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Abstract

ABSTRACT

Background: Non-surgical and surgical approaches to treatment are used in pa-
tients with cervical radiculopathy (CR) due to disc disease. Overall, good effects
of surgery have been reported on arm pain and neurological symptoms. However,
the effects on neck functioning are more uncertain. Studies have shown persistent
activity limitations; participation restrictions; and impairments in neck-related
body functions after surgery. Structured physiotherapy combining neck-specific
exercises with a behavioural approach has been suggested as treatment before as
well as after surgery to improve clinical outcomes in patients with CR. Random-
ized clinical trials of postoperative physiotherapy to inform evidence-based clini-
cal guidelines for the treatment of patients with CR are lacking.

Aim: The overall aim of the thesis was to investigate the additional benefit of
structured postoperative physiotherapy combining neck-specific exercises with a
behavioural approach compared to standard postoperative approach in patients
with CR. A further aim was to evaluate the contribution of different aspects of
neck-related body functions and mental functions on preoperative neck disability
in these patients.

Methods: A total of 202 patients with CR who were scheduled for surgery were
recruited, and randomized preoperatively to either structured postoperative physi-
otherapy, or standard postoperative approach. Standard postoperative approach
was in accordance with Swedish postoperative care, and may have included prag-
matic physiotherapy after surgery when needed. Patients were evaluated with a set
of questionnaires and clinical examinations before surgery and at 3 and 6 months
after surgery. Outcomes included patient-reported measures of pain, neck func-
tioning, global outcome, clinical evaluation of neck-related body functions, self-
efficacy and coping strategies, as well as expectation fulfilment and enablement.
Differences between treatment groups were investigated in complete case and per-
protocol approaches (Paper I11 & 1V). A sub-sample of patients with CR who were
scheduled for surgery were also compared with neck-healthy individuals for as-
sessment of head repositioning accuracy with a cervical range of motion device
(Paper 1). In patients with CR who were scheduled for surgery, associations be-
tween preoperative measures of neck-related body functions, mental functions, and
other contextual factors with patient-reported neck disability were studied (Paper

).

Results: With the exception of greater expectation fulfilment in patients who re-
ceived structured postoperative physiotherapy (p = 0.01), there were no differences
between the treatment groups in outcomes at 6 months after surgery. There were
no differences reported for changes in outcomes from before surgery to 6 months
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Abstract

after surgery between the groups, but all outcomes significantly improved from
baseline in both groups (p< 0.001) (Paper Il & V). However, global outcome and
frequency of neck pain improved during the postoperative period only in patients
who received structured postoperative physiotherapy (p < 0.01) (Paper IlI). Six
months after surgery, patients with at least 50% attendance to treatment sessions
in the structured postoperative physiotherapy group reported less neck pain fre-
guency (p = 0.05), and greater expectation fulfilment (p = 0.001), and enablement
(p = 0.04) than those who received standard postoperative approach. These patients
also had larger improvements in neck functioning, arm pain and catastrophizing
during the rehabilitation period from 3 to 6 months after surgery (p< 0.03). Sixty-
one percent of the patients who received standard postoperative approach reported
additional use of postoperative physiotherapy. These patients had a worse surgical
outcome compared with patients who reported no additional use of postoperative
physiotherapy. In patients with CR who were scheduled for surgery, larger errors
in head repositioning accuracy were found compared to neck-healthy individuals
(Paper I). Preoperative measures of neck-related body functions, mental functions
and other contextual factors explained 73% of the variance in Neck Disability In-
dex scores in patients with CR who were scheduled for surgery (Paper I1).

Conclusions: The results may suggest a benefit from combining surgery with
structured postoperative physiotherapy in patients with CR. Moreover, the results
confirm that neck-specific exercises are tolerated by patients with CR after sur-
gery. However, CR is a heterogeneous condition and specific subgroups of patients
are likely to benefit from different interventions. More studies are needed to inform
evidence-based clinical guidelines for the treatment of patients with CR. A broader
preoperative assessment in patients with CR improved the description of patient-
reported neck disability.
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Introduction

INTRODUCTION

Cervical radiculopathy (CR) caused by disc disease is a disabling condition char-
acterized by radicular pain in one or both upper extremities, in combination with
sensory, motor, and reflex changes in one or several affected nerve-root distribu-
tion [1]. Typically, neck pain is also present [2, 3], and physical and psychological
disability, absence due to sickness, and reduced health and quality of life are often
reported by patients with CR [4]. Epidemiological studies are sparse, but an annual
incidence of 83.2/100 000 with a larger proportion of men 107.3/100 000 than
women 63.5/100 000 and a peak in the age group 50-54 was reported in one study
in a general population [5]. Symptoms of CR have been associated to compression
and inflammation of one or several nerve root(s) in the cervical spine caused by
spondylotic narrowing of the intervertebral foraminal, intervertebral disc herni-
ation or by both [6] (Fig. 1). The pathophysiological mechanisms of cervical disc
disease and their relation with symptoms and disability in patients with CR are not
well understood and non-surgical and surgical approaches to treatment are used.
Patients with persistent CR symptoms and unsatisfactory results following non-
surgical treatment may be referred to surgery [7]. According to the Swedish spine
registry, 902 first time spine surgeries due to radiculopathy were performed in
Sweden in 2014 [8]. Overall good effects of surgery have been reported on arm
pain and neurological symptoms [3, 7, 9-11], but the effects on neck functioning
are more uncertain. Studies have shown persistent activity limitations and partici-
pation restrictions after surgery [12, 13]. Impairments in neck-related body func-
tions such as reduced muscle strength, neck muscle endurance (NME), and cervi-
cal active range of motion (CAROM) [13-16], as well as maladaptive coping strat-
egies [17, 18], and fear of movement [19] have been reported in patients with CR
after surgery. Neck-specific exercises and cognitive behavioural treatments (CBT)
may be recommended in the managements of patients with long-lasting neck pain
[20, 21], and providing more extensive postoperative rehabilitation with structured
physiotherapy has been suggested to improve clinical outcomes in patients with
CR. Randomized clinical trials (RCTs) of postoperative physiotherapy to inform
evidence-based clinical guidelines for the management of patients with CR are
lacking.
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Fig. 1: Compression and inflammation of a cervical nerve root secondary to nar-
rowing of the foraminal canal caused by structural changes of the intervertebral
disc and surrounding structures
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BACKGROUND

Patients with CR due to disc disease

Symptoms and disability

CR refers to symptoms that occur in a specific dermatomal pattern in one or both
upper extremities. Patients commonly describe sharp radicular pain and tingling or
burning sensations in the arm, and they sometimes have sensory, motor, and reflex
changes that correspond to the involved nerve root [1, 2, 22]. Typically axial neck
pain is also present, and some patients report headaches and dizziness [2, 3, 23-
25]. Moreover, CR symptoms are commonly associated with physical and psycho-
logical disabilities, absence due to sickness, and reduced health and quality of life
[4, 26]. Evaluating the general health of patients with CR three years after surgical
treatments suggests that CR symptoms have a large impact on general health that
may be comparable to that reported by patients with other chronic diseases, such
as angina pectoris, mental distress, diabetes, asthma, and back and shoulder pain
[27].

In 1983, Henderson et al. reviewed the clinical presentation of symptoms in
736 patients with CR who were scheduled for surgery: 99% had arm pain, 80%
had neck pain, 53% had scapular pain, 10% reported headache, 85% showed
changes in the sensory response to pinprick, 68% had motor deficits, and 71% had
reflex deficits [28]. In addition to the pain symptoms, studies also report that pa-
tients with CR may have dizziness and impairments in postural control, including
impaired static and dynamic balance [14, 24, 25]. Other studies report that both
before and after surgical treatment, patients with CR have impairments in neck-
related body functions such as cervical active range of motion (CAROM), neck
muscle strength, and neck muscle endurance (NME) [13, 14, 16, 29, 30]. Low
emotional state, sleep disturbances, anxiety and depression, high levels of kinesi-
ophobia and fear of movement have also been observed in patients with CR [13,
18, 23, 31].

Pathophysiology

Neurological symptoms

Sensory, motor and/or reflex changes in the upper extremities are associated with
mechanical distortion of one or more of the C3-C8 nerve root(s) in the cervical
spine [1, 22]. Cervical nerve roots pass through the intervertebral foramina, which
are located between the uncovertebral and facet joints; these joints are involved in
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degenerative processes in the cervical spine and in the intervertebral discs in pa-
tients with CR [6, 32]. The foramina are largest in the upper cervical spine and
gradually narrow distally, which may explain why the most common level of root
compression is C7 (46.3% to 69%) followed by C6 (17.6% to 19%) [32]. Moreo-
ver, the intervertebral foramina form a tunnel-like shape, with the entrance being
the narrowest part. The nerve roots, on the other hand, form a conical bundle with
their takeoff point in the central dural sac being their largest part. Consequently,
the nerve roots are the most vulnerable to compression at the entrance of the inter-
vertebral foramina [32]. The presence of numerous nerve root connections [32]
may explain the important dermatomal overlap [33].

Spondylosis, disc herniation, instability, trauma resulting in fractures with dis-
location, or more rarely tumours can cause narrowing of the intervertebral foram-
ina; in turn this can result in mechanical compression of the nerve root(s) [2].
Spondylosis is considered the result of a cascade of degenerative changes that start
in the cervical intervertebral disc [22]. For example, there are age-related biochem-
ical, histological, and metabolic changes in the nucleus pulposus and in the annulus
fibrosus. Three types of annulus tears can occur: circumferential tears, peripheral
rim tears, and radial fissures. Radial fissures progress outward, allowing the nu-
cleus to migrate toward the disc periphery. The structural changes cause the disc
to shorten and bulge posteriorly in the canal [22, 34]. Depending on the extent of
nuclear migration, the disc can be said to be herniated (referring to protrusion,
extrusion or sequestration of nuclear material), or prolapsed [34]. Secondary to the
structural changes in the disc(s), the vertebral bodies may drift toward one another,
and the ligament flavum and facet joint capsule may infold posteriorly, further
decreasing the dimensions of the foraminal canal [22]. Osteophytes can form
around the vertebral bodies, as well as around the uncovertebral joints anteriorly;
and the facet joints posteriorly [22, 34]. Interestingly, more than half of the middle
age population has radiologic evidence of asymptomatic cervical spondylosis, and
spondylosis is regarded as an integral part of physiological ageing [35]. However,
spondylosis is associated with symptoms of nerve root(s) or spinal cord compres-
sion (myelopathy) in 10% -15% of the population [36]. Spondylosis is the most
common cause of CR symptoms, with a reported annual incidence of 58.5 per
100 000 residents as compared to cervical disc herniation, which has a reported
annual incidence of 18.6 per 100 000 [5]. Disc herniation is more common in
younger patients, representing 20% -25% of all cases [37].

Radicular pain

The pathophysiology of radicular pain is not well understood. Notably, nerve-root
compression by itself does not always to lead to pain unless the dorsal-root gan-
glion is involved [1, 22, 38]. In addition, there is increasing evidence that for pain
to develop, there must be an inflammatory response in addition to compression and
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distortion of the nerve root [22]. Reduced microcirculation secondary to compres-
sion may cause oedema and fibrosis of the nerve root, thereby increasing the sen-
sitivity of the nerve root to pain [22]. Similarly, the release of chemical substances
such as inflammatory cytokines from disc tissues in herniated discs is likely to play
a role in initiating and perpetuating inflammatory responses and pain processes
[22].

Neck pain

Most patients with CR have neck pain [2, 3, 23, 39]. However, the origin of the
neck pain remains controversial, since there are numerous structures in the cervical
spine that can generate pain in the neck area [22]. The direct attribution of axial
neck pain to degenerative changes in the cervical spine is questionable considering
the high prevalence of degenerative changes in an asymptomatic population [35].
Nevertheless, the presence of nerve fibres and nerve endings in the peripheral por-
tion of intervertebral discs [40], and in the facet joints [41] suggests that these
structures may be involved and directly responsible for the development of axial
neck pain in patients with cervical degenerative changes [22].

It has also been suggested that axial neck pain may develop secondarily to the
adaptation of the muscular and ligamentous systems to degenerative changes in
the cervical spine [22]. The cervical muscle system includes layers of deep and
superficial muscles that play important roles in mechanical support and in the ori-
entation of the head and neck in space [42-44]. Both structural changes and the
presence of radicular pain could indirectly impact patient posture, work efficiency,
and stress and could thus induce muscular fatigue with increased sensitization of
nerve endings in the cervical muscle causing neck pain. However, the pathophys-
iology of muscular pain remains poorly understood [22]. Moreover, deconditioned
neck muscles may be responsible for persistent neck pain symptoms in patients
with other long-lasting neck disorders [45]. Studies have shown that muscle be-
haviour is altered in patients with long-lasting neck pain. Specially, there may be
increased activity in the superficial neck muscles, reduced activity in the deep cer-
vical muscles [46, 47], increased co-activation [48, 49], and reduced muscle
strength and endurance [50]. In patients with CR, neck muscle strength and NME
is impaired both before and after surgical treatment relative to neck-healthy indi-
viduals [13-16, 29]. Such impairments may contribute to the development of pain
and disability in patients with CR.

Natural course

Little is known about the natural course of CR due to the lack of prospective long-
term cohort studies of untreated patients [51]. Spontaneous improvement was re-
ported in 46% of patients (n = 41) in one 10-year follow-up study [52]. Most stud-
ies in patients with CR include various treatment alternatives and do not reflect the
natural history of the disease. However, based on reports of symptom improvement
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regardless of intervention assignment, the natural course of the condition is con-
sidered to be favourable [37, 53]. A recent systematic review on the course and
prognosis of cervical disc herniation found that; substantial improvements were
reported within the first 4 -6 months after onset, and 83% of all cases recovered
completely within 2 -3 years [54]. Studies of the course of CR associated with
spondylosis are lacking [54].

Management of patients with CR

Diagnosis of CR

Patient history and clinical examination are essential for confirming a diagnosis of
CR as well as for ruling out concomitant myelopathy. Patients commonly describe
a slow onset that can be explained by gradual foraminal narrowing. However, onset
may also be more sudden in cases of acute disc herniation. Radiating arm pain and
sensory deficits are often aggravated by a movement that involves neck extension
and rotation of the head toward the affected side; when this movement causes pain,
the patient is said to have a positive Spurling’s test [55]. The Spurling’s test has
high sensitivity but low specificity and is considered more useful for confirming
the CR diagnosis than for ruling it out [55, 56]. For the diagnosis, examination of
sensory and motor disturbances are performed to determine the level of suspected
nerve root compression. However, the clinical findings are generally not very pre-
cise because of the substantial overlap of cervical nerve roots in the brachial plexus
[33].

Accordingly, magnetic resonance imaging (MRI) or its predecessor computed
tomography (CT) should be used to confirm the diagnosis of CR. Moreover, the
findings on these imaging modalities must always be correlated with the symptoms
and findings from the clinical examination [57].

Non-surgical treatments

Initially, patients with CR are usually treated non-surgically given the rather fa-
vourable natural course of the condition [53]. However, little is known about the
effectiveness of these non-surgical treatments compared with no treatment or sur-
gical care [53, 58]. Moreover, there are no evidence-based clinical guidelines for
non-surgical treatment of CR due to the lack of well-designed studies [53], and
due to the lack of uniform diagnostic criteria in the studies that evaluated non-
surgical treatments [59].

Analgesics and a wait-and-see policy are often used in the early phase [37].
Analgesics include non-steroidal anti-inflammatory drugs (NSAIDs), paraceta-
mol, and various opioids [37]. Transforaminal steroid injections may also be used
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[60-62], and have been shown to relieve pain in prospective studies [61, 62]. How-
ever, no evidence of pain relief was found in one RCT, and notably, evidence sup-
porting the use of drugs remains weak [60].

Other common treatment modalities include physiotherapy, and neck immo-
bilization with a neck collar [53]. Physiotherapy may include passive and active
treatments such as cervical traction, application of heat or cold, massage, transcuta-
neous electrical nerve stimulation, manual therapy, exercise therapy, and CBT
[63]. Neural tissue management is another suggested physiotherapy treatment for
patients with CR [64]. The evidence of the effectiveness of different physiotherapy
treatments in the management of patients with CR is inconclusive [63]. However,
the use of manual therapies, exercise therapies, and CBT appear to be somewhat
beneficial [63]. Recently, structured physiotherapy that combined neck-specific
exercises and a behavioural approach was compared to surgery and additional SPT
in patients with CR. Based on the 2-year results, the authors suggested that struc-
tured physiotherapy be tried before surgery [65, 66]. Notably, an RCT is currently
investigating the benefits of structured physiotherapy that combine neck exercises
with a behavioural approach versus prescribed physical activity for patients with
CR [67].

Surgical treatments

Patients with persistent CR symptoms and unsatisfactory results after non-surgical
treatment may be referred to surgery [7, 57, 68]. Surgery primarily aims to address
the structural changes in the cervical spine to relieve arm pain and prevent further
neurological symptoms by decompressing the nerve root [69]. Both anterior and
posterior surgical approaches have been developed [70]. Anterior cervical decom-
pression and fusion (ACDF) is a common approach that includes removal of the
disc(s) and adjacent osteophytes plus fusion [69]. The original technique was de-
veloped by Cloward, Smith and Robinson in the 1950s [71]. This group used either
autogenous bone transplants from the iliac crest or allogenous bone transplants to
replace the disc(s), restore disc height, and achieve fusion. Others evaluated the
use of different types of artificial intervertebral implants [9, 11, 69]. Bone auto-
grafts have been associated with improved fusion rates [9, 11, 72], whereas artifi-
cial intervertebral cages reduce donor site pain [9, 11].

Evaluation of clinical outcomes has not yet identified a single ideal material
or surgical method [72]; accordingly, the choice of surgical technique is based on
the patient’s and surgeon’s experience, and preferences as well as on the costs [7,
69, 70]. The clinical outcomes after surgery for CR vary from fair —to —good, de-
pending on the outcome measure that is used and on the time to follow-up [10, 12,
13, 73-75]. It is not clear whether surgery is superior to other non-surgical ap-
proaches due to a lack of studies and to the difficulties that are inherent in perform-
ing well -designed studies in patients with CR [31, 58, 65].
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Postoperative care and physiotherapy

Few reports in the literature address postoperative care and postoperative physio-
therapy in patients with CR. Patients are generally encouraged to return to normal
activities after 6 weeks [3]. In one prospective study, 30% of patients with CR
reported using postoperative physiotherapy [76]. Based on the results of a pilot
study, using a rigid cervical collar for the first 6 postoperative weeks may help
some patients cope with the pain and disability after surgery [77]. In Sweden, pa-
tients undergoing cervical spine surgery due to disc disease are generally advised
to minimise heavy lifting, driving a car, and overhead work in the first 6 weeks
after surgery. However, they are encouraged to stay active and are given instruc-
tions and information about good posture plus mobility exercises for the shoulders
and, later on, for the neck. Patients are discharged from the spinal centres after a
follow-up visit with the surgeon at approximately 6 weeks; thereafter, they are
advised to contact primary health care centres for additional treatment after surgery
that may include pragmatic physiotherapy when needed.

Some studies have reported on persistent activity limitations and participation
restrictions after surgery [12, 13] and; on post-surgical impairments in neck-related
body functions such as reduced muscle strength, NME, and cAROM [13-16].
Other reports that patients with CR may display maladaptive coping strategies [17,
18], and a fear of movement after surgery [19]. The provision of more extensive
and structured postoperative physiotherapy has been suggested to improve the clin-
ical outcomes of patients with CR after surgery [13, 14]. One recent RCT com-
pared surgery combined with SPT with structured physiotherapy alone in patients
with CR [65]. Based on the 2-year outcomes, the results looked promising for
structured physiotherapy before and after surgery in patients with CR [65, 66]. Due
to the lack of studies that address the use of postoperative physiotherapy, evidence-
based clinical guidelines for postoperative physiotherapy cannot be developed in
patients with CR [7]. Moreover, based on my own clinical experience as a physi-
otherapist, many physiotherapists lack knowledge of and experience with physio-
therapy treatments in patients with CR. Accordingly, neck-specific exercises are
rarely used.

Evidence-based physiotherapy in patients with
long-lasting neck pain

Exercise therapy for the neck muscles

Many patients with neck pain also have impairments in neck muscle function [78].
Consequently, numerous studies describe the use of exercise therapy as a treatment
approach in the management of patients with neck disorders [20]. The literature
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described a broad spectrum of exercise approaches and suggested doses; such ap-
proaches include specific neck and shoulder exercises, general exercises, and
stretching, strengthening, endurance, functional and proprioception exercises [20,
79-81]. However, few conclusions can be drawn because of the variety of exercise
approaches and the general low quality of the studies [20]. Exercise therapy is re-
garded as a safe treatment approach for mechanical neck pain [20]. There is mod-
erate quality evidence for the use of strengthening and endurance exercises for the
cervico-scapulothoracic and shoulder region to reduce pain and improve function
at short- and intermediate —term [20]. Currently, there is no evidence that a partic-
ular exercise approach is superior to others [20, 81, 82].

Cognitive-behavioural treatments

The aetiology of neck pain is multifactorial, and risk factors include both social
and psychological factors [83]. Specially, long-lasting neck pain has been linked
to psychological factors including distress, anxiety and depressed mood, as well as
to cognitive and behavioural factors that may directly contribute to disability and
pain and act as barriers to recovery [84]. Higher levels of catastrophizing, and
lower levels of self-efficacy are associated with higher disability in patients with
long-lasting neck pain. Accordingly, physiotherapy treatments often utilise strate-
gies that aim to address these factors [85, 86]. CBT is an umbrella term for differ-
ent types of interventions that target cognitive and behavioural factors. CBT can
be used alone or in addition to other treatments, and it can be delivered by different
kinds of professionals [21]. Overall, there is low to moderate quality evidence sup-
porting the use of CBT in patients with long-lasting neck pain [21]. There is no
clear benefit to adding physiotherapist-led CBT to an exercise program in patients
with chronic neck pain and whiplash associated disorders (WAD) [87, 88]. In lum-
bar fusion patients, on the other hand, postoperative physiotherapy that targeted
maladaptive pain cognitions, behaviours, and motor control showed better out-
comes than home-based exercises [89].

Facilitators of exercise therapies

Exercise intervention in physiotherapy can vary according to exercise type, dos-
age, and mode of delivery; the latter may include individual treatment, group pro-
grams, home-based programs, or a mixed-mode delivery that combine individual
treatment sessions with home-based programs [90]. No single mode of delivery
has shown clear superiority to the others, but in patients with knee osteoarthritis,
individual treatments as compared to class-based and home-based programs show
the greatest treatment effects [90]. Likewise, patients with knee osteoarthritis re-
ported higher adherence with exercise regimens during regular physiotherapist vis-
its [91]. A systematic review showed that in patients with chronic low back pain,
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individually designed supervised exercise programs were associated with de-
creased pain and improved function [92]. Professional supervision during regular
physiotherapist visits is regarded as important for patient adherence to exercise
therapy and for the effects of treatment on pain and function [92].

Perspectives on outcome measures

The biopsychosocial model of illness and disease

The biopsychosocial model of illness introduces a broader perspective on health
and illness; and suggests that psychological and social factors be considered along
with biological variables in order to understand individuals” experiences of illness
and disease [93, 94]. Moreover, biopsychosocial factors have been linked to chro-
nicity of symptoms and disability in musculoskeletal disorders including neck pain
[84, 95]. Biopsychosocial prognostic factors are known to be important determi-
nant of outcomes in musculoskeletal disorders, although, no clear set of prognostic
factors has been identified yet [96]. Most research has focused on low back pain
and screening for psychosocial risk factors is recommended in the management of
low back pain [97, 98]. Psychosocial factors have also been investigated in patients
with CR, however, there are conflicting results regarding their predictive value for
surgical outcome [19, 99, 100]. It has been suggested that psychosocial factors
should not only be regarded as prognostic factors, but that outcomes should also
be evaluated from a biopsychosocial perspective to improve understanding of the
development of illness and disease over time [96].

The international classification of functioning, disability, and health

In 2001, the World Health Organization (WHO) endorsed the international classi-
fication of functioning, disability and health (ICF) as a conceptual framework for
improving and facilitating the understanding and organization of all of the infor-
mation that is gathered and associated with particular health conditions [101].
Functioning and disability are umbrella terms used to describe human experiences.
“Functioning” refers to body functions and structures, as well as, to activities and
participation in activities. “Disability” describes impairments, such as changes or
loss of body functions and structures; activity limitations, such as difficulties ex-
perienced in performing activities; and participation restrictions such as problems
experienced in real life situations [101]. The ICF framework is based on an inte-
grative biopsychosocial model and acknowledges the influence of contextual fac-
tors, both personal and environmental, on individuals” experiences of functioning
and disability [101].
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According to the ICF, an evaluation of disability in patients with CR should
include evaluations of impairments at different levels, including body functions
and structures, activity limitations, and participation restrictions. No ICF core set
has been developed so far to evaluate all the aspects of disability and functioning
in patients with CR, but empirical guidelines recommend the use of separate rat-
ings for neck and arm pain and use of the NDI to evaluate patient-reported neck
disability [7, 102]. Some studies have reported the outcomes of clinical evalua-
tions of neck-related body functions including neck muscle strength, NME, and
cAROM [13-16, 30]. Disturbances in sensorimotor function have been associated
with symptoms of neck pain and dizziness, and assessment of head repositioning
accuracy (HRA) is recommended in the management of patients with other neck
pain disorders [103, 104]. No studies have evaluated sensorimotor function in pa-
tients with CR. Moreover, a biopsychosocial approach to illness and disease may
suggested that it is appropriate to evaluate other ICF domains, including mental
function, and contextual factors to broaden the clinical picture of disability in pa-
tients with CR [96]. In the present thesis, the ICF framework was used to classify
the outcome measures as measures of neck-related body functions, mental func-
tions, and contextual factors.

The patient’s perspective on treatment outcomes

In chronic pain trials, estimating patients’ perceptions of the advantages and dis-
advantages of treatment is an important outcome measure [105]. This can be as-
sessed using different approaches; in particular it may be appropriate to use a sin-
gle-item scale or rating to measure patients” perceptions of improvement as well
as changes in symptoms [105]. Patient satisfaction with treatment has been sug-
gested as an alternative outcome for evaluating treatment success [106], and it is
generally accepted that a measure of patient satisfaction should be included in eval-
uation after cervical spine surgery [107]. Patient satisfaction after cervical spine
surgery has been associated with improved functional outcomes [107]. However,
patient satisfaction as outcome measure is controversial, and it has been suggested
that it may be related more to patients” expectations and fulfilment of expectations
than to functional outcomes [108]. When assessing patient satisfaction with treat-
ment, one limitation is that this measure may reflect satisfaction with the outcome,
with delivery of care, or with both [109]. One objective of physiotherapy for
chronic health conditions is to promote both short- and long-term self-management
[110]. It may therefore be important to evaluate the extent to which the treatment
enhances an individual s confidence and his or her ability to cope with their illness
or disease [111]. The Patient Enablement Instrument (PEI) was developed for the
purpose of capturing dimensions other than patient satisfaction in primary health
care research such as the impact of a consultation on a patient’s self-perceived
ability to understand and cope with health issues and disease [109]. One study
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suggests that enablement be used as an alternative outcome measure of patient sat-
isfaction, since this requires patients to evaluate outcomes rather than to simply
evaluate aspects of the care process [109].
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Rationale of the thesis

Patients with persistent CR symptoms and unsatisfactory results after non-surgical
treatment may be referred to surgery [7, 57, 68]. Overall, good effects on arm pain
and neurological symptoms have been reported after surgery in patients with CR
[3,9-11, 75]. However, the effects on neck functioning are more uncertain. Studies
have shown persistent activity limitations, and participation restriction after sur-
gery [12, 13]. Impairments in neck-related body functions such as neck muscle
strength, NME, cAROM, and postural control [13-16, 25]; maladaptive coping
strategies [17, 18], as well as fear of movement [19] have been reported after sur-
gery in patients with CR. Neck-specific exercises and CBT may be recommended
in patients with long-lasting neck pain [20, 21], and providing more extensive post-
operative rehabilitation with structured physiotherapy has been suggested to im-
prove clinical outcomes in patients with CR [13, 17]. Structured physiotherapy
combining neck-specific exercises with a behavioural approach has been sug-
gested as treatment before as well as after surgery in patients with CR [65, 66].
RCTs of postoperative physiotherapy to inform evidence-based clinical guidelines
for the treatment of patients with CR are lacking. The contribution of different
aspects of neck-related body functions, mental functions, as well as contextual fac-
tors on preoperative patient-reported neck disability in patients with CR also need
to be studied to increase understanding about neck disability and develop effective
treatment strategies for the management of patients with CR.
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AIMS OF THE THESIS

Overall aims

The overall aim of this thesis was to investigate the additional benefit of structured
postoperative physiotherapy (SPT) combining neck-specific exercises with a be-
havioural approach compared to standard postoperative approach (SA) in patients
with CR. A further aim was to evaluate different aspects of neck-related body func-
tions and mental functions on preoperative neck disability in these patients.

Specific aims

o to evaluate in patients with CR scheduled for surgery head repositioning
accuracy (HRA) using a cervical range of motion (CROM) device and in
comparison to neck-healthy individuals

e to study in patients with CR scheduled for surgery associations between
measures of neck-related body functions, mental functions, and contextual
factors with patient-reported neck disability as measured with the Neck Dis-
ability Index (NDI)

e to compare SPT with SA in patients with CR at 6 months after surgery
based on patient-reported measures of pain, neck functioning, global out-
come, clinical evaluations of neck-related body functions, self-efficacy,
coping strategies, expectation fulfilment, and enablement
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Materials and methods

MATERIALS AND METHODS

Design and overview of the thesis

The thesis is based on data collected in patients with CR undergoing surgery (n=
202) who were enrolled in a RCT of postoperative physiotherapy (Paper II, 11l &
IV). A sub-sample of patients with CR who were participating in the RCT (n="71),
and a sample of neck-healthy individuals (n= 173) were also recruited to partici-
pate in an experimental study about HRA assessment with a CROM device (Pa-
per 1). In addition to the results presented in the papers (Paper I-1V), extra analysis
are presented in the frame of the thesis.

An overview of the papers included in the thesis is presented in Table 1:

In patients with CR who were scheduled for surgery, assessment of HRA with
a CROM device was compared to age- and sex-specific reference values in neck-
healthy individuals. Patients were also classified as having or not HRA impairment
and some of the measurement properties of the CROM device to assess HRA in
patients with CR were investigated (Paper 1). Associations between measures of
neck-related body functions, mental functions and contextual factors with patient-
reported neck disability as measured with the NDI were studied in patients with
CR who were scheduled for surgery (Paper I1). The additional benefit of SPT com-
pared to SA in patients with CR was investigated in a RCT. Between-group differ-
ences in outcomes at 6 months after surgery and in changes in outcomes from be-
fore surgery to 6 months after surgery were studied for patient-reported measures
of pain intensity, neck functioning, and global outcome (Paper I11); as well as
clinical evaluations of neck-related body functions, self-efficacy and coping strat-
egies (Paper 1V). Additional use of postoperative physiotherapy 6 months after
surgery was collected in patients who received SA (Paper I11). Within- and be-
tween-group differences in treatment effects during the postoperative period were
analysed (Paper V).

In addition, the following analysis were added in the thesis:

Assessment of HRA with the CROM device in patients with CR 6 months
after surgery was compared with reference values in neck-healthy individuals. The
sensitivity and specificity of different discriminative value for HRA impairment
were studied. In the RCT, between- and within-group differences were investi-
gated based on measures of frequency of pain symptoms, consumption of analge-
sics, expectation fulfilment, and enablement. Finally, patients who reported addi-
tional use of postoperative physiotherapy were compared with patients who did no
report additional use of postoperative physiotherapy in the SA group.
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Materials and Methods

Study population

Inclusion/exclusion criteria in the RCT

Patients with persistent CR symptoms and unsatisfactory results after non-surgical
treatment who were referred to surgery at one of four spinal centres in the south of
Sweden between February 2009 and November 2012 were eligible to participate
in the RCT of postoperative physiotherapy. The inclusion criteria were age 18 to
70 years; and symptoms and clinical findings compatible with verified cervical
disc disease on MRI. The exclusion criteria included different conditions that could
imply a contraindication to exercise-based physiotherapy (Table 2).

Table 2: Exclusion criteria in the randomized clinical trial of postoperative physiother-
apy in patients with cervical radiculopathy.

EXCLUSION CRITERIA
e Previous cervical surgery

Fracture or traumatic subluxation of the cervical column

e Myelopathy

e Malignancy or spinal tumor

e Spinal infection

e Any systemic disease implying a contraindication to exercise therapy

¢ Fibromyalgia or generalized myofascial pain, persistent or recurrent
severe back pain

¢ Diagnosed mental disorder

e Known drug or alcohol addiction

¢ Not being fluent in the Swedish language
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Participants

Patients with CR

A total of 202 patients with CR who were scheduled for surgery and fulfilled the
criteria for participation in the RCT were included at the four spinal centers. Par-
ticipants were randomized pre-operatively to receive SPT (n= 101) or SA after
surgery (n=101). Randomization was performed by the central project leader who
was not involved in any of the treatments or measurements. A random computer
list developed by a statistician was used. One patient was excluded due to cancelled
surgery (n = 201). Background variables for the study participants are presented in
Table 3.

Table 3: Background variables for patients with cervical radiculopathy who were sched-
uled for surgery and included in the randomized clinical trial (n=201)

BACKGROUND VARIABLES Scores Ranges
Male sex, % (n) 52 (105)
Age in years, mean (SD) 50 (8.4) 22-70
Height in cm, mean (SD) 174 (8.9) 152-195
Weight in kg, mean (SD) 81 (15.0) 50-125
BMI kg/m?, mean (SD) 27 (3.9) 19-38
Right hand dominant, % (n) 95 (188)
Unilateral symptoms, % (n) 92 (176)

BMI = body mass index

A sub-sample of patients with CR (n= 71, 38 men and 33 women) was asked to
participate in the experimental study of HRA assessment with a CROM device
(Paper I). These patients were scheduled for surgery and recruited at the neurosur-
gery department at Linkoping University Hospital in Sweden between February
2009 and December 2011. They were later enrolled in the RCT of postoperative
physiotherapy. Twenty-four of these patients (14 men, 10 women) also contributed
to the evaluation of the test-retest reliability and measurement error of the CROM
device to assess HRA in patients with CR (Table 4).

Neck-healthy individuals (Paper I)

A sample of neck-healthy individuals was recruited to provide age- and sex- spe-
cific reference values for the assessment of HRA with a CROM device. Individuals
permanently employed at the University Hospital in Linkdping were stratified ac-
cording to sex and age and randomly selected (computerized random list devel-
oped by a statistician) to be asked to volunteer in the comparative study of HRA
assessment (640 individuals; 340 men; 300 women). A total of 149 individuals (75
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men; 74 women) met the inclusion criteria of no self-reported current neck disor-
ders that included score on the NDI < 20% [112], pain on the visual analogue scale
(VAS) <10 mm [113]; and no recurrent neck or low back pain, inflammatory joint
disease, or other systemic disease during the last three years. Ten of the recruited
men were unable to attend the testing. The sample was filled with 34 individuals
(employees and students from a university) to include at least 80 men and 80
women (20 individuals in each of the following age intervals: 25- 34, 35- 44, 45-
54 and 55- 64 years) [114]. Background variables for the 173 neck-healthy indi-
viduals (86 men and 86 women) are presented in Table 4. The neck-healthy indi-
viduals differed significantly from the patients with CR included in the experi-
mental study (n = 71) for age, and body mass index (BMI) (p < 0.001).

Table 4: Background variables for patients with cervical radiculopathy (n = 71) and neck-
healthy individuals (n = 173) who were included in paper I.

Patients with CR Neck-
and scheduled for healthy
surgery individuals
BACKGROUND VARIABLES Total Reliability Total
study
n 71 24 173
Male sex, % (n) 53 (38) 58 (14) 50 (86)
Age in years, mean (SD) 50 (10.0) 51 (8.4) 44 (12.0)
Height in cm, mean (SD) 175 (8.9) 176 (9.0) 173 (8.4)
Weight in kg, mean (SD) 84 (15.7) 83 (12.0) 74 (11.6)
BMI kg/m?, mean (SD) 27 (4.4) 27 (3.7) 24 (3.0)
Right hand dominant, % (n) 94 (67) 92 (22) 93 (160)
Duration neck pain in months
median (IQR) 19.5 (26.0)
NDI %, mean (SD) 43 (14.4) 42 (15.0) 2 (0)
Neck pain VAS mean (SD) 48 (23.0) 43 (26.1) 0(0)

CR: cervical radiculopathy; BMI= body mass index; NDI: Neck Disability Index; VAS:
visual analogue scale

Ethical considerations

The studies were performed in accordance with the Declaration of Helsinki ethical
principles for medical research. Participation was voluntary and all participants
received oral and written information about the study. Written informed content
was provided before patients were included. Patients were thereafter free to inter-
rupt their participation at any time without explanation and without negative con-
sequences on future treatment. There was no known risks associated with partici-
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pation in the study, except possible muscle soreness after exercise. The physio-
therapists involved in the study were all registered at the National Board of Health
and Welfare in Sweden. The study was approved by the Regional Ethics Review
board in Linkdping, Sweden (Dnr- M126-08). The protocol for the RCT was reg-
istered in Clinical Trial Identifier (NCT01547611), and published [66]. The ques-
tionnaires, and all data collected during the clinical examinations were anony-
mized and stored in secure lockers at Linkdping University.
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Patient flow

Enrollment

Materials and Methods

Eligible study participants satisfying
inclusion criteria and included after
informed consent (n=202)

Participation in the
experimental study on

head repositioning

h 2

Randomization (n=202)

accuracy (n=71)

Excluded due to

cancelled surgery (n=1)

at the spinal centers (n=201)

Surgery + standard initial postoperative care

|
!

l

Structured postoperative physiotherapy

Standard postoperative approach

= + Allocated to intervention (n= 101} * Allocated to intervention (n= 100}
-g * Did not receive allocated intervention (n= 29);
8 reasons: never started (n= 10), interrupted (n
=} =19)
i * Missing report on attendancerate (n=3)
* 2350% attendance to treatment sessions (n= §7)
Follow-up at 3 months Follow-up at 3 months
Primary outcome NDI (n=91), Lost to follow-up Primary outcome NDI (n= 79), Lost to follow-up
{n=10); Clinical evalations of neck-related body {n=21); Clnical evaluations of neck-related
fimctions (n = 63-95), Lost to follow-up (n= 6-36); body functions (n = 61-93), Lost to follow-up (n=
% Self-efficacy and coping strategies (n= 85-87), Lost 7-39); Self-efficacy and coping strategies (n= 78-
é ta follow-up (n= 14-16) 80). Lost to follow-up (n=20-22)
é Follow-up at 6 months Follow-up at 6 months
é Primary outcome NDI (n= 89). Lost fo follow-up Primary outcome NDI (n= 81). Lost to follow-up

{n=12); Clinical evaluations of neck-related body
fimctions (n = 63-89), Lost to follow-up (n= 12-
36); Self-efficacy and coping strategies (n= 88-90),

{n=19); Clinical evaluations of neck-related
body functions (n = 56-82), Last to follow-up (n=
18-44); Self-efficacy and coping strategies (n=
79-81), Lost to follow-up (n= 19-21)

Lost ta follow-up (n=11-13)

L 4

Analysis

Primary outcome NDI (n=§1); =50% attendance
to treatment sessions (n = 59)

Clinical evaluations of neck-related body
functions (n = 40-84); >50% attendance to
treatment sessions (n = 29-60 )

Self-efficacy and coping strategies(n= 56-86);
=>350% attendance to treatment sessions (n= 43-62)

Primary outcome NDI (n=74)

Clinical evaluations of neck-related body
functions (n= 28-79)

Self-efficacy and coping strategies(n=42-80)

Fig. 2: Flow-chart of the inclusion process for patients with CR who participated
in the randomized clinical trial and the experimental study.
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Interventions

Surgical treatments and standard postoperative care at the spinal centres

The surgical procedures included ACDF (n = 163) or posterior cervical
foraminotomy (PCF) with or without laminectomy (n = 38). In ACDF, cages filled
with autologous bone or bone substitute collected during decompression were used
to fuse the segment(s) after the disc(s) and osteophyte(s) were removed. No iliac
crest graft was taken. In two-level (n= 62) and three-level ACDF (n = 2), an ante-
rior plate was added in most cases to achieve primary stability. The standard
cage(s) at each spinal centre was used. PCF was performed at one-level (n = 7),
two levels (n= 15), or > three levels (n = 16) without fusion. During the first 6
weeks after surgery, all the patients received standard postoperative care at the
spinal centres. This included recommendations to minimise heavy lifting, driving
a car, and overhead work; information and instructions about good posture; as well
as instructions about mobility exercises for the shoulders. The patients returned to
the spinal centres for a follow-up visit with the surgeon at approximately 6 weeks
after surgery. They were on that occasion examined and instructed in mobility ex-
ercises for the neck by the physiotherapist working at the spinal centre (Table 5).
Patients were thereafter discharged from the spinal centres and advised to contact
primary health care centres for additional treatment after surgery when needed.

Structured postoperative physiotherapy (SPT)

Patients randomized to SPT were after discharge from the spinal centres referred
to a physiotherapist working in outpatient care who was recruited on a geograph-
ical basis and introduced to the study by the central project leader. A total of 45
physiotherapists monitored SPT in patients with CR. SPT combined exercise ther-
apy for the neck, trunk and scapula with a cognitive-behavioral approach to pain
and stress management. Swedish physiotherapists have basic knowledge in CBT,
and the recruited physiotherapist were introduced to the study by the project leader
through written and oral communication, as well as a short practical training ses-
sion. The neck-specific exercises aimed to activate the deep cervical muscles, and
next to improve neuromuscular control and endurance of the neck muscles [115].
The exercises were to be progressed by the physiotherapists. Patients visited the
physiotherapist once weekly from week 6 to 12 after surgery, and twice weekly
thereafter, and also performed exercises at home. The rehabilitation was to con-
tinue for a maximum of 20 weeks, and at discharge, patients were encouraged to
continue with the exercises and increase their overall activity level (Table 5).
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Standard postoperative approach (SA)

SA was in accordance to Swedish standard postoperative care and not specially
design for the study. Patients randomized to SA were after discharge from the spi-
nal centres advised to contact their primary health care provider for additional
treatments after surgery that may have included pragmatic physiotherapy when

needed (Table 5).

Table 5: Content of standard postoperative care at the spinal centres, structured postop-
erative physiotherapy, and standard postoperative approach

Weeks | Standard postoperative care at the spinal centres
0-6" e Advices about good posture, and about movements and
activities to avoid during the first postoperative weeks.
e Instructions about mobility exercises for the shoulders
Week 6 e Routine visit to the surgeon and the physiotherapist at
the spinal centre
e Instructions in mobility exercises for the neck
Structured postoperative Standard
physiotherapy postoperative
approach
Weeks | One physiotherapy session weekly + | Advise to contact
6-12t home exercises primary health care
e Non-resistance exercises in su- | centre for additional
pine position to activate the treatments that may
deep neck muscles, dose: 1-3 have included prag-
sets, 3-5 reps, 2-3 times daily matic physiotherapy
¢ Relaxation and body awareness | when needed
exercises in sitting, standing
and walking to reduce muscular
tension and inappropriate pos-
ture, dose: once daily
e Vestibular rehabilitation if
needed, dose: several times daily
Week Two physiotherapy sessions weekly +
13 home exercises

Isometric exercises to improve
neuromuscular control and en-
durance of the deep neck mus-
cles, dose: 5 sec, 3 sets, 10 reps,
2-3 times daily

Activity goal setting

Patient education on healing
and pain processes
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Continued relaxation and body
awareness exercises

Continued vestibular rehabilitation
if needed

Weeks .
14-16t

Graded resistance exercises for
the neck muscles to improve
neuromuscular control and en-
durance + exercises for the
trunk and scapula, dose: 3 sets,
10-30 reps, 1 time daily
Continued patient education on
healing and pain processes
Introduction to breathing exerci-
ses

Continued relaxation and body
awareness exercises

Continued vestibular rehabilitation
if needed

Weeks .
17-18th

Continued graded neck-specific
resistance exercises

Discussion about personal ac-
tivity level and pacing
Continued relaxation, body aware-
ness and breathing exercises
Continued vestibular rehabilitation
if needed

Weeks .
19-20th

Continued graded neck-specific
resistance exercises

Discussion about the conse-
qguences of pain and coping
strategies for pain and stress
management

Continued relaxation, body aware-
ness and breathing exercises
Continued vestibular rehabilitation
if needed

Weeks .
21-22th

Continued graded neck-specific
resistance exercises

Discussion about stress man-
agement and the importance of
social support

Continued relaxation, body aware-
ness and breathing exercises
Continued vestibular rehabilitation
if needed

Weeks .
23-27th

Continued graded neck-specific
resistance exercises
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e Patient education and implica-
tions regarding ergonomy and
physical activity

¢ Reinforcement of pain and
stress management strategies

e Prescription of general physical
activity

e Continued relaxation, body aware-
ness and breathing exercises

e Continued vestibular rehabilitation
if needed

Data collection

Measurements were collected with a set of questionnaires and clinical examina-
tions before and after treatment. Patients completed a preoperative questionnaire
and were followed up at 6 weeks, 3 and 6 months after surgery. The questionnaires
were sent by postal mail and collected by an independent investigator who was
blinded to the randomization. Patients were reminded by postal mail and telephone
contact to complete the questionnaires. The background variables age, sex, height
and weight, dominant hand, presence of unilateral or bilateral arm symptoms, du-
ration of neck and arm pain symptoms in months, and use of preoperative physio-
therapy treatments in primary care or other settings during the past 12 months
(yes/no) were collected in the preoperative questionnaire. The 6-week question-
naire included only a few outcome measures.

A clinical examination was performed before treatment and at 3 and 6 months
follow-up. Four trained physiotherapists, one at each of the four spine centres who
were blinded to the patient’s randomization performed the clinical examinations.
The clinical examinations were standardized and included assessment of cCAROM,
hand-grip strength, and NME. A neurologic examination was also performed at
baseline. HRA in patients with CR was assessed before surgery and at follow-ups
at two of the four spinal centres.

Surgical data included surgery with ACDF or PCF, as well as the number of
operated levels and was collected though medical journals.

Patient-reported neck disability

The primary outcome in the RCT patient-reported neck disability was evaluated
with the NDI [116]. The NDI was modified from the Oswestry Low Back Pain
Index [112] to be suitable for cervical spine conditions and consists of 10 items
(pain intensity, personal care, lifting, sleeping, car driving, recreation, headaches,
concentration, reading and work). The NDI items have been connected to the ICF
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domains of body functions, activity and participation [117]. Each item is scored
from 0 to 5 with a maximum point score of 50 (0 = no disability, and 50 = complete
disability). Either the point score (0-50) or a percentage score (0-100) may be used.
The NDI has been evaluated in different populations with neck disorders with re-
ported fair to moderate test-retest reliability (ICC ranging from 0.55 to 0.76). Ac-
ceptable values for construct validity and responsiveness have been reported in
patients with CR [118, 119]. The use of the NDI as primary outcome in patients
with CR is recommended by the North American Spine Society [7]. A Swedish
version of the NDI was used in the thesis [120].

Neck-related body functions

Patient-reported pain and symptoms

Current pain intensity, as well as maximal and minimal pain intensity in the past
week were recorded for the neck, arm and head with a 100 mm VAS [121]. Aver-
age pain intensity in the past week was calculated as the mean of maximal and
minimal pain intensity in the past week. Good reliability and validity for the 0-100
mm VAS have been reported in patients with pain [122]. Separate assessment of
axial neck pain and radicular arm pain is recommended in patients with cervical
spine disorders [102].

Frequency of neck pain, arm pain, headache, hand numbness, hand weakness,
neck stiffness, and dizziness/unsteadiness was assessed on a 5-point scale with the
following possible answers: 1 = never, 2 = sometimes, 3 = several times per week,
4 = daily and 5 = always. The scores were dichotomized into daily symptoms (4-
5) or more occasional symptoms (1-3).

Clinical evaluations
Neck muscle endurance

NME was evaluated in seconds during flexion and extension [114]. NME of the
cervical anterior muscles was measured with the participants in the supine position
and the legs straight. Participants were instructed to flex the cervical spine by per-
forming a slight nod, and lift the head just off the examination table [114]. NME
of the cervical posterior muscles was measured with the participant in the prone
position with a 2-kg weight for women and a 4-kg weight for men; and participants
were instructed to extend the upper neck and point the tip of the chin towards the
floor [114]. Participants were to stay in these position for as long as possible, and
the tests ended at exhaustion or before if participants interrupted the test due to
discomfort in the neck or the arm. Such NME measurements have shown good to
acceptable reliability in patients with non-specific neck pain [123, 124].
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Cervical active range of motion

CAROM in the sagittal, transverse and frontal
planes of movement were measured in degrees
using a CROM device (Performance Attainment
Associated, Roseville, MN) [125], with report-
edly good reliability in patients with neck pain
[126]. The patient was seated in an upright posi-
tion, and the angular displacement of the head in |-
relation to the thoracic spine was measured in
flexion and extension, lateral flexion right and
left, and rotation right and left [125].

Hand strength

Bilateral hand-grip strength was measured in kg
with a Jamar isometric hydraulic hand dynamom-
eter (Sammons Preston, Inc., Bolingbrook)
[127]. Patients were standing with the elbow in
90° flexion, the wrist in neutral position, and the
size of the handle was set at the second position
for women, and the third position for men [127].
The patients were asked to squeeze the handle as hard as possible for a few seconds
and the peak value was registered [127]. High reliability has been reported for
measuring hand-grip strength with the Jamar dynamometer in patients with CR
[127]. The percentage difference (imbalance) in hand-grip strength between sides
was calculated.
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Neurological symptoms

A neurologic examination was performed by the physiotherapist who tested bilat-
eral sensibility with a pin prick and a light touch in dermatomes C4-C8; motor
function with manual muscle testing of the C4- C8 myotomes; and the reflexes for
C5, C6, and C7 with a standard reflex hammer [128]. A preoperative impairment
or asymmetry in sensibility, motor function, or reflexes was defined as any abnor-
mal response or asymmetry in at least one of the tested dermatomes, myotomes, or
reflexes [129].

Assessment of head repositioning accuracy

Assessment of HRA in patients with CR and neck-healthy individuals was per-
formed with a CROM device according to a previous protocol [130]. Individuals
were seated on a stool with no backrest, with both feet on the floor and in an upright
position with a CROM device on their head. A self-chosen neutral head position
was established as the starting and reference position, and the CROM device was
adjusted to zero in the primary plane of movement. Individuals were instructed to
close their eyes, memorize the starting position, actively rotate their head 30°, and
reposition their head to the starting position with a maximum of precision but no
requirements for speed. HRA was measured as the difference in degrees in the
primary plane of movement between the starting and the return positions because
this protocol previously proved valid for detecting differences in HRA between
neck-healthy individuals and individuals with neck disorders [131, 132]. Individ-
uals performed three repetitions within 60 s in each rotation direction, providing a
total of six trials. HRA assessment in patients with CR were performed by two
physiotherapists at two of the four spinal centres. HRA assessment in neck-healthy
individuals were performed by three students from the Department of Physiother-
apy at the University of Linkdping, Sweden. The physiotherapists and the students
were all previously trained in the testing procedure. The test- retest reliability and
standard error of measurement (SEM) of the CROM device for assessment of HRA
in patients with CR (n = 24) were determined by two repeated measurements per-
formed by one single physiotherapist within a 1-hour interval.

Mental functions

Patient beliefs, self-efficacy and use of coping strategies

Patient’s own confidence in their ability to successfully perform certain activities
despite pain was assessed using the Swedish version of the Self-efficacy Scale
(SES) [133-135]. The SES consists of 20 items describing the following activities
of daily living: taking out the trash, concentrating on a project, going shopping,
playing cards, shovelling snow, driving the car, eating in a restaurant, watching
television, visiting friends, working on the car, raking leaves, writing a letter, doing
a load of laundry, working on a house repair, going to a movie, washing the car,

34



Materials and Methods

riding a bicycle, going on vacation, going to a park, and visiting relatives. The
patients rated their ability on an 11-grade scale, with 0 = not confident at all about
performing the activity and 10 = very confident. The total score range from 0-200,
and higher scores indicate higher perceived self-efficacy.

Patient’s current use of coping strategies were assessed with three subscales
of the Coping Strategy Questionnaire (CSQ) [136]. The Swedish version of the
CSQ was used [137]. The CSQ subscales assess the use of different strategies to
cope with pain (diverting attention, reinterpret pain sensations, positive self-state-
ments, ignore pain, praying/hoping, catastrophizing, increase activity, pain behav-
iour). Each subscales comprises a number of items that are scored by the patients
on a 7-point scale (1 = never to 7 = always). The catastrophizing subscale
(CSQ_CAT) comprises 6 items that describes catastrophic thoughts (items 5, 11,
13, 25, 33 and 37) and assess the use of negative thinking as a reaction to pain. For
the CSQ_CAT, the total score range from 0-36 with higher scores representing
higher levels of catastrophizing. Self-perceived control over pain (CSQ_COP) and
ability to decrease pain (CSQ_ADP) using coping strategies were measured by two
single item scales ranging from O = no control to 6 = complete control.

Symptom satisfaction was evaluated with the question “How would you feel
about having your current symptoms for the rest of your life?”” [138]. Responses
were rated on a 7-point scale ranging from 1 = delighted to 7 = terribly unhappy.
These answers were dichotomized into high (1-3) and low symptom satisfaction
(4-7).

Recovery expectations [139] was measured on a 4-point scale ranging from 1
= expected to be completely restored to 4 = no expectations of recovery or relief.
These answers were dichotomized into high (1-2) and low (3-4) recovery expecta-
tions.

Emotional responses

Depression was evaluated with the Modified Self-rating Depression Scale (Modi-
fied Zung) [140], which included 23 items and scores of 0 — 69; higher scores were
indicative of depressed moods.

Somatic anxiety was evaluated with the Modified Somatic Perception Ques-
tionnaire (MSPQ) [141], which included 22 items and scores of 0 — 39; higher
scores were indicative of a higher level of somatic anxiety.

Contextual factors

Lifestyle habits

Smoking was recorded as yes/no. Patients were also asked to report their daily
physical activity and weekly habits of exercise, sports, and open-air activities dur-
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ing the preceding 12 months. Answers to these questions were combined and in-
terpreted on the basis of a 4-point scale ranging from 1= inactivity to 4= high ac-
tivity [114]. The scores were dichotomized into physically active (3-4), or physi-
cally inactive (1-2).

Environmental factors

Sickness-related absence due to the neck and arm symptoms and perceived support
from relatives were assessed with a yes/no alternative.

Other outcome measures

Global outcome

Patients were asked to score their perceived global outcome of treatment on a 6-
point scale with the following alternatives: complete recovery, much better, better,
unchanged, worse, and much worse. The answers were dichotomized into “sub-
stantial improvement” including the alternatives complete recovery and much bet-
ter as compared to “no or little improvement” including the alternatives better,
unchanged, worse and much worse [142, 143].

Consumption of analgesics

Consumption of analgesics was rated as 1 = never, 2 = occasionally, 3 = yes every
day and 4 = yes several times daily and scores were dichotomized into daily (3-4)
or occasional (1-2).

Additional use of postoperative physiotherapy among patients who received SA

Additional use of postoperative physiotherapy among patients who received SA
was recorded in the 6-month questionnaire based on self-reported data.

Expectation fulfilment and enablement
Expectation fulfilment regarding postoperative care was assessed on 3-point

99 <

scale including the answer alternatives “yes”, “partially” and “no”.

Enablement after surgery was assessed with the Swedish version of the Patient
Enablement Instrument (PEI), which reportedly has shown high internal con-
sistency and moderate to good reliability [144]. The PEI is a 6-item scale that eval-
uate patient’s ability after treatment to cope with life, to understand their illness,
to cope with their illness, to remain healthy, to feel confident about their health,
and to help themselves [109]. Each items are scored on a four-point scale including
the alternatives “much more than before”, “a little more than before”, “the same as
before”, and “less than before”. The total score range from 0-12 with higher scores
indicating greater enablement.
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Materials and Methods

Statistical methods

Descriptive data were presented as means and standard deviations (SD), medians
and interquartile ranges (IQR), or number and proportions. When no more than
one item was missing in the NDI or SES, and two items in the Zung or MSPQ, the
values were substituted with the average item score of the instrument for that par-
ticipant. This was performed in order to decrease the risk of excluding score values
in the NDI, SES, Zung and MSPQ due to omitted answers to one or two items in
the questionnaire. When more item answers were missing in a questionnaire, the
participant was omitted from the analysis. The statistical software package SPSS
version 20.0 or 22.0 (IBM Corporation, New York, USA) was used for all analyses
and the significance level was set at p< 0.05.

Assessment of HRA in patients with CR and neck-healthy individuals (Pa-
per 1)

Group comparisons

HRA was calculated in both rotation directions for each individual based on the
mean of the absolute errors of three repeated repositioning trials. Maximal error in
HRA (HRA max) was the larger mean error measured after rotation to either the
right or the left for every individual. The Kolomogorov- Smirnov test showed the
data not to meet the assumptions of normality and non- parametric statistics were
used. Within-group differences in HRA between rotations directions were investi-
gated with the Wilcoxon signed rank test. Differences in HRA between age groups
in the sample of neck-healthy individuals were investigated with the Kruskal- Wal-
lis test. Finally, differences between sex, and differences between patients with CR
and neck-healthy individuals were investigated with the Mann- Whitney U test.

Determination of HRA impairments

The upper 90" percentile of the mean of HRA max in neck-healthy individuals
[15], and a receiver operating characteristic (ROC) curve were used to identify
HRA impairments in patients with CR. The sensitivity and specificity of different
discriminative values for HRA impairments were investigated.

Measurement properties of the CROM device to assess HRA

Test-retest reliability of the CROM device for assessment of HRA was determined
in patients with CR using intra-class- correlation coefficients (ICCs absolute agree-
ment and consistency agreement, two-way random effects model, average
measures) with 95% CI for ICC. Measurement errors were investigated with SEM
[145]; and Bland and Altman plots with 95% limits of agreements (LOAS) [146].
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Neck disability in patients with CR and scheduled for surgery (Paper 11)

Exploratory stepwise linear regressions were conducted to study associations be-
tween preoperative NDI scores with measures of neck-related body functions,
mental functions and contextual factors. Variables were arbitrary grouped into pain
and symptoms; clinical evaluations of neck-related body functions; measures of
patients’ beliefs, self-efficacy and use of coping strategies; emotional responses;
lifestyle habits; and environmental factors. The models were adjusted for sex and
age [147]. The study of the associations between the independent variables with
Durbin- Watson values, variance inflation factors, and tolerances suggested no
multicollinearity, and that the assumptions of independent errors were met [148].
To compare models, the adjusted coefficient of determination (Adj. R?) was used.
Significant factors (p < 0.05) were presented with B coefficients, standard errors,
and p—values. The final model included all the factors identified in the first step,
and beta coefficients were presented to allow comparison between significant fac-
tors.

Evaluation of SPT compared to SA in patients with CR (Paper 111 & 1V)

The required sample size in the RCT was determined based on a 10% between-
group difference in the primary outcome NDI with an a-level of 5% and a power
goal of 80%, resulting in 60 patients with CR being required for each treatment
arm. To allow a drop-out rate of up to 15%, 200 patients were to be recruited.
Differences between treatment groups at baseline were investigated using para-
metric and non-parametric statistics depending on the data level. Differences be-
tween treatment groups at follow-ups were investigated in complete case and per-
protocol approaches. In a per-protocol approach, patients with at least 50% attend-
ance to treatment sessions in the SPT group (SPT>50%) were compared with pa-
tients who received SA.

Outcomes at 6 months after surgery

Differences between treatment groups in outcome measures at 6 months after sur-
gery were investigated with the independent t-test, Mann-Whitney U test or Chi-
square test depending on the data level.

Changes in outcomes from before surgery to 6 months after surgery

Differences between treatment groups in changes in outcome measures from be-
fore surgery to the 6 months follow-up were investigated for the NDI, VAS neck
and arm pain, NME, cAROM, HRA max, SES, CSQ_CAT, CSQ_COP and
CSQ_ADP with two-ways repeated measures analysis of variance (ANOVA).
Non-normally distributed interval data and ordinal data were log transformed to
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fulfil the assumptions for ANOVA and Greenhouse-Geisser correction was used
depending on sphericity.

Treatment effects during the postoperative period

Differences between groups in treatment effects during the rehabilitation period
from 3 to 6 months after surgery were investigated for the NDI, VAS neck and arm
pain, cCAROM, HRA max, CSQ_CAT, CSQ_COP and CSQ_ADP with simple
analysis of outcome score changes using independent t-test of Mann-Withney U
test depending on the data level. Differences in global outcome, frequency of neck
and arm pain, and consumption of analgesics were investigated within groups dur-
ing the postoperative period with the McNemar or Cochrane’s Q test.

Differences between patients who reported and did not report additional use
of postoperative physiotherapy in the SA group

Differences between patients who reported additional use of postoperative physi-
otherapy at 6 months after surgery with patients who did not report additional use
of postoperative physiotherapy in the SA group were investigated for background
variables; and for the NDI, VAS neck and arm pain and global outcome before
surgery and at 6 weeks, 3 and 6 months after surgery with the independent t-test,
Mann-Whitney U test or Chi square test were used depending on the data level.
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Table 7: Overview of the statistical methods used in the thesis

Paper Paper Paper Paper Addi-

I Il 1l [\ tional
analyses
Descriptive statistics X X X X
Parametric statistics
Independent t-test X X
Two-ways repeated measures X X

ANOVA

Non-parametric statistics

Chi-square test X X
Mann-Whitney U test
Kruskal-Wallis test
Wilcoxon signed rank test
McNemar test X
Cochrane Q test X

X X X

Regression
Multiple regression analyses X

Reliability

ICC

SEM

Bland and Altman plots with
95% LOA

X X X

Discrimination
ROC curve X

ANOVA: analysis of variance; ICC: intra-class-correlation coefficient; SEM: stand-
ard error of measurement; LOA: limits of agreements; ROC: receiver operating
characteristic
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RESULTS

Assessment of HRA in patients with CR and
neck-healthy individuals (Paper 1)

Assessment of HRA in neck-healthy individuals

HRA median (IQR) in neck-healthy individuals (n = 173) was after rotation to the
right 1.7° (2.7), and after rotation to the left 1.3° (2.7) (Table 8). HRA max median
(IQR) was 2.7° (2.8). No significant difference was found between age groups (p
=0.28 to p = 0.42), between men and women (p = 0.15 to p = 0.26), or between
rotation directions (p = 0.59 to p = 0.69) in neck-healthy individuals (Table 8).

Assessment of HRA in patients with CR who were scheduled for surgery

HRA median (IQR) in patients with CR scheduled for surgery (n = 71) was after
rotation to the right 2.7° (6.0), and after rotation to the left 2.7° (3.3) (Table 8).
HRA max median (IQR) was 4.0° (5.3). There was no significant difference be-
tween men and women (p = 0.17 to p = 0.31), or between rotation directions (p =
0.18 to p = 0.79) in patients with CR (Table 8). Significant differences were re-
ported between individuals with CR who were scheduled for surgery and neck-
healthy individuals for HRA after rotation to the right (p = 0.012), rotation to the
left (p = 0.021), and HRA max (p < 0.001).

Table 8: Head repositioning accuracy after rotation to the right and the left assessed
with the CROM device and expressed with median and interquartile range in neck-
healthy individuals (n = 173) and in patients with cervical radiculopathy who were
scheduled for surgery (n = 71).

HRA rotation HRA rota-

right tion left

Participants n Median (IQR) Median p
(IQR)

Neck-healthy individuals
Total sample 173 1.7 (2.7) 1.3(2.7) 0.59
Women 86 1.7 (2.7) 1.7 (3.0) 0.64
20-34 years 21 1.3 (2.7) 1.7 (3.0)
35-44 years 20 1.7 (2.0) 1.3 (3.0)
45-54 years 24 2.3(3.8) 1.7 (3.2)
55-65 years 21 1.7 (3.2) 1.7 (2.2)
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Men 87 1.7 (2.0) 1.3(2.7) 0.69
20-34 years 23 1.3 (2.7) 1.3 (2.7)
35-44 years 24 1.0 (2.7) 0.7 (2.7)
45-54 years 20 1.3(1.7) 1.3(2.7)
55-65 years 20 1.7 (2.5) 2.3(2.5)

Patients with CR who were-
scheduled for surgery

Total sample 71 2.7 (6.0) 2.7 (3.3) 0.62
Women 33 3.7 (5.3) 2.7 (2.0) 0.18
Men 38 2.3 (5.7) 2.0 (6.2) 0.79

HRA: head repositioning accuracy; CR: cervical radiculopathy; IQR: interquartile range
Within-group differences in head repositioning accuracy between rotation to the right
and rotation to the left were analyzed with the Wilcoxon signed rank test.

Assessment of HRA in patients with CR 6 months after surgery

HRA median (IQR) in patients with CR 6 months after surgery (n = 127) was after
rotation to the right 2.7° (4.3), and after rotation to the left 1.3° (4.7). No difference
was reported between patients with CR 6 months after surgery and reference values
in neck-healthy individuals (p = 0.21 to p = 0.51).

HRA impairments

The 90™ percentile of HRA max in neck-healthy individuals was 6.7°, and 31% of
the patients with CR (n = 22) were classified with HRA impairments. This criteria
for HRA impairments corresponded to a sensitivity of 31% and a specificity of
89% based on a ROC curve. The best discriminant value based on HRA max to
differentiate between patients with CR and neck-healthy individuals was found at
3.3° which corresponded to a sensitivity of 61% and a specificity of 68%. This
resulted in 60% of the patients with CR (n = 42) and 35% of the neck-healthy
individuals (n = 55) classified with HRA impairments (p< 0.001).

Measurement properties of the CROM device to assess HRA

The test-retest reliability of the CROM device for assessment of HRA in patients
with CR showed for rotation to the right ICC of 0.79 (95% CI: 0.50 to 0.91), SEM
2° with 95% LOA (-5.57 to 5.68); and for rotation to the left ICC of 0.85 (95% CI:
0.64 to 0.93), SEM 1.4° with 95% LOA (-3.89 to 4.03) (Fig. 3). The Bland and
Altman plots did not reveal any systematic change in the magnitude of differences
between repeated measurements with increasing mean values (Fig. 3).
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Fig. 3: Bland and Altman plots with 95% limits of agreement (LOA) for the test-retest
reliability of head repositioning accuracy assessment with the CROM device after rota-
tion to the right (a) and to the left (b) in individuals with cervical radiculopathy sched-
uled for surgery (n = 24). The difference between the two measurements is presented on
the y-axis, and the mean of the two measurements on the x-axis, with the lines showing
the observed average difference, 95% LOA, and (y = 0) the perfect average difference.

Neck disability in patients with CR and sched-

uled for surgery (Paper 1)

Table 9: Preoperative measurements in patients with cervical radiculopathy (n = 201).

n Scores Ranges
NECK DISABILITY INDEX % score? mean (SD) 192 42.8(15.1) 4-84
NECK-RELATED BODY FUNCTIONS
Patient-reported pain and symptoms
Duration of neck pain in months, median (IQR) 173 14 (27) 0-288
Duration of arm pain in months, median (IQR) 166 12 (16) 0-288
Neck pain past week VAS (0-100), mean (SD) 195 55 (21.8) 0-100
Arm pain past week VAS (0-100), mean (SD) 191 50 (24.7) 0-99
Headache past week VAS (0-100), mean (SD) 193 27 (25.5) 0-100
Neck pain daily, % (n) 194 91 (177)
Arm pain daily, % (n) 192 83 (160)
Headache daily, % (n) 190 34 (64)
Hand numbness daily, % (n) 192 81 (156)
Hand weakness daily, % (n) 186 63 (118)
Neck stiffness daily, % (n) 191 82 (157)
Dizziness/ unsteadiness daily, % (n) 193 21 (40)
Clinical evaluations
CAROM sagittal, mean (SD) 198 83 (26.7) 17-160
cAROM transversal, mean (SD) 198 100 (25.5) 7-175
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cAROM frontal, mean (SD)

Imbalance in hand strength %, mean (SD)
NME ventral in men, median (IQR)

NME ventral in women, median (IQR)
NME dorsal in men, median (IQR)

NME dorsal in women, median (IQR)
Impairment in sensibility, % (n)
Impairment in motor function, % (n)
Asymmetry in reflexes, % (n)

MENTAL FUNCTIONS

Beliefs, self-efficacy and coping strategies
Self-efficacy, SES (0-200) 2, median (IQR)
Catastrophizing, CSQ_CAT (0-36), median (IQR)
Control over pain, CSQ_COP (0-6), median (IQR)
Ability to decrease pain, CSQ_ADP (0-6),

median (IQR)

High recovery expectations, % (n)

Low symptom satisfaction, % (n)

Emotional responses

Depression: Modified Zung (0-69) & ,median (IQR)
Somatic anxiety: Modified Somatic Perception
Questionnaire MSPQ (0-39) &, median (IQR)

CONTEXTUAL FACTORS

Life style habits

Smoking, % (n)

Physically active, % (n)

Environmental factors

Sickness-related absence (partial or full) due to
arm/ neck symptoms, % (n)

Perceived support from relatives, % (n)

198
196
100
92
99
92
191
191
1901

188
191
191
191

195
195

194
195

194
195

181

191

55 (17.8)
26 (23.1)
45 (75)
22 (27)
135)

29 (54)
85 (165)
178 (150)
57 (103)

128 (56)
13 (12)
3(1)
2(2)

96 (187)
95 (186)

25 (12)
7(7)

25 (49)
49 (96)

55 (100)

87 (167)

14-120
0-100
0-300
0-135
0-757
0-390

22-200
0-33
0-6

0-6

4-57
0-23

SD: standard deviation; IQR: interquartile range; VAS: visual analog scale; CSQ: cop-
ing strategy questionnaire; CAROM: cervical active range of motion; NME: neck mus-
cle endurance. 2 Transformation score: when no more than one item in the Neck Disabil-
ity Index or the Self-efficacy Scale, and two items in the Modified Zung scale or the
Modified Somatic Perception Questionnaire were missing, it was replaced by the aver-

age score of all other items in the questionnaire for that patient

46



Results

Daily neck pain, daily dizziness/unsteadiness, and high scoring on the VAS for
neck pain and headache in the past week were factors related to pain and symptoms
that were associated with higher preoperative NDI scores (p< 0.001, R? = 0.56)
(Table 10). Restricted cCAROM in the transversal plane, and NME in flexion were
clinical evaluations of neck-related body functions that were associated with
higher preoperative NDI scores (p< 0.001, R?=0.15) (Table 10). Low self-efficacy
scored on the SES, low satisfaction with symptoms, and high catastrophizing
scored on the CSQ_CAT were factors related to patient beliefs, self-efficacy and
coping strategies that were associated with higher preoperative NDI scores (p<
0.001, R? = 0.54) (Table 10). Likewise, depressed moods and somatic anxiety as
scored on the modified Zung and MSPQ were emotional responses that were as-
sociated with higher preoperative NDI scores (p< 0.001, R? = 0.37) (Table 10).
Sickness-related absence due to arm/ neck symptoms was the only environmental
factor associated with higher preoperative NDI scores (p< 0.001, R? = 0.14) (Table
10). Life style habits were not associated with preoperative NDI scores. The final
model was based on data from 156 participants; and measures of pain and symp-
toms, clinical evaluations of neck-related body functions; measures of mental
functions; and environmental factors explained together 73% (p < 0.001) of the
variation in preoperative NDI scores (Table 11). Low self-efficacy scored on the
SES emerged as the strongest factor (Table 11). The excluded patients in the final
model (n=45) were older (p = 0.007) but did not differ from the patients included
in the analysis (n = 156) based on sex or preoperative NDI scores (p> 0.73).

Table 10: Measures of neck-related body functions, mental functions and contex-
tual factors associated with high preoperative scores on the Neck Disability Index
in patients with CR scheduled for surgery

B Error p Adj.R?
Pain and symptoms 2 (n=184) 0.56
Constant 2230 5.72
Dizziness/ unsteadiness daily 8.13 193 <0.001
Neck pain daily 6.60 2.95 0.03
Neck pain past week VAS 0.25 0.04 <0.001
Headache past week VAS 0.22 0.03 <0.001
Clinical evaluations 2 (n =179) 0.15
Constant 78.64 854
cAROM transversal -0.12 0.04 0.004
NME flexion -0.09 0.02 <0.001
Beliefs, self-efficacy and coping strat- 0.54
egies @
(n=177)
Constant 68.23 7.84
Low symptom satisfaction 13.01 391 0.001

47



Results

Catastrophizing (CSQ-CAT)
Self-efficacy (SES)

Emotional responses 2 (n = 186)

Constant

Depression (Modified Zung)
Somatic anxiety (MSPQ)

Environmental factors @ (n =173)

Constant

Sickness- related absence due to arm/

neck symptoms

025 0.11
-0.23  0.02
27.39 6.66
071 0.12
0.63 0.22
53.84 (7.16)
9.84 2.10

0.02
<0.001
0.37
<0.001
0.006
0.14
<0.001

CAROM: cervical active range of motion; NME: neck muscle endurance; SES: Self-ef-
ficacy Scale; CSQ: Coping Strategy Questionnaire; Zung: modified self-rating depres-
sion scale; MSPQ: Modified Somatic Perception Questionnaire. 2 Residual scatter-plots
and normal probability plots did not reveal evidence of violated assumptions

Table 11: Final model of the measures associated with high preoperative scores on the
Neck Disability Index in patients with CR scheduled for surgery (n= 156)

B Error Beta p
Constant 44.43 8.07
Demographic Age - - ns
Sex - - ns
Pain and Neck pain daily 6.93 251 0.14 0.007
symptoms Dizziness/ unsteadiness  6.50 1.90 0.17 0.001
daily
Neck pain past week 0.14 0.04 0.20 0.001
VAS
Headache past week 0.13 0.03 0.22 <0.001
VAS
Clinical CcAROM transversal - 0.06 0.03 -0.10 0.03
evaluations NME in flexion - - - ns
Beliefs, self-  Self-efficacy (SES) -0.13 0.02 -0.34 <0.001
efficacy and Catastrophizing (CSQ- - - - ns
coping CAT)
strategies Low symptom satisfac- - - - ns
tion
Emotional Depression (Modified 0.27 0.10 0.18 0.01
responses Zung)
Somatic anxiety - - - ns
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Environmen- Sickness- related ab- 3.71 1.40 0.13 0.009
tal factors sence due to arm/ neck
symptoms

VAS: visual analogue scale; CAROM: cervical active range of motion; NME: neck
muscle endurance; SES: Self-efficacy Scale; CSQ: Coping Strategy Questionnaire;
MSPQ: Modified Somatic Perception Questionnaire. Residual scatter-plots and normal
probability plots did not reveal evidence of violated assumptions.

Evaluation of SPT compared to SA in patients
with CR (Paper Il & 1V)

Table 12: Background variables and surgical data in randomization group - structured
postoperative physiotherapy (SPT) and standard postoperative approach (SA), and for
patients with at least 50% attendance to treatment sessions in the structured postopera-
tive physiotherapy group (SPT>50%).

SPT SPT>50% SA

(n=101) (n = 67) (n=100)
BACKGROUND n n n
VARIABLES
Age, mean (SD) 101 50(8.2) 67 51(8.2) 100 50 (8.7)
Male sex, % (n) 101 51(51) 67 49(33) 100 54 (54)
Duration of neck pain 84 18(355) 56 16(39) 89 12(16.5)
in months, median (IQR)
Duration of arm pain 84 15(26.0) 53 12(28) 82 12(11.5)
in months, median (IQR)
Smoking, % (n) 98 25(24) 64 16(10) 96 26 (25)
Sickness-related ab- 92 57(52) 60 53(32) 86 56 (48)
sence due to neck/-arm
symptoms, % (n)
Preoperative neck-re- 95 66(63) 62 65(40) 92 66 (61)
lated physiotherapy
treatments, % (n)
SURGICAL DATA
ACDF, % (n) 101 76 (77) 67 79(53) 100 86 (86)
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Operated levels, % (n) 101 67 100

1-level surgery 55 (56) 60 (40) 50 (50)
2-level surgery 35 (35) 34 (23) 42 (42)
23 level surgery 10 (10) 6 (4) 8 (8)

SPT: structured postoperative physiotherapy; SPT>50%: patients with at least 50% at-
tendance to treatment sessions in the structured postoperative physiotherapy group; SA:
standard postoperative approach; SD: standard deviation; IQR: interquartile range;
ACDF: Anterior Cervical Decompression and Fusion.

Randomization

Except from significantly longer preoperative duration of neck and arm pain in
patients who received SPT compared to patients who received SA (p =0.02top =
0.03), no difference was found in background variables between the randomization
groups (p = 0.08 to p = 0.99) (Table 12). There was no difference between the
groups in outcome measures at baseline (p = 0.15to p = 0.98) (Table 13-15), except
from less preoperative frequency of arm pain in patients who received SA (p =
0.05) (Table 13).

Patients lost to follow-up

Fifteen percent of the patients were lost to follow-up at 6 months after surgery
based on the primary outcome NDI (12 % in SPT and 19 % in SA) (Fig. 1). These
patients scored worse at baseline on the NDI (p = 0.004). They also scored worse
on the Zung, MSPQ and SES (p = 0.006 to 0.04), and a larger proportion were
operated with ACDF (p = 0.05). No difference was found for age, sex or random-
ization (p = 0.16 to p = 0.75). The patients that were lost to follow-up at 6 months
after surgery based on secondary outcome measures were 14-16% for VAS neck
and arm pain, 15-18% for clinical evaluations of neck-related body functions
(NME and CAROM), and 15-19% for measures of self-efficacy and coping strat-
egies. These patients showed lower NME and cAROM at baseline (p =0.01top =
0.03), but they did not differ based on measures of pain intensity, self-efficacy and
coping strategies (p = 0.08 to 0.87). There was no difference with regard to ran-
domization (p = 0.07 to 0.60).

Attendance rate to treatment sessions in patients who received SPT

An attendance rate of more than 50% to treatment sessions was reported for 67%
of the patients who were randomized to SPT (SPT>50%, n= 67, mean age 51 years,
SD 8.2; 33 men and 34 women). Thirty-four patients were excluded in a per-pro-
tocol approach (mean age 48 years, SD 8.1; 18 men and 16 women). The reasons
for no or < 50% attendance to treatment sessions were lack of time and difficulties
with absences from work for training (n=19), and not starting the intervention for
unknown reasons (n= 10). Report about attendance rate was missing for 5 patients.
The patients excluded in a per-protocol approach (n = 34) did not differ from

50



Results

SPT>50% based on background variables and preoperative outcome measures (p=
0.10to 0.92), except that they were more smokers (41% versus 16%, p=0.005) and
had lower self-efficacy as scored on the SES (p = 0.04). No difference was found
between SPT>50% and SA based on background variables and preoperative out-
come measures (p = 0.08 to p = 0.89).

Surgery with ACDF or PCF

The patients who were operated with PCF (n = 38) were older, they were more
men, and they were operated at several levels (p< 0.001) compared with patients
who were operated with ACDF (n = 163). No difference was reported between
patients who were operated with ACDF or PCF based on patient-reported
measures of pain and neck functioning before surgery (p = 0.08 to p = 0.67), as
well as 3 months after surgery (p = 0.58 to 0.87).

Outcomes at 6 months after surgery

Patient-reported measures of pain, neck functioning, and global outcome
There was no difference between the treatment groups at 6 months follow-up based
on the NDI, measures of neck and arm pain intensity and frequency, global out-
come, or consumptions of analgesics (p = 0.21 to p = 0.82). Neither was any be-
tween-group difference found in a per-protocol approach (p = 0.15 to p = 0.58),
except for significantly less frequency of neck pain at 6 months after surgery in
SPT>50% (p = 0.05) compared with patients who received SA. Descriptive data
for measures of pain, neck functioning, and global outcome are presented in Table
13 and Table 16.

Clinical evaluations of neck-related body functions, self-efficacy and coping
strategies

There was no difference between the treatment groups at 6 months follow-up based
on clinical evaluations of neck-related body functions, measures of self-efficacy,
and coping strategies both in a complete case analysis and a per-protocol approach
(p =0.30 to p = 0.95). Descriptive statistics are presented in Table 14-15.

Expectation fulfilment and enablement

Patients who received SPT showed higher expectation fulfilment at 6 months fol-
low-up (p = 0.01) compared to patients who received SA, but no difference was
found in enablement (p = 0.06 to p = 0.88) (Table 17). In a per-protocol approach,
SPT>50% patients showed higher expectation fulfilment (p = 0.001) compared to
patients who received SA, and they also reported greater enablement (p = 0.04) as
was shown in reported higher ability to understand and cope with their illness after
treatment (p = 0.006 to p = 0.02) (Table 17).
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Changes in outcomes from before surgery to 6 months after surgery

The results from two-ways repeated-measures ANOVA showed no between-group
difference for changes in outcome measures from before surgery to 6 months after
surgery based on measures of pain intensity in the neck and the arm, neck func-
tioning, clinical evaluations of neck related body functions, self-efficacy and cop-
ing strategies (p = 0.25 to p = 0.96). All outcomes were significantly improved
from before surgery (p< 0.001) except from cAROM in the transversal plane (p =
0.35). No different results were found in a per-protocol approach (p =0.16top =
0.88).

Treatment effects during the postoperative period

No between-group difference was found for outcome score changes during the re-
habilitation period from 3 to 6 months after surgery in a complete case analysis (p
=0.10 to p = 0.97). In a per-protocol approach, significantly larger improvement
in the NDI, VAS arm pain and CSQ_CAT (p = 0.03 to p= 0.04) were reported in
SPT>50% compared to patients who received SA patients (Table 18). During the
postoperative period, global outcome, and neck pain frequency improved in pa-
tients who received SPT (and SPT>50%) (p< 0.01) (Table 16), and consumption
of analgesics decreased in SPT>50% (p = 0.02) (Table 16). No significant change
was found in global outcome, pain frequency, and consumption of analgesics dur-
ing the postoperative period in patients who received SA (p = 0.17 to p = 1.0)
(Table 16).
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Table 16: Global outcome, frequency of neck and arm pain and consumptions of analge-
sics at 6 weeks, 3 and 6 months after surgery in the intervention group — structured post-

operative physiotherapy (SPT) and standard postoperative approach (SA) Data is also

presented for the patients with at least 50% attendance to treatment sessions in the struc-
tured postoperative physiotherapy group (SPT>50%)

SPT SPT>50% SA
(n =101) (n =67) (n=100)

Global outcome n n n
“Substantial improve-
ment”
6 weeks, % 94 43 62 43 87 a7
3 months, % 92 48 65 49 80 56
6 months, % 89 60 64 67 80 56
Change over time, p 0.01 <0.001 0.17
Daily neck pain n n n
3 months, % 92 49 65 46 80 46
6 months, % 89 33 65 26 82 42
Change over time, p 86 0.003 64 0.002 75 0.63
Daily arm pain n n n
3 months, % 92 36 65 35 80 26
6 months, % 89 37 65 32 82 28
Change over time, p 86 0.82 64 0.77 75 1.0
Daily consumption of n n n
analgesics
3 months, % 92 39 65 34 80 30
6 months, % 89 28 65 19 82 27
Change over time, p 84 0.27 62 0.02 74 1.0

SPT = structured postoperative physiotherapy; SPT>50% = patients with at least 50%

attendance to treatment sessions in the structured postoperative physiotherapy group;
SA = standard postoperative approach. Within-group changes during the postoperative

period were investigated with the McNemar or the Cochrane Q test.
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Table 17: Expectation fulfilment and enablement at 6 months after surgery in the inter-
vention group — structured postoperative physiotherapy (SPT, n = 101) and standard
postoperative approach (SA, n = 100). Data is also presented for the patients with at

least 50% attendance to treatment sessions in the structured postoperative physiotherapy

group (SPT>50%, n = 67)

SPT SPT SA
250%

Expectation fulfilment Total, n 90 65 80
Yes, % 62 71 43

Partially, % 28 23 41

No, % 10 6 16

PEI total score Total, n 79 56 66
median (IQR) 6.0 7.0 5.0

(7.0) (6.8) (7.3)

1- Able to cope with life  Total, n 80 57 70
Much better, % 39 47 41

Better, % 36 35 30

Same or less, % 25 18 29

2- Able to understand Total, n 78 56 63
your illness Much better, % 36 41 27
Better, % 41 41 40

Same or less, % 23 18 33

3- Able to cope with Total, n 86 63 65
your illness Much better, % 36 40 20
Better, % 41 44 51

Same or less, % 23 16 29

4- Able to keep yourself  Total, n 77 57 62
healthy Much better, % 22 28 23
Better, % 46 46 40

Same or less, % 32 26 37

5- Confident about your  Total, n 86 62 74
health Much more, % 24 31 30
More, % 43 42 31

Same or less, % 33 27 39

6- Able to help yourself Total, n 83 61 70
Much more, % 29 36 23

More, % 37 33 37

Same or less, % 34 31 40

SPT = structured postoperative physiotherapy; SPT>50% = patients with at least 50%
attendance to treatment sessions in the structured postoperative physiotherapy group;
SA = standard postoperative approach. PEI: Patient enablement instrument (score 0-12)
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Differences between patients who reported and
did not report additional use of postoperative
physiotherapy in the SA group

At 6 months after surgery, additional use of postoperative physiotherapy was re-
ported by 61% of the patients in the SA group (n = 47). No difference was found
based on background variables and preoperative outcome measures (p = 0.06 to
p= 0.93) between patients who reported additional use of postoperative physio-
therapy (PPT, n = 47) in the SA group and patients who did not (No PPT, n = 30)
(Table 19). At 6 weeks, 3 months and 6 months after surgery, there was signifi-
cantly fewer patients in the PPT group who reported a substantial improvement on
global outcome of treatment compared with patients in the No PPT group (p =0.03
to p =0.05) (Table 19). Patients in the PPT group also had worse outcomes on the
NDI and VAS neck pain at 6 months follow-up compared with patients in the No
PPT group (p = 0.004 to p = 0.03) (Table 19).
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DISCUSSION

Main findings

The overall aims of this thesis were to investigate the additional benefit of SPT
compared to SA in patients with CR at 6 months after surgery, and also to evaluate
the contribution of different aspects of neck-related body functions and mental
functions on preoperative neck disability in these patients.

The main results from the RCT of postoperative physiotherapy in patients with
CR showed no between-group difference at 6 months after surgery based on pa-
tient-reported measures of pain, neck functioning, global outcome, clinical evalu-
ations of neck-related body functions, self-efficacy and coping strategies. How-
ever, patients who received SPT (and SPT>50%) reported greater expectation ful-
filment at 6 months after surgery compared with patients who received SA.
SPT>50% patients also reported less neck pain frequency, and greater enablement
at 6 months after surgery as was shown in better ability to understand and cope
with their illness after treatment compared with those patients who received SA.
There were no differences for changes in outcomes from before surgery to 6
months between the groups, but all outcomes significantly improved from baseline
to 6 months in both groups. However, global outcome of treatment and neck pain
frequency improved during the postoperative period only in patients who received
SPT (and SPT>50%); and larger improvements in patient-reported measure of arm
pain, neck functioning, and catastrophizing were reported in SPT>50% patients
during the rehabilitation period from 3 to 6 months after surgery compared to pa-
tients who received SA. Sixty-one per cent of the patients who received SA re-
ported additional use of postoperative physiotherapy at 6 months after surgery, and
they had a worse surgical outcome compared with patients who reported no addi-
tional use of postoperative physiotherapy.

In patients with CR scheduled for surgery, larger errors in HRA measured with
a CROM device were reported compared to neck-healthy individuals. Interpreta-
tion of the results remain limited due to questions regarding the measurement prop-
erties of the CROM device to assess HRA. Measures of pain and symptoms, men-
tal functions, contextual factors, as well as clinical evaluations of neck-related
body functions were associated with NDI scores in patients with CR who were
scheduled for surgery.
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Interpretation of the results

Assessment of HRA in patients with CR and neck-healthy individuals (Pa-
per 1)

HRA measured with a CROM device was assessed in a sub-sample of patients with
CR who were scheduled for surgery, and compared to neck-healthy individuals.
Significant between-group differences were found. The results may be compared
with previous reports of HRA impairments in individuals with other neck disorders
[130, 131, 149, 150]. Larger errors in HRA in patients suffering from neck pain
might reflect disturbances in sensorimotor control originating from the neck [103].
Moreover, sensorimotor control disturbances have been suggested to occur more
in patients with WAD, in patients with upper cervical region pain [132, 151], as
well as in patients with WAD who report dizziness [132]. The presence of disturb-
ances in sensorimotor motor control have been more uncertain in patients with
nonspecific neck pain [152]. In the present study, 21% of the patients with CR who
were enrolled in the RCT reported daily dizziness. Association between HRA im-
pairments and dizziness was not investigated, nor was a specific screening for up-
per cervical region pain performed [151]. The deep cervical muscles have been
shown to have a high density of muscle spindles [153], and dysfunction in sensory
input from muscle spindles in the deep cervical muscles has been suggested as a
potential origin to sensorimotor control disturbances in patients with neck pain
[103, 131, 132]. Muscular fatigue of the scapula elevator muscles HRA was shown
to affect HRA in neck-healthy individuals [154]. However, control of head move-
ment is known to be complex [155, 156], and the underlying mechanisms to sen-
sorimotor control disturbances as well as their clinical importance remains poorly
understood.

Consensus on the most appropriate method and protocol to assess HRA s
lacking [157], and in this thesis a CROM device was used [130]. Consequently,
comparison of the results for HRA between studies is limited due to differences in
study population, assessment methods and protocols, as well as choice of statistical
analysis [130, 158]. The ICC values that were reported for test-retest reliability of
HRA measurement with a CROM device in patients with CR may be compared to
that reported for a laser in individuals with neck pain (ICC = 0.68) [158]. However,
SEM for the CROM device in patients with CR may call into question the clinical
importance of the reported between-group difference of 1°. Determination of HRA
impairment in patients with CR was directly related to the used method. The use
of a ROC curve improved the sensitivity but reduced the specificity of the discrim-
inative value as compared to the use of the 90™ percentile of HRA max in neck-
healthy individuals.
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Neck disability in patients with CR and scheduled for surgery (Paper II)

Factors associated with neck disability in patients with CR scheduled for surgery
were investigated. No influence of sex or age on preoperative NDI scores was
found which is in accordance with previous findings in patients with CR [11].

Moderate to high correlations have been reported between low back muscle
endurance with activity limitations and participation restrictions in patients with
lumbar disc herniation [159]. Evaluation of low back muscle endurance is cur-
rently recommended in patients with lumbar disc herniation [159]. Likewise, based
on the assessment of NME and cAROM reported in this thesis, increasing the de-
scription of neck-related body functions in relation to neck disability in patients
with CR may be recommended.

The influence of psychosocial factors on patient-reported disability has been
studied in patients with lumbar fusion [160]. Interestingly, conflicting results
have been reported regarding the importance of preoperative psychological dis-
tress for the outcome of spinal surgery [99, 100, 161]. Psychological distress may
be a predictor of poor surgical outcome based on the NDI in patients with CR
[13, 99]. Psychosocial distress may also be a consequence of long-standing pain;
likely to improve when the symptoms resolved after treatment and worsen in pa-
tients with a poor outcome [100]. On the other hand, both preoperative and post-
operative fear avoidance beliefs about movements and physical activity have
been associated with a poor outcome in spine surgery [19, 100]. The results sug-
gest that negative and maladaptive beliefs and coping strategies may be more
concerning for the outcome of surgery than preoperative psychological distress.
It has been suggested that active strategies to modify maladaptive beliefs and
coping strategies in patients with CR should be integrated in physiotherapy treat-
ments [19, 100].

Our model may be compared to that recently proposed in patients with CR
who were non-surgically treated and that suggested assessment of fear avoidance
and anxiety to be included in the evaluation to broaden the clinical picture of pa-
tients with CR [39]. The number and the spread of the variables included in both
analysis, as well as the use of explorative approaches might have positively influ-
enced the results. In comparison, a model in patients with chronic neck pain ex-
plained 37% of the variance in NDI scores [147]; the model presented in this thesis
explained 73% of the variance in NDI scores.

Patient-reported and clinical measures of neck-related body functions, as well
as evaluation of mental functions and other contextual factors provided details
about impairments and disability in individuals which improved the description of
neck disability as measured with the NDI (Fig. 4). On the other hand, the potential
confounding effects of psychosocial factors on NDI scores may call into question
the responsiveness of the NDI to evaluate treatment outcomes after surgery [162].
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Body functions

Fig. 4: A broader preoperative evaluation in patients with CR based on the Inter-
national Classification of Functioning, Disability and Health and including assess-
ment of neck-related body functions, mental functions, and environmental factors
improved the description of neck disability as measured with the Neck Disability
Index (NDI).

Evaluation of SPT compared to SA in patients with CR (Paper 111 & 1V)

Outcomes at 6 months after surgery

The treatment groups differed significantly at 6 months after surgery for expecta-
tion fulfilment only. Greater expectations fulfilment has been linked to higher post-
operative satisfaction and better functional outcomes after cervical spine surgery
[108]. No between-group difference was found based on functional outcomes in
the present study. Patients with surgically treated lumbar radiculopathy who re-
ceived a preoperative neuroscience education program were more satisfied with
the outcome of surgery and showed 50% less health care consumption during the
following year as compared to the control group [163]. Although, no between-
group difference was reported based on measures of pain and functioning at 1 year
follow-up [163]. Likewise, patients after lumbar fusion who received postopera-
tive rehabilitation with psychomotor therapy combining exercises with a psycho-
social approach reported reduced use of external health care for back pain at 2-3
years follow-up compared with patients who received home-based exercises [89].
In a per-protocol approach, we also found less neck pain frequency and greater
enablement in SPT>50% compared to patients who received SA. The importance
of physiotherapist-supervised treatment sessions for perceived treatment effects
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has previously been suggested in physiotherapy [92]. The clinical importance of
between-group differences based on greater expectation fulfilment and enablement
(for e.g future health care consumption) should be investigated in future studies.

In the present study, evaluation of between-group differences based on
measures of pain and neck functioning at 6 months after surgery may have been
too early to detect differences considering that recovery was not complete and that
some effects may be delayed after surgery [65, 66]. However, we evaluated group
differences at the end of the SPT intervention. Future studies could investigate the
long-term effects of SPT compared to SA in patients with CR. This is particularly
important because the NDI may fluctuate over time [12].

Earlier RCTs comparing different surgical methods in patient with CR have
not reported between-group differences in clinical outcomes [9, 11, 69, 164]. It is
reasonable to assume that patients with CR are a rather heterogeneous group, and
that different subgroups may need different kinds of interventions. These factors
might help to explain the lack of statistically and clinically important differences
between groups. More RCTs of postoperative physiotherapy are needed to identify
subgroups of patients with CR that might benefit more from extensive physiother-
apy rehabilitation. The results from this first study may help guide future research.

SPT combined individual physiotherapist-supervised treatment sessions with
home-based exercises. Moreover, SPT was monitored by a total of 45 physiother-
apists with a broad spectrum of levels of experience, competence, and specialized
knowledge mirroring the clinical set-up of most departments. Consequently,
knowledge about the physiotherapist’s ability to individualize and progress the
neck-specific exercises, as well as their confidence in applying the behavioural
approach is limited. Swedish physiotherapists are introduced to CBT as part of
their education, and the physiotherapists recruited in the study were considered to
have basic knowledge about combining exercise therapy with a behavioural ap-
proach. However, the physiotherapist’s own beliefs and pain coping strategies are
known to influence decision-making and management in low back pain [165-168].
Larger treatment effects may have been observed if specialist musculoskeletal
physiotherapists were involved in the study, or, if physiotherapists had been re-
cruited based on their specific interest in neck rehabilitation and had received a
more extended education as part of a planned implementation strategy [169]. On
the other hand, this may have reduced the generalizability of the results. Specific
training of functional and daily activities were not the focus of the treatment ses-
sions, although, the NDI includes items that have been directly linked to activity
limitations and participation restrictions in daily activities [117].

Changes in outcomes from before surgery to 6 months after surgery

No between-group difference was found for changes in outcomes from before sur-
gery to 6 months follow-up. However, large improvements were observed in both
groups for patient-reported measures of pain and neck functioning compared to
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older studies [9, 11-13, 164]. This may be related to improvements in surgical
techniques as well as patient selection for surgery during recent years. Conse-
quently, the potential to further improve the outcomes with physiotherapy in the
immediate postoperative period may have been limited. Though, more than half of
the patients who received SA reported additional use of postoperative physiother-
apy at 6 months after surgery. This suggests that patients with CR perceive a need
for additional treatments after surgery. Moreover, the within-group changes in the
NDI and VAS neck and arm pain from before surgery to 6 months in patients who
received SPT may be compared to that reported by Engquist et al. in patients with
CR who were also treated with surgery combined with SPT [65], and the results
from both studies may suggest a benefit from combining surgery with SPT in pa-
tients with CR.

There was a tendency for larger improvements in NME in extension from be-
fore surgery to 6 months in men and women who received SPT (and SPT>50%)
compared with patients who received SA, however no statistical difference was
found. Improvements in NME have been reported following different interventions
in patients with CR including surgery, structured as well as pragmatic physiother-
apy, and surgery combined with SPT [13, 15, 66]. This may limit the interpretation
of potential treatment mechanisms. Other factors such as pain tolerance, fear of
test-induced pain, as well as motivation may interfere with the results from clinical
evaluations of physical function [29]. However, cervical muscle fatigue (measured
with surface electromyography EMG) was more strongly associated to measures
of NME in patients with CR than were patient-reported measures of pain, neck
disability, fatigue, and fear of movement [29]. A framework to interpret the clin-
ical importance of changes in NME is lacking due to restricted knowledge about
systematic and random errors for measures of NME in patients with CR [170].

Conflicting results have been reported regarding post-surgical improvements
in cCAROM in patients with CR [13, 30, 66]. The nature of cervical disc disease
generally concerning several levels, as well as the suggestion of increased risk for
more rapid degeneration of adjacent vertebra levels after fusion [171] should both
be taken into account when interpreting changes in CAROM after treatments in
patients with CR. No other study of HRA assessment was available in patients with
CR.

The improvements in catastrophizing that were observed in SPT>50% were
comparable to those reported at 6 months follow-up in patients who were under-
going postoperative rehabilitation with psychomotor therapy after lumbar fusion
[89]. The results may suggest similar effect mechanisms, although the intervention
contents differed.

Treatment effects during the postoperative period

Significant differences in treatment effects from 3 to 6 months after surgery were
observed only between SPT>50% and patients who received SA. The importance
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of physiotherapist-supervised treatment sessions for treatment effects has previ-
ously been suggested in physiotherapy [92]. The larger improvements in arm pain,
neck functioning and catastrophizing that were observed in SPT>50% compared
to patients who received SA were combined with a significant increase in the pro-
portion of patients who reported a substantial improvement on the global outcome
in SPT>50% only. Reduced catastrophizing has been suggested to mediate the ef-
fects of both exercise therapy and CBT on function and pain in patients with
chronic low back pain [172]. Moreover, global outcome has been reported to be a
valid and responsive descriptor of overall effect compared with a range of other
instruments in RCTs in patients with low back pain [173]. Global outcome may
reflect domains important to the individual that may not be captured by other out-
comes [174], and it has been suggested to have the potential to capture in an overall
sense, the aspects of recovery or improvement that are most meaningful and rele-
vant to individual patients [175].

Greater effects of surgery on arm pain than on neck pain have previously been
reported [3, 9, 11]. The greater treatment effect on arm pain compared to neck pain
from 3 to 6 months after surgery may reflect a delayed effect of surgery as well as
be an effect of SPT. Indeed, physiotherapy combining neck-specific exercises with
a behavioural approach was previously shown to reduce arm pain in patients with
CR with no difference compared to surgery [65].

It has been recommended that evaluation of pain should include both measure
of pain intensity, frequency, as well as consumption of analgesics [105]. In the
present study, small changes in neck pain intensity as measured with a VAS were
reported in both group from 3 to 6 months after surgery. However, neck pain fre-
quency significantly improved in patients who received SPT (and SPT>50%) from
3 to 6 months after surgery but remained unchanged in patients who received SA.
This difference could reflect a treatment effect of SPT on neck pain.

Differences between patients who reported or did not report additional use
of postoperative physiotherapy in the SA group

More than half of the patients who received SA reported additional use of postop-
erative physiotherapy. The results suggest that many patients with CR perceived a
need for additional treatments after surgery. Based on measures of pain and neck
functioning, the differences in surgical outcomes between patients who reported
additional use of postoperative physiotherapy compared to those who did not may
be regarded as clinically important [65]. Patients with a poor surgical outcome may
be more likely to seek additional treatments after surgery due to remaining pain
and disability. Therefore, the benefit of SPT compared to SA could be investigated
in patients with CR with a poor outcome after surgery [176].
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Methodological considerations

Findings in this thesis should be interpreted in the light of some methodological
challenges.

Generalization of the results

Patients included in the RCT were comparable to patients with CR included in
previous studies based on mean age [11, 16, 19, 31, 65, 76], as well as the propor-
tion of men and women, and preoperative scores on NDI [19, 65, 76]. Patients with
myelopathy symptoms were excluded, and the patients with CR who were included
were considered to be representative of patients with CR without myelopathy who
are scheduled for surgery [65]. Patients who were included in the final analyses in
Paper 1l did not differ from the patients who were excluded due to missing data
based on preoperative NDI scores. The model may be generalizable to patients
with CR without myelopathy who are scheduled for surgery.

Loss of patients to follow-up should always be regarded as a threat to the gen-
eralization of the results in intervention studies [177]. There was no significant
difference between groups in the number patients lost to follow-up. However, pa-
tients who were lost to follow-up had worse preoperative scores on the NDI, and
SES. They also had lower NME compared to the patients who were followed up.
The exact effect on our results stemming from this potential bias is uncertain, but
it may have compromised the generalization of the results.

RCT are regarded as the gold standard to evaluate treatment effectiveness, and
to inform evidence-based clinical guidelines for the treatment of patients. We re-
ported our results in accordance with the CONSORT statement for parallel group
RCT to ensure high quality research [178]. The outcome measures for pain and
neck functioning had been validated in patients with CR, and they are recom-
mended outcome measures after cervical spine surgery [7, 102]. A broad evalua-
tion of pain was used and included both assessment of pain intensity, pain fre-
guency, and consumption of analgesics as is recommended in chronic pain trials
[105]. A total of 45 physiotherapists with a broad spectrum of experience and com-
petence mirroring the clinical set-up of most departments monitored SPT. This
may also contribute to the generalization of the results.

Study design

The sample size estimation used in the RCT of postoperative physiotherapy in pa-
tients with CR was based on preliminary findings in NDI scores in a previous study
that compared structured physiotherapy alone with surgery combined with SPT
[65]. No other study was available at that time. The probability to detect a 10%
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between-group difference in the NDI at 6 months after surgery in this thesis may
be questionable considering that all patients had surgery and that only small
changes on the NDI were observed from 3 to 6 months after surgery.

At 6 months after surgery, 26% of the patients in the SPT group, and 27% of
the patients in the SA group were classified with no disability (NDI < 8%) [179].
Similarly, 63% and 70% of the patients were classified as having no or mild disa-
bility (NDI < 30%) [179]. A floor effect has been suggested to occur when >15%
of participants achieve the lowest score [102], and the responsiveness of the NDI
to detect changes in the postoperative period may be questionable. The Cervical
Spine Outcome Questionnaire was suggested to have greater responsiveness com-
pared to the NDI in patients undergoing cervical spine surgery [180]. The use of
different outcome measures may have showed different results.

At the 3-month follow-up, we did not perform NME measurement due to re-
stricted loading of the neck following fusion surgery, and we did not evaluate SES
to limit the number of questions in the questionnaire. Thus, a limitation of the study
was the lack of evaluation of within-group differences in SES and NME during the
rehabilitation period from 3 to 6 months after surgery. Evaluation of fear of move-
ment and pain-related fear in patients with CR may also have provided additional
perspectives when comparing the effects of SPT to SA [39]. Similarly, knowledge
about anatomical and biomechanical factors such as a congenitally narrow spinal
canal and increased cervical spine mobility in patients with CR may have improved
the interpretation of the results [51].

Differences between the treatment groups in preoperative duration of neck and
arm pain occurred by chance. Patients who were randomized to SA also reported
less arm pain frequency before surgery. Symptom duration was not associated with
the 6 months outcomes with the exception of a weak association between arm pain
duration and NDI (Spearman correlation, r=0.17, p = 0.05). In addition, the influ-
ence of preoperative pain duration on surgical outcomes is uncertain [3, 161, 181,
182], and the longer preoperative symptom duration in patients who received SPT
was not expected to have influenced the results.

Patients with CR were operated with ACDF or PCF, and different interbody
cages were used in ACDF at the four spinal centers. The use of a plate was previ-
ously suggested to increase fusion and was used in most 2-levels ACDF as well as
in 1-level ACDF in some patients. Similar fusion rates have been reported for dif-
ferent intervertebral cages [9, 11]. In addition, the importance of fusion for the
clinical outcomes after surgery is uncertain [164, 183]. No difference was found
between patients who had surgery with ACDF or PCF before as well as after treat-
ment based on measures of pain and neck disability/functioning. Evidence for the
superiority of any surgical technique is lacking [69, 70, 72], and the surgeon’s
choice of surgical technique was not considered to have influenced the results.

The influence of sex differences on treatment effects were not investigated
within the frame of the thesis but should be considered in future studies. Better
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surgical outcomes have been reported in men both at short and long-term compared
to women [17, 182]. Higher levels of patient-reported neck disability and pain
catastrophizing were reported in women compared with men at 10-13 years fol-
low-up after surgery for CR [17]. In addition, differences in NME have been re-
ported between men and women [15, 114].
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CONCLUSIONS

Patients with CR who received SPT reported greater expectation fulfilment at 6
months after surgery compared to patients who received SA; and global outcome
of treatment as well as frequency of neck pain improved during the postoperative
period in patients who received SPT only. However, no additional benefit of SPT
compared to SA was found in patients with CR 6 months after surgery based on
patient-reported measures of pain, neck functioning, global outcome, clinical eval-
uations of neck-related body functions, self-efficacy and coping strategies. At 6
months after surgery, patients with at least 50% attendance to treatment sessions
in the SPT group reported less neck pain frequency, and greater expectation ful-
fillment and enablement than those who received SA. These patients also had
greater improvements in arm pain, neck functioning, and catastrophizing during
the rehabilitation period from 3 to 6 months after surgery. Thus, the results may
suggest a benefit from combining surgery with SPT in patients with CR. Moreover,
the results confirm that neck-specific exercises are tolerated by patients with CR
after surgery. The possibility to further address impairments in neck-related body
functions, and improve self-efficacy and coping strategies in patients with CR with
physiotherapy should be addressed in future studies.

Sixty-one percent of the patients who received SA reported additional use of post-
operative physiotherapy after surgery. This finding suggests that many patients
with CR perceive a need for additional treatment after surgery, and that there is a
need for more studies to develop evidence-based clinical guidelines for the treat-
ment of patients with CR.

CR is a heterogeneous condition and because of this specific subgroups of patients
are likely to benefit from different interventions. Patients who reported additional
use of postoperative physiotherapy in the SA group had a poorer surgical outcome
compared with patients who reported no additional use of postoperative physio-
therapy. The benefit of SPT compared to SA should be evaluated in subgroups of
patients who are more likely to benefit from extended postoperative rehabilitation
e.g patients with CR with a poor outcome of surgery.

In patients with CR who were scheduled for surgery, HRA was assessed with a
CROM device and larger errors were reported compared to neck-healthy individ-
uals. Interpretation of the results remains limited due to questions regarding the
measurement properties of the CROM device to assess HRA.

A broader preoperative assessment in patients with CR to include evaluation of
patient-reported and clinical measures of neck-related body functions, as well as
evaluation of mental functions and other contextual factors improved the descrip-
tion of patient-reported neck disability.
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CLINICAL IMPLICATIONS

A few significant differences were found between SPT>50% and SA at 6
months after surgery, as well as for changes in outcomes during the reha-
bilitation period from 3 to 6 months after surgery. These results may suggest
a benefit from combining surgery with SPT in patients with CR.

The results from the present thesis confirm that neck-specific exercises are
tolerated by patients with CR after surgery. Neck-specific exercises may be
initiated from six weeks after surgery in patients with CR; starting with non-
resistance exercises in supine position aiming to activate the deep cervical
muscles. Next, neck-specific exercises may be progressed to isometric and
graded resistance exercises to improve neuromuscular control and endur-
ance of the cervical muscles.

A broader preoperative assessment in patients with CR to include evalua-
tion of patient-reported and clinical measures of neck-related body func-
tions, as well as evaluation of mental functions and other contextual factors
provided details about impairments and disability in patients with CR; and
improved the description of patient-reported neck disability as measured
with the NDI. Such an assessment may be used as a basis for enhanced
dialogue between patients and health care professionals about treatment al-
ternatives.



Future Research

FUTURE RESEARCH

CR is a heterogeneous condition and specific subgroups of patients are
likely to benefit from different interventions. Thus, more studies are needed
to develop evidence-based guidelines for the treatment of patients with CR.
The benefit of SPT compared to SA should be investigated in subgroups of
patients who may be more likely to benefit from extended postoperative
rehabilitation (e.g patients with CR with a poor outcome of surgery). This
could also be compared to the benefit of rehabilitating all patients with CR
preoperatively with structured physiotherapy.

The results confirmed that neck-specific exercises are tolerated by patients
with CR after surgery, and future studies should investigate whether the
involvement of physiotherapists who are specialized in the management of
musculoskeletal disorders can further improve impairments in neck-related
body functions, as well as self-efficacy and coping strategies in patients
with CR before as well as after surgery.

Future studies should consider the benefit or early versus later rehabilitation
with SPT in patients with CR, as well as different dosages of neck-specific
eXercises.

The benefit of SPT compared to SA in patients with CR should be investi-
gated at long-term based on measures of patient-reported neck functioning
as well as work ability, and also taking into account the costs associated
with prolonged use of additional treatments in patients with CR after sur-

gery.

More research on the influence of sex differences on the outcome of surgery
and benefit of SPT at short and long term is also needed.

There is a need to investigate the contribution of impairments in neck-re-
lated body function, as well as mental functions to patient-reported disabil-
ity in specific subgroups of patients with CR to enable the development of
effective treatment strategies.
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SUMMARY IN SWEDISH

Disksjukdom i nacken kan orsaka inkldmning av en eller flera nervrotter i hals-
ryggraden och ge upphov till utstralande smarta i kombination med kéanselbortfall
och svaghet i armen/armarna. Forekomst av nacksmérta &r vanligt, och symptomen
ar starkt kopplade till bade fysiskt och psykiskt lidande samt sjukskrivning. Kun-
skap om tillstandet ar fortfarande begréansat och det finns bade operativa och icke-
operativa alternativ till behandling. Vid operativ behandling tas diskmassa och
benpalagringar bort i nacken med syftet att dekomprimera nerven och positiva ef-
fekter pa armsmarta och neurologiska symptom finns rapporterade. Effekterna av
operation pa nackfunktionen ar mer oklara med studier som visar pa kvarstaende
funktions- och aktivitetsnedséttning, samt minskad delaktighet. Det finns idag ve-
tenskapliga bevis for att nack-specifik traning och kognitiv beteende-medicinsk
insats har effekt vid behandling av langvariga nackbesvar. Randomiserade kon-
trollerade studier avseende rehabilitering efter kirurgisk behandling for patienter
med utstralande smarta orsakad av disksjukdom i halsryggraden saknas. Darmed
finns inte heller nagot underlag for att utveckla kliniska riktlinjer for fysioterapeu-
tisk behandling efter operation hos dessa patienter.

Det dvergripande syftet med avhandling var att utvardera effekterna av struk-
turerad fysioterapi jamfort med sedvanligt omhandertagande efter operation for
patienter med utstralande armsmarta orsakad av disksjukdom i halsryggraden. Ett
ytterligare syfte var att studera betydelsen av olika individuella faktorer for sjalv-
skattad nackfunktion fore operation.

Sammanlagt 202 patienter med planerad operation inkluderades i studien och
randomiserades fore kirurgi till strukturerad fysioterapi eller sedvanligt omhéander-
tagande efter operation. Strukturerad fysioterapi kombinerade nack-specifik tré-
ning med en kognitiv beteende-medicinskt insats. Sedvanligt omh&ndertagande ef-
ter operation var enligt svensk praxis, vilket innebar att patienter efter ett aterbesok
till kirurgen ca 6 veckor efter kirurgi hanvisades till primarvarden for fortsatt be-
handling vid behov. Patienterna utvarderades fore operation, samt 6 veckor, 3 och
6 manader efter operation med enkéter och kliniska undersokningar. De tva be-
handlingsgrupperna jamfordes avseende sjélvskattad smarta, nackfunktion, global
effekt av behandlingen, klinisk uppmatta funktionsnedséttningar i nacken, kogni-
tiva faktorer sasom tilltro till egen férmaga och copingstrategier, samt uppfyllelse
av forvantningar, och egenmakt. Ett urval av patienter (n = 71) jamférdes dessutom
med nackfriska individer (n = 173) avseende maétningar av repositionssinnet i
nacken med en CROM plasthjalm. Sambanden mellan olika individuella faktorer
och sjalvskattad nackfunktion studerades fore operation.

Patienter som genomgick strukturerad fysioterapi rapporterade uppfyllda for-
vantningar 6 manader efter operation (p = 0.01) i hogre utstrackning &n gruppen
som fatt sedvanligt omhandertagande. Under perioden efter operation forbattrades
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globalt upplevd effekt av behandling och frekvens av nacksmarta (p< 0.01) enbart
for patienter i gruppen strukturerad fysioterapi. Néar patienter med >50% nérvaro
vid behandlingstillféllena i gruppen strukturerad fysioterapi jamférdes med pati-
enter som genomgick sedvanligt omhandertagande efter operation sa rapporterade
de lagre frekvens av nacksmarta och hogre egenmakt 6 manader efter operation.
De forbattrades ocksa i hogre utstrackning avseende sjalvskattad nackfunktion,
armsmarta och katastroftankar under rehabiliteringsperioden fran 3 till 6 manader
efter operation. Inga andra skillnader hittades mellan grupperna efter 6 manader.
Det fanns inte heller nagra skillnader mellan grupperna avseende forandringar fran
fore operation till 6 manaders uppfdljningen, men samtliga variabler forbattrades
signifikant dver tid i bada grupperna (p< 0.001). Patienter med utstralande smarta
orsakad av disksjukdom i halsryggraden uppvisade i hogre utstrackning funktions-
nedséttning i repositionssinnet i nacken fore operation jamfort med nackfriska in-
divider. Sjalvskattade och klinisk uppmatta funktionsnedsattningar forklarade till-
sammans 73 % av variationen i sjalvskattad nackfunktion fore operation hos pati-
enter med utstralande smarta orsakad av disksjukdom i halsryggraden.

Resultaten fran avhandlingen antyder att patienter med utstralande armsmarta
orsakad av disksjukdom i halsryggraden kan ha viss nytta av att kombinera oper-
ation med strukturerad fysioterapi. Resultaten bekréftar dven att patienter klarar
belastad traning for nacken efter operation. Patienter med utstralande armsmérta
orsakad av disksjukdom i halsryggraden bildar en heterogen grupp och det &r hégst
troligt att patienter kan ha nytta av olika typer av interventioner. Fler studier be-
hovs darmed for att generera vetenskapligt underlag for behandling av patienter
med utstralande smarta orsakad av disksjukdom i halsryggraden och for att ut-
veckla kliniska riktlinjer. En bredare utvardering av patienter fore operation kan
forbéattra beskrivningen av sjélvskattad nackfunktion.
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