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Background: Neuropathic pain (NP), a severe and disruptive symptom following

many diseases, normally restricts patients’ physical functions and leads to anxiety and

depression. As an economical and effective therapy, exercise may be helpful in NP

management. However, few guidelines and reviews focused on exercise therapy for

NP associated with specific diseases. The study aimed to summarize the effectiveness

and efficacy of exercise for various diseases with NP supported by evidence, describe

expert recommendations for NP from different causes, and inform policymakers of

the guidelines.

Design: A systematic review and expert consensus.

Methods: A systematic search was conducted in PubMed. We included systematic

review and meta-analysis, randomized controlled trials (RCTs), which assessed patients

with NP. Studies involved exercise intervention and outcome included pain intensity at

least. Physiotherapy Evidence Database and the Assessment of Multiple Systematic

reviews tool were used to grade the quality assessment of the included RCTs and

systematic reviews, respectively. The final grades of recommendation were based

on strength of evidence and a consensus discussion of results of Delphi rounds by

the Delphi consensus panel including 21 experts from the Chinese Association of

Rehabilitation Medicine.
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Results: Eight systematic reviews and 21 RCTs fulfilled all of the inclusion criteria

and were included, which were used to create the 10 evidence-based consensus

statements. The 10 expert recommendations regarding exercise for NP symptoms

were relevant to the following 10 different diseases: spinal cord injury, stroke, multiple

sclerosis, Parkinson’s disease, cervical radiculopathy, sciatica, diabetic neuropathy,

chemotherapy-induced peripheral neuropathy, HIV/AIDS, and surgery, respectively.

The exercise recommended in the expert consensus involved but was not limited

to muscle stretching, strengthening/resistance exercise, aerobic exercise, motor

control/stabilization training and mind-body exercise (Tai Chi and yoga).

Conclusions: Based on the available evidence, exercise is helpful to alleviate

NP intensity. Therefore, these expert consensuses recommend that proper exercise

programs can be considered as an effective alternative treatment or complementary

therapy for most patients with NP. The expert consensus provided medical staff

and policymakers with applicable recommendations for the formulation of exercise

prescription for NP. This consensus statement will require regular updates after five–

ten years.

Keywords: exercise, training, neuropathic pain, chronic pain, expert consensus

INTRODUCTION

Neuropathic pain (NP) is defined as pain driven by a lesion or
disease of the somatosensory nervous system (1, 2). Meanwhile,
central or peripheral nerve lesions can lead to sensory loss in
the corresponding body regions to the damaged central nervous
part or in the innervation territory of injured peripheral nerve.
Indeed, one of the most important features of NP is a complex
combination of sensory loss and pain. It is well-known that
NP is not only an exclusive symptom for patients with direct
nervous injuries but also indirect nervous peripheral neuropathy.
For instance, the incidence of NP is around 50% in patients
with spinal cord injury and ∼21% in patients suffering from
diabetic neuropathy (3). Compared with males (5.7%), the female
population is more likely to suffer from chronic NP (8%) (1).
Additionally, the related more affected body regions are low
back, neck, and extremities (4). The symptoms of NP, such as
spontaneous pain, evoked pain, aftersensation, hyperalgesia, and
referred pain, could seriously disturb patients’ motor function
and emotions and result in a low quality of life, anxiety, and
depression. The current management of NP aim to control or
ameliorate symptoms due to the difficulty of treating damaged
nerve directly. However, traditional pharmacological treatment
is not effective enough andmay lead to cardiac conduction block,
sedation, anticholinergic effects or opioid-related adverse effects
(5, 6). Thus, non-pharmacological approaches, such as exercise,
have gained the attention of physicians.

Exercise, a feasible and economical way, has been widely
accepted as an effective treatment for musculoskeletal disorders.
As a treatment, exercise refers to the physical activities aiming
to correct impairment and improve physical and cognitive
function, which can positively contribute to health (7). Normally,
therapeutic exercise could be divided into various types, such

as muscle stretching, strengthening/resistance exercise, aerobic
exercise, motor control/stabilization training and mind-body
exercise (8). Considering the benefits of exercise, such as blood
glucose and blood lipid reduction, exercise-induced hypoalgesia
and emotional improvement, it might be an effective way to
prevent and treat NP (9, 10). The effectiveness of exercise training
as a complementary therapy or interventional treatment for
patients with NP has been previously reported and exercise
program seems to be beneficial to the recovery of damaged
peripheral nerve, the alleviation of pain symptoms, and the
improvement of physical status (11). However, the distinct
content of exercise, different intensities of training, and various
frequencies of physical activities can produce different effects
and influence on patients with NP. Similarly, NP from different
causes have diverse characteristics and are likely to respond to
exercise treatment differently. A proper exercise plan for the
management of NP in patients has been a challenge for physicians
and physiotherapists.

Several clinical guidelines, systematic reviews, and meta-
analyses regarding to clinical therapies for some specific diseases
with NP symptoms have been published (12–17). However,
these guidelines and reviews more focus on pharmacological
treatment; non-invasive treatments, such electrical and magnetic
stimulation; and other non-pharmacological approaches, but not
exercise. Although exercise has been reported as a safe and useful
method to improve functions and relieve pain in patients with
NP, few guidelines or expert consensus review exercise program
as a treatment for different types of NP in detail. Therefore,
the Chinese Association of Rehabilitation Medicine needs to
establish an exercise program consensus for diseases with NP that
could be applicable to physiotherapists.

The Chinese Association of Rehabilitation Medicine invited
experts in physiotherapy, sports science, orthopedics, and sports
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medicine to develop evidence-based recommendations and
expert consensus. This expert consensus aimed to: (1) summarize
the effectiveness and efficacy of exercise for various diseases with
NP supported by evidence; (2) describe evidence-based exercise
recommendations for NP from different causes, including central
and peripheral nerve damage; and (3) inform policy makers of
the guidelines.

METHODS

Data Sources
A systematic search was conducted in PubMed. We searched
all sources from their inception up to January 25, 2021. The
search used the following keywords: neuropathic pain, neuralgia,
neurodynia, and exercise. The details of the search strategy for the
PubMed database are provided in the Supplementary Material.

Inclusion Criteria
Types of Studies
Systematic reviews, meta-analyses, and randomized controlled
trials (RCTs) in peer-reviewed journals were included. We
excluded retrospective studies, case–control studies, meeting
abstracts, conference presentations, book reviews, news items,
and corrections. Studies, including Systematic reviews, meta-
analyses, and RCTs, with higher levels of evidence were
prioritized but lower-quality studies were also evaluated. The
language was limited to English.

Types of Participants
We included studies that assessed patients suffering from
NP caused by spinal cord injury, stroke, multiple sclerosis,
Parkinson’s disease, cervical radiculopathy, sciatica, diabetic
neuropathy, chemotherapy-induced peripheral neuropathy,
HIV/AIDS, and surgery (2).

Types of Interventions
We only considered studies that involved exercise, such as muscle
stretching, strengthening/resistance exercise, aerobic exercise,
motor control/stabilization training and mind-body exercise (Tai
Chi, yoga, and Pilates). Furthermore, the intervention groups
should be able to show the effect of exercise through at least
one group. For example, at least one intervention group received
exercise only; or one intervention group received exercise
combined with usual therapy while another intervention group
received usual therapy.

Types of Outcome Measures
Outcome measures must include but are not limited to pain
intensity. Other outcomes, such as muscle strength, motor
functions, and balance, were also considered.

Study Selection
Two reviewers independently screened the titles, abstracts, and
full contents of the proper studies according to the same inclusion
criteria. We excluded studies that did not fulfill the inclusion
criteria. Any disagreements were resolved by a discussion and a
third reviewer was consulted if a disagreement persisted.

TABLE 1 | Oxford center for evidence based medicine, level of evidence.

Level Intervention

I Evidence obtained from systematic reviews, high-quality diagnostic

studies, prospective studies, or randomized controlled trials

II Evidence obtained from systematic reviews, lesser-quality diagnostic

studies, prospective studies, or randomized controlled trials, such as

weaker diagnostic criteria and reference standards, improper

randomization, no blinding, <80% follow-up

III Retrospective studies or case-control studies

IV Case series

V Expert opinion

Levels of Evidence
Individual clinical research studies were evaluated in accordance
with the criteria adapted from the Oxford Center for Evidence-
Based Medicine 2011 Levels of Evidence (CEBM) (available
at http://www.cebm.net/index.aspx?o=5653). Two reviewers
independently assessed the levels of evidence for each clinical
study using an appraisal tool. The abbreviated version of the
levels of evidence id shown in Table 1 (18). Additionally, the
level of evidence for the recommendation for each disease
was determined by the lowest level of evidence from related
researched studies.

Grades of Recommendation
According to the established clinical guidelines by the American
Physical Therapy Association (18–20), the recommendation
was graded based on strength of evidence. The authors
considered the benefits, side effects of physical therapies, and
the strengths and limitations of the evidence body to develop
the recommendations. The grades of recommendation are shown
in Table 2.

Quality of Evidence
According to Collins et al. (21) and Shea et al. (22),
Physiotherapy Evidence Database (PEDro) score (total score/10)
and the Assessment of Multiple Systematic Reviews (AMSTAR)
score (total score/11) were used to grade the quality of
the included RCTs and the methodological quality of the
included systematic reviews andmeta-analyses, respectively. Two
reviewers independently assessed the quality of the included
studies through PEDro and AMSTAR. The included studies were
graded as low, moderate, or high quality based on the consensus
statements (21, 23). Studies with PEDro and AMSTAR scores of
≤3, 4–6, and≥7 were considered to have low, moderate, and high
quality, respectively.

Consensus Process
X-Q.W. and G-E.F. formulated the population, intervention,
comparator, and outcome (PICO) research topics and drafted
the recommendation statements. During the first round, the 21
experts from the Chinese Association of Rehabilitation Medicine
reviewed and commented on the text online using a 5-point
scale: 1. strongly agree; 2. agree; 3. no opinion; 4. disagree;
5. strongly disagree (24). A score of 1–2 was determined
as “Agreement.” In the second round, the recommendation
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TABLE 2 | Grades of recommendation.

Grades of recommendation Strength of evidence

A Strong evidence A preponderance of level I and/or level II studies support the recommendation. This must include at least 1 level I study

B Moderate evidence A single high-quality randomized controlled trial or a preponderance of level II studies support the recommendation

C Weak evidence A single level II study or a preponderance of level III and IV studies, including statements of consensus by content experts,

support the recommendation

D Conflicting evidence Higher-quality studies conducted on this topic disagree with respect to their conclusions. The recommendation is based on

these conflicting studies

E Theoretical/foundational

evidence

A preponderance of evidence from animal or cadaver studies, from conceptual models/principles, or from basic science/bench

research support this conclusion

F Expert opinion Best practice based on the clinical experience of the guideline’s development team

FIGURE 1 | Study flow diagram.

statements that were regarded as “Disagreement” were discussed
further. If 75% agreement could be not gained after discussion,
the recommendation statements were further rated in a third
round (25). Finally, the grades of recommendation were assigned
based on the strength of evidence and a consensus discussion of
the results of the Delphi rounds.

RESULTS

Eight systematic reviews and 21 RCTs met the inclusion criteria
after the evaluation of the titles, abstracts, and full contents of
the relevant studies (Figure 1). The characteristics and quality
of evidence of the included studies are shown in Table 3

(characteristics of RCTs), Table 4 (characteristics of systematic

reviews), Table 5 (quality of evidence of RCTs), and Table 6

(quality of evidence of systematic reviews), respectively. Based
on PEDro scores, 10 RCTs (47.62%) have high quality, and 11
RCTs (52.38%) have moderate quality. According to AMSTAR
scores, six systematic reviews (75%) have high quality, and two
systematic reviews (25%) have moderate quality. The summary
of the consensus recommendations for exercise as NP treatment
is presented in Table 7.

Consensus Recommendations for Pain
Associated With Spinal Cord Injury
Chronic pain is a common and serious symptom in patients
with spinal cord injury with a high prevalence at around 73% in
Denmark (26). About 30% of patients considered the pain as a
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TABLE 3 | Characteristics of included RCT studies.

References Participants Intervention protocol Outcome

assessment

Outcome

measures

Results of pain Safety

Population

Sample size

Study design

Age (years) Intervention group 1 Intervention group

2 or control group

Labruyère and van

Hedel (29)

Patients with

incomplete spinal

cord injury

n = 9

2 groups

• 59 ± 11

• Group 1 (n = 5)

• Group 2 (n = 4)

• Robot-assisted gait training

(45min per session; 16

sessions within 4 weeks)

• Strength training (45min per

session; 16 sessions within

the following 4 weeks)

• The same

interventions in

reversed order

• After the

interventions

• At follow-up 6

months

• Pain (VAS)

• 10-m Walk Test

• Balance

Robot-assisted gait

training and strength

training reduced

pain intensity.

No adverse

events

Costantino et al. (31) Patients with

chronic

post-stroke

n = 32

2 groups

• Group 1 (n = 17):

62.59 ± 15.39

• Group 2 (n = 15):

60.47 ± 16.06

• Local muscle vibration during

voluntary isometric

contraction

• 12 sessions; 3 times per

week over 4 weeks

• Voluntary

isometric

contraction (12

sessions; 3 times

per week over 4

weeks)

• After the 4-week

interventions

• Pain (VNRS)

• Grip strength

Voluntary isometric

contraction reduced

pain intensity.

NA

Jeon et al. (32) Patients with

post-stroke

hemiparesis

n = 12

2 groups

• Group 1 (n = 6):

58.0 ± 13.6

• Group 2 (n = 6):

50.5 ± 8.9

• Monkey Chair and Band

exercise (joint motion,

strengthening training, and

relaxation)

• 30 mins per session; 3 times

per week;12 weeks

• No intervention • At 4 weeks

• At 8 weeks

• At 12 weeks

• Pain (VAS)

• ROM

• MMAS

Joint motion and

strengthening

training reduced

pain intensity.

NA

Wei et al. (33) Patients with

hemiplegic

shoulder pain

n = 40

2 groups

• Group 1 (n = 20):

63.85 ± 11.07

• Group 2 (n = 20):

65.55 ± 13.30

• Acupuncture combined with

neuromuscular joint

facilitation (NJF)

• Once a day; 6 times a week

for 3 weeks

• Acupuncture

alone

• Once a day; 6

times a week for 3

weeks

• After 3-week

intervention

• Pain (VAS)

• Fugl-Meyer

assessment

• Passive ROM

NJF training reduced

pain intensity.

NA

Horsley et al. (34) Patients after

stroke

n = 50

2 groups

• Group 1 (n = 25):

65.9 ± 12.7

• Group 2 (n = 25):

68.5 ± 13.0

• Active, intensive, repetitive

upper limb training using the

SMART Arm device (1 h a

day; 5 days a week for 5

weeks)

• Upper limb therapy (5 days a

week for the same 5 weeks)

• Usual upper limb

therapy (5 days a

week for 5 weeks)

• After 5-week

interventions

• At 7-week

follow-up

• Pain (VAS) No significant effects

of upper limb

training by SMART

Arm device on pain

intensity.

NA

Pilutti et al. (38) Patients with

Multiple Sclerosis

n = 8/11

2 groups

• Group 1 (n = 4):

57.3 ± 6.0

• Group 2 (n = 4):

48.5 ± 7.7

• Functional electrical

stimulation (FES) cycling

exercise

• Same cadence (50 rpm); 3

weekly sessions for 24 weeks

• Passive leg

cycling

• 3 weekly sessions

for 24 weeks

• After 24-week

intervention

• Pain (McGill Pain

Questionnaire)

• Cognitive

processing

speed

• Symptoms of

fatigue

The FES cycling

exercise reduced

pain intensity.

Six mild adverse

events

(Continued)
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TABLE 3 | Continued

References Participants Intervention protocol Outcome

assessment

Outcome

measures

Results of pain Safety

Population

Sample size

Study design

Age (years) Intervention group 1 Intervention group

2 or control group

Grubić Kezele et al.

(39)

Patients with

Multiple Sclerosis

n = 19

2 groups

• Group 1 (n = 10):

53.9 ± 10.7

• Group 2 (n = 9):

48.2 ± 9.3

• Combined upper limb and

breathing exercise (60 mins

per session; 2 sessions a

week for 4 weeks)

• Independent home exercise

(20 mins per session; 3

sessions per week for the

same 4 weeks)

• On-going physical therapy

• On-going physical

therapy without

exercise

• After 4-week

intervention

• Pain (Short-form

36)

• Fatigue

• Quality of life

The combined

upper limb,

breathing and home

exercise reduced

pain intensity.

NA

Hasanpour-Dehkordi

et al. (40)

Patients with

Multiple Sclerosis

n = 60

2 groups

• 30.0

• Group 1 (n = 30)

• Group 2 (n = 30)

• Yoga exercises

• 60–70 mins 3 sessions a

week for 12 weeks

• No exercise • After 12-week

intervention

• Pain (Bayer

numerical scale)

• Fatigue severity

Yoga exercise

reduced pain

symptoms.

NA

Young et al. (41) Patients with

Multiple Sclerosis

n = 81

3 groups

• Group 1 (n = 27):

49.67 ± 9.40

• Group 2 (n = 26):

48.35 ± 9.95

• Group 3 (n = 28):

47.29 ± 10.33

Group 1: movement-to-music

• Strength, cardiorespiratory

endurance, and balance

• 60 mins per session; 3

sessions per week for 12

weeks

Group 2: adapted yoga

• 60 mins per session; 3

sessions per week for 12

weeks

• Waitlist control

(biweekly

newsletters via

mail)

• After 12-week

intervention

• Pain (PROMIS)

• Timed Up and

Go

• 6-min walk test

No significant effect

of

movement-to-music

or adapted yoga on

pain intensity.

One muscle

strain in

movement-to-

music

group

Pérez de la Cruz (43) Patients with

Parkinson’s

disease

n = 30

2 groups

• Group 1 (n = 15):

66.80 ± 5.867

• Group 2 (n = 15):

67.53 ± 9.89

• Aquatic Tai Chi

• 45 mins per time; 2 times per

10 weeks

• Therapy on dry

land (strength

training and

aerobic exercises)

• 45 mins per time;

2 times per 10

weeks

• After 10-week

intervention

• At 1-month

follow-up

• Pain (VAS)

• Balance

• Test get up and

go

• Five times test

Both aquatic Tai Chi

and strength training

and aerobic

exercises reduced

pain intensity.

NA

Diab and Moustafa

(44)

Patients with

unilateral lower

cervical

spondylotic

radiculopathy

n = 96

2 groups

• Group 1 (n = 48):

46.3 ± 2.05

• Group 2 (n = 48):

45.9 ± 2.1

• Posture corrective exercise

program (strengthening and

stretching exercise; 4 times

per week for 10 weeks)

• Ultrasound and infrared

radiation (20 mins per time; 3

times per week for 10 weeks)

• Ultrasound and

infrared radiation

• 20 mins per time;

3 times per week

for 10 weeks

• After 10-week

intervention

• At 6-month

follow-up

• Pain (VAS)

• Somatosensory

evoked

potentials

• Craniovertebral

angle

Strengthening and

stretching exercise

significantly reduced

pain intensity.

NA

(Continued)
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TABLE 3 | Continued

References Participants Intervention protocol Outcome

assessment

Outcome

measures

Results of pain Safety

Population

Sample size

Study design

Age (years) Intervention group 1 Intervention group

2 or control group

Halvorsen et al. (45) Patients with

cervical

radiculopathy

n = 50/75

2 groups

• Group 1 (n = 27):

47 ± 10.9

• Group 2 (n = 23):

49 ± 9.4

• Neck-specific training with a

cognitive behavioral approach

• Prescribed physical activity

• 3 times a week for 14 weeks

• Prescribed

self-mediated

physical activity

• After 14-week

intervention

• At 12-month

follow-up

• Pain (VAS)

• Neck endurance

test

Neck-specific

training and physical

activity reduced

neck pain intensity.

No adverse

events

Fritz et al. (46) Patients with neck

pain and signs of

radiculopathy

n = 86

3 groups

• Group 1 (n = 31):

48.1 ± 10.0

• Group 2 (n = 27):

47.6 ± 10.9

• Group 3 (n = 28):

44.9 ± 11.3

Group 1: exercise with

mechanical traction

• Exercise (scapula and cervical

strengthening)

• Mechanical cervical traction

during treatment

• 30–45 mins per session; 10

sessions over a 4-week

treatment

Group 2: exercise with

over-door traction

• Exercise (scapula and cervical

strengthening)

• Traction using a Chattanooga

Overdoor Traction Device

during treatment

• 30–45 mins per session; 10

sessions over a 4-week

treatment

Group 3: exercise

• Scapular and

cervical

strengthening

• 30–45 mins per

session; 10

sessions over a

4-week treatment

• After 4-week

intervention

• At 6-month

follow-up

• At 12-month

follow-up

• Pain (pain

catastrophizing

scale)

• Neck disability

Scapula and cervical

strengthening with

or without traction

reduced pain

intensity.

5.6% severe

adverse events

Albert and Manniche

(48)

Patients with

radicular pain

below the knee

n = 181

2 groups

• Group 1 (n = 95):

46 (38–52)

• Group 2 (n = 96):

44 (37–51)

• Symptom-guided exercises

(stabilizing and dynamic

exercises)

• Information

• Advice to stay active

• 4–8 times for 8 weeks

• Sham exercises

(not back related)

• Information

• Advice to stay

active

• 4–8 times for 8

weeks

• At 8-week

intervention

• At 1-year

follow-up

• Pain (VAS)

• Global

improvement

• Functional

status

Symptom-guided

exercise reduced leg

pain.

NA

Cox et al. (50) Patients with type

2 diabetes

n = 32

3 groups

• Group 1 (n = 10):

57.8 ± 6.9

• Group 2 (n = 10):

58.7 ± 9.2

• Group 3 (n = 12):

59.5 ± 11.1

Group 1: supervised combined

aerobic and resistance

moderate-intensity continuous

training (C-MICT)

• 52.5 mins per time; 4 times

per week for 8 weeks

Group 2: supervised combined

high-intensity interval training

(C-HIIT)

• 26 mins per time; 3 times per

week for 8 weeks

• Group 3: usual

care

• 8 weeks

• After 8-week

intervention

• Pain (VAS)

• Neuropathy

symptom

C-HIIT and C-MICT

exercise groups

showed reduction in

pain intensity but not

neuropathic

symptoms.

Nineteen mild

adverse events

in C-HIIT group;

17 in C-MICT

group.

(Continued)
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TABLE 3 | Continued

References Participants Intervention protocol Outcome

assessment

Outcome

measures

Results of pain Safety

Population

Sample size

Study design

Age (years) Intervention group 1 Intervention group

2 or control group

Win et al. (51) Patients with

diabetic peripheral

neuropathy

n = 75/104

2 groups

• Group 1 (n = 32):

55.38 ± 9.54

• Group 2 (n = 43):

55.72 ± 10.55

• Simple hand, finger, and foot

exercises

• Three times a week for 8

weeks

• Usual care

• Diabetic foot care

education

• After 8-week

intervention

• At 16-week

follow-up

• Pain (VAS)

• Activities of daily

living

Simple hand, finger,

and foot exercises

reduced pain

intensity.

No adverse

event

Hwang et al. (54) Female patients

before

radiotherapy after

various operations

n = 37/40

2 groups

• Group 1 (n = 17):

46.3 ± 7.5

• Group 2 (n = 20):

46.3 ± 9.5

• Supervised

moderate-intensity exercise

(stretching, aerobic and

strengthening exercise)

• 50 mins per time; 3 times per

week for 5 weeks

• Self-shoulder

stretching

education and

advice to normal

activities

• After 5-week

intervention

• Pain (VAS)

• QOL

• Shoulder range

of motion

Supervised

moderate-intensity

exercise reduced

pain intensity.

No significant

adverse events

Dhawan et al. (55) Patients with neck

pain and signs of

radiculopathy

n = 45

2 groups

• Group 1 (n = 22):

50.5 ± 7.9

• Group 2 (n = 23):

52.5 ± 6.6

• Home-based muscle

strengthening

• Balancing exercise

• 30 mins daily for 10 weeks

• Usual care • After 10-week

intervention

• Pain (Leeds

Assessment of

Neuropathic

Symptoms and

Signs)

• QOL

Muscle

strengthening and

balancing exercise

significantly reduced

neuropathic pain.

No adverse

effects

Maharaj and Yakasai

(57)

Patients with

HIV-induced distal

symmetrical

polyneuropathy

n = 136

3 groups

• Group 1 (n = 45):

38.29 ± 8.06

• Group 2 (n = 44):

35.98 ± 8.53

• Group 3 (n = 47):

36.13 ± 8.10

Group 1: Aerobic exercise

• 30 mins per time; 3 times per

week for 12 weeks

Group 2: progressive resisted

exercise

• 30 mins per time; 3 times per

week for 12 weeks

Group 3: control

group

• Attended HIV

talks, video

presentations,

and counseling

• After 6-week

intervention

• After 12-week

intervention

• Pain (VNRS) Aerobic exercise

and progressive

resisted exercise

significantly reduced

pain intensity.

No adverse

effects

Tumusiime et al. (58) Patients with

HIV-associated

peripheral

neuropathy

n = 120

2 groups

• Group 1 (n = 60):

41.2 ± 7.8

• Group 2 (n = 60):

40.4 ± 7.7

• Physiotherapy-led aerobic

exercises (stretching,

strengthening and balance

exercises)

• Routine Health Care

• 60mins per each session; 3

times a week for 12 weeks

• Routine Health

Care

• After 12-week

intervention

• At 12-week

follow-up

• Pain (VNRS) Physiotherapist-led

aerobic exercises

reduced neuropathic

pain.

NA

Ammitzbøll et al. (62) Female patients

after breast cancer

surgery

n = 158

2 groups

• Group 1 (n = 82):

53 ± 10

• Group 2 (n = 76):

53 ± 10

• Supervised and

self-administered, progressive

resistance training

intervention initiated 3 weeks

after surgery

• The first 20-week

physiotherapist-led exercise

(weekly once)

• The following 30-week

self-administered exercise

• Usual care

(information

concerning

post-operative

care and mobility

exercises)

• After 20-week

intervention

• After 12-month

intervention

• Pain (VNRS) Supervised and

self-administered,

progressive

resistance training

reduced pain

intensity.

NA

Age were showed as mean ± SD or median (25–75% Interquartile Range). Simple size was shown as “the number of finial analysis”/“the number of included patients.”

VAS, visual analog scale; VNRS, verbal numerical rating scale; ROM, range of motion; MMAS, modified motor assessment scale; PROMIS, patient-reported outcomes measurement information system; NA, not available.
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TABLE 4 | Characteristics of included systematic reviews.

References Participants Study and

sample size

Intervention Control Results of pain

Boldt et al. (27) and

Harvey et al. (15)

Patients with spinal cord

injury

3 RCT, n = 149 Exercise (stretching and

strengthening exercises)

Control (no treatment or 1-h

educational video control)

Exercise decreased

pain intensity.

Gómara-Toldrà (28) Patients with spinal cord

injury

5 trials, n = 81 Exercise (treadmill training,

strengthening, and stretching

exercises)

NA Exercise decreased

pain intensity.

Demaneuf et al. (36) Patients with multiple

sclerosis

10 RCT, n = 389 Exercise (aerobic, resistance,

and the combination exercises)

Passive control groups

(waiting list or normal

treatment)

Exercise decreased

pain intensity.

Fernandez et al. (47) Patients With Sciatica 5 RCT, n = 604 Exercise (Stabilization exercises,

hydrotherapy and isometric

exercises.)

Advice to stay active Exercise decreased

pain intensity.

Tough et al. (53) Patients with cancer 1 trial, n = 81 Exergaming (Breakout 3D, Card

Island and other exergaming)

NA Exercise decreased

pain intensity.

McNeely et al. (60) and

De Groef et al. (61)

Female patients following

breast cancer surgery

1 trial, n = 30 Exercise (exercise for

arm/shoulder, posture

correction, coordination, and

strengthening exercises)

Leaflet with advice and

exercises for arm and

shoulder

Exercise decreased

pain intensity.

RCT, randomized controlled trial; NA, not available.

severe health problem that influences their physical and mental
functions and daily lives. Three systematic reviews reported that
exercise is effective in relieving pain in patients with spinal
cord injury (15, 27, 28). Two systematic reviews (15, 27), which
involved the same three RCTs (n = 149 patients with spinal cord
injury) illustrated that both short–term and long–term stretching
and strengthening exercises can decrease chronic shoulder pain
through the 36-Item Short Form Survey for pain experience
[weight mean difference (WMD) = −1.9, 95% CI = −3.4 to
−0.4, P = 0.01] and pain visual analog scale (WMD = −2.8,
95% CI = −3.77 to −1.83, P < 0.00001) compared with no
treatment or 1-h educational video control (Level of evidence
I). Furthermore, a randomized cross-over study by Labruyère
and van Hedel (29) (n = 9) found that strength training (−6.8%
± 2.5%) and robot-assisted gait training (−4.5% ± 2.2%) can
relieve pain experience during single training intervention and
after 16 sessions in patients with incomplete spinal cord injury.
Meanwhile, the immediate pain relief was slight whereas integral
effect was substantial, and the difference in pain is in favor of
strength training compared with robot-assisted gait training (P<

0.01). Additionally, strength training could improve the 10-meter
walk test and balance function (Level of evidence II).

Expert Recommendation
We recommend using exercise programs, such as stretching and
strengthening exercises, as treatment for NP in patients with
spinal cord injury (Level of evidence II, A).

Consensus Recommendations for
Post-stroke Pain
Up to 50% of patients with stroke report pain after stroke
(30). Post-stroke chronic pain makes motor function, cognition,
quality of life, and depression worse. However, post-stroke pain is
commonly underestimated by patients and physicians who more

focus on hemiplegia and deficient motor functions. One RCT by
Costantino et al. (31) including 32 patients with stroke found
that the subjects who underwent voluntary isometric muscle
contraction in upper extremities with and without vibrations for
4 weeks reported decreased pain (Level of evidence II). According
to another RCT (32) on 12 post-stroke patients, the participants
who did joint motion and strengthening training via a specific
exercise tool experienced less pain than the participants without
intervention at 4, 8, and 12 weeks (Level of evidence II). Similarly,
a RCT (n = 40) pointed out that 3-week neuromuscular joint
facilitation combined with acupuncture can reduce post-stroke
pain more than 3-week pure acupuncture therapy (33) (Level of
evidence II). By contrast, another RCT involving 50 patients with
stroke observed that a 1-h active, high-intensity, and repetitive
training of the upper extremities had no clinically important
effects on pain intensity compared with usual upper limb therapy
(34) (Level of evidence II). The different findings might be caused
by the specific training device, called SMART Arm, or severe
physical condition of participants, which is no more than 90◦ of
the affected shoulder flexion.

Expert Recommendation
We recommend using strengthening exercise and neuromuscular
joint facilitation as a treatment for patients with post-stroke pain
(Level of evidence II, C).

Consensus Recommendations for Pain
Associated With Multiple Sclerosis
Multiple sclerosis is characterized by demyelination and axonal
loss in the central nervous system accompanied by NP.
According to previous studies, 29–86% of patients with multiple
sclerosis suffer from NP, leading to depression and low-quality
of life (35). One systematic review and two RCTs reported the
effectiveness of exercise training in relieving pain in patients
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TABLE 5 | Physiotherapy evidence database scores of included RCT studies.

References Random

allocation

Concealed

allocation

Baseline

comparability

Blind

subjects

Blind

therapists

Blind

assessors

Adequate

follow-up

Intention-

to-treat

analysis

Between-

group

comparisons

Point

estimates

and

variability

Total (0–10

Scale)

Quality

Labruyère and van

Hedel (29)

Yes No No No No Yes Yes Yes Yes Yes 6 Moderate

Costantino et al. (31) Yes No Yes No No Yes Yes No Yes Yes 6 Moderate

Jeon et al. (32) Yes No Yes No No No Yes No Yes Yes 5 Moderate

Wei et al. (33) Yes No Yes No No No No No Yes Yes 4 Moderate

Horsley et al. (34) Yes Yes Yes No No Yes Yes Yes Yes Yes 8 High

Pilutti et al. (38) Yes No Yes No No Yes No No Yes Yes 5 Moderate

Grubić Kezele et al.

(39)

Yes No Yes No No Yes Yes Yes Yes Yes 7 High

Hasanpour-Dehkordi

et al. (40)

Yes No Yes No No No Yes No Yes Yes 5 Moderate

Young et al. (41) Yes Yes Yes No No Yes No Yes Yes Yes 7 High

Pérez de la Cruz (43) Yes No Yes No No Yes Yes Yes Yes Yes 7 High

Diab and Moustafa

(44)

Yes Yes Yes No No No Yes Yes Yes Yes 7 High

Halvorsen et al. (45) Yes Yes Yes No No No No No Yes Yes 5 Moderate

Fritz et al. (46) Yes Yes Yes No No Yes Yes Yes Yes Yes 8 High

Albert and Manniche

(48)

Yes No Yes No No Yes Yes Yes Yes Yes 7 High

Cox et al. (50) Yes Yes Yes No No No No Yes Yes Yes 6 Moderate

Win et al. (51) Yes No Yes No No No No No Yes Yes 4 Moderate

Hwang et al. (54) Yes No Yes No No No Yes No Yes Yes 5 Moderate

Dhawan et al. (55) Yes Yes Yes No No No Yes Yes Yes Yes 7 High

Maharaj and Yakasai

(57)

Yes No Yes No No Yes Yes No Yes Yes 6 Moderate

Tumusiime et al. (58) Yes Yes Yes No No Yes Yes Yes Yes Yes 8 High

Ammitzbøll et al. (62) Yes No Yes No No Yes Yes Yes Yes Yes 7 High

High quality: total score ≥7; moderate quality: total score 4–6; low quality: total score ≤3.
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with multiple sclerosis. The systematic review and meta-
analysis of 10 RCTs involving 389 patients by Demaneuf et al.
(36) demonstrated that exercise interventions, including single
aerobic exercise, aquatic aerobic exercise, resistance training, and
the combination of these interventions, havemore positive effects
on the pain intensity by patients with multiple sclerosis than
passive control groups [standardized mean difference (SMD) =
−0.46, 95% CI = −0.92 to 0.00, between-study heterogeneity
(I2) = 77.0%; Level of evidence I]. A RCT (37, 38) showed that
24-week cycling exercise with functional electrical stimulation
could help alleviate pain in comparison with passive leg cycling
exercise (SMD = −0.67; Level of evidence II). Similarly, another
RCT illustrated that 4-week upper extremity, breathing and
independent home exercises has a trend toward less pain than
physical therapy without exercise (39) (Level of evidence II).

Furthermore, a RCT (n = 60) reported that the exercise
group with 12-week yoga intervention showed an improvement
in pain intensity and physiological indices compared with the
group without exercise (40) (Level of evidence II). However,
one three-arm RCT (n = 81) reported by Young et al. (41)
argued that the pain conditions among 12-week movement to
music, adapted yoga with a series of stationary poses, and waitlist
control have no substantial differences (Level of evidence II). The
conflicting results could be explained by different study design,
such as participants, control groups and movement positions
during yoga.

Expert Recommendation
We recommend using aerobic, aquatic aerobic, and resistance
training as pain treatment for patients with multiple sclerosis
(Level of evidence II, B).

Consensus Recommendations for Pain
Associated With Parkinson’s Disease
In addition to dystonia, pain is another serious symptom that
impacts the motor function, depression condition, and daily
lives of patients with Parkinson’s disease (42). A single-blinded
RCT (n = 30) found that 10-week aquatic Tai Chi training and
usual exercise that focuses on gait, balance, and muscle strength
can decrease pain intensity in people with Parkinson’s disease
(43) (Level of evidence II). Moreover, aquatic Tai Chi is more
superior than usual exercise in pain reduction and gait and
balance condition improvement.

Expert Recommendation
We recommend using aquatic Tai Chi, muscle strengthening
training, and balance exercise as treatment for pain in patients
with Parkinson’s disease (Level of evidence II, C).

Consensus Recommendations for Painful
Radiculopathy
Cervical Radiculopathy
Cervical radiculopathy is a subgroup of neck pain characterized
by pain radiating along the affected arms. The sort and intensity
of symptoms, such as NP and muscle weakness, depend on the
extent of cervical spinal nerve root compression. Three RCTs
suggestion the use of an exercise program as a treatment for
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TABLE 7 | Recommendation summary of exercise for neuropathic pain management.

Neuropathic pain Recommendations Level of evidence Grades of recommendation Consensus

Spinal cord injury Yes II A 100% Yes (21 voters)

Post-stroke pain Yes II C 95% Yes (21 voters)

Multiple sclerosis Yes II B 95% Yes (21 voters)

Parkinson’s disease Yes II C 100% Yes (21 voters)

Cervical radiculopathy Yes II B 100% Yes (21 voters)

Sciatica Yes I A 100% Yes (21 voters)

Diabetic neuropathy Yes II B 95% Yes (21 voters)

Chemotherapy-induced peripheral neuropathy Yes II B 95% Yes (21 voters)

Neuropathy due to HIV/AIDS Yes II B 100% Yes (21 voters)

After surgery for breast cancer Yes I A 86% Yes (21 voters)

subjects with cervical radiculopathy. According to Diab and
Moustafa (44), one RCT (n = 96) reported that a 10-week
physical exercise comprised of neck muscle strengthening and
stretching combined with ultrasound and infrared radiation are
more effective on pain relief than the combination of ultrasound
and infrared radiation in the short term and 6-month follow-up
(Level of evidence II). Another RCT, which involved 75 patients
with cervical radiculopathy, suggested that 14 weeks of neck-
specific training targeting sensory and motor function and 14-
week physical activities can reduce NP intensity and increase the
endurance of neck flexors in the long term (45) (Level of evidence
II). Furthermore, a RCT (n = 86) reported by Fritz et al. (46)
suggested that although exercise that aimed to strengthen the
scapula and cervical muscles are helpful to alleviate neck and arm
pain, the combination of exercise and mechanical traction has a
greater advantage in pain relief and function improvement than
single exercise at 4-week, 6-month, and 12-month time points
(Level of evidence II).

Expert Recommendation
We recommend using exercise training that targets neck
muscle strength and stretch as treatment or complementary
therapy for NP associated with cervical radiculopathy (Level of
evidence II, B).

Sciatica
Sciatica is a defined as a subgroup of low back pain with a
specific symptom, that is, radicular leg pain radiating along the
distribution of the sciatic nerve (14). Although the prevalence of
sciatica is much lower than low back pain, the affected region
and prognosis are normally more severe; therefore, sciatica
contributes a high degree of hopelessness and depression. A
systematic review and meta-analysis (5 RCTs, n = 604) pointed
out that an exercise program comprised of static and dynamic
stabilizing exercises, hydrotherapy, and isometric exercises that
target the trunk and lower extremity muscles is beneficial to leg
pain reduction (WMD = 11.43, 95% CI = 0.71–22.16) but not
disability (WMD= 1.45, 95%CI=−2.86–5.76) in the short term
compared with advice to stay active among patients suffering
from sciatica (47) (Level of evidence I). According to a single-
blinded RCT that involved 181 patients with severe sciatica by
Albert and Manniche (48), symptom-guided exercises, such as

postural instructions, stabilizing exercises for deep muscles, and
dynamic exercises for surface muscles in the trunk region, had
a trend to a larger reduction of leg pain than the sham exercise
group that performed low-intensity and no back-related training
(Level of evidence I).

Expert Recommendation
We recommend using motor control, aquatic stabilizing
movements, and isometric exercises that target the trunk and
lower extremity muscles as an adjunct treatment for pain in
patients with sciatica (Level of evidence I, A).

Consensus Recommendations for Painful
Polyneuropathy
Diabetic Neuropathy
Diabetic peripheral neuropathy marked by pain and sensory and
mobility loss, is a common and often disabling complication of
diabetes mellitus (49). Diabetic neuropathy has been considered a
serious problem because its treatments are likely ineffective. Two
clinical trials investigated the effectiveness of exercise training
on pain in diabetic neuropathy. One three-arm RCT divided 32
inactive patients with type 2 diabetes into three treatment groups:
usual care, the combination of aerobic exercise and continuous
moderate-intensity resistance training, and the combination of
aerobic exercise and high-intensity interval training (50). The
findings suggested that 8-week moderate-intensity and high-
intensity exercise interventions are more beneficial in decreasing
pain intensity but not neuropathic symptoms compared with
single usual care lasting for 8 weeks (Level of evidence II).
Particularly, the combination of aerobic exercise and high-
intensity interval training significantly alleviated pain intensity.
Based on another RCT (n = 104) comparing an 8-week simple
hand, finger, and foot exercise with health education and control
group with health education by Win et al. (51), both groups
appeared decreased pain and the exercise intervention could
relieve more pain than the control group in the short term and
at 16-month follow-up (Level of evidence II).

Expert Recommendation
We recommend using general exercise focusing on
distal extremities, or the combination of aerobic and
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moderate-intensity or high-intensity exercises, as a treatment for
pain in patients with diabetes (Level of evidence II, B).

Chemotherapy-Induced Peripheral Neuropathy
Chemotherapy-induced peripheral neuropathy, a common side
effect of cancer treatment with a prevalence of 30–80%, is a
small-fiber sensory neuropathy in the hands or feet (17). The
typical symptoms are shooting pain, stabbing pain, or burning
pain, which progressively becomes worse with chemotherapy
(52). A systematic review by Tough et al. (53) mentioned that
one pre–post clinical trial found a slight reduction in pain
intensity and improvement of balance, motor functions, and
depression status with higher adherence rates and enjoyment
after 8 weeks of progressive exergaming program, which is
a combination of exercise and games (Level of evidence II).
Similarly, in a RCT study (n = 40), Hwang et al. (54) found
that a 30-min exercise program that includes stretching and
aerobic training could reduce pain and improve motor functions
in patients after radiotherapy more than self-stretching training
after 5 weeks of intervention (Level of evidence II). According
to one RCT involving 45 patients with cancer reported by
Dhawan et al. (55), a 10-week muscle strength and balance
training has more positive effects on decreasing the NP intensity
(P < 0.0001) and increasing quality of life (P = 0.0002) in
patients with cancer who suffer from chemotherapy-induced
peripheral neuropathy compared with usual care (Level of
evidence II).

Expert Recommendation
We recommend muscle strengthening and balance training as
treatment and exergaming as adjunct therapy for chemotherapy-
induced NP (Level of evidence II, B).

Neuropathy Due to HIV/AIDS
Up to 90% of patients with HIV/AIDS complain about pain due
to various reasons, including viral infection of the peripheral or
central nervous system and side effects of anti-retroviral therapy
(56). A three-arm RCT compared 12-week aerobic exercise
(cycling), progressive resistance exercise focused on muscles
in the lower extremities, and no exercise control among 136
patients with HIV (57). The findings suggested that aerobic
and progressive resistance exercise are helpful and safe in the
treatment of NP compared with no exercise at 6- and 12-
week points (Level of evidence II). Moreover, one high-quality
RCT, which involved 120 patients with HIV who underwent
anti-retroviral treatment, supported that supervised aerobic
exercise, including isometric, balance, and breath training, could
alleviate NP more than non-exercise control after 12 weeks of
intervention and at the 12 weeks of follow-up (58) (Level of
evidence II).

Expert Recommendation
We recommend aerobic and progressive resistance training as
an adjunct treatment for NP in people with HIV/AIDS (Level of
evidence II, B).

Consensus Recommendations for NP
Following Surgery
Chronic postsurgical pain is multifactorial and affects up to
50% of patients who underwent operation. Surgeries operated
in the thorax, breast, and hernia regions and those that easily
produce nerve injury have a high risk of postsurgical NP (59).
According to a systematic review by McNeely et al. (60), exercise
intervention is more effective in improving pain intensity than
usual care despite no significant difference and has no adverse
effects for post-operation patients with breast cancer after 3
weeks of intervention or in the 6-month follow-up (Level
of evidence I). Additionally, one systematic review reported
that posture correction and strengthening exercises are more
beneficial to alleviate the post-operation pain and improve the
motor functions in patients undergoing breast cancer surgery
compared with education only or no intervention (61) (Level
of evidence I). One RCT that consists of 158 female patients
with breast cancer who underwent axillary lymph node dissection
showed that a 12-month self-administered progressive resistance
exercise program focusing on the whole body could alleviate NP
more than usual care (62) (Level of evidence I).

Expert Recommendation
We recommend using muscle strengthening and posture
correction as treatment for NP after operation for breast cancer
(Level of evidence I, A).

DISCUSSION

The study aimed to review the effectiveness and efficacy of
exercise on diseases with neuropathic pain through evidence,
thereby producing evidence-based exercise recommendations for
NP and informing medical staff and policymaker about the
formulation of exercise prescription. A total of eight systematic
reviews and 21 RCTs were included, which involved various
exercise, such as strengthening, stretching, aquatic aerobic,
balance trainings. Finally, 10 recommendations for NP caused
by different disorders, including spinal cord injury, stroke,
multiple sclerosis, Parkinson’s disease, cervical radiculopathy,
sciatica, diabetic neuropathy, chemotherapy-induced peripheral
neuropathy, HIV/AIDS, and surgery, were described. Various
exercise programs may have some benefits in improving pain
and functions and proper exercise can be used as an effective
alternative treatment or complementary therapy for different
disorders with NP.

This paper was the first expert consensus to report exercise
recommendations for different diseases with NP, including
spinal cord injury, stroke, multiple sclerosis, Parkinson’s
disease, cervical radiculopathy, sciatica, diabetic neuropathy,
chemotherapy-induced peripheral neuropathy, surgery, and
HIV/AIDS. We searched studies published before January 2021.
Then, the grades of recommendations were based on the strength
of evidence and a consensus discussion of the results of the
Delphi rounds. In addition, we used PEDro and AMSTAR to
assess the quality of the included RCTs and systematic reviews.
Finally, all studies that met the inclusion criteria and were

Frontiers in Medicine | www.frontiersin.org 13 November 2021 | Volume 8 | Article 756940

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Zhang et al. Exercise for Neuropathic Pain

deemed to have levels of evidence of I and II were included in
this expert consensus.

Some limitations have to be considered in this study.
First, the recommendations were made through qualitative
analysis in this consensus whereas more specific and rigorous
clinical recommendations that include the types, intensity, and
frequency of exercise should be decided by quantitative analysis.
Second, different from most guidelines that used Grading of
Recommendations, Assessment, Development and Evaluations
to make clinical practice recommendations (63, 64), we assessed
the levels of evidence through Oxford CEBM and evaluated
the grades of recommendation according to the methods
established by the American Physical Therapy Association.
Moreover, most of the RCTs (47.62%) and systematic reviews
(75%) have high quality based on PEDro and AMSTAR scores,
respectively. Nevertheless, some outcomes of the meta-analyses
had considerable heterogeneity, thereby providing relatively
inferior evidences. Furthermore, because studies on the various
exercise for NP are limited, we did not summarize the
recommendations according to different types of exercise, such
as aerobic exercise or progressive resistance training, or provide
detailed information about intensity, time, or frequency of
exercise prescription. Finally, we did not adequately describe the
effect of exercise on other aspects among patients with difference
diseases since the NP intensity was the focus in the study.

CONCLUSION

Exercise can be considered as a feasible, and effective alternative
treatment or complementary therapy for most patients with NP
caused by different diseases. An updated consensus statement will
be required if adequate new studies will be available in the future.
This consensus statement will require regular updates after 5–
10 years to guarantee that treatments and recommendations
continue to be supported by the latest evidence. More high-
quality randomized controlled trails are required to provide

more superior evidence in the future. Exercise with various
types, intensities, and frequencies; patient preference; and facility
conditions should be considered as well in further studies.
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