Traction test 2.96 (1.02- 8.59) | 0.86 (0.75-0.99) | 1.51 (1.19-1.91) 0.32 (0.16-0.62)
UPA 1.96 (1.29-2.99) | 0.56 (0.40-0.80) | 1.19 (1.04-1.36) 0.23 (0.07-0.77)
Left lateral flexion
Traction test 2.07 (0.83-0.95) | 0.89 (0.74-1.06) | 1.37 (1.13-1.66) 0.32 (0.12-0.84)
UPA 1.59 (1.09-2.32) | 0.64(0.41-0.99) | 1.14(1.03-1.39) 0.19 (0.03-1.39)
Right lateral flexion
Muscle tension (palpation) 1.77 (0.57-5.47) | 0.94 (0.83-1.07) 1.18 (0.92-1.52) 0.70 (0.40-1.24)
UPA 1.56 (1.04-2.34) | 0.71 (0.49-1.02) | 1.12(1.00-1.25) 0.33 (0.08-1.38)
Serial Parallel
PPV (95%Cl) NPV (95%Cl) PPV (95%ClI) NPV (95%Cl)

Flexion

Active flexion movement with
unilateral compression and/or
stretch pain

UPA

31% (18%-48%)
28% (17%-41%)

78% (74%-81%)
77% (72%-82%)

27% (23%-32%)
26% (23%-29%)

84% (71%92%)
84% (65%-93%)

Extension
Muscle tension (palpation)
End feel 3d extension left rota-

tion-lateral flexion

63% (30%-87%)

57% (45%-69%)

62% (59%-64%)

69% (62%-74%)

51% (43%-58%)

44% (40%-48%)

74% (64-82%)

78% (59%-90%)

Left rotation
Traction test

UPA

69% (45%-86%)
55% (46%-64%)

58% (55%-62%)
73% (6%-80%)

52% (47%-57%)
44% (41%-47%)

75% (60%-86%)
88% (64%-58%)

Right rotation
Traction test

UPA

76% (53%-90%)
68% (58%-76%)

5% (48%-55%)
62% (56%-73%)

62% (56%-67%)
56% (53%-60%)

75% (60%-85%)
80% (55%-93%)

Left lateral flexion
Traction test

UPA

43% (24%-65%)
37% (29%-46%)

75% (72%-78%)
81% (73%-87%)

34% (30%-38%)
30% (28%-32%)

89% (76%-96%)
93% (66%-99%)

Right lateral flexion

Muscle tension (palpation)

45% (21%-72%)

69% (66%-72%)

36% (30%-42%)

75% (63%-84%)

UPA

42% (33%-52%)

75% (68%-81%)

35% (32%-37%)

87% (61%-96%)

The diagnostic parameters as presented for each physical test are to be interpreted as the combination of the self-report test
with the physical tests (either serial or parallel)
ClI = confidence interval, LR = likelihood ratio, NPV = Negative predictive value, PPV = Positive predictive value
UPA = Unilateral Posterior-Anterior Provocation test,

3D = 3 dimensional.

The highest values are shown in bold numbers.
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Discussion

Main results

We consider the LR+ of all individual tests fo be small, and therefore rarely important.
The LR- for the tests for flexion, extension and right lateral flexion were small (rarely
important) and for the tests for left rotation, right rotation and left lateral flexion small
but sometimes important. The AUC for the self-report test is considered not clinically
useful. Based on the LRs and AUCs, the diagnostic accuracies of the self-report test
and the physical examination tests separately were small and thus rarely clinical im-
portant.

A combination of the self-report test and the best physical examination test for any
direction of movement had the highest diagnostic accuracy. As some LR+s were
between 2 and 5 (serial testing) and some LR-s were between 0.5 and 0.2 (parallel
festing), these may be clinically important. For example, the muscle tension test for ex-
fension and traction test for left and right rotatfion in combination with the self-report
test are potentially clinically important, based on the LR+. The UPA test for left rotation
and left lateral flexion in combination with the self-report test is potentially clinically
important, based on the LR-.

Discussion of findings

There are many physical tests to choose from when assessing ROM. To increase clini-
calrelevance, we wanted to base our choice on scientific research. The Delphi study
by de Witte et al. ' identified physical tests for an articular dysfunction and we as-
sumed that there would be a relationship between articular dysfunction and limited
ROM. Therefore, articular dysfunction tests should be able to signal limited ROM. In
refrospect, based on our results, this assumption turned out to be incorrect.

The cluster of tests we examined included a non-specific test fo determine ROM,
namely the fraction test. This may adversely affected diagnostic accuracy of this test.
Strikingly, this non-specific test worked best in combination with self-report to identify
a cervical ROM restriction.

Although patients with neck pain have significantly limited ROM, compared to those
without 4, the underlying cause of this limitation may well be something other than
articular dysfunction. For example, possible causes of restricted movement could be
myofascial in origin 7, exacerbated by psychological factors *. This could explain why
the physical examination tests for arficular dysfunction that we investigated did not
accurately diagnose limitations in ROM.
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Because there are multiple underlying causes for limited ROM, it could be argued that
an investigation such as ours might work better in a homogeneous population with
one cause for limited ROM. However, it is not clear how such a population could be
identified. One could argue that using treatment-based classification systems might
achieve this but we are of the opinion that using such systems would not help to select
more homogenous populations since their methodological quality is predominantly
low and they do not identify specific causes for limited ROMs 3.

Pain intensity might also be thought to be an underlying cause of a restricted ROM.
However, this does not seem to be the case since the correlation between pain inten-
sity and perceived restriction or between pain intensity and a measured restriction in
ROM, using the CROM, was small (r < 0.30) for all movement directions of the cervical
spine.

Strength and limitations

To determine the existence of a true limitation in cervical ROM, it is necessary to es-
tablish an optimal cut-off point for a restriction, as opposed to normal variation 232, A
limitation of our study is that there are no well-defined cut-off points for classifying a
frue restriction in cervical ROM. On the other hand, we know that ROM changes with
age so the cut-off points have been stratified by age *. We used the one standard
deviation (10) cut-off point as we considered this the most appropriate, but this usage
can be debated. With cut-off points of 2o or 3o for a limitation in cervical ROM, the
prevalence decreased dramatically, (for 2o to below 31% and for 3o to below 9%)
(see Appendix 1). As, according to Stenneberg et al. 4, significant differences were
found in active ROM between subjects with non-specific neck pain and those with-
out, these cut-off points no longer seem to represent clinical practice. In addition, this
decrease in prevalence results in an increase in false negatives (decrease in specific-
ity see Appendix 1, 2). This means that a cut-off point of 2 or 3o leads to an increase
in people who are incorrectly classified as not restricted and would therefore not be
freated. The Grading of Recommendations Assessment, Development and Evalua-
tion (GRADE) Working Group indicates that, for relatively safe treatments, high sensi-
tivity is preferable to high specificity 34 The last argument for choosing 1o was that the
accuracy hardly increased with higher cut-offs because of the small differences in LR
between 1, 2 and 3o (see Appendices 1, 2). For the sake of interest, all three cut-off
point calculations are reported in Appendices 1 and 2. We believe, for this study, that
using the 1o cut-off point is the most appropriate but further research will be needed
to determine whether this is sufficiently accurate 34,
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A second limitation was that the measurements of the index and reference tests were
not technically independent so that the results may have been overestimated 2.
For our study, this means that, if the outcomes of this research were an overestima-
tion, the actual outcomes are even worse. This procedure was unavoidable because
data collection took place during the routine physiotherapy process of usual care.
A first measure aimed at reducing information bias was to randomize the order of
directions in which CROM measurements were performed. As a consequence, these
CROM measurements were always taken in a different order than in the self-report
test or physical examination tests. In addition, the correlation between the physical
therapist's interpretation of the outcome of a CROM measurement and the objec-
five limitation of ROM is moderate. This moderate correlation reduces the chance
of overestimation as a result of information bias *°. Therefore, we made sure that the
physiotherapists were not aware of the cut-off points because without knowing those,
the outcome of CROM measurements are difficult orimpossible to interpret. The inter-
pretation of the CROM measures (limited yes / no according fo the cut-off point) was
performed by an independent researcher to further reduce information bias.

Finally, the hold-relax test was assessed in the most limited of the four 3D directions,
as determined by the physiotherapists. However, this direction was not recorded and
therefore we were unable to link the hold-relax test to the relevant anatomical planes.
As a result, the diagnostic accuracy for this test could not be determined.

A strength of this study was the practice-oriented setting where real-time results were
obtained during the normal diagnostic process of physiotherapists, meaning that
these results reflect daily practice

We followed the STARD statement recommendations concerning a ratfionale for test
positivity cut-offs of the reference standard and the use of the recommended es-
timates of diagnostic accuracy (such as sensitivity, specificity, predictive values, or
Area Under the Curve values) and their precision (such as 95% Cls) 2.

External validity

There are only three studies on diagnostic accuracy of International Classification
of Functioning (ICF) related physiotherapeutic variables (36-38). One study describes
the accuracy of the manual diagnosis for cervical zygapophysial joint pain syndromes
(37) and a one study describes the diagnostic accuracy of the cervical flexion-rota-
fion test (36) and one study describes the diagnostic accuracy of joint position error
(38). This lack of diagnostic accuracy research confirms Verhagen's statement: "Unfor-
funately, little is known regarding the diagnostic value of general physical examina-
fion for patients with neck pain" .
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Implications

First, it should be stressed that measuring ROM is not the same as determining a lim-
itation in ROM. To determine this, a cut-off point must be used as otherwise we simply
know what the ROM is, not whether it is limited.

The traction and UPA tests, in combination with the self-report test, have some clinical
relevance but have not been shown useful for all movement directions. Nevertheless,
they can be used in daily practice o get an impression of whether cervical ROM is
restricted or not, especially if no CROM is available. However, if the results of this study
are considered to overestimate the frue outcomes, the use of these tests should be
advised with caution. Therefore, if a CROM device is available, its use to determine a
restriction in ROM, using a cut-off point of 10, is preferable.

Forinstance, the CROM measurement could be performed first fo determine whether
the movement is restricted or not, using the cut-off point. Then a physical test could
be performed to determine the possible underlying cause of the restriction in ROM.
Unfortunately, insufficient research has been carried out to determine which tests test
valid underlying causes.

This is a first study of the diagnostic accuracy of self-report and physical examination
tests, or a combination of these, fo demonstrate or rule out a restriction of movement
of the neck. As it is impossible to examine every physical examination test of the cer-
vical spine in one study, we have looked at those recommended by experts. Other
physical examination tests might possibly perform better, perhaps with a more appro-
priate subgroup of subjects. Therefore, further research into the diagnostic accuracy
of physical examination tests is needed.

Conclusion

A first insight has been obtained into the diagnostic accuracy of determining a re-
stricted ROM of the neck during the entire diagnostic physiotherapy process in a usual
care setting, consisting of history-taking and physical examination tests.

The overall diagnostic accuracy of the self-report test or the best physical examinao-
fion tests to assess the restriction of ROM in subjects with non-specific neck pain seems
limited. We consider the LRs of the combination of the self-report test and the best
physical tests to be small but sometimes clinically important. Therefore, we advise the
use the CROM device to determine a restricted ROM of the neck.
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Chapter 7

Abstract

Objectives: The objective of this study was 1) to establish the measurement error
of the Sensamove Cervical Trainer accelerometer (SCT); 2) to describe the applied
freatments for patients with non-specific neck pain with an identified restriction in
cervical Range of Motion (ROM) in primary care physiotherapy clinics; 3) to explore if
the cervical ROM, pain, (perceived) disability and motor control improved after one
manual therapy freatment.

Methods: The standard error of measurement (SEM) and the smallest detectable
difference (SDD) were calculated, based on a test-retest study. Second, an explora-
tive, longitudinal study design (follow-up one week) was performed. Inclusion criteri-
on: patients with non-specific neck pain with an identfified restriction in cervical ROM.
Measurements: pre- (TO) and post freatment (T1) and one week post-freatment (T2).
Outcomes: ROM, motor control movement task, Numerical Pain Rating Scale (NPRS)
and Patient Specific Function Scale (PSFS).

Results: The SEM varied from 1.62° (lateral flexion right) to 3.46° (extension). The SDD
varied from 4.49° (lateral flexion right) to 9.58° (extension). Four physiotherapists in-
cluded 24 patients and used eight different freatments. The TO-T2 improvement in
cervical ROM ranged from 2.95° (SD 6.09) (right lateral flexion) to 11.00° (SD11.87) (left
rotation). The movement task was performed 3.96 (SD 4.24) seconds faster. The NPRS
decreased 3.08 (SD 1.82) points and PSFS improved 7.71 (SD 5.34) points.

Conclusion: The measurement error has been established. Moreover, this study illus-
frates that matched treatments, as applied in daily practice, have the potential to

induce short-term improvements.

Keywords: neck pain, range of motion, physical therapy modality
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Infroduction

Non-specific neck pain is a major concern in the adult Western world population and
the 12-month prevalence ranges between 30% to 50% '. Often a specific diagnosis
cannot be made, and neck pain is labelled non-specific, because of the multifacto-
rial aetiology .

Physiotherapy interventions for non-specific neck pain have repeatedly been inves-
tigated but the results are inconclusive #°. A potential explanation is that freatments
are according fo a one-size fits all principle, and therefore, recently, “physiothera-
peutic validity” has emerged as an important topic. This is defined as a match be-
tween the identified impairments (e.g. restricted Range of Motion) and/or activity
limitations (e.g. looking backward while driving a car) and specific treatments aim-
ing to improve these impairments and/or activity limitations, with matching outcome
measures (i.e. relevant outcome measures linked to the aim of the treatment) ¢8. This
match is important as the clinical reasoning process is a pre-requisite for choosing the
most optimal treatment °. A recent review assessed the “physiotherapeutic validity”
of Randomized Confrolled Trials (RCTs) for patients with non-specific neck pain. Only
9% of the 122 included studies had adequate “physiotherapeutic validity” ¢.

It is generally believed that the most investigated interventions, mobilisations and ma-
nipulations, can improve Range of Mofion (ROM) in patients with non-specific neck
pain if there is a valid indication for those interventions 7/1°. The reported effects of mo-
bilisations and/or manipulations are small, but they are reported to be more effective
when combined with exercise therapy "2 It is unknown which treatment parame-
ters (e.g. the segmental level) of the mobilizations or the manipulations give the best
result 13. Additionally, it has been argued that other interventions also have the poten-
fial to improve ROM; e.g exercise therapy '?, hold-relax techniques * and pain edu-
cation . This suggest that restricted ROM may be associated with a variety of factors
(e.g. joint, muscle or psychological factors). It therefore remains unclear which inter-
ventions or combination of intferventions have the greatest potential to improve ROM.

Little is known to which extent changes in other variables, such as pain and/or disabili-
ty, occur when ROM improves in patients with non-specific neck pain with a restriction
of ROM of the neck. To date only one study, which included non-specific neck pain
patients with a restriction of ROM of the neck, investigated whether improved ROM
was associated with decreased pain infensity '¢. This randomized conftrolled trial (RCT)
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compared mobilizations with a motionless manual contact placebo treatment. Mobi-
lization significantly increased ROM compared to the placebo treatment (MD lateral
flexion 5.2°(95% CI: 1.84-8.56); MD rotation 4.8° (95% CI. 0.32-9.28) and the difference
in pain decrease ranged from 29 to 47% in favour of the intervention group .

An improvement of ROM could, in addition to changes in pain and disability, also
induce animprovement in motor control, defined as the way in which the nervous sys-
fem conftrols posture and movement to perform a specific mo—tor task, and includes
consideration of all the associated motor, sensory, and infegrative processes 7. One
study investigated if, in addition fo changes in ROM, a simple rotation task of the cer-
vical column also changed, after one freatment with spinal manipulation (SM)'8.Right
rotation varied statistically significantly from 74.75° (SD 7.63°) pre-SM to 78.50° (7.23°)
post-SM. No other ROM directions or conditions yielded significant differences. The re-
sults of the rotation task showed that the precision of the execution of the rotation task
also improved. So, preliminary results seem to suggest that motor control improves
after an improved ROM of the neck.

To strengthen physiotherapeutic validity in scientific research, effects of physiothera-
py should be investigated in more practice-oriented studies . Practice-oriented does
not only mean a physiotherapeutic practice setting, but also that the physiotherapist
is free to act in accordance with their normal daily clinical practice.

A physiotherapy treatment generally combines multiple interventions, for example
mobilizations with exercise therapy, and is therefore multimodal in nature 2. In daily
practice, physiotherapists choose their own treatment based on their clinical reason-
ing process. This individualisation of freatment based on the patient's specific needs
is called matched care ?'. Despite the fact that physiotherapists attempt matching
care to the patfient’s needs, there is little knowledge about which freatments are ap-
plied in daily practice and which treatments have the most potential fo improve ROM
in patients with non-specific neck pain with a limited ROM. For the measurement of
the cervical ROM we used the Sensamove Cervical Trainer accelerometer (SCT). Be-
fore the results of this instrument can be clinically interpreted, insight into the reliability
and measurement error of the SCT is necessary 2.

Therefore, the first aim was to establish the measurement error of the SCT. The second
aim was fo describe the treatments applied by physiotherapists in daily practice, for
patients with non-specific neck pain with an identified restriction in cervical ROM. The
third aim was to explore if the cervical ROM, pain, (perceived) disability and motor
control improved after one matched freatment.
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Methods

First, a fest-retest design was used fo calculate the reproducibility of the SCT. The
Medical Ethic Center in Rotterdam approved this part of the study (MEC-2018-129).
Second, an explorative prospective, longitudinal pilot study with a follow-up of one
week was executed. This study was approved (reference number 26_000_2019) by
the Institutional Review Board (department of health studies) of HU University of Ap-
plied Sciences Utrecht. Participation was voluntary and written informed consent was
obtained. Patients were included from February to May 2019.

Participants

For the fest-retest design patients had to meet the following inclusion criteria:

e age >18years and non-specific neck pain, defined as pain (with or without radia-
tion) located in the cervical spine and/or occiput region and/or cervico thoracic
junction and muscles originating from the cervical region acting on the head and
shoulders, without underlying pathology 2.

e Proficient in Dutch language.

e torule outcervicalradiculopathy, the upperlimb tension test had to be negative .

For the pilot study consecutive participants were recruited from three primary care
physiotherapy clinics between February 2020 and October 2020. Before participat-
ing, participants signed informed consent. The inclusion criteria were identical to the
test-retest study, with two additional criteria for the pilot study were:

* a confirmed movement restriction in left and/or right rotation as measured with
the SCT. To reduce participant burden, the other directions were measured only
if a restriction was found in the left and/or right rotation direction. The ROM was
considered restricted if the ROM was less than the pooled norm value minus one
standard deviation per age category 2.

¢ The mandatory primary treatment target of the first freatment was improvement
of ROM of the neck.

Physiotherapists

For the test-retest study the measurements were performed by one physiotherapist
with five years of work experience. Repeated measurements by this rater on the same
day were used to calculate intra-rater reliability.
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For the pilot study a convenience sample of four physiotherapists, mean age 39.75
(SD 13.2) was invited to collected data in three primary care physiotherapy prac-
fices in the Netherlands (two physiotherapists worked in the same practice). One
physiotherapist was in his final year of a 3-year master Orthopaedic Manual Therapy
programme. The other physiotherapists were registered manual therapists (MSc). The
average work experience as a physiotherapist was 16.25 (SD 13.48) years and as a
manual therapist 11.00 (SD 12.06) years.

The physiotherapists were invited because they owned a Sensamove Cervical Trainer
(SCT). This is not part of the standard equipment in Dutch physiotherapy practices.
The SCT 3D sensor (www.sensamove.com/en/) is a 9 degrees of freedom sensor which
combines signals from a 3-axis accelerometer, a 3-axis gyroscope and a 3-axis mag-
netometer and then franslates the 9 separate data points into an orientation vectorin
X, y and z coordinates and an angle of rotation around the direction of the vector. It is
positioned with an adjustable strap and aligned centrally on the forehead just above
the bridge of the nose (Figure 1).

The advantage of the SCTis that both the measurement
of the ROM and the computerized motor task are com-
bined in one measurement instrument, which reduces
patient burden.

Study protocol

Test-retest design Figure 1: sensamove Cervical Trainer (SCT)

The strap with the accelerometer was attached to the participant’s head. The SCT
was calibrated before the ROM measurements, after which all movement directions
(flexion, extension, rotation left/right, and lateral flexion left/right) were measured. Af-
ter the measurements, the strap was removed and there was a 5-minute break. Then
the strap was reattached for the second round. Recall bias was not an issue as the
results of both SCT measurements were displayed in the digital output, not visible to
the parficipant.

Pilot study

This study took place during the usual daily practice of physiotherapists. Eligible par-
ficipants were asked to participate in the study by their freating physiotherapists. In
order to not interfere with their daily practice, the same physiotherapists determined
both the inclusion of participants and carried out the freatment.

The aim was to include a minimum of 12 participants to explore freatment effects in
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this pilot study ?. Anticipating loss to follow up we aimed to include 24 participants.
During a two-hour session the study profocol was discussed with all participating phys-
iotherapists in order o achieve that the physiotherapists used the SCTin a similar fash-
ion. As the physiotherapists used the SCT in their daily work already, no further training
was necessary.

Three measurements were done: baseline (= pre-treatment T0), immediately after
freatment (T1) and after a week, before the confinuation of further physiothera-
py treatments (12). Patient characteristics were measured at baseline (T0). Highest
pain-intensity in the past 24 hours (Numeric Pain Rating Scale (NPRS) #) and perceived
disability (Patient Specific Function scale (PSFS)%) were measured at TO and T2. ROM
of the neck was measured with an the SCT (figure 1) and the movement task per-
formed at TO, T1 and T2. The movement task was practiced twice and was measured
the third fime.

After the baseline measurements (T0) freatment aimed at improving ROM was per-
formed. The choice for the specific freatment was left to the discretion of the physio-
therapists, based on the findings of their history taking and physical examination. Im-
mediately after the freatment, the physiotherapist registered the various components
of the treatment online. ROM and the computerized movement task were measured
again immediately after treatment (T1). After one week (T2) it was assessed to what
extent the ROM and movement task had changed, relative to T1, and to what extent
the pain and experienced performance of the neck had changed, relative to TO, plus
the seven-point General Perceived Effect (GPE) . Only participants who were meas-
ured at all three times (T0, T1, T2) were included in this study.

The data was entered in an online database: Lime Survey (https://community.limesur-
vey.org/licence-trademark/ ), which guarantees untraceable personal data in com-
pliance with European Privacy laws.

Outcome measures
Primary outcome
Active ROM of the neck, measured with the SCT. If a movement restriction was iden-

fified in active left and/or right rotation, the other directions of movement (flexion,
extension and left/right lateral flexion) were also measured.
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Secondary outcomes

A fracking task is considered an outcome measure for motor control 30 for which the
SCT Neuro Muscular Control (NMC) PRO test was used at level 3 (pan view) (NMC
PRO TEST - YouTube). This is a computerized movement task which can be set in such
a way that the activity can also be carried out with a movement restriction. This test
is focused on controlled movement; the participant starts with the cursor (red dot) on
a yellow dot at one side of a predetermined pattern (3D). Once the cursor is inside
the yellow dot, the yellow doft starts fo move and the participant has to follow the
predeftermined pattern (by staying inside the yellow dot) by moving the head. If the
cursor deviates from the pattern, the yellow dot stops until the participant relocates
the cursor inside the yellow dot. The more often the red dot deviates from the yellow
dot, the slower the activity proceeds. The test result is the time needed to complete
the entire pattern. Psychometric properties of the NMC PRO test are unknown.

The 11-point NPRS captures the participant’s level of pain intensity (0 = no pain; 10
(worst pain imaginable) # of their current pain over the last 24 hours The Smallest De-
tectable Difference (SDD) has been reported to be 2.1, whereas the Minimal Clinical
Important difference (MCID) was shown to be 1.3, in patients with mechanical neck
pain %.

A modified PSFS was used to measure experienced disability by scoring the general
activity limitations *'. The scale was reversed ranging from 0 “unable to perform” (in-
stead of able) to 10 “able to perform the activity” (instead of unable). The participant
reports three activities that are limited and an average rating for all three activities
is calculated. The original PSFS has excellent test-retest reliability (ICC 0.92) and a
standard error of measure (SEM) of 0.43 for patients with neck pain . The modified
PSFS has an ICC of 0.95 (C1 0.92-0.97) (unpublished result). The calculated SDD of the
PSFS for participants with neck dysfunction is 1.19 points %. The modified PSFS, pre-
ferred by Dutch participants, is valid in ferms of content validity and construct validity
for patients with neck pain 3'.

A 7-point General Perceived Effect (GPE) was used to measure perceived recovery,
ranging from 1 (fully recovered) to 7 (worse than ever). Intraclass correlation coeffi-
cient values of 0.90-0.99 indicate excellent reproducibility .

Data analysis

For the test-retest study the following patient’s characteristics were described; gen-
der, age, duration of complaints, neck pain intensity (NPRS) and experienced disabil-
ity with the neck disability index (NDI). To determine a clinically relevant difference,
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SEM and the SDD were calculated *.

For the pilot study the raw quantitative data was transferred from Lime Survey to SPSS.
Descriptive statistics were used for baseline characteristics: age, gender, duration of
neck pain, neck pain intensity (NPRS), experienced disability (PSFS), ROM, and the
NMC PRO test.

The changes in cervical ROM, movement task, pain, and experienced activity limi-
tation, are presented in means and standard deviation (SD) (significance level 5%).
Since the NPRS and PSFS were measured twice (T0-T2) the paired samples T-Test was
used. For the cervical ROM and movement task a repeated measures Anova was
used including (TO, T1 and T2). All analyses were performed with SPSS Version 25 (IBM
Corporation, Armonk, NY). Data available on request from the authors.

Results

Test-retest study

Of the 33 consecutive participants who met the inclusion criteria, 31 participated
including 15 men, with a mean age of 52.6 (SD 18.8) years, mean duration of com-
plaints 69.2 (SD 96.5) weeks, mean NPRS score 4.9 (SD 1.8), and mean NDI score
23.4 (SD 12). The SEM varied from 1.62 degrees (lateral flexion right) to 3.46 degrees
(extension). The SDD varied from 4.49 (lateral flexion right) to 9.58 (extension). Table 1
presents the results for all directions.

Pilot study

Twenty-four participants were included (mean age 48 (SD 18.99) years). Nine pa-
fients had acute (0-6 weeks), 2 sub-acute (6-12 weeks) and 13 chronic neck pain (>12
weeks) 2. Table 2 presents all characteristics.

Eight different treatments were applied by the 4 physiotherapists (Table 3). Each freat-
ment led to an improvement in cervical ROM, especially rotation (Table 4). This was
as expected as patients were specifically included based on a ROM restriction of the
left and/or right rotation. None of the freatments seemed superior at improving ROM.
The ROM per direction of the neck (independent from the different tfreatments) im-
provement between T0 and T2 ranged from 2.95° (SD 6.09) for right lateral flexion
fo 11.00° (SD11.87) for left rotation (Table 4). The differences between TO-T2 were all
statistically significant (<0.05) except for flexion and right lateral flexion. The not statis-
fically significant difference between T1 and T2 ranged from -1.33° (4.44) for flexion to
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0.51° (6.72) for extension. The differences between T1-T2 were therefore an indication
of maintenance of improvement after one week.

A result was considered to be clinically relevant if the average difference T0-T2 ex-
ceeded the measurement error (SDD) or exceeded the MCIC. The NPRS exceeded
both the SDD and MCID and, the PSFS exceeded the SDD. Left and right rotation
showed a clinically relevant improvement (SDD) in ROM (T0-T2).

The motor control task improved statistically significant between T0-T2 (3.96 (SD 4.24)
seconds; p<0.05) and there was a non-significant reduction of 1.21 (SD 6.78) seconds
between T1-T2. Pain decreased statistical significantly (<0.05) on average by 3.08 (SD
1.82) points on the NPRS and the activity limitations experienced by the patient im-
proved significantly (<0.05) with 7.71 (SD 5.34) points on the PSFS. Two participants
experienced a full recovery, 8 much improvement, 13 somewhat improvement and
1 patient experienced no improvement, reported on the GPE. No patient reported
deterioration.

Table 1: Measurment error

Direction SEM SDD
Flexion 3.42 9.48
Extension 3.46 9.59
Left rotation 2.99 8.29
Right rotation 2.21 6.13
Left lateral flexion 2.21 6.13
Right lateral flexion 1.62 4.49

SDD = Smallest Detectable Difference, SEM = Standard Error of Measurement

Table 2: Characteristics of enrolled participants

n=24 n (%) Mean (SD)
Sex (Female) 14 (58%)

Age (Years) 48.42 (18.99)
Acute NP (Weeks) 9 (38%) 4.11 (1.05)
Sub-acute NP (Weeks) 2( 8%) 10.50 (2.12)
Chronic NP (Weeks) 13 (54%) 126.31 (165.17)
Neck pain (NPRS) 6.71 (0.91)
Activity (PSFS) 18.25 (4.35)
DoT (Minutes) 21.63 (4.01)

DoT = duration of treatment, NP = neck pain, n = number of patients, NPRS = Numeric pain rating scale;
SD = standard deviation, PSFS = patient specific function scale,
Acute neck pain 0-6 weeks — Sub acute neck pain 6-12 weeks — Chronic neck pain >12 weeks
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Table 3: Multimodal treatments

n Multimodal freatments

1 advice, mobilization, manipulation, friggerpoint freatment
1 advice, mobilization, manipulation, strength exercises

1 mobilization, manipulation, triggerpoint treatment

mobilization, manipulation, hold relax fechniques

1 manipulation, triggerpoint freatment

2 advice, mobilization, motor control exercises
4 advice, mobilization, manipulation

5 mobilization, manipulation

8 advice, mobilization

n = number of patients treated

Table 4: Range of movement per direction with differences and the computerized movement task

Direction n T0 T T2 T0-T1 T0-T2
Flexion 24 46.52(11.52) 50.84 (11.57) 49.51 (11.36)  4.33 (7.19)* 2.99 (6.60)
Extension 24 51.52(15.75) 60.12 (14.28) 60.63 (15.87) 8.0 (10.32)*  9.11 (12.12)*
Left rotation 24 51.16(12.91) 6281 (14.80) 62.16 (15.64) 11.65(12.35)* 11.00 (11.87)*
Right rotation 24 5447 (17.40) 63.22(16.09) 63.19 (16.01)  8.75 6.60)* 8.72 (10.92)*
Left lateral flexion 24 31.25(12.12) 35.82(11.34) 34.97 (11.17)  4.57 (6.18)* 3.71 (5.94)*
Right lateral fiexion 24 31.66 (13.19)  35.32(10.97) 34.61 (11.99) 3.66 (7.34) 2.95 (6.09)
Computerized

movement task 24 33.96(13.18) 28.79(10.02) 30.00 (13.18)  5.17 (7.43)* 3.96 (4.24)*

Mean (Standard Deviation); n = number of subjects; T0 = pre intervention, T1 = post intervention,
T2 = after 1 week; * = P<0.05

Discussion

Main results

Because there is now insight into the degree of measurement error of the SCT in the
measurement of cervical ROM, the results of the ROM changes can now be interpret-
ed clinically.

Eight treatments, all multimodal, were applied. This underpins the assumption that
physiotherapy treatment generally consists of more than one intervention. The most
frequently applied inferventions were mobilisations and manipulations.
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Participants had a clinically relevant improvement on all PROMs after only one freat-
ment session. Left and right rotation showed a clinically relevant improvement (SDD)
in cervical ROM (T0-T2), the other directions did not. This is in line with expectations
since the participants were included based on a ROM rotation limitation. It can there-
fore be expected that the rotational limitation at baseline is greatest and therefore
has the greatest chance of a clinically relevant improvement.

Discussion of findings

A range of inferventions were used, however, mobilizations and manipulations were
most frequently applied, in line with our expectations as it was an inclusion criterion
that the first treatment should be primarily aimed at improving cervical ROM. Further-
more, three of the physiotherapists were manual therapists and one was completing
manual therapy training. Therefore, the results found apply primarily to the manual
therapeutic care process in patients with non-specific neck pain and restricted active
rotation of the neck.

Were the one-week short-term effects on ROM found in this study with an assumed
match between the identified limitation and therapy better than results in the pub-
lished literature2 One study® investigating short-term effects of manipulations on ROM
after one freatment reported a mean improvement for flexion of 1.47° (our study
2.99°), rotation left 0.76° (our study 11.00°), rotation right 1.00° (our study 8.72°), left
lateral flexion 1.94° (our study 3.71°) and right lateral flexion 0.65° (our study 3.96°). The
extension declined by 1.94° (our study 2.11° improvement). Af baseline these partic-
ipants had a rotation greater than the cut-off point in our study. This means that the
study population included a large proportion of patients who had no restriction in
ROM, leaving no obvious room for improvement. Three RCTs included participants
who had a normal ROM at baseline ¥4, In these RCTs there was also little or no effect
on ROM, even after more treatments. Only one study which did include participants
with a restriction of the ROM of the neck found similar results (described in the intro-
duction) as in this sfudy on cervical ROM ', It seems important to specifically identify
the specific restrictions one aims to improve with the specific treatment to achieve
good results. Also the motor conftrol task improved. What remains unclear is whether
the motor control improved due to an improvement in ROM or an improvement in
pain or both. This is important to understand better the impairments associated with
non-specific neck pain #42,
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Strength and limitations

In our study physiotherapists matched their freatment with their diagnostic process.
However, we have no dafa on the outcomes of the diagnostic process and can
therefore not confirm there was actually a match. Further research is needed as to
why the physiotherapists applied the interventions performed, but the observation
that such good short-term results were achieved by having physiotherapists match
the diagnosis and freatment as they are used to in daily practice is an interesting
finding.

It was difficult to include participants in this study, partly due to the Covid 19. How-
ever, the design of this study also furned out to be too fime consuming within daily
practice. Compensation for the extra time could potfentially speed up the inclusion of
participants but no financial remuneration was possible within this study.

The design doesn’t allow causal inferences regarding the effectiveness of the applied
intferventions. In addition, interventions were used in combination, which makes it im-
possible to make statements about the individual components.

The psychometric properties of the NMC PRO test was unknown, which makes inter-
pretation about clinical relevance difficult, the SDD of the SCT accelerometer was
defermined so that it could be determined whether the effect on the ROM was clin-
ically relevant or not.

A strength of this study was that, in line with clinical practice, the inclusion criteria were
the presence of restricted neck mobility and the primary goal of the first freatment
should be to restore ROM. Therefore it can be argued this study has external validity as
it is a practice-oriented study, facilitating the translation into daily practice 44,

Implications

The effects in this study differ considerably from the effects described in the literature.
An important difference between our study and the literature concerns patient selec-
fion. Based on this observation, an important implication for researchers is to consider
the selection of patients more carefully, in order to improve the match between pa-
fient characteristics and the specific freatment goals and interventions.

Although this design prevents causal inferences, the applied tfreatments seem worth-
while fo consider in daily practice in patients with an identified restricted ROM of the
neck. Which treatment is best to apply remains unclear because it has not been ob-
jectified why a therapist chose the freatment used, as this was outside the scope of
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this pilot study. The manual therapists applied a combination of different interventions
in the same freatment, and no treatment consisted of just one intervention. This seems
fo confirm the assumption that physiotherapy freatment is predominantly multimodal,
even if freatment is primarily aimed at one impairment (here a limited ROM).

Finally, the short fime frame between the tfreatment and the results (TO-T1) seems to in-
dicate that the results may be due to the treatment. In addition, the results remained
fairly stable after a week.

Further research

The fact that multiple combinations of interventions are used suggests that different
clinical reasoning processes are followed. Further research is needed to understand
on what basis manual therapists choose different interventions. Further research is
also needed to gain a better understanding of the causal relationship between the
applied tfreatments and their effects. Another infriguing question is if improvements in
physical functions lead to an improvement in objective physical activities that include
the neck region? Maybe the most important question is: if the participant can per-
form activities better, will they also improve in their everyday movement behaviour?
A last, more generalissue is that future research should focus on external validity while
also retaining the required internal validity, as flawed research results should not be
applied at all, let alone generalized .

In conclusion:

The SEM and SDD of the SCT has been established. This study suggests that if manual
therapists use their clinical reasoning process, in line with their routine daily practice
short-term and clinically significant improvements can be achieved in patients with
non-specific neck pain with a restriction of cervical ROM. Therefore, we cautiously
conclude that matching the tfreatment to the identified impairment as performed in
daily practice has potential to improve patient outcome.
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General discussion

There is no substantial scienfific evidence to support the contention that physiother-
apy is effective for people with non-specific neck pain'. However, both physiother-
apists and patients feel that physiotherapy is effective 2. Could this discrepancy be
due to conformation bias or is there a mismatch between the scientific literature and
clinical expertise?

The general aim of this dissertation was to gain insight into the physiotherapeutic va-
lidity of physiotherapy research in subjects with non-specific neck pain. We have de-
fined physiotherapeutic validity as the match between the diagnostic process and
intervention process. To achieve the general aim, 3 specific aims were formulated for
which 2, 1 and 3 studies were conducted, respectively *2. In this chapter, the three
specific aims and the main findings for each of the studies are summarized and dis-
cussed. Clinical implications and recommendations for future research are formulat-
ed.

The first specific aim

The first specific aim of this dissertation was to systematically explore the litero-
ture in order to assess whether the intervention matches the diagnostic process in
Randomized controlled frials (RCTs) 2 and in Treatment Based Classification Systems
(TBCSs) “in patients with non-specific neck pain (NSNP).

Main findings

In the first systematic review only a very small proportion, 11 out of 122 RCTs (9%). had
a matched intervention to the diagnostic process and matching intervention related
outcome measures, thereby defermining what needs to be treated and whether the
goal of the intervention was reached 7. Since the diagnostic process is essential for
selecting appropriate treatment, our systematic review highlights that the absence of
some form of diagnostic process in most RCTS, is the most important omission in RCTs
with patfients with non-specific neck pain. A treatment-based classification system
(TBCS) can be expected to match diagnostics with interventions, as they are devel-
oped specifically for this match. Our second systematic review, however, showed this
not to be the case. The conclusion based on these 2 reviews is that many RCTs and
TBCs are insufficiently designed or applied from the perspective of physiotherapeutic
validity34.
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An exception was the StarTBack screening tool %. The StarTBack has been examined
in a sufficiently physiotherapeutically valid manner 4. Matched treatments were sug-
gested from the StarTBack, but those proposals are so general that there is no real
match between diagnosis and treatment. The StarTBack is not a treatment based
classification system that leads to a specific intervention, it does classify patients ac-
cording to a risk profile, ranging from low to high, of developing chronic back pain,
with general treatment suggestions per profile.

The fact that the StarTBack does not lead to specific treatments is confirmed in var-
ious studies that aimed to arrive at specific interventions using the StarTBack 2'22, For
example, a study on interventions in patients with a high-risk profile describes that
physiotherapists must first learn to identify potential targets for appropriate interven-
tions 2. This means that after the risk profile has been established (this is where the
StarTBack stops), additional diagnostics on risk factors should be performed to estab-
lish freatment goals. Another example is a targeted freatment protocol named “the
StarTBack trial study protocol” 22. The name of the protocol suggests that inferventions
follow directly from the StarTBack outcome. The medium risk group package of care,
however, targets physical characteristics which should be diagnosed first. Even for the
high-risk group, the physiotherapist sfill needs to further identify biopsychosocial risk
factors before freatment can take place. It is not only characteristic of the StarTBack
that a specific interpretation of the freatment of those risk profiles still has fo be sought.
An RCT on stratified care to prevent chronic low back pain in high-risk patients also
shows that the implementation of specific interventions is still a challenge 2.

The StarTBack only provides a level of risk assessment and should be applied as such.

Clinical implications

In the intfroduction of this thesis we described that, theoretically, it should be easy
to infegrate the Evidence Based Medicine model into physiotherapy interventions.
However, in order to be able to use this model, scientific research must be designed
and conducted in a more clinically relevant manner in order to have sufficient physi-
otherapeutic validity fo be able to translate the results of research info daily practice.

In chapter 2, the systematic review of RCTs, we found that only eleven RCTs out of
the 122 RCTs included were designed in a physiotherapeutically valid manner. The
findings from these eleven studies could be translated into daily practice. | will next
describe the studies with positive treatment effects in more detail. Two studies *'“in-
vestigated interventions to increase endurance of the cervical muscles, namely, pos-
tural exercises versus no treatment and craniocervical flexion training versus high load
strength training. They used the Cranial Cervical Flexion Test (CCFT) to include partic-
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ipants with a reduced cervical muscle endurance (unable to control more than the
second stage of the test) and to evaluate the effect of the intervention. The effect
sizes (ES) for the improvement of the muscle endurance was 0.97 for postural exercis-
es and for craniocervical flexion fraining the ES ranged from 0.91 to 1.15. Effect sizes
> 0.8 are considered large ?*.Two studies investigated interventions to increase the
joint position sense (JPS) of the cervical muscles '3, They used the JPS test to include
participants with reduced joint position sense (joint position sense was considered to
be impaired, if the deviation of the head was greater than 3¢ in af least 2 of 8 reposi-
tioning tasks) and to evaluate the effect of the intervention. One study ' investigated
the effect of balance fraining versus no training of the body (ES 0.79) and the other
13 craniocervical flexion training and proprioceptive fraining of the neck (ES -0.03 for
the extension movement to 0.54 for right rotation). In this last study, both interventions
appeared to improve the JPS. The PEDro score of these four studies ranged from five
fo seven. The risk of bias can also be visualized using the Cochrane collaboration tool
2. What is most striking in both the endurance intervention and the JPS studies is the
lack of blinding of the therapist and the assessor. In addition, no between-group com-
parison was described. Beer? did not describe long-term effects in the endurance in-
terventions. Beinert'?in the JPS intervention studies had no random allocation. It can
be concluded that overall there was high RoB.

Cochrane collaboration tool. Endurance training

Selection bias Performance | Detection Aftrition Reporting | Other
bias bias bias bias bias
Random Allocation Blinding of Blinding of | Incomplete | Selective
sequence | concealment | participants | outcome outcome
generation or personal assessment | data
Jull et al;
! ? = ?
2009 * * ' * :
Beer et al; Small
2012 + + ? - + - sample
size

Cochrane collaboration tool. JPS training

Selection bias Performance | Detection Attrition Reporting | Other
bias bias bias bias bias

Random Allocation Blinding of Blinding of Incomplete | Selective
sequence | concealment | participants | outcome outcome
generation or personal assessment | data

Jull et al;

2009 * * ? - * ?

Beer et al;

2012 - * ? - + ?

+ = low risk of bias, - = high risk of bias, 2 = unclear risk of bias
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The conclusion is that the quality of evidence is moderate. Further research may have
an important impact on the confidence in the effect estimate. Therefore, if appli-
cable to the patient, we cannot make strong recommendation for these interven-
fions to be used in daily physiotherapy practice yet. However, based on the within'®
or between’!1%1* group improvements, both the endurance as the JPS training could
possibly contribute to the recovery in patients with non-specific neck pain with an
decreased endurance or JPS.

Recommendations for future research

If we want to investigate interventions, we must be able to diagnose the problem for
which the intervention is infended. All eleven physiotherapeutically valid RCTs had
diagnostic cut-off points that they used for the inclusion the population under study.
However, none of these cut-off points have been tested for their diagnostic accuro-
cy. There is, therefore, still more work to be done to obtain more valid diagnostic tests
for physiotherapists as for now, there are not enough diagnostic tests for the cervical
spine with a known diagnostic accuracy . This lack of high quality diagnostic tests
fies in with one of the limitations of matched care, namely that accurate matching of
the results of the diagnostic process is under development .

The second aim

The second aim of this dissertation was to examine expert opinion regarding match-
ing inferventions to the results of the diagnostic process in patients with non-specific
neck pain. With this aim, we conducted a Delphi study 5.

Main findings

None of the experts considered physiotherapy freatment indicated in patients with
non-specific neck pain without a complaint of activity limitation or participation re-
striction and without any positive signs and/or symptoms or positive diagnostic tests.
However, six out of fourteen (43%) experts named one possible treatment in the ab-
sence of all these signs and symptoms, namely pain education. However, as pain
mechanisms are complex and can be divided into different classifications 2%, pain
education should be specific to the classification of the underlying pain mechanism.
It follows that for pain education a diagnostic process is needed as well, to ensure
that the education fits in well with the underlying pain mechanism and the degree of
understanding by the patient.

We asked the experts which diagnostic tests they used and which they considered
to be diagnostically valid. The experts named exactly those tests as valid which were
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also used in the physiotherapeutically valid RCTs (CCFT, JPS) ?1°13, In addition, the
Cervical Range Of Movement (CROM) measurement tool was cited as a valid meas-
urement instrument °.

Finally, the degree of consensus among experts on linear clinical reasoning processes
was investigated. A physiotherapeutic linear (unimodal) clinical reasoning process
consists of three sequential phases: the diagnostic, the therapeutic and the evalu-
ative phase. Sequential linear clinical reasoning is defined as the transition (‘a line’)
from signs and symptoms to diagnostic tests, from diagnostic tests to an intervention
with matching freatment goal and evaluation based on outcome measurements
related to the matched goals. Eighteen lines of sequential linear clinical reasoning
leading to the following interventions were examined for the degree of consensus:
massage, strength exercises, fraction, dry needling, relaxation therapy, mobilization,
endurance exercises, stabilization exercises and coordination exercises. An interven-
fion could have mulfiple lines of sequential linear clinical reasoning. For example ex-
perts matched the intervention "mobilisation” with either a ROM test, a joint mobility
assessment or an end feel test. This then leads to three lines of sequential linear clin-
ical reasoning. Only six out of 18 lines of sequential linear clinical reasoning reached
more than 50% consensus. Three out of these six lines of sequential linear clinical rea-
soning were consistent, as mentioned earlier, with physiotherapeutically valid RCTs
performed.

Clinical implications

The results of this study are consistent with the results of the “the clinical reasoning
process in randomized clinical frials study” 2. That is, experts apply interventions that
match the results of the diagnostic process and that are applied in the RCTs with high
physiotherapeutical validity.

Endurance training ?'* and JPS training '°'® could be effective and can with restraint
therefore, if indicated, be used in daily physiotherapy practice, also according to
the experts. The experts probably base this on the results of the studies. However, as
described earlier, the quality of the evidence is moderate.

This could be hypothesised that this is a first indication that physiotherapeutically valid
studies with good results might have been translated into daily practice by physio-
therapists. Whether this franslation can be attributed to the good effects of the inter-
ventions or to the valid design of the studies or both needs to be further investigated.

Recommendations for future research

It appears to become more likely for experts to reach consensus when positive sci-
entific evidence is available. The low level of consensus on consecutive linear clinical
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reasoning regarding unimodal interventions seems to confirm that there is little posi-
five scientific evidence for the use of most physiotherapy interventions for the cervical
spine. This seems fo confirm that almost all physiotherapy interventions for non-specific
neck pain have yet to be investigated in a physiotherapeutically valid way. Positive
scientific evidence can then also be more easily integrated into daily practice 3132,

The third aim

The third aim of this thesis was fo investigate from the perspective of physiothero-
peutic validity, the most commonly used physiotherapy intervention, namely manip-
ulations or mobilizations, and their indication in patients with non-specific neck pain.
More specifically, the aim was to investigate the diagnostic accuracy of tests used to
diagnose a ROM limitation of the neck. In addition, to investigate the effect of mo-
bilizations/manipulations in a population with non-specific neck pain with this ROM
limitation as a matching indication for these interventions.

Main findings

Manipulation and mobilization techniques were poorly reported in the investigated
RCTs ¢. It therefore remains unclear how the techniques were performed and what
the freatment parameters (for example the duration of the intervention or the level
at which the infervention was applied) were. It was clear, however, that the aim of
these interventions often was to improve the ROM of the neck. However, other inter-
ventions, such as exercise therapy, were also investigated for their effects on the ROM
of the neck.

As argued earlier, research into the effect of interventions should start with valid di-
agnostics.

The CROM was mentioned by the experts as a valid measurement instfrument 5. The
literature is in line with this 3334, Although experts consider the CROM a valid measure-
ment insfrument for ROM,, it is not recommended in the Dutch neck pain guideline .
Dutch physiotherapists assess cervical ROM based on their diagnostic process of his-
tory taking and physical examination tests. The first challenge was to determine how
reliable and valid this diagnostic process is at assessing limitations in cervical ROM rel-
ative to using the CROM. First, we defermined a substantiated cut-off point for diag-
nosing ROM limitation. We then assessed whether questions of perceived movement
limitation per direction of movement in combination with the best physical exami-
nation test per the same direction of movement were diagnostically accurate. This
turned out not to be the case. Therefore, we decided to use the CROM to determine
a ROM limitation in our exploratory intervention study.

224



General discussion

The next challenge was to investigate commonly used manipulation and mobilization
techniques for the freatment of decreased/ limited ROM.

In an exploratory intervention study we wanted to gain insight info what manual ther-
apists do in patients with an limited ROM of the neck where the manual therapist
had a primary freatment goal of improving this ROM. Various (combinations of) inter-
ventions were applied, such as (as expected) mobilizations and manipulations, but
also exercise therapy or giving information. The ROM per direction of the neck (in-
dependent from the multimodal freatments) improved between pre and post treat-
ment, ranging from 3.66 for right lateral flexion to 11.65 degrees for left rotation after
only 1 tfreatment by manual therapists and that progress remained stable in any case
after 1 week. Not only did ROM improve, but also a computerized tracking task and
perceived pain and disability improved.

Although these results might be perceived as promising, the observational study de-
sign does not lend itself fo making causal statements. That was also not the main aim
of the study.

Finally, there were also methodological limitations that could have been avoided. In
refrospect, the internal validity would have increased if an independent physiothera-
pist (and not the physiotherapist who also tfreated the patient) would have included
the patients. However, consideration should be given to offering the freating physi-
otherapist the option of excluding the patient for treatment as yet. In daily practice,
the treating physiotherapist is ultimately responsible for determining whether there is
an indication or not.

It would have been informative if we could have investigated what considerations
play a role for a therapist in choosing a particular intervention. In-depth interviews
were beyond the scope and possibilities of this study, as the primary aim was to deter-
mine whether interventions as given in daily practice improve the patient’s symptomes.
Future research should focus on the decision making of therapists in order to deter-
mine which considerations play a role in the choice of therapy.

Clinical implications

Both the diagnostic study and the exploratory intervention study were practice-orient-
ed. We conducted a study with a practice-oriented design to determine the best di-
agnostic test for establishing a limitation of the ROM of the neck. By practice-oriented
we do notf only mean a physiotherapeutic practice sefting, but that the physiother-
apists were free to act in accordance with his/her normal physiotherapy activities. In
the diagnostic study, we asked the physiotherapist to perform the CROM measure-
ments in addition to the regular diagnostic process, based on the practice-oriented
design. This was then in accordance with daily practice. We used this test as a start-
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ing point to include the right target/ diagnostic group matching the interventions in
the exploratory intervention study. We let the therapists match their freatments as
they do in their daily work. This approach therefore can be labelled as a maftched
care approach 7. We allowed the therapists to work as they always do, which made
the research practice oriented. This way we tried to improve the translatability of the
entire study into daily practice. This facilitates working according to the principles
of evidence-based medicine (EBM) defined as “the conscientious, explicit and judi-
cious use of current best evidence in making decisions about the care of individual
patients” 3. This means that the physiotherapist should integrate research evidence
into clinical decision-making whenever possible. Integration can only take place if
the physical therapist recognizes his daily practice or if the clinical line of reasoning is
understandable in the research (physiotherapeutically valid) and the research is also
of sufficient quality (low RoB).

Recommendations for future research

A first step of our diagnostic examination was the determination of a ROM limitation.
However, future research should focus on which constructs or mechanisms could po-
tentially confribute fo neck movement limitation. Insight into these underlying con-
structs and mechanisms could in turn lead to an improvement of our physiotherapeu-
fic diagnostics. This in furn facilitates the tailoring of inferventions to the results of the
diagnostic process.

In our exploratory intervention study the primary goal of treatment was to improve
one impairment namely, a ROM limitation of the neck. This suggests the use of one
intervention. However, each freatment consisted of two or more interventions. Was
this necessary2 Or did the participating physiotherapists apply an eclectic approach
with a range of interventions that increases the likelihood that the effective interven-
fion will also be included?

It is possible several constructs underly a limmitation of movement, for example a my-
ogenic or an arthrogenic construct. In addition to physical constructs, psychological
constructs such as iliness perceptions or fear of movement may also lead to a limita-
fion of the mobility of the neck.

A final note

This dissertation arose from the fundamental question that physiotherapists should be
able to answer: why do physiotherapists do what they do2 We were the first to show
that RCTs that include patients with non-specific neck pain hardly use diagnostic tests
fo guide treatment. It would be interesting fo investigate how this is done in other
regions of the body.
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The various studies align well with The New Agenda for Neck Pain Research ¥. For
example the second item on the Agenda for Primary Care Research on Neck Pain is
“Translating research evidence on neck pain management info the clinical setting”.
We believe that practice-oriented research will contribute to this translation. Point
nine on this research agenda is: “Identifying clinical features that can be used to
direct freatment decisions and idenftifying which freatment lead to better outcomes
for specific individuals with neck pain. This item includes identifying distinct subpopu-
lations with regard to the diagnosis of and prognosis for patients with neck pain”. We
think that the necessary diagnostic accuracy research will have to be carried out to
identify these clinical features. We cannot emphasize enough that before starting to
investigate interventions, diagnostics must first be developed and/or demonstrated
that the diagnostics are sufficiently reliable and valid .

We have made a first cautious step in investigating appropriate treatments (the
‘what?2' question) for a ROM limitation (the ‘why?2' question) of the neck. We hope
that this tentative initial design of the exploratory study, but also the other studies, will
somewhat convince and enthuse researchers to conduct more physiotherapeutically
valid and possibly also more practice-oriented scientific research intfo physiotherapy.
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Summary

Summary

Neck pain is the fourth major cause of disability worldwide. Additionally, neck pain
poses an important socio-economic burden on society because pain, stiffness or loss
of mobility associated with neck pain often results in utilization of diagnostic assess-
ments and treatments.

The physiotherapist is expected to conduct an examination and subsequently pro-
vide an appropriate treatment. In order to maximize the effectiveness of physiother-
apy interventions , the physiotherapist must base freatment on the best available
evidence (evidence based practice) to give the most effective freatment possible.

Physiotherapists are qualified and professionally required to:

e undertake a comprehensive examination/assessment of the patient/client or
needs of a client group

¢ evaluate the findings from the examination/assessment to make clinical judg-
ments regarding patients/clients

e formulate a diagnosis, prognosis within their expertise and determine when pa-
fients/clients need to be referred to another professional

¢ implement a physiotherapist intervention/treatment programme

e defermine the outcomes of any interventions/treatments

* make recommendations for self-management

The physiotherapist should make use of relevant questions during history taking. After
history taking, the physiotherapist chooses valid and reliable tests. Information about
relevant questions and the validity and or reliability of the tests can be obtained from
scientific research. The choice of the infervention also depends on the outcome from
scientific research. This whole process is called evidence based clinical reasoning.

Ultimately, the point is that, based upon a thorough clinical reasoning process, the
physiotherapist can explain why he / she wants to perform a certain intervention that
is appropriate for the specific clinical signs and symptoms of a particular patient. This
way of matching patient and care is called *matched care”. Matched care is the
new innovative approach in tfreatment and prevention. In this dissertation we refer
fo this match between diagnostics, inferventions and outcome measures as “phys-
iotherapeutic validity”. In order to be able to translate scientific research into daily
physiotherapy practice, it is desirable that scientific research is physiotherapeutically
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valid. Physiotherapeutic validity can be equalled to “external validity”. External va-
lidity is the validity of applying the conclusions of a scientific study outside the confext
of that study.

The general aim of this dissertation is to gain insight info the physiotherapeutic validity
of physiotherapy research in subjects with non-specific neck pain.

Chapter 1 describes the background of the research and the research questions and
gives an overview of the studies performed. The studies are divided into 3 parts. Chap-
ters 2 and 3 investigated the match between diagnostics and treatment in scientific
research. Chapter 4 examined which diagnostics experts match with predetermined
intferventions. Chapters 5 and 6 investigated the replicability of scienfifically investi-
gated interventions and the validity of diagnostic tools pertaining to Range of Move-
ment (ROM), respectively in people with non-specific neck pain. Finally, chapter 7 de-
scribes an exploratory, practice-oriented study info matched treatments in patients
with non-specific neck pain.

Chapter 2 presents the results of a systematic review (SR) of the completeness of the
clinical reasoning process within the methodology of the RCT in patients with non-spe-
cific neck pain. Peer-reviewed literature was systematically searched in the MEDLINE,
CINAHL and PEDro databases. A study was included if it met the following criteria: a
full text original article published in English, adult patients (> 18 years old) with non-
specific neck pain, monodisciplinary physical therapy intervention, and randomized
conftrolled trial. The “Risk of Bias” was assessed using the PEDro checklist. Clinical rea-
soning was assessed with a HOAC Il based clinical reasoning rating scale consisting
of 6 items.

We rated a clinical reasoning process as complete when:

1. The problem experienced by the patient was described,

A cause was ‘diagnosed’ or ‘argued’,

The main goal of the intervention was related to the ‘cause’(as identified in step 2),
The intervention corresponded to the main goal,

o > 0N

The intervention-related outcome measure corresponded to the physiothera-
pist's main goal of the intervention

6. The problem-related outfcome measure corresponded o the problem experi-
enced by the patient.
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Examples of intervention-related outcome measures are Range of motion (ROM) if
the intervention is aimed at improving ROM or muscle strength if the intervention is
aimed at improving muscle strength. This often concerns performance-based out-
come measures. However, patient reported outcome measures (PROMs) can also be
used. In confrast, problem-related outcomes are almost always PROMs.

It remains unclear if risk of bias of a study is associated with the extent to which this
study used (and described) a clinical reasoning process. Therefore, it was assessed
whether there was an association between the degree of “Risk of Bias” and the com-
pleteness of the clinical reasoning process.

For the SR analysis 122 studies were included. Eleven of the 122 studies had an inclu-
sion criterion that diagnosed a possible cause of the complaint (step 2) and objecti-
fied the effect with an appropriate intervention-related outcome measure (step 5).
Eight of the 122 studies also objectified the change in the patient’s complaint with
an appropriate outcome measure (step 6). In the majority of studies (70%) the de-
scribed clinical reasoning process was incomplete. A very small proportion (6%) had
a ‘diagnosed cause’. There was scarcely any association between the degree of risk
of bias and the completeness of the clinical reasoning process, indicating that bet-
ter methodological quality does not necessarily imply a better description of clinical
reasoning process.

This study was a first step fo provide insight intfo the completeness of the physiothero-
peutic clinical reasoning process within RCTs in patients with non-specific neck pain.

Chapter 3 presents the results of a SR in which we sought to identify published classifi-
cation systems with a targeted treatment approach (treatment-based classification
systems (TBCSs)) for patients with non-specific neck pain. We also aimed to assess the
quality and effectiveness of these systems. Literature was systematically searched in
the MEDLINE, CINAHL, EMBASE and PEDro databases. Studies were included if they
reported on classification systems on which treatment was based. The system must
include physiotherapy treatments in patients with non-specific neck pain. We used
the framework developed by Buchbinder to describe the characteristics of a clas-
sification system. This framework consists of seven items: (1) purpose of the study; (2)
method of development; (3) patient population and setting; (4) specific patient ex-
clusions, (5) categories that describe the specific subgroup; (6) criteria used to assign
patients to the subgroup and finally (7) freatments corresponding to the categories.
To critically appraise the quality of the classification systems, we used the scoring sys-
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tem also developed by Buchbinder that uses seven criteria: target, content validity,
face validity, feasibility, construct validity, (diagnostic) reliability and generalisability.
The treatment effect of the systems was assessed from published effect studies of
these TBCSs.

Thirfeen TBCSs were identified. The overall quality of the thirfeen TBCSs varied from
low to moderate. We found two RCTs, both with a low risk of bias, that compared
the effectiveness of two systems, the Cleland classification system and the McKenzie
system, to alternative freatments. The results showed that treatments based on both
classification systems were not superior to alternative freatments.

In conclusion, existing treatment-based classification systems are of moderate quality
at best. Moreover, these systems were not more effective than alternative tfreatments.
Therefore, we do not recommend the use of these systems in daily physiotherapy
practice.

Chapter 4 describes a Delphi study of the clinical reasoning process of physiotherapy
experts in unimodal interventions in patients with non-specific neck pain. This study
had three goals. First, we aimed explore the expert opinions on the indication for
physiotherapy when, other than neck pain, there are no positive signs and symptomes,
no positive diagnostic tests or complaints of limitations in functioning or restrictions
in participation. Second, we focused on the experts’ use of measurement tools and
when they are used o support and objectify the clinical reasoning process. Finally,
we wanted to reach consensus among experts on the use of unimodal interventions
in patients with non-specific neck pain, i.e. their sequential linear clinical reasoning.
We considered over 50% consensus in responses as the consensus cut-off point.

Fiffeen international experts took part in this study. The Delphi consisted of three
rounds. According fo all experts, pain alone was not considered to be an indication
for physiotherapy. Patient reported outcome measures were mainly used for evalu-
ative purposes and physical fests for diagnostic and evaluative purposes. Eighteen
different variants of sequential linear clinical reasoning were examined in our Delphi
study. Only é of the 18 variants of sequential linear clinical reasoning reached a con-
sensus of more than 50%.

Insight has been obtained about the indication for physiotherapy and when and

which measuring instruments are used. There was little consensus on sequential clini-
cal reasoning.
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Chapter 5 describes a review that examined the completeness of the description
of manipulation and mobilization interventions in randomized controlled trials of sub-
jects with non-specific neck pain. The aim of this study was to investigate whether the
quality of the description of manipulation and mobilization interventions is sufficient to
replicate these interventions in clinical practice.

Literature was systematically searched in the MEDLINE, CINAHL and PEDro databases.
A study was included if it met the following criteria: a full text original arficle published
in English, adult subjects (> 18 years old) with non-specific neck pain, monodiscipli-
nary physiotherapy intervention, and randomized controlled trial. To assess whether
the mobilizations / manipulations were fully described, we used the so-called TIDieR
checklist. This checklist consists of 12 items.

For the analyses 67 articles were included. Only one article described the fechnique
‘sufficiently’ as fo be reproducible. However, since the technique is only part of the
intervention none of the articles described all the items on the TIDieR list, thus making
freatment irreplicable.

In conclusion, mobilization or manipulation interventions are poorly reported in RCTs,
compromising the external validity of RCTs, making it difficult for clinicians and re-
searchers fo replicate these interventions.

Chapter 6 investigated the diagnostic physiotherapeutic process regarding limited
ROM of the neck. First, we investigated the diagnostic accuracy of a self-reported
test by the subjects as part of history taking, for determining a movement restriction
of the cervical spine (= index test). The subjects were asked to answer the following
question: “To what extent do you feel restricted in moving your neck?2” scored by a
0-10 rafing on a numeric rating scale (NRS) (0 means “no restriction” and 10 means
“fully restricted”). For our main analyses we dichotomized this into not limited (0) and
limited (1). Second, we investigated the diagnostic accuracy of nine groups of artic-
ular dysfunction tests for detfermining a movement restriction of the cervical spine (=
index fest), as part of the physical examination.

The reference fest was the Cervical Range of Motion device (CROM). The CROM is a
valid measurement device for measuring the Active Range of Motion (AROM) of the
cervical spine. A recent systematic review presented pooled normative Active Range
of Motion (AROM) values for each direction, stratified by age category. For the cur-
rent study, we classified a movement as limited if the AROM was less than the pooled
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mean norm value minus 1 standard deviation. The reference test (during physical
examination) was performed a few minutes after the index test (during history taking).

Five physiotherapists collected the data in daily practice during the regular physio-
therapy process. Subjects were included when they were > 18 years old, had non-spe-
cific neck pain (acute and chronic) and understood the Dutch language sufficiently
to complete the PROM. Eligible subjects were informed and then asked to participate
in the study. If the subject agreed to participate in the study, the subject signed an
informed consent prior to data collection. The total number of parficipating subjects
was 128. Diagnostic accuracy of the self-reported test was low to moderate based
on the area under the curve (AUC), positive predicted value, negative predicted
value, Likelihood Ratio + (LR) and LR - . The diagnostic accuracy remained low when
combining the self-reported test and the best physical test per movement direction.

It can be concluded that the overall diagnostic accuracy of physical examination is
limited (compared to the CROM measurement). Therefore, a measurement device
should be used in daily physical therapy practice to assess if a movement direction
is restricted.

Chapter 7 describes an exploratory, practice-oriented study into matched treatments
in patients with non-specific neck pain. The objective of this study was 1) fo establish
the measurement error of the used accelerometer; 2) to determine which different
freatments are used for patients with non-specific neck pain with an identified restric-
fion in Range of Motion (ROM) in primary care physiotherapy clinics; 3) to explore if
the cervical ROM, pain, (perceived) disability and motor control improved after one
freatment.

To be able to interpret the effects on cervical ROM clinically, insight info the measure-
ment error of the ROM, measured with the Sensamove Cervical Trainer accelerom-
eter (SCT), is necessary. That is why first a reproducibility study was performed on the
SCT. The measurement error is calculated as the standard error of measurement (SEM)
and the Smallest detectable difference (SDD).

For the pilot study participants were recruited from three primary care physiotherapy
clinics. The most important inclusion criterion was an identified restriction in cervical
Range of Motion (ROM) (measured with an accelerometer). Four manual therapists
performed the treatments. Since there is no evidence from the literature which spe-
cific freatments lead to an increased ROM, the choice for the specific freatments
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matched to the individual patient was left to the discretion of the manual therapists
based on their clinical reasoning process. This is in line with how manual therapists act
in daily practice and therefore we label this study as a practice-oriented study.

Measurements took place pre and post freatment and after a week. Outcome meas-
ures were: cervical ROM (flexion/extension, left/right rotation and left /right lateral
flexion), a motor control task (both measured with an accelerometer), pain with a
Numerical Pain Rating Score (NPRS) and perceived disability with the Patient Specif-
ic Function Scale (PSFS). After one week a general perceived effect (GPE) was also
measured.

The SCT is a reliable accelerometer for measuring neck ROM, with a small measure-
ment error. Eight different treatments were carried out by the 4 physiotherapists. The
NPRS, the PSFS and left and right rotation showed a clinically relevant improvements
(exceeded the measurement error). Twenty-three out of twenty- four participants ex-
perienced improvement measured with the GPE.

Chapter 8 comprises the general discussion. The general discussion presents an over-
view of this dissertation and discusses the strengths and limitations of the studies and
possible implications of the results and recommendations for future research.

We have made a first cautious step in investigating appropriate freatments (the
‘what?2' question) for a ROM limitation (the ‘why?2' question) of the neck. We hope
that this tentative initial design of the exploratory study, but also the other studies, will
somewhat convince and enthuse researchers to conduct more physiotherapeutical-
ly valid, and possibly also more practice-oriented, scientific research into physiother-

apy.
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Samenvatting

Nekpijn is wereldwijd de op drie na belangriikste oorzaak van beperkingen in het
functioneren of beperkingen in participatie. Bovendien vormt nekpijn een belang-

rijke sociaal-economische last voor de samenleving, omdat nekpijn gerelateerde pijn,
stijfheid of verlies van mobiliteit vaak leidt tot het gebruik van diagnostische beoorde-

lingen en behandelingen.

De fysiotherapeut wordt geacht een onderzoek te doen en vervolgens een passende
behandeling te geven. Om de effectiviteit van fysiotherapeutische interventies te
optimaliseren, moet de fysiotherapeut de behandeling baseren op het best beschik-
bare bewijs (evidence based practice).

Fysiotherapeuten zijn gekwalificeerd voor /in staat tot:

e het uitvoeren van een uitgebreid onderzoek van de patiént/cliént of behoeften
van een cliéntgroep

e het evalueren van de bevindingen van het onderzoek/de beoordeling om kli-
nische beslissingen te nemen over patiénten/cliénten

¢ het formuleren van een diagnose en prognose binnen hun expertise en het be-
palen wanneer patiénten/cliénten doorverwezen moeten worden naar een an-
dere professional

* het implementeren van een fysiotherapeutische interventie of behandelpro-
gramma

* het bepalen van de gewenste uitkomsten van eventuele interventies/behande-
lingen

* het doen van aanbevelingen voor zelfmanagement

De fysiotherapeut dient bij de anamnese gebruik te maken van relevante vragen. Na
de anamnese kiest de fysiotherapeut valide en betrouwbare testen. Informatie over
relevante vragen en de validiteit en of befrouwbaarheid van de tests kan worden
verkregen uit wetenschappelik onderzoek. De keuze van de interventie hangt ook af
van de uitkomst van wetenschappelijk onderzoek.

Dit hele proces wordt evidence-based klinisch redeneren genoemd.

Uiteindelijk gaat het erom dat de fysiotherapeut op grond van een gedegen klinisch

redeneerproces kan uvitleggen waarom hij/zij een bepaalde interventie wil uitvoer-
en die past bij de specifieke klinische klachten en symptomen van een bepaalde
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patiént. Deze manier van matchen van patiént en zorg wordt *matched care”

genoemd. Matched care is de nieuwe innovatieve benadering in behandeling en
preventie. In dit proefschriff noemen we deze match tussen diagnostiek, interventies
en vitkomstmaten “fysiotherapeutische validiteit”. Om wetenschappelijk onderzoek
fe kunnen vertalen naar de dagelijkse praktik van de fysiotherapie, is het wenselijk
dat wetenschappelik onderzoek fysiotherapeutisch valide is. Fysiotherapeutische
validiteit kan gelikgesteld worden aan “externe validiteit”. Externe validiteit is de
validiteit van het toepassen van de conclusies van een wetenschappelijk onderzoek

buiten de context van dat onderzoek.

Het algemene doel van dit proefschriftis om inzicht te krijgen in de fysiotherapeutische
validiteit van fysiotherapeutisch onderzoek bij personen met aspecifieke nekpijn.

In Hoofdstuk 1 worden de achtergrond van het onderzoek en de onderzoeksvragen
beschreven evenals een overzicht van de vitgevoerde onderzoeken.

De onderzoeken ziin opgedeeld in 3 delen. In Hoofdstukken 2 en 3 onder-
zochten we de match tussen diagnostiek en behandeling in wetenschappelijk
onderzoek. Hoofdstuk 4 onderzocht welke diagnostische uitkomsten experts matchen
met vooraf bepaalde interventies. Hoofdstuk 5 en 6 onderzochten respectievelik de
repliceerbaarheid van wetenschappelik onderzochte interventies en de
validiteit van diagnostische middelen met befrekking tot het beoordelen van de
bewegingsuitslag (Range of Mofion = ROM) bij mensen met a-specifieke nekpijn.
Ten slotte beschrijfft hoofdstuk 7 een verkennend, praktijkgericht onderzoek naar
gematchte behandelingen bij pati€énten met aspecifieke nekpijn.

Hoofdstuk 2 presenteert de resultaten van een systematische review (SR) over de
volledigheid van het klinisch redeneerproces binnen de methodologie van het RCT
bij patiénten met a-specifieke nekpijn. Peer-reviewed literatuur werd systematisch
doorzochtin de MEDLINE-, CINAHL- en PEDro-databases. Een studie werd opgenomen
als deze aan de volgende criteria voldeed: een origineel artikel met volledige tekst
gepubliceerd in het Engels, volwassen patiénten (> 18 jaar oud) met a-specifieke
nekpijn, monodisciplinaire fysiotherapie-interventie en gerandomiseerde gecon-
tfroleerde studie. De "Risk of Bias” is beocordeeld aan de hand van de PEDro checklist.
Klinisch redeneren werd beoordeeld met een op de HOAC Il gebaseerde

beoordelingsschaal voor klinisch redeneren, bestaande uit 6 items.
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We beoordeelden een klinisch redeneerproces als voltooid wanneer:

1. het door de patiént ervaren probleem werd beschreven;

2. ereen oorzaak werd ‘gediagnosticeerd’ of ‘beredeneerd’;

3. het belangrijkste doel van de interventie gerelateerd was aan de ‘oorzaak’
(zoals geidentificeerd in stap 2);

4. de inferventie overeen kwam met het hoofddoel;

5. de interventie-gerelateerde uitkomstmaat overeen kwam met het hoofddoel
van de interventie van de fysiotherapeut;

6. de probleem-gerelateerde uitkomstmaat overeen kwam met het door de patiént
ervaren probleem.

Voorbeelden van interventie-gerelateerde uvitkomstmaten (punt 5) zin ROM als de
interventie gericht is op het verbeteren van de ROM of spierkracht als de interventie
is gericht op het verbeteren van de spierkracht. Vaak gaat het dan om prestatiege-
richte uvitkomstmaten. Patiént-gerapporteerde uitkomstmaten (PROM’s) kunnen ook
worden gebruikt. Daarentegen zijn probleem-gerelateerde uitkomsten (punt 6) bijna
altijd PROM'’s.

Heft blijft onduidelijk of het risico op vertekening van een onderzoek samenhangt met
de mate waarin dit onderzoek een klinisch redeneerproces gebruikte (en beschreef).
Daarom werd beoordeeld of er een verband was fussen de mate van “Risk of Bias”
en de volledigheid van het klinisch redeneerproces.

Voor de SR-analyse werden 122 studies geincludeerd. ElIf van de 122 studies hadden
als inclusiecriterium dat een mogelike oorzaak van de klacht vastgesteld moest zijn
(stap 2) en het effect geobjectiveerd moest ziin met een passende interventiegerela-
teerde uitkomstmaat (stap 5). In 8 van de 122 onderzoeken werd ook de verandering
in de klacht van de patiént geobjectiveerd met een passende uitkomstmaat (stap
6). In de meeste onderzoeken (70%) was het beschreven klinische redeneerproces
onvolledig. Een zeer klein deel (6%) had een ‘gediagnosticeerde oorzaak’. Er was
nauweliks een verband tussen de mate van risico op bias en de volledigheid van
het klinisch redeneerproces, wat aangeeft dat een betere methodologische
kwaliteit niet noodzakelijkerwijs een betere beschriving van het klinisch
redeneerproces impliceert.

Dit onderzoek was een eerste stap om inzicht te krijgen in de volledigheid van het

fysiotherapeutisch klinisch redeneren binnen RCT's bij patiénten met a-specifieke
nekpijn.
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In Hoofdstuk 3 worden de resultaten gepresenteerd van een SR waarin we hebben
geprobeerd gepubliceerde classificatiesystemen te identificeren met een gerichte
behandelaanpak (treatment-based classificatiesystemen (TBCS’s)) voor patiénten
met a-specifieke nekpijn. We wilden ook de kwaliteit en effectiviteit van deze syste-
men beoordelen. Literatuur werd systematisch doorzocht in de databases MEDLINE,
CINAHL, EMBASE en PEDro. Studies werden geincludeerd als ze rapporteerden over
classificatiesystemen waarop de behandeling was gebaseerd. Het systeem moest
fysiotherapiebehandelingen omvatten bij patiénten met a-specifieke nekpijn. We
hebben het door Buchbinder ontwikkelde raamwerk gebruikt om de kenmerken van
een classificatiesysteem te beschrijven. Dit raamwerk bestaat uit zeven items: (1) doel
van het onderzoek, (2) methode van ontwikkeling, (3) patfi€éntenpopulatie en setting,
(4) specifieke patiéntuitsluitingen, (5)categorieén die de specifieke subgroep beschrij-
ven, (6) criteria die worden gebruikt om patiénten foe te wijzen aan de subgroep en
fenslofte (7) behandelingen die overeenkomen met de categorieén. Om de kwaliteit
van de classificatiesystemen kritisch te beoordelen, hebben we gebruik gemaakt van
het eveneens door Buchbinder ontwikkelde scoresysteem dat gebruik maakt van
zeven criteria: doel, inhoudsvaliditeit, gezichtsvaliditeit, haalbaarheid, constructvalid-
iteit, (diagnostische) betrouwbaarheid en generaliseerbaarheid. Het behandeleffect
van de systemen werd beoordeeld op basis van gepubliceerde effectstudies van
deze TBCS's.

Dertien TBCS’s werden geidentfificeerd. De algehele kwaliteit van de dertien TBCS's
varieerde van laag tot matig. We vonden twee RCT's, beide met een laag risico
op bias, die de effectiviteit van twee systemen, het Cleland-classificatiesysteem en
het McKenzie-systeem, vergeleken met alternatieve behandelingen. De resultaten
foonden aan dat behandelingen gebaseerd op beide classificatiesystemen niet
superieur waren aan andere toegepaste behandelingen.

Concluderend kunnen we stellen dat de bestaande classificatiesystemen op basis
van behandelingen op zijn best van matige kwaliteit zijn. Bovendien waren deze
systemen niet effectiever dan alternatieve behandelingen. Daarom raden wij het

gebruik van deze systemen in de dagelikse praktijk van de fysiotherapie af.

In Hoofdstuk 4 wordt een Delphi-onderzoek beschreven naar het klinisch redeneer-
proces van fysiotherapeuten bij unimodale interventies bij pati€énten met a-specifieke
nekpijn. Dit onderzoek had drie doelen. Ten eerste hebben we ons gericht op het
verkennen van de mening van experts over de indicatie voor fysiotherapie wan-
neer er, behalve nekpijn, geen positieve signalen en symptomen zijn, geen positieve
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diagnostische tests of klachten over beperkingenin het functioneren of beperkingenin
participatie. Tentweede hebben we ons gericht op het gebruik door experts van meet-
insfrumenten en wanneer deze worden gebruikt om het klinische redeneerproces
te ondersteunen en te objectiveren. Ten slotte wilden we consensus bereiken onder
experts over het gebruik van unimodale interventies bij pati€nten met niet-specifieke
nekpijn, d.w.z. hun sequentiéle lineaire klinische redeneren. We beschouwden meer
dan 50% consensus in antwoorden als het consensusgrenspunt.

Aan dit onderzoek namen vijftien internationale experts deel. De Delphi bestond uit
drie rondes. Pijn alleen werd volgens alle deskundigen niet als indicatie voor fysio-
therapie beschouwd. Door patiénten gerapporteerde uitkomstmaten werden voor-
namelik gebruikt voor evaluatieve doeleinden en fysieke tests voor diagnostische
en evaluatieve doeleinden. Achttien verschillende varianten van sequentieel lineair
klinisch redeneren werden onderzocht in onze Delphi-studie. Slechts 6 van de 18
varianten van sequentieel lineair klinisch redeneren bereikten een consensus van
meer dan 50%.

Er is inzicht verkregen over de indicatie voor fysiotherapie en wanneer en welke
meetinstrumenten worden ingezet. Er was weinig consensus over sequentieel klinisch
redeneren.

Hoofdstuk 5 bevat een review die de volledigheid van de beschrijving van manipulo-
fie- en mobilisatie interventies onderzocht in gerandomiseerde gecontroleerde onder-
zoeken van proefpersonen met a-specifieke nekpijn. Het doel van deze studie was
om te onderzoeken of de kwaliteit van de beschrijving van manipulatie- en mobilisa-

fie-interventies voldoende is om deze interventies in de klinische prakfijk te repliceren.

Er is systematisch gezocht naar literatuur in de databases MEDLINE, CINAHL en PEDro.
Een studie werd opgenomen als deze voldeed aan de volgende criteria: een full-
text origineel artikel gepubliceerd in het Engels, volwassen proefpersonen (> 18 jaar
oud) meft niet-specifieke nekpijn, monodisciplinaire fysiotherapeutische interventie en
gerandomiseerde gecontroleerde studie. Om te beoordelen of de mobilisaties/ma-
nipulaties interventies volledig beschreven waren, hebben we gebruik gemaakt van
de zogenaamde TIDieR checklist. Deze checklist bestaat uit 12 items.

Voor de analyses zijn 67 artikelen geincludeerd. Slechts één artikel beschreef een

van de mobilisatie/manipulatie fechnieken ‘voldoende’ om reproduceerbaar te zijn.
Omdat deze techniek echter slechts een deel van de interventie is, werden in geen
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van de artikelen alle items op de TIDieR-lijst beschreven, waardoor de interventie niet
te repliceren is.

Concluderend, mobilisatie- of manipulatie-interventies worden slecht gerapporteerd
in RCT'’s, waardoor de externe validiteit van RCT's in gevaar komt, waardoor het voor
clinici en onderzoekers moeilijk wordt om deze inferventies te repliceren.

In Hoofdstuk 6 werd het diagnostisch fysiotherapeutisch proces onderzocht met
befrekking tot een beperkte ROM van de nek. Ten eerste hebben we de diagnostische
nauwkeurigheid onderzocht van een zelf-gerapporteerde test door de proefperso-
nen, als onderdeel van de anamnese, voor het bepalen van een bewegingsbeper-
king van de cervicale wervelkolom (= indextest). De proefpersonen werd gevraagd
de volgende vraag te beantwoorden: “In welke mate voelt u zich beperkt in het
bewegen van uw nek?” gescoord met een 0-10 score op een numerieke ratingschaal
(NRS) (0 betekent “geen beperking” en 10 betekent “volledig beperkt”). Voor onze
hoofdanalyses hebben we dit gedichotomiseerd in ‘niet beperkt’ (0) en ‘beperkt’ (1).
Ten tweede onderzochten we de diagnostische nauwkeurigheid van negen groepen
van functietesten, gericht op het vaststellen van een artrogene disfunctie, voor het
bepalen van een bewegingsbeperking van de cervicale wervelkolom (= indextest),
als onderdeel van het lichamelijk onderzoek.

De referentietest was het Cervical Range of Motion-apparaat (CROM). De CROM is
een valide meetinstrument voor het meten van de Active Range of Motion (AROM)
van de cervicale wervelkolom. Een recente systematische review presenteerde
gepoolde normatieve Actfieve Range of Motion (AROM) waarden voor elke
richting, gestratificeerd naar leeftijldscategorie. Voor de huidige studie classificeerden
we een beweging als beperkt als de AROM kleiner was dan de gepoolde gemiddel-
de normwaarde minus 1 standaarddeviatie. De referentietest (bij lichamelik onderzo-
ek) werd enkele minuten na de indextest (bij anamnese) afgenomen.

Vijf fysiotherapeuten verzamelden de gegevens in de dagelikse praktijk fijdens het
reguliere tfraject fysiotherapie. Proefpersonen werden geincludeerd wanneer ze > 18
jaar oud waren, a-specifieke nekpijn (acuut en chronisch) hadden en de Nederland-
se tfaal voldoende verstonden om de PROM te voltooien. In aanmerking komende
proefpersonen werden geinformeerd en vervolgens gevraagd om deel te nemen
aan het onderzoek. Als de proefpersoon ermee instemde om deel te nemen aan
het onderzoek, ondertekende de proefpersoon een geinformeerde toestemmings-
verklaring voorafgaand aan het verzamelen van de gegevens. Het fotale aantal deel-
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nemende proefpersonen was 128. De diagnostische nauwkeurigheid van de zelfger-
apporteerde fest was laag tot matig op basis van de 'area under the curve’ (AUC),
positief voorspelde waarde, negatief voorspelde waarde, Likelihood Ratio (LR)+ en
LR -. De diagnostische nauwkeurigheid bleef laag bij het combineren van de zelfge-
rapporteerde test en de beste fysieke test per bewegingsrichtfing.

Geconcludeerd kan worden dat de algehele diagnostische nauwkeurigheid van
lichamelijk onderzoek beperkt is (in vergelijking met de CROM-meting). Daarom moet
in de dagelikse fysiotherapiepraktik een meefinstrument worden gebruikt om te
beoordelen of een bewegingsrichting beperkt is.

In Hoofdstuk 7 wordt een verkennend, praktijkgericht onderzoek gedaan naar op
elkaar afgestemde behandelingen bij patiénten met a-specifieke nekpijn. Het
doel van dit onderzoek was 1) het vaststellen van de meetfout van de gebruikte
accelerometer; 2) het vaststellen van de verschillende foegepaste behandelingen
bij patiénten met a-specifieke nekpijn met een geconstateerde beperking in Range
of Motion (ROM) in de eerstelijns fysiotherapiepraktiken; en 3) onderzoeken of de
cervicale ROM, pijn, (ervaren) beperking en motorische controle verbeterden na één
behandeling.

Om de effecten op de cervicale ROM klinisch te kunnen interpreteren is inzicht in de
meetfout van de ROM, gemeten met de Sensamove Cervical Trainer accelerometer
(SCT), noodzakelijk. Daarom is er eerst een reproduceerbaarheidsonderzoek uitge-
voerd op de SCT. De meetfout wordt berekend als de standaard meetfout (SEM) en
het kleinste detecteerbare verschil (SDD).

Voor de pilotstudie zijn proefpersonen geworven uit drie eerstelijns fysiotherapie-
praktiken. Het belangrijkste inclusiecriterium was een geconstateerde beperking
in de cervicale Range of Motion (ROM) (gemeten met een accelerometer). Vier
manueel therapeuten voerden de behandelingen uit. Omdat in de literatuur geen
evidentie bestaat welke specifieke behandelingen leiden tot een verbetering van de
ROM, werd de keuze voor de specifieke behandelingen, afgestemd op de individu-
ele patiént, overgelaten aan de beoordeling van de manueeltherapeuten op basis
van hun klinisch redeneerproces. Dit sluit aan bij hoe manueeltherapeuten handelen
in de dagelikse praktijk en daarom bestempelen wij dit onderzoek als praktijkgericht
onderzoek.
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Metingen vonden plaats voor en na de behandeling en na een week. Uitkomstma-
ten waren: cervicale ROM (flexie/extensie, links/rechts rotatie en links/rechts laterale
flexie), een motorische controletaak (beide gemeten met een accelerometer), pijn
met een Numeric Pain Rating Score (NPRS) en ervaren beperking met de Patiéntspe-
cifieke functieschaal (PSFS). Na een week werd ook een algemeen waargenomen
effect (GPE) gemeten.

De SCT is een befrouwbare accelerometer voor het meten van nek-ROM, met een
kleine meetfout. Acht verschillende behandelingen werden uitgevoerd door de 4
fysiotherapeuten. De NPRS, de PSFS en de linker- en rechterrotatie lieten een klinisch
relevante verbetering zien (meer dan de meetfout). Drieéntwintig van de vierentwin-
tig deelnemers ervoeren verbetering gemeten met de GPE.

Hoofdstuk 8 bevat de algemene discussie. Deze geeft een overzicht van dit proefschrift
en bespreekt de sterke punten en beperkingen van de studies en de mogelijke impli-
caties van de resultaten en aanbevelingen voor toekomstig onderzoek.

We hebben een eerste voorzichtige stap gezet in het onderzoeken van geschikte
behandelingen (de ‘wat2’-vraag) voor een ROM-beperking (de ‘waarom?e’-vraag)
van de nek. We hopen dat deze voorlopige opzet van het verkennend onderzoek,
maar ook de andere onderzoeken, onderzoekers enigszins zal overtuigen en enthou-
siasmeren om meer fysiotherapeutisch valide, en mogelijk ook meer praktikgericht
wetenschappelijk, onderzoek naar de fysiotherapie te doen.
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Dankwoord

Volgens schrijver Mark Twain “moet men reizen om te leren”.

Voetballer Tim Cahill beweert dat je “een reis beter kan uitdrukken in het aantal
vrienden dan in de afstand”. Eigenlijk heb ik niets met reizen, maar dit proefschrift was
zeker een reis waar ik veel van geleerd heb.

Over de "afstand” heb ik het niet graag, maar over die "vrienden” des te liever.

Dit proefschrift is het product van samenwerking met ongelofelijk gedreven, slimme,
maar vooral ook fijne mensen. Promotieteam, promotiecommissie, co-auteurs, col-
lega’s bij mijn verschilende werkkringen en niet te vergeten vrienden en familie:
allemaal hebben ze op een of andere manier hun steentje bijgedragen. Daarom
benoem ik deze mensen hier in mijn dankwoord.

Mijn promotieteam bestond uit professor doctor Raymond Ostelo en doctoren Jan
Pool en Harriét Wittink.

Raymond, het begon allemaal aan jouw keukentafel. Op voorspraak van Jan
mocht ik mijn onderzoek aan je presenteren. Aanvankelijk ging dat met horfen en sto-
ten, maar algauw stelde je me op mijn gemak door geinteresseerd vragen fe stellen.
Vragen die richting gaven aan mijn onderzoeksplannen. Je begreep snel dat ik, als
clinicus, weinig waarde hechtte aan epidemiologisch goede, maar praktisch weinig
bruikbare onderzoeken. Je was een analytisch scherpe promotor, maar altijd ook een
fiin mens. Onze intense gesprekken waren eigenlijk altijd een feestje. Ik zal ze missen.

Jan, eigenlik begon het toen jij bij Hogeschool Utrecht mijn collega werd. Ik deelde
mijn ideeén over de klinische zin en onzin van wetenschappelijk onderzoek. Je bood
hulp om dit pad verder te ontdekken. De rest is geschiedenis. Onze autoritten van
en naar Gouda bleken een prima manier om de voortgang te bespreken. Helaas
haalde COVID-19 een streep door die ritjes. Hoe dan ook, zonder jouw internationale
netwerk was het Delphi-onderzoek zeker niet geworden wat het nu is. Ik zal je hulp en
begeleiding nooif vergeten.

Harriét, we kennen elkaar van toen ik nog Fysiotherapiewetenschap studeerde. Vanaf
dat moment begon je me wetenschappelijk te vormen, tot op de dag van vandaag.
Zo herkende je meteen de praktische relevantie van mijn premature onderzoeksvoor-
stel. Bovendien leidden jouw bijdragen tot de HU-voucher, waardoor mijn onderzo-
ek Uberhaupt mogelijk werd. Jij was, bent en blijft mijn inspiratiebron bij het verder
onderbouwen van de fysiotherapie. Want het is een mooi vak, maar onzin hoort er
niet in thuis; daar zijn we allebei stellig van overtuigd. Je was een geweldige begelei-
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der, stond altijd klaar voor goede raad of een hart onder de riem. Want behalve voor

het onderzoek, had je oog voor mij als persoon. Gelukkig blijven we samenwerken.

De leden van de promotiecommissie, dr. S.M. Rubinstein, prof.dr. J.H. van Dieen , prof.
dr. B. Cagnie, dr. J.B. Staal en prof.dr. L. Hooft wil ik hartelijk danken voor het lezen en
beoordelen van dit proefschrift. Ook dank aan de toenmalige wetenschapscommis-
sie van EMGO VU, zodat mijn onderzoek, na toetsing, ingebed kon worden binnen
dat instituut. Een speciale dank gaat naar de Hogeschool Utrecht voor het toeken-
nen van de onderzoeksvoucher.

Mijn dank gaat ook uit naar prof.dr. Nico van Meeteren en prof.dr. Raoul Engelbert
voor hun belangrijke bijdragen aan mijn wetenschappelijke scholing.
Beste Nico, jij wist me voor de Fysiotherapiewetenschap te winnen. En ondertussen

"wiskunde-deficiéntie”

diagnosticeerde je mijn chronische aandoening, namelj
("kuren” bij het James Boswell instituut heeft me genezen...).

Beste Raoul, zonder jou zou ik gestopt zijn met de studie Fysiotherapiewetenschap.
Deelname aan het JASS-project onder jouw berzielende leiding leverde een artikel op
in het Nederlands Tijdschrift voor Fysiotherapie. Dat inspireerde me om door te gaan.
En daar heb ik nooit spijt van gehad.

Ook co-auteurs Edwin, Jurgent, Eric, Nanna, Marloes, Paul en Glenn wil ik hier noe-
men. Jullie bildragen aan de artikelen in dit boekje waren stuk voor stuk gulle giften.
Marloes, jij verdient extra dank voor jouw Lime-survey-programma, je hulp bij het ver-
zamelen van data en het meedenken bij de laatste twee studies. Ook Melissa, llona,
Tamara, Glenn, Koen, Guido en Erik bedankt voor jullie hulp bij het verzamelen van
de data. En prof.dr. Arianne Verhagen voor haar hulp bij het verbeteren van één van
de manuscripten.

Hogeschool Utrecht wil ik bedanken voor het in mij gestelde vertrouwen. De HU voelt
als een warm bad. Het is onmogelik om alle collega’s binnen het Instituut voor be-
wegingsstudies hier persoonlijk fe bedanken. Een aantal collega’s noem ik foch bijj
naam. Peter, Norman, Sijmen en Jaap J. voor het brainstormen en omdat jullie de
onderzoeksresultaten in het onderwijs benutten. De collega’s van het Lectoraat Leef-
stil en Gezondheid, Edwin, Ryan, Erik-Jan, Han, Marlies, Martine, Else, Eline, Stefan,
Janke, Michiel, Martine, Tim, Jan, Manon, Marleen, Marike, Imke, Hannelies, Claudia,
Henri, Jacqueline N., Jacqueline O., Kristel, Karlijn en Barbara, voor de gezellige re-
view sessies. De “oude” hoofden van de Master Fysiotherapie, Ina, Jacqueline N.,

Rutger, Jorrit, Roland en Rob dank ik voor de mooie tijd op de Bolognalaan en jullie
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warme belangstelling voor mijn project. Een belangstelling die ik ook mocht ervaren
van de “nieuwe” hoofden: Linda, Barbara, Brenda, Stefan, Els en Henri als “capo di
futti capi”.

Verder alle collega’s uit de HU-teams waar ik in mocht werken: Jaap D., Kitty, Marielle,
Janke, Miriam en Sijmen van het (oude en nieuwe) codrdinatieteam van de gener-
ieke leerlijn; Jan C., Marjolein, Marielle, Milou en Mark van het beweegzorgteam en
Annemarie, Marc, Martine, Sabrine, Esther en Casper van mijn huidige OMT-team. Be-
dankt voor de samenwerking en jullie support. Ook dat ene bijzondere ‘team’ moet
hier genoemd worden: het maandagochtend-theegroepje. Carla en Barbara, jaren
hebben we op de vroege maandagochtend lief en leed gedeeld over onder an-
dere mijn fraject. Dank voor jullie interesse en steun en laten we vooral doorgaan met
die gezellige start van de week.

Ook collega’s uit mijn andere werkkringen horen in dit dankwoord thuis: Adri, Car-
oline, Karin en Saskia van de FysioPraxis-redactie; Nico, Jordy Danielle en overige
collega’s van fysiotherapie “Westwik” en Annelies, Stefan, Lennard, Gerard, Nathan,
Sandra, Marianne, Paul, Radha en Diek van het NVMT-bestuur. Ook jullie bedankt
voor alle steun en begrip.

Rest me, mijn basis in het leven te bedanken: vrienden en familie.

Edwin, alwas je formeel geen lid van het promotieteam, voor mijhoorde je er gewoon
bij. We volgden samen de opleiding Fysiotherapie, werkten in dezelfde Rotterdam-
se wik, studeerden later allebei Fysiotherapiewetenschap. Daar herkenden we ons
adllebei niet in de resultaten van wetenschappelijk onderzoek. We dachten na over
hoe we ons klinisch handelen konden objectiveren en zo ontstond onze liefde voor
de klinimetrie. Jij bent de drijvende kracht achter de ideeén waarop dit proefschrift is
gebaseerd. Maar voor mij nog veel belangrijker zijn jouw nooit aflatende steun in lief
en leed en jouw oprechtheid: een echte vriend.

Marieke, jij bent net zo oprecht als Edwin. Jullie zijn een mooi stel. Gelukkig wilde je de
vormgeving van mijn proefschrift op je nemen, zoals je dat eerder ook voor Edwin had
gedaan. Zonder jou hulp en jullie ervaring was het niet zo’n mooi boekje geworden.

Beste Mohamed, sommige mensen kosten energie, van anderen krijg je energie. Jjj
bent zo'n gever. Dank voor je enthousiasme tijdens het brainstormen over mijn onder-
zoek en dank dat je mijn paranimf wilde zijn. Dat we nog lang mogen blijven samen-
werken.
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Alfred en Marcia, Erik en Gemma veel dank als goede vrienden voor jullie steun en
enthousiasme.

Mijn moeder, schoonmoeder, zwager Jaco, schoonzus Petra, nicht Chrétienne en
zwager André (tijldens de thuiswedstrijden van Sparta) wilden constant op de hoogte
worden gehouden over het wel en wee van mijn fraject. Dank voor jullie betrokken-
heid.

Als laatste mijn hometeam. Lisanne en Annelotte, bedankt voor jullie geduld met mij.
Ik zal namelijk niet altijd de gezelligste vader geweest zijn. Ondertussen groeiden jullie
uit tot volwassen dochters met jullie eigen carrieres. k ben trots op jullie! En dan, last
but not least, Nicolette. Dankjewel voor alles. Samenwonen met een promovendus is
nu eenmaal geen sinecure. Jij bent en blijft mijn ultieme steun en toeverlaat. Op naar
nieuwe rust en regelmaat!
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