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KEY POINTS

� Exercise has been demonstrated in animal and human studies to diminish pain experience
by its effect on the endogenous pain modulatory systems.

� Exercise, in general, is therapeutic for a wide variety of chronic pain diagnoses, but it has
been difficult to show that one particular approach is superior to another.

� Patients have multiple barriers to successfully participating in exercise including patient-
specific factors, environmental factors, and health care delivery factors.

� Evaluation of a patient before exercise prescription should include a comprehensive bio-
psychosocial assessment and determination of the goals of the exercise program.

� Successful exercise prescription requires coordination of care and good communication
between physician, therapist, and patient.

� Successful exercise prescription requires patient education regarding the impact of exer-
cise on the nervous system, education targeting fear-avoidance beliefs, and education
about the details of how to do the exercise program.
INTRODUCTION

For people with chronic pain, the prospect of doing exercise may seem like an over-
whelming and impossible task. And yet, exercise therapy is frequently prescribed for
patients with a wide variety of chronic pain problems. Exercise provides multiple ben-
efits for patients including improvements in strength, flexibility, and endurance;
decrease in cardiovascular and metabolic syndrome risk; improved bone health;
improved cognition and mood; and often most importantly for the patient, improved
pain control (Box 1). It therefore might seem that patients should be eager to partici-
pate in an exercise program. However, patients with chronic pain frequently present
with significant levels of fear-avoidance behaviors and are often resistant to
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Box 1

Exercise benefits

� Strength

� Flexibility

� Endurance

� Decreased cardiovascular risk

� Better bone health

� Decreased metabolic syndrome

� Improved cognition

� Improved mood

� Improved pain control
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participating in an exercise program. Prescribing an appropriate exercise program for
a person with chronic pain requires an understanding of the person’s biopsychosocial
circumstances, an armamentarium of different exercise techniques, and good
communication with the therapy team.

PATIENT EVALUATION OVERVIEW

Exercise has been found to be beneficial for patients with a wide variety of chronic pain
diagnoses including arthritis, fibromyalgia, complex regional pain syndrome (CRPS),
chronic neck pain, and chronic low back pain. No matter what the specific diagnosis,
the patient evaluation must include an assessment of the biopsychosocial circum-
stances of the patient. A physical examination does not provide sufficient information.
It is necessary to understand the patient’s psychological state and beliefs about pain,
health, and wellness. It is important to consider the goals of the exercise program
(Box 2). Goals might be specific correction of impairments (eg, better range of motion),
a reduction of disability (eg, walking without a cane), or improvement in participation
(eg, return to work). Acute pain and chronic pain present different challenges. In the
case of acute injury, assessment includes analysis of functional biomechanical deficits
including muscular weakness, inflexibility, scar tissue, muscle strength imbalance,
poor coordination, and decreased endurance. Treatment addresses these specific
biomechanical deficits through a specifically tailored exercise program. Pain is often
a useful guide for determining the intensity and frequency of exercise activities.
A patient with chronic pain may have all of the functional biomechanical deficits and

in addition may be dealing with excessive deconditioning, fear-avoidance, depres-
sion, centrally mediated pain, loss of role in family and society, and entrenched
Box 2

Exercise goals

� Specific correction of impairments (eg, better range of motion)

� Reduction of disability (eg, walking without a cane)

� Improvement in participation (eg, return to work)

� Pain control

� Medical benefits
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disability. There has typically been a progressive loss of function and diminishing qual-
ity of life. Exercise intervention needs to address the biomechanical issues but must
do so in the context of these other complicating conditions. Pain is typically a poor
guide for determining the frequency and intensity of exercise. Education of the patient
plays an important role in facilitating their participation in an exercise program. This
education needs to be about the specific biomechanical issues, about the functioning
of the nervous system, and about the psychosocial conditions that contribute to the
person’s pain and disability.
HOW DOES EXERCISE AFFECT PAIN?

It is not always clear what it is about an exercise program that brings benefit to the pa-
tient. Exercise impacts the musculoskeletal system, the cardiovascular system, and
the brain. The effects on the brain include impact on sensory processing, and
improved motor coordination and cognitive and emotional functioning. For the chronic
pain patient the impact on the brain may be the most important for improving the
patient’s function and sense of well-being. A variety of research studies have demon-
strated the impact of exercise on the brain. For example, exercise is an effective treat-
ment of depression, which frequently accompanies chronic pain.1 Research has also
shown that specifically targeted exercise programs can improve chronic pain and
function, but changes in pain do not correlate well with improvement in physical mea-
sures, suggesting that it may be something other than the change in musculoskeletal
function that is mediating the pain relief.2

Pain perception is brought about by a complex interaction between peripheral noci-
ceptive input and modulatory processes at the spinal and supraspinal level. The ner-
vous system has an endogenous pain modulatory system that has inhibitory and
facilitatory functions. Pain modulation occurs in cortical, hypothalamic, midbrain,
and brainstem structures, and in the spinal cord. The peripheral nervous system
also modulates pain perception. Multiple neurotransmitters are involved in pain
perception and pain modulation.3–5 Studies have been done in animals and humans
to try to elucidate the impact of exercise on pain perception and on this endogenous
pain modulatory system.
Animal studies have addressed the effects of exercise in models of acute pain and

chronic neuropathic pain. Stagg and colleagues6 evaluated the effect of repeated aer-
obic exercise on a neuropathic pain model in the rat. They demonstrated that sensory
hypersensitivity in a sciatic nerve ligation model of neuropathic pain was reversed by
regular moderate aerobic exercise (forced treadmill running). These effects were
reversed by naloxone suggesting that endogenous opioids play a role in modulating
pain perception in response to exercise. Chen and colleagues7 studied a rat model
of acute postoperative mechanical hypersensitivity caused by skin/muscle incision
and retraction. They looked at the effect of 5 day per week treadmill running for
4 weeks on behavioral markers of pain and on levels of substance P and cytokines
in the dorsal root ganglion. They demonstrated that mechanical hypersensitivity was
alleviated by the treadmill running and was associated with suppression of excess
substance P and inflammatory cytokines in the dorsal root ganglion. Mazzardo-
Martins and colleagues8 showed an antinociceptive effect of a swimming exercise
in a chemical behavioral model of nociception in mice. This antinociceptive effect
was blocked by naloxone and by an inhibitor of serotonin synthesis suggesting that
this effect was mediated by the opioid and serotonergic systems. Martins and col-
leagues9 studied a mouse model of CRPS-1 and evaluated the effect of high-
intensity swimming on mechanical allodynia. There was marked mechanical allodynia
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in this model of CRPS-1. High-intensity exercise significantly reduced the allodynia
shortly after exercise (30 minutes) and at a delayed evaluation (24 hours). They further
demonstrated the role of the opioid systems and the adenosine systems in mediating
this response.
Multiple studies in humans have looked at the relationship between physical activity

and pain sensitivity. Improved pain control is associated with exercise for a variety of
painful conditions10 including chronic low back pain,11,12 fibromyalgia,13 osteoar-
thritis,14 neuropathic pain,15 and CRPS.16 Various studies of healthy individuals
have demonstrated a relationship between a person’s participation in general physical
activity and aerobic exercise and his or her tolerance to pain.17 Ellingson and col-
leagues18 studied a group of healthy women using self-reported and accelerometer
measures to determine their degree of sedentary versus active behavior and evaluated
the relationship between levels of physical activity and average intensity and unpleas-
antness of a heat pain stimulus. They found that those participants who met physical
activity recommendations (moderate intensity aerobic activity for minimum of 150 mi-
nutes per week or vigorous aerobic activity for minimum of 75 minutes per week) had
significantly lower pain unpleasantness ratings and pain intensity ratings to noxious
thermal stimuli than the participants who did not meet this activity level. Delfa de la
Morena and colleagues19 studied a more localized hypoalgesic response to exercise.
They evaluated the effect of repeated eccentric exercise at high intensity on pressure
pain thresholds of the wrist extensors in healthy subjects. They demonstrated that an
initial bout of high-intensity eccentric exercise resulted in delayed-onset muscle sore-
ness and lowered pressure pain thresholds 24 hours postexercise consistent with
hyperalgesia. Subjects underwent a second bout of eccentric exercise after 7 days.
The subjects had delayed-onset muscle soreness after this second bout of exercise,
but did not show lowered pain pressure thresholds indicating that there had been
adaptations that limited the local hyperalgesia. The authors speculated that a combi-
nation of neural, mechanical, and cellular adaptations were responsible for this
change. Naugle and colleagues20 sought to determine an intensity threshold for aer-
obic exercise-induced hypoalgesia. They studied the immediate impact on healthy
young men and women of moderate (50% heart rate reserve) and vigorous (70% heart
rate reserve) aerobic exercise on pressure and heat pain modulation. Both moderate
and vigorous exercise was associated with reduced pain intensity to heat stimulus,
and there was a dose response effect with more reduction in pain intensity after
vigorous exercise. Vigorous exercise also led to increased pressure pain thresholds.
Researchers have sought to determine how exercise impacts the pain modulatory

processes in the central nervous system. Naugle and Riley21 studied healthy adults
and looked at the relationship between self-reported physical activity and pain facili-
tatory and inhibitory function. They used tests of temporal summation to evaluate pain
facilitation and conditioned pain modulation to evaluate endogenous pain inhibition.
They found that levels of total and vigorous physical activity predicted pain facilitation
and inhibition.21 Meeus and colleagues22 also used temporal summation and condi-
tioned pain modulation to evaluate exercise-induced analgesia in female patients
with rheumatoid arthritis, chronic fatigue syndrome, and fibromyalgia and sedentary
healthy control subjects. Pain assessment was done before and after submaximal
exercise on a bicycle ergometer at 75% age-predicted maximal heart rate for up to
15 minutes. The patients with rheumatoid arthritis demonstrated exercise-induced
analgesia expressed by reduced temporal summation of experimental pain. Paracet-
amol reinforced this response to exercise. The patients with chronic fatigue and fibro-
myalgia had a less clear response with different responses at different experimental
pain locations, suggesting that their endogenous pain modulating system is
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Exercise Therapy for Chronic Pain 5
dysfunctional. Ellingson and colleagues23 tried to determine if conditioned pain mod-
ulation was responsible for exercise-induced hypoalgesia. They studied healthy sub-
jects and evaluated heat pain intensity and unpleasantness at rest, after nonpainful
aerobic cycling exercise, and after painful aerobic cycling exercise. Both exercise
conditions resulted in decreased pain responses, although with a larger magnitude
response in the painful, more intense exercise condition. These studies suggest that
conditioned pain modulation plays a role in exercise-induced analgesia, but that other
mechanisms also contribute.
Studies of motor cortex stimulation allow the evaluation of the hypoalgesic effects of

activation of the motor cortex without the concomitant action of the musculoskeletal
and cardiovascular systems. All exercise involves motor cortex activation and several
studies have tried to evaluate the role that the motor cortex plays in exercise-induced
analgesia. Yezierski and coworkers24 studied the effect of electrical stimulation of the
motor cortex in primates showing inhibition of the spinal neuronal responses to
noxious pressure and pinch stimuli. A study of transcranial magnetic stimulation of
the motor cortex in patients with chronic neuropathic pain using PET imaging for eval-
uation showed that stimulation induced activity during and after stimulation in multiple
brain regions including sensory pathways known to be involved in pain processing.
Pain relief correlated with regional blood flow changes.25 A recent randomized,
sham-controlled trial of repetitive transcranial magnetic stimulation of the motor cor-
tex in chronic myofascial pain showed significant reduction in daily pain scores and
enhanced corticospinal inhibition.26 These studies all suggest that activation of the
motor cortex contributes to activation of endogenous pain modulatory systems.
There is evidence, however, that endogenous pain modulatory systems may be

dysfunctional in at least some chronic pain states. Knauf and Koltyn27 studied the ef-
fect of isometric exercise on pain perception in patients with diabetes with and without
diabetic neuropathy. They assessed exercise-induced muscle pain and used an
experimental thermal pain protocol to assess temporal summation. Patients with dia-
betes with and without diabetic peripheral neuropathy performed isometric exercise
(grip) at 25% maximum voluntary contraction for 3 minutes. Exercise-induced muscle
pain was significantly higher in the patients with peripheral neuropathy and they also
rated the exercise as more effortful. Temporal summation was assessed in both
groups before exercise and was found to be present in both groups with increasing
pain ratings with repeated stimulation. After exercise the patients without peripheral
neuropathy showed no temporal summation indicative of the presence of exercise-
induced hypoalgesia. The patients with peripheral neuropathy continued to have
temporal summation and did not seem to gain any pain-relieving benefit from the ex-
ercise.27 Naugle and colleagues28 summarized the hypoalgesic effects of exercise in
healthy and chronic pain populations in a meta-analytic review. The studies reviewed
evaluated the impact of acute exercise on experimentally induced noxious stimulation.
Different exercise modalities were studied including aerobic, isometric, and dynamic
resistance exercise. Both healthy populations and various chronic pain populations
were studied. In the healthy populations the evidence supports that all three types
of exercise decrease the perception of experimentally induced pain. In the chronic
pain populations the results were more mixed depending on the particular chronic
pain condition being studied. For chronic low back pain, findings were similar to
healthy participants. For patients with regional chronic pain, exercise of muscles
outside the painful region reduced pressure sensitivity of the painful area, but exercise
of the painful muscles tended to increase pain sensitivity in those muscles. In fibromy-
algia, low-to-moderate intensity activity seems to be effective for eliciting exercise-
induced hypoalgesia. However, in some studies of individuals with widespread pain,
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moderate-to-vigorous activity led to hyperalgesia. Nijs and colleagues29 also reviewed
the literature and came to similar conclusions.
In summary, the literature supports that acute bouts of exercise consistently acti-

vate the endogenous pain modulatory systems in healthy adults and have mixed ef-
fects on patients with chronic pain depending on the specific diagnosis and type of
exercise. The mechanisms involved in exercise-induced hypoalgesia are multifacto-
rial. Likely important contributors to the effect include the release of endogenous opi-
oids and activation of spinal and supraspinal pain inhibitory pathways.

EXERCISE EFFECTS ON SPECIFIC CHRONIC PAIN PROBLEMS

The role of exercise prescribed in a therapeutic manner for the management of a va-
riety of chronic pain conditions has been widely studied. These studies frequently
assess function and quality of life, and pain. The effects of exercise for a few of these
conditions are summarized next.

Fibromyalgia

Many researchers have evaluated the effects of exercise on patients with fibromyalgia.
A 2007 systematic review of 34 studies showed moderate-quality evidence that
moderate-intensity aerobic-only exercise training for 12 weeks has positive effects
on global well-being, physical function, and possibly on pain and tender points. Re-
sults of strength training were less clear, but may improve symptoms of fibromyalgia
including improvement in pain and tender points.30 A 2013 review evaluated the effect
of resistance training for managing fibromyalgia. Only five studies met the inclusion
criteria. The conclusion was that resistance training was better than a control group
for improvement in a multidimensional assessment of function, self-reported physical
function, tenderness, and muscle strength. Pain improvement favored aerobic exer-
cise rather than resistance exercise.31 Hooten and colleagues32 compared aerobic
with strengthening exercise in the context of an interdisciplinary pain management
program. Both groups improved in pain severity, strength, pain threshold, and peak
oxygen consumption. The only difference between the two groups was a greater in-
crease in oxygen consumption in the aerobic exercise group. McLoughlin and col-
leagues33 used functional MRI to evaluate the relationship between physical activity
and brain responses to pain in subjects with fibromyalgia. Their results suggested
that the fibromyalgia patients who were physically active better preserved their ability
to modulate pain compared with their less active peers. In summary, both aerobic and
strength training programs are beneficial. However, performing exercise too intensely
can precipitate a flare up of symptoms. Therefore, starting at low levels at which the
patient can be successful and progressing gradually is more likely to promote benefit
from exercise and longer-term adherence to an exercise program.31

Osteoarthritis

A wide variety of exercise approaches for osteoarthritis have been studied. A 2012 re-
view of the effectiveness of different exercise approaches for osteoarthritis found
strong evidence that aerobic and strengthening exercise programs were beneficial
for patients with mild-to-moderate knee and hip osteoarthritis, improving pain and
physical function.14 This comprehensive review did not find differences between types
of exercise programs, showing similar improvements in response to aerobic versus
strengthening regimens, similar improvements from high- versus low-resistance
training, and from dynamic versus isometric training. Bennell and colleagues34 studied
the effect of hip-strengthening exercises on people with medial knee osteoarthritis and



Exercise Therapy for Chronic Pain 7
varus malalignment, evaluating the impact on pain and function and also the impact on
the knee adduction moment. Measures of pain, physical function, andmuscle strength
improved, but there was no change in knee adduction moment. So, even when exer-
cise does not correct a presumed biomechanical deficit, it can still prove beneficial for
improving pain and function. Not surprisingly the benefits of exercise for the patient
with osteoarthritis seem to be maintained only as long as the patient continues to
participate in an exercise program.35,36 As with other chronic pain conditions, evalu-
ating the barriers and facilitators of exercise participation is important in guiding exer-
cise prescription to help the patient commit to and participate in ongoing exercise
activity.37

Complex Regional Pain Syndrome

Exercise intervention for CRPS does not always follow traditional exercise models.
The focus of recent studies has been on a process of graded motor imagery (GMI),
which is an approach that starts with strategies to activate the motor cortex without
actually using muscles. This approach is described by Moseley38 in a 2004 random-
ized controlled trial on patients with upper extremity CRPS. The GMI program con-
sisted of three phases. First, participants were shown pictures of hands, and were
asked to identify whether each pictured depicted a right hand or a left hand. Then
they imagined performing actions shown in pictures of hands. Finally, they engaged
in mirror therapy. Participants in the 6-week GMI program demonstrated improved
pain ratings and decreased edema compared with the control group.38 A systematic
review in 2009 concluded that GMI should be used to reduce pain in adults with
CRPS-1.39 Amore recent systematic review by Cossins and colleagues40 identified tri-
als showing temporary benefit from repetitive transcranial magnetic stimulation on
pain levels and strong evidence for GMI. Sherry and colleagues16 studied the effect
of an intensive exercise program of 14 days mean duration, 5 to 6 hours per day in chil-
dren with CRPS-1. The treatment philosophy was to re-establish normal use of the
affected limb as quickly as possible, primarily through aerobic exercise training.
Patients also underwent desensitization. Three-quarters of the families were referred
for psychological counseling. A total of 92% of patients had initial complete resolution
of pain and return to full function. At long-term follow-up (available for approximately
50% of participants) after a mean of 5 years, 3 months, 88% had no symptoms of
CRPS. This type of intense exercise treatment has not been studied in adults with
CRPS.
NONSPECIFIC LOW BACK PAIN

The effects of exercise on chronic, nonspecific low back pain have been widely stud-
ied. There are many approaches to exercise for back pain including specific exercise
protocols targeting specific impairments, general exercise protocols, mind/body tech-
niques of motor control, and multidisciplinary pain management and functional resto-
ration. A 2010 review of 37 randomized controlled trials found that exercise therapy for
low back pain, compared with usual care, decreased pain intensity and improved
disability and long-term function. There was no evidence that one particular type of
exercise was better than another.41 Mannion and colleagues42,43 noted a similar diffi-
culty in demonstrating significant differences in outcomes from different exercise ap-
proaches to chronic nonspecific low back pain. Smith and Grimmer-Somers44

summarized evidence of the long-term effectiveness of exercise therapy for chronic
low back pain. In reviewing 15 trials using various exercise approaches, they found
evidence of ongoing pain reduction and decreased recurrence rates up to 6 months
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after treatment. Some of the evidence for different exercise approaches for chronic
low back pain is summarized next.

Specific Exercise Protocols Targeting Specific Impairments (Spine Stabilization,
Direction Specific)

Spine stabilization exercises are commonly prescribed for patients with acute, sub-
acute, and chronic low back pain. The goal of this exercise approach is to restore
segmental movement and motor control during static and dynamic functional activ-
ities. Studies support that these types of exercises have immediate short-term benefit,
but limited long-term benefit beyond that of a general exercise program.45–47

Research has not shown that it is the specific musculoskeletal outcome of the exercise
that is causing the benefit to the patient. Mannion and colleagues2 evaluated the effect
of spine stabilization treatment on the voluntary and anticipatory activation of the
transverse abdominus before and after 9 weeks of spine stabilization treatment.
Outcome measures included pain and disability as measured by the Roland Morris
disability score. They found that pain and disability improved. Voluntary, but not antic-
ipatory activation of the transverse abdominus improved. However, there was no cor-
relation between the change in abdominal muscle function and change in disability.
Only the reduction in catastrophizing and fingertip-to-floor distance contributed to
the variance in the RolandMorris scores. Lomond and colleagues48 found that general
trunk strengthening exercises and specific exercises targeting the trunk stabilizers
produced significant improvement in pain and function at 11 weeks and at 6 months
after treatment in subjects with chronic low back pain. Muscle activation patterns were
similar in the two groups after treatment, but notably were still different from activation
patterns in control subjects without low back pain. Wang and colleagues11 in a meta-
analysis of core stability exercise versus general exercise for chronic low back pain
found that the stability exercise was more effective at improving pain and disability
in the short term, but no significant differences for pain were seen at 6 or 12 months.
Steiger and colleagues49 in a 2012 systematic review asked the question of whether
improvements in pain and self-reported disability were contingent on improvement
in targeted aspects of performance. Their review included 16 trials, which included
a variety of performance measures including mobility, trunk extension strength, trunk
flexion strength, and back muscle endurance. They did not find evidence that changes
over the course of exercise treatment in these specific parameters were related to
changes in pain and self-reported disability.
Another common approach is an exercise protocol based on directional preference,

such as the McKenzie approach. These exercises are based on the patient’s “direc-
tional preference,” which is determined by identifying a posture or repeated end range
movement in a single direction that immediately decreases midline lumbar pain or
reduces referred extremity symptoms. Patients are also instructed in body mechanics
and posture. Studies have shown benefit in the very early part of treatment, the first
few weeks, but again no consistent benefit in the long term over intensive strength-
ening, or advice to stay active.50,51 Hosseinifar and colleagues52 compared stabiliza-
tion exercise with McKenzie exercises looking at pain, disability, and stabilizing
muscle thickness. Both exercises improved pain equally, although the stabilization
exercises improved disability and muscle thickness more. However, the patients do-
ing the McKenzie exercises were randomized to this group and did not perform the
exercises based on their particular directional preference. Long and coworkers53 eval-
uated the benefit of directional preference–based treatment comparing the effect of
treatment matched to patient directional preference with treatment that was not
matched. They excluded patients who had been off work for more than a year because
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of their back pain, but otherwise did not specify whether the patients had acute, sub-
acute, or chronic pain. Patients without a directional preference (26% of the initial
sample) were excluded from the study. Patients were randomized to matched direc-
tionally based care, opposite directionally based care, or evidence-based care con-
sisting of multidirectional, midrange lumbar exercises and stretches for hip and
thigh muscles. Over the 2-week trial period, all three treatment groups improved in
measures of pain and function. However, the directionally matched group improved
significantly more than either of the other groups and also had significantly greater
satisfaction with care.53

General Exercise Protocols (General Flexibility, Strength and Endurance Training)

General exercise protocols addressing general flexibility, strength, and endurance
training have all been used for management of chronic low back pain. A 2005 meta-
analysis by Hayden and colleagues54 found low-to-moderate evidence for the effec-
tiveness of exercise in general for managing chronic low back pain, but the exercise
protocols varied over the studies reviewed so it is difficult to point to any one specific
treatment as being better than another. Mannion and colleagues42,43 compared active
physical therapy, muscle reconditioning, and low-impact aerobics in patients with
chronic low back pain and found that they were equally effective in reducing pain in-
tensity, pain frequency, and disability. These benefits were maintained at long-term
follow-up. A systematic review of the effectiveness of walking for low back pain was
limited by the number and the quality of the studies. It showed low-to-moderate evi-
dence that walking is an effective intervention strategy for low back pain.55

Mind/Body Techniques of Motor Control (Yoga, Alexander Technique, Tai Chi)

In recent years there has been increasing interest in movement approaches other than
traditional physical therapy. Although these various approaches may not always fit the
common definition of exercise, they all involve whole body movement with an
emphasis on mind-body integration and improvement in subtle aspects of motor con-
trol. Yoga, Tai Chi, and the Alexander Technique are examples of this nontraditional
approach to movement and exercise but do not represent all of the different tech-
niques available.
Several studies of yoga for chronic pain conditions have demonstrated more effec-

tiveness than minimal intervention, such as a self-care book. Cramer and colleagues56

did a randomized controlled trial of a 9-week yoga course versus a self-care manual of
home-based exercises for neck pain for patients with nonspecific neck pain. They
found that the yoga group demonstrated greater relief of their neck pain, less
disability, improved health-related quality of life, and improved pressure pain thresh-
olds. Tekur and colleagues57 studied the effects of a 7-day residential program of yoga
that included specific poses for back pain and meditation, yogic counseling, and
lectures on yoga philosophy. The control group participated in physical therapy exer-
cises for chronic pain and counseling and education sessions. Both groups improved
in ratings of pain, depression, and spinal mobility but the improvement was greater in
the yoga group. Because of the comprehensiveness of the yoga intervention in this
study it is hard to know if it is the specific physical activities that are effective or
some combination of the physical, counseling, and educational interventions.
Sherman and colleagues58 randomized adults with chronic low back pain to 12 weekly
yoga classes, conventional stretching exercises, or a self-care book. The yoga classes
and the stretching provided benefits including better function and decreased
symptoms compared with the self-care book. The benefits lasted several months. A
2013 meta-analysis of yoga including eight randomized controlled trials found a
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medium-to-large effect on pain and functional disability. This improvement was seen
despite a wide range of styles and duration of treatment. However, the lack of active
control groups made it difficult to assess if yoga had benefit over traditional exercise
programs.59

The Alexander Technique is a movement education technique that teaches skills for
observing the subtleties of overall habits of movement and movement coordination
and teaches patients to change their habits of movement and movement patterns
to facilitate more efficient movement and better coordination. A large 2008 study
compared normal care (control), 6 versus 24 Alexander Technique lessons, six ses-
sions of massage, and an exercise prescription from a doctor with behavioral coun-
seling delivered by a nurse. The main outcome measure was function as measured
by the Roland Morris disability score and the number of days in pain. Outcomes
were measured at 3 months and 12 months. The researchers found benefit in function
and number of days in pain at 3 and 12 months from 6 or 24 Alexander Technique les-
sons, with the 24 lessons having a larger effect. Six lessons combined with aerobic
exercise prescription was nearly as effective as 24 lessons. Although massage pro-
vided some benefit at 3 months this was not sustained at long-term follow-up. One
of the strengths of this study was the number of participants (579) and the setting
including multiple different Alexander Technique teachers.60

Tai Chi is a gentle exercise technique that incorporates balance, body awareness,
strength, and stretching through repeated patterns of movement that are done slowly
and continuously, without strain. Hall and colleagues61 studied a group of 160 volun-
teers with persistent nonspecific low back pain. The Tai Chi group participated in 18
Tai Chi sessions over 10-weeks in a group setting. The control group was waitlisted
and continued their usual health care. The group that participated in Tai Chi had better
improvements than the control group in pain intensity, bothersomeness of symptoms,
and self-reported disability. The findings were of a similar magnitude to those found in
studies of other exercise interventions for chronic low back pain. They were also sta-
tistically significant and clinically meaningful even though only 57% of the participants
attended 50% or more of the Tai Chi sessions. A total of 75% of participants said they
believed the results were worthwhile.

Multidisciplinary Pain Management Programs/Functional Restoration

Multidisciplinary pain programs, also referred to as functional restoration, are pro-
grams of intensive daily treatment that includes quota-based exercise targeting
improving strength, stamina, flexibility, and functional abilities. Treatment is typically
for 6 to 8 hours per day over the course of 3 to 4 weeks. Treatment includes several
hours of active therapy and educational sessions and cognitive behavioral therapy.
Medication management is often an important component. This approach to the
chronic pain patient with entrenched disability was pioneered by Dr Wilbert Fordyce.
In a 1973 article, Dr Fordyce and colleagues62 described using the approach for
selected patients in whom pain was viewed as a learned behavior. The goal of treat-
ment was to diminish pain behaviors and increase well-behaviors and function. Their
subjects showed significant improvement in time spent up (not reclining), in distance
walked, and exercise tolerance and decreased pain medication use. In the 40 years
since this study, there have been multiple studies, meta-analyses, and systematic re-
views assessing the benefit of this type of comprehensive treatment with a clear
conclusion that this treatment provides benefit for reducing disability, reducing fear-
avoidance, decreasing pain, enhancing quality of life, and facilitating return
to work.63–69 Monticone and colleagues70 found persistence of benefits at 1 year
posttreatment.
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EXERCISE PRESCRIPTION AND GUIDELINES

From the previous review, it is clear that patient outcomes are better for those patients
who exercise than for those who do not. However, based on the data, it can be hard to
know exactly which exercise intervention one should choose. The specifics of the
exercise regimen likely matter less than the way in which exercise is prescribed and
taught and the supportiveness of the environment. If you can get your patients moving,
they will typically feel better eventually. The key to effective exercise prescription for
chronic pain is identifying and promoting strategies that facilitate actual participation
in exercise.
There are multiple barriers to exercise participation for patients with chronic pain

(Box 3). These can be divided into patient factors, environmental factors, and health
care–delivery factors. Patient barriers include pain, fear-avoidance, excessive decon-
ditioning, lack of education and understanding about the benefit of exercise, lack of
education and understanding about the neurophysiology of pain and central sensitiza-
tion, strong beliefs that exercise can be harmful, depression, potential dysfunctional
endogenous pain modulation, and lack of self-efficacy. Environmental factors include
Box 3

Barriers to exercise participation

Patient factors

� Pain, particularly centrally mediated pain

� Dysfunctional endogenous pain modulation

� Fear-avoidance

� Excessive deconditioning

� Lack of education and understanding about the neurophysiology of pain and central
sensitization

� Strong beliefs that exercise can be harmful

� Depression

� Lack of self-efficacy

Environmental factors

� Lack of access to a place to exercise

� Perceived or real lack of time to exercise

� Lack of support for exercise from family and work place

� Variable accessibility of appropriate health care providers

Health care delivery factors

� Overly strong focus on the biomedical model of pain

� Lack of attention to the psychological and central nervous system contributions to pain

� Lack of coordination of care between the physician and therapist

� Poor communication between health care providers and patients regarding the value and
importance of exercise

� Poor education of the patient about the meaning of pain

� Lack of sufficient supervision so that the patient feels safe exercising and understands
appropriate strategies for progressing exercise
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lack of access to a place to exercise, perceived or real lack of time to exercise, lack of
support for exercise from family and work place, and variable accessibility of appro-
priate health care providers. Health care–delivery factors include overly strong focus
on the biomedical model of pain with lack of attention to psychological and central
nervous system contributions to pain, lack of coordination of care between the physi-
cians prescribing the exercise and the therapist carrying out the prescription, poor
communication between health care providers and patients regarding the value and
importance of exercise, poor education of the patient about the meaning of pain,
and lack of sufficient supervision so that the patient feels safe exercising and under-
stands appropriate strategies for progressing exercise activities. When prescribing
exercise, these barriers need to be recognized and addressed.
Exercise prescription for the chronic pain patient needs to attend to the functional

biomechanical issues, the cognitive-behavioral issues, and the functioning of the
endogenous pain modulatory system to be successful. The patient evaluation should
identify if there are specific biomechanical deficits to be addressed, such as lack of
flexibility, strength deficits, endurance deficits, or problems with balance and motor
control. This evaluation allows the provider to identify the types of specific exercise
(eg, aerobic, strength training, stretching, balance, motor control) that will be helpful
for correcting these deficits. Patients need specific, detailed advice about the inten-
sity, frequency, and duration of exercise. For example, they need advice about how
long to hold a stretch, how many repetitions to do, and how many repetitions to in-
crease. They need to know which qualities of movement to focus on (eg, speed, ac-
curacy, power, or range of motion). They need to understand what system should
be used to determine progression of exercise. Should progression be guided by
symptoms; by physiologic parameters, such as heart rate; or by quota-based guide-
lines? Guidelines for progression may be different for different aspects of an exercise
program. For example, a patient with upper extremity CRPS may be able to progress
aerobic activity on a stationary bike according to physiologic parameters, but need to
progress the GMI program for the upper extremity based on symptoms. Giving pa-
tients a variety of exercises that address their needs, from which they can choose,
adds flexibility to the program and a better sense of control for the patient.
Evaluation should also identify the patient’s beliefs and understanding about their

pain problem. Most patients with chronic pain still believe that there is a specific prob-
lem in their body producing nociceptive input that is driving their pain. They typically
believe that if something causes pain, then it is dangerous. Unless these beliefs can be
changed, it is unlikely that a patient will persevere enough with an exercise program to
succeed. Neuroscience education is a strategy that has shown efficacy for changing
patient beliefs and facilitating exercise participation. Louw and colleagues71 in a 2011
systemic review of eight studies of the effect of neuroscience education for patients
with chronic musculoskeletal pain found “there is compelling evidence that an educa-
tional strategy addressing neurophysiology and neurobiology of pain can have a pos-
itive effect on pain, disability, catastrophization, and physical performance.” A
practical description of this approach is available from several authors.72–74

Education about fear-avoidance has also shown benefit for increasing activity
participation. Fear-avoidance promotes persistent pain experience and disability. In
the fear-avoidance model, injury leads to a pain experience that in the presence of
negative affect and frightening illness information causes pain catastrophizing. This
leads to pain-related fear, avoidance (of activity) and hypervigilance (regarding symp-
toms), disuse, depression, and disability, all of which contribute to an ongoing pain
experience.75 A quota-based approach to exercise with fear-avoidance education
studied by Kernan and Rainville76 led to functional gains and decreased kinesiophobia
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and improved measures of disability in patients with chronic low back pain. In a pri-
mary care setting, education targeting fear-avoidance beliefs and encouraging activa-
tion for patients with chronic back pain led to sustained reductions in fear-avoidance
beliefs, activity limitations caused by back pain, and days missed from usual activities
caused by back pain.77

Strategies to facilitate exercise adherence are also important. Cecchi and col-
leagues78 found that exercise adherence almost doubled the probability of a favorable
response to an exercise program at 1-year follow-up in chronic low back pain patients.
Medina-Mirapeix and colleagues79 assessed factors that predicted adherence to the
frequency and duration components of a home exercise program in patients with
nonspecific neck and low back pain. They found that self-efficacy (the belief in
one’s own ability to succeed in a particular situation, in this case exercise) was predic-
tive of adherence to the frequency and duration aspects of a home exercise program.
Similarly, Courneya andMcAuley80 found that self-efficacy was an important predictor
of physical activity in a sample of young healthy adults. Medina-Mirapeix and col-
leagues also looked at how the interaction and communication between the physical
therapist and the patient impacted home exercise adherence. They found that clari-
fying doubts and questions from the patient was associated with a higher likelihood
of adherence to the recommended frequency of home exercise. Slade and col-
leagues81 did a review of patients’ beliefs and perceptions about exercise for nonspe-
cific low back pain. They concluded that people prefer and are more likely to
participate in exercise activities designed with a consideration of their preferences
and consistent with their circumstances, fitness level, and prior exercise experiences.
They noted that people did not continue if the exercise program interfered with
everyday life, seemed ineffective, or was too difficult to do. Good communication
with the therapist was important to patients to allow for questions to be answered
and to facilitate making the intervention relevant to the patient. Creating a consultative
rather than prescriptive process was important to patients.
One of the barriers to self-efficacy with respect to exercise in the chronic pain

patient is prior experience of aggravation of pain symptoms after engaging in exercise
or other activity. The quota-based approach to exercise is very valuable for building
patients’ confidence that they can succeed with exercise (Box 4). This approach starts
with identifying a baseline level of function that is achievable for the patient. The goal is
to start at a level at which the patient can be successful. A rate of progression is deter-
mined that is safe and achievable. Each day’s activity is based on the specific quota
for that day and is not pain-contingent. It is emphasized to the patient that it is impor-
tant to not do more when feeling good, or less when feeling bad. This approach to
Box 4

Quota-based reactivation

� Identify a baseline level of function at which the patient can be successful

� Determine a rate of progression that is safe and achievable

� Do ONLY what is on the schedule for the day, not more if feeling good, or less if feeling bad

� Activity levels are NOT pain-contingent, but based on the predetermined quota for the day

� If patient falls off the progression, go back to an achievable level and resume the process

� Goal is to remove pain as the guiding control of activity and replace control with a rational
process that determines a reasonable activity level
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exercise has demonstrated effectiveness for patients with chronic low back pain. It
allows patients to be successful and therefore build confidence and have reduced
fear of reinjury with exercise. This process helps to break patients out of the fear-
avoidance cycle.76 As patients are successful with exercise, their self-efficacy with
regard to exercise increases.
Box 5 summarizes decisions to be made when prescribing exercise. An effective

exercise prescription starts with education of the patient focusing on neuroscience
education so that they better understand the meaning of their pain and also under-
stand the benefits of exercise for improving their pain modulating system. Education
must also include specific, detailed exercise recommendations so that the patient un-
derstands exactly what they are supposed to do and so that they understand that the
exercise activities are safe and are not going to put them at risk of injury or reinjury.
Patients typically need frequent reassurance from the physician and the therapist.
To prevent confusion, the physician and therapist need to communicate regularly so
that the patient is getting the same message from all members of their treatment
team. Specific exercise choice needs to make biomechanical sense, but also needs
to meet the needs and preferences of the patient. Exercise intensity needs to start
at a level and progress at a rate at which the patient can be successful. Through
this process the patient learns to differentiate important pain (pain that should be
attended to) from unimportant pain (pain that is not providing information about injury
or potential for injury). This knowledge allows them to persevere in their exercise
activity even when it does not immediately relieve their pain and especially when it
flares up their symptoms. Over time, the improvements in strength, flexibility, condi-
tioning, and body mechanics gained through exercise diminish the risk of reinjury
and diminish fear-avoidance by helping patients feel in control of their bodies and
safe in their daily activities.
SUMMARY

Although there is a lot of research evidence that exercise is helpful for a multitude of
chronic pain conditions, it has been difficult to clearly demonstrate the superiority of
one approach over another. The benefit of exercise for pain control likely comes
Box 5

Decisions to make when prescribing exercise

� Does the program need to address specific biomechanical deficits?

� What types of exercise will be helpful and accepted by the patient?

� What dose of exercise is recommended including intensity, frequency, and duration?

� What quality of movement should be emphasized? Speed, accuracy, power, range of
motion?

� What system for progressing exercise? Guide by symptoms? Physiologic changes? Quota-
based?

� Are there a range of exercises that can be useful to give the patient as much choice as
possible?

� What education does the patient need and who will provide it?

� If multidisciplinary care is needed, but not available, how can the physician and the therapist
facilitate a behavioral approach?
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from the impact of exercise on the endogenous opioid system and on central pain
modulatory systems. Patients with some chronic pain conditions seem to have a
dysfunctional endogenous pain modulatory system, which should be considered
when prescribing exercise. The prescription of exercise for chronic pain must address
the biomechanical issues and the psychosocial factors that contribute to the patient’s
pain and disability. Patient education, coordination of care within the health care team,
and selecting an exercise regimen that is meaningful to and achievable by the patient
are all important components to promote a successful rehabilitation program.
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