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To my family

“That (exercise) was what got me going. Yes, both physically and mentally that
you feel that you are strengthened by it, that you don’t sink deeper (into
unhappiness) because you have pain, it, it is hard, sort of, to get yourself out of it
maybe....”

Study participants
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Abstract

ABSTRACT

Background: Patients scheduled for spinal surgery often experience long duration
of pain, which may influence the pain-regulation system, function and health and
have an impact on post-surgery outcome. Prehabilitation potentially augments
functional capacity before surgery, which may have beneficial effects after
surgery.

Aim: The overall aim of the thesis is to study pre-surgery physiotherapy and
somatosensory function in patients with degenerative lumbar spine disorders and
to explore the patients’ experiences of pre-surgery physiotherapy.

Methods: Somatosensory function was measured with quantitative sensory testing
(QST). Pre-surgery physiotherapy was evaluated with patient-reported outcome
measures (n = 197). Patients’ experiences of how symptoms are explained and
their experiences of the influences on back-related health after pre-surgery
physiotherapy were explored.

Results: Half of the patients reported back or leg pain for more than 2 years. On a
group level, the somatosensory profiles were within the reference range. On an
individual level, an altered somatosensory profile was found in 23/105 patients,
these were older, more often women, and reported higher pain, larger pain
distribution and worse SF-36 MCS (mental health component summary).

Patients with disc herniation, more sensitive to pressure pain in the hand pre-
surgery, was associated with poorer function, self-efficacy, anxiety and depression
score pre-surgery, worse function, self-efficacy and leg pain 3 months post-surgery
and worse health related quality of life, self-efficacy, depression score 1 year post-
surgery. The results for sensitivity for cold pain were similar, except that it even
was associated with poorer function and pain 1 year post-surgery.

The pre-surgery physiotherapy group had less back pain, better function, health,
self-efficacy, fear avoidance score, depression score and physical activity level
than the waiting-list group after the pre-surgery intervention. The effects were
small. Both groups improved significantly after surgery, with no differences
between groups, except that the higher physical activity level in the physiotherapy
group remained at the 1-year follow-up. Only 58% of the patients reported a
minimum of one visit for rehabilitation during the 1 year preceding the decision to
undergo surgery.

Patients experienced that pre-surgery physiotherapy had influenced symptoms,
physical function, coping, well-being and social functioning to various degrees.
Pre-surgery physiotherapy was experienced as a tool for reassurance and an
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opportunity to reflect about treatment and lifestyle. The patients mainly used
biomedical explanatory models based on image reports to explain their back-
related symptoms. Both broader and more narrow, as well as lack of explanations
of symptoms emerged. Further, wanting and sometimes struggling to be well-
informed about symptoms and interventions were described.

Conclusions: Being more sensitive to pressure- and cold pain in the hand, as a
sign of widespread pain pre-surgery, was associated with poorer function, pain and
health at post-surgery in patients with disc herniation.

Pre-surgery physiotherapy decreased pain, fear avoidance, improved health related
quality of life; and it decreased the risk of a worsening in psychological well-being
before surgery. The improvements were small, and improvements after surgery
were similar for both groups. At the 1-year follow-up, the physiotherapy group still
had a higher activity level than the waiting list group. The pre-surgery
physiotherapy was well tolerated. Patients’ reported experiences also illustrates the
influence on function, pain and health. Patients experienced that pre-surgery
physiotherapy provided reassurance and gave time to reflect on treatments and
lifestyle. Symptoms were mainly described in line with a biomedical explanatory
model. Those using a broader explanation were confident that physiotherapy and
self-management could influence their back-related symptoms.
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Background

BACKGROUND

Low back pain

Low back pain (LBP) causes most disability globally of 200 diseases and disorders
that have been examined, measured in years lived with disability (1). Years lived
with disability for LBP has increased by 50% since 1990, and is expected to
increase as a consequence of an aging and increasing population (2). Lifetime
prevalence is now as high as 84% (3) and the condition is common in all age groups
and on all continents. Furthermore, the recurrence rate of LBP is high, 33%
annually, and little is known about factors that predict recurrence after a first
episode of LBP (4). In up to 85% of patients, a clear aetiology cannot be identified.
Instead, LBP is described as ‘multifactorial’ with multiple biological and
behavioural aetiologies (5), requiring a biopsychosocial perspective both in the
clinical care of patients with LBP and in research (5, 6). The biopsychosocial
model was developed by Engel in 1977 (7). Its key points are to expand the use of
the knowledge from the patient, to understand both multiple aetiologies and effects
in the patient’s context to treat the individual needs of each patient. This requires
an ability to use the biopsychosocial dimensions in the model simultaneously
throughout the care process (7). In the assessment of patients with LBP, the
international guidelines focus on screening for serious pathology (red flags),
neurological symptoms and psychosocial risk factors (yellow flags). Red flags are
signs that indicate a possible underlying serious condition and need rapid further
assessments (8).

In guidelines from Canada and the UK, the target population is people with
LBP with or without sciatica (9-11), without identification of the causes of pain or
anatomical structure involved (12). The US guidelines are similar, but include
lumbar spinal stenosis (LSS), in addition to LBP and radicular pain (10). The
prevalence of sciatica in the general population ranges from 10% to 25% annually
(13). Sciatica causes pain of a longer duration and higher intensity, with greater
disability and a lower quality of life than LBP alone causes. Sciatica requires
greater healthcare usage, including more surgical interventions (14). The most
common reason for sciatica in younger people is lumbar disc herniation (LDH),
and in older people LSS (15).



Background

Degenerative lumbar spine disorders

Degenerative lumbar spine disorder is an overall term that describes about 15% of
all LBP. Patients with LDH and LSS are the largest groups, while those with
spondylolisthesis and degenerative disc disease (DDD), also known as segmental
pain, are smaller groups of degenerative lumbar spine disorders (15).
Spondylolisthesis is the forward displacement of a vertebra, most commonly L5.
The displacement is graded in a four-grade scale, where grade 1 is 0-25%
displacement of the vertebra (16). Symptomatic spondylolisthesis causes local
back pain with or without sciatica during and after activity. Asymptomatic
degenerative spondylolisthesis occurs in 23% of the population in the age range
60-70 years, and increases to 35-50% in people older than 70 (17). Isthmic
spondylolisthesis occurs in adolescence and is often asymptomatic, but its
presence should be considered. Its more common in younger performance sports
activities, and especially at the elite level (18, 19).

Lumbar disc herniation

LDH with radiculopathy is defined as localized displacement of disc material
beyond the normal margins of the intervertebral disc space, resulting in pain,
weakness or numbness, in a myotomal or dermatomal distribution (20). LDH
accounts for approximately 5% of all LBP (21). LDH has a good prognosis, and
most patients improve significantly during two to three months (17, 22). Large
LDH is more common in men than in women (23), and large LDH resolves better
than small (24). To reach a diagnosis of LDH, it is necessary that clinical
presentation is consistent with the findings of magnetic resonance imaging (MRI)
or computed tomography (20). Disc bulging is common and appears in 30% of
people 20 years of age. It rises to 84% in people 80 years of age (17). Further, the
prevalence of LDH in MRI was as high as 76% in matched asymptomatic controls
in a study of patients with symptomatic LDH (25). The frequent occurrence of both
asymptomatic disc bulging and LDH complicates the diagnostics.

Lumbar spinal stenosis

LSS is recognized as “a clinical syndrome of buttock or lower extremity pain,
which may occur with or without back pain, associated with diminished space
available for the neural and vascular elements in the lumbar spine” (26).
Degeneration of the intervertebral disc results in a loss of segmental height and
disc bulging, which leads to hypertrophy of the facet joints and thickening of the
ligamentum flavum. The reduced dimensions of the spinal canal and compression
of the neural and vascular elements cause the collection of symptoms known as
‘intermittent neurogenic claudication’.
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LSS is common, with an estimated prevalence of 6% in the general population
from a study in Japan (27). The prevalence of LSS increases with age and peaks at
age 70-79 years. LSS occurs equally in men and women (27). The prevalence
determined only on imaging findings, and the condition is defined as either
‘absolute LSS’ (with a spinal canal of diameter under 10 mm) or ‘relative LSS’
(with a spinal canal of diameter greater than 12 mm), the prevalences in those aged
60-69 are 19% and 47%, respectively (28). It is expected that the need of
intervention will increase significantly as the population ages and increases (26).

When there is no gold standard for the diagnosis of LSS, better diagnostic
criteria have been requested in order to decrease the costs of examinations and
improve individual treatment (29). Because of that, an international Delphi study
was performed which suggests that six questions posed during history taking, gives
a clinical diagnosis with a certainty of 80% (30). The four most frequently used
questions in the Delphi group were: “Leg or buttock pain while walking?”, “Flex
forward to relieve symptoms?”, “Feel relief when using a shopping cart or
bicycle?”, “Motor or sensory disturbance while walking?” (30). A clinical
presentation of the signs and symptoms of LSS must be confirmed by imaging
before a diagnosis of LSS can be made. The high prevalence of degenerative
changes, especially in older patients, makes it difficult to decide whether the
imaging findings are the cause of pain and symptoms or not (26). The fact that
21% of LSS demonstrated by MRI is non-symptomatic (31) also complicates the
diagnosis.

The most common symptom is unilateral or bilateral leg symptoms while
walking. Symptoms are abolished by bending forward or sitting, as these
movements increase the dimensions of the spinal canal and foramina. The
decreased walking distance significantly influences daily life, and people with LSS
report a lower quality of life than people with osteoarthritis in the knee and hip
(32). In people 60 years and older, diabetes mellitus, urological disorders, and
osteoarthritis/fracture have been reported as comorbidities, and depressive
symptoms are associated with LSS (33). Screening for these associated factors
helps to draw up a tailored intervention.

Psychological factors

Many psychosocial factors play a role in degenerative lumbar spine disorders.
After surgery for LDH, continued post-surgery pain is most strongly associated
with depression (34), and depression is a prognostic factor for disability after
surgery for spinal stenosis (35). Other psychosocial factors associated with a poor
post-surgery outcome for patients with LDH are anxiety (36), passive avoidance
coping strategies (37, 38), fear of movement/(re)injury, and negative outcome
expectations (37). In patients with LSS, low pre-surgery European Quality of Life
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(EuroQuol-5D, EQ-5D) predicts more back and leg pain 1-year post-surgery (39).
Patients with LSS have lower job satisfaction and higher perceived stress than
those without LSS (40). These are all important factors to include when making a
decision about intervention, not only due to the risk of a poor outcome, but also to
ensure that the symptoms from which the patient is suffering are targeted. Another
factor is treatment expectation; in patients with non-specific LBP, those with
greater positive expectation gain more benefit from non-surgical treatments (such
as acupuncture, group cognitive behavioural approach, group exercise, and manual
therapy followed by exercise) (41).

Pain
The International Association for the Study of Pain (42), uses the following well-
known definition of pain:

“An unpleasant sensory and emotional experience associated with actual or
potential tissue damage, or described in terms of such damage”.

The definition of pain (42) describes both the biological dimension of
perceiving the pain and the psychological dimension of emotions about the pain,
which influence social functioning. The biological dimension may be any of three
factors: activation of the nociceptive system because of a tissue damage, a warning
signal to avoid tissue damage, or centrally mediated pain without detectable tissue
damage. The biological and psychological perceptions of pain are the output
patterns from the neuromatrix (43). This is the term used to describe the complex
interactions in the pain-regulation system, including extensive areas in the central
nervous system (CNS), such as the somatosensory area, limbic system, thalamus
and cortex. The neuromatrix is dynamic and constantly produces output patterns,
the perception of the body. The input information to the neuromatrix comes from
not only the sensory system but also from cognitive-related brain areas (memories
of earlier experiences, thoughts and anxiety), and from emotion-related brain areas
such as the stress-regulation system and the limbic system (43, 44). The amygdala,
in particular, plays an important role for negative emotions and pain-related
memories, referred to as the fear-memory centre (45). All input information is
modified in the neuromatrix and new output patterns are produced. The output
includes not only the perception of pain (sensory, affective and cognitive
dimensions), but also voluntary and involuntary action programmes and stress-
regulation programmes (Figure 1) (43, 44).

The complexity of the pain system means that broad assessments that cover
all possible aspects that can influence the symptomatology in LBP are required. It
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is generally recommended that the scope of the clinical reasoning process be
widened from a purely biomedical one to one that includes psychosocial
dimensions (8).

INPUT OUTPUT

‘.

NEUROMATRIX

Figure 1 Neuromatrix describs the complex intraction in the pain-regulation system. The input
information comes from the sensory system and also from emotional and cognitive brain areas.
From the input information, new output pattern, our biological and psychological perception of
pain, are constantly produced (43). Picture illustrated by Emma Busk Winquist.

Pain mechanisms

In degenerative lumbar spine disorders, nociceptive pain from non-neural lumbar
structures and neuropathic pain from nerve compression are expected. It is,
however, possible that the pain arises from both peripheral processes (as is the case
for nociceptive, inflammatory and neuropathic pain), and from centrally mediated
pain mechanisms (46). This is particularly a risk, when most patients scheduled
for spinal surgery, have more than three months duration (15). Three month’ pain
duration is defined as ‘persistent pain’, and it is expected that most of the acute
healing process has passed (42). It has been suggested that the risk that the pain
state becomes centrally mediated pain increases after approximately three months.

Nociceptive pain

Nociceptive pain occurs as a consequence of the activation of free nerve endings,
the peripheral terminals of the nociceptors. The nociceptors have a high threshold,
and are one type of primary sensory neuron (47). Typically, the activation is due
to mechanical stimuli, but can also be due to thermal or chemical stimuli (47, 48).
The stimuli activate the nociceptor by changing the membrane-bound transduction,
which causes action potentials to propagate (48). The action potential is conducted
from the peripheral terminal along either thinly myelinated A delta axons, or
unmyelinated C fibre axons to the dorsal root ganglion. The signal then passes to
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the tractus spinothalamicus in the spinal cord to the brain stem, thalamus, and
onwards to the somatosensory cortex. Transmission is the synaptic transfer and
modulation of input between neurons, where the first transmission is from primary
to secondary neurons in the dorsal root ganglion. Perception requires the
discrimination of the location in the somatosensory cortex and cognition in the
prefrontal cortex (47). Evidence of tissue damage in the area in which pain is
experienced is needed to confirm that a nociceptive pain state exists. Further
criteria may be obtained from image report and mechanical pathology or normal
movement causing increased pain are also signs of nociceptive pain (48).

Neuropathic pain

Neuropathic pain is caused by a lesion or disease of the somatosensory nervous
system (42). The radiculopathy experienced in LDH is caused both by mechanical
compression of the nerve and by a chemical process that arises due to the extruded
disc material. Thus, the pain in LDH is from both a neuropathic state and an
inflammatory state (48, 49). Evidence of a sensory nerve lesion, such as LDH or
LSS, must be available from image report to confirm a neuropathic pain state from
the lumbar spine. Further criteria for neuropathic pain state are; the typical
symptoms with sensations of burning, tingling, paresthesias or dysesthesias, and
there may be clinical signs from a nerve tension test, decreased pinprick sensitivity,
increased vibration sense, or mechanical and cold allodynia (48).

Centrally mediated pain

A pain state in which nociceptive, inflammatory and neuropathic pain states can
be ruled out is referred to as ‘centrally mediated pain’ or ‘dysfunctional pain’.
Further criteria are increased excitation and reduced inhibition (48). A centrally
mediated pain is mainly seen as a secondary pain state, where a previous pain
mechanism has been alleviated (48), but can also be present together with
nociceptive and or neuropathic pain state (46).

The pain states described above are all relevant in patients with degenerative
lumbar spine disorders. During the assessment of a patient’s symptoms in the
diagnostic process, it is recommended that the pain mechanisms involved are
analysed in order to improve treatment selection (46, 48). The two most common
reasons of persistent pain in patients at pain clinics are musculoskeletal pain and
post-surgery pain (50), which means that a broad analysis of the pain mechanisms
in patients with degenerative lumbar spine disorders in an early stage is important.

10
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Interventions

As earlier mentioned, the prognosis in LDH is in general good (17), with 73%
improving significantly within 12 weeks (22). The proportion of people with LDH
who undergo surgery is unclear, since many people with sciatica do not seek care,
but about 10% who still have severe pain after 6 weeks consider surgery (17).

The natural history in LSS is not well known, but a working group for LSS
guidelines in the US concluded that in patients with mild to moderate LSS treated
with non-surgical intervention followed for 2-10 years, 20-40% will require
surgery. Further, 50-70% of those who received a non-surgical intervention will
improve in their pain (51). However, only 10% of clinical studies that have
investigated the effect of surgery have included information about the use and
outcome of non-surgical intervention before surgery for LSS (52). It is thus not
clear in such studies whether patients have been given the opportunity to exhaust
non-surgical interventions before deciding to undergo surgery.

It is recommended that non-surgical interventions be exhausted before
deciding to undertake surgery for LSS (10, 51), LDH (9, 10, 20), spondylolisthesis
(53), or DDD (9, 10). Exercise plays a major role in the treatment of chronic LBP
with or without sciatica according to three large recently updated guidelines (9-
11), of which the UK guidelines give exercise the most central role in non-surgical
interventions. All three guidelines also recommend multimodal care that includes
self-management and psychological approaches (12). Information to the patient
about symptoms and treatments plays a major role and patients should be involved
in their care to be able to make informed decisions about their care (9).

Surgery

Surgery can be considered in LDH when non-surgical intervention has not
improved pain and function and imaging reports are consistent with sciatic
symptoms (9). This provided that the patient is interested in having a surgical
intervention if appropriate. In LSS referral for surgical opinion can be considered
if severe pain or limitation in function are still present after a physical and, if
needed, psychological, intervention programme for usually six months, and if the
patient is willing to consider surgery (11).

Assessment for signs of psychological distress, such as somatization and/or
depression, prior to surgery is recommended (20). There is evidence level B (fair
evidence) that patients with signs of psychological distress have worse outcomes,
compared to those without such signs (20). Those with significant psychological
distress should be referred to appropriate intervention before surgery to optimize
outcome after surgery (9, 20).

11
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The effect mechanism in spinal surgery is to remove the pain generator.
Different techniques may be used for surgery of LBP. For LDH, comparison
between standard procedure (micro discectomy or open discectomy) and a newer
procedure (minimally invasive discectomy), showed only small differences, and
further studies are needed to conclude if the newer technique is an adequate
alternative (54). Fusion surgery as a complement to decompression is not
recommended in LSS with or without degenerative spondylolisthesis, due to lack
of superior outcome (9, 55), higher cost, more blood loss and longer surgery time
and a higher complication rate (56), up to 20% (9). In UK guidelines, fusion
surgery and disc replacement are not recommended in LBP (9).

Acute surgery is indicated if serious pathology is present. This concerns
mainly cauda equina symptoms and myelopathy (can be presentat L1 in the lumbar
spine), but there can also be other indications such as high pain intensity (20, 51).

Surgery leads to larger short-term benefits in reducing pain and disability in
both LDH and LSS compared to non-surgical intervention (57). While for the long-
term the results are similar for surgical- and non-surgical intervention in LDH (57),
which is in line with earlier results for 1-year (21, 58) and 2-year follow-ups (21,
57). In LSS there are contradictory results for long-term outcome, whereas
surgical- and non-surgical intervention have shown similar effects in function at
2-year follow-up (59), while another study showed superior effect for surgery at
2-year follow-up (57). At 1-year follow-up, most patients with LDH and LSS are
satisfied with the surgery results, but 22% of those with LDH are doubtful or
dissatisfied with the result and the numbers for those with central and lateral LSS
are 33 %, and 39 %, respectively (15).

Recurrent LDH at the same level within the first year after surgery was 12%
in a study of 141 participants (60). However, the recurrence rate varies, in a review
recurrent LDH ranged from 0%-23% and resurgery ranged from 0% to 13% within
2 years after surgery (61). The same review also reported recurrent LBP to be 3%-
34% in the same time frame (61). Comparing resurgery for recurrent LDH and first
time surgery, the resurgery group had poorer results in pain and function, and a
lower number of satisfied patients (62).

LSS is the most common reason for lumbar spine surgery (15, 26). In Sweden,
LSS is the most common reason for spinal surgery, representing 52% of the
patients having surgery for degenerative lumbar spine disorders registered in the
Swedish spine register (15). Second most common reason is LDH (28%), followed
by DDD 8%, spondylolisthesis 4%, and other diagnosis 8% (15). There is a large
variation in performed interventions in different regions in the US and differences
depending on gender, where women receive more often non-surgical treatment and
men more often fusion procedures (63).

12



Background

Pre-surgery physiotherapy

‘Prehabilitation’ is the term used to describe augmenting functional capacity
before surgery (64), and this process may have a beneficial effect on outcome after
surgery (65). Pre-surgery physiotherapy is part of prehabilitation when only
physiotherapy interventions are used. Few studies have evaluated prehabilitation
before spinal surgery (66-69). Three studies evaluated an education intervention
(66, 68, 69), while a fourth study evaluated an intervention package including a
pre and post-surgery exercise-programme together with other components (67).
The interventions of these four studies are reviewed below, to summarize current
knowledge about prehabilitation in spinal surgery.

Pain biology education with a cognitive behavioural approach

Louw et al. (66) evaluated a pain education intervention that included a visit to a
physiotherapist and information in printed form, in patients with radiculopathy due
to LDH. The mean age of the participants was 50 years, and they had experienced
pain for less than 90 days. The pain education did not improve function, nor reduce
back or leg pain compared to the control group, but gave long-term effects:
healthcare consumption 1 year and 3 years post-surgery was lower (66, 70). The
pain education was developed by Butler and Moseley and is well-known as
“Explain Pain”. It has had positive effects in patients with chronic low back pain
(CLBP) (71). The aim of the intervention is to reduce the fear of LBP, by
reconceptualising the patients’ thoughts, feelings and actions about their pain state
through knowledge of pain biology (71). Patho-anatomical models are used in
traditional biomedicine pain education, but these are not used in “Explain Pain”,
due to the criticism that their use can increase avoidance behaviour (71, 72).
“Explain Pain” has been adapted to a prehabilitation intervention for patients with
radicular pain (66), and now goes under the name neuroscience education (NE).
NE contains information about the grounds on which the decision to undergo
surgery can be made, the neurophysiology, peripheral nerve sensitisation, spinal
inhibition and facilitation, post-surgery recovery, and the scientific evidence that
NE is beneficial. The opportunity is given to send written questions to the surgeon
(66). NE explains that any persistent pain experienced after surgery is probably
due to increased sensitivity of the nervous system, and not to persistent tissue
pathology. Further, the material explains that the sensitive nervous system needs
exercise to become less sensitive (66).

NE is an intervention based on cognitive behavioural therapy (CBT) the
specific treatment mechanism of which is to change attitudes towards adopting a
self-management approach to the problem (73). This specific treatment mechanism
is supplemented by general treatment mechanisms that include patients’ evaluation
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of quality of the working alliance, and patients’ expectations of benefits. Both the
specific and the general treatment mechanisms have been evaluated in CBT for
chronic pain. The treatment mechanisms change significantly early in the
treatment process, and are related to changes in outcomes later in the treatment
process (73). The findings have led to the suggestion that greater emphasis should
be placed on the treatment mechanisms to improve outcomes (73). The change in
attitudes towards more self-management observed by Louw et al. (66) may be the
treatment mechanism of NE that leads to a lower need for healthcare.

A multidisciplinary cognitive behavioural therapy intervention

Rolving et al. (69) evaluated a multidisciplinary CBT intervention in patients with
spondylolisthesis (grade 1-2) or DDD. The intervention consisted six 3-hour
group-visits, four before and two after surgery. The topics covered in the
intervention were; the interaction between cognition and pain perception, coping,
pacing, ergonomics, return to work and information about the surgical procedure.
Values of Oswestry Disability Index (ODI) were significantly better in the
intervention group (n = 59, mean age 51 years) than in the control group (n = 31,
mean age 48 years) at the 3-month follow-up, but the difference became smaller at
6 and 12-month follow-up. There were no differences between the groups in pain
on Visual Analogue Scale (VAS), Fear Avoidance Belief Questionnaire in
Physical Activity (FABQ-PA) or on Coping Strategies Questionnaire-
catastrophizing subscale. The results for the psychological variables were
described as “surprising”, since the intervention had targeted those aspects. The
return to work rate was low, 42%, at the 1-year follow-up, and did not differ
between the groups. The results suggest that intervention for patients with
spondylolisthesis (grade 1-2) or DDD needs to be improved (69).

A feedback session of the pre-surgery information

Kesanen et al. (68) evaluated a feedback session that was based on a knowledge
test, after the routine pre-surgery information for patients who were to undergo
surgery for LSS (n = 100). The feedback session aim was to support the
participants” empowerment. The knowledge test about the pre-surgery information
covered the following domains: bio-physiology (e.g. aetiology, symptoms,
treatment, and complications), function (e.g. mobility, rehabilitation, rest, and
nutrition), social aspects (patient unions, family, and work), experiential aspects
(emotions, attitudes), ethics (patient rights, participation in decision-making and
confidentiality), and financial considerations (costs and social benefits). The
intervention group (mean age 62 years) had lower anxiety pre-surgery than the
control group (mean age 63 years), but the patient-reported outcome measures
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(PROMs) values for the two groups after surgery did not differ. This led to
suggestion that post-surgery rehabilitation be added, and the patient education be
repeated based on patients’ needs, in the attempted to improve the post-surgery
outcome by decreasing anxiety (68). The effect of negative thoughts about pain
was studied in an experimental visceral pain test showing that nocebo effects
contribute to central pain amplification. This effect may play a role in the transition
from acute to chronic pain and the maintenance of chronic symptoms (74). The
results show how important it is to decrease negative thoughts before an
intervention.

Additional pre-surgery information in a prehabilitation and early
rehabilitation programme

Nielsen et al. (67) evaluated a prehabilitation and early rehabilitation intervention
in patients with degenerative lumbar spine disorders with radiating leg pain (n =
73). The intervention-package included: education, exercise, protein drinks, self-
monitored analgesic use, and early post-surgery rehabilitation (67). The
intervention content was chosen from interventions that had improved post-
surgery outcomes in other surgery than spinal surgery (75). A review of
multimodal strategies to improve surgical outcome concluded that understanding
pathophysiology and the clinical reasoning for interventions reduces stress about
surgery, which increases the pace of rehabilitation and increases satisfaction and
safety (75). The education component comprised an additional visit to receive
information about surgery, post-surgery mobilisation and rehabilitation. The
intervention group (mean age 48 years) experienced less LBP after surgery, faster
recovery and shorter hospital stay than the control group (mean age 52 years).
More patients were “Very satisfied” with the overall treatment than in the waiting
list group. The groups did not differ in any measure at the 3 or 6-month follow-up
(67). The exercise programme used is described in the next paragraph.

Exercise programme in a prehabilitation and early rehabilitation programme

Nielsen et al. (67) used an individualized exercise programme of duration 30
minutes, to be performed every day for 6-8 weeks at home before surgery for the
intervention group. The programme focused on an increase in the strength of trunk
muscles and cardiovascular conditioning, and was supervised twice by a
physiotherapist. Post-surgery the intervention group had two 30 minutes
mobilisation and exercise sessions instead of one during the hospital stay. There
were similar exercises pre- and post-surgery, without further description of type of
exercises, number of exercises or repetitions per exercises (67). The
recommendation for development and maintaining cardiorespiratory, muscular
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fitness, and flexibility in healthy adults one set of 8-12 repetitions or 10-15
repetitions for older and more frail persons, for 8-10 exercises (76). Exercise is a
type of physical activity consisting of repetitive, planned and structured bodily
movement to maintain or improve components of physical fitness (77).

There is a lack of studies about effects and effect mechanisms in patients with
degenerative lumbar spine disorders. Exercise has many possible effects on
different dimensions of the biopsychosocial model. There are both peripheral
effects, in patients with LBP in the lumbar spine, and as well as central effects
(46). Some effects and potential effect mechanisms are described here.

Exercise has an immediate pain decreasing effect (hypoalgesia) measured by
pain intensity and pain thresholds before and after one intervention in healthy
participants. This exercise-induced hypoalgesia is present in dynamic resistance
exercise with a large hypoalgesic effect size and aerobic exercise and isometric
exercise have moderate effect sizes (78). Aerobic exercise performed by stationary
cycling in 25 minutes at 70% and 50% of heart rate respectively, both had a
hypoalgesic effect (79), and larger effect in the higher intensity (79, 80). In
participants with chronic pain the effect size for exercise-induced hypoalgesia is
varying, possibly depending on type of medical condition and the intensity of the
exercise (78). The findings make assessment of pain state essential (46), to
optimise the intervention, as described earlier.

The effect mechanism for exercise-induced hypoalgesia is complex, unclear,
and mostly studies on animals (80). One potential pain neurophysiological
explanation is that exercise activate the endogenous opioids system, which reduces
pain sensitivity (79). Further, the cardiovascular system is effected by exercise,
whereof one potential effect mechanism is that the change in blood pressure during
exercise activates the endogenous opioid system (80). The exercise influences on
group Il and VI muscle afferents, has been explained to increases pain thresholds.
Another described effect mechanism is that exercise influences the nonopioid pain
inhibitory system and endocannabinoids reduce the pain sensation (81). The
feeling of well-being in long-distance running known as “runners high” might
potentially depend on this effect mechanism (81).

In radicular pain, there is low quality evidence that exercise give small
improvements in pain and function compared to usual care or no exercise, which
was concluded in US guidelines from studies in outpatient clinics (10). In patients
with LSS, being surgical candidates and randomized to either surgery or
physiotherapy with exercise and information had similar effect in function,
neurogenic symptom scale and treatment expectations at 10 weeks, 26 weeks, 1
and 2 years (59). There were no further analysis of possible effect mechanisms.
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There is moderate evidence that fear avoidance exercise, which emphasises
that exposure is more effective than graded activity in the reduction of fear
avoidance, pain and disability in patients with CLBP (72). Anxiety and memories
of painful movements have negative impact on thoughts, feeling and actions in
neuromatrix (44). Targeting fear avoidance, the maladaptive behaviour, improve
pain and disability.

In people with mild to moderate depression, exercise has comparable effects
as antidepressant medication and psychotherapy, and in severe depression,
exercise is presented as a useful complement to medication and psychotherapy
(82). Exercise has effect on depression, in younger people reduced depression
symptoms were seen 10 and 30 minutes after a single 30 minutes cycling session.
The reduction in depression symptoms was the same independent of light,
moderate or hard exercise intensity measured by the Borg scale (83), rating “11”,
“13” or “15” (84). In older people, a greater amount of physical activity was
associated with reduced depression symptoms (85). In the psychosocial dimension,
starting to exercise is a behavioural change, which can reduce depression and
negative thoughts. Exercise can have a beneficial social effect by planning the
visit, travel to the gym and meeting other people at the gym.

Summary of the prehabilitation studies

To summarise: education, exercise and a behavioural approach have been
evaluated in the four studies of prehabilitation interventions in spinal surgery. The
choice of interventions in the prehabilitation studies is in line with guidelines for
LBP (9-11). There is strong evidence (level A) that exercise intervention is
effective in improving pain, function and return to work in patients with CLBP
(86) and have a key role in recently updated guidelines including LBP with sciatica
(9-11). The study by Nielsen et al. (67), however, is the first time an exercise
intervention has been used in prehabilitation before spinal surgery.

Aspects of how to study low back pain

LBP is multifactorial and it is necessary to evaluate different perspectives. There
are, internationally recommended PROM s for function, pain, and health (87). This
provides a thorough biopsychosocial description of the patient cohort and the
possibility to compare studies.

Apart from PROMs, pain can be evaluated in different ways. Various tests of
somatosensory function can be used to understand the pain mechanisms involved.
In the assessment of patients with degenerative lumbar spine disorders, bedside
neurological tests are standard. Pain can also be investigated more specifically.
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One alternative is to analyse the somatosensory function of pain by quantitative
sensory testing (QST) (88), and this may also contribute to an understanding of the
pain mechanisms involved (88). Detection thresholds, pain thresholds, and pain
summation among other test for pain sensitivity can be measured by QST (89).
Furthermore, QST can detect any gain of sensory function that occurs, in the form
of lowered sensory thresholds (in, for example, patients with hyperesthesia and
hyperalgesia), and a loss of sensory function (in, for example, patients with
hypoesthesia and hypoalgesia) (89, 90). Lowered pain thresholds in QST indicate
central hyperexcitability (91). This alteration in sensory thresholds can be either
localized or widespread, and may be present in non-affected body regions (92).

Another perspective to increase knowledge about LBP is to explore people’s
perspectives and experiences. In inquiries about patients perspectives of an
intervention or how a model of care effects patients qualitative research can
contribute to new knowledge and understanding (93). The use of broad open
guestions makes it possible to explore and catch the expected variety of
experiences of LBP (93, 94). Qualitative findings therefore can be useful to feed
in aspects for further development of health care processes.
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Rationale of the thesis

Clinical guidelines recommend that non-surgical intervention to be exhausted
before making a decision to undergo spinal-surgery in patients with degenerative
lumbar spine disorders. However, there is lack of information to what extend the
non-surgical intervention is used and lack of information about the content in non-
surgical interventions. Most of the patients with LDH, LSS, spondylolisthesis or
DDD improve after surgery, but 22-39% are doubtful about or dissatisfied with
the results at the 1-year follow-up (15). Pre-surgery physiotherapy can contribute
to determine which treatment options are appropriate, and may support the positive
effects of surgery. Few studies, however, have evaluated the effects of pre-surgery
physiotherapy.

Pre-surgery intervention is a new setting for physiotherapy, and it is for this
reason of interest to add a description of patients’ experiences to the traditionally
used quantitative PROMs. Explorative qualitative interviews can provide new
insights and deeper understanding of patient experiences and needs, and may
provide information that is needed for the further development of care for this
patient group.

A majority of the patients scheduled for spinal surgery have experienced pain
for more than 3 months. Persistent pain results from a complex interplay of many
factors. Maladaptive neuroplastic changes in the central nervous system can be
influenced by orthopaedic structural pathology, biochemical and psychosocial
factors (95). Such changes can result in increased pain sensitivity, alteration of
somatosensory processes that reduce pain thresholds, or a wider distribution of
pain (95). It has been suggested that QST of somatosensory function can contribute
to the understanding of pain mechanisms involved (88). Few studies exist, and
further knowledge is needed. This reinforces the need for prospective studies that
will enable us to study how different pre-surgery pain mechanisms can influence
the results of surgery and address the possible need for the additional treatment of
pain in conjunction with surgery. Knowledge about pain mechanisms may be
important in the development of a stratified treatment process.
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AIMS OF THE THESIS

Overall aim

The overall aim of the thesis is to study pre-surgery physiotherapy, and
somatosensory function in patients with degenerative lumbar spine disorders, and
to explore patients’ experiences of pre-surgery physiotherapy.

Specific aims

To describe somatosensory profiles in patients with degenerative lumbar spine
disorders, to identify the proportion with altered somatosensory profile, and to
analyze demographic characteristics, self-reported function, pain, and health pre-
and 3 months post-surgery. Paper |

To investigate the association between pain sensitivity in the hand, as a sign of
widespread pain pre-surgery, and patient-reported outcomes in function, pain and
health pre- and post-surgery in patients with lumbar disc herniation or lumbar
spinal stenosis. Paper 11 and additional analysis with data from PROMs at 1-year
follow-up

To study if pre-surgery physiotherapy improves function, pain, and health in
patients with degenerative lumbar spine disorders scheduled for surgery. Paper Il

To describe patients’ experiences of how symptoms are explained, and their
experiences of the influences on back-related health after pre-surgery
physiotherapy. Paper IV
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METHODS

Design
This thesis is based on three studies the results of which were presented in four
papers. Table 1 and Figure 2 show an overview of the studies.

Table 1 Overview of the designs, data collection, number of participants and data analysis in the
three studies described in the thesis.

Study A B C
Design Paper | Paper Il Paper Il Paper IV
Cross-sectional ~ Cross-sectional Randomized Explorative
and prospective  and prospective controlled trial qualitative design
design design
Data collection QST; somato- QST; pain PROMSs; before ~ Semi-structured
sensory profile sensitivity in hand  and after pre- interviews after
PROMs; before  PROMSs; before, 3  surgery pre-surgery
and 3 months months and 1 intervention, 3 physiotherapy
post-surgery year* post-surgery months and 1
year post-surgery
Time for September 2013 to December 2014 October 2012to  June 2014 to
inclusion March 2015 February 2015
Participants Patients with Patients with LDH  Patients with Patients who
degenerative or LSS scheduled degenerative participated in at
lumbar spine for spinal surgery  lumbar spine least 12
disorders disorders physiotherapy
scheduled for scheduled for sessions in study
spinal surgery spinal surgery B
Number of 105 82 197 18
participants (55 women) LDH 29 (15 women) (105 women) (10 women)
LSS 53 (27women)
Data analysis  Unpaired and Linear regression  Two-way analysis Qualitative
paired tests of covariance and content analysis
Z-transformation repeated
measures
Multiple
imputation

QST, Quantitative sensory testing; PROMs, Patient-reported outcome measures; LDH, lumbar disc
herniation; LSS, lumbar spinal stenosis. * additional analysis with data from PROM s at 1-year follow-up
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Study A: A cross-sectional and prospective study analysing somatosensory
function measured with QST. Papers I, Il and additional analysis with data from
PROMs at I-year follow-up post-surgery.

Study B: A randomized controlled trial evaluating pre-surgery physiotherapy.
Paper I11. A trial protocol was registered on ClinicalTrials.gov (NCT02454400)
and published in BMC Musculoskeletal Disorders (96). The study is named
“PREPARE”.

Study C: An explorative qualitative interview study, with data from patients’
participated in pre-surgery physiotherapy in study B. Paper IV.

A: Cross-sectional & prospective study B: Randomized controlled trial

Treatment Treatment | _
Ortopedic g based Pre-surgery physlotherapy o .% § gg..‘-.
SUrgeon & claself- group 3w classifi- ]
assessment | | = cation + cation + g5 =
+schedule F_- clinical Waiting list group 9w clinical B E 2
for surgery | |8 |fasts tests ER
Interview 1 Interview 2
[l l 1 } } L
Before pre-surgery After pre-surgery yr 2 ,:,s Ttime
intervention intervention

i

Figure 2 Flow chart of the three studies. All data from the three studies are not presented in the
thesis. Quantitative sensory testing (QST).

Participants

Inclusion

The inclusion criteria used in studies A and B were: patients aged 25-80 years
scheduled for surgery for degenerative lumbar spine disorders; the presence of
LBP or leg pain caused by LDH, LSS, spondylolisthesis (grades 1-2), or DDD; a
diagnosis confirmed by magnetic resonance imaging; a pain level sufficiently high
to indicate surgical intervention; and fluency in Swedish. Exclusion criteria were
a need of acute surgery or resurgery on the same level; severe spinal pathology
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(such as osteoporosis or a spine problem treated by fusion at 4 or more levels); or
other severe diagnoses.

The participants in study C were included from study B with one additional
inclusion criterion; having participated in at least 12 physiotherapy sessions.

Study A

In study A, 105 participants were included, 61 (58%) of whom were recruited from
study B (Figure 3). It was intended that patients with LDH be included, and 18
(41%) of the newly recruited 44 participants (42%) had LDH, while 12 (20%) of
the 61 participants recruited from study B had LDH.

The mean age was 60 (SD 13) years and 55 (52%) were women. The
population included LSS (n = 61; 58%), LDH (n = 30; 29%), DDD (n = 8; 8%),
and spondylolysis/spondylolisthesis (n = 6; 6%) (Table 2). Patients with LSS were
significantly older (68 + 8 years) than patients with LDH (48 + 11 years; P <
0.001). A pain duration greater than 2 years was reported by 55 patients (52%) and
was significantly more common among patients with LSS compared to patients
with LDH (P = 0.003). In study A, 17 eligible patients declined to participate, due
to the need for additional visits to the hospital.

In the results presented in paper I, all 105 participants are included. In the
results presented in paper Il and in an additional analysis with data from PROMs
at 1-year follow-up, the 82 participants with the diagnoses LSS (n = 53) and LDH
(n = 29) were included with all data for the PROMs, 47 (57%) of whom had been
recruited from study B. There were no significant differences between these two
different diagnosis populations in gender distribution or in the pre-surgery and
post-surgery PROMs.

25



Study B

Methods

Randomized control trial
The PREPARE study

Study A (@=197)
Cross sectional- and prospective study
(n=10%5)
44 61

136

Figure 3 Overview of design and number of participants in studies A and B.

Table 2 Characteristics and patient-reported outcomes measures for participants in study A.

Characteristics n=1052
Age, mean (SD) 60 (13)
Women, n (%) 55 (52)
Pain duration back/leg > 2 years, n (%) 55 (52)
ODI, mean (SD) 38 (16)
VAS back pain, mean (SD) 54 (26)
VAS leg pain, mean (SD) 61 (25)
EQ-5D, mean (SD) 0.42 (0.3)
EQ-VAS, mean (SD) 50 (22)
SF-36 PCS, mean (SD) 29 (9.1)
SF-36 MCS, mean (SD) 46 (12)
FABQ-PA, mean (SD) 15 (6.0)
HADS anxiety, mean (SD) 6.0 (3.8)
HADS depression, mean (SD) 4.7 (3.3)
SES, mean (SD) 130 (41)
Pain drawing n (%):

Back and/or unilateral leg pain 41 (40)

Bilateral leg pain 43 (42)

Back- leg pain and other pain locations 19 (18)

SD, standard deviation; ODI, Oswestry Disability Index (0-100) (higher score indicate higher disability); VAS,
Visual Analogue Scale (0 - 100) (higher score indicate higher pain intensity); EQ-5D (- 0.594 - 1) and EQ-
VAS, EuroQol (higher score indicate better health); HADS, Hospital Anxiety and Depression scale (0 - 21)
(higher score indicate more signs of anxiety and depression); SES, Self-Efficacy Scale (0-200) ( higher score
indicate better self-efficacy); SF-36 PCS and MCS, Short Form-36 Health related quality of life, Physical and
Mental Component Summery score (0 - 100) (higher score indicate better health); FABQ-PA, Fear Avoidance
Beliefs Questionnaire — physical activity (0 - 24) (higher score indicates higher level of fear avoidance beliefs.

Maximum missing data: n = 11
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Study B

In study B, 197 participants were included, and assigned to one of two groups by
block randomization. For each randomization block, sealed opaque envelopes
were prepared with a 1:1 ratio of allocation to the two groups. After baseline
measurement, an independent physiotherapist informed the patient the group to
which he or she had been allocated. The physiotherapists who performed the
physical examination were blinded to the randomization, whereas patients and the
treating physiotherapist were not. Of the 197 participants, 105 were women, and
the mean (SD) age in the cohort was 59 (12) years. One hundred and nineteen
(66%) of the participants had had back and/or leg pain for longer than 1 year.
Ninety-eight (54%) had experienced back or leg pain for longer than 2 years. The
activity level was reported to be inactive or mildly active for 63 of the participants
(34%) at inclusion (Table 3).

In the preceding 12 months, 115 patients (58%) had visited a physiotherapist
or other caregiver at least once, 48 (42%) of whom reported that their condition
improved, 52 (46%) unchanged, and 14 (12%) worsened.

The flowchart in Figure 4 depicts inclusion, the numbers who received the
intervention to which they had been allocated, and the loss of PROMSs
guestionnaires. Forty-five participants who were assessed to be eligible chose not
to participate. Twenty-four of these participants gave their reason for not
participating, while for 21 participants the reason is unknown. The participants
were assigned at random to either the physiotherapy group (n = 99) or the waiting-
list group (n = 98) (Figure 4). The only significant difference between the baseline
characteristics of the groups was that the score on Short Form-36 Health related
quality of life Physical Component Summary scores (SF-36 PCS) was lower in the pre-
surgery physiotherapy group (Table 4). One hundred and sixty-eight patients
completed the questionnaire after the pre-surgery intervention. The characteristics
of patients who dropped out differed from those who remained only in one
characteristic: a larger proportion of patients in the dropout group had LDH, n =
13 (45%), than in the remaining group, n = 27 (16%), (P = 0.002). There were no
significant differences between the groups in the type of surgery carried out. The
physiotherapy intervention was carried out at one of eleven physiotherapy clinics
in the County Council, close to the participant’s home.
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Table 3 Characteristics for participants in study B, the randomized controlled trial (n = 197).

Characteristics

Age, mean (SD) 59 (12)
Gender, women n (%) 105 (53)
Pain duration back/leg pain >2 year, n (%) total=181 98 (54)
Cigarette smoker, n (%) 18 (9)
Prior lumbar spine surgery, not for the same segment, n (%)
1 19 (10)
Two or more (number of surgeries 2-5) 13 (7)
Employment situation, n (%) n=191
Currently working 64 (34)
Unemployed 1 (0
Retired 82 (43)
Sick leave and/or retired due to health problems 43 (22)
Physical activity in the preceding 12 months, n (%) n=193
Inactive 28 (14)
Mildly active 35 (18)
Walking 88 (46)
Moderately active 37 (19)
Very active 5 3
Diagnosis, n (%)
Lumbar spinal stenosis 129 (65)
Lumbar disc herniation 40 (20)
Spondylolisthesis 15 (8)
Degenerative disc disease 13 (1)

Table 4 Mean (SD) of patient-reported outcome measures at baseline for participants in study

B, allocated to the physiotherapy- and the waiting-list group.

Physiotherapy (n = 99) Waiting-list (n = 98)

Mean (SD) Mean (SD) P-value
oDl 38 (23) 40 (13) 0.155
VAS back pain 56 (24) 60 (22) 0.264
VAS leg pain 65 (22) 64 (20) 0.670
EQ-5D index 0.371 (0.3) 0.356 (0.3) 0.720
EQ VAS 51 (18) 48 (20) 0.280
SF-36 PCS 30 (7) 27 ) 0.012
SF-36 MCS 45 (23) 44 (13) 0.520
FABQ-PA 16 (6) 16 (5) 0.993
HADS anxiety 5 4) 7 4) 0.668
HADS depression 4 3) 4 3) 0.955
SES 134 (38) 127 (31 0.142

Bold text p<0.05

SD, Standard deviation; ODI, Oswestry Disability Index (0-100) (higher score indicates higher disability);
VAS, Visual Analog Scale (0-100) (higher score indicates higher pain intensity); EQ-5D, EuroQol (—0.594
to 1) (higher score indicates better health); SF-36 PCS and MCS, Short Form-36 Health related quality of
life Physical and Mental health Component Summary scores (0-100) (higher score indicate better health);
FABQ-PA, Fear-Avoidance Beliefs Physical Activity (0-24) (higher score indicates more signs of fear-
avoidance); HADS, Hospital Anxiety and Depression Scale (0-21) (higher score indicates more signs of
anxiety or depression); SES, Self-Efficacy Scale (0-200) (higher score indicates better self-efficacy). Data

with imputation.
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Assessed for eligibility (n = 242)

Excluded (n =45)
In physiotherapy. exercising (n = 3)
*| Busy: work (n= 6)
Difficulties to travel (n=12)
v Health reasons (n = 3)

Economy (n=2)
Randomized (n=197) || Reason unknown (n=21)
l Allocation i

€ J
Allocated to physiotherapy group (n = 99) Allocated to waiting-list group (n = 98)
Administrative loss in part of the PROMs (n =9) Administrative loss in part of the PROMs (n =5)
Received allocated intervention 1-18 sessions (n = 85)
Did not receive allocated intervention, 0 session
(n=14)
Received allocated intervention = 12 sessions (n = 56)

Did not receive allocated intervention = 12 sessions (n

=43)
l | Follow-up } h 4
After pre-surgery infervention After pre-surgery intervention
Loss of questionnaire (n=19) Loss of questionnaire (1 =9)
3 months post-surgery 3 months post-surgery
Loss of questionnaire (n=8) Loss of questionnaire (n=7)
12 months post-surgery 12 months post-surgery
Loss of questionnaire (n = 10) Loss of questionnaire (n=4)
l Analysis i
Analysed (n=99) Analysed (n = 98)

Figure 4 The CONSORT flow chart for study B, the randomized trial.

Study C

In total, 56 of the participants in study B had participated in at least 12
physiotherapy sessions and 18 of those were included in study C. Consecutive
sampling was used and this gave sufficient variation in age, gender and whether
the informant lived nearby or far from the physiotherapy clinic. No further
purposeful sampling was needed. Our intention was to include at least 15
informants. Inclusion stopped when interviews from the most recently added three
participants did not provide new information.

The participants had a median (range) age of 65 (49-74) years, and 10 of the 18
participants were women. Table 5 presents the characteristics of the participants.
All 18 who were invited agreed to participate.
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Table 5 Characteristics of participants in study C, the qualitative interview study (n = 18). The
median (range) age was 65 (49 — 74).

Characteristics n
Gender, women 10
Cigarette smoker 0
Did not have surgery 4
Prior lumbar spine surgery, not for the same segment

1 surgery

2 surgeries 1
Employment situation

Currently working 6

Retired 10

Sick leave and/or retired due to health problems 2
Diagnosis

Lumbar spinal stenosis 15

Lumbar disc herniation 2

Spondylolisthesis 1
Pain duration back/leg pain > 2 year 8

ODI*
Minimal disability
Moderate disability
Severe disability
PGIC** after pre-surgery physiotherapy
Very much better
Much better
Slightly better
Unchanged
Slightly worse
Much worse
Very much worse
*ODI = Oswestry Disability Index 0-20% = minimal, 21-40% = moderate, 41-60% = severe disability,
61-80% = crippled, 81-100% bed-bound/exaggerating the symptoms (97).
**PGIC = Patient Global Impression of Change (98).
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Ethical considerations

The three studies received ethical approval from the Regional Ethics Review
Board in Linkdping before patients were included. Informed content was obtained
from participants in studies A-C before data collection with QST or PROMSs took
place, and before the interviews were held. In study A, when measuring pain and
detection thresholds patients were informed before measurements were made that
the measurement process would be stopped immediately when the patient
perceived the sensation as painful. There are no known risks associated with the
measurements or interventions in the studies. Use of patients’ time was also
considered. In study A, the QST measurements before surgery were performed in
conjunction with the standard appointment with the orthopaedic surgeon,
anaesthetist, occupational therapist and physiotherapist before surgery. The same
physiotherapist then performed the standard follow-up at 4 or 6 weeks post-
surgery. The QST measurements at 3 months post-surgery were booked at an extra
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appointment, but with the same physiotherapist. Some patients wrote questions
about their care when answering the PROMs, and these patients were contacted.
Some patients had high scores on the depression and/or anxiety scales in the
PROMSs, and these patients were offered assistance to obtain adequate care.

Data collection

The data collection for the work described in papers | and Il involved QST
measurements and the completion by participants of PROMs, for paper Il only
PROMs (Table 6), and in paper IV interviews and PROMs for ODI before the pre-
surgery physiotherapy, and completion of Patient Global Impression of Change
(PGIC) after it.

Table 6 Data collection for work described in papers I-1V
Paper | Paper Il Paper Il Paper IV

QST measurements
Cold Detection Threshold (CDT) Xa
Warmth Detection Threshold (WDT) Xa
Cold Pain Threshold (CPT) Xa Xe
Heat pain threshold (HPT) Xa Xe
Pressure Pain Threshold (PPT) XP X
PROMs
ODI
VAS back pain
VAS leg pain
Pain drawing
EQ-5D index
EQ-VAS
SF-36 PCS
SF-36 MCS
FABQ-PA
HADS anxiety
HADS depression
SES
PGIC
Physical activity X X
Semi-structured interviews X
aSeven body regions: Lower back, thighs and lower legs bilaterally and hand; thenar eminence muscle, and
thoracic spine. °Five body regions: Thighs and lower legs bilaterally and hand; thenar eminence muscle,
and thoracic spine. °One body region: hand; thenar eminence muscle. Body regions are described in detail
in paper I.
ODI, Oswestry Disability Index (0-100) (higher score indicates higher disability); VAS, Visual Analogue
Scale (0-100) (higher score indicates higher pain intensity); EQ-5D, EuroQol (-0.594 to 1) (higher score
indicates better health); SF-36 PCS and MCS, Short Form-36 Health-related quality of life, Physical and
Mental Health Component Summary scores (0-100) (higher score indicates better health); FABQ-PA, Fear-
Avoidance Beliefs Physical Activity (0-24) (higher score indicates more signs of fear avoidance); HADS,
Hospital Anxiety and Depression Scale (0-21) (higher score indicates more signs of anxiety or depression);
SES, Self-Efficacy Scale (0-200) (higher score indicates better self-efficacy); PGIC, Patient Global
Impression of Change. Physical activity during the preceding 12 months was measured by a question with
five answer options; Inactive, Mildly active, Walking, Moderately active, Very active (99)

x X

XX XXX

XXX XX XXX XX

X
X
X

X

XXXXXXX XXX XXX
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Quantitative Sensory Testing

In study A, a somatosensory profile investigation included the following QST
measurements: cold detection threshold (CDT), warmth detection threshold
(WDT), cold pain threshold (CPT), heat pain threshold (HPT), and pressure pain
threshold (PPT). The QST measurements were carried out one to two weeks prior
to surgery by a single investigator, a physiotherapist who was working at the spine
clinic. A standardized QST protocol was used with the following procedure (100,
101). The patients were comfortably seated or lying down in a quiet room with an
air temperature of 22 °C. At the start of testing, patients were asked to use a VAS
(102) to rate the average pain intensity in their back and legs during the preceding
two weeks, and their current pain intensity at rest. The patient’s more symptomatic
side in the back or leg was also registered. The patients reported whether they had
been able to refrain from using any strong analgesics during the 24 hours prior to
QST, as had been recommended. In cases of analgesic use, the name of the
analgesic and the dosage taken were recorded. Each test was initially performed
on the non-dominant hand, with the purpose of familiarizing the patient with the
QST protocol. These tests were not included in the analysis. The thermal sensory
measurements were then performed, and finally the PPT measurements.

Thermal measurements

QST assesses the function of several types of nerve fibres: small myelinated A-
delta fibres that conduct cold sensations and deep pain sensitivity; small
unmyelinated C-fibres that conduct warmth, heat pain sensations and deep pain
sensitivity (90); and large A-beta fibres that detect light touch (89). CDT and
WDT, and subsequently CPT and HPT, were measured using a thermic stimulator
(Somedic, Horby, Sweden) (Figures 5), with a thermode containing a Peltier
element with a stimulating area of 25 x 50 mm. The reproducibilities of
measurements of CDT, WDT, CPT, and HPT are high in healthy subjects in
repeated testing in the short term (1 week), when detection thresholds are tested
before the pain thresholds (103). The reliabilities of pain threshold measurements
(CPT, HPT and PPT) are good to excellent for repeated testing in the long-term (4
months) (104). The repeatability is acceptable in patients with sciatica (105).

The thermode was held on the test site during the thermal measurements. The
baseline temperature on the thermode was 32 °C, and the temperature was
decreased or increased at a rate of 1 °C/s over a range of 10-50 °C. The patients
were instructed to push a stop button during the measurement of CDT and WDT
when they first perceived a decrease in temperature or an increase in temperature,
respectively. For CPT or HPT measurements, patients were instructed to push the
stop button when the cold or heat sensation, respectively, was first perceived as
painful (100, 101). Thermal measurements were performed on the following seven
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body regions: lower back (2 cm lateral of the spinal column on the painful side),
thighs (lower part of the quadriceps muscle, 7-10 cm (depending on the width of
the participant’s hand) above the patella upper border, bilaterally), and lower legs
(upper part of the tibialis anterior muscle, 7-10 cm below the patella lower border,
bilaterally), and two body regions that are not affected by degenerative lumbar
spine disorders: hand (thenar eminence muscle on the dominant hand), and upper
back (on the lower thoracic spine, T 10-12, contralateral to the lower back region
measured). The two non-affected body regions were added to detect whether the
patient had generalized alteration in sensory profile. Each thermal measurement
was repeated five times, and the mean value was calculated for each patient.

Figure 5 Measurement using the thermic stimulator on lower thoracic area.

Algometer measurements

PPT was measured using a handheld electronic pressure algometer (Somedic,
Horby, Sweden) (Figure 6) with a probe of diameter 1 cm. The pressure algometer
has good reliability (106, 107) and validity (106).

The patient was instructed to state when the pressure started to become painful, at
which point the applied pressure was released (100, 101). Pressure was applied at
a rate of 30 kPa/s up to a maximal pressure of 700 kPa. PPT was measured once at
each of five body regions, which included the same body regions used for thermal
measurements, excluding the two spinal regions.
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Figure 6 The handheld electronic pressure algometer (Somedic, Horby, Sweden).

Patient-reported outcome measures

The participants in studies A and B completed the questionnaire from the Swedish
National Spine Register for spinal surgery patients (Swedish spine register) (15)
and complementary questionnaires. These instruments provided demographic data
and data regarding function, pain, and health. Data used from Swedish spine
register includes; ODI, VAS pain, EQ-5D and SF-36 (98). The complementary
questionnaires included and presented in the thesis are: pain drawing (108), the
Hospital Anxiety and Depression Scale (HADS) (109), the Self-Efficacy Scale
(SES) (110), the Fear-Avoidance Beliefs questionnaire (FABQ-PA) (111), PGIC,
and questions about lifestyle behaviour. In study A, VAS for back and leg pain
were also measured at the two visits for QST.

In study A, PROMs were completed on four occasions: 1-2 weeks before
surgery, and 3 months and 1 and 2 years post-surgery, (the result of the 2-year
follow-up is not included in the thesis). In study B, PROMs were completed on
five occasions: before and after the pre-surgery intervention before surgery, and 3
months and 1 and 2 year post-surgery. Two written reminders and (if needed) one
telephone call was used to increase the response rate. Only data regarding function,
pain and health (EQ-5D, HADS and SES) were collected at the 3-month follow-
up post-surgery.

Function and activity limitation

Function and activity limitation was evaluated using ODI, which gives a score of
0-100% disability (97). This was the primary outcome measure used in study B.
The ODI contains ten items that investigate pain-related function impairment and
activity limitations, each item having six answer options (97). The ODI has
excellent test-retest reliability for patients with LSS who have been treated with
physiotherapy (112).
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Pain

Pain was measured with a VAS (102) and pain drawing (108). The patients rated
their pain intensity during the preceding week in the back and legs using a VAS
with a horizontal line of length 100 mm, ranging from 0 “No pain” to 100 “Worst
imaginable pain” (102). Patients also reported pain duration in the back and legs,
with responses that included: “I don’t have pain”, “Less than 3 months”, “3 to 12
months”, “1 to 2 years”, and “More than 2 years”. A pain drawing was used to
identify whether patients had unilateral, bilateral, or no leg pain, and to determine
the pain distribution in other body regions (108). The ODI and VAS pain scales
are recommended instruments for measuring function and pain, respectively, in
persistent LBP (87) and after spine surgery (113). They are considered to have the
highest validity and responsiveness (87, 113).

Health-related quality of life

Health-related quality of life was evaluated by the EQ-5D (114, 115) and SF-36
(116). The EQ-5D includes two scales: the EQ-index and EQ-VAS. The EQ-index
covers five dimensions: mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression. Each dimension receives a score of 1-3, based on three
possible answer options: “No problems”, “Some problems”, and “Extreme
problems”. The score range from -0.594 to 1, where 1 is optimal health. The EQ-
VAS is a vertical scale of length 20 cm ranging from 0 “Worst imaginable health
state” t0 100 “Best imaginable health state”. The EQ-5D is one of the five most
commonly used questionnaires to measure health-related quality of life (87). The
mean EQ-5D index is 0.86 in the population of the UK, 0.84 in the population in
Sweden, and 0.66 among people in Sweden with LBP (117).

SF-36 (116) includes eight multi-item scales that are summarised as physical
and mental health component summary scores (PCS and MCS, respectively) (116).
The score range from 0 to 100, where higher score indicates better health. Studies
in the general population in Sweden have shown that the reliability, construct-
based validity (118, 119), and criterion-based validity (120) of the SF-36 are all
satisfactory. The levels of responsiveness of the EQ-5D, SF-36 PCS, and SF-36
MCS are medium after lumbar surgery, while the responsiveness of the SF-36 total
score is low (113).

Fear avoidance

Fear avoidance was measured by FABQ, which is a 16-item questionnaire that
focusses on a patient’s beliefs (111). The FABQ questions comprise a 4-item
subscale that describes how physical activity affects the patient’s pain (FABQ-
PA). Each item is answered on a 7-grade scale, range from “Do not agree” to “Fully
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agree”. The score range from 0 to 24, where higher score indicates more signs of
fear avoidance. The test-retest reliability and internal consistency of the English
version of the FABQ are good in patients with CLBP (111), and the internal
consistency of the Swedish version is good among patients with whiplash-
associated disorder (WAD) (121).

Anxiety and depression

Levels of anxiety and depression were measured with HADS (109), which includes
seven items for anxiety and seven items for depression. The score range from 0 to
21, where higher score indicates more signs of anxiety and depression. The
Swedish version of HADS is a robust instrument with regard to reliability,
discriminant validity, concurrent validity, and its ability to reveal cases of anxiety
and depression (122).

Self-efficacy

Self-efficacy was evaluated with the SES, which is a 20-item scale that assesses
the confidence of a patient with respect to activities of daily living (110). Each
item is answered on an 11-grade scale ranging from “Not at all confident” to “Very
confident”. The score range from 0 to 200, where higher score indicates better self-
efficacy. The English version was developed for use in patients with LBP, and its
internal consistency is high (110). The Swedish version has been modified to be
suitable for use in patients with all kinds of pain (123), and its internal consistency
and test-retest reliability are high among patients with WAD (124).

Patient-reported treatment effects

Patient-reported treatment effects were measured by the PGIC (98). It is a one item
measurement where the patients rate their improvement with treatment on a 7 point
scale that range from “Very much better”, “Much better”, and “Slightly better”,
“No change”, “Slightly worse”, “Much worse” and Very much worse”. PGIC is
recommended as core outcome in interventions trials in patients with chronic pain
(98).

Lifestyle behaviour

Lifestyle behaviour was measured using one question about physical activity in
the preceding 12 months, where five answer options were given: “Inactive”,
“Mildly active”, “Walking”, “Moderately active”, “Very active. The question is
used in a public health survey by The national board of health and welfare in
Sweden (99).
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Qualitative interview

An interview guide was designed for study C with broad open-ended questions to
encourage the informants to describe and explore their experiences of the
phenomenon studied (93, 94). Previous qualitative interview studies with
participants who were undergoing physiotherapy were used in the development of
the interview guide. Two pilot interviews were conducted to validate the interview
guide: the results were discussed in our research group and no major changes were
needed.

The main question was: “Can you describe your experience of the
physiotherapy you have attended?” Two other broad questions were: “Has the
physiotherapy influenced your way of handling your back-related symptoms?”,
and “Looking back on the treatment period with physiotherapy in its entirety, what
do you think about the treatment period?”” Other questions posed depended on the
responses of the participants, and covered several topics: the ability to fit in
physiotherapy with other daily activities, explanations for symptoms and
interventions, how back-related symptoms influenced daily life, and whether the
participant considered the intervention to be suitable for others. Prompt questions
were used to encourage the informants to describe more (94).

The interviews took place 0 to 8 months after the pre-surgery physiotherapy
intervention and before surgery (if conducted). All interviews were carried out
face-to-face at the spine clinic, and lasted for 50 to 85 minutes. The participants
had met the interviewer twice before the interview occasion itself, for
treatment-based classification and clinical tests before and after the physiotherapy
intervention. Thus, the participants knew that the interviewer was a physiotherapist
and part of the research group. They also knew that the interviewer was not
employed by the healthcare system, and did not carry out physiotherapy treatment
in the study. The interviews were audio-recorded and transcribed verbatim. Patient
characteristics and outcomes were obtained from PROMs completed by the
patients during study B.
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Interventions

Pre-surgery physiotherapy and waiting-list interventions

Waiting-list group

Patients received standardized information from an orthopaedic surgeon about
surgery and post-surgery rehabilitation. They received also standardized advice to
stay active.

Pre-surgery physiotherapy group

Patients received a pre-surgery physiotherapy intervention twice a week for 9
weeks. The programme was multicomponent and included:
1. Active physiotherapy according to a treatment-based classification (TBC) (125);
a. Specific exercises (according to directional preference) and
mobilisation, or
b. Motor control exercises, or
c. Traction
2. A tailor-made general supervised exercise programme
3. Behavioural approach to reduce fear avoidance and increase activity level.

Patients received the same standardized information as those in the waiting-
list group. The tailor-made general supervised exercise programme aimed to be
safe in returning to everyday activities. The content of the exercise programme
included 10 minutes intervals of cardiovascular exercise at the beginning, in the
middle, and at the end of each session. It included a further 5-6 exercises based on
the function, posture and patient specific functional scale of the patient (PSFS)
(126), with a dosage of 15 repetitions in three sets. It was recommended that
exercise equipment be varied, and to consider different starting positions and that
some exercises standing upright were included. Further, it was recommended that
at least one exercise was altered every third visit, both to provide a distractive
pain-coping strategy and to progress the exercise. One definition of progression of
exercise used in resistant training is: the act of moving forward or advancing
towards a specific goal over time until the target goal has been achieved (76). In
the exercise programme the Borg Scale (83) was used to rate the perceived exertion
of each exercise session. The prescribed level of exertion for each exercise session
was 12-13 on the Borg Scale. A patient who scored lower than 12-13 on the Borg
scale was requested to increase the intensity of the exercises. The patients also
received written and illustrated descriptions of the exercises and their dosage in
the exercise programme.
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The behavioural approach aimed to reduce maladaptive pain behaviours. The
behavioural approach included goalsetting, where PSFS (126) was used at the first
visit and three follow-ups. It also included strategies to minimize barriers for goal
attainment which included for example; information intended to decrease the fear
of movement (127), ergonomics, postural alignment and explanatory models for
treatment. At home, the patients completed a logbook of self-mediated home
exercise and general physical activities.

The physiotherapists who delivered the intervention programme were trained
by two specialised physiotherapists in two initial meetings and three follow-up
meetings during the study. The physiotherapist followed a checklist for each
patient that described the treatment and progression planned for each
physiotherapy session, modified to suit the particular patient. A treatment
demarcation table was provided to the treating physiotherapists that outlined the
content of the intervention. Checklists and logbooks provided data about
adherence. If the adherence of a patient started to decline, the physiotherapist urged
the patient to continue the intervention programme. If this was not successful, the
reason that the patient had stopped the programme was noted. The treating
physiotherapists were asked to contact a physiotherapist at the spine clinic that
could answer if there were any questions about the intervention or the patients’
ability to perform it.

Spinal surgery and post-surgery rehabilitation

Spinal surgery and post-surgery rehabilitation were carried out according to
standard clinical procedures (21). Both groups underwent the same post-surgery
rehabilitation, which included feedback on posture and walking, a home exercise
programme, and daily walking. The rehabilitation was followed up after 4-6 weeks
and the rehabilitation programme modified to include more intensive exercises.
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Analysis

Statistical analysis
Table 7 presents the statistical analyses used in papers I-11I.

Table 7 Statistical analyses applied in papers I-111.

Study A Study B
Paper | Paperll Paperlll
Descriptive statistics X X X
Nonparametric
Mann-Whitney U test X X X
Chi-square test X X X
Fisher exact probability test X
Parametric
Unpaired Student’s t-test X X X
Regression
Linear regression X
Analysis of covariance
Two-way analysis of covariance and X
repeated measures
Effect size
Cramer V X
Cohend X
Minimal clinically important change (MCIC)
Minimal detectable change (MDC) X
Optimal cutoff point (OCP) X
Study A

In paper | the data from the participants’ somatosensory profiles were compared
with reference data obtained from healthy subjects from studies by the German
Research Network on Neuropathic Pain (DFNS) (128, 129). In order to do the
comparisons, all QST data were standardized by Z-transformation, in which each
QST value is matched for age and gender in the reference values (89). The
following expression was used for the Z-transformation:

Z-score = (Xsingle patient— MeaNreferences) / SDreferences

A Z-score less than -2 or greater than 2 is outside of the 95% confidence
interval (CI) of a normal standard distribution for healthy subjects (89). Moreover,
a Z-score less than 0 corresponds to the loss of sensory function, while a Z-score
greater than O corresponds to a gain of sensory function (89).
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An altered somatosensory profile was defined as having two or more body
regions including a normally non-affected body region, i.e., the hand and/or upper
back with a Z-score lower than — 2 or greater than 2 compared to reference data
for CDT, WDT, CPT, HPT or PPT. Including body regions that are not normally
affected by degenerative lumbar spine disorders provided an indirect indicator of
generalized altered pain sensitivity, within the definition of an altered sensory
profile.

In paper 1l and additional analysis with data from PROMs at 1-year follow-
up, linear regression was used to analyse the associations between pain thresholds
(independent variables) in the hand (a non-affected body region) and patient-
reported measures (dependent variables). All models were adjusted for age and
gender.

Study B

A sample size calculation was performed. Based on a Minimally Clinical
Important Change (MCIC) of 10% on the ODI (130) a standard deviation for the
ODI=20, a significance level of P = 0.05, and a power of 80%, an estimated 64
patients were required in each of the intervention groups.

For between-group comparisons of demographic data, the unpaired Student’s
t-test or Mann-Whitney U test for continuous variables and the Chi-Square test for
categorical variables were used. Two-way analysis of covariance and repeated
measures (where the covariates were age, gender, and diagnosis) were used for
comparisons over time. The analysis of covariance was adjusted for baseline
values for each PROM. Cohen’s d effect sizes were also calculated for changes in
groups over time, whereas Cohen’s d = 0.20 is considered a small, d = 0.50 is a
medium and d = 0.80 to infinity is a large effect size (131). For Chi-Square test
with 4 degrees of freedom, Cramer’s V = 0.05 is considered a small, V = 0.15is a
medium and V = 0.25 is considered a large effect size in the analysis of activity
level in the two groups (131).

Two-way analysis of covariance and repeated measures require participant
data at each time point of the measurement sequence. Data collected at different
time points were analysed according to the intention-to-treat principle. Missing
data were supplied by imputation, in order to maintain the power of the analysis.
Missing data in the PROMs, except for physical activity level and PGIC, were
replaced through multiple imputation, based on group data from baseline and from
the relevant time point. The process of multiple imputation by chained equations
is known as the “fully conditional specification” method in the SPSS statistics
package (Version 23.0, IBM Corp, Armonk, NY, USA) (132). Constraints were
applied for each variable according to the range of each scale. The mean of 10
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imputation sets was used for each of the PROMs. A sensitivity analysis that
compared the per-protocol data with the intention-to-treat data (132) showed no
significant differences between these datasets. The study-specific MCIC was
calculated by minimal detectable change (MDC) and optimal cutoff point (OCP)
for PROMs. The change within the group was determined after the pre-surgery
intervention (133). The MDC was calculated using the standard error of the mean
(SEM): 1.96%V2+SEM. Further, the PGIC was dichotomised into “Improved”
(corresponding to the responses “Very much better”, “Much better”, and “Slightly
better”) and “No change”. The dichotomised PGIC was used in calculating the
sensitivity and specificity for the receiver operating characteristic curve. The OCP
was defined as the point at which the combined sensitivity and specificity was
highest, with the lowest percentage of misclassified individuals (133). An area
under the curve greater than or equal to 0.70 shows that the accuracy of the model
is satisfactory (134).

Content analysis

Qualitative content analysis was chosen when the goal of the work presented in
paper IV was to describe and to gain an understanding of patients’ experiences of
a phenomenon (93, 135). Hsieh and Shannon define qualitative content analysis as
“a research method for subjective interpretation of the content of text data through
the systematic classification process of coding and identifying themes and
patterns” (135). The data was analysed in an iterative process that used both
inductive and deductive content analysis. The data was first analysed inductively,
because knowledge of the phenomenon studied was limited (135). All transcripts
were read repeatedly to get a sense of the content. They were then read in more
detail to discover “codes”, which is the term used to denote text that seems to
capture key thoughts. The codes were organized into subcategories based on their
relationships to each other. The subcategories were then deductively sorted into
categories inspired by the biopsychosocial model (7), which is the model that had
been used when designing the intervention used in study B. Trustworthiness was
enhanced by the use of quotations showing that the data accurately represent the
information that the participants provided (93). The following procedure was used
to ensure the credibility of the analyses and their internal validity. The first author
coded all transcripts and determined the initial subcategories for them. The other
two authors coded three transcripts each. The codes, subcategories and categories
were defined during discussion and negotiation between the three authors. The
results were discussed in a seminar with researchers from different research fields
including researchers experienced in qualitative methodology.
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RESULTS

Somatosensory function measured by
Quantitative sensory testing

Somatosensory profile of patients on a group level compared to reference data

On a group level, all QST measurements of the somatosensory profiles of the
patients had mean Z-score values between -2 and 2. The group values, thus, lay
within the 95% CI levels of the reference data. Patients had not altered
somatosensory profiles at a group level.

Altered somatosensory profile

A total of 23 patients (22%) had altered somatosensory profiles for at least one
QST measurement in the hand or upper back, and at least one additional body
region (Table 2). Of the 23 patients with altered somatosensory profiles, 19 (83%)
had Z-scores lower than -2 in one of the QST measurements in at least two body
regions compared to the reference data, which shows that they had loss of sensory
function. The remaining four patients (4%) with altered somatosensory profiles
had Z-scores greater than 2 compared to reference data, which shows that they had
gain of sensory function and were more sensitive in one test in at least two body
regions. The QST measurement CPT did not have Z-score lower than -2, all other
QST measurements (CDT, WDT, HPT and PPT), had Z-scores exceeding the
limits of -2 or +2.

Patient-reported outcome measures in patients with or without an altered
somatosensory profile

The 23 patients with altered somatosensory profiles were significantly older than
the other 82 patients (P = 0.031) (Table 6). Eighteen of these patients were women
and five men, which is a significant difference (P = 0.005). Patients with an altered
somatosensory profile reported significantly higher back and leg pain VAS (P =
0.016, 0.020), and lower SF-36 MCS (P = 0.004) pre-surgery, than the other
patients. There were no significant post-surgery differences between the groups.
Pain drawings made pre-surgery showed that patients with an altered
somatosensory profile had a larger distribution of pain than other patients in the
cohort (P = 0.047).
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Associations between pain sensitivity in hand and patient-reported outcome
measures before, 3 months and 1 year post-surgery in patients with lumbar
disc herniation or spinal stenosis

Patients with lumbar disc herniation

In patients with LDH, an association existed between PPT and ODI (Standardized
beta p — 0.71, P = 0.006) pre-surgery. Associations also existed between PPT and
the two subscales of HADS (anxiety and depression) (B - 0.46 and - 0.82, P =0.043
and P < 0.001, respectively) and association with SES (§ 0.69, P = 0.017) pre-
surgery. An association also existed between PPT pre-surgery and ODI (§ - 0.57,
P = 0.020) 3 months post-surgery. Furthermore, PPT pre-surgery was associated
with VAS leg pain (P - 0.56, P = 0.036) and SES ($ 0.92, P < 0.001) 3 months
post-surgery. PPT pre-surgery was associated with VAS EQ-5D (B 0.60, P =
0.037), HADS depression (B - 0.65, P =10.022) and SES (§ 0.67, P =0.022) 1 year
post-surgery.

To summarize the results for PPT, patients more sensitive to PPT pre-surgery
was associated with:
o higher ODI and HADS anxiety and depression and lower SES pre-surgery
e higher ODI and VAS leg pain and lower SES 3-months post-surgery
e higher HADS depression, lower VAS EQ-5D and SES 1 year post-surgery

There was one association between CPT pre-surgery and ODI pre-surgery (p 0.48,
P = 0.017). Associations also existed between CPT pre-surgery and ODI (B 0.58,
P =10.002) and VAS back pain and leg pain ( 0.65 and  0.53, P =0.001 and P =
0.009, respectively) 3 months post-surgery. Furthermore, an association existed
between CPT pre-surgery and SES (B — 0.74, P < 0.001) 3 months post-surgery.
CPT pre-surgery was associated with ODI (B 0.66, P = 0.001), VAS back and leg
pain (B 0.65 and 0.52, P = 0.001 and P 0.012, respectively), HADS depression (3
0.61 P=0.003) and SES ( - 0.71, P = 0.001) 1 year post-surgery.
To summarize the results for CPT, patients more sensitive to CPT pre-surgery
was associated with:
o higher ODI pre-surgery
o higher ODI and VAS back and leg pain and lower SES 3 months post-
surgery
o higher ODI and VAS back and leg pain and HADS depression and lower
VAS EQ-5D and SES 1 year post-surgery

No associations existed between HPT pre-surgery and PROMSs pre- and post-
surgery.
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Patients with lumbar spinal stenosis
In patients with LSS, there were no associations between PPT and the PROMs pre-
surgery. One association existed between PPT pre-surgery and HADS anxiety (B
0.67, P = 0.001) 3 months post-surgery, describing that patients more sensitive to
PPT pre-surgery was associated with higher HADS anxiety 3 months post-surgery.
There were associations between CPT pre-surgery, and HADS anxiety ( 0.34, P
= 0.014) pre- surgery and (B 0.33, P = 0.025) post-surgery, meaning that patients
more sensitive to CPT pre-surgery, was associated with higher HADS anxiety pre-
surgery and 3 months post-surgery. PPT and CPT had no associations with PROMSs
1 year post-surgery.

No associations existed between HPT pre-surgery and PROMSs pre- or post-
surgery.
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Pre-surgery physiotherapy — patient-reported
outcome measures

The patients in the pre-surgery physiotherapy group had an average of 11 treatment
sessions, 43 (43%) of these patients did not complete at least 12 treatment sessions
(Figure 3). No adverse events were reported.

Between-group and within-group comparisons

Between-group comparison after the pre-surgery intervention (before surgery)
showed significant differences in ODI, VAS back pain, EQ-5D, EQ-VAS, FABQ-
PA, SES HADS depression, with advantage for the physiotherapy group. Both
groups were improved in all PROMs at the two post-surgery time points, but
without significant differences between the groups (Table 8).

After the pre-surgery intervention (before surgery), the pre-surgery
physiotherapy group was significantly improved in ODI, VAS back and leg pain,
EQ-5D, EQ-VAS, and SF-36 PCS compared with baseline. The waiting-list group
was significantly improved in VAS leg pain and had deteriorated in HADS
depression and SES (Table 8).

The changes in ODI, VAS back and leg, EQ-5D, EQ-VAS, SF-36 PCS, and
FABQ-PA were larger than the MDC in the physiotherapy group and the changes
in VAS back and leg, EQ-5D, EQ-VAS, and FABQ-PA were larger than the OCP.
The deterioration in the waiting-list group was larger than the MDC in HADS
depression, smaller than the MDC in SES, while changes in both HADS depression
and SES were smaller than the OCP. In four of the PROMSs in the pre-surgery
physiotherapy group with significant improvements after pre-surgery intervention,
the area under the curve was greater than 0.7 for ODI, VAS leg pain, FABQ-PA,
and SF-36 PCS (Table 9).

More patients in the physiotherapy group reported a higher physical activity
after the pre-surgery intervention than in the waiting-list group (P < 0.001), with a
large Cramer V effect size of 0.391 (131). The difference between the groups
remained at the 1-year follow-up (P = 0.020), with a large Cramer V effect size of
0.26 (131).

More patients in the physiotherapy group than in the waiting-list group
reported improvements in PGIC at the time point after the pre-surgery intervention
(before surgery) (P < 0.001). In the physiotherapy group, 49% reported that their
condition had “Improved,” compared with 17% in the waiting-list-group. Thirteen
percent reported that their condition was “Worse”, to be compared with 42% in the
waiting-list group. There were no differences between the groups at the 3-month
and 1-year follow-ups.
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Table 9 The significant mean changes in PROMs after the pre-surgery intervention in
comparison to minimal detectable change and optimal cutoff point of minimal clinical important

Results

change.

Physiotherapy (n = 99)

Mean (SE) change from baseline MDC OCP (Sens; Spec) AUC (P-value)
(e]n]] -3.2 (1.1) 2.9 3.3 (0.62; 0.70) 0.72 (< 0.001)
VAS back pain -7.9 (2.3) 6.3 7.0 (0.70; 0.56) 0.68 (< 0.001)
VAS leg pain -10.5 (2.5) 6.8 7.8  (0.72;0.64)  0.75(<0.001)
EQ-5D 0.121 0.0) 0.08 0.07 (0.62;0.55) 0.59 (0.066)
EQ-VAS 55 (1.6) 44 45  (0.64;0.52)  0.65 (< 0.001)
SF-36 PCS -2.4 (0.7) 2.0 2.7 (0.70; 0.68) 0.76 (< 0.001)
FABQ-PA -2.5 (0.5) 15 1.9 (0.65, 0.61) 0.70 (< 0.001)

Waiting-list (n = 98)

Mean (SE) change from baseline  MDC OCP  (Sens; Spec) AUC (P-value)
HADS depression 1.0 (0.2) 0.67 15 (0.71; 0.49) 0.61 (0.037)
SES -5.7" (2.4 6.6 7.5 (0.72; 0.60) 0.68 (0.001)
VAS leg pain -5.0 (2.5 6.8 7.8  (0.72;0.64)  0.75(<0.001)

A deterioration, SE, Standard error; MDC, Minimal Detectable Change; OCP, Optimal Cutoff Point; Sens,
sensitivity; Spec, specificity; AUC, Area Under the Curve. ODI, Oswestry Disability Index (0-100)
(higher score indicate higher disability); VAS, Visual Analogue Scale (0 - 100) (higher score indicate
higher pain intensity); EQ-5D (- 0.594 - 1) and EQ-VAS, EuroQol (higher score indicate better health);
FABQ-PA, Fear Avoidance Beliefs Questionnaire — Physical Activity (0 - 24) (higher score indicates
higher level of fear avoidance beliefs HADS, Hospital Anxiety and Depression Scale (0 - 21) (higher
score indicate more signs of anxiety and depression); SES, Self-Efficacy Scale (0-200) ( higher score

indicate better self-efficacy).
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Pre-surgery physiotherapy — patients’

experiences

Patients’ experiences of how symptoms are explained and their experiences
of the influences on back-related health after pre-surgery physiotherapy

Five categories of informant experiences were identified (Table 10). Quotations
are reproduced below in italics, with comments by the author in parentheses.
Respondents are identified by numbers in parentheses.

Table 10 Categories and subcategories used to describe how symptoms are explained, and
patients’ experiences of the influences on back-related health after pre-surgery physiotherapy.

Categories

Subcategories

1. Influences on symptoms,
physical function and sleep

2. Influences on coping and
well-being

3. Explanations of back-
related symptoms and
wanting to be well-informed

4. Influences on social
functioning

5. The ability of the model of
care to influence reassurance

and prevention

1A Pain and numbness
1B Physical function and sleep

2A Feelings of stress, fear and insecurity
2B Ability to manage symptoms
2C An opportunity to reflect on interventions

3A The symptom is mainly an injury in the spine

3B The symptoms can be influenced by exercises

3C Searching for feelings of trust to the spine

3D Strategies to become well-informed about symptoms
3E Uncertainty how intervention can influence symptoms

4A Daily routines, work and social role
4B Longing for a more active life

1. Influences on symptoms, physical function and sleep

Influence on pain and numbness were described, from complete disappearance or

decreased to little or no change. Less frequent use, discontinuation of strong or all

analgesics due to reduced pain, and improved ability to handle the pain were

reported. Two descriptions of the relief of symptoms, although they still fluctuate;
“It was already after a few, only three or four sessions that the leg problem at
least partly went away. Then it could come back sometimes, but not like it was
last summer and autumn when it was terrible.” (16)

"No, it was just that I noticed that I didn't have as much pain anymore. And I'm
taking significantly fewer tablets.” (17)
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Experiences of various degree of change from being deconditioned because of pain
and limited function during recent years, to improvements in walking quality and
distance, strength, ability to more easily change position and remain in a less
painful posture, as well as minor or no changes after pre-surgery physiotherapy.
Improved sleep and decreased need of rest were also experienced, as described
here;

“Yes, because I could sleep maybe 10 hours during the night...and even then |

had to rest two or three hours in the afternoon, yes, and now I don’t have that
need atall....” (15)

2. Influences on coping and well-being

The back-related symptoms had earlier caused feelings of fear in activities. Pre-
surgery physiotherapy contributed to feelings of security and an ability to do

activities more freely and with confidence, as one informant expressed it;
“l had to have someone with me because my back often locked up, so I couldn’t

move. But now I'm not afraid to walk by myself, which I think is great.” (10)
Exercises helped to reduce feelings of stress and negative thoughts and
improved feeling of well-being;
“It’s not just the pain that gets less, but also that I feel much, well my whole life,
becomes much, much better. The situation, or environ-...well joy of life, or how
should I put it?” (17)

“That was what got me going. Yes, *giggles* both physically and mentally that
you feel that you are strengthened by it (exercise), that you don’t sink deeper
*giggles* because you have pain it, it is hard, sort of, to get yourself out of it
maybe....” (12)

Experiences of an improved ability to cope with symptoms, greater knowledge
about the pain, and the discovery that it is not dangerous to move with some pain.
Other examples were: using postural or specific exercises to manage symptoms,
being more attentive while performing activities and during periods of intense
pain, medication was required, to be able to be more active.

“But otherwise, *eh* walking and moving around and so on isn’t dangerous,
that’s what I think. *giggle* Then someone can argue that it is, but I don’t think
it’s dangerous. ”(14)

“When I feel that it starts to hurt or when I feel unsteady; then I know that I can
use an exercise, by leaning slightly forward, or like put the forces in a certain way.
| feel stable then and it feels good. It is a very good exercise. ” (7)

Experiences of a change in thinking, from previously wanting surgery as soon
as possible, to feeling comfortable doing pre-surgery physiotherapy while being
on the waiting list were expressed. This was linked to a feeling that the symptoms
were not as acute as before. Other reflections were: feeling better being active with
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exercises compared to being inactive, and exercises helping to feel better mentally.
Reflections on improvements led to confidence in the intervention and decisions
to extend the timeframe for exercising before a final decision about surgery, as
well as cancelling scheduled surgery.

“So now I have expectations that this last thing will also start to go away, but [

don’t know if it ever will... And of course, if with a little focus and physiotherapy,

and if I'm a bit careful, I can come back to a position where I feel quite good, then

I don’t want to take the risks (of surgery).” (6)

Reflections that an inactive lifestyle was negative and that exercising must be

undertaken regularly to maintain its effect led to a plan for lifestyle changes and
the resumption of exercise after surgery.

3. Explanations of back-related symptoms and wanting to be well-informed

Informants described that the back-related symptoms were linked to the anatomy
of the spine as viewed on image report or as envisioned by the physician’s
description. These included a narrow spinal canal, the nerve being mechanically
loaded, or age-related changes in the discs. High confidence in the MRI reports
emerged. There were descriptions that the spine had an injury.
“Well *eh* he (surgeon) said that in principle we will do this, screw together
these disks and remove material, in principle, and fix it, and that bit you will notice
the day after. And *eh* it feels bloody well actually, that it is like that...” (1)
There were descriptions that the back-related symptoms could be influenced
by exercise. Other factors that were mentioned were the importance of muscle
function for reducing back-related symptoms, and that muscle strength and muscle
function could improve loading of the spine. Disc herniation could be reduced by
exercises, and gain of general fitness by exercises prior to surgery were also
reported.
“Well, if I strengthen the muscles in my back so I get stronger there, it will be
more resistant against my problem, that it gets pinched and things like that. I'm
absolutely convinced that this is correct, because I've had less problems, not so
often, compared to before I started doing exercises. So that is a good explanation
that it is beneficial.” (2)

“My thought is that the recovery process will take longer if I just lie still and wait
for the operation. That is how I seeit.” (11)

Searching for feelings of trust about the spine was the reason for surgery for
some informants, while others stated that the reason was to become pain-free, to
be able to do all activities, and not being afraid of relapses.

“Yes, it is good (no symptoms now), just scared to death that it will come back.
That’s the only thing I'm afraid of, that it will come back. So that’s why [ want to
have surgery. Even though there is a risk with surgery, I'll take that risk. Because
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I don’t want to go around being afraid all the time. Yes, I want to be able to walk
more and move more safely. So that | can feel confident with my back.” (13)

Informants reported challenges in communication with healthcare
professionals, relating to their desire to become well-informed about symptoms.
Different strategies were described: using informal personal networks to interpret
their healthcare records, needing to be stubborn, and demanding a better dialogue
with professionals. Lack of knowledge about LBP limited their ability to formulate
adequate questions. When they managed to ask questions, however, they received
satisfactory answers.

“Sometimes it’s hard to know what questions to ask (the symptoms), because I
don’t have the basic knowledge, but if I know fairly well, then at least I can
always get help with the answer, and that’s good.” (6)

Uncertainty about the clinical justification for surgery, both when the pain had
not resolved after a previous surgery and in relation to first-time surgery, was
described. Experiences of a lack of explanation about symptoms, which caused
doubt and distress, especially concerning leg symptoms, were described.

“It’s easier, to live with back pain than the symptoms in my feet and legs,
because that is both more annoying and more painful. That is one thing that |
feel that | would like to know, if feet and leg pains come from the spine or not, if
it is not already known.” (3)

Doubt as to whether physiotherapy could influence symptoms, expressing a
biomedical explanatory model, also emerged.

“It (pre-surgery physiotherapy) must have done something, because it (the
symptoms) are subsiding. How this works physically in the body, I don’t know for
sure.” (7)

4. Influences on social functioning

The ability to resume daily routines, an improved ability to work, and greater social

activity were reported. Furthermore, daily activities were less demanding and more

pleasant. There were also reports that day-to-day life had previously not been

limited, so any changes were not expected. Being able to start doing more

demanding activities after pre-surgery physiotherapy was also experienced.
“Before I had to sit almost all the time (at work). One day | was so happy, I told
my boss that this was the first day in several months that | could stand up the
whole time.” (17)

“Because I can like *eh* I can make contact with them (grandchildren), be with
them in another way now. Physically too. Because | run around with them and
they chase me and I can chase them, for short periods, because they don’t have to
have so much time for that, so, yes. It is really nice.” (5)
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The pre-surgery physiotherapy fulfilled the need for interaction with other
people in the same situation, while limited social interaction was also reported.

Independent of improvement levels, a desire for a more active life, such as
taking walks, running and a greater degree of socializing, were expressed. Longed
to be able to resume more demanding activities, such as downhill skiing,
orienteering, sailing, walking in the mountains or carrying a backpack on city trips
were also reported. These longings were sometimes expressed in terms of longing
for a better quality of life.

“And in my daily living, going for walks, in the forest and, yes, in the
archipelago and the mountains is what | would like to do. But it stops there. So
it affects my quality of life very much.” (14)

5. The ability of the model of care to influence reassurance and prevention
Experiences of pre-surgery physiotherapy led to reflections about the model of
care. One reflection was to combine physiotherapy with analgesics prescription or
with sick leave when it was expected that it would decrease pain, help people to
stay active and maintain a better mood. The experience that pre-surgery
physiotherapy decreased pain duration and improved function led to reflections
that the model of care be changed, making the pre-surgery physiotherapy available
earlier. A demand for a guarantee that one would retain the option of future surgery
influenced the decision to decline the planned surgery. A need for clear
information about this was expressed.
“Twice I have been offered surgery and I have cancelled. Perhaps partly due to
the fact that | have been allowed to stay on the waiting list and get help (=surgery)
if  need it.” (6)
It was suggested that pre-surgery physiotherapy should be part of the normal
preparation for surgery.
“Yes, but in the healthcare sector, they try to encourage you to use physiotherapy,
or I don’t know how to go about that but, they say: Now ‘When you are going to
have surgery?’ and that means that ‘Now you should come here for ten
physiotherapy sessions, otherwise you won'’t get the surgery’. It’s like when they
say that you need to stop smoking if you re going to get surgery. Isn 't it really the
same thing? Don’t smoke, don’t be inactive. *eh* I don’t know but it's really
important I think. Absolutely.” (14)
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DISCUSSION

There is a knowledge gap concerning the pre-surgery phase in patients with
degenerative lumbar spine disorders scheduled for surgery. This period has seldom
been studied, and the work presented here adds to knowledge about a
physiotherapy intervention, pain sensitivity and patients’ experiences of the pre-
surgery phase.

Somatosensory function

Somatosensory profile measured with QST for the group of patients with
degenerative lumbar spine disorders scheduled for surgery were within the normal
range compared to reference values. Somatosensory profile, however, was altered
in 22% of patients before spinal surgery, which may indicate disturbed
somatosensory function. Most of these patients had loss of somatosensory
function. They reported greater pre-surgery pain and poorer mental health
component pre-surgery, than the rest of the cohort (paper 1). Knowledge about
pain biology and pain mechanisms has increased in recent years, and this has led
to a recommendation that the analysis of pain mechanisms be used as one
important dimension in diagnostics. It is claimed that this will improve decision
making about treatment (47, 48, 132, 136). All of the participants of the study
population had had a long duration of pain, and half of them had had back and/or
leg pain for longer than 2 years pre-surgery (paper I). Such patients run the risk
that maladaptive pain responses develop, which makes the analysis of pain
mechanisms an important part of pre-surgery screening. Knowledge about whether
centrally mediated pain mechanisms are involved contributes to the decision-
making process about treatment and the need for additional treatment.

To our knowledge this is the first prospective study to show that higher
sensitivity to cold and pressure pain in a non-affected body region pre-surgery is
associated with lower function, higher pain intensity, and lower self-efficacy post-
surgery in patients with LDH 3 months post-surgery (paper Il). Interesting is that,
the associations at 3 months post-surgery remained for cold pain and for both cold
and pressure pain there were also associations with poorer health and more signs
of depression in the additional analysis on 1 year post-surgery PROMs data. The
association can be interpreted as a sign of widespread pain when a non-
symptomatic body region is affected. A lower PPT in patients having knee or hip
replacement is associated with higher pain intensity post-surgery, although it does
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not predict pain relief post-surgery (137). It is expected that the pain mechanism
in patients with LDH is neuropathic, in which pain and altered sensory function
occur in the affected area only (48). A study by Puta et al. (138) has shown that
patients with CLBP have lower pain thresholds both in the lower back and in the
hand, a non-affected body region, than those of healthy controls. They interpreted
the difference in somatosensory sensitivity between the two groups as being
caused by alterations at higher levels of the neuraxis (138). Increased sensitivity,
lowered pain thresholds measured with QST has been described as a sign of an
aberrant pain regulation system, and may be a risk factor for poor outcome after
surgery (91). The association between QST measurements (cold and pressure pain)
and post-surgery outcome is interesting, and we suggest that PPT and CPT in the
hand should be studied in more detail, as a sign of widespread pain response pre-
surgery in patients with LDH. The first step in a more thorough investigation of
pain mechanisms may be to limit QST to testing pressure and cold pain thresholds.
This may avoid unnecessary testing, and save both time and other resources.

The different results in patients with LDH and LSS may be caused by the
presence of inflammation in LDH. In LDH, the sciatic pain has not only a
neuropathic component, in which mechanical stimuli cause the nerve root
compression, but also an inflammatory component (139). Inflammation causes a
more on-going nociceptive stimulus and constant pain experience, which may
increase the risk of plasticity changes in the nervous system (140).

Questionnaires may be used to determine whether signs of centrally mediated
pain are present. The discriminant validity for the mechanism-based pain
classifications have been evaluated for patients with CLBP, with or without leg
pain (141). The three mechanism-based pain classifications: nociceptive,
peripheral neuropathic and central sensitisation, differ in PROMs recorded for
pain, general health, back-related disability, depression and anxiety (141). An
alternative is to use the Central Sensitization Inventory (CSI) to analyse signs of
centrally mediated pain. This instrument is valid for five severity levels,
determined as the mean score on the CSI (142). The severity levels can be used in
the clinical decision process about intervention and to evaluate responsiveness to
treatment (142). The qualitative interviews carried out in this thesis (paper V)
revealed that participants want clearer explanations about symptoms, especially
leg symptoms, and clearer reasoning for surgery. This may, at least partly, be
achieved by explaining to the patient the pain mechanisms involved. This might
be facilitated by the use of a biopsychosocial model, which broadens the
biomedical explanation of the diagnosis in the communication with the patient. It
is generally recommended when providing healthcare that a broad perspective is
used (7), and this improves pain cognition and decreases healthcare consumption
when used in pain management (66, 70, 71).
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Pre-surgery physiotherapy — patient-reported
outcome measures

Pre-surgery physiotherapy including treatment-based classification physiotherapy,
a tailor-made exercise programme, and use of a behavioural approach decreased
pain and fear-avoidance beliefs, improved the quality of life, and led to increased
activity levels pre-surgery (paper I11). In contrast, signs of depression increased
and self-efficacy decreased during the pre-surgery period in the waiting-list group.
The effect sizes were small to moderate for both the improvements and the
deteriorations. Improvements in ODI and VAS back and leg pain in the
physiotherapy group after the pre-surgery intervention were statistically
significant, but lower than the MCIC reported in previous studies (130, 143). The
MCIC for ODI is 10 units and for VAS back pain 18 units, in patients with CLBP
without signs of LDH, LSS or spondylolisthesis treated with surgical or non-
surgical interventions (130). Greater changes are required when only surgery
intervention is used in patients with LDH: ODI 20 and EQ-5D 0.30 (144). The
improvement in EQ-5D (0.12) in the work reported here is within the range
presented in previous studies in patients with CLBP treated with physiotherapy,
EQ-5D 0.09-0.28 (143). Differences between studies in the MCIC value depend
on the use of different statistical methods and other factors such as differences in
patient group, duration of the trial, and nature of intervention used (130, 143).
Furthermore, the MCIC for deterioration is generally smaller than the MCIC for
improvement (130). The broad range in MCIC values caused by these factors
supports the use of study-specific MCICs. The improvements in the physiotherapy
group were larger in VAS back and leg pain, EQ-VAS, and FABQ-PA than the
study-specific MCIC. This shows that these changes are important in this patient
group during the time pre-surgery. The result also confirm that it is not harmful to
exercise and increase activity level during the time being on the waiting list for
surgery.

Both groups improved significantly in all PROMs after surgery, with no
differences in neither primary nor secondary outcomes between groups, except for
higher activity level at the 1-year follow-up in the physiotherapy group. The pre-
surgery physiotherapy was well-tolerated, but many patients, 43%, did not receive
the planned intervention. This was most often due to the surgery being rescheduled
to an earlier date.

The principal aim of the surgery is to reduce the neuropathic pain symptoms
in LDH and LSS, while that of the pre-surgery physiotherapy, in contrast, aims to
target broader aspects of the LBP, based on the biopsychosocial model. In another
prehabilitation study that used an education-based intervention, the primary
outcomes for pain and function did not improve, but patients used less healthcare
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at the 1-year follow-up. The authors suggested that the effect was related to a
change in behaviour towards more self-management (66). This effect was
sustained at the 3-year follow-up (66, 70). The work reported here does not include
analyses of healthcare use nor recurrence rate, but the 2-year follow-up will reveal
whether the higher activity level is associated with fewer recurrences. In a study
of a similar population by Delitto et al. have compared surgery and physiotherapy
in patients with LSS who were candidates for surgery (59). Physical function
according to SF-36 during in a 2-year period was the same for all patients,
independently of whether they had surgery, surgery with physiotherapy, or
physiotherapy alone. Irrespective of the potential effect mechanism of the
intervention, the results were similar. The authors points out the importance of
shared decision making awaiting further research results (59).

The pre-surgery physiotherapy reduced fear of movement, and exercises can
empower the patient to be more active and return to everyday activities. The
waiting list group had deterioration in depression score and self-efficacy (paper
I11). So even if the differences are small, the combined improvements in the pre-
surgery physiotherapy group and the deterioration in the waiting-list group confirm
that psychological effects have occurred. FABQ-PA was not evaluated in the four
previously published studies of prehabilitation (66-69). The period spent on the
waiting list for spinal surgery is 2-5 months in Sweden, and it is crucial to avoid
deterioration, reduce fear, and support activity during this period. Signs of
depression is a predictor for lower function and higher dissatisfaction after surgery
for spinal stenosis (145, 146) and a high FABQ-PA is a predictor for a poorer
outcome after surgery for LDH and LSS (147). The levels of FABQ-PA in paper
111 were higher than in a previous study of patients with acute and persistent LBP
(148). They were, however, the same as in patients with LSS with a mean age of
75 years, where a FABQ-PA greater than 16 was considered to be high (149). The
findings presented in this thesis show that fear-avoidance beliefs, depression, and
self-efficacy are areas that should be targeted in pre-surgery interventions.

Other studies apart from studies on pre-surgery have shown promising effects
on psychosocial dimensions as well as fear avoidance. Patients with DDD who
carried out exercise had lower levels of FABQ-PA at the 1-year follow-up than
patients who underwent spinal surgery (150). Further, the psychosocial dimension
of PROMs improved in a prospective cohort study of 41 patients with LDH on the
waiting list for surgery, after a structured physiotherapy intervention that included
mechanical diagnosis and therapy (MDT) and motor-control exercises (151). The
patients improved in: kinesiophobia (fear of pain measured by the Tampa scale for
kinesiophobia), health-related quality of life, depression and self-efficacy post-
surgery. Further, function and pain were better at the 3-month and 2-year follow-
ups (136).
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A pre-surgery intervention may reduce the risk of deconditioning, which may,
in turn, have post-surgery effects on long-term pain, function and health. It might
be more effective to introduce the intervention earlier and in this way target a
broader LBP population, since exercise and education can influence fear of
movement, attitudes and beliefs about the condition (66, 70, 151). Exercise has
positive effects over the complete life span, and pain due to a musculoskeletal
disorder may reduce the possibility to be active. This is the case for people with
LSS, who exercise regularly less commonly than those without LSS (P < 0.001)
(40). Physiological results are consistent with these findings, and people with LSS
have greater impairments in trunk endurance, leg strength, leg strength asymmetry,
and knee and ankle ROM than people without LSS (152). This is useful
information when constructing an exercise or rehabilitation programme.

Ideas about treating knee and hip osteoarthritis changed many years ago (153),
and physiotherapy with exercise is standard in these conditions before making a
decision about surgery. LBP is a more diverse range of conditions than
osteoarthritis, but we suggest that all patients who do not need acute surgery should
have the opportunity to exhaust non-surgical interventions, which should include
individually tailored interventions, before a decision about surgery is taken, as
recommended in the guidelines (8, 9, 20, 51, 53).

Pre-surgery physiotherapy — patients’
experiences

The interviews with patients who had had at least 12 physiotherapy visits adds new
knowledge about patients’ experiences in the pre-surgery phase in addition to the
quantitative findings.

Experiences of how symptoms are explained

It emerged that the informants mostly use biomedical explanations for their
symptoms, referring to image report and describing injuries to the lumbar spine.
Similar findings have been shown in a qualitative interview study in patients with
shoulder pain, who mainly use a biomedical explanation for impingement (154).
The explanations are well-suited to understanding the surgical intervention, but are
not optimal when discussing non-surgical interventions such as physiotherapy. In
the work presented here, we show that those who use a broader explanation and
who add that exercise and posture changes can influence the symptoms are more
confident that physiotherapy and self-management can be successful. A broader
explanatory model that includes biopsychosocial aspects of pain, with NE (155),
muscle function and the efficacy of self-care strategies seems to be more suitable
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for patients who are undergoing pre-surgery physiotherapy and post-surgery
rehabilitation.

The categories “Strategies to become well-informed” and “Uncertainty how
intervention can influence symptoms”, showed that individualised information is
requested and lack of information causes anxiety. Given that anxiety may have a
negative effect on pain (45, 47), and in this way on post-surgery outcome, the study
by Kesanen et al was conducted (68). The group who received a feedback session
to make it possible to clarify the information about surgery had lower pre-surgery
anxiety than the control group, who did not (68). Although, the post-surgery
PROMs did not differ between the groups, so post-surgery follow-up was
suggested (68).

In the qualitative study one point of view was that informants expected that
surgery was a guarantee for no relapse. Another point of view expressed was that
surgery would enable them to trust their own spine again when taking part in any
activity. However, the recurrence rate of LBP in LDH is 15-20% and the re-surgery
rate for LDH of the same level is 6% (61) within 2 years. It is clear that some
informants have unreasonable expectations, and would need information and a
discussion to promote realistic expectations, since higher pre-surgery expectations
lead to poor post-surgery satisfaction. The re-surgery rate for patients who have
had one previous surgery for LSS is 11% during 4 years, and it is 17% in those
who have had more than one (156). Zaina et al. (157) recommend communication
about expectations and treatment alternatives.

Patients’ experiences of the influences on back-related health after pre-
surgery physiotherapy

Some findings in the interview study support the findings of the PREPARE study,
which is described in paper Ill. Both studies illustrates patient-reported effects
occur in several dimensions of the biopsychosocial model. In the interview study
it emerged that even if symptoms did not improve, participants experienced feeling
better doing exercises than being inactive and that it reduced feeling depressed.
This suggests that having the experience that exercise supports psychological
health, or the experience of an improvement in symptoms, can make it easier to
cope with LBP symptoms. The findings are compatible with evidence that exercise
has a positive effect on depression (82).

The qualitative study showed experiences of reduced feeling of fear in daily
activities after pre-surgery physiotherapy, which is compatible with the results
from paper Ill. In the latter case, the levels of FABQ-PA were lower in the
physiotherapy group after pre-surgery physiotherapy than they were in the control
group. It has been proposed that fear avoidance affects both disability and work
loss (111), and that a higher level of fear avoidance in physical activity (FABQ-

60



Discussion

PA) is associated with a poorer outcome of spinal surgery (147). A qualitative
study of patients who had undergone either surgery or physiotherapy for LDH
showed that patients who had received physiotherapy more often made statements
about “feeling of well-being” (158). We suggest that reducing fear avoidance
should be considered when developing pre-surgery physiotherapy. Pre-surgery
physiotherapy seems to encourage patients to reflect about changes in lifestyle,
and this is a component that should be emphasised in the development of pre-
surgery physiotherapy.

It was interesting to discover that the pre-surgery physiotherapy was
experienced as a time to understand and reflect about interventions for LBP. In
another qualitative study, patients undergoing non-surgical intervention for spinal
stenosis required advice on lifestyle changes (159). Some patients experienced that
the improvements led to confidence in the intervention, and decided to extend the
timeframe for exercising before making a final decision about surgery. Other
reflections about the model of care suggested that access to the structured
physiotherapy programme be given at an earlier stage, which is compatible with
the recommendations made in the guidelines that non-surgical interventions be
exhausted before taking a decision about surgery (8, 20, 51, 53). Informants
suggested that physiotherapy should be required pre-surgery, in the same way that
it is currently required that patients are non-smokers. The clinical routine that
allows patients to return to the spinal clinic within 6 months without a new referral
gives patients the confidence required to postpone the decision about surgery.

The findings from the interview study provide insight into patients’
experiences, and are useful in the development of pre-surgery physiotherapy. It
may be possible to transfer the results into the development of pre-surgery
physiotherapy for other patient groups. Furthermore, it may also be possible to
transfer the findings into the development of parts of the model of care for the
patient group.

Methodological considerations

One limitation in paper | was, in the QST protocol used in this study tests for cold,
CPT, stopped at +10°, while the CPT test used in the reference data stopped at 0°,
indicating a risk for underestimation rather than overestimation of the results.
When CPT in reference data had the broad normal range 32-0°C in most age
groups (128, 129), that difference in degrees at end-points had minor influence on
the result.

The work presented in paper Il analysed pain sensitivity and not detection
sensitivity. PPT is the most sensitive QST measurement for pain excitability in
patients with osteoarthritis (160), and in CLBP (161). Further, there is moderate
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evidence that CPT is a predictor for outcome with respect to pain and disability in
patients with WAD (162). Also, we limited somatosensory function description to
only reporting QST data from the hand. We recommend that a selection of QST
measurements be applied, chosen to suit the research question. A non-effected
body region should be selected when analyzing signs of centrally mediated pain.

The results presented in paper Il should be interpreted with some caution,
since the number of patients is low. It would be possible to use more independent
variables in a larger cohort, and it would be possible, for example, to adjust for
psychological variables, which has been shown to modify the outcome of the QST
(101). Furthermore, the predictive value of cold and pressure pain sensitivity in
hand is of interest to support the clinical reasoning process for choice of treatment.
The small number of patients also brings into doubt how general the results are.
This is, however, alleviated to a certain extent since the profile of PROMs was
similar to that of the population in the Swedish spine register (15). We conclude
that the results are general, and valid for a larger population within the same
healthcare system.

In the work presented in paper Ill, patients with degenerative lumbar spine
disorders scheduled for surgery were included. The most common reason for
lumbar surgery is radiculopathy based on symptom classification and
corresponding findings in image report. This introduced a heterogeneity related to
the diagnostic groups LDH, LSS, spondylolisthesis and DDD. However, patients
were included in the study on the basis of the severity of symptoms, and it is not
primarily our aim to classify them into subgroups according to the ICD-10
classification. One drawback was that more patients with radiculopathy related to
LDH were lost to the study due to early surgery.

The low number of participants who achieved the optimal level of adherence,
at least 12 visits, challenges the conclusions drawn from the pre-surgery
physiotherapy (paper I1). The decision to define 12 physiotherapy sessions as the
level of optimal adherence was taken since 12 sessions exceeding 50% were
suggested to ensure improvement in physical function. It is harder to determine the
level of adherence required to achieve improvement in other dimensions.
Improvements in FABQ-PA at the 1-year follow-up can be achieved with three
daily exercise sessions for three weeks (148, 150), and FABQ-PA at the 3-month
follow-up can improve after an exercise intervention twice per week for nine
weeks (151). The pre-surgery interventions in the existing prehabilitation studies
has varied between one education session (66, 68) and a combined intervention
with 30 minutes of daily exercise for 6-8 weeks with post-surgery rehabilitation
for 30 minutes twice daily during hospital stay (67). The behavioural approach in
the pre-surgery physiotherapy intervention was designed to be used in a pragmatic
way from the patients’ questions, needs and their reported activity limitations in
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PSFS. Because physiotherapy in the pre-surgery period is a new intervention, it
might have been more efficient with an education package, such as NE intervention
(66), instead of our pragmatic approach.

One limitation of the qualitative interview study (paper 1V) was that the
informants knew that the interviewer was physiotherapist in the research group,
which may have affected their replies. This might give a risk for that social
desirability may have affected their replies. However, the interviewer had not
treated the patients in the PREPARE study, which lowers the risk of this. On the
other hand the interviewer had long experiences of treatment of low back patients
and a good understanding of the clinical encounter and the patients. The
participants were offered the opportunity to choose the location of the interview,
to allow them to choose an environment that they experienced as neutral and
comfortable. All participants, however, chose to conduct the interview at the
hospital in conjunction with a hospital visit.

It was our aim that the study population be varied, in order to provide a
diversity in experiences of the phenomenon and support credibility (93). So the
parameters age, gender, and distance to the physiotherapy clinic were monitored
during inclusion, and in this way ensured that the variety was sufficient.

To contribute to the trustworthiness in the data collection (93), patients who
had attended at least 12 visits were selected, to ensure that those interviewed had
sufficient experience of the phenomenon, pre-surgery physiotherapy intervention.
Some information will, of course, not be collected when this selection method is
used. It is not possible, for example, to analyse the reasons that patients decided
not to continue the intervention as planned. Further, about the phenomenon
studied, the data content from the interviews was extensive, and the study
presented in paper 1V focussed on the informants’ experiences of how symptoms
are explained and influences on back-related health after pre-surgery
physiotherapy. It is planned to use the remaining data for an analysis of the
experiences of performing the pre-surgery physiotherapy intervention. When
designing the interview guide, we planned to use conventional content analysis.
This is recommended when a greater understanding of a phenomenon is desired
and previous research is limited (135). This was the case for pre-surgery
physiotherapy. We thus used inductive content analysis to derive codes from the
data. It subsequently became clear, however, that the subcategories could be
organised with inspiration from the biopsychosocial model (7), which showed that
influences on back-related health arose in all dimensions of the biopsychosocial
model. In this model of health, the category “The ability of the model of care to
influence reassurance and prevention” becomes an additional component, although
it did not fit into the various dimensions of the model.
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One drawback, very common in research carried out in Sweden, is that one of
the inclusion criteria is fluency in Swedish, which is a drawback in terms of
generalisability.
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CLINICAL IMPLICATIONS

More than one third of the patients had low or very low activity level and only 58%
had had at least one physiotherapy visit the 12 months before decision about
surgery. It can be suggested that non-surgical intervention might have better
possibilities for improvements in an earlier stage when patients are less
deconditioned. One clinical implication is to provide and exhaust non-surgical
interventions before decision about surgery, as recommended by clinical
guidelines (8, 9, 20, 51, 53).

The associations between pain sensitivity and poorer function, pain, self-efficacy,
depression score and health is promising as a screening tool for wide spread pain
to address possible need of additional intervention in conjunction to the
intervention for the degenerative lumbar spine disorders. By measuring only cold
and pressure pain in a single body region it is feasible to do in clinical routine.
However, the value of cold pain and pressure pain sensitivity for screening of
widespread altered pain response pre-surgery need analysis in larger study group
before clinical use.

Pre-surgery interventions in degenerative lumbar spine disorders have only
been evaluated in few studies, and with the lack of broad post-surgery results from
our study, we do not have any clear recommendations. Our studies indicate that
improved information and explanations about symptoms and interventions are
wanted and that the fear in physical activity and psychological factors seem to be
of importance in further development of pre-surgery physiotherapy.

Symptoms were described mainly by a biomedical explanatory model based
on image report. Those using a broader explanatory model described confidence
to physiotherapy and self-management to influence their back-related symptoms.
This suggests that more emphasis on explanatory models suitable for surgery, and
for pre-surgery physiotherapy, post-surgery physiotherapy, and self-care is needed
in the professionals’ dialogue with patients.
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CONCLUSIONS

More than half of the participants had had back or leg pain for more than 2 years.
The somatosensory profile for detection and pain thresholds were within normal
range compared to reference values, for the group of patients with degenerative
lumbar spine disorders scheduled for surgery. On an individual level, 22% of
patients had an altered somatosensory profile before spinal surgery, which may
indicate disturbed somatosensory function. Such patients reported more pain and
worse mental health than the rest of the cohort.

Being more sensitive to pressure and cold pain in the hand, as a sign of
widespread pain pre-surgery, was associated with worse function, pain and self-
efficacy 3 months post-surgery in patients with disc herniation. At 1 year post-
surgery, these associations’ remains for cold pain and for both pressure and cold
pain there were also associations with poorer health and more signs of depression.

Pre-surgery physiotherapy that included treatment-based classification
physiotherapy, a tailor-made exercise programme, and use of a behavioural
approach decreased pain and fear-avoidance beliefs, improved quality of life, and
increased activity level. Signs of depression increased and self-efficacy decreased
in those who only waited for surgery. The improvements were small. Both groups
improved significantly after surgery with no differences in neither primary- nor
secondary outcomes between groups, except for a higher activity level in the
physiotherapy group at 1-year follow-up. The pre-surgery physiotherapy was well
tolerated, but many, 43%, did not complete the planned intervention. The most
common reason for this was that surgery had been rescheduled to an earlier date.

More than one third reported very low or low activity level and only 58% of
those included in the PREPARE study had visited a physiotherapist at least once
the 1 year preceding the decision to undergo surgery.

Symptoms were described mainly by a biomedical explanatory model based
on image report. Those using a broader explanatory model described confidence
to physiotherapy and self-management to influence their back-related symptoms.
It emerged that patients desired clearer reasoning about symptoms and treatments.

Experiences that pre-surgery physiotherapy had influences on symptoms,
physical function, coping, well-being and social functioning to various degrees
emerged. Those whose symptoms did not improve, experienced feeling better
performing exercises than being inactive and exercises improved their frame of
mind. Pre-surgery physiotherapy as part of a model of care was described as a tool
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for reassurance through education and exercise, and provides time to reflect on
interventions and lifestyle changes. This can inform the development and
implementation of care for this patient group.
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FUTURE RESEARCH

The finding in this thesis that lower pain sensitivity in a non-affected body region
was associated with poorer post-surgery outcome in patients with LDH is of
interest to study further. We are continuing to collect patients and with a larger
number of patients, multivariate analysis can be done to find out if it is a screening
tool potentially capable of identifying patients with suboptimal functional
outcome, e.g., ODI.

In the development of pre-surgery physiotherapy intervention one area to put
emphasis on is a more individually based approach, since the interview study
showed that there is a wide range in their longings for an active life. Another area
is fear avoidance in physical activities, when both the result that FABQ-PA
decreased and that patients’ experiences of being less afraid in physical activities
after pre-surgery physiotherapy is of interest to study further.

It would be interesting to study the additive value of the neuroscience
education to the pre-surgery physiotherapy model.

In the PREPARE study the PROMs at the 2-year follow-up will be analysed
to see if the higher activity level in the pre-surgery physiotherapy group is
maintained and if it has influenced the recurrence rate and use of health care.

Further analysis of the interview study about patients’ experiences of
performing the pre-surgery physiotherapy and about exercises in a later stage. This
together with the findings about patients experiences presented in the thesis will
be helpful in the development of the pre-surgery physiotherapy intervention.
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SUMMARY IN SWEDISH

Bakgrund: Patienter pa vantelista for ryggoperation har ofta haft smarta under
lang tid, vilket kan ge paverkan pa smartregleringssystemet, fysisk funktion och
hélsa, med risk for negativ inverkan pa resultatet efter kirurgi. Prehabilitering kan
ha fordelaktiga effekter efter operationen, genom forbattring av funktion fére
operation.

Syfte: Det Overgripande syftet med avhandlingen var att studera fysioterapi och
somatosensorisk funktion fore operation hos patienter med degenerativa landryggs
akommor och utforska patienternas erfarenheter av pre-operativ fysioterapi.

Metoder: Somatosensorisk funktion mattes med kvantitativ sensorisk testning
(QST). Pre-operativ fysioterapi utvarderades med sjalvrapporterade resultatmatt (n
= 197). Patienternas erfarenheter av hur ryggrelaterade symtom férklaras och
paverkan pa ryggrelaterad hélsa efter pre-operativ fysioterapi undersoktes.

Resultat: Halften av patienterna rapporterade att de hade haft rygg eller bensmérta
i mer &n 2 ar. P& gruppniva var den somatosensoriska profilen inom rapporterade
referensvarden. Pa en individ niva fanns en férandrad somatosensorisk profil hos
23/105 patienter, dessa var aldre, oftare kvinnor och rapporterade hégre smaérta,
storre smartutredning och sémre SF-36 MCS (mental hélsa).

Patienter med diskbrack, som var mer kansliga for trycksmarta i handen fore
operation, var associerade med samre funktion, tilltro till egen formaga, fler tecken
pa angest och depression fore operationen, samre funktion, tilltro till egen forméaga
och bensmérta 3 manader efter operation samt samre halsorelaterad livskvalitet,
tilltro till egen formaga, fler tecken pa depression 1 ar efter operation. Resultaten
for kénslighet for kéld smarta var liknande, férutom att det &ven var forknippat
med samre funktion, rygg och bensmarta 1 ar efter operation.

Fysioterapi gruppen hade efter pre-operativ intervention mindre ryggsmarta, battre
funktion, hélsa, tilltro till egen formaga och fysisk aktivitetsniva, mindre
rorelseradsla och férre tecken pa depression och jamfort med vantelistegruppen.
Effekterna var sma. Bada grupperna forbattrades signifikant efter operationen,
utan skillnader mellan grupper, férutom att den hogre fysiska aktivitetsnivan i
fysioterapi gruppen kvarstod vid 1 arsuppféljningen. Bara 58% av patienterna
rapporterade att de hade haft minst ett besok for rehabilitering aret innan beslut om
operation.

Patienter upplevde i varierande grad att fysioterapi fore operation hade paverkat
symptom, funktion, coping, valbefinnande och social funktion. Pre-operativ
fysioterapi upplevdes som ett verktyg for att skapa trygghet och ge mdjlighet till
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reflektion 6ver behandling och livsstil. Patienterna anvande i huvudsak
biomedicinska forklaringsmodeller baserat pa bilddiagnostik for att forklara sina
ryggrelaterade symtom. Bade bredare och mer avgransande, saval som brist pa
forklaringar till symptom framkom. Det fanns en onskan om att vara
valinformerade om sina symptom och behandling.

Slutsatser: Mer kanslighet for tryck- och koldsmérta i handen, som ett tecken pa
utbredd smaérta fore operationen, var associerad med samre funktion, smarta och
hélsa efter operation hos patienter med diskbrack.

Pre-operativ fysioterapi gav minskad smarta, minskad rorelserédsla, forbattrad
halsorelaterad livskvalitet och minskade risken for forsamring av psykologiskt
valbefinnande fore operation. Forbattringarna var sma och forbattringar efter
operationen var lika for bada grupperna. Vid 1 Aarsuppfoljning hade
fysioterapigruppen fortfarande en hogre fysisk aktivitetsnivad jamfort med
vantelistegruppen. Pre-operativ fysioterapi tolererades val och gav inga
komplikationer. Patienter upplevde att fysioterapi fore Kirurgi skapade trygghet
och mojlighet att reflektera dver behandlingar och livsstil. Symtom beskrevs
huvudsakligen i linje med en biomedicinsk forklaringsmodell. De som anvénde en
bredare forklaring, hade tilltro till fysioterapi och att egenbehandling kan paverka
deras ryggsymtom.
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