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Abstract

Abstract

Background: Physical deconditioning is often associated with chronic pain and is
believed to be a result of gradual movement inhibition and reduction of physical
activities. It is common for chronic pain sufferers to present with limited muscle
extensibility and poor tolerance to physical movement. Exercises are therefore
prescribed to assist in regaining muscle extensibility, strength, fitness and endurance.
Of particular interest is stretch, a type of exercise aimed at increasing muscle
extensibility. Stretch is commonly prescribed as part of physical rehabilitation in pain
management programs, yet little is known of its effectiveness in the chronic pain

population.

Aim: The aim of this randomised controlled trial was to investigate the effects of a
three-week stretch program on muscle extensibility and stretch tolerance in patients

with chronic musculoskeletal pain.

Methods: Thirty adults with pain persisting for at least three months and limited
hamstring muscle extensibility were recruited from patients enrolled in a
multidisciplinary pain management program at a Sydney Hospital. A within-subject
design was used, with one leg of each participant randomly allocated to an
experimental (stretch) condition and the other to a control (no stretch) condition. The
hamstring muscles of the experimental leg were stretched for one minute a day over a
three-week period, whilst the hamstring muscles of the control leg were not stretched
during this time. This intervention was embedded within a pain management program

and supervised by physiotherapists. Primary outcome measures were muscle
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extensibility and stretch tolerance, reflected by passive hip flexion angles produced
with standardised and non-standardised torques, respectively. Initial measures were
taken prior to the first stretch on day one and final measures were taken one to two

days after the last stretch. A blinded assessor was used for all testing.

Results: After three weeks of intervention, stretch did not increase muscle
extensibility (mean between-group difference in hip flexion was 1 degree; 95% Cl -2 to
4 degrees) but did improve stretch tolerance (mean between-group difference in hip

flexion was 8 degrees; 95% CI 5 to 10 degrees).

Conclusion: Three weeks of stretch increases tolerance to the discomfort associated
with stretch but does not change muscle extensibility in patients with chronic
musculoskeletal pain. This study provides support for the ongoing incorporation of
stretch in pain management programs, where stretch may be conceptualised as a
graded exposure to movement and assisting in the restoration of normal activity and

function.

Page | xii



Chapter One: Introduction

Chapter One: Introduction

1.1 Overview of the Introduction

This thesis investigates the role of stretch in chronic pain. The introduction is divided
into two parts, providing a general overview of stretch and chronic pain. The first
section focuses on stretch, its proposed mechanisms, and a review of current
literature examining the efficacy of stretch in animals and humans for improving
muscle extensibility. The second part of the introduction presents a review of chronic
pain with an evaluation of different pain concepts and theories, followed by a brief
overview of the assessment and management of chronic pain. Lastly, the role of

stretch for the chronic musculoskeletal pain population is discussed.
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Chapter One: Introduction

1.2 Introduction to Stretch

1.2.1 Background

Muscle extensibility is an important aspect of normal human function. Limited
extensibility has been associated with increased risk of injury and reduced levels of
function and performance (Halbertsma et al., 1999, Hartig and Henderson, 1999,
Hreljac et al., 2000). As a result, stretch exercises are used extensively in clinical
rehabilitation and sports medicine in an attempt to improve and maintain muscle

extensibility.

Stretch is used among a wide spectrum of people, ranging from recreational to
competitive athletes, the disabled to the able-bodied, children and adolescents to
adults. Yet despite the frequent use of stretch, its efficacy in increasing muscle
extensibility has been controversial, with discrepancies between anecdotal evidence
and good quality randomised controlled trials. Whilst the immediate (positive) effects
of stretch have been well documented (Duong et al., 2001, Herbert, 1993, Magnusson,
1998, Magnusson et al., 2000, Magnusson et al., 1996), the lasting effects of stretch
are less convincing (Ada et al., 2005, Ben et al., 2005, Ben and Harvey, 2009, Folpp et
al., 2006, Halbertsma et al., 1996, Harvey et al., 2006, Harvey et al., 2002, Harvey et
al., 2000, Harvey et al., 2003, Harvey and Herbert, 2002, Lannin et al., 2007, Lannin et

al., 2003, Turton and Britton, 2005).

Mounting evidence in recent years has highlighted the disparity between disabled and
able-bodied populations on stretch efficacy, leading to further questions of the

rationale behind stretch. Furthermore, it has been suggested that improvements in
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Chapter One: Introduction

range of motion shown in the able-bodied population following regular stretch are a
result of apparent, rather than real, changes in muscle extensibility (Ben and Harvey,
2009, Bjorklund et al., 2001, Chan et al., 2001, Folpp et al., 2006, Halbertsma and
Goeken, 1994, Magnusson et al., 1996). That is, regular stretch can alter and increase
a person’s tolerance to the uncomfortable stretch sensation and hence result in an
apparent improvement in extensibility. This part of the introduction therefore aims to
provide an insight into the body of work surrounding the topic of stretch and the

important questions that remain to be answered.

1.2.2 Definitions
Discussions related to the topic of stretch will almost always include the following

terms: stretch, stiffness, joint range of motion, flexibility, and extensibility.

Stretch, or stretching, is the act of applying tension to soft tissues with the aim of
increasing muscle extensibility and hence improving joint range of motion (Harvey et
al., 2002). Stretch can be administered via several means depending on the desired
duration. Shorter duration stretches can be either self-administered or manually
applied by another person such as a treating therapist. Longer duration stretches are
often administered via specially designed devices such as splints, casts and other

equipments.

Stiffness is a term frequently used when referring to the passive mechanical properties
of a muscle. Stiffness is defined as the rate of change in muscle tension (Newtons) with

respect to the change in muscle length (millimetres) (Herbert, 1993). This relationship
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Chapter One: Introduction

can be represented by the length-tension curve (Figure 1). An accurate length-tension
curve can only be attained if the muscle is isolated and measured in vitro. In vivo, this
relationship is reflected by the rate of change in torque (Newton metres) with respect
to the change in joint angle (degrees), as shown in Figure 2 (Herbert, 1993). Following
the application of stretch, it is proposed that muscle stiffness is decreased through
changes occurring in the passive viscoelastic properties of the muscle (Thacker et al.,

2004).

Joint range of motion (ROM) is measured by the number of degrees from the starting
position of a body segment to its end position at full range of movement. Range of
motion refers to the amount of movement attainable across a joint, and is therefore
directly (but not solely) influenced by the soft tissues that cross the joint complex. The
end position of a joint is often termed the "end of range", or "end range of motion".
Range of motion is however a poorly defined term, as it depends on what is used to
determine end of range. For example, some investigators use electromyographic
(EMG) activity while others use patients' or therapists' perceptions of "pull". Other
factors are also used to determine end of range; however, all will yield different results

unless the torque is standardised.

The terms "flexibility" and "extensibility" are often used interchangeably. For the
purposes of this thesis, the term "extensibility" will primarily be used. Many different
interpretations of extensibility exist, but within the confines of this thesis, it will be
used in reference to the passive mechanical properties of soft tissues spanning joints

as reflected by either torque-angle or length-tension curves. Soft tissue extensibility is
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Chapter One: Introduction

dependent on the viscoelastic and mechanical properties of muscles, ligaments and
other connective tissues. A change in extensibility in response to a stretch intervention
must be accompanied by a change in the passive mechanical properties. This can only
be verified by measures of joint angle taken with a standardised torque. There are two
ways in which extensibility can change in response to stretch, as demonstrated in
Figure 1. The left diagram (A) represents a real change in resting length with no change
in stiffness (as indicated by the gradient), whilst the right diagram (B) represents a
change in stiffness (gradient) with no change in resting muscle length. Changes to
either of these factors will be reflected by an increase in joint angle with a

standardised torque.

(4) (B)
(1) (11) (1) (11)

-
o
1

Force (N)
Force (N)

0 25 5
Length (cm)

Length (cm)

Figure 1. Length-tension curves. (A) represents a change in muscle length with no
change in stiffness (gradient), (B) represents a change in stiffness (gradient) with no
change in resting muscle length.
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v
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Figure 2. Torque-angle curve. The relationship between torque and angle is

represented by the angle (joint range of motion) increasing along with the application
of larger torques. The arrow indicates an apparent change in extensibility.

1.2.3 Types of Stretch

Numerous stretch techniques have been developed, applied and used by
physiotherapists, coaches and trainers (Halbertsma et al., 1999). These include
isometric, ballistic, dynamic range of motion, proprioceptive neuromuscular

facilitation, passive and static stretch (Bandy et al., 1998).

Isometric stretch is similar to static stretch, comprising of sustained muscle
lengthening with the addition of resistance against an immobile force. The opposing
resistance can be provided by either an immobile object or another person. Ballistic
stretch aims to provide rapid lengthening of the muscle by using jerky or bouncing
movements. The dynamic range of motion stretch technique requires the antagonist
muscle to contract, resulting in the joint crossed by the agonist (lengthening muscle)
to move through the full range of motion at a slow, controlled speed. All movements

are performed slowly and carefully (Bandy et al., 1998). Proprioceptive neuromuscular
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facilitation is a hold-relax stretch technique performed by another person (such as a
therapist) together with the subject. Following a contraction of the antagonistic

muscle, the partner performs a passive stretch on the subject.

The final two stretch methods are regularly administered and prescribed in both
clinical and community settings. Both passive and static stretch techniques involve the
performance of slow, sustained muscle lengthening. Passive stretches are performed
by a person other than the subject, whereas static stretches are self-administered and
performed by the subject independently. Depending on the situation and
environment, passive stretches may be held for up to 30 to 60 minutes whilst static

stretches are usually held for durations lasting between 15 to 60 seconds.

1.2.4 Effects of Stretch

Short-term effects

There is convincing evidence to show that stretch produces immediate increases in
muscle extensibility due to the viscoelastic nature of soft tissues (Duong et al., 2001,
Herbert and Balnave, 1993, Magnusson, 1998, Magnusson et al., 2000, Magnusson et
al., 1996). However, these short-term effects are transient and quickly dissipate. Upon
the application of stretch to soft tissues over a period of seconds or minutes, the
tissues undergo progressive deformation as a result of reduced resistance between
collagen fibres. These fibres are therefore able to slide past each other more smoothly
within the surrounding ground substance (Herbert, 1993). Subsequently, following
viscoelastic deformation, soft tissues can be extended further with a constant force

(the creep phenomenon) or the tissues exert less force when stretched to a constant
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Chapter One: Introduction

length (stress relaxation) (Taylor et al., 1989).

Long-term effects

An increase in muscle extensibility is considered long-lasting if the effect remains for at
least 24 hours upon removal of the last stretch (Harvey et al., 2002). This lasting
change in extensibility may be due to either changes in the passive mechanical
properties of the muscle resulting in increased joint range of motion (indicating rea/
extensibility), or changes in stretch tolerance resulting in improved range of motion
without any underlying structural adaptations (indicating apparent extensibility). It is
the long-term effects of stretch that are more controversial but arguably of more
importance, particularly for patients with functional limitations, disabilities and

chronic pain.

Despite the popularity and widespread implementation of stretch amongst the general
community, sporting individuals and patients undergoing physical rehabilitation,
considerable uncertainty remains surrounding its lasting effects. The controversy
arises from the discrepancies between strong anecdotal and animal evidence
supporting the effectiveness of stretch (Goldspink, 1977, Goldspink et al., 1974,
Williams and Goldspink, 1978), and high-quality randomised controlled trials indicating
otherwise (Ada et al., 2005, Ben et al., 2005, Ben and Harvey, 2009, Folpp et al., 2006,
Halbertsma et al., 1996, Harvey et al., 2006, Harvey et al., 2002, Harvey et al., 2000,
Harvey et al., 2003, Harvey and Herbert, 2002, Lannin et al., 2007, Lannin et al., 2003,

Turton and Britton, 2005).
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Chapter One: Introduction

The following section will present a literature review of the evidence surrounding

stretch and its long-lasting effects on soft tissues in animal and human populations.

i) Evidence from Animal Studies

Research in animals has shown that soft tissues are highly adaptable and undergo
structural remodelling in response to immobilisation in both shortened and
lengthened positions. It is well known that muscles immobilised in the shortened
position lead to a reduction in serial sarcomere number, although it is not clear how
the sarcomeres are reduced (Coutinho et al., 2004, Gomes et al., 2004, Williams, 1988,
1990). A linear relationship between the position of immobilisation and the resting
muscle length has been shown in rabbit soleus muscles (Herbert and Balnave, 1993).
When a muscle is immobilised in a shortened position, physiological adaptations occur
resulting in decreased muscle length and increased stiffness (Goldspink, 1977,
Goldspink et al., 1974, Gossman et al., 1982, Herbert and Balnave, 1993, Tabary et al.,
1972, Williams and Goldspink, 1978). This response is believed to be due to the loss of
sarcomeres in series within the muscle, causing a reduction in muscle fibre length.
Several studies have shown that animal muscles can lose up to 40% of its sarcomeres
in series following immobilisation in a shortened position (Goldspink et al., 1974,

Tabary et al., 1972, Williams and Goldspink, 1973, 1978).

The reduction in muscle fibre length is accompanied by a loss in muscle extensibility.
This is due to either or both of the following factors: 1) a shift of the length-tension
curve to the left and/or 2) an increase in the slope of the curve. That is, the muscle

becomes shorter and/or stiffer (Goldspink et al., 1974, Williams and Goldspink, 1978).
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However these changes in the length-tension curve appear to be reversible, with
evidence showing that the curve returns to its normal shape four weeks following cast

removal and restoration of normal activity (Tabary et al., 1972).

Stiffness is represented by the slope of the length-tension curve (Figure 1), and is said
to affect the passive viscoelastic properties of tissues (Thacker et al., 2004). The
increase in stiffness has been partly attributed to an increased amount of connective
tissue (endomysium and perimysium) surrounding the muscle following periods of
immobilisation (Cox et al., 2000, Tabary et al., 1972, Williams et al., 1998, Williams and
Goldspink, 1984). Cox et al. (2000) immobilised the rabbit latissimus dorsi muscle for
three weeks and found a 4% increase in the amount of collagen around the
intramuscular area. Additionally, realignment of collagen fibres after two weeks of
immobilisation has been shown in the mouse soleus muscle, which may also affect
muscle stiffness (Williams and Goldspink, 1984). However the role of connective tissue
in post-immobilisation stiffness is unclear, and it is possible that other structures

within the muscle fibres or soft tissues may be involved.

Periods of immobilisation in a shortened position also produce changes in tendons
(Herbert and Crosbie, 1997). Herbert and Crosbie (1997) studied the soleus muscle-
tendon unit of rabbits immobilised for 14 days. Following this period of
immobilisation, the relative change in muscle length compared to tendon length was
evaluated. Results showed that there was an overall reduction in the length of the
muscle-tendon unit, and interestingly, the major contributing factor to the reduction

in length was tendon rather than muscle. This highlights the possible involvement of
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Chapter One: Introduction

tendons (as part of the muscle-tendon unit) in structural adaptations and
morphological changes following immobilisation. However the response of tendons to

short duration stretches is unclear.

Similarly, structural adaptations in the muscle have also been shown to occur
following immobilisation in the lengthened position. Evidence from animal studies
have shown that the number of sarcomeres in series along the muscle fibre increases
by up to 25%, with a corresponding decrease in resting sarcomere length (Goldspink et
al., 1974, Gossman et al., 1982, Tabary et al., 1972, Williams, 1990, Williams and
Goldspink, 1973, 1978). The length of the actin and myosin filaments however remain
unchanged, and therefore do not affect the amount of overlapping between the
filaments (Tabary et al., 1972). The increase in the number of sarcomeres in series
leads to an increase in the length of the muscle fibre, and subsequently an overall
increase in muscle extensibility. These adaptations are believed to be important for

maintaining an optimal length-tension relationship.

In the clinical setting, it may be more relevant and worthwhile to consider the effects
of shorter duration stretches on muscle extensibility. Intermittent static stretch has
been shown to produce lasting structural changes in the rat soleus muscle (Williams,
1990). Williams (1990) demonstrated that 15 minutes of stretch performed every
second day reduced the loss of sarcomeres, whereas 30 minutes of stretch every day
was sufficient to prevent the loss of serial sarcomere number and maintain the range
of motion in the rat soleus muscle. Furthermore, stretching for two hours every day

increased the number of sarcomeres in series by 10%.
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In summary, there is clear evidence to show that animal soft tissues are highly
adaptable and undergo morphological remodelling in response to the position,
duration, intensity and frequency of the immobilisation. Muscles immobilised in a
shortened position lead to a reduction in its resting length, whereas muscles
immobilised in a lengthened position result in an increase in its resting length. Even
stretches of shorter durations (such as 15 minutes or less) may be sufficient to
produce changes in muscle extensibility. There is however no distinct relationship
between animal and human soft tissues, as human tissue morphology may be
different to that of animals. The response of human tissues to stretch is discussed in

the next section.

ii) Evidence from Human Studies

Clinical studies into the response of human tissue to stretch are less consistent. Many
trials have investigated stretch in both the able-bodied and disabled populations, yet
considerable controversy remains over the effectiveness of stretch. In human studies,
it is difficult to isolate individual muscles to assess muscle morphology and
extensibility. Instead, effects of stretch are often measured using joint range of motion

(ROM) as a reflection of muscle extensibility.

The method through which joint ROM is measured plays a crucial role in the validity of
the outcome. A real increase in muscle extensibility is demonstrated if the joint ROM is
measured with a standardised torque. Without standardisation, changes in ROM can
instead be influenced by the amount of torque applied and the amount of stretch

tolerated. For example, the more tolerant an individual is to stretch, the larger the
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torque applied (for example, by a therapist) and subsequently the greater the joint
ROM. Hence measures of joint range with a non-standardised torque may merely
reflect an apparent increase in extensibility, without any underlying change in the

muscle properties themselves (as shown in Figure 2).

The second important issue when considering the methodology of human stretch
studies is the timing of the final assessment. The effects of stretch are only considered
long-lasting if the effects remain for at least 24 hours after the last stretch was
administered (Harvey et al., 2002). Initial short-term effects are due to viscoelastic
deformation of tissues and any measurements made shortly after a stretch cannot
provide an accurate indication of real muscle extensibility changes. It is therefore
imperative that measurements of the final outcome are taken at least 24 hours after
the most recent stretch application to reflect long-term changes. The failure to meet

these two methodological criteria will affect the interpretation of the outcomes.

The following section reviews the current evidence surrounding stretch in:
1. Able-bodied populations, and

2. Disabled populations.

1. Able-bodied populations

Among physically active individuals in the general community, stretching before and
after exercise has become routine practice. It is believed that stretch can improve
flexibility, enhance performance and reduce injuries (Hartig and Henderson, 1999,

Shrier, 2004, Thacker et al., 2004). Strong anecdotal evidence exists demonstrating the
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beneficial effects of stretch on extensibility, especially in sports such as gymnastics and
dance where the muscles of these individuals are extremely extensible. This may be a
response of soft tissues to the stretch stimulus and the constant exposure to it.
Unfortunately, there remains a lack of strong evidence and high quality randomised

controlled trials to support these anecdotal reports.

Two recent systematic reviews (Decoster et al., 2005, Harvey et al., 2002) reported
initial evidence supporting the use of stretch in able-bodied individuals for improving
muscle extensibility. Following specific inclusion and exclusion criteria, Decoster et al.
(2005) identified 28 clinical trials (23 randomised and 5 non-randomised) and Harvey
et al. (2002) identified 13 randomised controlled trials for review. The difference in the
number of randomised controlled trials identified by the two authors reflects the
differences in their inclusion criteria. Two independent assessors were used in both
systematic reviews to critically evaluate the methodological qualities of the selected
manuscripts according to the Physiotherapy Evidence Database (PEDro) (10-point)
scale, which include criteria such as concealed allocation, blinding and intention-to-
treat analysis (Maher et al., 2003). PEDro scores of 7/10 or more were categorised as
‘high’ quality, scores of 5/10 or 6/10 were ‘moderate’, and scores of 4/10 or less were
‘poor’. The PEDro scale is reported to have ‘fair’ to ‘good’ inter-rater reliability with a

mean score of 0.55 (95% Cl, 0.41 to 0.72) (Maher et al., 2003).

Decoster et al. (2005) used broad inclusion criteria in their systematic review. Details
of the 28 studies are provided in Table 1. Both randomised (n = 23) and non-

randomised (n = 5) studies were included, and the timing of the final measurement
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ranged from immediate to two days. There was no recognition of the significance
between using a standardised versus a non-standardised torque for joint ROM
measurements. Additionally, the heterogeneous nature of the studies included did not
allow for meta-analysis of the results or calculation of effect sizes for comparison.
Results showed that the overall methodological quality of the studies was ‘poor’ with a
mean (SD) PEDro score of 4.3 (1.6), ranging from 2 to 8. Of the 28 studies, 12 did not
state the timing of the final ROM measurement (post-stretch intervention), 10
performed the final assessment within the same day (0 to 90 minutes post-stretch),
and only 6 of the studies performed the final measurement 1 to 2 days post-

intervention.

Two studies were of particular interest, as they highlight the general misunderstanding
between real and apparent changes in muscle extensibility (structural adaptations
versus tolerance), and the linear relationship between passive stiffness and joint ROM

(Chan et al., 2001, Reid and McNair, 2004).

Chan et al. (2001) investigated the effects of two different static stretching programs
on the flexibility and passive resistance of the hamstring muscles in 40 healthy young
adults. The two experimental groups performed static stretches on the hamstring
muscles of their dominant leg, whilst the two control groups performed no stretch.
Group 1 performed one set of 5 x 30s stretches, three times a week for a total of eight
weeks duration. Group 2 performed two sets of 5 x 30s stretches, three times a week
for a total of four weeks. Group 3 acted as control (no stretch) for group 1, whilst

group 4 acted as control for group 2. End ROM was determined by each subject’s
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perception of “maximum stretch without pain” and measured with a fixed goniometer
at the knee joint. At 24 hours after the last stretch intervention, mean knee ROM
improved significantly (p < 0.05) for both groups. The mean between-group
differences (95% Cl) for the 8-week (Groups 1 and 3) and 4-week protocols (Groups 2

and 4) were 12 degrees (95% Cl, 3 to 20) and 9 degrees (95% Cl, 2 to 15) respectively.

The authors suggested two possible mechanisms for the demonstrated increase in
hamstring muscle extensibility. Firstly, it could be a result of physiological adaptations
occurring in the visco-elastic properties of the muscle itself (real change). Secondly, it
could be from increased tolerance to the stretch sensation (apparent change).
However this study did not use a standardised torque to measure ROM (which would
distinguish real from apparent changes in extensibility). Hence although muscle
extensibility appears to have improved in both the 4-week and 8-week training groups,

no conclusion can be made about the mechanism behind the observed changes.

Chan et al. (2001) also measured the passive resistance of the hamstring muscles at
maximal joint angle (end ROM as determined by “maximum stretch without pain”). No
change was observed between Groups 1 and 3 (8-week protocol; mean between-
group difference -1 Nm; 95% Cl, -2 to 0), whereas Groups 2 and 4 (4-week protocol)
demonstrated a mean increase of 4 Nm (95% Cl, 1 to 7) in the passive resistance of the
hamstring muscles at maximal joint angle. The authors believed that four weeks of
stretch was insufficient for changes to occur in tissue morphology and consequently
passive resistance increased. In contrast, eight weeks of stretch was sufficient to

induce adaptations in the underlying soft tissue properties and hence resistance
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decreased. This is an interesting observation, as in fact, passive tissue tension has been
shown to increase exponentially as joint angle increases (Toft et al., 1989). This is a
normal phenomenon of soft tissue structures. It is therefore not surprising that after
four weeks of stretch, the increased end ROM (maximal joint angle) was accompanied
by an increase in the passive resistance of the hamstring muscles. Measurements were
taken at different points of the same torque-angle curve, with the application of a
non-standardised torque. On the other hand, although a significant increase in end
ROM was demonstrated following eight weeks of stretch, no accompanying change in
passive resistance of the hamstring muscles was found. The authors explained this
finding by concluding that structural adaptations had occurred within the muscles.
However, a change in tissue properties may only be concluded if a reduction in force
was attained at the same joint angle, or if a greater joint angle was achieved with the
same torque. Hence considering that measurements were once again taken at
different points on the torque-angle curve, these results do not necessarily reflect any

structural change in the mechanical properties of the muscle.

Similarly, Reid and McNair (2004) also failed to recognise this normal phenomenon of
soft tissues. They conducted a randomised controlled trial to examine the effect of a
six-week hamstring muscle stretching program on knee extension ROM, passive
resistive forces and muscle stiffness. Passive muscle stiffness was measured over the
last 10% of knee extension ROM. Significant improvements in all three outcome
measures were observed in the stretch group, but not the control group. A positive
effect for hamstring muscle extensibility was shown with a mean between-group

treatment effect of 7 degrees (95% Cl, 2 to 12). Increased passive stiffness was also
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observed at greater ROM. The authors concluded from these results that structural
changes had occurred in the stretched muscles. However, the increased passive
stiffness associated with measuring at a greater ROM is a typical phenomenon of soft

tissues and is not necessarily indicative of structural adaptations in the muscle.

In summary, Decoster et al. (2005) reported positive treatment effects from stretch
interventions in able-bodied individuals. The authors concluded that stretch appears
to increase ROM in the hamstring muscles with a variety of techniques, positions and
durations. However due to the lack of consideration for several methodological issues,

the interpretation of these findings are questioned.

Another systematic review by Harvey et al. (2002) used more rigid selection criteria.
Details of the studies are shown in shown in Table 2. Only randomised controlled
trials, and those that measured final joint ROM at least one day (24 hours) after the
last stretch intervention, were included. Out of the 13 studies selected, nine were of
‘poor’ quality and four were of ‘moderate’ quality. Treatment effect sizes were
determined using meta-analyses. Results showed that from the four ‘moderate’
quality studies, the mean increase in joint ROM (evident 24 hours after the cessation
of stretch) was 8 degrees (95% Cl, 6 to 9 degrees). Similarly, the nine ‘poor’ quality
studies demonstrated a mean increase of 6 degrees in joint ROM (95% CI, 5 to 8

degrees).

It is unclear whether the results of this systematic review reflected changes in

apparent or real muscle extensibility. The majority of the studies (10 out of 13) used
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either the ‘assessor’s perception of tightness’ or the ‘subject’s perception of
pain/stretch’ as an indication of the end joint ROM. In this way, there was no
standardisation of the applied torque during stretch and hence ROM changes shown
may instead reflect an improvement in subjects’ tolerance to the discomfort
associated with stretch (apparent extensibility), as opposed to physiological changes in

the underlying tissue structures (real extensibility).

In addition, post-hoc analyses found that joints with limited ROM appeared to respond
better to stretch intervention (mean increase in joint ROM 8 degrees; 95% Cl, 6 to 9
degrees) than joints with normal ROM (mean increase in joint ROM 4 degrees; 95% Cl,
2 to 7 degrees). In the same way, stretch interventions administered over a longer
period of time (more than three weeks; mean increase in ROM 8 degrees; 95% Cl, 6 to
10 degrees) were shown to be more effective than interventions of shorter periods

(such as three to eight days; mean increase in ROM 5 degrees; 95% Cl, 3 to 8 degrees).

There were however limitations to this review by Harvey et al. (2002). It may be
possible that studies with significant findings were excluded, merely due to the failure
of authors to provide adequate methodological details in their published papers. It is
also possible that other relevant papers of interesting findings were not identified.
Furthermore some articles may not have been found if they were written in a
language other than English, or if ambiguous keywords were used which did not match

the keywords used in the search.

Three studies did use standardised torques for ROM measurements; however, results
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from these studies produced inconclusive findings (Bohannon, 1984, Magnusson et al.,
1996, Medeiros et al., 1977). Bohannon (1984) investigated the effects of loading the
hamstring muscles (n = 10) for eight minutes a day over three consecutive days
compared to a control group (n = 10). Hip flexion angles were measured
cinematographically for each subject at 8 minutes, 10 minutes and 24 hours post-
stretch using a within-subject standardised torque. At 24 hours post-intervention, the
between-group (95% Cl) mean difference in hip flexion was 4 degrees (95% Cl, -6 to
13). Although the result provides some evidence of the stretch effects on muscle
extensibility, the quality of this study was ‘poor’, and the wide 95% Cl reflects the

uncertainty surrounding the results.

Medeiros et al. (1977) also examined the effects of stretch on the hamstring muscles.
The experimental group (n = 10) performed hamstring stretches for one minute daily
over eight consecutive days, whilst the control group (n = 10) did not stretch during
this period. Passive hip flexion angles were assessed using a within-subject
standardised torque. At 24 hours post-intervention, the mean treatment effect was
found to be 5 degrees (95% Cl, 3 to 8). Similar to Bohannon (1984), the methodology
of this study was ‘poor’, with the 95% Cl also indicating the inconclusiveness of the

results.

In contrast, the third study using a standardised torque to measure ROM by
Magnusson et al. (1996) showed hamstring muscle stretching to have no effect on
muscle extensibility. Subjects in the experimental group (n = 7) performed five 45-

second stretches, twice daily, for 20 consecutive days. The control group (n = 7) did
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not undergo any stretch during this time. The extensibility of the hamstring muscles
was determined by measuring the resistance to stretch (passive torque) during a
passive knee extension manoeuvre (hip joint stabilised) at a constant slow velocity
(0.87 rad ™ second). Measurements were taken with a standardised torque (on the
same point of the torque-angle curve), ensuring that outcomes will reflect rea/
changes in muscle extensibility. At 24 hours following the final stretch intervention, no
significant changes were evident in either muscle stiffness (mean between-group

difference 0 Nm rad™) or joint ROM (ROM measures not reported by authors).

Although all three studies recognised the importance of using standardised torque for
ROM measurements (Bohannon, 1984, Magnusson et al., 1996, Medeiros et al., 1977),
the overall methodological quality was ‘poor’ and results did not provide any

conclusive evidence on the effect of stretch on real muscle extensibility.

More recent randomised controlled trials have also investigated the relationship
between stretch and muscle extensibility in healthy able-bodied individuals, as
demonstrated in Table 3 (Davis et al., 2005, Gajdosik et al., 2007, Gajdosik et al., 2005,
Winters et al., 2004). PEDro scores for methodological quality are shown in Table 4.
The results of all four studies favoured treatment, showing a positive effect of stretch
on extensibility. The duration of stretch treatment ranged from 30 seconds to five
minutes per day, for a total period of between four to eight weeks. The mean
treatment effect reported in these four studies ranged from 1 to 21 degrees (95% ClI

range, 2 to 27; insufficient data presented in Winters et al., 2004).
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The four studies were of poor to moderate methodological quality (Table 4). Torque
was not standardised for extensibility measurements and hence it was impossible to
distinguish between real and apparent changes in extensibility. There was no
recognition of the short-term visco-elastic deformations that occur within the first 24
hours post-stretch. The final assessments of joint ROM were measured either
immediately after the last stretch (Davis et al., 2005), or otherwise the timing was not
clearly stated (Gajdosik et al., 2007, Gajdosik et al., 2005, Winters et al., 2004).
Although positive treatment effects were reported in all four studies, the wide 95%

confidence intervals reflect the remaining uncertainty surrounding the results.

Not many studies have examined the influence of stretch on tendons. A recent
randomised controlled trial investigated the effect of stretch training on the visco-
elastic properties of human tendon structures in eight healthy men (Kubo et al., 2002).
Subjects acted as their own control, with both legs randomly allocated into either the
treatment or control group. Stretch was administered to the calf muscles of the
treatment leg in a standing position for 5 x 45 seconds twice a day, on a daily basis for
20 consecutive days (three weeks). Outcome measures of extensibility and the visco-
elastic properties of tendon structures (stiffness and viscosity) were assessed by

ultrasonography.

Following three weeks of stretch training, a significant decrease in passive torque
values was observed at all ankle angles of the experimental legs. The authors
concluded this to be reflective of increased extensibility of the plantarflexor muscles.

The observed change in passive torque was reflected by a mean between-group
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difference of -0.2 Nm/deg (95% Cl, -0.4 to -0.1; p < 0.05) in the flexibility index value
(defined by the slope of the portion of the passive torque-angle curve from 15 to 25
degrees). The authors believed that it is unlikely for any muscle activity to have
contributed to the passive torque measurements, as electromyographic activities of
the medial and lateral gastrocnemius, soleus and tibialis anterior muscles during
stretch manoeuvres were found to be very small (1% of maximal voluntary

contraction).

On the other hand, stretch training had no significant effect on passive stiffness of
tendons (mean between-group change -1 N/mm; 95% Cl, -2 to 0), whilst viscosity (as
reflected by % change in hysteresis) was significantly decreased (mean between-group
change -8%; 95% Cl, -13 to -2). These findings suggest that stretch may have an effect

on the viscosity of human tendon structures but not the elastic properties of tendons.

In summary, evidence from the able-bodied population seems to suggest that stretch
has a small but positive effect on muscle extensibility. Yet the real mechanisms behind
the observed stretch effects remain unclear. Unfortunately, most of the studies in the
able-bodied population are of poor methodological quality, and fail to differentiate
between real (structural adaptations in muscle length) and apparent muscle
extensibility (changes in subjects’ tolerance to the stretch sensation). Due to the lack
of high-quality randomised controlled trials within the able-bodied population, no

conclusive findings have been produced to date.
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2. Disabled Populations

The aim of stretch in people with disability is to maintain, increase, and/or prevent the
loss of tissue extensibility. In contrast to animal, anecdotal and human able-bodied
evidence, trials in the disabled population have found consistent evidence showing
that stretch produces no lasting effect on muscle extensibility. Interestingly, the
stretch interventions used in studies of disabled individuals were of considerably
longer durations (20 minutes to 24 hours a day; 4 to 12 weeks) than those typically
administered in the clinical settings of the able-bodied population (30 seconds to 15

minutes a day; 5 days to 6 weeks).

Studies in the disabled population include conditions such as spinal cord injuries (Ben
et al., 2005, Harvey et al., 2007, Harvey et al., 2006, Harvey et al., 2000, Harvey et al.,
2003), stroke (Ada et al., 2005, Dean et al., 2000, Harvey et al., 2006, Lannin et al.,
2007, Turton and Britton, 2005), traumatic brain injuries (Harvey et al., 2006, Lannin et
al., 2003, Moseley, 1997), Charcot-Marie-Tooth disease (Refshauge et al., 2006), and
post ankle fracture (Moseley et al., 2005). Stretch interventions in these trials were
administered to the ankle (Ben et al., 2005, Harvey et al., 2000, Moseley, 1997,
Moseley et al., 2005, Refshauge et al., 2006), hamstrings (Harvey et al., 2003), hand
(Harvey et al., 2007, Harvey et al., 2006, Lannin et al., 2007, Lannin et al., 2003, Turton
and Britton, 2005) and shoulder muscles (Ada et al., 2005, Dean et al., 2000, Turton
and Britton, 2005). The details and PEDro scores for each of the above-mentioned

studies are presented in Table 5 and Table 6 respectively.
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In general, the methodological quality of these studies is higher than those in the able-
bodied population. In addition, nine of the 13 studies assessed joint ROM with a
standardised torque, thus ensuring the distinction between real and apparent muscle
extensibility (Ben et al., 2005, Harvey et al., 2007, Harvey et al., 2006, Harvey et al.,
2000, Harvey et al., 2003, Lannin et al., 2007, Lannin et al., 2003, Moseley et al., 2005,
Refshauge et al., 2006). Of these nine studies, eight (Refshauge et al., 2006) were
rated as being of high methodological quality with scores of 7/10 or greater on the
PEDro scale. Interestingly, all eight of these high quality trials reported no lasting
treatment effects in their results (mean treatment effect ranged from 0 to 4 degrees;
95% Cl range, -6 to 8 degrees). These studies provide strong evidence that stretching
in people with neurological conditions and disabilities does not induce changes in the
mechanical properties of the muscle, and hence does not increase real muscle

extensibility.

Only two studies reported positive findings (Ada et al., 2005, Moseley, 1997), however
methodological issues were noted in both. Ada et al. (2005) investigated the effects of
stretch in preventing shoulder muscle contractures in stroke patients. Stretch was
administered to the shoulder in maximum external rotation and 90° of flexion for two
30-minute sessions daily, 5 days a week, for a total of 4 weeks. Results showed that
stretch prevented the development of shoulder external rotation contractures with a
mean treatment effect of 12 degrees (95% Cl, 0 to 24 degrees), but did not prevent
shoulder flexion contractures (mean treatment effect -3 degrees; 95% Cl, -12 to 7
degrees). However these results may not reflect real changes in tissue extensibility.

The assessment of maximal passive ROM was determined by gravity acting on the
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weight of the limb. This does not solely reflect underlying changes in tissue
extensibility as gravity cannot be used in this way to standardise torque, since the

gravity-dependent torque and the weight of the limb changes with joint angle.

The second study by Moseley (1997) examined the effect of prolonged stretching (via
casting) for seven days on passive ankle dorsiflexion in adults with traumatic head
injuries. A mean treatment effect of 15 degrees was reported (95% Cl, -2 to 12).
Although a standardised torque was used when measuring passive ankle dorsiflexion,
the final assessments were conducted immediately after the removal of casts. These
results may therefore merely reflect the short-term effects of stretch due to the
viscous deformation of tissues. Therefore the positive findings of Moseley (1997) may
primarily reflect short-term increases in tissue extensibility, as opposed to real

structural adaptations of the muscle.

In summary, high-quality randomised controlled trials in people with neurological
impairment and disability consistently fail to find long-lasting effects on muscle
extensibility from stretch interventions. This presents an interesting contrast to the
findings of animal, anecdotal and human able-bodied evidence. The next section of the

thesis attempts to explain this disparity.

Page | 33



Introduction

Chapter One

uoISUIIXD syjuow € uoneing sajasnw
juy|ds ol jledsesejawodied (unds ou) jo13u0) (2 LY-TE qunuy} ||e jo sisAjesed (01/8)
(.9 01,9) Jo |[eAowal ysod quinyl Jo NOY aaissed qunyy |eyuawisadxa snduo| snajjjod  a8uel |esaje|iq pue eigajdesyay (£002)
.0 sinoy z 1sea| Iy pajjosjuod-anbio] uo Bunuyids yBu Ajleq (T JOXa|} quinyy L€ yam s3algns oz D 33 AanleH
$3JN3)0RJ3U0D quNY}
[e433e)ig/1un yum (|0S €2
a|3ue uiof S}@am ZT uoneing S9-€v ‘181 L ‘@%j0as pT) uoiypuod (o1/8)
(,201.17) |ediesejawodied Jo NOY (unds ou) jo13u0) (2 aoedsgam  a8ues  |eaiBojoinau yyum syuaned (9002)
I sinoy ¢z anlssed paj|oJjuod-anbio] Sunuyds yBu Ajlep siy g (T qunyy S Sunamp-Alunwwon D 33 AaAleH
S)aam y uoizeing (ot/2)
(,501,2°) INOY anissed (y218435 0U) |03U0D (sT) (€002)
I sinoy $Z paj|oJiuod-anbio) ¥9am /X g sainuiw O sgulswey €€ 12S yum syuaned gt D 12 Aanley
S)aam y uoijeing (o1/8)
(€org) INOY aAissed (ya3213s ou) jo;3u0) sioxajjeued  (97) (12S) Aanfur psod (0002)
.0 ¥oam T paj|oJiuod-anbio) ¥9am / X g sainuiw O apjuy 9¢ |euids yum sjuaned T /D 12 AanseH
S)3aam g uoneing
(Ajuo uoneyiqeyas
,uted, Aseurdidsipiyjnw) |0J3u0)
(eyep j0 uondadiad s323lgns (uoneyjiqeyal (01/¢)
Waniynsul) Aq pauiwialap NOY pu3 Aseuyididsipiyinw |ensn +) (z1) jo.3s 3sod (0002)
.£ pajels JoN (4232wWoIu08) WOY aAISsed ¥9am / X g saynuiw O Jap|noys 85 syaam QT> syuanedul gz /D12 ueag
(.9 01.7) INOY anissed S}a@am ZT uoneing sioxajyeued  (ST) (o1/8)
8 sinoy ¢ pajjojuod-anbio] ¥2am / x g saynuiw g Uy 143 I2S yum syuanted oz (S00Z) /o 32 uag
S)¥aam { uoneing
(oL 03 .2T7) |043u0)
€ qui| uo AjAess Jo 3210y %29M /X G U218J1S UIWQE X 7 SI0SUdIXa pue
(.#Z 01.0) Aq paujwiajap aguel pu3 |0J3U0)  SJO}R}OJ |eusalul (8) oIS (oT/L)
N4 pajels JoN OY anlssed wnuwixep }28M / X G Y2331 UIWQE X T Jap|noys 89 1sod sAep 0z > s12Iqns 9€  (S00Z) /0 39 epy
(12 %56) (as)
CRIESENTT ) yd31243s 1Se| Jaye paynans ade (s103s 01q3d)
dnoi3-uaamiag pasde|a awi) ainseaw awocnnQ UOIUBAIBIUI Y21311S sjulof/sajsniy  uea spalgns ERIVESETEN|

'siaded |enpiAlpul
331 ul pajuasaid synsas wouy paAlsp eleq "uonijeindod pajqesip ayl ul YyaiaJis SunnediisaAul s|el} pa||0J3uod pasiwopuel Jo s|ielsq 'S a|qel

Page | 34



Introduction

Chapter One

‘PapUaIXa 33Uy 3y} UM painseaw QY S! pajuasald eyep, aai9ap 1saieau ayj 0} papunol ae ejep ajdue ||y ‘'gN

syaam ZT uoneing

(pajesajoy (a1e2 |BNSN) |013U0) (4amod
(,0z 01 .67) aq jou p|no3 anbio} (aiea |ensn +) Ajiep sioxa)} Jaduly |eansniels
.95~ (q) pasipiepuels yi uted  yajans Ajiep anuiw-og x Z (q) pue 1sum (q) uaiyynsul)
Aq pauiwialap WOY pu3) (2Je2 Jensn) jos3u0) $1038)01 (o1/s)
(:9T 03 .pT-) INOY anissed (2Jea jensn +) Ajiep leusax@  (z1) (sooz)
TI'T-(e) paiels JoN pajjosiuocd-anbio]  yoclauis Ajiep alnulw-0Og X Z (e) 1ap|noys (e) 89 %0435 yum sjualled gz uOIIg @ UOUN )
(plosieaA ZT < JIN 8TT sy2am g 10} (v 89|) |043u0D
‘plosieaAzT S JIN69) (8 39)) Bunuiids 3yBiu Ajleq (z uoixajyisiop apjue jo
uids jo 92J0} pasIpJepuUL)S Yiim ‘Aq pamo||oy s@aJdap GT S pue (YT (01/9)
(o7 03 .€-) |eAowal Jaye 2je|dway aqwodpl Suisn ‘sy@am g Joj (g 89|) |013u0D sioxa|jiejue|d (8) adA3) aseasip Yoo -ale (9002)
ol sinoy $Z Ulyim INOY uoixajjisiop anissed ‘(v 8a|) Bunuiids y3iu Ajleq (1 Uy ST -102Jey) Yim s10algns yT o 32 adneysjay
SY3aM {7 uoljeing uoljes!jigowwi
(sas14axa) |013u0) 15B2 J93}e 94N)DIRIU0D (01/8)
(o703 ,.T7) WOY aAaissed (sasioiaxa +) Ajlep saynuiw g sioxa|yeyued  (ST) uolxa|jiejue|d (s002)
. ?lelpaww| pajjojjuod-anbio]  (sasiniaxa +) Ajlep saynuiw O ajuy ot yum spalgns 0ST [0 39 A9|asoly
pouad ¥aam Z JaAQ
Buiynans (ot/v)
(.2€03.277) INOY anissed 10 3upsed Inoyiim shep / sioxajyeyueld  (T7) (18.1) Ainfur uteaq (£66T)
ST ?lelpaww| pajjojiuocd-anbio]  uoines|jiqowwi 3sed jo shep £ Pjuy 62 Jnewnes) yym spalgns oT [0 32 Agjaso
(.€ 03 .5") $)3am 7 Joj Ajlep sinoy ZT-6
-1 Papuaix3 julds (3uyds ou) jo;3u0) (€ SJ0X3|} (ot/8)
(.801.5-) Jo |eAnowal ysod WOY aaissed juids papuaix] (z 198uy Buo]  (Z1) a0.43s (£002)
.T |edynaN sinoy $z 03 ZT pajjoJiuod-anbio] juds jesnap (t pUB ISUM 1L 1sod syaam g > s303lqns €9 D 33 uluue
SyaaM { uoljeing
(uawjeauy jensn) (013u0) (uoisuaixa 3sum (01/8)
(.9 03 .t-) WOY aaissed (uawaeasy jensn +) junds sioxaly Jaduly | (ZT) | @Anoe ou yum) Aunlul uiesq (€002)
I ¥oam T pajjosiucd-anbio]  BIA Y21341S JINOY-ZT WNWIXeW pue ISUM .9 paJinboe yiim s10algns gz ‘Ip 33 uluue]
(12 %s6) (as)
|juasaylp yd31243s 15€| Jaye paynans ade (21025 01Q3d)
dnoi3-usamiag pasde|a awil ainseaw awo2nQ UL UEYSERUTRTRIET IS sjulof/sajasn|y  uea spalgns ERIVEETEH]

‘uone|ndod pajqesip ay3 ul Y23a.43s SuilesiIsaAul s|eli3 paj|oJiuod pasiwopuel Jo s|ielaq *(panunuod) § ajqel

Page | 35



Chapter One: Introduction

(s002) uoniig

31013poN S A A N A pue uoun]
(9002) ‘1o
a1013poy 9 A A N A 32 agneysoy
(s002)
ybI4 8 A A A A ID 32 A3jaso
(£66T)
1004 b A A N N I 32 A3jaso
(£007)
ybIH 8 A A A A 0 32 UluUE)
(€002)
ybIH 8 A A A A 0 32 UluUE)
(£007)
ybiy 8 A A A A D 13 AaAseH
(9002)
aipiapoy 8 A A A A D 12 AanseH
(€002)
ybIH L A A A N D 12 AanseH
(0002)
ybIH 8 A A A A 1D 32 AaAseH
(0002)
yb1y L A A A A 'ID 32 ueaqg
(s002)
ybiq 8 A A A A D 32 uag
(s00z)
b,
ybIH L A A A A D 32 epY
Aljiqenea
] suosuedwod  sisAjeue
310ds S3JBWIIS3 dnoud 1e3.3-0} Aujqesedwod
Ajjenp 0ia3id julod -Uaamiag  uonualu| aujjaseg loyiny

‘uoneindod pajgesip ay3 ul Y23aJis Su1lesiisaAul s|el} paj|0Jiuod pasiWopuUel JO $3J03s 0JQ3d "9 d|qeL

Page | 36




Chapter One: Introduction

iii) Apparent versus Real Increase in Muscle Extensibility

One possible reason for the conflicting findings between disabled and able-bodied
populations is that the able-bodied findings reflect apparent, not real, changes in
muscle extensibility. Some investigators believe that what appears to be lasting
changes in extensibility are in fact changes in people’s tolerance to the discomfort
associated with stretch over time (Ben and Harvey, 2009, Bjorklund et al., 2001, Chan
et al., 2001, Folpp et al., 2006, Halbertsma and Goeken, 1994, Magnusson et al., 1996).
For example, following a stretch program for the hamstring muscles an individual may
touch their toes more easily (that is, more flexible). This may not be due to any
underlying structural change in the hamstring muscles but instead may be due to the
direct relationship between applied stretch torque and resultant joint angle. That is,
the harder an individual leans forward, the further they can reach down towards their
toes. The ability to reach further into range is due to altered perceptions and

increased tolerance to the discomfort associated with stretch.

Halbertsma and Goeken (1994, 1996) and Magnusson et al. (1996) were amongst the
first to propose this phenomenon. Magnusson et al. (1996) investigated the effect of a
three-week stretch regime, with participants performing two 45-second stretches on
the hamstring muscles daily. No change was observed in the tissue properties of the
hamstring muscles after the intervention period, but interestingly both the final joint
ROM and corresponding passive torque were improved. As the final joint ROM was not
measured with a standardised torque, it is important to note that this result reflects an
improvement in apparent muscle extensibility. The authors subsequently proposed
that the improved joint ROM is a result of increased stretch tolerance rather than any
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change in the mechanical or viscoelastic properties of the muscle.

Similarly, Halbertsma and Goeken (1996) examined the effect of one stretch session,
in which subjects performed ten 30-second stretches on the hamstring muscles over a
period of ten minutes. No change in passive muscle stiffness was noted, however a
significant increase in joint ROM (and hence hamstring muscle extensibility) was
shown. As the torque was not standardised, the improved ROM following stretch is

once again a likely indication of apparent changes in muscle extensibility.

More recently, two randomised controlled trials (Ben and Harvey, 2009, Folpp et al.,
2006) have made further attempts to distinguish between real and apparent changes
in muscle extensibility by using both standardised and non-standardised torques in
their methodology. Both studies examined the effects of stretch on muscle
extensibility and stretch tolerance in able-bodied individuals. Folpp et al. (2006)
recruited 20 healthy able-bodied individuals with limited hamstring muscle
extensibility. Stretch was self-administered for 20 minutes a day, five days a week, for
four weeks. Outcome measures were hamstring muscle extensibility (angle of hip
flexion measured with a standardised torque) and stretch tolerance (angle of hip
flexion measured with a non-standardised, maximal tolerated torque). After the four-
week intervention, there was no change in the extensibility of the hamstring muscles
(mean change in hip flexion -1 degree, 95% Cl -4 to 3), whereas stretch tolerance was

improved (mean change in hip flexion 8 degrees, 95% CI 5 to 12).

The stretch protocol implemented by Ben and Harvey (2009) was of a slightly longer
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duration. Their stretch intervention was administered for 30 minutes a day, five days a
week, for six weeks in the hamstring muscles of 60 healthy able-bodied individuals.
Outcome measures were identical to Folpp et al. (2006), assessing hamstring muscle
extensibility and stretch tolerance. Results showed that six weeks of 30-minute
stretches produced no effect on hamstring muscle extensibility (as measured with a
standardised torque) with a mean treatment effect of -1 degree (95% Cl, -3 to 2). On
the other hand, the six-week intervention increased stretch tolerance (maximal joint
angle measured with a non-standardised stretch torque) with a mean treatment effect

of 10 degrees (95% Cl, 6 to 14).

The evidence produced from these two randomised controlled trials (Ben and Harvey,
2009, Folpp et al., 2006) indicate clearly that there is an important distinction between
real and apparent changes in muscle extensibility which must be recognised when
examining the efficacy of stretch. It is possible that increases in muscle extensibility
are merely due to an improved tolerance to the uncomfortable stretch sensation
without any structural changes in the muscle properties itself. These findings therefore
add further support to the initial suggestions of Halbertsma and Goeken (1994, 1996)
and Magnusson et al. (1996) that stretch tolerance may play a crucial role in tissue

extensibility.

1.2.5 Summary of Stretch
In conclusion, both anecdotal and animal evidence strongly support the use of stretch
for producing long-lasting changes in muscle extensibility. Positive stretch effects have

also been shown in the human able-bodied literature, although most of the studies
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reviewed were of poor quality leading to inconclusive findings. The strong evidence
from the human disabled population, clearly indicating that stretch does not change

muscle extensibility, has subsequently led to many questions surrounding this topic.

Furthermore, recognising the distinction between real (structural adaptations) and
apparent (stretch tolerance) changes in muscle extensibility has led to important
improvements in methodology when assessing the efficacy of stretch. With increasing
evidence in the able-bodied population suggesting that muscle extensibility changes
are due to improvements in an individual’s tolerance to the stretch sensation, it is
therefore of interest to further investigate this phenomenon in other population
groups where movement tolerance presents as an important issue, such as people

with chronic pain.
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1.3 Introduction to Pain

1.3.1 Background and Definitions

Pain is a complex multidimensional experience comprising biological, psychological
and social factors. Due to the complexity of this experience, both its assessment and
management must be considered in the context of a multifactorial framework where

each component is equally acknowledged.

The most currently accepted and used definition of pain as defined by the
International Association for the Study of Pain (IASP) (1979), states that “pain is an
unpleasant sensory and emotional experience associated with actual or potential
tissue damage, or described in terms of such damage” (Merskey and Bogduk, 1994). It
acknowledges that the experience of pain is subjective and appreciates the

contributions of biological, psychological and environmental factors.

Pain is categorised into two phases according to symptom duration. Pain that is
present for less than three months is termed “acute”, and pain that persists for
greater than three months is considered “chronic” (Merskey and Bogduk, 1994, Scheer
et al., 1997). Acute pain is the most common form and is usually associated with injury
or trauma. This phase typically subsides within two to four weeks (Merskey and
Bogduk, 1994). However in some individuals, pain persists beyond the expected time
frame and becomes chronic. In these cases, the impact of pain can become significant
on many aspects of life, and it is therefore important that the experience is
appreciated from a multidimensional perspective. More detailed explanations of acute

and chronic pain are provided in the following paragraphs.
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i) Acute Pain

Acute pain is experienced for a short time and usually has a specific cause (such as
physical injury to body tissue) and a specific purpose (such as immediate response by
the appropriate body systems to reduce further injury) (Adams and Bromley, 1998).
Although acute pain is typically related to physical trauma or injury, it is now
recognised that many psychological and social factors also play a fundamental role in
the experience of pain. This is consistent with Loeser’s multidimensional model of pain
as shown in Figure 3 (Loeser, 1982), where there is an integration of the different
components of pain including nociception, pain perception, suffering, pain behaviour

and environment.

PAIN BEHAVIOUR

PAIN PERCEPTION

Figure 3. Loeser’s multidimensional model of the components of pain. This diagram
depicts the multidimensional nature of pain and the various influences that may
contribute to the chronic pain experience. This model highlights the fact that tissue
damage and subsequent nociception or neuropathy (pain signals) are only a few of the
many factors determining how much pain will be experienced. This pain system model
is particularly useful in the management of chronic pain.
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ii) Chronic Pain

The International Association for the Study of Pain conceptualises chronic pain as
“pain that persists beyond the normal time of healing” (International Association for
the Study of Pain, 1979). In this phase, pain has no time limit and therefore can persist
for months and years. Chronic pain places a significant impact on an individual’s
quality of life with multiple potential contributions from physical, psychological and
environmental factors. For example, the overall pain experience can cause individuals
to progressively develop physical deconditioning, functional disability, emotional

instability and social difficulty.

Physical deconditioning is often associated with chronic pain (Bousema et al., 2007,
Verbunt et al., 2003) and is believed to be a result of gradual movement inhibition and
reduction of physical activities (Smeets et al., 2006). Patients often enter a physical
deconditioning/disuse cycle in which the pain experience results in a growing fear of
movement/re-injury. This subsequently leads to further reductions in movement,
physical deconditioning and associated emotional changes. This cycle is demonstrated

in Figure 4.
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Pain

Physical and Mental

econditioning Fear of Injury
Deconditioning/
Disuse Syndrome Fear of Movement

Less Movement

Figure 4. Physical deconditioning cycle. Development of the disuse syndrome and
physical/mental deconditioning due to fear of injury and pain. The cycle causes more
and more pain to occur as can be seen in the illustration.

In a recent prevalence study conducted amongst 17,543 Australian adults (Blyth et al.,
2001), 17% of males and 20% of females reported the presence of chronic pain. Pain
prevalence was highest in the 65-69 age group for males and the 80-84 age group for
females. Chronic pain was significantly associated with older age, poor self-rated
health, psychological distress and poor socioeconomic status such as low level of
education, unemployment, and absence of private health insurance. Interference with
normal activities of daily living caused by pain was reported in 11% of males and 14%
of females and was significantly associated with younger age, female gender, and the
absence of private health insurance. There were also strong associations with

receiving disability benefits and being unemployed due to health reasons. These
results demonstrate that chronic pain has a huge impact on the Australian community

individuals of all ages.
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The following part of the introduction will explain the different concepts of chronic
pain. The assessment and management of the various dimensions of chronic pain are
discussed in further details later on in this chapter (sections 1.3.3 and 1.3.4

respectively).

1.3.2 Concepts

Different historical perspectives on pain have led to the development of several
conceptualisations. These include the specificity theory, the gate control theory, and
the biopsychosocial framework. More modern perspectives (such as the gate control
theory) see the pain concept from a viewpoint that considers the involvement of
central processing in the pain experience, whilst earlier theories (such as the specificity
theory) were more focused on physical tissue damage being the only direct cause of
pain. The biopsychosocial model provides a framework for understanding the
interaction between biological, psychological and social variables within the pain
experience. Overall, these conceptualisations help to provide an insight into what pain

is, how it originates and why one experiences pain.

i) Specificity Theory

One of the earliest theories of pain was the specificity theory, developed by a French
philosopher named René Descartes in the 17 century (Melzack and Wall, 1996). The
specificity theory was based on a biomedical model, proposing that injury or damage
to body tissue causes a noxious stimulus which activates specific pain receptors and
fibres. Direct pain messages are sent through a spinal pain pathway to a pain centre in

the brain, which subsequently causes the individual to experience pain (Melzack,
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1999) (Figure 5-A). Descartes viewed the pain system as a specific, hard-wired sensory
projection channel that runs from the skin to the brain and operates the bell alarm in
the brain. This hard-wired concept is illustrated in Figure 6. Descartes believed that a
direct link exists between injury and pain, and the amount of pain experienced by the
individual is determined by the severity of the peripheral injury or pathology (Brannon
and Feist, 2000). The specificity theory however failed to consider any individual
differences in the perception of pain, or possible psychological contributions to the

pain experience.

In summary, the specificity theory failed to explain the complete pain experience, as
its biomedical perspective did not consider possible psychological and environmental
aspects of pain. The role of central processing was not acknowledged during the two
hundred years in which this theory stood, apart from being seen as a passive receiver

of pain signals.
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Figure 5. Schematic representation of conceptual models of pain mechanisms. (A)
Specificity theory: Large (L) and small (S) fibres are assumed to transmit touch and
pain impulses, respectively, in separate, specific, straight-through pathways to touch
and pain centres in the brain. (B) Goldscheider’s (1894) summation theory, showing
convergence of small fibres onto a dorsal horn cell. The central network projecting to
the central cell represents Livingston’s (1943) conceptual model of reverberatory
circuits underlying pathological pain states. Touch is assumed to be carried by large
fibres. (C) Sensory interaction theory, in which large (L) fibres inhibit (-) and small (S)
fibres excite (+) central transmission neurons. The output projects to spinal cord
neurons, which are conceived by Noordenbos (1959) to comprise a multisynaptic
afferent system. (D) Gate control theory: The large (L) and small (S) fibres project to
the substantia gelatinosa (SG) and first central transmission (T) cells. The central
control trigger is represented by a line running from the large fibre system to central
control mechanisms, which, in turn, project back to the gate control system. The T-
cells project to the entry cells of the action system. +, excitation; -, inhibition. (Melzack
and Katz, 2006).
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Figure 6. Descartes’ specificity theory. This illustration depicts Descartes’ theory that
the pain system is a straight channel which runs from the skin to the brain and
operates the bell alarm in the brain.

ii) Gate Control Theory

In the 20" century, researchers set out to analyse and understand pain more as a
complex and multidimensional problem. This led to the development of the gate
control theory of pain by Melzack and Wall in 1965 (Melzack and Wall, 1965). This is
the first and only theory that has incorporated the central control processes of the

brain, as well as taking into consideration the psychological factors of the pain

experience.

The gate control theory proposed the idea that pain perception is not only influenced
by the direct activation of nociceptors at the peripheral level, but is also affected by
modulations occurring in the central nervous system. It is hypothesised that the
transmission of nerve impulses from afferent fibres (large-diameter touch fibres and
small-diameter pain fibres) to spinal cord transmission cells is modulated by a gating
mechanism in the spinal dorsal horn. This is demonstrated in Figure 5-D. The gate is
controlled by the amount of activity in the large and small diameter fibres; large

diameter fibres tend to inhibit transmission (close the gate) and small diameter fibres
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tend to facilitate transmission (open the gate). The theory asserts that activation of
nerve fibres that do not transmit pain signals (large fibres) can interfere with signals
from pain fibres, subsequently inhibiting an individual's perception of pain. For
example, it is common for individuals to lightly rub an injured area in order to

experience some pain relief.

In summary, the gate control theory appreciates the roles of the peripheral, spinal and

higher central nervous system inputs in the final experience of pain.

iii) Biopsychosocial Framework

The evolution of the gate control theory has led to an increasingly multidimensional
approach to pain assessment and management. Known as the biopsychosocial model,
it is based on the concept that the overall pain experience is a function of physical,
psychological and social/environmental factors operating in concert with each other
(Engel, 1977). The model explains that “biological factors may initiate, maintain, and
modulate physical perturbations; psychological factors influence the appraisal and
perception of internal physiological signs; and social factors shape the behavioural
response of patients to the perception of their physical perturbations” (Turk, 1996).

The interaction of these components is demonstrated in Figure 7.
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Figure 7. The complexity of chronic pain. The biological, psychological, and social
variables which all interact to influence how an individual responds to pain (Nicholas,
2008).

The emergence of the biopsychosocial framework correlated with further
understandings of the pain experience from other researchers. For example, Price
(2000) recognised the importance of the affective component of pain, stating that pain
is an experience which “contains both sensory and affective dimensions and is often
accompanied by desires to terminate, reduce, or escape its presence” (Price, 2000).

Emotional feelings relating to the present, short-term or long-term future such as

distress or fear, can affect the way an individual experiences and responds to pain.

In contrast to older concepts of pain, the biopsychosocial framework recognises that
psychosocial factors such as beliefs, attitudes, emotions, and the social and
environmental contexts surrounding an individual can also impact the way they

respond to and experience pain (Flor and Hermann, 2004, Turk and Flor, 1999, Turk
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and Okifuji, 2002). This provides quite a distinct contrast to previous biomedical
models (Melzack and Wall, 1996), which focused primarily on the disease process and

hence addressed only the pathophysiological component of pain.

1.3.3 Assessment of Pain

As it is now understood that pain is a complex multidimensional experience, the
assessment of pain must reflect this through the use of a variety of examination
methods and measurement tools to evaluate and quantify the different pain
dimensions. Of course, it is important not to diminish the value of a careful history,
examination and investigations to explore specific underlying pathology, as well as
self-report measures such as questionnaires. Many self-report assessments exist,
ranging from simple pain rating scales to more complex, professionally administered
guestionnaires. Selection of the type of measurement tool to be used should be
determined by the purpose of the assessment, depending on the particular
dimension(s) of pain experience that is deemed relevant to the individual (Brown et

al., 1998).

The following section will provide an overview of various measurement tools that are
commonly used in multidisciplinary pain management programs and which play a
crucial role in the assessment and management of chronic pain. These measures are
all self-report scales that encompass the first three core outcome domains in chronic
pain, as recommended by the IMMPACT (Initiative on Methods, Measurement, and
Pain Assessment in Clinical Trials) groups (Dworkin et al., 2005, Turk et al., 2003). All

dimensions of the pain experience are accounted for, including assessments of pain
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severity and intensity, physical functioning (disability), emotional functioning (mood),

quality of life, cognitions (beliefs) and multidimensional aspects of pain.

i) Pain Severity

Numerical Rating Scale (NRS)

On a scale out of 10, with 0 being “no pain” and 10 being “pain as bad as it could be”,
patients are asked to rate their current pain intensity experienced at the time of
recording, as well as their highest, lowest, and usual pain intensity over the last week.
Numerical rating scales are sensitive to change and are reported to have high validity
and reliability (Jensen et al., 1986, Jensen et al., 1989, Lundeberg et al., 2001). They
are simple to administer and score (Jensen et al., 1986), rating is instant and does not
have the potential for measurement error as in the visual analogue scale (Price and

Harkins, 1992).

ii) Physical Functioning (Disability)

Roland and Morris Disability Questionnaire (RMDQ)

This questionnaire is used to measure the impact of pain on functional activities and
physical disability in relation to low back pain (Roland and Morris, 1983). The original
RMDQ contains 24 yes/no items, in which patients are asked whether each statement
applies to them on that particular day (last 24 hours). For example, “I stay at home
most of the time because of my back”. The final score is determined by the number of
“yes” items, and can range from 0 (no disability) to 24 (maximum disability). Other
versions of the RMDQ have also been used and reported to have good psychometric

properties (Asghari and Nicholas, 2001, Jensen et al., 1992). These include the
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modified RMDQ (Patrick et al., 1995) which contains 23 items, and the short RMDQ

(Stratford and Binkley, 1997) which includes 18 items.

Oswestry Disability Index (ODI)

This questionnaire comprises of ten sections with statements relating to activities of
daily living and how much those activities have been affected by back pain (Fairbank et
al., 1980, Fairbank and Pynsent, 2000). Each section consists of six statements with
scores ranging from 0 to 5; the first statement is scored 0, the last statement is scored
5. For example, the following statements are used in section 4 (walking): “pain does
not prevent me walking any distance” (score 0), and “l am in bed most of the time and
have to crawl to the toilet” (score 5). The total possible score of the ODI (ten sections)
can therefore range from 0 to 50. The higher the score, the greater the amount of
physical disability and functional limitation experienced by the patient. The ODI has
been shown to be a sensitive measure for identifying activity intolerances (Baker et al.,

1989).

iii) Emotional Functioning (Mood)

Depression Anxiety and Stress Scales (DASS)

The DASS is a set of three self-report scales designed to measure the negative
emotional states of depression, anxiety and stress (Lovibond and Lovibond, 1995).
Importantly this scale does not comprise of somatic items; this is particularly useful in
medical conditions whereby somatic symptoms may potentially inflate the score if
assessed on scales that do include somatic items such as the Beck Depression

Inventory (BDI) (Beck et al., 1979). The overall questionnaire comprises of 42 items,
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which are statements related to how the patient feels about particular aspects of their
mood. Patients are asked to use a 4-point severity/frequency scale (0 to 3) to rate the
extent to which they have experienced each state over the past week. For example, 0
represents that the statement “did not apply to me at all”, whilst 3 represents that the
statement “applied to me very much”. Scores for each sub-scale: depression, anxiety
and stress, are subsequently calculated by summing the scores for the relevant items.
The higher the score, the higher the level of severity. The depression scale assesses
feelings such as dysphoria, hopelessness and inertia; for example, “I couldn’t seem to

III

experience any positive feeling at all”. The anxiety scale measures symptoms of fear,
autonomic arousal and situational anxiety; for example, “I experienced breathing
difficulty”. The stress scale assesses symptoms such as tension, agitation and irritation;
for example, “I found myself getting upset by quite trivial things”. The DASS has been

shown to have good reliability (Antoney et al., 1998) and strong psychometric

properties (Nicholas et al., 2008).

Beck Depression Inventory (BDI)

The original BDI is a multiple-choice self-report inventory comprising of 21 categories
(Beck et al., 1979). It is one of the most widely used instruments for measuring mood,
in particular the severity of depression, in chronic pain populations (Morley et al.,
2002). Each question has a set of four possible answers, ranging in intensity from 0 (for
example, “I do not feel sad”) to 3 (for example, “l am so sad or unhappy that | can’t
stand it”). For every item, the patient will assign a score ranging from 0 to 3 and the
total score (0 to 63) is subsequently calculated to determine the severity of

depression. A score of 0 — 9 indicates that a person is not depressed, 10 — 18 indicates
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mild-moderate depression, 19 — 29 indicates moderate-severe depression and 30 — 63
indicates severe depression. The higher the total score, the more severe the
depression symptoms. There are three versions of the BDI. The most current version
of the BDI is designed for individuals aged 13 and over. It includes items relating to
depression symptoms such as hopelessness and irritability, cognition such as guilt or
feelings of punishment, and physical symptoms such as fatigue and weight loss. This
guestionnaire has been shown to have good reliability and validity (Morley et al.,

2002).

iv) Quality of Life

SF-36 Health Survey Questionnaire

The SF-36 Health Survey Questionnaire (Ware and Sherbourne, 1992) is a generic,
multi-purpose, health-related quality of life measure consisting of 36 items (eight
scales), with scores ranging from 0 to 100 for each of the scales. The eight scales
encompass the following areas: physical functioning, role function-physical aspects,
bodily pain, general health, vitality, social functioning, role function-emotional aspects,
and mental health. The higher the score, the better the patient’s condition. The SF-36
has been reported to have good reliability, validity and responsiveness (Kavien et al.,

1998, Schlenk et al., 1998).

v) Cognition (Self-Efficacy Beliefs)
Pain Self-Efficacy Questionnaire (PSEQ)
The PSEQ (Nicholas, 1989) is a 10-item questionnaire which assesses self-efficacy

beliefs in people with chronic pain. Based on Bandura’s concept of self-efficacy
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(Bandura, 1977), this questionnaire measures a patient’s level of self-confidence and
belief in his/her ability to perform a range of activities despite the pain. The activities
referred to in each item are purposely described in general terms, for example, “l can
enjoy things, despite the pain”. This is such that the measure can be easily
administered across a range of people with chronic pain individuals. Each item is rated
on a 7-point scale (0 to 6), with 0 being “not at all confident” and 6 being “completely
confident”. The final score can therefore range from 0 to 60, and is determined by
adding up the individual scores for each of the ten items. Higher scores represent
stronger self-efficacy beliefs. The PSEQ consists of strong psychometric properties, and
is reported to have high reliability and validity (Asghari and Nicholas, 2001, Nicholas,

2007).

vi) Cognition (Behaviours)

Tampa Scale of Kinesiophobia (TSK)

The TSK is a 17-item questionnaire used to assess fear of movement/(re) injury in
individuals with pain (Kori et al., 1990). Individuals are asked to rate on a 4-point rating
scale the extent to which they agree with each of the 17 statements, where 1
represents “strongly disagree” and 4 represents “strongly agree”. An example of a
statement is: “I'm afraid that | might injure myself if | exercise”. The interesting part of
the TSK is that four of the items are reverse-scored (items 4, 8, 12 and 16) in which
positive self-coping statements are used. For example, “my pain would probably be
relieved if | were to exercise”. After inversion of the individual scores of the reverse-
scored items, a total score is then calculated by summing up all the scores of each 17

statements. Higher scores indicate a greater sense of fear of movement/(re) injury.
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The TSK has been reported to have good reliability and validity (Vlaeyen et al., 2002,

Vlaeyen et al., 1995).

vii) Multidimensional Pain Assessment

The McGill Pain Questionnaire (MPG)

The MPQ (Melzack, 1975) provides a multidimensional assessment of pain, measuring
the sensory, affective and evaluative dimensions of the pain experience. The sensory
component comprises of 42 items, with words describing the sensory qualities of the
experience in terms of temporal, spatial, pressure, thermal and other properties. The
affective aspect consists of 14 items, describing affective qualities of pain in relation to
tension, fear and autonomic properties that are part of the pain experience. The
evaluative component includes 5 items with words that describe the overall intensity
of the total pain experience. The MPQ can be scored in various ways. The Pain Rating
Index (PRI) is commonly used, and is scored according to the rank values allocated to
different words. For example, the word implying the least pain is given a value of 1,
the next word is given a value of 2, and so on. The rank values are then added together
to obtain a score for each category and a final score for the overall questionnaire.
Another scoring method is the Present Pain Intensity (PPI), to assess the level of pain
experienced by the subject at the time of administration of the questionnaire. For
example, in response to the question “which word describes your pain right now?”,
patients are required to choose from the following list of words: mild (1),
discomforting (2), distressing (3), horrible (4), and excruciating (5). The PPl is therefore

scored according to the word selected. Higher scores represent more severe pain. The
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reliability and validity of the MPQ _have been supported in the literature (Melzack and

Katz, 2001).

1.3.4 Management of Chronic Pain — The Biopsychosocial Model

Within the biopsychosocial framework of pain, it is now understood that although
some form of tissue damage or pathology typically initiates the pain process, the
physical component is only one of many variables that can influence an individual’s
processing of and response to pain. Psychological influences such as catastrophising
(Sullivan et al., 2005), negative thoughts and attitudes, fear-avoidance beliefs and
behaviours (Leeuw et al., 2007), and passive coping strategies (Blyth et al., 2005, Keefe
et al., 2004), are some variables that have been shown to negatively impact how an
individual views their pain. On the other hand, positive self-efficacy beliefs (Nicholas,
2007), acceptance of the illness (McCracken and Eccleston, 2005), and the
implementation of self-management/active coping strategies (Blyth et al., 2005, Keefe

et al., 2004) are shown to result in better outcomes and improved adaptation to pain.

In addition to psychological factors, the social/environmental contexts surrounding an
individual also play a significant part in affecting their response to the illness. For
example, social support from family and friends that encourages self-management and
independence (Goldberg et al., 1993) are far more beneficial than excessive sympathy
and over-protectiveness, which in turn leads to further dependence and inactivity
(Newton-John, 2002). Similarly, job dissatisfaction, unemployment, financial pressures,
family conflict and stress, lack of social support, and poor quality of life are examples

of unhelpful social/environmental influences that could result in maladaptive pain
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behaviours and further negativity (Elliott et al., 1999, Harris et al., 2005, Martikainen

etal., 2002).

The biopsychosocial model of pain therefore provides a framework that enables health
professionals and patients alike to understand the dynamic interactions between
biological, psychological and social variables. The model demonstrates that pain is an
extremely complex phenomenon (Figure 7); and in particular, it highlights the need for
a multidimensional approach to both the assessment and management of chronic
pain, whereby each of the three components of pain (physical, psychological and

social) are addressed in accordance to its relative contributions (Nicholas, 2008).

A typical multidisciplinary pain rehabilitation program would incorporate the use of
physical techniques, psychological techniques, and social/environmental interventions
to provide a more holistic approach to the management of chronic pain. Details of
each intervention component are summarised in Table 7. Physical deconditioning and
functional limitations are addressed through graded reactivation programs and
physiotherapy (strengthening and stretching exercises) to facilitate the return to
normal movement, activity and function. Negative psychological states are addressed
through the implementation of advice, cognitive-behavioural therapy, relaxation,
attentional techniques and education to modify unhelpful cognitions and develop self-
coping strategies. Cognitive-behavioural therapy is one of the most significant
components of the program, providing the mechanisms and principles by which all
other aspects of the program are dependent upon (Nicholas, 2008). Importantly,

cognitive-behavioural therapy is not a form of treatment that is only implemented by
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the psychologist, but rather all multidisciplinary staff must also use it during their
interactions with patients. Social/environmental problems are also addressed in the
program by promoting better support from the family, and providing assistance and
education as necessary on any workplace or return to work issues.

Table 7. Multidisciplinary Pain Management Program. Core components forming the

biopsychosocial approach in the management of chronic pain, as used in the ADAPT
program.

Component Technique Specific Interventions
* Graded reactivation / functional restoration
PHYSICAL Exercise & programs
Activity * Resume normal daily activities

* Physiotherapy (strengthening & flexibility)
¢ Active listening
* Advise on improved understanding of pain

Advice ¢ Assurance/differentiation between hurt
versus harm
* Teach identification of unhelpful thought and
behaviour patterns,
* Encourage alternative, more helpful
Cognitive retsponse‘s . .
. ¢ Differential staff reinforcement of practice of
Behavioural . .
Therapy exercises and appropriate self-management

strategies
* Teach better coping strategies
* Encourage self-reliance through problem
solving and self-reinforcement for gains
Relaxation & | ® Decrease threat value of pain
Attentional | ® Teach pain desensitising technique for
Techniques application whenever pain troubling
* Interactive sessions to educate patients on
why they experience pain, answer their
Education/ guestions, implement self-management
Information approach etc.
Provision * Education on helpful exercises
* Advice on coping strategies on home
rehabilitation

PSYCHOLOGICAL

Support * Community support groups
Groups * Promote family education and support
SOCIAL / * Address any specific issues/conflicts between
ENVIRONMENTAL Work employer and patient
Modifications | ® Facilitate a graduated return to work
* Education
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1.3.5 Summary of Pain

In conclusion, the understanding of the pain phenomenon has moved from a
unidimensional (pathophysiological) to a multidimensional (biopsychosocial)
perspective. Pain is a multifactorial experience that comprises of biological processes
at numerous levels (peripheral, spinal and central), psychological factors and
social/environmental influences. The biopsychosocial model of pain therefore provides
a useful framework for the assessment and management of chronic pain, taking into
account the physical, psychological and social/environmental aspects of the overall

pain experience.
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1.4 Role of Stretch in Chronic Musculoskeletal Pain

Limited extensibility is a common problem in people with chronic musculoskeletal
pain. It is undesirable for many reasons, but in particular, because it limits the ability
to perform normal functional activities. This leads to physical deconditioning which in
turn causes adverse changes in fitness, strength, endurance and psychological well-
being (Blyth et al., 2007, Greenleaf, 1997, Musacchia, 1988, Smeets et al., 2006). The
importance of addressing physical deconditioning and function in chronic pain is
therefore well recognised (Hayden et al., 2005, Schonstein et al., 2003, Van Tulder et
al., 2000). A graded functional restoration/reactivation program is often

recommended to reverse the effects of deconditioning (Nicholas, 2008).

Multidisciplinary pain management programs typically consist of a physical
rehabilitation component, which aims to assist individuals regain movement and
strength, and facilitate their return to normal activities (Becker et al., 2000, Jensen et
al., 2005, Nicholas et al., 1992, Skouen et al., 2006). Exercises, usually prescribed by
physiotherapists within the pain management programs, are implemented with the

aims of increasing extensibility, strength, fitness and endurance (Nicholas et al., 2000).

Stretch exercises are commonly prescribed as part of these programs. It is believed
that stretch increases muscle extensibility (Harvey et al., 2002) and therefore improves
joint range of motion, movement and function (Nicholas et al., 2000, Williams et al.,
1996). It is for these reasons that stretch regimes are routinely incorporated into
chronic pain management programs. For example, stretch of the hamstring muscles is

a commonly prescribed exercise. Stretch is administered to these muscles, which span
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across the back of the hip and knee, with the aim of improving the ability to reach

down and touch the toes.

The amount of stretch that an individual can endure is dependent on two things:
muscle extensibility and tolerance to stretch. Muscle extensibility, as defined earlier in
Section 1.2.2 of Chapter One, refers to the “change in passive mechanical properties of
a muscle”. Tolerance to stretch can be defined as “the greatest level of stretch
(discomfort) which an individual is able to tolerate”. This tolerance level is the
subjective experience of the individual; and in the case of chronic pain, tolerance may

be affected by an array of factors that are influential in the processing of pain.

Individuals often describe the stretch sensation as a “discomfort” or an
“uncomfortable” sensation. Referring to the physical deconditioning cycle (Figure 4),
individuals with chronic pain and fear of movement are more likely to develop poor
tolerance to physical activities and inhibitive movement patterns. It is therefore
believed that stretch exercises can address the muscles that are shortened and less
extensible by improving an individual’s tolerance to the movements that may cause
discomfort, and thereby reversing the effects of physical deconditioning. However, it is
interesting to observe how stretch has become such a regular component of physical
rehabilitation programs in chronic pain management, yet its ability to improve muscle
extensibility and movement tolerance has never been empirically examined in the

chronic pain population.
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1.5 Aim of the Current Study

Muscle extensibility and tolerance to stretch and movement are of particular
importance for people with chronic musculoskeletal pain. It is common for chronic
pain sufferers to present with limited muscle extensibility and poor tolerance to
movement and therefore it was considered to be worthwhile and interesting clinical
research to explore whether stretch affects one or both of these factors. The response
of chronic pain individuals to stretch may differ to the response of others. It is possible
that those with chronic pain have a heightened sensitivity to movement due to their
hypervigilance and threat perception in relation to physical activity and pain,
subsequently predisposing these individuals to limited extensibility (Leeuw et al.,
2007). In addition, there may be increased sensitivity due to central pain processing.
To date, outcomes following stretch regimes in people with chronic pain (performed
as part of the physical component in a multidisciplinary pain management program)

have not been clinically investigated in a randomised controlled trial.

The aims therefore of this study were:
1. To determine the effect of a three-week stretch program on hamstring muscle
extensibility in people with chronic musculoskeletal pain;
2. To determine the effect of a three-week stretch program on stretch tolerance

in people with chronic musculoskeletal pain.
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The study protocol was registered with the Australian Clinical Trials Registry
(ACTRN012607000299404) and approved by the Human Research Ethics Committees
of the Northern Sydney Central Coast Area Health Service and the University of

Sydney.

2.1 Experimental Design

A randomised controlled trial using a within-subject design was undertaken. One leg of
each participant was randomly allocated to an experimental condition and the other
to a control condition. To ensure concealed allocation, a blocked random allocation
schedule with equal number of right and left legs was generated by computer and
placed in a series of consecutively numbered, opaque envelopes by a person external
to the study. The envelopes were opened after each participant’s initial assessment,

indicating his/her inclusion into the trial.

2.2 Participants

Thirty adult participants were recruited from patients enrolled in a multidisciplinary
pain management program based at a Sydney hospital. All participants were English-
speaking. To be eligible for inclusion, patients had to have pain of musculoskeletal
origin persisting for at least three months; be likely to participate in a hamstring
muscle stretch regimen as part of the pain management program; and be over 18
years of age. They were excluded prior to randomisation if they were unable to
tolerate the testing procedure (that is, unable to tolerate the passive hip flexion

movement produced by the measurement device); unable to perform the stretch task

Page | 65



Chapter Two: Methods

(that is, unable to sit on the ground with full knee extension); had excessive hamstring
muscle extensibility (able to place palms on the floor in a standard toe-touch test)
(Gauvin et al., 1990); required further medical, surgical or psychiatric investigations

and/or interventions; or had a history of drug or alcohol abuse.

A clinically worthwhile treatment effect of five degrees in passive hip flexion angle was
determined a priori as recommended by others (Ben and Harvey, 2009, Folpp et al.,
2006, Harvey et al., 2003). It was estimated that 30 participants would provide a 95%
probability of detecting a between-group difference of five degrees. This power
calculation was based on a predicted standard deviation of five degrees (Folpp et al.,

2006), a drop-out rate of 15% and an alpha of 0.05.

2.3 Intervention

The stretch intervention was supervised by trained physiotherapists and embedded
within a multidisciplinary pain management program (ADAPT). This program is a well-
established method of chronic pain management utilising a multidisciplinary team
approach (Nicholas et al., 2000). Cognitive-behavioural principles form the basis of the
program, incorporating the following components: exercise and stretch, pacing,
education, drug reduction, relaxation, sleep management, relapse prevention and
family involvement (Williams et al., 1996). The program is run over three weeks with
at least three hours of physical rehabilitation daily aimed at improving muscle
extensibility, fitness, strength and posture. Physiotherapists supervise exercise
sessions and use cognitive-behavioural strategies throughout to provide education on

behavioural modifications and other issues (Finniss et al., 2006).
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2.3.1 Stretch Treatment

The hamstring muscles of the experimental leg were stretched for one minute per day
over eighteen consecutive days, whilst the hamstring muscles of the control leg
received no specific stretch treatment during this period. This allowed the non-treated
leg to act as a control for the treated leg. Stretches were self-administered.
Participants sat on the ground, reaching forwards with both hands over the

experimental leg whilst maintaining full knee extension (Figure 8).

apyexercises.com

Figure 8. Stretch treatment. The stretch was administered to the hamstring muscles of
the experimental leg only. Participants sat on the ground, reaching forwards with both
hands over the experimental leg whilst maintaining full knee extension. Image copied
with permission from www.physiotherapyexercises.com
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Participants were instructed to refrain from stretching the hamstring muscles of the
control leg during the course of the study. Fourteen of the 18 stretch sessions were
performed within the pain management program during weekdays and supervised by
physiotherapists. The other four stretch sessions were unsupervised and performed
independently by participants on weekends. Compliance to the intervention was
carefully monitored and all stretch sessions were recorded on an exercise sheet. This

was reviewed at each subsequent supervised stretch session.

2.4 Outcome Measures

The two primary outcome measures were hamstring muscle extensibility and stretch
tolerance. These were assessed on both legs of each participant before and after the
three-week stretch intervention. Extensibility was reflected by the angle of passive hip
flexion with the application of a standardised torque. Stretch tolerance was reflected
by the angle of passive hip flexion with the application of a non-standardised torque,
that is, one which corresponded to the largest stretch torque participants were willing

to tolerate.

2.4.1 Measurement Device

A device specifically designed to measure passive hip flexion and hip flexor torque was
used (Harvey et al., 2003). The device consisted of a wheel connected to the side of a
physiotherapy bed (Figure 9). A leg splint was attached to the wheel and both
components rotated simultaneously. The leg splint ensured full knee extension and
restricted any hip abduction or rotation. Adjustable counterweights attached to a long

rod were used to counteract the torque produced by the weight of the leg and splint.
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The long rod was connected to the wheel apparatus and extended proximally from the
splint towards the head of the participant. Weights were hung tangentially from the
rim of the wheel. The weights generated a hip flexor torque that rotated the leg splint
and leg together. The torque was a product of the mass of the weights and the radius
of the wheel (28 cm). The device has been reported to have good reliability (ICC = 0.97;

95% Cl, 0.96 to 0.98; Harvey et al., 2003).

Figure 9. The testing device. The wheel, leg splint and rod rotate simultaneously.
Image copied with permission from www.physiotherapyexercises.com

2.4.2 Testing Procedure
Participants attended a trial session at least three days prior to the commencement of
the study to allow for familiarisation with the testing procedure. Initial measures were

taken on day one of the three-week program prior to the first stretch, upon
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completion of the eligibility assessment, recruitment and informed consent. Final
measures were taken at least 24 hours and no more than 48 hours after the last
stretch to ensure that the results did not merely reflect the transient effects of stretch
(Duong et al., 2001, Magnusson et al., 1996). The same blinded assessor was used for
all testing and participants were instructed not to discuss any aspect of the
intervention with assessors. The success of blinding was confirmed by asking the

assessor to guess the treatment allocation for each participant.

All testing was performed in the same format, with measurements of the right leg
taken prior to the left leg. Participants were positioned supine on a physiotherapy bed
with the measuring leg strapped to a splint. The contralateral leg and pelvis were
stabilised with straps. Participants were positioned with their hip joint aligned to the
centre of the wheel. Passive hip flexion angle was measured with a digital inclinometer
aligned on the long axis of the leg splint. All verbal instructions and explanations were

standardised between participants.

2.4.3 Measure of Muscle Extensibility

The extensibility of the hamstring muscles was reflected by the angle of passive hip
flexion with the application of a standardised torque. This standardised torque
corresponded to the highest torque tolerated by each participant on both legs at both
pre- and post-assessments. In this way, the standardised testing torque was the same
for each individual participant, but not across participants. This was appropriate
because the effects of the stretch intervention were being compared within, rather

than between, participants.
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Prior to measurements of each leg, a stretch torque of 18 Nm was applied for two
minutes. This two-minute pre-stretch exhausted most viscous deformation, reducing
the effect of “creep” on subsequent measures and diminishing any reflex muscle
activity around the hip and knee joints (Bandy et al., 1997, Bohannon, 1984, Duong et

al., 2001, Magnusson et al., 1995, Magnusson et al., 1996).

2.4.4 Measures of Stretch Tolerance

Stretch tolerance was reflected by the angle of passive hip flexion at the highest torque
tolerated by the participant. This torque was not standardised but instead varied
between legs, testing sessions and participants. Different stretch torques were applied
to determine stretch tolerance. A gradually increasing hip flexor torque was applied at
increments of 6.1 Nm every 30 seconds. Hip flexion at each increment was measured

with a digital inclinometer.

Participants were asked to indicate when the stretch felt “very uncomfortable’. At this
point, the torque was slightly reduced. However, the torque was then again further
increased but at smaller increments of 1.53 Nm and at a faster rate. This continued
until the participant indicated a second time that the stretch was “very

uncomfortable”. The hip flexion angle was then measured at this point.

Pain intensity was also used to reflect stretch tolerance. At the second indication of a
“very uncomfortable” stretch, participants were also asked to rate their pain on an 11-
point numerical rating scale (with zero being ‘no pain’, and 10 being the ‘worst pain

you can imagine’). Numerical rating scales are sensitive to changes in pain and have
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high validity and reliability (Jensen et al., 1986, Jensen et al., 1989, Lundeberg et al.,
2001). Participants were blindfolded throughout testing to minimise the influence of

visual feedback on their tolerance to stretch.

2.5 Statistical Analysis

Changes in hip flexion angles between initial to final measures with and without a
standardised torque were calculated for both the experimental (stretch) and control
(no stretch) legs. Mean between-group differences and their corresponding 95%
confidence intervals were then calculated. A positive change in hip flexion angle with a
standardised torque reflected an increase in hamstring muscle extensibility following
the stretch intervention. Positive changes in hip flexion angle and pain rating score at
the highest-tolerated torque reflected an increase in stretch tolerance. In addition,
paired-samples T-tests were performed on data collected from four pain
guestionnaires routinely used in the ADAPT pain management programs. These
guestionnaires included the Depression Anxiety and Stress Scales (Lovibond, 1998),
the modified Roland and Morris Disability Questionnaire (Asghari and Nicholas, 2001),
the Multidimensional Pain Inventory (Kerns et al., 1985), and the Pain Self-Efficacy
Questionnaire (Nicholas, 2007). A p-value of <0.05 was considered significant. Data

were analysed by intention-to-treat (Pocock, 1983).
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3.1 Participant Characteristics

All 30 participants completed the study with no dropouts or withdrawals (Figure 10).
The demographic characteristics of the participants are shown in Table 8. The mean
(SD) age, pain duration, height, weight and toe-touch distance (fingers to floor) were
43 (12) years, 6 (4) years, 173 (10) cm, 79 (18) kg and 23 (16) cm, respectively. 63% of
participants exercised less than five hours per week and 67% reported walking as their
main form of exercise. 43% of participants did not perform any stretch exercises. The
site of pain was diverse, affecting the neck (23%), back (77%), arms (40%), and legs
(53%). Over half (60%) reported pain in two or more major sites, and 43% experienced
pain in both the back and legs. Mean (SD) initial values on the Depression Anxiety and
Stress Scales (Lovibond, 1998), the modified Roland and Morris Disability
Questionnaire (Asghari and Nicholas, 2001), the Multidimensional Pain Inventory
(Kerns et al., 1985), and the Pain Self-Efficacy Questionnaire (Nicholas, 2007) were 16
(12), 12 (5), 4 (1), and 24 (12), respectively. These scores are consistent with some
recently developed normative data in the chronic pain population (Nicholas et al.,

2008), indicating that our sample group was representative of this population.
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Figure 10. Flow of participants through the trial. Primary outcomes measured on the

first and final day of the 3-week program.
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Table 8. Demographic characteristics of participants.

Demographic Characteristics (n=30)
Gender n (%)
Male 15 (50)
Female 15 (50)
Mean age (SD), years 43 (12)
Mean duration of pain (SD), years 6 (4)
Mean height (SD), cm 173 (10)
Mean weight (SD), kg 79 (18)
Mean toe-touch distance (SD), cm 23 (16)
Physical activity n (%)
0 to 5 hours per week 19 (63)
6 to 10 hours per week 6 (20)
11 + hours per week 5(17)
Stretch exercises n (%)
None 13 (43)
1 to 2 hours per week 13 (43)
3 + hours per week 4 (13)
Pain site n (%)
Neck 7 (23)
Back 23 (77)
Arms 12 (40)
Legs 16 (53)
Neck and arms 6 (20)
Back and legs 13 (43)
Multiple (2 or more major pain sites) 18 (60)
Pain questionnaires Mean (SD)
Depression (DASS)? (0-42) 16 (12)
Physical disability (RMDQ)® (0-24) 12 (5)
Pain intensity (MPI1)° (0-6) 4 (1)
Pain self-efficacy (PSEQ)d (0-60) 24 (12)
® DASS, Depression Anxiety and Stress Scales
b

RMDQ, Roland and Morris Disability Questionnaire
MPI, Multidimensional Pain Inventory
PSEQ, Pain Self-Efficacy Questionnaire

o
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3.2 Adherence to Protocol

The protocol required participants to perform 18 stretch sessions over 18 consecutive
days with 14 supervised and four unsupervised. There were some minor deviations
from the study protocol with a total of 12 stretches missed out of a total of 540 (2%)

for all participants.

3.3 Effects of Intervention

At the commencement of the trial, there was no difference in the extensibility of the
hamstring muscles (as reflected by hip flexion angles with a standardised torque)
between the experimental and control legs. The initial mean (SD) hip flexion angles
with the application of an 18 Nm torque for the experimental and control legs were 47
(12) and 47 (13) degrees, respectively. Similarly, there was no difference in
participant’s tolerance to the discomfort associated with stretch between their
experimental and control legs. The initial mean (SD) hip flexion angles at the highest

tolerated torque were 69 (18) and 69 (19), respectively (as shown in Table 9).

Primary Analyses

3.3.1 Muscle Extensibility

Muscle extensibility was reflected by the angle of hip flexion with a standardised
torque for each individual. The mean (SD) torque applied was 26 (8) Nm. The
between-group (95% Cl) mean difference in hip flexion was 1 degree (95% Cl, -2 to
4; p = 0.386; Table 9). This result indicates that three weeks of stretch did not

increase hamstring muscle extensibility. The pre-post changes in mean hip flexion
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angles for the experimental and control groups, as measured with a standardised

torque, are represented in Figure 11.

3.3.2 Stretch Tolerance

Stretch tolerance was reflected by the angle of hip flexion at the highest tolerated
torque. The between-group (95% Cl) mean difference in hip flexion with a non-
standardised torque was 8 degrees (95% Cl, 5 to 10; p < 0.001; Table 9). The
corresponding between-group (95% Cl) mean difference in torque tolerated by
participants was 8 Nm (95% Cl, 4 to 11; p < 0.001; Table 9). However, there was no
difference in the amount of pain reported by participants at the highest tolerated
torque between the beginning and end of the study, or between the experimental and
control legs. The between-group (95% Cl) mean difference in pain intensity score was
0 points (95% Cl, -1 to 0; p = 0.316; Table 9). These results indicate that the stretch
intervention was associated with an improvement in the participants’ tolerance to a
greater stretch for the same level of pain in the experimental leg. The pre-post
changes in mean hip flexion angles for the experimental and control groups, as

measured with a non-standardised torque, are represented in Figure 12.
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Table 9. Mean (SD) hamstring muscle extensibility and stretch tolerance before and
after three weeks of stretch.

Between-
group

Control Experimental difference

[+)
Pre Post Change Pre Post Change Mea(r:ll)(SSA

Hamstring Extensibility (standardised torque)
58 60 58 61
2(7) 3(8) 1(-2to 4)

Hip flexion (degrees) (17)  (16) (19) (18)

Stretch Tolerance (highest tolerated torque)
2
9 72 50 0 7P 4011 8*(5to10)

Hip flexion (degrees) (19) (16) (18) (15)
Highest tolerated torque (Nm) (ii) (i;) 1(6) (ig) (ig) 8(9) 8*° (4 to 11)

Pain Intensity (0 to 10) 7(2) 7(1) 1% (2) 7(2) 7(2) 0(2) 0°(-1to 0)

Note: This table shows the mean (SD) change in hip flexion (degrees) with a standardised and non-
standardised (highest tolerated) torque following three weeks of stretch. Mean (SD) changes
in highest tolerated torque (Nm) and pain intensity (numerical rating scale out of 10), and
mean (95% Cl) overall effects are also shown.

*p<0.05
® apparent error due to effects of rounding
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Pre - Post Hip Flexion with Standardised Torque
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Figure 11. Pre-post hip flexion with standardised torque. Data are means *
standard deviations. The horizontal axis represents time of assessment pre- and
post-intervention. The vertical axis represents hip flexion angles in degrees. The
mean pre-post hip flexion angles for the experimental group are represented by
the red columns; the mean pre-post hip flexion angles for the control group are
represented by the blue columns.
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Pre - Post Hip Flexion with Non-Standardised Torque
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Figure 12. Pre-post hip flexion with non-standardised torque. Data are means +
standard deviations. The horizontal axis represents time of assessment pre- and post-
intervention. The vertical axis represents hip flexion angles in degrees. The mean pre-
post hip flexion angles for the experimental group are represented by the red
columns; the mean pre-post hip flexion angles for the control group are represented
by the blue columns.
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4.1 Effects of Intervention

This trial investigated the effects of stretch on muscle extensibility and stretch
tolerance in patients with chronic pain. The results indicate an apparent but not real
increase in extensibility following a three-week hamstring muscle stretch program.
The apparent increase was due to participants’ improved tolerance to the
discomfort associated with stretch, rather than any underlying structural change in
muscle extensibility. Hence at the end of the stretch program, participants were
willing to tolerate larger testing torques on the experimental (stretch) leg compared
to the control (no stretch) leg. This corresponded with an increase in hip flexion
when using a non-standardised testing torque. However, there was no change in hip
flexion when a standardised testing torque was used. These results suggest that
long-lasting structural changes did not occur in the hamstring muscles despite the

observed increase in hip flexion due to improved tolerance.

Important design features were included in this study to minimise bias. These
included the use of randomisation, concealed allocation and consistent verbal
instructions. Bias is a real problem in trials of this kind due to the potential
expectations of participants, researchers and assessors in regards to the effects of
intervention. As participants could not be blinded, it was possible that placebo or
Hawthorne effects may have caused bias. Perhaps the increased tolerance to stretch
reflected the use of unblinded participants with strong expectations about the

therapeutic benefits of stretch. That is, participants anticipated that the stretch
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intervention would improve muscle extensibility and, therefore, inadvertently
tolerated larger torques during the final testing of their experimental legs, leading to
an apparent increase in ROM. We attempted to minimise participants’ expectations
by blindfolding participants during testing and thereby blocking visual cues to leg
position. Nevertheless, it was difficult to completely blind participants in studies of

this kind.

The timing of the final assessment was another important consideration of the
methodology. In this study, final outcome measurements were taken between 24 to
48 hours following the last stretch treatment. This was crucial in order to distinguish
between short-term and long-term effects of stretch. Immediate short-term effects
are due to viscoelastic deformation of tissues, whilst long-term effects are resultant
of underlying physiological adaptation of tissues. Therefore, only measurements that
are taken at least 24 hours after the last stretch can be used to indicate long-lasting

effects of the intervention (Harvey et al., 2002).

The participants of this study were all adults aged between 19 and 68 years with
chronic musculoskeletal pain originating from a variety of different sources. The
most common location of pain was the back (77% of the sample group), followed by
the legs (53% of the sample group). Nearly two-thirds (60%) of the sample group
complained of persisting pain in multiple (two or more) major sites. This study
however examined the effects of stretch to the hamstring muscles, regardless of the
participant’s site of pain. It is possible that those with leg pain responded differently

to hamstring muscle stretches than those with arm or neck pain. There were
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unfortunately insufficient participants to explore this possibility in sub-group
analyses, although the narrow 95% Cl associated with the between-group difference
suggests that all participants responded to the stretch intervention in a consistent

way.

Numerous stretch techniques have been developed, applied and used by
physiotherapists, coaches and trainers (Halbertsma et al., 1999). These include
isometric, ballistic, dynamic range of motion, proprioceptive neuromuscular
facilitation as well as passive and static stretches (Bandy et al., 1998). A static stretch
is a slow, sustained muscle lengthening that can easily be self-administered and
commonly used amongst clinical and community settings. Static stretches are usually
held for durations lasting between 15 to 60 seconds. We chose a one-minute static
stretch for our intervention protocol, as this duration and type of stretch is typical
and representative of current clinical practice within pain management programs.
The time course of three weeks was also selected on the basis of current clinical

practice in hospital pain management programs.

In Chapter One of this thesis, possible mechanisms underlying long-lasting changes
in muscle extensibility following stretch were reviewed. In animal studies, this has
clearly been attributed to the highly adaptable properties of soft tissues, which
undergo structural remodelling in response to a stretch stimulus. Evidence from
human studies are however less convincing. They invariably rely on measures of joint

range of motion without the standardisation of torque. In this situation,
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improvements in joint range of motion can be attributed to one of two factors,
namely: 1) changes in muscle properties resulting in increased resting muscle length
(indicating real extensibility), or 2) changes in stretch tolerance resulting in improved
range of motion without any underlying structural adaptations (indicating apparent

extensibility).

The following paragraphs will explore possible explanations for our two main
findings: 1) why real muscle extensibility did not change with stretch, and 2) why
stretch tolerance improved with stretch. In addition, the significance and implication
of these findings in relation to patients with chronic musculoskeletal pain will be

discussed.

4.2 Muscle Extensibility

The present study has demonstrated that three weeks of stretch performed one
minute a day does not increase hamstring muscle extensibility (mean difference in
hip flexion 1 degree; 95% Cl, -2 to 4; p = 0.386). Final measurements were taken at
24 to 48 hours following the last stretch treatment, using a within-subject

standardised torque.

A standardised torque was used to ensure that measurements solely reflected long-
lasting structural changes in muscle extensibility (if any), rather than other
psychologically or neurophysiologically mediated variables (such as participant’s own
perception of discomfort and/or willingness to tolerate stretch). A treatment effect

of five degrees change in hip flexion was determined a priori to be clinically
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worthwhile, based on recommendations from previous researchers who also
investigated the efficacy of stretch interventions (Ben and Harvey, 2009, Folpp et al.,

2006, Harvey et al., 2003, Lannin et al., 2007, Moseley et al., 2005).

The outcomes of this study contradict anecdotal evidence and the results of some
clinical trials indicating the effectiveness of stretch for increasing extensibility in
able-bodied individuals (Bandy et al., 1997, 1998, Bonnar et al., 2004, Davis et al.,
2005, Gajdosik et al., 2005, Reid and McNair, 2004, Youdas et al., 2003). Our findings
however, were consistent with those reported in two similar studies of our own in
healthy able-bodied individuals (Ben and Harvey, 2009, Folpp et al., 2006). They
were also comparable with multiple clinical trials involving people with neurological
disabilities (Ben et al., 2005, Harvey et al., 2007, Harvey et al., 2006, Harvey et al.,
2000, Harvey et al., 2003, Lannin et al., 2007, Lannin et al., 2003, Moseley, 1997,
Refshauge et al., 2006, Turton and Britton, 2005). Studies involving people with
neurological disabilities examined stretch interventions that were administered for
much longer than a few minutes a day, yet still failed to demonstrate any real
changes in muscle extensibility despite good statistical power. It is of course possible
that the muscles of people with neurological disabilities respond differently to
stretch than the muscles of healthy able-bodied individuals. Nevertheless these trials
increasingly support the view that stretch as typically administered in the clinical
setting, does not induce long-lasting structural adaptations in the muscles of human

and therefore does not increase real muscle extensibility.
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A possible explanation for the failure to increase real muscle extensibility is that one
minute of stretch daily may be an inadequate stimulus for structural adaptations to
occur in the passive mechanical properties of the muscle and surrounding soft tissue.
Perhaps if each stretch was administered for a longer duration of time (that is,
greater than one minute a day), the results may have been different. Similarly, it is
possible that three weeks of stretch was insufficient to induce any mechanical
change in the muscle. Perhaps if the stretch intervention was performed over a
longer period of time (that is, greater than three weeks), different outcomes may
have been attained. Nevertheless, the dosage of stretch used in this trial is similar to
those typically applied in the clinical practice of pain management (Nicholas et al.,
2000). It is unlikely that patients with chronic pain would tolerate more intensive
stretch regimes, where stretch is administered for longer than a few minutes per
muscle per day. In addition, recent evidence in healthy able-bodied individuals have
indicated that there is no added benefit from stretch administered for up to 20-30

minutes a day (Ben and Harvey, 2009, Folpp et al., 2006).

The failure to detect a treatment effect on real muscle extensibility was not due to
insufficient sample size. A clinically worthwhile treatment effect of five degrees
change in hip flexion was determined prior to the commencement of the trial. A
power calculation was performed to estimate the required sample size based on a
predicted standard deviation of five degrees, a drop-out rate of 15% and an alpha of
0.05. It was therefore estimated that a sample size of 30 would provide a 95%

probability of detecting a between-group difference of five degrees.

Page | 86



Chapter Four: Discussion

4.3 Stretch Tolerance

In contrast, our results have shown that three weeks of stretch performed one
minute a day leads to an improvement in stretch tolerance as reflected by an
apparent increase in muscle extensibility (mean difference in hip flexion was 8
degrees; 95% Cl, 5 to 10; p < 0.001). That is, participants were able to tolerate
greater stretch torques resulting in a larger ROM. Final measurements were taken at
24 to 48 hours following the last stretch treatment, using a non-standardised
(highest tolerated) torque. This torque differed between legs and participants, and
reflected the highest amount of stretch that participants tolerated on the hamstring

muscles of each leg.

Our findings suggest that stretch tolerance may be an important mechanistic factor
behind apparent changes in extensibility. Previous researchers have suggested that
what appear to be lasting changes in muscle extensibility are in fact changes in
people’s tolerance to the stretch discomfort over time (Ben and Harvey, 2009,
Bjorklund et al., 2001, Chan et al., 2001, Folpp et al., 2006, Halbertsma and Goeken,
1994, Magnusson et al., 1996). The ability to stretch further into range could be a
result of altered perceptions of stretch and an increased tolerance to the discomfort
associated with stretch. Hence the effect on extensibility is not related to any
structural adaptations in the muscle itself, but instead may be a consequence of the

direct relationship between applied stretch torque and resultant joint movement.

The exact mechanisms behind participants’ increased stretch tolerance remain

unclear. It is possible that physiological processes are responsible for the reduced
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sensation of discomfort and improved tolerance following stretch; however the
precise underlying explanation is uncertain. Nociceptive nerve endings in the joint
and muscle have been suggested as possible structures contributing to the altered
stretch tolerance (Magnusson et al., 1996). Other possible contributors are
mechanoreceptors and proprioceptors, which have demonstrated reduced activity

following stretch exercises (Proske et al., 1993).

It is possible that the observed changes in stretch tolerance may be due to an
underlying neurophysiological mechanism. For example, stretch interventions may
influence sensory neural pathways (Laessoe and Voigt, 2003, Magnusson et al.,
1996) and alter the processing of the stretch stimulus. Afferent input from muscles
and joints during a stretch manoeuvre may therefore interfere with signals from
nociceptive fibres (discomfort sensations from the stretch), subsequently inhibiting
an individual's perception of pain. This is consistent with the hypothesis behind the
gate control theory (Melzack and Wall, 1965). Halbertsma and Goeken (1994) and
Magnusson et al. (1996) reported initial evidence of altered stretch tolerance and
sensory adaptations taking place following stretch. Both studies investigated the
hamstring muscles with relatively intensive regimes comprising of ten minutes
stretch, twice a day for four weeks (Halbertsma and Goeken, 1994), and 225 seconds
of stretch, twice a day for 20 days (Magnusson et al., 1996). Similarly, Bjorklund et al.
(2001) provided evidence of sensory adaptations occurring after a two-week stretch
protocol of the rectus femoris muscle. It was interesting that although Bjorklund et
al. (2000) used a relatively mild stretch regime (80 seconds stretch, four times a

week for two weeks) compared to the two previous studies, the stretch was still of a
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sufficient stimulus to alter stretch tolerance. More recent evidence from Folpp et al.
(2006) and Ben and Harvey (2009) add further support for the effectiveness of
stretch in improving muscle extensibility via increased stretch tolerance, using fairly
intensive stretch protocols (20 minutes a day, five days a week for four weeks; and
30 minutes a day, five days a week for six weeks respectively). The results of this
study have demonstrated that even a much shorter duration and intensity of stretch
(one minute per day over three weeks) can effectively increase stretch tolerance and
improve apparent muscle extensibility. This has important implications for clinical
practice where the prime aim of stretch is to achieve a greater joint range of motion,
regardless of the underlying mechanism. For example, stretch is applied to increase
hip flexion even if it is attained solely by an increased tolerance to the stretch
discomfort. If this is the case, then even stretches of short duration (such as one

minute) can be effectively and appropriately used for this purpose.

Alternatively, changes in stretch tolerance may be psychologically mediated. It is
commonly believed by the general public that stretch provides a therapeutic effect.
Therefore it is possible that participants anticipated the positive effects of stretch,
and hence their perception of the discomfort associated with stretch was
dampened. According to the gate control theory (Melzack and Wall, 1965),
sensations of pain and discomfort are affected by descending modulatory influences
from higher centres. Prior pain experiences, motivation, emotional states, and self-
efficacy beliefs are some psychological factors that can influence the outcome of an
experience. For example, prior experiences of the stretch discomfort, motivation to

perform the stretch exercises daily (with supervision from physiotherapists), and
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elevated mood and confidence through expectations of exercise benefits, are all
potential psychological contributors explaining for participants’ altered perception of

the stretch discomfort and ability to tolerate a greater stretch over time.

It is interesting to note that although participants tolerated a larger testing torque
on their experimental (stretch) leg following three weeks of stretch, there were no
changes in their pre- and post-pain intensity scores at the highest-tolerated torque
(as rated on an 11-point numerical rating scale). Similarly, there were no changes in
pre- and post-pain scores on the Multidimensional Pain Inventory (Kerns et al., 1985)
routinely collected in the ADAPT pain management program. The mean (SD) change
in the Multidimensional Pain Inventory was 0 (1; p = 0.158). From these results, it
appears that there was in fact no change in the intensity of perceived pain, even
though the amount of stretch torque applied was increased. Perhaps repeated
exposure to stretch produces a desensitising effect, allowing the individual to
become accustomed to the stretch sensation. Consequently, participants
progressively tolerated larger stretch torques for the same level of experienced pain.
This is consistent with the concepts of pain acceptance (McCracken et al., 2007) and
self-efficacy (Nicholas, 2007), both commonly referred to when discussing coping
strategies in the management of chronic pain. Interestingly, there was a significant
improvement in mean (SD) Pain Self-Efficacy Questionnaire (Nicholas, 2007) ratings
during the program from 24 (12) to 40 (10) (p < 0.001). As participants’ acceptance
of the stretch discomfort progressively improved over the three weeks, they began
to feel more confident in their ability to perform the stretch. This was reflected in a

greater tolerance of the initially uncomfortable movement.
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Participants’ increased tolerance to stretch was found to be specific to the
experimental (stretch) leg and did not crossover to the control (no stretch) leg. That
is, administering stretch on one leg did not produce any corresponding effect on the
opposite control leg. This was an interesting finding which merits further
investigation. Furthermore, the effects of stretch on the experimental leg occurred
on top of general improvements in the participants’ overall depression, anxiety and
physical disability. For example, the mean (SD) changes between the initial and final
scores on the Depression and Anxiety Stress Scales (Lovibond, 1998) and the
modified Roland and Morris Disability Questionnaire (Asghari and Nicholas, 2001)
(collected before and after the ADAPT program) were 5 (6) (p = 0.002) and 3 (4) (p =
0.002), respectively. The overall improvements in mood and physical disability were
presumably influenced by other components of the ADAPT program. These findings
together suggest that the stretch intervention itself did not provide a generalised
benefit. Rather, the intervention effects were specific to the leg that was stretched.
This is consistent with reports on fear-avoidance interventions in chronic pain
patients, showing that exposure to one particular movement produces specific
improvements in that movement only, and does not generalise towards a different

movement (Vlaeyen et al., 2002).

4.4 Clinical Implications

This study provides support for the ongoing incorporation of stretch into pain
management programs, provided the aim of stretch is to improve joint range of
motion via increased tolerance to the discomfort associated with stretch, rather

than via structural changes in the mechanical properties of the tissue. Stretch may
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therefore be conceptualised as a graded exposure to movement, increasing
tolerance to stretch and resultant movement. This is particularly relevant in the
rehabilitation of chronic pain patients, who may suffer from physical deconditioning
due to their constant fear of movement/re-injury, causing further reductions in

physical activity, movement and function.

Our findings also provide implications for other movement-sensitive conditions
where methods of desensitisation, such as through the increased exposure to
stretch-induced discomfort, may be useful. If stretch exercises can help to diminish
chronic pain individuals’ perception of discomfort towards particular movements
and improve their tolerance to certain activities, then stretch regimes may be an
important and effective way to target specific movement limitations where
sensations of discomfort may be involved. Through the regular application of stretch,
individuals with chronic pain can therefore become desensitised and accustomed to
movement-related sensations of discomfort, thus facilitating their acceptance of

pain and increasing their tolerance to perform normal functional tasks.

Stretch should therefore become an essential component of physical rehabilitation
in all multidisciplinary pain management programs, to assist in the restoration of
movement and return to normal activity. Regardless of the underlying physiological
and/or psychological mechanism behind changes in stretch tolerance, our study has
provided evidence for the importance of stretch exercises in the rehabilitation and

management of patients with chronic musculoskeletal pain.
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4.5 Directions for Future Research

Further research is required to investigate the mechanisms underlying changes in
tolerance and perception of discomfort associated with stretch. This study raised
guestions about the possible contributions of neurophysiological and psychological
factors accounting for the observed increase in stretch tolerance, and hence further

investigations are required to address this issue more closely.

Future studies should also compare the efficacy of different stretch protocols in
order to establish whether there is an optimal frequency, duration and intensity of
stretch that is most effective in improving stretch tolerance in people with chronic
pain. Perhaps there is a minimal level of stretch intensity that could still provide a
stimulus sufficient enough to induce clinically worthwhile improvements in apparent
muscle extensibility via increased stretch tolerance. Furthermore, an examination of
the duration of benefit beyond two days would also be of value. Such investigations
may assist in the prescription of a maintenance program for people with chronic

pain. These questions remain yet to be answered.

Additionally, further investigations should be directed at ascertaining the relative
merits of targeting stretch to specific muscle groups and joints in patients with
musculoskeletal pain originating from different parts of the body. It is possible that
patients with shoulder pain will respond better to specific shoulder stretches, as
opposed to a generic hamstring stretch. Similarly, patients with low back pain may
respond significantly better to hamstring stretches (as in this study), compared to

patients complaining of neck pain. It is therefore important to prescribe specific
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stretches to target specific muscles and joints. The effectiveness of specific stretch
interventions to target specific areas therefore needs to be established by further

research.
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Chapter Five: Conclusion

Adequate muscle extensibility is essential for normal movement and function. Limited
extensibility presents as a common problem for many people, including able-bodied
and disabled individuals, as well as those suffering from chronic pain. In particular, for
people with chronic musculoskeletal pain, poor extensibility may affect their tolerance
to movement, resulting in reduced functional capabilities and physical deconditioning.
Stretch exercises are frequently used in clinical rehabilitation settings such as
multidisciplinary pain management programs in the belief that improvements in
muscle extensibility can be attained. However, there is a lack of scientific evidence to

support their clinical efficacy in the chronic pain population.

The findings of this study suggest that three weeks of stretch improves apparent
muscle extensibility as a result of increased tolerance to the stretch sensation, while
three weeks of stretch has no effect on the underlying structural properties of the

muscle with no change in real muscle extensibility.

Stretch exercises should continue to be implemented into multidisciplinary pain
management programs. By providing a graded exposure to movement, stretch
therefore plays a vital role in the physical reconditioning of patients with chronic

musculoskeletal pain.
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Appendices

A. Subject Information Sheet

Pain Management and Research Centre
Department of Anaesthesia & Pain Management
University of Sydney at Royal North Shore Hospital

Protocol No. 0603-035M
Version # 3 (29/01/07)

PARTICIPANT INFORMATION SHEET
The effects of stretching for patients with persisting pain — a randomised controlled trial
You are being asked to participate in this research project.

This Participant Information Sheet contains detailed information about the research
project. Its purpose is to explain to you as openly and clearly as possible all the procedures
involved in this project before you decide whether or not to take part in it. Please read this
Participant Information Sheet carefully. Feel free to ask questions about any information
in the document. Once you understand what the project is about and if you agree to take
part in it, you will be asked to sign the Consent Form. By signing the Consent Form, you
indicate that you understand the information and that you give your consent to
participate in the research project.

You will be given a copy of the Participant Information Sheet and Consent Form to keep as
arecord.

The study staff will answer any questions at any time about this research study or your
participation in the study.

This study was reviewed by the Northern Sydney Central Coast Health Human Research
Ethics Committee. The Ethics Committee is independent of the study investigators. The
purpose of the Ethics Committee is to protect the rights and safety of people who
volunteer to take part in research studies.

Study Description: This study looks at the effects of stretching for patients suffering from
persisting (chronic) pain. The study will involve thirty patients attending the ADAPT pain
management program.

The aim of this study is to determine the effects of regular stretching on the extensibility
of your hamstring muscles. We hope to learn whether regular stretching increases muscle
extensibility. You have been selected as a possible participant in this study because your
hamstring muscles have limited extensibility.

If you decide to participate, you will be asked to stretch the hamstring muscles of one leg
for one minute per day for three weeks during the ADAPT program. This will be in addition
to participating in other components of the ADAPT program. You will not be able to
choose which leg is stretched. Your stretching will be supervised each day in a group
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session during the program. The physiotherapist will show you how to perform the
hamstring stretch correctly. You may experience some mild discomfort with the stretches.
If you are concerned at any stage during each session, you can discuss your concerns with
the supervising physiotherapist.

The extensibility of your hamstring muscles will be tested at the beginning of the study
and at the completion of the three-week ADAPT program. Measurements will be taken
with a device specifically designed for this purpose. The device will hold your knee straight
and raise your leg up above the bed. A small device will then be used to measure the
deviation of your leg from horizontal. In addition, an increasingly large stretch will be
applied to your hamstring muscles. You will be asked to indicate to the investigator when
you “first feel the stretch” and again when the stretch is “as much as you can tolerate”.
The stretch will be removed immediately at this point.

In order to be confident that any changes in the extensibility of your hamstring muscles
are solely due to the effects of the stretch intervention, we request that you do not
stretch the hip or knee muscles of either leg for the duration of the study. However, other
than this, you may participate in all other components of the ADAPT program and your
normal activities.

There is a possibility that the hamstring muscles of your untreated leg will become less
extensible than the hamstring muscles of your treated leg. However, as soon as the
project is completed you may recommence your usual activities and stretches. In this way,
any differences should be quickly reversed.

Benefits of Participation: We cannot and do not hold out that you will receive any
benefits from this study.

Termination of the Study: You are able to withdraw your participation from the study at
any time with no effect on your ongoing care at the centre. You will still be able to
participate in the ADAPT program. The data we collect from you will also not be used.

What if something goes wrong: If something goes wrong or you have any queries about
the way in which the study is conducted and you do not feel comfortable contacting the

research staff, you may contact the Patient Representative at Royal North Shore Hospital
who is an independent person on 99267612.

Confidentiality: Any information about you that is obtained in connection with this study
will remain confidential and will be disclosed only with your written permission. However,
the results of the study may be published or disclosed to other people in a way that will
not identify you. All data will be coded and stored on computer discs by the researcher for
7 years, at which time the files will be disposed of.

Who should I contact for further information: For further information regarding the
study, please contact Roberta Law on 99267556 or Damien Finniss on 99266377. This
study will form the basis of a Master of Research Degree for Roberta Law (Physiotherapy
Department, Royal North Shore Hospital).

Results of the Study: At the conclusion of the study you may ask one of the researchers
about the results of the study.
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B. Informed Consent Form

Pain Management and Research Centre
Department of Anaesthesia & Pain Management
University of Sydney at Royal North Shore Hospital

Consent Form to Participate in a Research Project

(name of participant)

of

(street) (suburb/town) (state & postcode)
have been invited to participate in a research project entitled:

The effects of stretching for patients with persisting pain — a randomised controlled trial

In relation to this project | have read the Participant Information Sheet and have been
informed of the following points:

1. Approval for the protocol has been given by the Human Research Ethics Committee
(HREC) of Northern Sydney Health.

2. The aim of the project is to investigate the effects of stretching for patients suffering
from persisting (chronic) pain.

3. The results obtained from the study will not be of direct benefit to my medical
management.

4. The study will involve stretching one leg only for a period of three weeks, and that
there may possibly be some short-term loss of extensibility in the leg that is not
stretched.

5. My involvement in this project may be terminated if any of the following circumstances
develop: My Doctor feels that | may no longer gain benefit from participation, the study

is terminated or | wish to no longer participate in the study.

6. Should | develop a problem which | suspect may have resulted from my involvement in
this project, | am aware that | may contact Damien Finniss on 9926 6377.

Date: Witness:

(Please print name)

Signature: Signature:
(of participant/volunteer) (of witness)
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10

11.

12.

13.

14.

15

Should | have any problems or queries about the way in which the study was
conducted, and | do not feel comfortable contacting the research staff, | am aware that
| may contact the Patient Representative who is an independent person within the
Hospital on 99267612

. I can refuse to take part in this project or withdraw from it at any time without

affecting my medical care.

| understand that participating in this Clinical Trial may or may not benefit my medical
treatment directly however my participation may assist in the development of
treatments and/or procedures for the future.

. Participation in this project will not result in any extra medical and hospital costs to

me.

| understand that my research records will be stored in the following manner: they will
be locked in a filing cabinet in a secure office. The research team, authorised
personnel, and regulatory entities may have access to my study records to protect my
safety and welfare.

| understand that my initials and date of birth and a unique study number will identify
my medical information. This information is potentially identifiable but all precautions
will be taken by the clinical staff to ensure the information will be kept confidential.

If the results of my tests or information regarding my medical history are published,
my identity will not be revealed.

While participating in this study, | should not take part in any other research project
without approval from all of the investigators.

. | declare that | am over the age of 18 years.

After considering all these points, | accept the invitation to participate in this project.

| am aware that | will be given a copy of the Participant Information Sheet and Consent
Form.

| also state that | have/have not participated in any other research project in the past 3
months.

Il

have, the details as follows:

Dr on:
(phone and page numbers)
Date: Witness:
(Please print name)
Signature: Signature:
(of participant/volunteer) (of witness)
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Investigators' confirming statement:

| have given this research subject information on the study, which in my opinion is
accurate and sufficient for the subject to understand fully the nature, risks and benefits of
the study, and the rights of a research subject. There has been no coercion or undue
influence. | have witnessed the signing of this document by the subject.

Date:

Investigator's Name:

Investigator’s Signature:

Withdrawal from Participation

Protocol Title: The effects of stretching for patients with persisting pain — a randomised
controlled trial

An option should | wish to withdraw my consent to participate in the research protocol
entitled above is to contact the researcher and return this slip. | understand that if |
withdraw from the research protocol my medical care, my relationship with the Hospital
and medical attendants will not be affected.

Patient’s Name:

Patient’s Signature:

Date:

Please detach the Withdrawal of Participation Section and send to Mr Damien Finniss,
Pain Management and Research Centre, 9C, Royal North Shore Hospital, St Leonards,
2065 or if | would like to speak to a member of the study investigation team, | may contact
Roberta Law on 9926 7556 or Damien Finniss on 99266377.
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C. Raw Outcome Data

Hip Flexion Angle (degrees) with a Standardised Torque

1. MUSCLE EXTENSIBILITY

Subject CONTROL LEG EXPERIMENTAL LEG Grand Standardised
Pre Post | Change | Pre Post | Change | Difference | Torque (Nm)
1 47 45 -2 54 50 -4 -2 24
2 57 53 -4 67 57 -10 -6 18
3 68 73 5 65 72 7 2 24
4 89 86 -3 80 75 -5 -2 43
5 73 86 13 80 85 5 -8 31
6 64 61 -3 61 70 9 12 18
7 56 60 4 61 60 -1 -5 31
8 60 55 -5 49 53 4 9 18
9 62 69 7 65 65 0 -7 37
10 78 77 -1 78 69 -9 -8 31
11 23 25 2 17 30 13 11 18
12 66 63 -3 66 67 1 4 31
13 51 52 1 51 56 4 18
14 46 56 10 43 39 -4 -14 24
15 35 32 -3 28 41 13 16 18
16 32 57 25 40 61 21 -4 18
17 85 81 -4 100 84 -16 -12 49
18 73 78 5 76 78 2 -3 24
19 73 81 8 67 74 7 -1 31
20 57 58 1 54 55 1 0 31
21 46 44 -2 46 46 0 2 18
22 78 74 -4 69 76 7 11 31
23 48 45 -3 41 47 6 9 31
24 90 91 1 99 103 4 3 43
25 47 57 10 53 57 4 -6 24
26 60 65 5 58 68 10 5 24
27 48 44 -4 38 52 14 18 24
28 37 51 14 37 51 14 0 18
29 58 45 -13 51 52 1 14 18
30 43 48 5 45 48 3 -2 24
MEAN 58 60 2 58 61 3 1 26
STDEV 17 16 7 19 16 8 8 8
95%Cl 3
Le CI -2
Ue CI 4
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2. STRETCH TOLERANCE

Hip Flexion Angle (degrees) with a Non-Standardised Torque

Subject CONTROL LEG EXPERIMENTAL LEG Grand
Pre Post Change Pre Post Change Difference
1 61 60 -1 64 62 -2 -1
2 69 60 -9 89 70 -19 -10
3 82 76 -6 78 91 13 19
4 94 94 0 90 101 11 11
5 96 96 0 98 99 1 1
6 70 64 -6 72 78 6 12
7 67 65 -2 69 71 2 4
8 72 77 5 57 58 1 -4
9 72 78 6 68 86 18 12
10 94 91 -3 78 83 5 8
11 36 56 20 27 63 36 16
12 74 66 -8 71 82 11 19
13 61 63 2 53 58 5 3
14 65 81 16 64 78 14 -2
15 44 54 10 44 64 20 10
16 47 59 12 64 75 11 -1
17 100 95 -5 105 105 0 5
18 77 91 14 80 100 20 6
19 112 109 -3 74 84 10 13
20 61 59 -2 59 67 8 10
21 46 47 1 46 55 9 8
22 83 85 2 87 99 12 10
23 48 54 6 54 72 18 12
24 99 94 -5 104 106 2 7
25 61 64 3 64 64 0 -3
26 71 73 2 80 91 11 9
27 61 61 0 60 74 14 14
28 37 75 38 47 87 40 2
29 63 50 -13 60 69 9 22
30 61 58 3 52 66 14 17
MEAN 69 72 2 69 79 10 8
STDEV 19 16 10 18 15 11 8
95%CI 3
Le CI 5
Ue Ci 10
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3. STRETCH TOLERANCE

Highest Tolerated Torque (Nm) with a Non-Standardised Torque

Subject CONTROL LEG EXPERIMENTAL LEG Grand
Pre Post Change Pre Post Change Difference
1 34 38 5 31 34 3 -2
2 28 23 -5 23 23 0 5
3 40 31 -9 35 60 25 34
4 61 60 -2 75 90 15 17
5 50 43 -8 55 43 -12 -5
6 21 21 0 28 28 0 0
7 43 38 -5 38 46 8 12
8 31 34 3 23 23 0 -3
9 46 47 2 41 66 24 23
10 41 46 5 32 47 15 11
11 29 37 8 28 41 14 6
12 30 35 5 38 47 9 4
13 24 24 0 20 21 2 2
14 41 41 0 37 55 18 18
15 26 32 6 29 37 8 2
16 31 23 -8 31 31 0 8
17 58 70 12 58 80 21 9
18 29 35 6 29 47 18 12
19 79 72 -7 37 50 13 20
20 32 32 0 35 40 5 5
21 18 20 2 18 26 8 6
22 35 37 2 41 47 6 5
23 32 44 12 44 57 12 0
24 55 47 -8 47 47 0 8
25 31 32 2 34 29 -5 -6
26 29 29 0 41 43 2 2
27 32 35 3 35 44 9 6
28 18 31 13 29 52 23 10
29 25 23 -2 25 28 3 5
30 40 34 -6 32 43 11 17
MEAN 36 37 1 36 44 8 8
STDEV 14 13 6 12 16 9 9
95%Cl
Le CI 4
Ue Ci 11
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4. STRETCH TOLERANCE

Pain Intensity (Numerical Rating Scale 0-10) with a Non-Standardised Torque
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