
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

A Randomized, Single-Blind, Controlled, Parallel Assignment
Study of Exercise Versus Education as Adjuvant in the

Treatment of Peripheral Neuropathic Pain
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Objective: Some forms of chronic pain are receptive to exercise ther-
apy for maintenance of pain relief. We evaluated the impact of a
balanced exercise program in the management of human peripheral
neuropathic pain compared with an educational intervention.

Methods: This was a single-center, randomized, single-blind, con-
trolled study using an intention-to-treat protocol. Patients with
confirmed neuropathic pain and a pain score Z4 (0 to 10 scale) on
visual analog scale (VAS) continued their regular pain therapies
and were randomized to 6 months of either a balanced exercise
program or an educational program. VAS for pain severity was the
primary outcome variable. Characteristics of pain, function, mood,
anxiety, sleep, and quality of life along with Single Stage Treadmill
Walking Test calculating maximal oxygen consumption (VO2)
formed the secondary outcome measures.

Results: Seventy-eight patients were screened and 54 participated,
with 28 randomized to exercise and 26 randomized to education. A
total of 19 (68%) and 20 patients (77%) completed exercise and
education, respectively. VAS scores improved 17% for the exercise
group as compared with 9% for the education group (P=0.08).
The only secondary outcome measure demonstrating improvement
was VO2, which improved in exercise participants (25.6±4.5mL/
kg/min at baseline vs. 28.9±3.8mL/kg/min at 6mo).

Discussion: A balanced exercise program was beneficial for exercise
capacity, but produced only a medium-sized effect without stat-
istical significance. A small sample size and unexpectedly high
dropout rates may have limited our ability to demonstrate stat-
istically significant improvement in pain relief.
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Neuropathic pain (NeP) is a form of chronic pain
resulting from a disease or lesion within the central or

peripheral nervous system.1 Because of a multitude of con-
ditions affecting the peripheral nervous system, including

trauma or surgery, radiculoplexopathy, and central nervous
system conditions, NeP is a chronic disabling condition.2,3

Patients with NeP face comorbidities as well, including
insomnia, depression, anxiety, and lost quality of life.2,4

Although many pharmacotherapies exist for NeP manage-
ment, these are frequently associated with inefficacy and
inevitable, possibly intolerable, adverse effects. Even if suc-
cessful, pain relief is often partial and incomplete,5 leading to
frequent attempts at complementary therapies. Therefore,
studies and incorporation of nonpharmacological inter-
ventions is desirable for both patient and clinician. One
particular understudied intervention is that of the role of
physical exercise. Certainly, the benefits of exercise extend
beyond weight loss and muscle conditioning, for which it is
often recommended. For example, improvements in car-
diovascular risk factors (eg, decreased blood pressure; cho-
lesterol, triglyceride, and fasting serum glucose levels) occur
in patients who adopt a moderate regular exercise program.6

Even if only associated with minimal weight loss, obese
patients with reasonable cardiorespiratory fitness levels have
reduced cardiovascular mortality risk when compared with
lean, but unfit, patients.7 Not only does physical inactivity
increase the risk of chronic diseases such as coronary heart
disease, type 2 diabetes, and colon cancer,8 but it also leads to
generalized deconditioning that can worsen chronic illnesses.
However, most adults even without presence of a chronic
illness such as NeP do not currently achieve minimal levels of
exercise.8–10

There is some evidence that targeted exercise programs
can be of benefit for pain management for chronic back
pain11,12 and fibromyalgia (FM).13,14 These clinical studies
have suggested a modest efficacy for exercise to decrease
pain and improve function in patients with low back pain,11

whereas more concrete evidence that exercise programs
improve symptoms and physical capacity in FM15 exists.
Exercise may alleviate peripheral NeP in preclinical rodent
studies,16 but there are no randomized controlled clinical
trials examining the impact of exercise in a population of
chronic, peripheral NeP patients. There were encouraging
suggestions of potential benefits upon pain severity and
even cutaneous innervation patterns demonstrated in an
open-label study17 in diabetic peripheral neuropathy
patients. We assessed the role of an adjuvant balanced
exercise program with comparison to an educational ini-
tiative in the management of peripheral NeP using a
randomized single-blinded controlled trial to determine
potential benefits upon pain severity and related comor-
bidities. Our hypothesis was that a balanced exercise pro-
gram would be effective for reduction of pain severity as
compared with an educational program for patients with
peripheral NeP.
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MATERIALS AND METHODS

Patient Assessment
This study was approved by the Conjoint Health

Research Ethics Board at the University of Calgary. Patient
recruitment occurred through both primary and tertiary
care (Calgary Chronic Pain Centre and the Neuropathic
Pain Clinic) clinics in Calgary, Alberta, Canada with an
intended equal distribution of recruitment. Recruitment
occurred between February 2007 and May 2010.

Patients were assessed by a single neurologist during
the study. Men or women aged 18 to 80 years with NeP
associated with a peripheral neuropathic process were
included in the presence of chronic pain (as long as a
Douleur Neuropathique (DN4)18 questionnaire score was
Z4) and if presence of peripheral NeP was confirmed by a
neurologist through standard history and examination.
Peripheral NeP was defined as “pain caused by a lesion or
disease of the peripheral somatosensory nervous system.”19

Conditions to be considered included polyneuropathy,
cervical, thoracic or lumbosacral radiculopathy, peripheral
nerve entrapment, postsurgical or posttraumatic neuro-
pathy, brachial plexopathy, trigeminal neuralgia or atypical
facial pain, postherpetic neuralgia, or complex regional
pain syndromes I or II.

After completion of written informed consent, patients
were randomized to one of a balanced exercise program or
an educational program. An electronic system was used to
randomize individual patients without block random-
ization, with envelopes used for notification of the patient.
Randomization was known to patients, the clinical coor-
dinator, and the kinesiologists, but was unknown to the
assessing physician (C.T.).

Inclusion criteria consisted of the following: (1) 18 to
80 years old; (2) neurologist-provided diagnosis of a nerv-
ous system lesion and associated NeP as a primary source
of pain; (3) NeP has been present for 6 months or more in
duration; (4) DN4 questionnaire score of Z4; (5) NeP
severity of Z40mm on a VAS on the short-form McGill
Pain Questionnaire20 at study entry; (6) willingness to be
enrolled in either exercise or educational sessions; (7) per-
ceived ability to walk on a flat surface or treadmill for at
least 1 km/d at time of enrollment on behalf of the patient
and enrolling physician; (8) willingness to continue with
regular assessments at 3 and 6 months; (9) absence of any
planned trips away from Alberta of 2 weeks or more; and
(10) willingness to provide informed consent. Exclusion
criteria were comprised of: (1) another cause of non-NeP
source of pain that is more dominant than the peripheral
NeP or that cannot be separated clinically; (2) presence of
NeP for 6 months or less; (3) central nervous system cause
of pain; and (4) absence of other health concerns in the view
of the enrolling physician that could impact upon per-
formance, including cardiovascular or pulmonary disease,
severe obesity, amputation, use of mobility assistive devi-
ces, or active neoplasia (other than forms of skin cancer).
Patients with other forms of chronic pain deemed tolerable
and not interfering with daily functioning (such as osteo-
arthritis) were not excluded if it was determined that the
patient could separate the manifestations of both forms of
chronic pain.

Study Design, Protocol, and Interventions
This was a single-center, parallel-group, single-blind,

controlled randomized clinical trials designed to compare 6

months of an exercise intervention versus 6 months of edu-
cational intervention (selected to be a control comparator).
This was an adjuvant study—patients already using other
forms of therapy, including pharmacotherapy and alternative
therapies, were permitted to continue as long as the quantity of
the intervention remained unchanged. No discontinuation of
other therapies was performed.

Before obtaining consent, patients were informed tht
they would receive either the exercise or education inter-
vention over the next 6 months. Efficacy assessments and
questionnaires were completed, followed by 1 week of
completion of daily pain severity and sleep disruption
severity diaries. Patients were required to complete at least
75% of their daily pain diaries over this baseline week or
exclusion occurred. After this baseline week, patients ini-
tiated their randomized intervention.

Exercise Program
The exercise program was designed to be individual to

the patient’s condition and abilities by a kinesiologist. The
program consisted of moderate exercise emphasizing aero-
bic exercise and stretching led by the same kinesiologist
who met with the patient for 2 hours each month at a
gymnasium. On their first visit, an exercise capacity test was
performed. In addition, a Single Stage Treadmill Walking
Test calculating maximal oxygen consumption (VO2)

21 was
performed at baseline and at a final visit. An individualized
program was designed and taught to each patient, followed
by observation. A suggested schedule of regular exercise
occurring 3 to 5 days per week over the subsequent month
was proposed and provided. Diaries were given to each
patient to monitor their exercise schedules over the next 6
months. Although their presence at the gymnasium was
recorded by electronic key card entry, patients were per-
mitted to exercise in another setting as desired. The patients
exercised in groups of up to 5 patients for each session.
Patients were provided with a 6-month pass to the gym-
nasium for the period of this study free of cost.

The exercise program was designed to consist of
exercises for stabilizing core torso muscles as well as aerobic
exercises consisting of treadmill walking or running, ellip-
tical stairclimber, or cycling exercises, as chosen by the
patient. Proper stretching techniques were taught. A target
exercise heart rate (HR) was calculated by using: (maximal
HR�resting HR) (intensity fraction)+ resting HR (HR
reserve method). It was intended for exercise intensity to
start at 40% to 60% of HR reserve, with gradual pro-
gression up to approximately 85% as tolerated over the 6-
month period. Heart monitoring was performed with a
standard heart rate monitor during monthly visits. Per-
ceived exertion ratings were performed using the Borg CR-
10 scale22 as a form of feedback for patients to help guide
exercise intensity. The duration of exercise performed
between monthly kinesiologist visits ranged between 15 and
60 minutes as individually tolerated with a schedule of 3 to
5 days per week of exercise recommended. The schedule
provided encouraged performance of the same exercises
between monthly sessions. Each subsequent month,
patients returned for follow-up visits, which again lasted 2
hours, and during which the kinesiologist and patients
discussed their program successes and hurdles. Diaries were
reviewed and problems were identified with suggestions for
correction through active feedback and trial and error.
During the final 6-month visit, each patient performed their
final kinesiologist assessment and questionnaires were
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repeated followed by an exercise capacity test for compar-
ison to their baseline test.

Educational Program
For those patients randomized to the educational

protocol, they met with the kinesiologist after the baseline
week. This was a monthly program designed to spend
similar amounts of time with the kinesiologists as experi-
enced in the exercise protocol. During each of the total of 6
monthly visits, an educational lecture was provided by a
kinesiologist for a 2-hour session. Educational information
was provided to each patient regarding maintenance of
exercise, diet, and sleep habits over the next 6 months.
During each of the 6 sessions, information important for
overall health was provided and discussed in a group setting
for the following topics: exercise, diet, sleep hygiene, pain,
relaxation, and a summary/review session.

Outcome Measures
At the baseline visit and after 3 and 6 months of

intervention, patients were assessed by the neurologist who
was blinded to intervention allocation. Our primary out-
come measure was the change in NeP severity at endpoint,
determined using a standard 100mm VAS of the short-
form McGill Pain Questionnaire20 performed over 1 week
and averaged for each response. This was performed at the
baseline week, during a single week at the end of 3 months
of study, and at the completion of the intervention, with
recording of pain severity again performed daily for 7 days.
Completion of at least 75% of the daily scores for each
week of assessment was required for data inclusion for each
of these weeks assessed—this strategy was performed to
prevent missing data imputations for Z25% of the 7 daily
score items, which could introduce bias where only scores
representing the participant’s worst or best days were
analyzed. Regression imputation bias is known to be min-
imal when <2 items are missing for imputation for a 7-item
scale; the last observation carried forward technique was
used in this scenario.

Secondary outcome measures consisted of other effi-
cacy assessments, and questionnaires directly or indirectly
related to pain were completed at baseline visit and at the 6-
month final visit. These secondary efficacy assessments
included the modified Brief Pain Inventory short form
(MBPI),23 the EuroQol 5 Domains (EQ-5D),24 the Hospital
Anxiety and Depression Scale (HADS),25 the Medical
Outcomes Study Sleep Scale (MOSSS)26 based on a 1-week
recall period, the Pain Treatment Satisfaction Scale
(PTSS),27 Neuropathic Pain Symptom Inventory (NPSI),28

and the Karnofsky Performance Scale (KPS).29 The EQ-5D
has 2 sections—the first section examines 5 dimensions of
the health state: mobility, self-care, usual activities, pain/
complaints, and anxiety/depression. Self-recorded EQ-5D
utility scores based upon overall well-being compose the
second section. We used the PTSS to determine patient-
related evaluation of treatment effectiveness. For patients in
the exercise cohort, performances of Single Stage Treadmill
Walking Test to calculate maximal oxygen consumption
(VO2) was a secondary outcome. Finally, the Patient
Global Impression of Change (PGIC)30 and the Clinician
Global Impressions Scale (CGI), during which patients and
clinicians, respectively, rate overall status on a 7-point scale
from 1=very much improved to 7=very much worse, was
completed at final visit. Tertiary outcomes included body

weights and body mass indices (BMI) performed at baseline
and final visits.

Tolerability and Safety Assessments
A full physical exam including a neurological com-

ponent was completed at baseline and at endpoint for all
patients. All spontaneously reported and observed adverse
events were recorded by kinesiologists during monthly
visits. The Medical Dictionary for Regulatory Activities
(MedDRA) terminology was used to record adverse events.

Data Analysis
There are no previous trials in peripheral NeP to use

for sample size estimation. On the basis of our primary
endpoint of mean pain reduction based upon daily VAS
scores from each of the baseline and final weeks of study,
sample size calculation used an estimated difference in
means on the VAS of 0.33 with a SD of 1.0, a=0.05, and
1-b=0.5, providing a sample size of 24 for each cohort. We
estimated a 10% dropout rate, leading to a total cohort of
54 patients to be enrolled. No interim analyses were
planned.

All analyses were based on the intention-to-treat
population. Missing values were managed using imputation
techniques using the last observation carried forward
technique. We also calculated the proportions of patients
with a Z30% and Z50% reduction in pain score between
baseline and endpoint (responder analyses), compared
using ANOVA testing. Mean changes from baseline to
endpoint for primary, secondary, and tertiary efficacy var-
iables (non-categorical) were also determined for each scale
using ANOVA based on 2-sided testing without adjustment
for testing multiple measures and with control for baseline
values. Statistical significance was set to be a=0.05 in each
case. Bonferroni corrections were applied for evaluation of
multiple subsections of secondary outcome measures. We
analyzed categorical variables such as with the PGIC and
CGI using the Cochran-Mantel-Haenszel test. Finally, we
performed post hoc linear regression analysis to determine
any relationships between VAS score improvement (inde-
pendent variable) and number of exercise days performed
(dependent variable).

RESULTS

Patients
Our study was impacted by high discontinuation rates

(Fig. 1). A total of 78 patients were assessed for eligibility in
the study, with 47 of these patients recruited from tertiary
care clinics in the investigators’ primary institution,
whereas 31 other patients were referred from primary care
clinics. A total of 24 patients were excluded, due to being
unable to perform exercise or education visits (n=13) or
declining to continue after the first week of baseline
assessments when randomization was provided (n=11).
Thus, a total of 54 patients were enrolled in this single-blind
study. Of these patients, 28 were allocated to the exercise
intervention, whereas 26 were allocated to educational
sessions. Although there were no patients lost to follow-up
with either intervention, a total of 9 patients discontinued
the exercise intervention after an average of 1.6±0.7
months, whereas 6 patients discontinued the education
intervention after an average of 1.3±0.5 months. For
those patients remaining in the exercise intervention cohort,
a minimum of 3 days of exercise was recorded in diaries
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collected for 86% of weeks studied; only 13% of these
exercise experiences were recorded as visits at the gymna-
sium using the keycard entry data. The mean number of
exercise days was 95.1±6.4 in the exercise cohort. Baseline
demographic and clinical characteristics were similar
between the 2 randomized treatment cohorts for sex, age,
duration of disease, and number of pain medications used
(Table 1).

Study Interventions
The average attendance for exercise intervention and

education intervention patients was 4.3±2.0 and 4.1±1.7
sessions, respectively, with kinesiologist-directed sessions.
Discontinuations in the exercise intervention consisted of
lack of willingness to continue due to increased discomfort
(n=7) or lack of willingness to attend sessions at the
gymnasium (n=2). In the education intervention,
discontinuation occurred due to lack of interest in con-
tinuing to attend sessions in all 6 patients. Analysis of all
patients randomized to exercise or education interventions
took place regardless of discontinuations of interventions.

Efficacy
For the primary endpoint, the exercise program cohort

reduced VAS pain severity by 7.9±2.8mm (15.2%±5.4%)
as compared with 3.9±5.4mm (7.3%±10.2%) in the
education program cohort (Fig. 2). This was a nonstatisti-
cally significant difference between cohorts (ANOVA,
P=0.08). Despite this negative result, an effect size of 0.31
was calculated for the exercise intervention. The percentage
of excluded averaged VAS scores was 6% for all patients due
to completion of r75% of days during the week of assess-
ment. The number of patients with Z30% reduction in pain
from baseline to endpoint was 0/28 (0%) in the exercise
intervention group and was also 0/26 (0%) in the education
intervention group.

For secondary outcome measures, the subsections of the
MBPI, PTSS, and the NPSI showed no significant changes
over time or between interventions. Similarly, there were no
significant improvements noted with the EQ-5D for utility or
index scores, MOSSS index scores, or the HADS or its sub-
sections (Table 2). Mean KPS scores also did not show sig-
nificant improvement over time. Tertiary endpoints of weight
and BMI also showed no significant change at endpoint.

FIGURE 1. Patient disposition throughout the study using the CONSORT guidelines. This was a randomized, single-blind, controlled,
parallel assignment study of exercise versus education as adjuvant in the treatment of peripheral neuropathic pain.

Toth et al Clin J Pain � Volume 00, Number 00, ’’ 2013

4 | www.clinicalpain.com r 2013 Lippincott Williams & Wilkins



Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

At endpoint, all patients and the blinded clinician com-
pleted the PGIC and CGI, respectively. Although leftward
shifts occurred in each case, there was no significant difference
between cohorts for either measure (Fig. 3). A post hoc
regression analysis did not show any significant relationship
between total exercise days performed and VAS pain severity
score change (F=0.38, R=0.15, P=0.55).

The maximal oxygen consumption (VO2) was per-
formed for all 28 patients in the exercise intervention cohort
at baseline and for 19 patients at endpoint. For all 28
patients, the VO2 was 22.8±5.6mL/kg/min at baseline.
For the 19 patients completing the exercise intervention,
VO2 was 25.6±4.5mL/kg/min at baseline versus
28.9±3.8mL/kg/min at the 6-month endpoint, a sig-
nificant improvement for those particular patients
(P<0.05, ANOVA). Using imputation techniques, there
was no significant improvement in VO2 for all patients
randomized to the exercise cohort.

Although discontinuations were common in both
cohorts, all patients returned for 6-month endpoint assess-
ments. Imputation of data using the last value carried forward
technique was required for 4.3% of all data assessed in the
study—this was required for data for patients that did not
perform the 3-month follow-up visit and for some patients that
declined to perform 6-month questionnaires. As mentioned,

last observation carried forward techniques were used for
imputation of this missing data.

Tolerability and Safety
At endpoint, no patients in the education intervention

cohort reported any adverse events related to their partic-
ipation. In the exercise cohort, a total of 5 patients reported
transient worsening of their chronic pain, whereas 3
patients reported dizziness, and 2 patients reported muscle
strain at the shoulder and hip girdle regions. All of these
adverse events were described as either mild or moderate in
intensity.

DISCUSSION
This is the first randomized clinical trial to examine the

potential role of an exercise program in the management of
peripheral neuropathic chronic pain. On the basis of our
data, there were no significant improvements in pain
severity, as well as for associated features of sleep efficacy,
mood and anxiety, and quality of life when compared with
a cohort of patients receiving educational sessions. This
lack of improvement may relate to a number of issues,
including the selection of the exercise program, the nature
of conditions suffered by patients enrolled in the study, a
small sample size, and higher than anticipated dropout
rates, each of which reflected upon endpoint measures.
High rates of dropouts occurring due to “lack of reported
interest” in the education cohort and due to “increased
discomfort” in the exercise cohort were unforeseen. The
disease condition associated with higher rates of
discontinuation of either exercise or education intervention
was type 2 diabetes mellitus and diabetic peripheral
neuropathy in nearly 50% of cases. This is in contrast with
other trials studying patients with diabetes mellitus alone or
fibromyalgia, which have had better retention rates.31–33

Adverse effects were few, but overall, the exercise inter-
vention offered failed to impact significantly upon pain
severity and related measures. For those patients remaining
in the exercise cohort to endpoint, there was a significant
improvement in exercise capacity which is likely to con-
tribute to other health benefits. Thus, although perform-
ance of exercise may portend other benefits, it did not seem
to benefit peripheral NeP severity in our study population.
The calculated effect size was in a medium range, which
suggests the possibility that a larger scale study encom-
passing greater anticipated dropout rates and with less

TABLE 1. Patient Characteristics for All Patients Enrolled to Exercise or Education

Exercise Intervention

(n=28)

Education Intervention

(n=26)

Sex [females (%)] 16 (57) 16 (62)
Age [y (range)] 54.8±6.7 (36-79) 55.4±7.0 (38-80)
Duration of NeP (y) 4.6±5.4 (0.6-11.9) 4.9±5.9 (0.9-16.3)
No. pain medications 2.8±2.4 (0-6) 2.9±2.9 (0-8)
Diagnosis
Postsurgical/posttraumatic 7 8
Diabetic polyneuropathy 9 7
Other cause for polyneuropathy 4 3
Trigeminal neuralgia/other facial pain 1 1
Cervical/lumbar radiculopathy 4 3
Postherpetic neuralgia 2 2
Complex regional pain syndrome 1 1
Inflammatory polyneuropathy 0 1

FIGURE 2. The effects of exercise or education interventions
upon visual analog scoring for pain severity are demonstrated
without significant difference between cohorts. Values shown are
means ± SE.
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modest sample size calculations might find different results
than our study.

There are several important strengths of this study.
First, this was a randomized trial with a blinded assessor. It
is hard to conceive of a double-blinded methodology for an
overall exercise intervention—we chose to use a comparator
of educational sessions with similar amounts of time spent
with the same kinesiologists also performing the exercise
portion of the study. We used pain severity as a primary
outcome measure, and utilized Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials
(IMMPACT) recommendations as secondary outcomes.34

Although the overall population size studied was moderate,
the anticipated sample size expectations were met. Finally,

we studied exercise capacity and determined that
improvements could be detected in our exercise inter-
vention cohort for those continuing with a regular exercise
program—this also suggests that the exercise program
performed was sufficient to improve overall physical
capabilities.

Previous studies have demonstrated the benefits of
exercise for patients with conditions of chronic pain. It has
been shown that aerobic exercise can reduce pain, depres-
sion, and fatigue while improving quality of life in patients
with FM, although benefits seemed not to be maintained
long-term, possibly due to discontinuation of exercise after
the trial conclusion.35 In addition to improving pain
severity, improved function in FM patients is also possible

TABLE 2. Secondary and Tertiary Endpoints

Timepoint

Characteristics

Baseline Exercise

(n=28)

Baseline Education

(n=26)

Endpoint Exercise

(n=28)

Endpoint Education

(n=26)

European Quality of Life-5 Domains (EQ-5D)
EQ-5D utility score 64.3±4.3 63.2±6.2 68.6±4.9 65.2±7.0
EQ-5D index score 0.58±0.06 0.54±0.07 0.61±0.07 0.56±0.06

Medical Outcomes Study Sleep Scale (MOSSS)
Characteristic MOSSS sleep
problems index

32.9±1.9 32.5±2.3 29.8±2.1 31.0±2.4

Hospital Anxiety and Depression Scale (HADS)
Characteristic HADS-A
(anxiety)

7.8±0.9 7.4±1.2 7.4±1.1 7.1±1.3

HADS-D (depression) 5.6±0.6 5.8±1.3 5.5±0.8 5.7±1.4

Karnofsky Performance Scale
Karnofsky mean Score 68.2±6.5 66.7±7.3 70.6±7.3 65.8±8.4

Weight (kg) 78.2±9.8 79.7±9.3 77.6±10.5 79.9±9.5

Body mass indices (Kg/m2) 27.4±3.5 27.7±3.7 27.2±3.4 27.7±3.7

Values shown are means±SE.

FIGURE 3. Patient Global Impression of Change (PGIC) and Clinician Global Impressions Scale (CGI) were analyzed using a Cochran-Mantel-
Haenszel procedure, adjusting for center in each case. The PGIC expresses the patient’s responses for each of exercise (A) and education (B)
interventions. Expressing the clinician’s view on overall well-being, the CGI is demonstrated for both exercise (C) and education (D) inter-
ventions. There were no significant differences between cohorts with respect to either the PGIC or the CGI measures at endpoint.
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after 3 months of exercise with loss of benefit again after
discontinuation of intervention.36,37 A Cochrane review has
determined that mild efficacy for pain and function may
occur with exercise therapy in patients with low back
pain.11 Although positive studies certainly exist for exercise
therapy in populations of low back pain patients,38 other
studies have not found improvement in pain and disability
when compared with rest therapy39 or conventional physi-
otherapy.40 Most of these positive studies are limited to 12
weeks of intervention; however, a loss of sustained benefit
occurs in many studies of lifestyle intervention in patients
with chronic pain,37 just as with patients having obesity and
diabetes.41,42 As a result, our long duration study may have
been negative due to a loss of initial benefit; however, assess-
ment at the 3-month timepoint also showed no positive benefit
for pain severity. Peripheral NeP has been suggested to be a
more severe, refractory form of chronic pain than other
causes,24 which may lead to less substantial pain relief when
compared with other forms of chronic pain. It may also be
possible that the location of the NeP over the feet in many
participants [17/28 (61%) in exercise cohort and 15/26 (58%)
in education cohort] was a limiting factor as compared with
other conditions studied; most of the exercises performed
required standing or walking postures, which could provide
short-term exacerbation of lower limb pain due to peripheral
neuropathy. Perhaps future studies should examine other
forms of exercise not requiring standing or walking postures,
such as with a recumbent bicycle or swimming/aqua exercises.

The rationale for exercise therapy in conditions with
chronic pain is varied and uncertain. Exercise leads to
improved overall well-being15 and may lead to mod-
ifications of central neurotransmitters such as norepineph-
rine, important in central inhibitory pathways.43 In addi-
tion, exercise therapy may also influence pathologic factors
associated with neuropathic lesions such as reduction of
inflammatory factors,44 increasing vascular perfusion,45

and rises in neurotrophic factors.46 It is also conceivable
that exercise promotes central synaptic plasticity and neu-
rogenesis, as found in animal models.47 Overall, it is likely
that the benefits of exercise are multifold within the nervous
system with obvious benefits upon our cardiovascular and
musculoskeletal systems as well. It is plausible that exercise
therapy may be beneficial in particular conditions with
peripheral NeP for all of these reasons, but in our general
population of patients with peripheral NeP, there were no
measurable benefits upon pain or related comorbidities.
NeP severity of pain may eclipse that of non-NeP chronic
pain,24 preventing the benefits of an exercise program that
seems to provide at least some benefit for other conditions.

There are certainly limitations associated with this
study and its results. The greatest limitation was relatively
low retention in each cohort. We used a SD value of 1.0 to
perform sample size calculations which was conceivably
underestimated, contributing to a possibly underpowered
study; we cannot rule out the possibility of a type II error as
a result. As well, dropouts constituted 28% of enrolled
patients, much higher than the anticipated 10% forecast.
Given the calculated effect size and with consideration of
this dropout rate, a study designed with power of 0.9 and
a=0.05 and enrolling 92 participants could potentially
yield a positive outcome. This was an adjuvant study, and
although other therapies were maintained as constant, we
cannot rule out the potential for external contributions
such as that from pharmacotherapies or even performance
of exercise in the education cohort. It is possible that the

exercise program used was not appropriate for our patient
population, although this program was similar to that used
in other trials examining other chronic pain conditions.38,39

The exposure to the exercise program portion was limited
to a 6-month period, which may be inadequate but is again
longer than33 or consistent with that of other published
positive studies.48 It is possible that once-monthly sessions
for assessment of exercise regimens was suboptimal, but
this is again identical to protocols in other trials assessing
exercise sessions.48 On the basis of diaries reviewed, the
majority of reported exercise took place outside of the
chosen gymnasium, so it is possible that compliance was
less than reported. It could be argued that the primary
outcome measure should consist of a functional measure
rather than pain severity, but functional measures including
the Brief Pain Inventory were also unchanged in our pop-
ulation. Instead, we postulate that patients with peripheral
NeP, which may be a more severe and refractory condition
than other forms of chronic pain,24 are not subject to as
substantial improvement with exercise programs as do
other forms of chronic pain. This may be due to pain being
present over the extremities and concomitant allodynia in
some cases. Finally, although patients enrolled in this study
were representative of both primary care and tertiary care
clinics, they may not be representative of the general pop-
ulation of patients with peripheral NeP.

In conclusion, we report that the impact of an exercise
program for a population of patients with peripheral NeP
may increase exercise capacity, but failed to impact sig-
nificantly upon pain severity and other comorbid con-
ditions. However, our findings are limited by higher than
anticipated dropout rates, and the calculated effect size
suggests that a larger scale study may lead to positive
findings and determine an important role for exercise in this
patient population. Our findings should not deter the clin-
ical suggestion of an exercise program for this patient
population, but may explain the absence of improvement in
pain-related measures. The benefits of exercise extend
beyond simply benefits upon pain, and could still be
extolled for the patient suffering from peripheral NeP for
reasons beyond that of pain relief alone. Despite the neg-
ative result, we still advocate for exercise programs to be
considered for this patient population, and also suggest that
larger scale studies be considered in future.
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