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Background. Stretch is commonly prescribed as part of physical rehabilitation in
pain management programs, yet little is known about its effectiveness.

Objective. A randomized controlled trial was conducted to investigate the effects
of a 3-week stretch program on muscle extensibility and stretch tolerance in patients
with chronic musculoskeletal pain.

Design. A within-subject design was used, with one leg of each participant ran-
domly allocated to an experimental (stretch) condition and the other leg randomly
allocated to a control (no-stretch) condition.

Patients and Setting. Thirty adults with pain of musculoskeletal origin per-
sisting for at least 3 months were recruited from patients enrolled in a multidisci-
plinary pain management program at a hospital in Sydney, Australia.

Intervention. The hamstring muscles of the experimental leg were stretched
daily for 1 minute over 3 weeks; the control leg was not stretched. This intervention
was embedded within a pain management program and supervised by physical
therapists.

Measurements. Primary outcomes were muscle extensibility and stretch toler-
ance, which were reflected by passive hip flexion angles measured with standardized
and nonstandardized torques, respectively. Initial measurements were taken before
the first stretch on day 1, and final measurements were taken 1 to 2 days after the last
stretch. A blinded assessor was used for testing.

Results. Stretch did not increase muscle extensibility (mean between-group dif-
ference in hip flexion was 1°, 95% confidence interval��2° to 4°), but it did improve
stretch tolerance (mean between-group difference in hip flexion was 8°, 95% confi-
dence interval�5° to 10°).

Conclusion. Three weeks of stretch increases tolerance to the discomfort asso-
ciated with stretch but does not change muscle extensibility in patients with chronic
musculoskeletal pain.
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Good extensibility is important
for people with chronic mus-
culoskeletal pain. It enhances

their ability to perform normal func-
tional activities, which, in turn, im-
proves fitness, strength (force-
generating capacity), endurance, and
psychological well-being.1–3 Multi-
disciplinary pain management pro-
grams aim to help individuals re-
gain movement and return to normal
activity.4–7 Stretch exercises com-
monly are prescribed as part of
these programs. It is believed that
stretch increases muscle extensibili-
ty8 and, therefore, improves joint
range of motion (ROM), movement,
and function.9

Despite the widespread use of
stretch in physical rehabilitation,
considerable uncertainty remains
surrounding its lasting effects. There
is little doubt that stretch induces
immediate increases in muscle ex-
tensibility due to the viscoelastic na-
ture of soft tissues.10–14 However,
these effects are transient and
quickly dissipate. The lasting effects
of stretch are more controversial
but arguably of more importance,
particularly for individuals with
chronic pain. The controversy arises
from the discrepancy between
strong anecdotal evidence and evi-
dence from studies of animals15–17

supporting the effectiveness of
stretch and high-quality random-
ized controlled trials indicating
otherwise.8,18–23 Studies of animals
showed that soft tissues are adapt-
able and undergo structural remod-
eling in response to stretch.10,15,17

On the other hand, results of studies
of humans are less consistent. In this
article, improvements in extensibil-
ity refer to an increase in joint ROM
when repeat measurements are
taken with the same testing torque
(torque is the product of applied
force and moment arm or the ten-
dency of a force to cause rotation).24

Some investigators20,23,25–28 contend
that what appear to be lasting
changes in extensibility are in fact
changes in people’s willingness to
tolerate the discomfort associated
with stretch over time. For example,
following a hamstring muscle stretch
program, an individual may touch his
or her toes more easily. This patient
outcome may not be due to any un-
derlying change in muscle extensibil-
ity, but may instead be due to the
direct relationship between applied
stretch torque and resultant joint
ROM. That is, the harder an individ-
ual leans forward (ie, the stretch
torque), the further he or she can
reach down toward the toes (ie, the
joint ROM). The ability to reach fur-
ther is due to altered perceptions
and increased willingness to tolerate
the discomfort associated with
stretch.

Extensibility and tolerance are of
particular importance for people
with chronic musculoskeletal pain.
Thus, we were interested in explor-
ing whether stretch affects one, or
both, of these factors. The response
to stretch in individuals with chronic
pain may differ from the response in
other people. It is possible that peo-
ple with chronic pain have a height-
ened sensitivity to movement due to
their hypervigilance and fear of
pain and physical activity.29 The aim
of this study, therefore, was to de-
termine whether a 3-week stretch
program could improve hamstring
muscle extensibility and stretch tol-
erance in people with chronic mus-
culoskeletal pain.

Method
Design Overview and
Randomization
A randomized controlled trial using a
within-subject design was under-
taken. One leg of each participant
was randomly allocated to an exper-
imental condition, and the other leg
was randomly allocated to a control
condition. In this way, each partici-

pant acted as his or her own control,
reducing variability and increasing
statistical power. To ensure con-
cealed allocation, a blocked random
allocation schedule with an equal
number of right and left legs was
generated by computer and placed
in a series of consecutively num-
bered, opaque, sealed envelopes by
a person external to the study. The
envelopes were kept off-site and
opened after each participant’s ini-
tial assessment, indicating his or her
inclusion into the trial.

Setting and Participants
Thirty adult participants were re-
cruited from patients enrolled in a
multidisciplinary pain management
program based at a hospital in Syd-
ney, Australia. To be eligible for in-
clusion, patients had to have pain of
musculoskeletal origin persisting for
at least 3 months, be likely to partic-
ipate in a hamstring muscle stretch
regimen as part of the pain manage-
ment program, and be over 18 years
of age. They were excluded if they
were unable to tolerate the testing
procedure; had excessive hamstring
muscle extensibility (able to place
palms on the floor in a standard toe-
touch test)30; required further medi-
cal, surgical, or psychiatric investiga-
tions or interventions; or had a
history of drug or alcohol abuse. A
treatment effect of 5 degrees of hip
flexion was determined a priori to
be clinically important, based on the
recommendations of previous re-
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searchers.19,20,22,23,31 We estimated
that 30 participants would provide a
95% probability of detecting a
between-group difference of 5 de-
grees. This power calculation was
based on a predicted standard devi-
ation of 5 degrees,20 a dropout rate
of 15%, and an alpha level of .05.

Intervention
The stretch intervention was super-
vised by trained physical therapists
and embedded within a multidisci-
plinary pain management program
(ADAPT). This program is a well-
established method of chronic pain
management using a multidisci-
plinary team approach.32 Cognitive-
behavioral principles form the basis
of the program, incorporating the
following components: exercise and
stretch, pacing, education, drug re-
duction, relaxation, sleep manage-

ment, relapse prevention, and family
involvement.33 The program is con-
ducted over 3 weeks, with at least 3
hours of physical rehabilitation daily
aimed at improving muscle extensi-
bility, fitness, strength, and posture.
Physical therapists supervise the ex-
ercise sessions and use cognitive-
behavioral strategies throughout to
provide education on behavioral
modifications and other issues.34

Stretch Treatment
The hamstring muscles of the exper-
imental leg were stretched for 1
minute per day for 3 weeks over 18
consecutive days, and the hamstring
muscles of the control leg received
no specific stretch treatment during
this period. Stretches were self-
administered. Participants sat on the
ground, reaching forward with both
hands over the treatment leg while

maintaining full knee extension
(Fig. 1).

Participants were instructed to re-
frain from stretching the hamstring
muscles of the control leg during the
course of the study. Fourteen of
the 18 stretch sessions were per-
formed in the pain management pro-
gram during weekdays and super-
vised by physical therapists. The
other 4 stretch sessions were unsu-
pervised and performed indepen-
dently by the participants on week-
ends. Adherence to the intervention
was carefully monitored, and all
stretch sessions were recorded on an
exercise sheet. This adherence was
reviewed at each subsequent super-
vised stretch session.

Outcome Measures
The 2 primary outcome measures
were hamstring muscle extensibility
and stretch tolerance. These mea-
sures were assessed on both legs of
each participant before and after the
3-week stretch intervention.

Measurement Device
A device specifically designed to
measure passive hip flexion and hip
flexor torque was used.35 Its key fea-
ture is that it enables the application
of known stretch torques after coun-
teracting the torque due to the
weight of the leg. The device con-
sists of a wheel connected to the side
of a physical therapy bed (Fig. 2). A
leg splint was attached to the wheel
and both rotated simultaneously.
The leg splint ensured full knee ex-
tension and restricted any hip abduc-
tion or rotation. Adjustable counter-
weights attached to a long rod were
used to counteract the torque pro-
duced by the weight of the leg and
splint. The long rod was connected
to the wheel apparatus and extended
proximally from the splint toward
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

Figure 1.
The stretch treatment administered to the hamstring muscles. Participants sat on the
ground, reaching forward with both hands over the treatment leg while maintaining full
knee extension. Image used with permission from www.physiotherapyexercises.com.
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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 good
reliability (intraclass correlation co-
efficient�.97, 95% confidence inter-
val [CI]�.96 to .98).35

Testing Procedure
Participants attended a trial session
at least 3 days prior to the com-
mencement of the study to allow for
familiarization with the testing pro-
cedure. Initial measurements were
taken on the first day of the 3-week
program, prior to the first stretch.
Final measurements were taken at
least 24 hours and no more than 48
hours after the last stretch to ensure
that the results reflected long-lasting
changes in extensibility rather than
mere transient effects of stretch.
This distinction is important, be-
cause we were not interested in the
immediate effects (due to viscous
deformation) known to quickly
dissipate upon removal of the
stretch.10–14 By taking measurements
more than 24 hours after the last
stretch, we could be sure that our
results reflected something more
than just viscous deformation.8 One
blinded assessor was used for all test-
ing, and participants were instructed
not to discuss any aspect of the in-
tervention with the assessor. 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 measure-
ments of the left leg. Participants
were positioned supine on a physical
therapy bed with the measured leg
strapped to a splint. The contralateral
leg and pelvis were stabilized with
straps. Participants were positioned
with their hip joint aligned to the cen-
ter of the wheel. Passive hip flexion
angle was measured with a digital in-
clinometer aligned on the long axis of

the leg splint (Fig. 2). All verbal in-
structions and explanations were stan-
dardized across participants.

Assessment of
Muscle Extensibility
The extensibility of the hamstring
muscles was reflected by the angle of
passive hip flexion with the applica-
tion of a standardized torque. This
standardized torque was the same
for both legs of each participant, but
not across participants. This proce-
dure was appropriate because the ef-
fects of the stretch intervention
were being compared within, rather
than between, participants. The stan-
dardized torque corresponded to the
highest common torque tolerated on
both legs at both preintervention
and postintervention assessments.

Prior to measurement, a stretch
torque of 18 N�m was applied for 2

minutes. This 2-minute prestretch
exhausted most viscous deforma-
tion, reducing the effect of “creep”
on subsequent measurements and
diminishing any reflex muscle activ-
ity around the hip and knee
joints.11,14,36–38

Assessment of Stretch Tolerance
Stretch tolerance was reflected by
the angle of passive hip flexion with
the application of a nonstandardized
torque, that is, one that corre-
sponded to the highest stretch
torque participants were willing to
tolerate. This torque varied between
legs, testing sessions, and partici-
pants. A series of gradually increas-
ing stretch torques, applied at incre-
ments of 6.1 N�m every 30 seconds,
was used to determine stretch toler-
ance. Hip flexion angle at each incre-
ment was measured with a digital
inclinometer.

Figure 2.
The testing device. The wheel, leg splint, and rod rotated simultaneously. Image used
with permission from www.physiotherapyexercises.com.
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Participants were asked to indicate
when the stretch felt “very uncom-
fortable.” At this point, the torque
was slightly reduced. Subsequently,
the torque was further increased
again but in smaller increments of
1.53 N�m at a faster rate. This contin-
ued until the participant indicated a
second time that the stretch was
“very uncomfortable.” At this point,
final hip flexion was measured.

Pain intensity also was used to reflect
stretch tolerance. Participants were
asked to rate their pain on an 11-
point numerical rating scale (with 0
being “no pain” and 10 being the
“worst pain you can imagine”). Nu-
merical rating scales are sensitive
to changes in pain and have high
validity and reliability.39–41 Partici-
pants were blindfolded throughout
testing to minimize the influence of
visual feedback on their tolerance to
stretch.

Data Analysis
Changes in hip flexion angles be-
tween initial and final measurements
with and without a standardized
torque were calculated for both the
experimental and control legs. Mean
between-group differences and their
corresponding 95% CIs were then
calculated. The t-distribution was
used to estimate the 95% CIs for
between-group differences in hip an-
gle (posttest score minus pretest
score). Paired t tests were used to
test for significant differences. A pos-
itive change in hip flexion angle with
a standardized torque reflected an
increase in hamstring muscle exten-
sibility following the stretch inter-
vention. Positive changes in hip flex-
ion angle and pain rating score at the
highest-tolerated torque reflected an
increase in stretch tolerance. In ad-
dition, paired-samples t tests were
performed on data collected from 4
pain questionnaires42–45 routinely
used in the ADAPT pain manage-
ment programs. A P value of �.05

was considered significant. Data
were analyzed by intention-to-treat.46

Results
Participant Characteristics
All 30 participants completed the
study, with no dropouts or with-
drawals (Fig. 3). The demographic
characteristics of the participants are
shown in Table 1. The site of pain
was diverse, affecting the neck, back,
arm, and leg, with more than half
(60%) of the participants reporting
pain in 2 or more major sites. Mean
initial values on the Depression
Anxiety and Stress Scales,42 modified
Roland-Morris Disability Question-
naire,43 Multidimensional Pain In-
ventory,45 and Pain Self-Efficacy
Questionnaire44 were consistent with
recently developed normative data
in people with chronic pain,47 indi-
cating that our participants were
representative of this population.

Adherence to Protocol
The protocol required participants
to perform 18 stretch sessions over
18 consecutive days, with 14 ses-
sions supervised and 4 sessions un-
supervised. Minor deviations from
the protocol occurred, with 12
stretches missed out of a total of
540 (2%) for all participants.

Effects of Intervention
At the commencement of the trial,
there was no difference in the exten-
sibility of the hamstring muscles be-
tween the experimental and control
legs. The initial mean (SD) hip flex-
ion angles with the application of an
18-N�m torque for the experimental
and control legs were 47 (12) and
47 (13) degrees, respectively. Simi-
larly, there was no difference in par-
ticipants’ tolerance to the discomfort
associated with stretch between
their experimental and control legs.
The initial mean (SD) hip flexion an-
gles at the highest-tolerated torque
were 69 (18) and 69 (19) degrees,
respectively (Tab. 2).

Primary Analyses
Muscle extensibility. The between-
group mean difference in hip flexion
with a standardized torque was 1 de-
gree (95% CI��2 to 4; P�.39;
Tab. 2), indicating that 3 weeks of
stretch did not increase hamstring
muscle extensibility. The mean (SD)
torque applied was 26 (8) N�m.

Stretch tolerance. The between-
group mean difference in hip flexion
with a nonstandardized torque was 8
degrees (95% CI�5 to 10; P�.001;
Tab. 2). The corresponding between-
group mean difference in torque tol-
erated by participants was 8 N�m
(95% CI�4 to 11; P�.001; Tab. 2).
No difference was found in the
amount of pain reported by partici-
pants at the highest-tolerated torque
before and after intervention or be-
tween the experimental and control
legs. The between-group mean dif-
ference in pain intensity score was 0
points (95% CI��1 to 0; P�.32;
Tab. 2). These results indicate that
the stretch intervention was associ-
ated with an improvement in partic-
ipants’ willingness to tolerate more
stretch for the same level of pain in
the experimental leg.

Discussion
Effects of Intervention
This trial investigated the effects of
stretch on muscle extensibility and
stretch tolerance in patients with
chronic musculoskeletal pain. The
results indicated no real change in
hamstring muscle extensibility, de-
spite the apparent increase in hip
flexion. This apparent change was
due to participants’ improved will-
ingness to tolerate the discomfort as-
sociated with stretch, rather than
any underlying change in the passive
mechanical properties of the ham-
string muscles.

The participants of this study were
all adults aged between 19 and 68
years with chronic musculoskeletal
pain originating from a variety of dif-
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ferent sources. The most common
location of pain was the back (77% of
the sample group) followed by the
legs (53% of the sample group;
Tab. 1). This study examined the ef-
fects of stretch to the hamstring mus-
cles regardless of the site of pain. It is
possible that participants with leg
pain responded differently to ham-
string muscle stretches than partici-
pants with arm or neck pain. There
were insufficient participants to ex-
plore this possibility in post hoc sub-

group analyses, although the narrow
95% CI associated with the between-
group difference suggests that all
participants responded to the stretch
intervention in a consistent way.

Important design features were used
in this study to minimize bias, in-
cluding randomization and con-
cealed allocation. Although partici-
pants were not blinded to the
intervention, their legs were care-
fully screened from view during test-

ing to block visual cues of leg posi-
tion. Nevertheless, it is possible that
the increased tolerance to stretch
reflects the use of unblinded partic-
ipants, with strong expectations
about the therapeutic benefits of
stretch. That is, participants antici-
pated that the stretch intervention
would improve muscle extensibility
and, therefore, inadvertently toler-
ated larger torques during the final
testing of their experimental legs,

Figure 3.
Flow of participants through the trial. Primary outcomes measured on the first and final days of the 3-week program.
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leading to an apparent increase in
ROM.

There is consistent evidence from
studies of animals to indicate that
sustained stretch changes the pas-
sive mechanical properties of mus-
cles, leading to an increase in real
extensibility.16,17,48–50 This increased
extensibility is attributed to the
highly adaptable nature of soft tis-
sues. Evidence from studies of hu-

mans is less consistent,8,51 due in
part to the poor definition of exten-
sibility26 and the failure of some in-
vestigators to measure joint ROM
with a standardized torque.28,52–54

Without accompanying measures of
torque, it is impossible to distinguish
between increases in ROM from
changes in the passive mechanical
properties of soft tissues (indicating
real extensibility) and increases
in ROM from changes in stretch

tolerance (indicating apparent
extensibility).

Numerous stretch techniques have
been developed, applied, and used
by physical therapists, coaches, and
trainers.55 These stretch techniques
include isometric, ballistic, and dy-
namic ROM techniques; propriocep-
tive neuromuscular facilitation; and
passive and static stretches.56 A static
stretch is a slow, sustained muscle
lengthening that can easily be self-
administered and is commonly used
across clinical and community set-
tings. Static stretches are usually
held for durations of 15 to 60 sec-
onds. We chose a 1-minute static
stretch for our intervention proto-
col, as this duration and type of
stretch are typical and representative
of current clinical practice in pain
management programs.

Muscle Extensibility
Our results demonstrated that
stretch does not increase hamstring
muscle extensibility. This finding
contradicts anecdotal evidence and
the results of some clinical trials in-
dicating the effectiveness of stretch
for increasing extensibility in individ-
uals without disabilities.36,52,54,56–59

Our findings, however, are consis-
tent with those of 2 similar studies of
our own in individuals without dis-
abilities.20,23 They also are compara-
ble to the findings of multiple clini-
cal trials involving people with
neurological disabilities.19,60,61 In-
terestingly, these trials examined
stretch interventions that were ad-
ministered 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 possible that
the muscles of people with neuro-
logical disabilities respond differ-
ently to stretch than the muscles of
individuals without neurological dis-
abilities. Nevertheless, these trials in-
creasingly support the view that
stretch, as typically administered in

Table 1.
Demographic Characteristics of Participants (N�30)

Variable Value

Sex, n (%)

Male 15 (50)

Female 15 (50)

Age (y), mean (SD) 43 (12)

Duration of pain (y), mean (SD) 6 (4)

Height (cm), mean (SD) 173 (10)

Weight (kg), mean (SD) 79 (18)

Toe-touch distance (cm), mean (SD) 23 (16)

Physical activity (h/wk), n (%)

0–5 19 (63)

6–10 6 (20)

�11 5 (17)

Stretch exercises (h/wk), n (%)

None 13 (43)

1–2 13 (43)

�3 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,a mean (SD)

Depression (DASS) (0–42) 16 (12)

Physical disability (RMDQ) (0–24) 12 (5)

Pain intensity (MPI) (0–6) 4 (1)

Pain self-efficacy (PSEQ) (0–60) 24 (12)

a DASS�Depression Anxiety and Stress Scales, RMDQ�Roland-Morris Disability Questionnaire,
MPI�Multidimensional Pain Inventory, PSEQ�Pain Self-Efficacy Questionnaire.
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the clinical setting, does not induce
lasting changes in extensibility. No
other study to date has investigated
the role of stretch in people with
chronic pain.

A possible explanation for the failure
to increase real muscle extensibility
is that 1 minute of stretch per day is
subtherapeutic. Perhaps if each
stretch had been administered for a
longer duration (that is, more than 1
minute a day), the results may have
been different. Similarly, it is possi-
ble that 3 weeks of stretch is insuffi-
cient and if the intervention had
been performed over a longer period
(that is, more than 3 weeks), differ-
ent outcomes may have been at-
tained. Nonetheless, the dosage of
stretch used in this trial is similar to
that typically applied in clinical prac-
tice.9 It is unlikely that patients with
chronic pain would tolerate more-
intensive stretch regimens adminis-
tered for longer than a few minutes
per muscle. In addition, recent evi-
dence in individuals without disabil-
ities indicate no added benefit from
stretch administered for up to 20 to
30 minutes a day.20,23

It is possible that the stretch inter-
vention might have increased exten-

sibility if only participants with lim-
ited hamstring muscle extensibility
had been included. However, it is
difficult to define limited hamstring
muscle extensibility, because joint
ROM is a direct function of applied
torque. If the applied torque were
ignored, most clinicians would argue
that a mean maximum of 69 degrees
hip flexion, as attained by our partic-
ipants on entry to the trial, is indic-
ative of limited hamstring muscle
extensibility. However, our partici-
pants tolerated lower levels of
torque than normal. For example, on
average, our participants tolerated
36 N�m of stretch torque at the com-
mencement of the trial, whereas in-
dividuals without disabilities tolerate
considerably more (ie, 55 N�m).20 It
is difficult, therefore, to make direct
comparisons.

We were aware of the problems as-
sociated with defining limited exten-
sibility when designing the research
protocol and decided to adopt a
pragmatic approach to overcome
the problems. That is, we mimicked
clinical practice and included all par-
ticipants who would have received
hamstring muscle stretches as part of
their pain management program un-
less they had excessive extensibility

(ie, could place the palm of their
hands on the floor). The results of
this trial do not rule out the possibil-
ity that the response to stretch may
be a function of initial extensibility.

The failure to detect a treatment ef-
fect on muscle extensibility was not
due to an insufficient sample size.
This finding is evidenced by the re-
lationship between the 95% CIs and
the predetermined minimally worth-
while treatment effect.

Stretch Tolerance
This study demonstrated that a
stretch program can increase a per-
son’s tolerance to stretch. Similarly,
Halbertsma and Goeken25 and Mag-
nusson et al26 also reported altered
stretch tolerance following stretch
interventions. Both groups of au-
thors investigated the hamstring
muscles with relatively intensive reg-
imens of 10 minutes of stretch twice
a day for 4 weeks25 and 225 seconds
of stretch twice a day for 20 days.26

Bjorklund et al27 similarly showed
sensory adaptations in the rectus
femoris muscle after a 2-week stretch
protocol. Interestingly, although Bjork-
lund et al27 used a relatively mild
stretch regimen (80 seconds of
stretch, 4 times a week for 2 weeks)

Table 2.
Mean (SD) Hamstring Muscle Extensibility and Stretch Tolerance Before and After 3 Weeks of Stretch

Variable

Control Condition Experimental Condition
Between-Group
Mean Difference
(95% Confidence

Interval)Preintervention Postintervention Change Preintervention Postintervention Change

Hamstring muscle
extensibility
(standardized torque)

Hip flexion (°) 58 (17) 60 (16) 2 (7) 58 (19) 61 (16) 3 (8) 1 (�2 to 4)

Stretch tolerance (highest-
tolerated torque)

Hip flexion (°) 69 (19) 72 (16) 2b (10) 69 (18) 79 (15) 10 (11) 8a (5 to 10)

Highest-tolerated torque
(N�m)

36 (14) 37 (13) 1 (6) 36 (12) 44 (16) 8 (9) 8a,b (4 to 11)

Pain intensity (0–10) 7 (2) 7 (1) 1b (2) 7 (2) 7 (2) 0 (2) 0b (�1 to 0)

a P�.05
b Apparent error due to effects of rounding.
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compared with the 2 previous stud-
ies,25,26 the intervention was still suf-
ficient to alter stretch tolerance. Re-
cent evidence from studies by Folpp
et al20 and Ben and Harvey23 add
further support for this proposi-
tion. These investigators reported in-
creases in stretch tolerance but not
extensibility following fairly inten-
sive stretch protocols (20 minutes a
day, 5 days a week for 4 weeks,20 and
30 minutes a day, 5 days a week for
6 weeks23). Our study suggests that
even a shorter and less-intensive reg-
imen (1 minute daily over 3 weeks)
can increase stretch tolerance and
improve apparent muscle extensibil-
ity. These findings have important
implications for clinical practice if
the aim of stretch is to achieve a
greater joint ROM regardless of the
underlying mechanism.

The explanation for changes in
stretch tolerance is not known.
Stretch tolerance may be influenced
by nociceptive nerve endings, mech-
anoreceptors, or proprioceptors.26,62

Alternatively, stretch may change
some other aspect of the sensory
neural pathways.26,63 For example,
afferent input from muscles and
joints during a stretch maneuver may
interfere with signals from nocicep-
tive fibers (stretch discomfort), sub-
sequently inhibiting an individual’s
perception of pain. This explanation
is consistent with the gate control
theory of pain.64

Alternatively, changes in stretch tol-
erance may be psychologically medi-
ated. It is possible that participants
anticipated the positive effects of
stretch and, therefore, their percep-
tion of the stretch discomfort was
dampened. According to the gate
control theory,64 sensations of pain
and discomfort are affected by de-
scending modulatory influences from
higher centers. Prior experiences of
stretch, motivation to stretch (possi-
bly from supervision), and elevated
mood and confidence from positive

expectations of stretch benefits are
all potential psychological contribu-
tors explaining the participants’ al-
tered perception of the discomfort
and willingness to tolerate greater
stretch over time.

It is interesting to note that although
the participants tolerated a larger
testing torque on their experimental
leg following 3 weeks of stretch,
there were no changes in their pre-
intervention and postintervention
pain intensity scores at the highest-
tolerated torque. Similarly, there were
no changes in preintervention and
postintervention pain scores on the
Multidimensional Pain Inventory,45

with a mean (SD) change of 0 (1;
P�.16). These results suggest that
it was not the pain itself that
changed but rather the participants’
willingness to tolerate it. Perhaps
repeated exposure to stretch pro-
duced a desensitizing effect, accus-
toming the individual to the sensa-
tion. The participants progressively
tolerated larger stretch torques for
the same level of experienced pain.
This finding is consistent with the
concepts of pain acceptance65 and
self-efficacy,44 both commonly re-
ferred to when discussing coping
strategies in the management of
chronic pain. Interestingly, there
was a significant improvement in
mean (SD) Pain Self-Efficacy Ques-
tionnaire44 ratings during the ADAPT
program from 24 (12) to 40 (10)
points (P�.001). As participants’ ac-
ceptance of the stretch discomfort
progressively improved over the 3
weeks, they began to feel more con-
fident in their ability to perform the
stretch.

Participants’ increased willingness to
tolerate the discomfort associated
with stretch was found to be specific
to the experimental leg, and there
was no crossover to the control leg.
That is, administering stretch on
one leg did not produce any corre-
sponding effect on the opposite leg.

This was an interesting finding and
merits further investigation. Fur-
thermore, 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 be-
tween the initial and final scores on
the Depression and Anxiety Stress
Scales42 and the modified Roland-
Morris Disability Questionnaire43

were 5 (6) (P�.002) and 3 (4) points
(P�.002), respectively. The overall
improvements in mood and physical
disability presumably were influ-
enced by other components of the
ADAPT program. These findings to-
gether suggest that the stretch inter-
vention itself did not provide a gen-
eralized benefit. Rather, the effects
were specific to the leg that was
stretched. This finding is consistent
with reports on fear-avoidance inter-
ventions in patients with chronic
pain, showing that exposure to one
particular movement produced spe-
cific improvements in that move-
ment only and did not generalize to-
ward a different movement.66

Clinical Implications
This study provides support for the
ongoing incorporation of stretch into
pain management programs, pro-
vided the aim of stretch is to im-
prove joint ROM via increased toler-
ance to the discomfort associated
with stretch, rather than via chang-
ing the passive mechanical proper-
ties of tissue. Stretch, therefore, may
be conceptualized as a graded expo-
sure to movement, increasing toler-
ance to stretch and ROM. Stretch
exercises are particularly relevant in
the rehabilitation of patients with
chronic musculoskeletal pain, who
may have physical deconditioning
due to fear of movement or reinjury.

Directions for Future Research
Further research is needed to inves-
tigate the mechanisms underlying
changes in tolerance and perception
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of discomfort associated with stretch.
This study raised questions about
the possible contributions of neuro-
physiological and psychological fac-
tors accounting for the observed
increase in stretch tolerance, and fur-
ther investigations are needed to ad-
dress this issue more closely.

Future studies also should be di-
rected at ascertaining the relative
merits of targeting stretch to specific
muscle groups and joints in patients
with pain originating from different
parts of the body. It is possible that
patients with shoulder pain will re-
spond better to specific shoulder
stretches, as opposed to a generic
hamstring muscle stretch. Similarly,
patients with low back pain may re-
spond significantly better to ham-
string muscle stretches than patients
complaining of neck pain. It is im-
portant, therefore, to prescribe spe-
cific stretches to target specific mus-
cles and joints. The effectiveness of
specific stretch interventions to tar-
get specific areas needs to be estab-
lished by further research.

Conclusion
This study showed that 3 weeks of
stretch increases tolerance to the
stretch sensation but has no effect
on the passive mechanical proper-
ties of the muscle. The consequence
is an increase in ROM but no real
underlying change in extensibility.
Stretch exercises, therefore, provide
a graded exposure to movement,
with a resultant increase in ROM,
and should continue to be incorpo-
rated into multidisciplinary pain
management programs.
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