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ABSTRACT

Back pain is an endemic problem affecting one in five adults every year. Even though only 10
% of all cases of back pain become chronic it is one of the largest health problems in
industrialized societies. The term nonspecific chronic low back pain (NSCLBP) refers to cases
in which neither the persistent pain symptoms nor the related physical dysfunction are
related to structural impairment or disease. NSCLBP accounts for 80 % of cases of chronic
low back pain.

The overall purpose of this thesis was to generate knowledge in order to evaluate the
Sensory Motor Learning (SML) intervention when applied in patients with NSCLBP. To
achieve the purpose the conceptual framework behind the SML intervention was outlined
and the investigation implemented through four separate studies.

Patients with NSCLBP who previously had not been helped by any treatment and who
were not expected to be helped by spinal surgery participated in the studies.

Study I investigated if the optoelectronic Posturo-Locomotion-Manipulation (PLM) test
was a valid and reliable measurement tool, able to objectively assess the quality of a dynamic
goal directed action in freely moving patients with NSCLBP. Study II evaluated how the
SML intervention influenced movement capacity in patients with NSCLBP as assessed by the
PLM test. Study III used individual interviews to evaluate how the SML intervention
influenced the patients regarding their subjective, cognitive perspectives. Study IV was
designed as a qualitative randomized clinical trial using focus groups to compare how two
comparable groups of NSCLBP patients expressed their experiences from two different
interventions based on different conceptual frameworks; SML and exercise therapy (ET).

The result showed the PLM test to be a valid and reliable outcome measure. Compared
with an age and gender matched control group without back pain, the NSCLBP patients’
performance was significantly less efficient before the SML intervention. After the
intervention there were no differences between the movement capacity of the patient group
and the control group. The results were maintained after one year. The patients described
that they had learned to reduce pain, to diminish psychological distress and to improve
physical ability. Major differences were indentified when comparing how the two patient
groups with NSCLBP experienced SML and ET. The patients in the SML group expressed
that they had learned to trust in themselves and now felt able to handle their low back pain
themselves. This was in contrast to the patients in the ET group who expressed insecurity
and dependence on advice from back-pain experts.

Based on the results; a hypothesis was generated stating that SML- an embodied,
empathic, therapeutic approach to health behaviour change - enables patients with NSCLBP
to increase control over back pain and promotes health by guiding them — back to oneself —
implying that patients learn to rely on themselves and their bodily awareness. The
hypothesis was based on the fact that the patients’ felt able to handle their low back pain
themselves and their subjectively experienced positive physical and psychological changes
coincided with objectively assessed improvements in movement capacity.

Key words: Chronic nonspecific low back pain, Sensory Motor Learning, SML, Posturo-
Locomotion-Manipulation (PLM) test, Qualitative method, Focus group study, Health
promotion, Feldenkrais method, Exercise therapy.



ABBREVIATIONS

ATM Awareness Through Movement

ET Exercise Therapy

FI Functional Integration

M Feldenkrais Method

GMP Global Movement Pattern

ICF World Health Classification on Functioning,

Disability and Health (WHO 2001)

KSp Karolinska Scale of Personality

MG Movement Gestalt

NSCLBP Nonspecific Chronic Low Back Pain

PLM test Posturo - Locomotion — Manipulation test

PT Physical Therapy/ Therapist

RoM Joint range of motion

SF 36 The 36-item Short Form Health Survey

SML Sensory Motor Learning

TIPPA Test Instrument Physical Performance Ability

WHO World Health Organisation
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Dare to do right!

Dare to speak the truth!
You have a duty that
no one else can fulfill!

Do even the smallest duty well
and when the day is ended

you will have nothing to regret,
no time will have been lost and
you will feel content and happy!

To Christina from Kindergarten teacher
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INTRODUCTION

INTRODUCTION

Back pain is an endemic problem affecting one in five adults every year. Even though
only 10 % of all cases of back pain become chronic it is one of the largest health prob-
lems in industrialized societies. The term nonspecific chronic low back pain
(NSCLBP) refers to cases in which neither the persistent pain symptoms nor the re-
lated physical dysfunction are related to structural impairment or disease. Nonspe-
cific spinal disorders are categorized as chronic if they occur episodically within a six
month period or last for more than three months. They are usually accompanied by
other musculoskeletal pains, bodily complaints, psychological distress and amplified
dysfunctional cognition and pain behaviour. NSCLBP accounts for 80 % of the
chronic low back pain cases [1-4]

In 2000 “The Swedish Council on Technology Assessment in Health Care” (SBU) pub-
lished an extensive review on the scientific evidence of causes, diagnosis and treat-
ment of back pain. A group of international experts had gone through 25 000 articles
and selected around 2000 studies on back and neck pain of the highest scientific qual-
ity. In the conclusions it was stated that back pain and its consequences are not iso-
lated physical problems but are associated with stress, worry and anxiety. The pa-
tient’s own perceptions of and ability to manage the problem can have decisive im-
pact on the transition from acute to more chronic pain. Many treatment methods are
currently used but there is little scientific evidence about their benefits. According to
the Swedish SBU report, progressive resumption of activities of daily living and back
programs combining muscle strength- and stretch training plus aerobic fitness are
recommended as effective treatment for the reduction of disability and improvement
of physical function, in patients with NSCLBP [3].

Despite the fact that several clinical practice guidelines had been developed for the
management of low back pain, it was concluded that the overall quality was disap-
pointing [1-3]. Therefore in 2006, the European Commission COST B13 program pub-
lished the European guidelines for the management of low back pain, including
guidelines for NSCLBP. In conclusion it was stated that the few therapies that may be
recommended for patients with NSCLBP have only modest effects due to the hetero-
geneous and multidimensional nature of the underlying problem. According to the
guidelines Exercise Therapy (ET) together with cognitive behavioural intervention
are the most promising interventions for this group of patients, even though the “ac-
tive ingredient” in ET programs is largely unknown. ET encompasses a heterogene-
ous group of interventions that vary in type, intensity, frequency and duration of
exercise and the setting in which it is provided. The primary aim is to engage pa-
tients to increase their amount of general physical activity, to strengthen muscles and
increase joints flexibility in order to improve physical capacity level [2, 5, 6].
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A systematic review conducted within the framework of the Cochrane Collaboration
found that ET is slightly effective at decreasing pain and improving function and is
at least as effective as other conservative interventions for patients with NSCLBP.
The ET program should be individually designed, the performance supervised and
adherence encouraged to achieve a high amount of exercise. Moreover, stretching
exercises should be included in the program to reduce pain as well as muscle-
strengthening exercises to improve function [6-8]

Protective pain behaviour
It has been shown that patients with NSCLBP have dysfunctional postures, habitu-

ated restricted movement repertoires, reduced kinesthesia and impaired propriocep-
tion [9-13] .

Several studies confirm that sensory motor disturbances are found frequently in pa-
tients with chronic pain [14-16]. From a clinical perspective the relationship between
chronic pain and movement related disabilities is unambiguous. Disabilities in pa-
tients with NSCLBP may be related to an earlier acute injury or may be the result of
long time disuse or as a consequence of physical or psychological overload. Little is
known, however, about how nonspecific pain related neuromusculoskeletal disabili-
ties occur and how humans learn to control and optimize their movements. The an-
swer lies in the interface of neuroscience, kinesiology, neurophysiology, psychology,
biomechanics and clinical sciences [17-20].

It has been suggested that protective pain behaviour may underlie the maladaptive
movements and the motor control impairments in patients with chronic low back
pain [21]. Protective pain behaviour implies any action that is intended to reduce the
probability of further injury, minimize the experience of pain or promote recovery
from injury [22]. Back pain may influence anticipatory postural compensation during
a movement that involves the spine, plus the increased activation of deep muscle
structures might reflect a protective mechanism aimed at minimizing movement as-
sociated with an increase in pain [23]. Individuals engage in behaviours such as hold-
ing or guarding the part of the body where pain is being perceived and they perform
actions in a rigid or halting manner to minimize movements that cause pain [22-24].

There are indications that emotional factors related to fear of pain play a significant
role in the degree of protective behaviour individuals will display when experiencing
pain. Consistent research findings corroborate that individuals suffering from
NSCLBP develop fear-avoidance strategies, pain-related disability and generally
negative affect [25]. Fear of pain has been defined as a highly specific negative emo-
tional reaction to pain eliciting stimuli involving a high degree of mobilization for
avoidance behaviour [26]. Individuals who score high on measures of fear of pain are
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less active, have reduced range of motion, are prone to discontinuing activities that
are associated with pain and avoid activities that they expect will be associated with
pain [24, 27, 28].

From a short term perspective, such unconsciously restrictive movement habits can
be seen as a physiologically beneficial coping strategy that protects against further
overload and/or injury. Kinaesthetic perception, however, becomes less differenti-
ated when action is restricted [14, 29, 30]. This implies that after some time, the pa-
tient with NSCLBP will no longer perceive his or her movements as precisely as be-
fore. This will reduce the ability to co-ordinate the fine-tuned, complex movements
of the spine and a vicious circle is initiated with pain being the patient’s only notice-
able sign.

When referring to the above, NSCLBP seem to present one of the most challenging
aspects of rehabilitation since no underlying disease or anatomical source of pain can
explain the patients’ severe pain symptoms, physical disabilities and/or psychologi-
cal distress. Moreover, in patients with NSCLB there is no concurrent disease or
pathophysiological process, which can progress and possibly bias the outcome of a
potentially efficient intervention.

The author of this thesis had the objective of developing a comprehensive interven-
tion aimed at the rehabilitation of patients with NSCLBP. It was intended that the
intervention would address the whole person and therefore it was named Sensory
Motor Learning (SML).
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AIMS

The overall purpose of this thesis was to generate knowledge by evaluating the Sen-
sory Motor Learning (SML) intervention when applied in patients with nonspecific
chronic low back pain (NSCLBP). To achieve the purpose the conceptual framework
behind the SML intervention was outlined and the investigation implemented
through four separate studies with the following aims:

Study I:

The aim of study I was to investigate if the optoelectronic Posturo-Locomotion-
Manipulation (PLM) test was a valid and reliable measurement tool, able to assess
dynamic movement capacity objectively in freely moving patients with NSCLBP.

Study II:

The aim of study II was to evaluate how the SML intervention influenced movement
capacity in patients with NSCLBP.

Study III:

The aim of study III was to evaluate how the SML intervention influenced a group of
patients with NSCLBP with regard to their subjective cognitive perspectives.

Study 1V:

The aim of study IV was to compare how patients with NSCLBP express their ex-
periences from two interventions that are based on different conceptual frameworks;
SML and exercise therapy (ET) interventions.

Design

To achieve the various aims of the four studies, multiple methodological approaches
were required. In study I and II the data collection was computer-based and the time
taken for the entire PLM test movement and for its three phases; postural (P), loco-
motion (L) and Manipulation (M) were calculated and statistically analysed. There
was also an attempt to measure to what degree the postural motor program was in-
tegrated with gait and arm dexterity into an efficient movement by the calculation of
a simultaneity index (SI). In study III two individual interviews with each patient
were audio recorded, transcribed and the content was analysed using a systematic 7-
step iterative procedure. Study IV was designed as a qualitative randomized clinical
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trial using focus groups to compare how patients with NSCLBP expressed their ex-
periences regarding the two different interventions.

An overview of the research design is given in Table 1.

Table 1
Study 1 Il 1] v
Assessment of Individual interviews to F.ocus groups discus-
Assessment of movement capac- assess how patients sions to compare how
Design PLM-test’s validity ity before, after . b patients express ex-
A perceive and interpret :
and reliability and 1 year after SML periences of SML and
SML ET
. Movement labora- Movement labora- . . .. Neutral conference
Setting tory tory SML intervention clinic room
Data Computer based  Computer based  Audio recorded, Audio recorded,
collection measurements of measurements of transcribed individual transcribed focus

Participants

Analysis

time

Patients with
NSCLBP and
control group

Descriptive and
non-parametric
statistics

time

Patients with
NSCLBP and
control group

Descriptive and
non-parametric
statistics

interviews

Patients with
NSCLBP

Qualitative content
analysis of cognitive
individual interviews

group discussions

Patients with
NSCLBP

Qualitative discursive
analysis of focus group
discussions
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THE CONCEPTUAL FRAMEWORK behind
Sensory Motor Learning (SML) intervention

The author of this thesis started developing the Sensory Motor Learning (SML) inter-
vention in the mid 1990s as she was responsible for a project named “To learn with
the body and evolve as a human being; the movement school — Awareness through
movement”. Her idea was to start her developmental work by assessing the out-
comes of the Feldenkrais method (FM); Awareness Through Movement (ATM) les-
sons [31], offered to patients with nonspecific chronic pain-related disabilities, who
had not been helped by conventional physical therapy.

Approximately 50 patients with medical diagnoses such as Fibromyalgia, Chronic
low back pain and Whiplash injury took part in the project. The evaluations were
performed by final term physical therapy students and resulted in five graduate re-
search methodology projects. The patients’ sense of coherence (SOC) was assessed
using a questionnaire developed by Antonovsky [32]. The West Haven Yale Multi-
dimensional Pain Inventory (MPI) was used to assess multiple pain dimensions [33].
To investigate the qualitatively different ways in which the patients experienced the
intervention, two separate interview studies were performed. To assess the patients’
movement capacity, the Body Awareness Scale (BAS test) [34] and the Resource Ori-
ented body investigation (ROK) [35], were used. The results indicated that the pa-
tients” SOC improved [36] and their pain intensity decreased [37]. The patients ex-
perienced positive physical and psychological changes, which resulted in a more
positive self image and coincided with marked improvements in well-being and
daily life capability [38-40].

There were several methodological limitations to these pilot studies. We could not
find a valid outcome measure to assess the patients’ movement capacity. Major objec-
tions were directed towards the lack of control groups. The unusual idea of including
patients with various medical diagnoses in the same intervention was questioned.

Against the background of what the author had learned from these pilot projects and
through advanced, theoretical and applied courses in FM [41-45] and studies in Psy-
chosynthesis [46-48] and Motivational Interviewing (MI) [49, 50], a conceptual
framework was outlined. Three phenomena were assumed to play a decisive role in
the SML intervention comprising an efficient intervention aimed at patients with
NSCLBP, even though its major influence came from FM. The conceptual framework
is outlined below and the text is divided into three parts.

Part one discusses what constitutes an efficient movement pattern and how ineffi-
cient movement patterns can be observed and therapeutically addressed trough the
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FM. Part two discusses the process of change and describes how the NSCLBP symp-
toms can be explained and made meaningful and understandable so that the dejected
patient can replace the locus of control onto himself and find the motivation to
persist. Part three describes what distinguishes the complex and dynamic therapeutic
relation between the SML teacher and the patient, including the practical FM skills
the SML teacher needs to master in order to guide the patient to discover ways that
may lead him/her out of the self imposed protective pain behaviour.

Movement patterns

From the perspective of an observer, an individual’s movement pattern is defined by
the observed relations between the bodily parts of the individual while in movement.
Each daily life activity comprises a defined number of Global Movement Patterns
(GMP) [51]. The concept “Global” (G) is used to emphasize that the whole body is
involved, from the head to the toes, when an action is performed in the most efficient
way. The “most efficient way” refers to a situation when the transmission of forces
through the skeleton is mono vectored and the distribution of movements along in-
volved joints is congruent with the size of these joints.

The quality of each GMP is created by the individual’s nervous system during the act
of moving. Every GMP comprises several movements and each movement addresses
specific musculoskeletal relationships. As the degree of freedom in the human body
is very large there are many possibilities regarding how each movement at the level
of the specific musculoskeletal relationships inherent in a GMP is created. As the
human musculoskeletal structure is identical in every non impaired individual, in
theory the innate movement possibilities are known. Moreover, the ideal ensuing
Movement Gestalt (MG) of perfectly performed GMP can be anticipated and the inef-
ficient GMP observed and recognized. The MG refers to the whole body configura-
tion that constitutes the resulting observed “image” of an individual’s body in mo-
tion. When observing the MG of an individual whose action is comprised by ideal
GMP, one gets an embodied impression of beauty and lightness. The GMP that gives
rise to the “ideal” MG encompasses the most efficient performance.

This implies that each action can be performed in many, more or less inefficient,
ways. The defining factors are decided both by the situational local sensory - motor -
skeletal status and by situational environmental constraints. In the absence of envi-
ronmental constraints the efficiency of an action is only determined by the individ-
ual’s use of self, which in its turn is dependent on the kinaesthetic transparency of
the individual’s bodily self image.

Figure 1 illustrates how the same action can be performed in various ways.
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Global

Local
musculo-

skeletal
relationships,

movement patter
(GMP)

Intention

The action is the same for all three
individuals in the photo. They are sitting
on the floor, turning left. Each individuals’
GMP is mirrored by the movement gestalt
(MQG), created by the local musculoskeletal
relationships at every joint. Observing the
MG’s of the three persons one discovers
differences at almost every musculoskeletal
connection; toes, feet, knees, hips, pelvis,
lumbar spine, thoracic spine, neck ,
shoulder girdle, elbows and hands.

Photography by Rosalie O'Connor wiww.rosalisoconnor.com

Figure 1. The photo demonstrates how each person tends to act in accordance with
his/her habituated bodily self-image.

It can be quite easy to detect distinctive differences subjectively in the way two indi-
viduals perform the same action. To measure the quality of an action, in order to
compare the movement patterns of different individuals, or the same individual at
different occasions, a reliable observation system is needed. A valid outcome meas-
ure must be able to capture the essential distinguishing GMP of a specified action
and monitor its inherent movements as an integrated whole, i.e. an entity comprised
of interdependent parts working together.

The FM is based on the innate human capacity for lifelong development and growth.
The client is encouraged to update his/her movement repertoire by choosing to mani-
fest what is kinaesthetically perceived as the easiest way instead of unconsciously
performing any intention in the habitual way. This implies to consider an individ-
ual’s inefficiently performed (eventually painful) actions from the perspective of the
GMP and avoid the futile problem perspective. Freeing self imposed behavioural
limitations, whether produced because of pain or not, is not only supposed to pro-
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duce more efficient movements but also significant relief of muscular strain and re-
duce eventual pain.

The FM lessons aims at guiding the patient to organize himself functionally to move
with minimum effort and maximum efficiency, not through muscular strength, but
through increased kinaesthetic awareness of self, resulting in better body alignment
and more efficient actions. There is a sensory correlation so that optimal actions feel
effortless, whereas inefficient actions feel effortful [52]. The FM uses two modes;
Functional Integration (FI) lessons and Awareness through Movement (ATM) lessons
(53]

An FI lesson comprises a hands-on, non-invasive and interactive approach. What
occurs is the direct result of the interaction between the teacher and the client. The
teacher uses what he/she feels and sees to guide the client to a more diverse, whole,
and well-organized use of self. The teacher addresses the client’s self image through
the local musculoskeletal relationships of a specific GMP; first carefully exploring the
structural characteristics of the client and then (nonverbally, hands-on) posing ques-
tions in relation to perceived free movement directions. Depending on the teacher’s
felt sense of the client’s structural flexibility he/she also may (nonverbally, hands-on)
propose alternative movement directions, without ever imposing change.

ATM lessons comprise a series of guided movement sequences, through which cli-
ents are led verbally, either in groups or individually. Clients are encouraged to
move slowly and gently, usually lying down or sitting (some standing), with an em-
phasis on reducing effort and developing awareness. The teacher addresses the self
image of the clients by suggesting that they explore specified local musculoskeletal
relationships inherent in a selected GMP and belonging to a specified meaningful
action (Figure 1). This implies that the clients” attention is directed to areas of self that
may not be the ones to which he/she usually pays attention. The aim is to bring about
a more complete sense of what the client is doing and how he/she is doing it. Having
identified these characteristics means having found a way to study the own habitu-
ated movement patterns and thereby the method to change them.

The process of change

What are clearly and comprehensibly outlined in the method named Motivational
Interviewing (MI) [49, 50] are inherent, but hidden and unspoken, principles of the
FM. This implies honouring the patients’ autonomy, listening with empathy, resist-
ing the righting reflex, understanding and exploring the patient’s own motivations,
developing discrepancy, avoiding argumentation, rolling with resistance and em-
powering the patient by encouraging hope and optimism. The MI method is pre-
sented and used as a verbal method but in SML the MI principles are followed both
in the verbal ATM mode and in the nonverbal FI, FM mode.
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All emotions are, in essence, impulses to act and Edmund Jacobsen was the first to
develop an evidence-based self-observational technique aimed at kinaesthetic
awareness of the tension level of bodily musculature. He demonstrated that the ac-
tion potentials in muscles vary in a predictable way with mental activity and espe-
cially with feelings of tension [54]. The intimate bond between emotions, thoughts
and movements often seem obvious to patients; with fear the body tends to freeze
and sadness brings significant loss of muscular strength. Moreover, that bodily
movements reveal the thoughts and intentions of people more truly than do words,
which may be untrue, is not controversial [55]. In addition to experience-based dis-
cussions on the relationship between emotions and bodily movement patterns, Fig-
ure 2 may be used to describe these complex relationships to the patient and explain
how pain, strain and being out of balance can be created as a result of self induced
protective pain behaviour.

MIND

Images catch the
reality for which one
has no words and
awaken memories
that affect the feelings.

The feelings (fear, sorrow, The symptoms created

insecurity etc) affect the by the unbalanced \

musculoskeletal system musculoskeletal system |

through the autonomic are experienced in the ,f

nerve system. body as pain, strain and /
| being out of balance etc.

FEELING N BODY

Figure 2. Illustration of a hypothesis stating how protective pain behaviour is being
created through the circular relationship between mind, body and feelings leading to
a less transparent self image.

Information, however, rarely leads to profound change. It was Albert Einstein who
said that imagination is more important than knowledge if one needs to look at old
problems from a new angle. This implies that in order for change to happen the emo-
tional and sensory motives are more important than the cognitive ones. In the SML
intervention selected metaphors are used to mobilize patients’ creative potential and

10
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imaginative representations and to illustrate how ingrained habits and emotional
reactions tend to limit efficient action.

This part of SML has been influenced by Psychosynthesis, a therapeutic approach,
which uses imagery and metaphorical language to explore the unconscious and ex-
pand self awareness [46-48]. It seems as if this kind of imagery constitutes an impor-
tant part of the SML intervention as a majority of patients say that the imagery
helped them make sense of and see the meaning in earlier unexplained experiences
and painful events. The embodied, emotional self may help a person to see the mean-
ing or significance of something and apprehend its implications [56].

The metaphors nr 1 - 5 on the next pages are a few examples of the many that were
created, in cooperation with patients, during SML lessons in response to their non-
specific pain related disabilities. Metaphor nr 1 has been found to be a useful illustra-
tion of the relationship between self, mind and physical body, which helped the pa-
tients recognize the horse, carriage, coachman and traveller within themselves.

1. The horse, carriage and coachman

The traveller
The Self - A Higher consciousness which
gives direction, purpose and meaning and
directs the Will energy in the psyche.

The carriage The coachman The horse
The musculoskeletal The mind; thoughts, The present movement
system’s construction and [ feelings, desires... <] pattern; the body language
its relation to gravity. Metaphor: mother ignoring Metaphors: a cartoon
Metaphor: the bike (2) her crying child (3) family(4), a doorman (5)
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2. The bike;

a metaphor for the effi-
cient construction of the
human muscular skeletal sys-
tem; able to perform many ac-
tivities for example the complex
activity called walking. The tyres
of the bike mirror the feet, both
of which function best when
they are full of bounce. The con-
struction of the bicycle chain
and the wheel hub mirror the
functional anatomy of the spinal
pelvic muscular system. They
both function at their best when
there is free transmission of force
through the system. This can be
accomplished only if there is no
mechanical obstacle or muscular
constraints. The bicycle handle-
bars mirror the shoulder girdle,
both being constructed to move
easily with very little strain.

3. A mother ignoring her
crying child;

a metaphor for a localized pain,
which risks becoming chronic.
The image, in which a crying
child seeks attention from a busy
mother, illustrates how a local
pain or discomfort seeks atten-
tion from an occupied mind. If
the mother ignores the crying
child for long enough the child
may finally stop crying but, in-
stead, become depressed. If the
mother learns how to increase
her self-awareness, however,
then her self-understanding, her
self- acceptance and her self-mas-
tery will increase and in this way
will enable her to console her
child (her distressed inner self).
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4. A cartoon family;

a metaphor for a spinal
system with reduced function
due to inefficient transmis-
sion of forces caused by an
uneven distribution of move-
ments along the spine. If the
distribution of movements
had been ideal in relation to
the functional anatomy of
the human spine there would
have been more motion, es-
pecially in the thoracic part of
the spine (the husband would
be more moveable) and less
motion in the lumbar part (the
woman would relax a little
to ease the muscular strain).

5. An anxious doorman
holding on to doors;

a metaphor for situations in
which some muscles habitu-
ally hold and thus hinder
movements in some ver-
tebral joints, forcing other
muscles to work too hard
and too much. If the pain
related fear can be reduced;
however, the doorman will
be able to open and close the
doors in a more reliable way.

/ \ /
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The therapeutic relationship

The relation between the SML teacher and her patient is of same character as be-
tween a FM method teacher and his/her student and it may best be characterised as
empathic. The basic aspect of empathy is an awareness, an understanding, a knowl-
edge of another’s state, condition or consciousness. Many researchers, in the field of
neuroscience [56-61] and in psychology [62-64], consider empathy as embodied un-
derstanding, which means that empathy provides the empathizer with some kind of
knowledge. Empathy can be viewed as the capacity by which one person obtains
knowledge of the subjective side of another person.

In the empathetic position the intention is to meet and see the patient from his/her
position. The focus of attention is directed towards the SML teacher’s own bodily felt
sense while observing the patient’s MG. The information the SML therapist obtains
while sensing/observing the MG of the moving patient is indispensable for determin-
ing what strategy to suggest the patient to try out.

The primary question the SML teacher asks herself while observing a patient mov-
ing, or with her hands exploring the patient’s structural characteristics is; “how may
this person experience herself (her bodily self image) so that she is “forced” to use
herself in the way she does (the observed MG) and perceive the enclosed pain related
symptoms?” — Or put differently; “which are the unconscious bodily constraints that
this person habitually and thus unconsciously enacts thereby causing the observed
symptoms and the self imposed limitations in her use of herself?” Often, what is
most obvious to the observing SML teacher is totally hidden to the patient; she can
not kinesthetically perceive how she moves.

The answers that emerge intuitively from these implicitly posed questions gives rise
to ideas to try. The SML teacher’s task is to guide the patient to discover kinestheti-
cally how she is unconsciously and habitually using unnecessary muscular tensions.
Once she has found how she does this she can stop doing it and a way out of the self
imposed protective pain behavior has been found. Freeing self imposed protective
pain behaviour is supposed to produce significant relief of muscular strain and re-
duce pain.

The character of the relationship between the SML teacher and the patient leads to a
researching partnership. This relationship implies that the outcome of the interven-
tion is not predictable. This will inevitably influence not only what the patient learns
but also the patient’s locus of control and his/her self efficacy.
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Conclusion

Three phenomena were assumed to play a decisive role for the SML intervention
comprising an efficient intervention in cases of NSCLBP:

1. The quality of the individual patient’s movement patterns; an individual’s move-
ment patterns are considered efficient when the individual can coordinate
the movements inherent in the actual GMP into a smooth whole body action.
Protective pain behaviour is supposed to give rise to restrictive, inefficient
movement patterns, which in turn produce negative muscular strain and
pain. To investigate if the SML intervention can guide a patient with
NSCLBP to free himself from protective pain behaviour and enact more effi-
cient patterns of movement requires a valid and reliable outcome measure.
This method must be able to capture the essential distinguishing GMP of a
specified action and monitor the movements as an integrated whole, i.e. an
entity comprised of interdependent parts working together.

2. The principles and pertinent approaches to be followed to induce an efficient process
of health behaviour change; to evaluate how meaningful the patient finds per-
sisting in the SML intervention can only be assessed through interviews,
performed and analysed in accordance with appropriate qualitative research
methodology.

3. The efficiency of the therapeutic relationship inherent in the SML intervention; if
the character of the relationship between the patient and the SML teacher
has been of decisive importance or not can not be assessed by asking the pa-
tient directly. By using a focus group the questions can be asked indirectly
and if the discussions are performed and analysed in accordance with ap-
propriate qualitative research methodology the answer can be found.
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MATERIALS AND METHODS

Ethics

The studies were approved by the Ethics Committee of the Faculty of Medicine at the
University of Gothenburg. The ethical principles for the humanities and social sci-
ences regarding openness, consent, confidentiality and autonomy were followed.

Setting and participants

Patients with nonspecific chronic low back pain (NSCLBP), who had not been helped
by any treatment and who, despite degenerative changes in the lower lumbar spine,
were not expected to benefit from spinal surgery were selected by two orthopaedic
spine surgeons in the Department of Orthopaedics, Sahlgrenska University Hospital,
Gothenburg, Sweden. The patients had been referred to the Department of Orthope-
dics by primary care physicians.

Inclusion criteria were:

¢ Swedish speaking patients of both sexes, aged 25-65 years

e Severe low back pain, with a duration of more than one year

¢ Degenerative changes in the lower lumbar spine with at least a decrease in
disc height of 50% or more at 1-2 levels, seen on plain radiographs.

¢ Physical therapy treatments of any kind had proven unsuccessful.

Exclusion criteria were:

¢ Other pathologies e.g. disc herniations or spinal stenosis were excluded using
computed tomography (CT), and/or magnetic resonance imaging (MRI).

¢ Specific radiological findings such as spondylolisthesis, signs of spinal steno-
sis, disabling arthritic joints, fractures, infection, inflammatory processes or
neoplasm.

¢ Psychiatric illness.

The responsible spine surgeon informed his/her patient about the study.

Participation in study I, I and 111 implied:

e participation, for up to 12 months, in an intervention focusing on Sensory Mo-
tor Learning (SML)

e to attend a movement laboratory for objective, optoelectronic assessments of
the performance of a simple physical task of daily life several times before and
after the SML intervention,

® to be interviewed during the first part of the intervention and after its conclu-
sion.
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Control group

¢ In study I and II age- and gender matched volunteers with no back pain his-
tory were recruited as control subjects. Their occupations and fitness level var-
ied. None of them was extremely well trained or had physical defects. They
were asked to attend a movement laboratory for objective, optoelectronic as-
sessments of the performance of a simple physical task of daily life 9 times.
The measurements took around 30 minutes and were performed once a week
for three weeks, on three occasions with 1 year in between. The volunteers
were reimbursed for travel expenses.

Participation in study IV implied:
¢ filling in two self- report inventories on subjective health before intervention
* an extensive and careful examination of physical ability profile by an experi-
enced physical therapist before the intervention
e participation in individualized physical therapy intervention for 6 up to 12
months, after being randomized to either:
1. individualized, supervised exercise therapy (ET) or
2. physical therapy with focus on sensory-motor learning (SML)
® participation in a focus group conversation after completion of the allocated
intervention

All patients received written information about the study and were asked if they
wanted to participate. All questioned chose to take part and gave informed consent.

Randomization procedure

While being supervised by an independent PT, the patient picked one envelope from
a stack of 40 identical, glued envelopes, which were placed in a locked box. Twenty
of these envelopes contained a letter referring the patient to a clinic specializing in ET
and twenty of the envelopes containing a letter referring the patient to a clinic spe-
cializing in SML.

An overview of all the included patients” age, gender and years of severe back pain
plus those of the control subjects are outlined in Table II and IIL

Interventions
The patients were encouraged to come to the allocated intervention at least every two
weeks, but the individual schedule was adjusted always to the patient’s situation at
work and at home. It was decided that the maximum time in the intervention would
be 12 months.

In study IV the intervention was considered completed if the responsible physical
therapist judged that a patient had participated regularly for 6 months or longer. The
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decision was based on the assumption that this was the minimum amount of time
needed to achieve a lasting health related change of any kind.

Table II. Patients included in study I, Il and III and control subjects in study I and II.

Age at inclusion Gender: Years of severe NSCLBP Low back surgery before
F=Female before inclusion inclusion
M = Male
Patient Control N=12  Patient Control  Patient N=12  Control Patient Control
N=12 N=12 N=12 N=12 N=12 N=12
(1) 39 39 F M 0 no no
(2) 40 42 F F 0 no no
(3) 52 61 F F 0 yes no
(4) 45 52 M M 16 0 no no
(5) 42 43 F F 6 0 no no
(6) 26 20 F F 4 0 no no
(7) 42 48 M M 13 0 no no
(8) 44 51 M M 10 0 no no
(9) 32 17 M M 9 0 yes no
(10) 34 17 M M 5 0 no no
(11) 44 46 F F 20 0 yes no
(12) 61 84 F F 14 0 yes no
Mean: 42 Mean: 43 F (N=7) F (N=6) Mean: 9 Mean: 0 No (N=8)  No (N=12)
Median: 42 Median: 44 M (N=5) M (N=6 Median: 8  Median: 0 Yes (N=4) Yes(N =0)

Table III: Patients included in study IV; Exercise therapy (ET),
Sensory-motor learning = SML

Included ET group SML group
patients: N =20 N =20
Mean: 41.1 Mean: 42.5

Age at inclusion

Gender:
F= Female
M = Male

Years of severe NSCLBP
before inclusion

Low back surgery before
inclusion

59 max 25 min

Mean: 7,5
20 max 2 min

N=4

57 max 28 min

F(N=14)
M(N=6)

Mean: 7,0
20 max 1 min

N=8
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Sensory Motor learning (SML) lessons

The SML lessons were provided by one of two experienced physical therapists who
were both trained Feldenkrais teachers [53], with more than 5 years experience.

The intent was to create an environment that felt safe enough for the patients to focus
on kinaesthetic self-awareness and not on the instructor. The following three strate-
gies were used:

1. The patients were taught the basic principles of ‘focusing’, i.e. learning to be-
come aware of very subtle and vague internal bodily signals/motions, termed
‘felt sense’. As a patient learns how to ‘focus’ on the ‘felt sense’ of self, the
SML movement explorations become more tangible and easier to work with
[65, 66].

2. The patients were guided to notice the slightest movements in their bodies; to
feel how breathing rhythms moved through the body; to explore the body’s
imprint on the floor when they were lying down and thus discover how each
slight motion influenced the shape of their skeletal structure. These subtle ex-
plorations were aimed at identifying the gap between an intention to move
and the body’s execution of the intent. Being able to identify this gap meant
that they found a way to study their own habituated movement strategies and
thus the means to change them [42, 67]

3. A number of mental images were used to illustrate how ingrained habits and
emotional reactions restrain efficient action and helped the patients make
sense of the ‘felt sense’ of self and of experiences from the movement explora-
tions. The metaphors used by the SML theacher as she described body states
were meant to mobilize the patients’ creative potential and imaginative
thoughts. The overall aim was that the patients should acquire a strategy for
dealing with back pain, physical disability and psychological distress in the
future [48, 68-70]

Supervised Exercise Therapy sessions (ET)

Based on extensive and careful physical examination, the individually designed ET
programs were composed by one of two physical therapists; both with extensive
knowledge and more than 5 years experience working with ET. Most often the pro-
gram included stabilizing, strengthening and stretching exercises to promote muscu-
loskeletal, neuromuscular and circulatory functions. Training equipment was used
only if it made the patient’s performance more efficient. Each patient’s performance
was always supervised by one of the physical therapists and the program was modi-
fied when needed. Symptomatic pain relieving treatments such as acupuncture or
hot- or ice-packs were never used.
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Measurements overview

¢ InstudyIand II the patients’” and the control subjects’ movement capacity was
assessed using the objective, optoelectronic Posturo-Locomotion-Manual
(PLM) test. The measurements were performed at three occasions; the first oc-
casion before the SML intervention, the second directly after the SML inter-
vention and the third at one year after the conclusion of the SML intervention.
At each test occasion the PLM test was assessed three times at three consecu-
tive visits to the movement laboratory with one week intervals.

¢ Instudy III two interviews with each patient were performed to evaluate how
the SML intervention influenced the patients as regarded from their subjective
cognitive perspectives. All interviews were audio recorded and transcribed
verbatim.

¢ The patients also completed a questionnaire on subjective health (constructed
by the researchers) aimed as an introduction to the one year post SML inter-
vention follow-up assessment by the responsible orthopaedic spine surgeon.

¢ In study IV two questionnaires on subjective health and one the extensive in-
strument to assess profile of physical ability were chosen to control compara-
bility between the two randomized groups; ET and SML. The questionnaires
were the Karolinska Scales of personality (KSP) and the Short Form 36 Health
Survey (SF — 36). The Test Instrument for Profile of Physical Ability (TIPPA)
was chosen to assess physical ability profile.

¢ Focus group discussions were performed to compare how the patients ex-
pressed their experiences from two different interventions that are based on
different conceptual frameworks; SML and exercise therapy (ET).

Quantitative measurements

The Posturo-Locomotion-Manual (PLM) test

The PLM-test uses an optoelectronic measurement system to record the dynamic per-
formance of a simple goal-directed physical activity during a timed test. Seven
spherical markers (5 cm diameter) covered with infrared light-reflective tape were
placed on defined parts of the subject’s body; the head, one shoulder, one arm, one
hip, both legs and on a small object. The position of the markers in 2-D space was
recorded every 20 milliseconds by the optoelectronic system, which had an infrared
flashlight.

To perform the PLM-test the subject was asked to move repeatedly the small (500
grams) object with a convenient handle, from a clearly marked starting place on the
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floor, to a stand located at chin level, 1.5 meters in front of the starting place. Thus
the body had to carry out postural changes (bending down to take the handle and
rising again) (the P-phase), locomotion (walking forward) (the L-phase) and a tar-
geted arm movement (placing the object on the stand) (the M-phase) (Figure 3).

Figure 3. The Posturo-Locomotion-Manual (PLM) test. The freely moving subject is
instructed to transport an object as quickly as possible from floor to stand.

The PLM phases (P-, L and M-phases) were identified by the software by calculating
the velocity profiles of the markers placed on the body. The PLM phases have in
common starting from zero velocity, reaching a maximum velocity and then deceler-
ating to standstill, i.e. they are monophasic. As every measurement system provides
an inherent noise in the signal a “zero level” cannot be identified. Instead a minimum
value of the velocity was set to identify the movement start of each specific PLM-
phase and in an analogous manner the end point of the phase was set to when the
velocity was less than a specific value. These parameters, included in the PLM soft-
ware, have been found previously to be stable for all measurements.

The computer software inspected the velocity profiles of the markers placed on the
subject and on the handle of the object and calculated the movements of the body in
two-dimensional space while the subject moved forward. The return movement to
the starting place was not recorded (Figure 4 A).

Three movement phases: The P-phase was derived from the velocity profile of the
marker on the head and measured the time spent to elevate the body, from the mo-
ment the object is gripped, until the body is fully straightened. The L-phase is a
measure of the time spent for locomotion, which was determined by assessing the
movements of the markers on the legs. The M-phase is a measure of the time spent
for the forward aiming arm movement, placing the handle on the stand. The M-
phase was derived from the markers on the hip, the shoulder and the arm by inspec-
tion of the angular velocity between the arm and the trunk (Figure 4 A and B).
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A

Opto-electronic
camera
50 Hz IR flashlight

Postural Locomotion Manual
(P) (L) (M)

C =

Movement time

Figure 4. Set-up of the Posturo-Locomotion-Manual test.

A. The body movements are recorded using an optoelectronic camera and infra-red
reflective markers. B. The time for raising the body (P), locomotion (L) and arm
movement (M) are calculated. C. Decreased movement time (MT) can be accom-
plished by an increase in simultaneity of the postural (P), locomotor (L) and manual
(M) phases. The simultaneity index (SI) reflects this association.

Movement time (MT) was identified from the velocity profiles of the marker placed on
the handle of the object by calculating the mean time spent for 3 consecutive forward
movements of the object from its starting position on the floor to the stand.

The degree by which, in action, the P-, L- and M-phases are performed simultane-

ously is calculated and defined as the simultaneity index (SI). SI = (P + L + M) / MT
(Figure 4 C).
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The most efficient way to move the object quickly from the floor to the shelf is by
transporting the object along a straight line. The dextrous human body uncon-
sciously follows this demand by initiating the different movement phases (P-, L- and
M- phases) with a degree of simultaneity as high as possible. In a healthy person, this
appears to give the impression of a smoothly performed, well-integrated, whole
body movement.

To assess the degree by which, in action, the 3 different P-, L- and M- phases were
integrated into one single movement, a Simultaneity Index (SI) was derived from the
following formula: SI = (P + L + M) / MT. An improved simultaneity of the PLM
phases is reflected by an increase of the Simultaneity Index (SI). This means that SI
will increase if the gait (L-phase) and/or arm movement (M- phase) is initiated earlier
during the PLM test action. Increasing the simultaneity will speed up the movement
task without the need for increased muscle work (Figure 4 C).

Data collection procedure: A trained laboratory assistant performed the PLM tests in a
clinical movement laboratory at the Sahlgrenska university hospital in Gothenburg.
The subject to be tested was instructed to stand at the marked starting place with the
object on the floor beside him /her. At a start command, the subject was asked to grip
the object, move forward as quickly as possible and place the object on the stand
(Figure 3).

To perform any action as fast as possible one has to accelerate from a standstill. To
reach maximal speed of the short PLM test-action the subject needs, therefore, to
make more than one repetition transporting the object from the floor to the stand. At
the same time, tiredness must not impair the subject’s performance. We chose three
repetitions to balance these two components in this study.

The action of moving the object from the floor to the stand, had to be accomplished 3
times without pausing. After the third move was accomplished, the subject had to
rest for 1-2 minutes. At each test occasion this procedure was repeated ten times
(with 3 repetitions each time), i.e. a total of 30 moves forwards.

Collection and analysis of PLM data: At each test occasion the ten times three PLM test
performances were captured by the optoelectronic video camera system and stored
on a personal computer. For each trial of three PLM test performances the software
(PLM program) calculated the mean and standard deviation for each of the five as-
pects of the PLM test movement. The five aspects were movement time (MT), the
three movement phases, Posturo (P) -, Locomotion (L) -and Manual (M) — phases and
Simultaneity Index (SI). The mean value was calculated from the three repetitions
made for each measurement to obtain the maximal performance capacity.
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Thus the data available for the evaluation of each subject’s performance at each visit
consisted of ten measures of each of the five aspects of the intentional physical task,
moving a small object from the floor to a shelf.

To discover effects of spontaneous variations in performance or of test movement
habituation and effects of the SML intervention, the reliability of the PLM test per-
formance was estimated by means of repeated measurements. Three test sessions
were performed; the first test session before the SML intervention, the second test
session directly after the SML intervention and the third test session ten to twelve
months after completion of the SML intervention. At each test session the patients
came to the movement laboratory, once a week for three consecutive weeks. The age
and gender matched control subjects were investigated at the same time intervals as
the patients.

To capture the most reliable measure, changes over time were studied and several
different approaches to the ten measures of the five aspects were compared. Three
approaches were of main concern:

Approach 1) the mean of all the ten measures.

Approach 2) the mean of the last four of the ten measures.

Approach 3) the lowest mean found out of any of three consecutive measures among
the ten measures (denoted as tri-average).

Every PLM-test performance was also recorded with a regular stationary video cam-
era. This was done to permit later inspection of the test movements.

Questionnaire on subjective health (self made)

In study III the patients” experiences and spine surgeons’ evaluations were assessed
one year after the conclusion of the SML intervention. The patients returned for a 30
minute, one year post SML intervention, follow-up assessment by the referring spine
surgeon. Before meeting with the spine surgeon, each patient answered a multiple
choice questionnaire consisting of 8 questions concerning different aspects of subjec-
tive health compared with his/her perceptions prior to the intervention. The 8 aspects
were: level of well being, relaxation ability, stress level, fear of movement, back pain,
analgesic consumption, body function, and activity level. The patients’ answers to
the questionnaire and the spine surgeon’s evaluation were documented in the case
records, which were then analyzed.

The Karolinska Scales of personality (KSP)

Multiple studies have documented a strong association between chronic low back
pain and psychopathology including personality disorders, depressive disorders and
anxiety [71]. To differentiate patients with personality disorders and to compare per-
sonality traits between the patients in the SML and ET groups the self-reporting in-
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ventory Karolinska Scales of Personality (KSP) was used [72, 73]. KSP was consid-
ered a valid instrument to compare personality traits and has been used in patients
with chronic low back pain in earlier large studies [74]. The instrument measures
stable personality traits and it comprises 135 items grouped in 15 scales; four of the
scales concern anxiety proneness; three are related to vulnerability, six to aggression
and hostility and two to social withdrawal [73].

The Short Form 36 Health Survey (SF 36)

To establish comparability concerning health related quality of life, between the pa-
tients in the SML and ET groups, the self-reporting inventory SF 36 was chosen. SF 36
has been shown to be a sufficient measure of health status and patient function, in
studies of patients with low back problems [75]. The instrument assesses the patients’
perceptions of their physical functioning, subjective well-being and general health
during the preceding 4 weeks. The result is summarised in eight subscales and one
physical and one mental health summary measure. Four subscales measures physical
health domains and four subscales measure psychological health domains.

The test Instrument for Profile of Physical Ability (TIPPA)

To assess the patients’ physical ability level the extensive test Instrument for Profile
of Physical Ability (TIPPA) was chosen. The instrument was developed at a rehabili-
tation clinic in Gothenburg, Sweden and was published in Swedish in 2004 [76]. It is
regarded as a valid, reliable and standardized instrument aimed at assessing physical
ability from multiple perspectives. It comprises four variables (A-D), each variable
having 5 grades. Variable B is the main variable and assesses the patient’s observed
physical ability while performing nine selected physical activities (Table IV). For one
separate individual the TIPPA result can be illustrated graphically and two assess-
ments can be compared easily. The median grade is used if groups of individuals are
compared (Figure 5). A user manual standardizes the test procedure and the grading
of the variables.

An independent physical therapist (PT), qualified in TIPPA test procedures, ob-

served the performances and documented the results. The patients completed the
TIPPA test before and after conclusion of the interventions.
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Figure 5. An example of profiles from two TIPPA test assessments from the same
patient
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Table IV: Description of the nine selected physical activities in TIPPA - variable B

with WHO ICF codes

Selected physical activities
(ICF-code d*)

Outcome as body functions
(ICF code b*)

Outcome unit

1 Walking for 5 minutes.
(d4500)

2 Speed walking, 20 m as fast as possible.
(d 4508)

3 Stair climbing up and down conventional stairs,
(at least 10 steps high), for 1 minute.
(d 4551)

4 Climbing on and off a stool, 25 cm high, for 1
minute.
(d 4551)

5 Grip by “Grippit Instrument”- two trials by left
and by right hand. (d 4401)

6 Drawing above the shoulder level, both arms
at the same time, as long as possible.
(d 4452)

7 Standing-up and sitting down from a 44 cm
high chair for 1 minute.
(d 4103)

8 Lifting object waist to shoulder level, a self
selected load with left and with right hand from
80 cm up to shelf at 133 cm for 2 minutes.
(d 4300)

9 Lifting object waist to floor, a self selected
load, from an 80 cm high table to the floor by
turning to one side for 2 minutes.

(d 4300)

Muscle endurance & joint range
of motion (RoM)

Muscle strength, endurance &
joint RoM

Lower extremities muscle
strength, endurance & joints
RoM

Whole body balance and lower
extremities muscle strength &
joint RoM

Hand muscle strength
& joint RoM

Neck & shoulder muscles static
endurance, stability.
Shoulder joint & trunk joint RoM

Lower extremities muscle
strength and endurance
Lower extr. joint RoM

Upper extremities muscle
strength and endurance.
trunk & shoulder joint RoM

Whole body muscle strength,
endurance and joint RoM.

Distance covered in
meters

Seconds

Number of steps
covered

Number of
repetitions

Newton

Seconds
(left and right)

Number of
repetitions

Load (kg) x number
of repetitions

Load (kg) x number
of repetitions

ICF = International Classification of Functioning, Disability and Health
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Statistical methods

In study I mean, median, standard deviation (SD) and range were calculated for de-
scriptive purposes.

In order to evaluate the reliability, the following measures were calculated and
evaluated: Limits of agreement (ref), Intra Individual Standard Deviation (IISD) (ref)
and the Wilcoxon Signed Rank Test. Tests between groups were performed with
Mann-Whitney's U-test. Statistical tests were two-tailed and conducted at 5 % signifi-
cance level. Differences between Visit 1 and Visit 2 as well as differences between
Visit 1 and Visit 3 were analysed.

Mean difference and SD for difference were calculated by subtracting values ob-
tained at a later visit from a previous visit. Limits of agreement (LOA) were calcu-
lated as meangiff = 1.96* SDiff [77]. This is a confidence interval (CI) for the differ-

ence between measurement session occasions. IISD was a defined as the SD within
measures. The difference between two measurements for the same subject was ex-
pected (with 95% accuracy) to be less than ¥2*1.96*TISD.

In study II, in order to minimize the influence of movement habituation according to
the result of the test-retest study(I) the lowest mean value found out of any of three
consecutive measures among the ten computer generated measures were used to cal-
culate each of the five aspects of the PLM task

For descriptive purposes mean, median, standard deviation (SD) and range were cal-
culated. For comparison between groups Fisher’s nonparametric permutation test
was used. For comparison over time within groups Fisher’'s nonparametric permuta-
tion test for matched pairs was used. All tests were two-tailed and conducted at 5 %
significance level.

In study IV the median is presented for categorical variables and for continuous vari-
ables the mean and standard deviations. Mann-Whitney U test was used to test dif-
ferences between groups. A significance level of p<0.05 was considered significant.

The mean scores for the 15 KSP scales were transformed into normative T-scores
(mean 50, S.D. 10), based on a Swedish age and gender-stratified, non-patient sam-
ple. Higher scores indicate”illness” in all scales except in the So_T scale in which a
low score indicates illness [72].

In SF-36 each one of the eight health domains is scored from 0 to 100 with higher

scores indicating better health and well-being. In the Swedish version the summary
components, Physical component Summary and Mental component Summary, are

28



MATERIALS AND METHODS

adjusted by the Swedish population mean and standard deviation to produce norm-
based scores with a common mean of 50 and a standard deviation of 10 [78].

Qualitative assessments

In study III two interviews were performed with each patient: the first after 3-5
months of SML intervention; the second 1 month after the SML intervention was
completed. In study IV focus group discussions were carried out after the completion
of the two interventions; SML and ET.

Individual interviews

The interviews took the form of a dialogue between the patient and an independent
interviewer. The interviewer was a male physical therapist with interview expertise
and who was knowledgeable in NSCLBP, but was not a SML teacher.

Data collection procedure: Four questions were included in the interview guide:
1. Why did you choose to participate in this intervention?
2. How would you describe the intervention?
3. What effects have the intervention had so far on your symptoms?
4. How would you explain the effects this intervention have had on you?

Follow-up questions were asked in order to probe beyond immediate responses.
Each interview lasted 45 — 60 minutes, and was taped and transcribed verbatim. The
total transcribed material consists of 100800 words (max. 7647 words; min. 2427
words/ interview).

Content analysis of the interviews

The transcribed interviews were analysed using qualitative conventional content
analysis, with an inductive approach [79]. The systematic process was performed in a
7-step iterative procedure inspired by Graneheim et al [80]. The aim of the analysis
was to construct accounts comprising a selection of typical statements in the twelve
patients” descriptions of the SML intervention in the first part of the process and after
its completion. The resulting text thus is a synthesis of the accounts of all twelve pa-
tients, which also renders the text comprehensible and meaningful for readers.

Step 1. Overall understanding of each patient’s account: The focus was on obtaining an
understanding of the content of each interview by listening to the tape and reading
through the transcripts several times.

Step 2. Identifying content, extracting and synthesizing parts of the interviews into themes
and sub-themes: Excerpts that elucidated experiences and perceptions related to the
SML intervention, through their content and context, were systematically collated
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into themes, e.g. “patients’ mental and attitudinal changes” and “new action and re-
duced pain”.

Step 3. Condensing the description of each theme: The most salient statements were se-
lected and each theme and sub-theme was condensed to a 1 to 2 page long text

Step 4. Preliminary drafting of two condensed accounts covering the interview material: A
new short text was constructed by summarizing the condensed versions of each
theme and sub-theme; one describing perceptions and experiences of the interven-
tion in the beginning of the intervention and the other after its completion.

Step 5. Assessing the content of the two constructed texts: Three independent expert read-
ers compared the content of the new constructed texts with the original interviews.
They were asked especially to determine whether any critical topics from the inter-
views had been omitted in the constructed text, or vice versa.

Step 6. Final revision and translation: The resulting text was translated into English by a
native speaker of Swedish and English. The translator and first author of the paper
then discussed the translation to ensure that translation and original text were in
agreement.

Step 7. Interpretation of results: The SML teacher (CSO) interpreted and commented
the content in the condensed texts from her professional perspective.

Focus group discussions

Focus group discussions were performed to assess how the patients expressed their
experiences from the intervention to which they had been allocated, manifested in
their own language and in accordance with their own conceptual frameworks and
images of selves. It was assumed that it was possible to hear differences in the ex-
periences from the two groups, ET and SML, through the conversations between the
patients in each group [81]. As a person’s perception of him- /herself is partly sub-
conscious one cannot directly ask; ‘How do you perceive yourself?’ Instead one
needs to introduce a topic that generates a discussion through which you can hear
how people perceive themselves. It was considered interesting to include a method
that focuses, not only on personal stories, but on the kind of stories that emerge when
a group of persons with similar experiences talk to each other about a specific experi-
ence.

The patients were asked to participate in one focus group after having participated in
the allocated intervention for a minimum of 6 months. This time limit was based on
the assumption that this was the minimum amount of time needed to attain a well
founded appraisal. Four focus groups were conducted; two aimed at patients in the
SML group and two at patients in the ET group. All four focus groups were con-
ducted by the same external moderators and the sessions lasted approximately two
hours. The physical therapists who implemented the interventions and the researcher
(CSO) were present at each focus group.
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The four focus groups had the same structure; a moderator made a short introduc-
tion containing information on the purpose of the focus group, how the conversation
was to be documented and how the material would be treated afterwards. When
everyone was aware of the conditions and had agreed to take part the moderators,
the therapists and the patients engaged in a ‘free’ conversation. This form of focus
group is classified as unstructured with high-moderator-involvement [82].

The question to the focus group participants was “What would you like to tell others
about your experience from the intervention so that they (the others) can make an
informed decision on whether to participate in this type of intervention?’ Thus, the
purpose was not to make the participants evaluate the intervention, but to invite
them to contribute what meaning the intervention had to them.

Analysis of the focus group discussions

The focus group conversations were audio recorded and transcribed verbatim. The
transcripts have been shortened and processed in two steps by the researcher (CSO).
First, the transcripts were condensed. Secondly, the condensed material was catego-
rized and grouped into themes. Thereafter two of the co-authors (MH, LR) went
through the transcripts to ensure that the processed material was "true’ to the original
transcripts; that nothing of importance had been added, neglected or distorted. One
of the co-authors had the advantage of having heard the focus group first hand as a
moderator (MH). The second co-author had the advantage of not having heard the
focus groups first hand (LR). Finally the Swedish text was translated into English by
the first author of the paper and proof-read by a native speaker of English.
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RESULTS

Results Study I.
The aim of study I was to investigate if the PLM test was a valid and reliable meas-

urement tool, able to assess dynamic movement capacity objectively, in freely mov-
ing patients with NSCLBP.

At each test occasion the PLM test-action was repeated ten times (with 3 repetitions
each time) i.e. in total 30 forward moves, resulting in 10 computer based measures.
Statistical calculations, comparing several different approaches to the 10 measures of
the five aspects (MT, P, L, M and SI) were performed to detect effects of test move-
ment habituation and capture the most reliable measure of the performance (I).

Effects of test movement habituation

Effects of test movement habituation existed in both the patient and the control
groups. At the first visit to the movement laboratory both groups successively in-
creased their speed during the first ten PLM test trials. The tendency was much less
marked on successive visits. The systematic effects of test movement habituation are
demonstrated graphically as changes over time within the same day (Figure 6).

Changes overtime, visit 1 Changes overtime, visit2 Changes over time, visit 3

——Patient

—

Time (sec)

T T
lﬂ;\l/\rirw i A TCYSERTRTUE == | U

i 11
15 \LL{__% LA II_L 1[1 151 T ‘U Tr \1 15 1

Measures Measures Measures

Figure 6. Comparison of mean values for movement time at visit 1, visit 2 and visit 3
for each of the 10 measures, which the software (PLM program) automatically calcu-
lated, for the patient group (n = 12) and the control group (n = 12). Error bars repre-
sent 95 % confidence intervals.

In Figure 7 box plots are used to describe changes in MT for all the 24 subjects be-
tween the 3 consecutive visits before intervention, when comparing the mean of all
ten measures and the lowest mean found out of any of three consecutive measures
among the ten measures (tri-average). The figure shows that the mean MT was more
stable over time when the tri-average was used. In week 1 and 2 there were some
outliers (all three were patients with NSCLBP). At visit 3 no outliers were found. The
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outlier values indicate unsuccessful performance of test movement, caused perhaps
by a sudden feeling of insecurity or by pain in the test situation.
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Figure 7. Comparison of movement time (MT) for all subjects at visit 1, 2 and 3 (N =
24) when using the mean of all ten measures (filled boxes) and the tri-average (open
boxes). Outliers are defined as > 1.5 x IQR (Inter Quartile range).

Spontaneous variations in PLM test performance

The patients’ variability in PLM test performance between the three visits at the first
test session is reflected by the intra individual standard deviation (IISD). IISD for the
group of patients was always greater than IISD for the control group for all the time
related aspects (MT, P-, L-, M-phases) (I).

At test session one the IISD was lower for the SI than for MT, P, L and M phases. The
fact that SI varied little between the 3 first visits in both groups shows that even
though the speed of the PLM test performance varied, the integration of the different
movement phases to a smooth whole-body movement was stable (I).
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After the SML intervention the variability of the PLM test performance as reflected
by changes from immediately post intervention to one-year post intervention was
reduced. The IISD indicates that the stability between measurements increased after
the SML intervention and became equally as high for the patient group as for the
control group (I).

When comparing the PLM test results of the patient group with the control group,
statistically significant differences were found. The performance of the back healthy
control group was better than the performance of the patient group in all the aspects
of the PLM test movement except in the L-phase. The differences are displayed in
Table V.

Table V. PLM test results comparing the group of CLBP patients (N = 12) and the
group of back healthy controls (N = 12) before intervention, using the tri average
measure of MT, P phase, L phase, M phase and SI-index

Mean (SD) . _ _ Test between groups,
Median (Range) Patients (n=12) Controls (n=12) p-value
MT, Mean visit 1-3, 1.90(0.40) 1.49(0.28) 0.009*
3 fastest 1.84(1.35,2.81) 1.38(1.20,2.06) '
P-phase, Mean visit 1-3, 0.90(0.15) 0.76(0.08) 0.010*
3 fastest 0.86(0.64,1.10) 0.73(0.67,0.91) '
L-phase, Mean visit 1-3, 1.29(0.23) 1.15(0.21) 018
3 fastest 1.30(0.96,1.79) 1.11(0.78,1.52) ’
M-phase, Mean visit 1-3, 1.13(0.21) 0.90(0.19) 0.009*
3 fastest 1.15(0.80,1.47) 0.82(0.70,1.31) '
SI, Mean visit 1-3, 2.18(0.12) 2.30(0.11) 0.035*

3 fastest

2.15(2.02,2.37)

2.30(2.08,2.51)

* Statistical significant differences between groups p< 0.05.

Summary of results:

Effects of test movement habituation and/or motor learning existed both in the con-
trol group and in the patient group at visit 1 before intervention. If the tri-average
measure was used and the PLM test repeated, the influence of test movement ha-
bituation was minimized and no significant systematic changes were found between
visit 2-1 and 3-1. These results imply that the tri-average should be used to minimize
the effects of PLM test movement habituation (I).
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The reliability of the PLM test as reflected by limits of agreement (LOA) between
visit 2-1 and 3-1 and by intra individual standard deviation (IISD) indicates that for
the control group the variation between the three visits was substantially smaller
than the variation for the patient group before the SML intervention. No significant
systematic changes were found between visit 2-1 and 3-1 in the patient group if the
tri-average was used. After the SML intervention the test-retest reliability of the PLM
test was just as precise for the patient group as for the control group (I)

Results Study II.

The aim of study II was to evaluate how the SML intervention influenced movement
capacity in patients with NSCLBP, measured with the PLM test. On average each
patient chose to participate in 30 SML lessons (range 16 — 40) over 10 months (range
four to twelve months). According to each patient’s choice, 82 % of the SML lessons
were individual and 18 % group lessons. Three of the twelve patients terminated the
intervention before the maximum allowed time. None of them left because of in-
creased pain or disability (II).

Before the SML intervention the PLM test results differed significantly between the
patient group and the control group in all aspects of the PLM test except L-phase
(Table V). The differences had disappeared after the SML intervention and at one
year after the intervention (II).

In Figure 8 the changes over time within and between the patient group and the con-
trol group are displayed.
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Changes over time
Controls pre-visit=100%
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Figure 8. Comparison of changes in the five aspects of the PLM test before (pre), after
(post) and one year after (1 year) intervention, within- and between the patient group
and the control group.

Summary of results:

The results of the PLM tests showed that the patients improved their performance
significantly over time when compared to the age and gender matched control
group. After the SML intervention there were no longer any differences between the
movement capacity of the patient group and the control group. The results were
maintained one year after the SML intervention.

Results study 11l

The aim of study III was to evaluate how the SML intervention influenced a group of
patients with NSCLBP regarding their subjective, cognitive perspectives. Two inter-
views with each patient were performed. All interviews were audio recorded and
transcribed verbatim.

The contents in the interviews:

In the content analysis three main themes and four sub-themes were identified. What
was said in the first interview was elaborated in the second one. This was the case for
all themes:

1. Experience of the intervention:
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1:1: New insights about the origin of the back pain
1:2: New action leading to reduced pain

1:3: Mental and attitudinal changes

1:4: New thoughts about reasons for the changes

2. Relation to SML teacher
3. Future perspective

The results of the content analysis of the interviews are outlined in Table VI.

Summary of results:

The patients described the SML intervention as a process during which they had
learnt to reduce pain, to diminish psychological distress and to improve physical
ability.

At the post SML intervention follow-up visit with the referring spine surgeons, one
year after conclusion of the intervention, all but one patient reported that he/she still
had some back pain, but it was no longer perceived as an impediment. All the pa-
tients said that their life had changed for the better (Figure 9).
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RESULTS

Result of evaluation at one year after conclusion of SML intervention:

At the post SML intervention follow-up visit with the referring spine surgeons, one
year after conclusion of the intervention, all but one patient reported that he/she still
had some back pain, but it was no longer perceived as an impediment. All the pa-
tients said that their life had changed for the better. Nine of the twelve patients were
back in fulltime employment. Three of them had been unable to work for more than
two years due to back pain related disabilities. The referring spine surgeons con-
cluded that all the patients were satisfied with the intervention.

The results from the questionnaire on subjective health are outlined in Figure 9. The
median rank for the whole group was “much better” regarding subjective health at
one year post intervention compared with how it had been before the intervention
(Figure 9). This agreed with the oral reports given to their spine surgeons.

T
Well- Relaxation Back-

Stress Fear of 1 Analgetica Body- Activity

y ili
being abilty level movement consumption  function level

Aspects of subjective health

Figure 9. Every patient (N = 12) answered 8 questions concerning different aspects of
subjective health at one year post intervention compared to before the intervention.
The 4 ranking alternatives for all questions except “analgetics consumption” were:
much better [ff[lj better £& same @ worse []
For “analgetics consumption” there were 3 ranking alternatives:
Less &2 same g more | ]
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Results study IV

The aim of study IV was to compare how patients with NSCLBP express their ex-
periences from two different interventions that are based on different conceptual
frameworks; SML and exercise therapy (ET).

Comparability between the two randomised groups

No differences between the groups were found in age, gender or back pain duration.
Of the patients allocated to ET, 12 were women and 8 men and to SML, 14 women
and 6 men. The gender unevenness was congruent with earlier reported, hitherto
unexplained differences in back pain prevalence [83]. The patients mean age in the
ET group was 41 years (min 25, max 57) and in the SML group 42 years (min 28, max
57). Mean number of years in back pain were 7 years in both groups; (min 1, max 20).

Health related quality of life

The SF 36 instrument showed that no differences in health related quality of life were
found before the interventions between the ET and the SML groups. Compared with
the general Swedish population the whole group of patients (N = 40) were very lim-
ited in performing physical activities (PF scale), they had problems with daily activi-
ties due to physical health (RF scale), they were severely limited because of pain (BP
scale) and they felt more tired and worn out (VT scale) [84] (Figure 10).

100
90 1 General Swedish population
n=_8930
80 1
A
. 70 1 iz/fIL gr-(ntlp n :50
ore intervention
rL Vi
n 60 1 ET group n =20
< before intervention
(G 50 4
G.)
2 40 4
30 1
20 1
10 1
0 \ \ \ \ \
PF RP BP GH VI SF RE wH

PF, Physical Functioning; RP, Physical role limitations; BP, Bodily Pain; GH, General health;
VT, Vitality; SF, Social Functioning; RE, Emotional role limitations; MH, Mental Health

Figure 10. Health related quality of life; comparison between groups.
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Personality traits

The KSP instrument showed that no differences in personality traits were found be-
fore the interventions between the ET (N = 20) and the SML (N = 20) groups. The per-
sonality traits of the whole patient group (N =40) were similar to a Swedish age and
gender-stratified, non-patient sample. Only in the KSP scale “Muscular tension” the
mean scores for both the ET and the SML group were higher than in the reference
population (IV).

Profile of Physical Ability

The TIPPA instrument showed that no differences in profiles of physical ability were
found before the interventions between the ET (N = 20) and the SML (N = 20) groups.
The main TIPPA variable (B); the assessed performance of nine physical activities

(Table IV) was scored as moderate in both groups. Minor differences were found in
variable A and D (Table VII).

Table VILI. Profile of physical ability before
Interventions; comparison between groups

Patients before intervention

n =40

TIPPA variables ET group SML group
A-D: n=20 n=20

A: Patient’s estimation Median: Il Median: Il
of physical ability Low Fairly good
B: Physical Median: Il Median: Il
activities assessed Moderate Moderate
C: Patients’ rating Median: 1l Median: I
perceived exertion Moderate Moderate
D: Pain behaviour Median: IV Median: IlI
observed Low Moderate

Drop-outs and number of treatments in the two interventions

Only half of the 40 included patients remained in the allocated intervention during a
minimum of 6 months. The number of months each patient participated in the allot-
ted intervention is outlined in Table VIII. The number of drop-outs was similar in the
two groups and the majority dropped out after onlyl month. The reasons for drop-
ping out vary and they are described in Table VIIL

Only four of the twelve patients from the ET group who stayed in the intervention
for 6 months chose to continue for 12 months which was the maximum allowed time.
In the SML group the corresponding number was 10 out of 11. Six of the eight pa-
tients in the ET group who chose not to continue after 6 months reported same or
more pain as the reason to finish (Table VIII).

42



RESULTS

(91 pue ¥ ‘¢ ‘Z :py) uonesIdAU0d dnoig snd

-o5 e ur ajeddnred jou prp ‘(Jusurzeas) ur SYFUOW 9 <) UoPUIAIIUL A} paja[dwod jey) dnoid 17 ayp ur syusnred aa[om) ay3 Jo Inoy

(0z ulw ‘gg xew)

syuow g isye

OL=UINS  62=Uu:ueaw TJAS - -
. . =u $=u uonuaialul
g=uil3 (G2 uw ‘g xew) o i _om.wm_o_c_ow.
/y=u:uesw ]3]
2L =UnS syuow
L= UTNS L L =UINS o s _ _ £/ 9J10{8q 1Inq 9
,G=U'13 aﬁcp__:._cww%é L=ufl3 9=u-13 =3 F=U 87U aye uonuanialul
Gg=u: -13 peie|dwon
(g1 ulw ‘g xew) syjuow
|qeoldde JoN _ - . L=ull3 l=u:lg ¢=u 9 8Jojeq Inq
/Jl=Uu:ueaw:]]
2 Jaye sino doug
syuow
8|geoyjdde JoN 9=UIAS k= U NS f=u ¢ 91049q
sino doiQg
L=U “INS b =UINS €=UNS uiou
olqeoldde JoN 9 UBY} SS9 ||y . e g=u'l3 R 8§=u 9=u | 810j8q
L=u‘lg L=uflg b=u.13 sino doiq
UOI}ESIaAUOD uanib ondsep  juowipadwi ue se  PoYE0IIE dul 0} pajedojle  Qg=u QZ=u uonuaA
dnoib snooj suossa|/sjuswieall u_.m>_mu Eo_n.n_wh d u_:o Ksq US!Ul O} uoseal  21043q se as|o dnoib dnoub -i3jul ul syjuow
ui ed oo Jo JaquinN uoseasoN 10 sseup “Aoueu ay} se ujed ajow -19xa jj@sanup NS 13 jJo JaquinN

-6aid poday

10 awes poday

-u09 01 Jajaid

uorssnosip dnoid snooy ur uoyedonred pue uaald syusurearn jo pqunu 4no 3urddop 10y suosear pue (TNS) Sut
-uIea] I0J0IN Arosuag pue (17) Adeiay] asoiIaxy pasiaadng ‘SUOUIAIIUI PAJedO[[e Y} JO UDEd Ul SYPUOW Jo IaquinN :[IIA I14V.L



RESULTS

The number of “treatments” differed between the groups (Table VIII). In this type of
individualized interventions, however, it is important that the patients participate on
a regular basis but that the individual schedule can differ because of individual pref-
erences and practical circumstances. The intervention was considered completed if
the responsible physical therapist judged that a patient had participated regularly for
6 months or longer regardless of the exact number of treatments. All the 23 patients
(ET n =12 and SML n = 11) who participated for 6 months or longer were considered
to have participated regularly in the allotted intervention (Table VIII).

Result of focus group conversations

Of the 23 patients who were invited to a focus group conversation 19 volunteered to
participate. Four of the twelve patients in the ET group that completed the interven-
tion (> 6 months in treatment) choose not to participate in a focus group conversa-
tion.

In the first ET focus group were 4 women and in the second were 2 women and 2
men. In the first SML focus group were 4 women and in the second were 5 women
and 2 men (Table IX).

Four themes were identified when analysing the content of the focus group conversa-
tions.

Theme 1: Back pain — what can be done (Table IX A)

Theme 2: The aim of the intervention (Table IX B)

Theme 3: The relation to the therapist and to self (Table IX C)
Theme 4: The patients’ self image (Table IX D)

L e

Major differences in experiences of the two interventions were indentified through
the focus group discussions. The results in form of condensed narratives are pre-
sented in Table IX A - D.

Theme 1: Back pain — what can be done

Major differences were found when comparing what the patients in the ET group
and the SML group said about back pain. In the ET group the patients seemed con-
vinced that the origin of the pain was a physical impairment and only the doctor had
a solution. At the same time they seemed to know that the pain was evoked by their
own activity choices. In the SML group the patients talked about the back pain as
partly being located in their own mind and that they had become very aware of
themselves and how they moved. They seemed to have accepted the fact that no one
but themselves could really help them and they talked as if they had accepted this
responsibility.
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Table IX A; Theme I: Focus group results; condensed narratives

Themes: The ET group: The SML group:

Theme I:  Back pain is so difficult because you  This (intervention) is related to the idea
cannot get a direct answer from a doc- that the problem is not located in my

Back pain tor:” I can operate and your back will ~ back, but in my mind. As long as I am

-what can be better”. You never know for sure,  aware of how I act all the time, I will

be done?  even the doctor doesn’t really know if ~ protect my back and I won't put myself

it will get better. Before I am told to
start exercising at least the doctor
should know what is wrong; even
though I understand that exercise
can’t be wrong. There must be some-
thing in my back which causes me so
many problems and it is important for
me to know why it aches and feels so
uncomfortable! They only want to
send me for a regular skeletal X-ray
and that doesn’t show everything. 1
have back pain every 2 -3 weeks; it
hurts and then the pain disappears
again after 3-7 days. I don’t know
what causes it. Sometimes it is noth-
ing tangible but sometimes I know I
have done something careless, such as
carrying a case of bottles or a bag full
of food. Then I know how to track it,
but sometimes I don’t think I have
done anything at all to cause the pain.
I would like to have a spinal fusion. If
only I can get free of the pain I don’t
care if I don’t get strong again.

in situations which result in pain. If I
am in pain I think:” How does it feel
now? How am I sitting? How about my
spine?” I am aware of myself and then I
stretch and after having changed my
position very little it suddenly feels good
again. Then it may be OK for 5-10
minutes, but then the pain may come
back somewhere else and if so I need to
be aware of myself again. I think it is a
big deal for me to be able to make these
small changes. It is easier for me to
accept my back as I am aware that it is
part of me and I have taken responibility
for it; it is no one else’s problem. I have
experienced that the pain can disapperar
s0 I know now that it can happen. Before
I couldn’t do anything; I had no
alternative other than to put up with the
pain. Now I know how it all works. I
have to find the spot that is cramping
and relax the muscles there. Then there
is less pain.
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Theme 2: The aim of the intervention

In the ET focus groups the patients talked to each other about the importance of per-

forming the prescribed physical exercises as these had been selected just for their
specific disability. In the SML focus groups the patients talked about the big and dif-
ficult shift they had gone through; to stop exercising as hard as possible and start
getting to know and trust in one’s own body in order to protect it from stress-related
overload and pain.

Table IX B; Theme II: Focus group results; condensed narratives

Themes:  The ET group: The SML group:

Theme II:  The training itself is good; it builds ~ This is different; In the past I have been
The aim  muscles and you improve your fitness very aware of my body; but not like I am
of the at the same time. We should not ex-  today. Earlier, I believed that the harder I
inter- haust ourselves, but we do need to did an exercise the better the result would
vention build strong muscles. 1t is really hard be. But really it is exactly the opposite,

to find the muscles deep down in my
body. I thought physiotherapy would
be tougher, but it is not and I think it
is good. I realize now that I don’t
think it would have been useful if it
was any tougher. We started with a
soft and easy program and increased
it gradually. The program was based
on using the machines and mat exer-
cises. Some exercises were easier than
others; some exercises were t00
strenuous for my back, so these were
taken out of the program and I got
some others instead. You get more
aware of how you handle your body. 1
had a number of exercises using balls
and exercises in which I had to sit
and balance on a giant ball. I don’t
think it is dangerous to push yourself
a little; it is OK to have some pain
and it is up to each and everyone to
decide how much they can strain.

the more calmly you breathe and the less
often with softer, slower breaths, the
more efficient it is, at least for me. I need
to give myself time instead of just getting
stuck and fighting on regardless. You
need to train to change how you move,
compared with how you have moved pre-
viously all your life; to stand and be
aware of your balance from your nose to
your feet and not to just rush headlong
through life. A surprise for me, which
was something quite different from what
I was used to, was that I was not asked
for my whole life history. Instead I was
asked to be aware and reflect on how the
experience was for me; this was a very
new concept for me. “Caution” is an im-
portant word — you should have a cau-
tious attitude regarding your own body.
“Trust” is another important word;
when I stand and allow the floor to sup-
port me I can experience what it means to
trust in something.
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Theme 3: The relation to the physical therapist and to self

The relationship between patient and physical therapist was very different when
seen from the perspectives of the patients in the ET - and SML groups. In the ET fo-

cus groups the patients talked about the physical therapist as someone they appreci-
ated as she had expert knowledge in reducing their pain. In the SML group the pa-
tients talked more about the relationship to themselves than about the role of the
therapist. It seemed as if their locus of control had made a radical shift and they had
found a way to rely on themselves and their bodies.

Table IX C; Theme III: Focus group results; condensed narratives

Themes:

The ET group:

The SML group:

Theme III:

The relation
to the thera-
pist and to
self

The physiotherapist checks your
whole body and documents all of your
defects so you get an individualised
training program made just for you.
It makes you feel safe and you dare to
try different movements; things you
might not have dared with someone
who did not know your history. It is
good to have someone supervise you
in the beginning, to provide support
and to prevent you from doing some-
thing silly on your own. In the very
beginning the physiotherapist
watches you to make sure you do eve-
rything correctly If you try too hard
or put too much strain on yourself the
physiotherapist will react quickly. She
will notice immediately if you make
up your own exercises and remind
you of the correct ones. I have some
exercises, which I think I can do just
as well at home. Sometimes I find it a
nuisance to travel twice a week when
I can do the exercises at home. But |
do get a little anxious in case I'll do
something the wrong way. I know I
have my own program, but I have no
one to ask if I want to do more and
incorporate other muscle groups. You
really need someone to help you con-
tinue!

I had always been told: “You must
exercise your back and your abdominal
muscles in order to strenghten your
back.” But really it is the other way
around! 1 first had to learn to locate
which specific muscles I needed to take
away any unnecessary tension, because
my muscles were very tense all the time.
Probably I have been too ambitious; I did
not want to give up. No one else can tell
me what is right or wrong. Only I can
feel what is good or bad for me. It’s all
about understanding what is happening
and I must repeat it over and over again.
Now 6 months later I can work with it
and I have to ask myself questions; “ How
am I doing right now? How am I sitting?
How does it feel?” I believe this method is
for the long term.; I am sure it is
something I will carry with me for the
rest of my life. I have become self-
confident about it: “I know how to
manage this, I need to move in a different
way “compared with how I just rushed
earlier. If I can manage this myself, I do
not need ouside people who do not know
my body or my personality.
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Theme 4: The patients’ self image

The patients in the ET group talked to each other about their backs as something
separate from themselves. They described how they negotiated with themselves to
decide if the “price” they should have to pay in terms of back pain, would be accept-
able for doing something they needed to do or simply for having some fun. In the
SML focus groups the conversations between the patients revealed that they did not
separate their backs from themselves and that back pain was perceived as a means to
self discovery.

Table IX D; Theme IV: Focus group results; condensed narratives

Themes:

The ET group:

The SML group:

Theme IV:

The pa-
tients” self
image

I think I have learned quite a bit from
these exercises, I really think so. For
me the stretching exercises have been
best for my back. But you reach a level
at which you realize they will not help
you further; that is just the way it is.
How long you need to exercise de-
pends on what type of injury you
have; if it is a degenerative condition,
obviously you must keep doing them
all the time, the pain won’t disappear
by itself. My goal is to feel good when
I am relaxing in a resting position. I
do not want to be in pain the whole
time for doing nothing. If I take out
the vacuum cleaner I know I am ask-
ing for trouble. I know my limits, but
sometimes I let the pain to have some
fun (laughter). The next day I might
be in bed and in pain: Of course this is
not always a good idea, but (laughter)
it feels good for the soul to have some

fun.

Even if you were healthy, I think you
would get a lot out of a course or even,
I'd say, a treatment like this No one had
taught me how to reflect before. This
means learning to know yourself and to
carry that knowledge with you all the
time for your entire life. Now my self-
confidence is much better. I have this
“roller”, which I use for my back when 1
go to the cinema. Before I used to think
“God, how embarrassing!” but not
anymore. It feels like the conflict be-
tween my body and my mind is over. By
being more observant about my body, 1
think I have learned more about myself
and I know now what is not balanced in
me and also in my life; how previously I
have not taken responsibility for my
body and how reluctant I was to ask for
help. I don’t know how I will feel at the
end but my intuition tells me I will have
gained much more than I have lost. Ac-
tually I would not have wanted to be
without this.
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Summary of results

The PLM test was proved to be a reliable outcome measure, able to assess objectively
how efficiently an individual can move a small object from the floor to a stand at chin
level, in individuals with or without back pain. The test action constitutes a goal-
directed well-known daily life activity, requiring a freely moving individual to carry
out postural changes (bending down to take the handle and rising again) (the P-
phase), locomotion (walking forward) (the L-phase) and a targeted arm movement
(placing the object on the stand) (the M-phase).

A group of patients with NSCLBP, who had not been helped by any treatment, par-
ticipated in SML lessons over several months. The PLM test was used to assess objec-
tively how efficiently they moved. Compared with an age and gender matched con-
trol group without back pain, the patients’ performance was significantly less effi-
cient before the SML intervention. After the intervention there were no longer any
differences between the movement capacity of the patient group and the control
group. The results were maintained one year after the SML intervention.

From the patients’ subjective cognitive perspectives, the SML intervention was de-
scribed as a process during which they had learned to reduce pain, to diminish psy-
chological distress and to improve physical ability.

When comparing how two identical patient groups with NSCLBP experienced SML
and Exercise Therapy (ET) major differences were indentified. The patients in the
SML group expressed that they had learned to trust in themselves and now felt able
to handle their low back pain themselves. This was in contrast to the patients in the
ET group who expressed insecurity and dependence on advice from back-pain ex-
perts.

A hypothesis is generated, based on these results, stating that SML — an embodied,
empathic, therapeutic approach to health behaviour change - can enable patients
with NSCLBP to increase control over their back pain and promote health by guiding
them — back to oneself — in the sense of starting to rely on themselves and their bodily
awareness. The hypothesis is based on the fact that the patients” had learned to trust
in themselves and now felt able to manage their low back pain themselves. The pa-
tients” subjectively experienced positive physical and psychological changes coin-
cided with objectively assessed improvements in movement capacity.
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DISCUSSION

The overall purpose of this thesis was to generate knowledge by evaluating the Sen-
sory Motor Learning (SML) intervention when applied in patients with nonspecific
chronic low back pain (NSCLBP).

To develop and renew a practical method it is necessary to research both the practical
and the scientific part of the method, which in this thesis was the SML intervention.
As the SML intervention aims at influencing and promoting change in health behav-
ior in others, the SML teacher’s position requires that she/he is involved subjectively
and personally moved, both as the practitioner and as the researcher.

The validity of the PLM test

Many different instruments were considered while seeking a valid outcome measure
to assess the quality of the patients” movement patterns. An instrument was needed
that could capture the essential distinguishing GMP of a specified action and monitor
the intrinsic movements as an integrated whole, i.e. an entity comprised of interde-
pendent parts working together. In addition, it must be possible to compile the data
resulting from the instrument into meaningful constructs.

This part of the text is to illustrate how difficult is has been to find a valid outcome measure. I went to
a well equipped movement laboratory to achieve our goal of measuring the patients’ movement pat-
terns with the highest precision and of combining kinematic data with ground reaction forces. We
selected certain well defined movements; one was to stand on a ground reaction platform while
slowly turning left and right. We placed many reflective markers at defined places on the subjects’
body, from the feet to the head and we used 7 cameras. Unfortunately the amount of generated data
was too large and none of the biomechanical experts who were consulted succeeded in making any
sense out of it. The major problem concerned the level of the computer derived results. We did not
know how the resulting kinematic and kinetic data would be interpreted in order to distinguish a
movement with higher quality from one with less good quality. This implied that no meaningful out-
comes could be inferred from the measurements, as it was impossible to separate the patients with
inefficient quality of movements from the healthy controls.

Other, often used measurements appeared much too limited and could not assess the moving body as
an entity comprised of interdependent parts working together; for example the “Timed Up and Go
Test (TUG)” [85].

The PLM test matched well with the theoretically defined requirements and was con-
sidered to be the most valid outcome measure with which to assess the quality of the
movement patterns in patients” with NSCLBP. To perform the PLM test the subject
has to carry out postural changes (bending down to take the handle and rising
again), locomotion (walking forward) and a targeted arm movement (placing the ob-
ject on the stand). The performance of the PLM test thus involves the whole body
and reflects crucial aspects of low back function, as it measures how quickly and how
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well a subject can integrate postural changes with locomotion and a targeted arm
movement, which requires rotation along the spinal axis. The fact that statistically
significant differences in MT, P- and M-phases were found between the patient
group and the control group shows that the PLM test has construct validity. It can
detect differences in the way patients with NSCLBP and back healthy persons per-
form the task (Table VI).

Movement time (MT) reflects the efficiency by which a person performs the PLM test
action. Efficient behaviour has to do with skill and requires the ability to perform an
action with speed, accuracy, economy and resourcefulness [52, 86]. After the SML
intervention the patients’” MT had decreased significantly and the improvements
were retained one year later (I). These results imply that the PLM test is sensitive to
changes in performance as it can capture the more efficient behaviour that the pa-
tients had learned and retained.

The most efficient way to move the object quickly from the floor to the shelf is by
moving the object along a straight line. The dextrous human body unconsciously fol-
lows this demand by initiating the different movement phases (P-, L- and M- phases)
as simultaneously as possible. In a healthy person, this appears to give the impres-
sion of a smoothly performed, well-integrated, whole body movement. The SI index
is thought to reflect how well the nervous system integrates the P-, L- and M-phases
into one smooth movement. When studying the video recordings of the PLM test
performances before and after intervention, there is a clear visual impression that
many of the patients perform a much more natural and smooth action after the inter-
vention. This subjective impression is thought to be the aspect that the simultaneity
index (SI) is capturing.

The fact that SI varied little between visits in both groups shows that even though the
speed of the PLM test performance changed, the integration of the different move-
ment phases to a smooth whole-body movement varied little. Thus, the PLM test
movement pattern of each individual was stable.

Moreover the precision of the PLM test, as reflected by changes from post interven-
tion to one year post intervention, measured by LOA and IISD, demonstrated that
the PLM test is not only sensitive to changes in performance but also to changes in
variability between test occasions and/or as a result of an intervention. In this case
the group of patients had significantly improved their movement capacity after the
sensory motor learning (SML) intervention and the improvements were retained af-
ter one year. The higher precision of the PLM test performance after intervention
strengthens the evidence that the patients with NSCLBP had learned and retained a
more efficient behavior.
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The reliability of the PLM test

Changes seen during repeated testing is an inherent problem with all measurements
of movement capacity as repeated execution of a motor act produces changes in be-
haviour. The effects of practice are increased speed of performance and increased
accuracy [87]. These changes are results of neural adaptive learning processes [88,
89]. Exact repetitions of motions, therefore, are not possible and the value of the vari-
ability measure is never zero. One objective in this study was to clarify to what extent
changes seen with repeated PLM test performances were due to PLM test movement
habituation or to spontaneous variations in PLM test performance.

The observation that only minor systematic differences existed between Visit 1 and
Visit 2 at Test Session one in any of the PLM phases is interesting, since none of the
24 subjects previously had ever performed the PLM test This indicates that the PLM
test task is naturally well known and patient-friendly in that it requires little training
and the test can be performed by a fully dressed subject and without any restriction
of movements.

At Visit 1 the patients with NSCLBP, as well as the back healthy control subjects, im-
proved the velocity of their performance during the iterated recordings (Figure 6).
The patients’ change, however, was greater than that of the healthy control group,
indicating that the patients needed a few more trials to reach optimal velocity than
the healthy control subjects. At Visit 2 and Visit 3 the PLM test performance was sta-
ble in both groups. This indicates that most subjects already approached optimal ve-
locity at the end of visit 1 (Figure 6).

Statistical analyses of intra-individual changes demonstrated that MT was somewhat
lower at Visit 2 and 3 compared with Visit 1 (at Test Session one). This difference was
most obvious for the patient group when approach “all ten” was used. This result
makes sense, since the patients probably reach their maximal capacity after a few
PLM trials and thereafter their ability gets impaired, whereas the healthy controls
reach their maximal ability quite quickly and can continue on the same level for some
time.

The fact that the changes in MT in both groups were small and seen mainly during
the first visit of Test Session one, indicates that these changes in both groups were an
effect of PLM test movement habituation. After the first visit at Test Session one, the
PLM test performances were stable in both groups.

It is not possible to use descriptive statistics to define acceptable limits of agreement,
as it depends upon the clinical circumstances [77]. This study shows that we can ex-
pect a patient’'s PLM test performance to vary more between two test occasions,
compared with the performance of a back healthy subject.
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The tri-average had the lowest IISD and can be considered the most precise and reli-
able measure. This approach, therefore should always be used for each of the five
aspects (MT, P-, L-, M-phases and SI). For the healthy control group, IISD was negli-
gibly small with either approach.

Practising in the narrow sense of repeated procedures will make the performance of
an action less variable, but it does not influence a subject’s habitual way of moving.
In this study a second objective was to investigate if intervention in the form of SML
could improve the efficiency of the PLM test performance, measured by MT and the
integration of the different movement phases to a smoother whole-body movement
(higher SI).

Outcome of SML intervention measured by the PLM test

Before intervention, the movement time (MT) of the PLM test was prolonged in the
patient group compared with the control group. The prolongation was due to longer
P- and M —phases, which indicates impaired movement patterns. These results are
congruent with earlier reported results in which patients with chronic nonspecific
back- or neck pain were compared with healthy control subjects [11-13, 90-93]. Per-
sons with NSCLBP, similarly to persons with Parkinson Disease, are forced to per-
form the PLM test action in separate movement phases as they can not integrate the
action into a smooth whole body movement.

The fact that the L —phase did not differ between the patient group and the control
group was not a surprise since the ability to walk a short distance usually is not im-
paired in patients with NSCLBP.

After the SML intervention MT, P- and M- phases changed significantly in the patient
group and the results were retained one year later (stable PLM “profile”). Moreover
coordination, measured as the degree by which, in action, the 3 different P-, L- and
M-phases were simultaneously integrated into one smooth movement (SI) was im-
proved in the group of patients but not in the back healthy control group (Figure 8).
These results indicate that the patients with NSCLBP had learned and retained a
more efficient movement pattern.

The aim of the SML lessons was to guide the patients to sense, at the level of local
musculoskeletal relationships, what he/she was doing and how he/she is doing it.
Having identified these characteristics meant having found a way to study the own
habituated movement patterns and thereby a method to change them. The PLM test
seemed to have made the result of the patients” behavioural changes observable and
possible to quantify.
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This assumption seems to get support when studying the video recordings from the
PLM test performances. Before intervention many of the patients seem to move stiffly
with inefficient forward propulsion [94]. Several patients kept the spine more or less
rigid while bending to grip the object or placing it on the stand. Instead they primar-
ily bend their knees. In the video recordings after intervention many of these strate-
gies seem to have changed. For example, after the intervention some of the patients
seem to be able to turn with greater ease around the spinal axis while extending the
arm from the scapulae using smooth, dynamic and highly differentiated muscular
coordination.

Outcome of SML intervention assessed by patients

The fact that the movement repertoire of the previously treatment resistant patients’
was normalized after the SML intervention, as assessed by the objective PLM test,
was striking. From a clinical and patient oriented perspective, however, the main
concern is how the process, which lead to a normalized movement capacity, influ-
enced the patients subjectively. Thus, to combine third- and first- person methodolo-
gies in the case of the complex NSCLBP phenomenon may serve as a method for cor-
roborating results as well as it may lead to discoveries that expand our understand-

mg.

The main result of the qualitative interview study was that the patients, who had suf-
fered from low back pain for many years, experienced not only reduced back pain,
but also diminished psychological distress and improved physical ability.

During the first interview, the patients described improvements already in physical
ability and reduction of pain. This implies that the patients had learned how to use
focused attention while performing selected movements after only 3 months” in in-
tervention (Table VI, sub-theme 1:2).

The patients’ understanding of the causes for their back pain changed when they dis-
covered that they could influence the symptoms by thinking differently and/or by
changing the way they moved (Table VI, sub-theme 1:3). Through the SML lessons
the patient learned to deconstruct old habits and construct new, less painful and
more efficient means for acting. Based upon this discovery the patient may start to
wonder if the back pain problem may, in fact, not be irreversible; something he/she
earlier took for granted that it was (Table VI, sub-theme 1:4).

SML exercises are different fundamentally from strength exercises as they are de-
signed to enhance the patient’s ‘felt sense’ of self [45, 95, 96]. The patients described
how they had learned to use kinaesthetic awareness to discover habituated move-
ment strategies and to work toward more comfortable and efficient movements (Ta-
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ble VI, main theme 1). The patients described how images and metaphors helped
them to overcome pain-related fear (Table VI, sub-theme 1:1).

The feed-forward reflections, inherent in the SML intervention, on how to relate to
the ‘felt sense’ of self, may explain the patients’ successful health promoting change
process. The patients expressed that the relationship established between them and
the SML therapist was an important aspect of the intervention, characterized by trust
and co-operation (Table VI, theme 2). This factor may be more important for the posi-
tive outcome than one would expect. Trust conveys a sense of control and under-
standing and causes individuals to act as if the future was not as uncertain and am-
biguous as it actually is. These insights imply that the patients may have learned to
trust in themselves and their body, through the supportive and trustful relationship
with the SML therapist [97].

The themes that emerged from the content analysis were coherent and described a
process starting with the patients” feeling disabled and helpless, to them becoming
potent and independent. The nature of qualitative research implies that all assess-
ments are subjective and that data analyses are interpretive. It was crucial to involve
the independent experts in the content analysis throughout the research process in
order to respond to demands for accountable and collaborative research [98]. The
SML therapist’s familiarity with each patient’s individual process contributed to the
understanding of each patient’s account.

The above discussed results are congruent with results from a pilot focus group
study performed at the Institute for Stress Medicine in Gothenburg, Sweden. Patients
diagnosed with Exhaustion Depression and nonspecific pain, participated in 10 indi-
vidual SML lessons. Analysis of focus group discussions, audio recorded and tran-
scribed verbatim, revealed that after the SML intervention, the patients’ pain - and
stress related tensions were reduced, the felt stress level diminished and a bodily felt
security enhanced. The patients described how they had learned to listen to and trust
in their body and they experienced a newly found sense of being present both in
their relationship to self and others [99].

Comparing patients’ experiences of SML and ET interventions

The most striking result of Study IV was the profound difference, between patients in
the ET and the SML groups, in their perception of having control over the back pain
symptoms. The patients in the ET group described that, after the intervention, they
had understood the importance of performing prescribed physical exercises but they
expressed their insecurity and their dependence on advice from back-pain experts.
The patients in the SML group described that they had experienced major health
promoting physical and mental changes and they expressed now that they no longer
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needed experts and were able to handle their low back pain themselves. The results
were identified through the discursive analysis of the focus group discussions.

The experiences of the patients in the SML group was congruent with the results
from the analysis of individual interviews in study III, where the patients reported
that they had learned to reduce pain, eliminate pain- related fear and diminish psy-
chological distress.

There is a radical difference between focusing on defined bodily parts such as muscle
groups and skeletal joints, as in the ET intervention, compared with focusing on kin-
aesthetic whole bodily self-awareness as in the SML intervention. When the focus of
attention is on specified bodily structures the outcome is predictable and the thera-
pist can give the patient advice based on his/her expertise. When the focus of atten-
tion is on inner ‘felt sense’, the outcome is unpredictable and the relationship be-
tween therapist and patient is best characterized as a researching partnership. These
reflections imply that the patients in the SML group may have learned to trust in
themselves and their bodies, through the empathic relationship with the SML thera-
pist. Trust conveys a sense of control and understanding and can inspire with cour-
age [97]. Based upon the discovery that ingrained habits were changeable, the patient
may have started to wonder if the back pain problem in fact may not be irreversible;
a concept that he/she earlier took for granted.

Interesting reflections emerge when acknowledging the implications of the focus of
attention in the SML intervention and relating these to Bernstein’s characterization of
a more skilled performer. Bernstein suggests that the skilled performer has learned
to: ‘exploit external forces, to minimize the generation of active muscle forces and to
smooth the movement’s flow’ [100]. In the SML intervention the patient learns to
recognize a ‘better’ movement strategy as a kinesthetically felt sense of more freedom
in breathing and moving. From the perspective of the observing SML therapist, a
‘better’ movement strategy is recognized when the patient’'s movements seem more
integrated and more of the whole patient seems to be involved in the action. From a
neurobiological perspective this kind of learning is though to be a result of the
brain’s essential capacity for change — neuroplasticity — implying that nerve cells
change their characteristics by creating and strengthening some neural connections
and weakening or eliminating others [101].

These reflections suggest that the patients in the SML group may have succeeded in

finding a way out of the back pain problem by freeing themselves from habituated,
earlier learned behavioural constraints.
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Methodological aspects

Ethical as well as methodological dilemmas are often inherent in randomized, con-
trolled clinical studies as one of the groups constitutes a control group. The patients
in the control group often realize that they were not allotted to the most effective in-
tervention. This dilemma was at least partly avoided in Study IV as the control group
was offered an intervention, which according to prevailing evidence, was regarded
as adequate.

The symptoms of all patients included in Study IV had resisted several conservative
treatment attempts. All had tried pain reduction treatments together with individual-
ized exercises that aimed at improving muscle strength, muscle endurance and joint
flexibility. None of these had resulted in lasting relief. Some of the patients had con-
siderable persistent low back pain despite previous surgery in the lumbar spine. This
implied that a majority of the patients had experienced the ET intervention previ-
ously, whereas no one had tried the SML intervention. By offering the control group
in Study IV a physical therapist who was guaranteed to be skilled and experienced
and an individualized program based on each patient’s specific disabilities, it was
hoped that the patients would not experience the ET intervention as something they
had tried already. The patients’ expectations, therefore, on the outcome of the inter-
ventions, together with their motivation, was assumed to be equivalent between the
two randomised groups. This assumption was supported as the number of “drop
outs” during the first month was no bigger in the ET group than in the SML group
(Table VIII).

‘Focus groups’ is a term for a group of research methods, used more and more fre-
quently in studies in which the patients’ perspectives are considered relevant. Some
applications are similar to a regular group interview and generate data on the par-
ticipants’ different — and/or similar experiences. In this study we emphasized the dis-
cursive aspect in the analysis, meaning that we searched for the image of the inter-
vention and its effects, which appeared in the group discussion. As the image always
exist “in the eye of the observer”, the reader is offered a condensed narrative that
mirrors the whole discussion and its character in each group, so that he/she may be
able to take his/her own opinion regarding the differences in pattern to which the
authors have given attention (Table IX). The more common technique to “cut out
significant citations” was considered to hide the qualitative, dynamic and extremely
complex differences that seemed to exist between the two randomized groups.

As it has taken the author of this thesis many years to understand the rationale and
to master the skills inherent in the SML intervention, one limitation to the thesis may
be that the author is biased toward the benefits of this intervention. The author un-
derstood the scope of the SML intervention on a cognitive and rational level in paral-
lel with her discovery of the health promoting effects it had on patients with various
non-specific pain related disabilities. All other interventions, aimed at non-specific
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pain related disabilities, seemed either limited as they did not address the person as a
whole, or were incomprehensible.

The author’s involvement in the studies on which the thesis was based, was as fol-
lows;

e She was one of the two SML teachers

e She analyzed the interviews in Study III. Three independent expert readers
compared the original transcripts from the interviews and the resulting con-
densed texts and determined that no critical topics had been omitted or
added.

e She was present at the focus group discussions. She condensed and catego-
rized the audio recorded and transcribed material and grouped it into themes.
Thereafter two of the co-authors (MH, LR) went through the transcripts to en-
sure that the processed material was ’true’ to the original transcripts; that
nothing of importance had been added, neglected or distorted. One of the co-
authors had the advantage of having heard the focus group first hand as a
moderator (MH). The second co-author had the advantage of not having
heard the focus groups first hand (LR).

Future studies

The underlying mechanisms behind the effect of the SML intervention are not well-
understood. There is no (known) peripheral pathology linked to NSCLPB and previ-
ous studies have demonstrated functional, anatomical, and neurochemical changes in
the brains of patients with chronic pain [102]. It is, therefore, reasonable to assume
that there is a change in patterns of central processing parallel to the change in
movement patterns and subjective experience following SML intervention. Reversi-
bility of changes in the brain, however, in patients with chronic pain with symptom
improvement has not been shown, and future studies are needed to explore this fur-
ther. Imaging techniques, such as functional MRI may be a useful tool to explore
brain activation patterns in patients before and after successful SML intervention and
might help clarify this issue.
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CONCLUSIONS AND CLINICAL IMPLICATIONS

To perform the PLM test the subject has to carry out postural changes (bending down
to grip the handle and rising again), locomotion (walking forward) and a targeted
arm movement (placing the object on the stand). The performance of the PLM test
thus involves the whole body and should be able to capture significant behavioural
aspects objectively, not only in patients with NSCLBP but also in patients with other
functional limitations e.g. patients with reduced hip-, knee-, neck- or shoulder func-
tion. It can be presumed that for those groups of patients, with disabilities of specific
or nonspecific origin, for which the test can be proved valid and reliable, the PLM
test provides a demanded possibility of recording and measuring the quality of sen-
sory-motor functions in an objective way. As the PLM test procedure only requires a
small test area and a single camera the only requirement is that the patient must be
able to walk a few steps, grip the handle on the floor and reach the arm forward to
place the handle on the stand.

The SML intervention is an embodied, empathic, therapeutic approach aimed at
health behaviour change in individuals whose inefficient use of self gives rise to inef-
ficient movement patterns. In this thesis it was proved that the SML intervention was
able to guide patients with NSCLBP to increase control over their back pain.

It should not be presumed that the efficacy of the SML intervention is limited to pa-
tients with NSCLBP. Many other groups of patients, with restricted movement ca-
pacity due to disabilities of specific or nonspecific origin, may be able to take advan-
tage of the SML process. The only requirement is that the patient wants to participate
and will work in partnership with the SML teacher.
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We shall not cease from exploration
and the end of all our exploring

will be to arrive where we started
and know the place for the first time.

LITTLE GIDDING (No. 4 of 'Four Quartets')
T.S. Eliot



SVENSK SAMMANFATTNING

SVENSK SAMMANFATTNING

SENSOMOTORISKT LARANDE
tilldmpad pa patienter med langvarig ickespecifik landryggsmarta

Att ha ont i ryggen dr mycket vanligt och var femte individ drabbas varje ar. Trots att bara 10
% av samtliga fall blir langvariga &dr ryggsmarta ett av de stdrsta hdlsoproblemen i vastvarl-
den. Begreppet ickespecifik langvarig landryggsmarta (ILL) anvénds for att beteckna de fall
dér vare sig den ihallande smartan eller de kroppsliga rorelsebegransande svarigheterna kan
hénforas till skador eller sjukdomar i ndgon kroppslig viavnad. 80 % av de langvariga fallen
ar ickespecifika.

Det overgripande syftet med denna avhandling var att ta fram kunskap om sensomotoriskt
larande (SML) genom att anvénda interventionen pa patienter med ILL. For att uppna syftet
beskrevs forst den teoretiska grundval som interventionen SML vilar pa och darefter genom-
fordes fyra separata studier.

Patienter med ILL som tidigare inte blivit varaktigt hjilpta av nagon slags behandling och
som inte heller bedémdes kunna bli aterstdllda genom kirurgisk atgard, deltog i studierna.

I studie I undersdoktes om den optoelektroniska métmetoden Posturo-Locomotion-
Manipulation (PLM) var lamplig och tillforlitlig for att pa ett objektivt sdtt, bedoma kvalite-
ten pa individers rorelsemonster. I studie I utvérderades hur SML interventionen paverkade
rorelsemonster matt med PLM hos en grupp patienter med ILL. I studie IIl intervjuades varje
patient tva ganger for att fa kunskap om hur de paverkats av SML interventionen. I studie IV
jamfordes hur tva jamforbara patientgrupper med ILL beskrev sina erfarenheter av tva in-
terventioner med olikartad inriktning; anpassad fysisk tréaning (ET) och SML.

Resultaten visade att PLM testet var ett lampligt och tillforlitligt instrument. Fére SML hade
patientgruppen ett simre rorelsemonster dn en jamforbar grupp med ryggfriska individer,
matt med PLM testet. Efter SML interventionen var kvaliteten pa patientgruppens och kon-
trollgruppens rorelsemdnster likvardiga. Resultatet holl i sig vid undersokningen som gjor-
des 1 ar efter avslutad intervention. I intervjuerna beskrev patienterna att de hade lart sig att
minska smartan, de var mindre stressade och de kédnde sig fysiskt forbéttrade. Det var stor
skillnad mellan hur traningsgruppen (ET) och SML gruppen beskrev de olika interventio-
nerna. Patienterna i SML gruppen beskrev att de hade lart sig att lita pa sig sjdlva och de
tyckte nu att de kunde klara sina ryggbesvar pa egen hand. Detta var i kontrast till ET grup-
pens patienter som gav uttryck for dngslan och sitt beroende av hjalp ifran ryggexperter.

Studiernas resultat har gett upphov till en hypotes som sager att SML, &r en kroppsligt inrik-
tad, empatisk och terapeutisk process som kan fraimja hélsoinriktad fordndring. Patienterna
lér sig lita pa sig sjdlva och pa sin kroppsmedvetenhet. Hypotesen baseras pa faktum att pa-
tienternas sjdlvfortroende hade dkat och de ansag sig kunna ta hand om sina ryggproblem
sjdlva. De positiva fysiska och mentala férandringar som patienterna upplevde sammanfoll
med objektivt registrerade forbattringar i patienternas rorelsekvalitet.
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