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ABSTRACT

Introduction: Peripheral neuropathic pain
(PNP) is defined as the neuropathic pain that
arises either acutely or in the chronic phase of a
lesion or disease affecting the peripheral ner-
vous system. PNP is associated with a remark-
able disease burden, and there is an increasing
demand for new therapies to be used in isola-
tion or combination with currently available

treatments. The aim of this systematic review
was to evaluate the current evidence, derived
from randomized controlled trials (RCTs) that
assess non-pharmacological interventions for
the treatment of PNP.
Methods: After a systematic Medline search, we
identified 18 papers eligible to be included.
Results: The currently best available evidence
(level II of evidence) exist for painful diabetic
peripheral neuropathy. In particular, spinal
cord stimulation as adjuvant to conventional
medical treatment can be effectively used for
the management of patients with refractory
pain. Similarly, adjuvant repetitive transcranial
magnetic stimulation of the motor cortex is
effective in reducing the overall pain intensity,
whereas adjuvant static magnetic field therapy
can lead to a significant decrease in exercise-
induced pain. Weaker evidence (level III of
evidence) exists for the use of acupuncture as a
monotherapy and neurofeedback, either as an
add-on or a monotherapy approach, for treat-
ment of painful chemotherapy-induced
peripheral neuropathy
Conclusions: Future RCTs should be conducted
to shed more light in the use of non-pharma-
cological approaches in patients with PNP.
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Key Summary Points

Non-pharmacological approaches can be
used for treatment of peripheral
neuropathic pain.

Adjuvant repetitive transcranial magnetic
stimulation of the motor cortex is
effective in reducing the overall pain
intensity in patients with diabetic
polyneuropathy (level II evidence).

Adjuvant static magnetic field therapy can
lead to a significant decrease in exercise-
induced pain in patients with diabetic
polyneuropathy (level II evidence).

Acupuncture as a monotherapy and
neurofeedback, either as an add-on or a
monotherapy approach, can be used for
treatment of painful chemotherapy-
induced peripheral neuropathy (level III
evidence).

INTRODUCTION

The term peripheral neuropathy (PN) refers to
any disorder of the peripheral nervous system
including single and multiple (asymmetric)
mononeuropathy and symmetrical involve-
ment of many nerves (polyneuropathy) [1].
Many aetiological factors have been implicated
in the development of peripheral neuropathy
including diabetes, cancer, drug toxicity, vita-
min deficiencies, excessive alcohol consump-
tion, increased oxidative stress, gluten
sensitivity and genetic [2–9].

Sensory symptoms that are seen in PN
include tingling, pins and needles sensations,
numbness, tightness, burning, itchiness, sen-
sory ataxia and pain. The latter is very prevalent
as it affects up to two thirds of patients, inde-
pendently of aetiology [10–12].

Presence of peripheral neuropathic pain
(PNP) leads to an overall poor quality of life,
regardless of disease severity [13, 14]. PNP is
challenging to control, as the response to
pharmacological monotherapy is frequently
suboptimal, and combination treatments are
often necessary for adequate pain control [15].
These regimens may be also associated with
potentially serious adverse effects, which may
not be well tolerated by the patients. Given the
remarkable disease burden associated with PNP
and the limited response to the currently
available management strategies, there is a
demand for new therapies to be used in isola-
tion or combination with current treatments.

Non-pharmacological interventions have
been proposed to be used in PNP, mostly as
adjuvant to pharmacological treatments
[16–18]. The aim of this systematic review was
to evaluate the currently available evidence,
derived from randomized controlled trials
(RCTs) that assess non-pharmacological inter-
ventions for the treatment of peripheral neu-
ropathic pain.

METHODS

Literature Search Strategy

A systematic literature search was performed on
April 12, 2020, in the PubMed database. For the
PubMEd search, three medical subject heading
(MeSH) terms were used. Term A was ‘‘pain’’ OR
‘‘painful’’. Term B was ‘‘neuropathy’’ OR
‘‘polyneuropathy’’. Term C was ‘‘randomised’’
OR randomized’’. The filter ‘‘clinical trial’’ was
applied. We also searched at clinicaltrials.gov, a
resource provided by the US National Library of
Medicine for unpublished trials. For the search
we used the same MeSH terms as above. The
filters ‘‘with results’’ AND ‘‘completed’’ were
applied. The reference lists of included articles
were further screened to identify further studies
that may fall within the scope of this review.
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Inclusion Criteria

Articles eligible to be included in this review
were required to meet the following criteria:

1. Human subjects were involved.
2. The full article was written in English

language.
3. They were RCTs investigating non-pharma-

cological approaches for the management
of painful polyneuropathy.

4. Papers were of adequate methodological
quality as described below.

Exclusion Criteria

Articles meeting the following criteria were
excluded from our review:

1. Studies not referring to polyneuropathy.
2. Non-original articles (i.e. review articles,

letters, medical hypotheses, etc.).
3. Non-pharmacological studies where pain

relief was not the primary aim.
4. Trials with less than ten patients per treat-

ment arm.
5. Withdrawal trials.
6. Duplicate articles or papers from the same

research teams describing the same patient
population.

7. Pharmacological trials.

All article abstracts were screened in tripli-
cate in a blinded fashion. Those found to meet
any of the exclusion criteria were removed and
any controversies were dealt with consensus
during a face-to-face meeting, in which the
abstracts were reviewed. All remaining papers
were screened again as a full article by at least
three authors and conflicts were settled as pre-
viously noted.

Quality Assessment of Included Studies

All studies were initially screened for bias using
the JADAD scoring system [19]. Trials with
JADAD score \ 3 were excluded. Studies with
JADAD score C 3 were further assessed using the
Cochrane Collaboration’s tool [20]. This infor-
mation is available as Supplementary material.

Clinical Recommendations

To determine the grading of evidence we used
the classification proposed by the American
Society of Interventional Pain Physicians
(ASIPP), where applicable [21].

Data Collection Process

Data were extracted from each study in a
structured coding scheme using Excel and
included population size, gender and age dis-
tribution, the type of polyneuropathy, means of
diagnosis, means of treatment, duration of RCT,
response to treatment, way of assessment of
effectiveness, side effects associated with the
treatment and the follow-up period of the
patients, where applicable. When there was
uncertainty regarding how data should be
interpreted or utilized, at least three authors
discussed the study in question to ensure
consensus.

Data Synthesis

This study used aggregate data where possible
and it is reported in accordance with the Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guidelines [22].

Compliance with Ethics Guidelines

This article is based on previously conducted
studies. Thus, there are no ethical concerns in
respect to this study.

RESULTS

Study Characteristics

Our search strategy produced a total of 538
results. During the eligibility assessment 520
articles were excluded. Ultimately, a total of 18
completed studies published between 2000 and
2020 were included in the present review
[23–40]. The selection process is illustrated in
Fig. 1 (PRISMA chart). A summary of the
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characteristics of the included studies is avail-
able as Supplementary material.

Spinal Cord Stimulation

Spinal cord stimulation (SCS) is a pain neuro-
modulation technique. There are two compo-
nents of a fully implanted SCS system: the
electrodes (or lead) and the implantable pulse
generator (IPG). Through these
implantable electrodes SCS alters the local
neurochemistry in dorsal horns, suppressing the
hyperexcitability of the neurons with variable
pulse-width modulation [41, 42].

Adjuvant SCS for the management of
refractory painful diabetic peripheral neuropa-
thy has been used in two open-label controlled
studies, showing a significant reduction of pain
intensity scores, maintained over at least
6 months [23, 24]. However, SCS has been
associated with severe adverse events including
infection after the SCS implantation and dural
puncture leading to a subdural hematoma and
subsequently death in one patient [24].

Transcutaneous Electrical
and Electromagnetic Stimulation

The active principle of Scrambler Therapy is
that synthetic ‘‘non-pain’’ information is trans-
mitted by C fiber surface receptors. This is a
different theoretical mechanism than the tra-
ditional electric stimulation of A-beta fibers to
produce paresthesia and/or block the conduc-
tion of nerve fibers to produce an analgesic
effect, which happens via transcutaneous elec-
trical nerve stimulation (TENS) [43].

Electrical stimulation through stocking elec-
trodes as add-on treatment has been studied in a
small double-blind crossover study [25] of
patients with painful diabetic peripheral neu-
ropathy showing, however, no beneficial effect
in reducing pain intensity.

In a 2-week open-label controlled study,
Loprinzi et al. studied the efficacy of scrambler
therapy as a monotherapy versus TENS in
patients with chemotherapy-induced polyneu-
ropathy [26]. Scrambler therapy was well-toler-
ated and effective in reducing the pain.
However, no significant differences in pain
reduction were found between the two

Fig. 1 PRISMA chart
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interventions. In a randomized double-blind
sham-controlled trial, the authors failed to
show any beneficial effect of adjuvant scrambler
therapy compared to sham treatment in
patients with chemotherapy-induced polyneu-
ropathy after a 3-month follow-up assessment
[27].

Frequency-modulated electromagnetic neu-
ral stimulation (FREMS) is a novel transcuta-
neous electrotherapy that involves sequences of
voltage-controlled modulated electrical stimuli
which vary on regards with pulse frequency and
duration [44] leading to gradual recruitment of
membrane potentials in the targeting tissues
[45]. This technique was designed on the basis
of the hypothesis that the summation of sub-
threshold electrical stimuli, conveyed through
the skin proximal to a motor nerve in a non-
invasive system, would induce composite motor
action potentials in excitable tissues [28].

In a randomized double-blind crossover trial,
Bosi et al. applied FREMS as a monotherapy on
patients with painful diabetic polyneuropathy
finding statistically significant improvement in
pain intensity that was maintained for at least 4
months. Besides the analgesic effect, an
improvement in the overall quality of life as
well as a significant improvement of the motor
nerve conduction velocity was found [28].

Low-frequency pulsed electromagnetic stim-
ulation as add-on has been studied in three
double-blind sham-controlled RCTs, all of
which showed no superiority of the active
treatment when used in patients with painful
diabetic polyneuropathy [29, 31].

However, in a double-blind sham-controlled
study, Weintraub et al. showed that adjuvant
static magnetic field therapy can lead to a sig-
nificant decrease in exercise induced pain due
to diabetic polyneuropathy [32].

Interferential therapy is another electro-
physical treatment, in which electrical stimuli
are applied on the painful area via two or four
electrodes using medium-frequency alternating
current (MFAC) at frequencies between 1 and
1500 Hz [46, 47]. Lindblad et al. studied the
therapeutic effect of interferential therapy and
long-wave diathermy as a monotherapy in
patients with chemotherapy-induced painful
polyneuropathy and found that long-wave

diathermy at low power is effective in decreas-
ing the pain intensity whereas the combination
of interferential therapy and long-wave dia-
thermy at high power is not [33].

Repetitive Magnetic Stimulation

Transcranial magnetic stimulation (TMS) is a
neurostimulation and neuromodulation tech-
nique, based on the principle of electromag-
netic induction of an electric field in the brain
[48]. The stimulation parameters as well as the
duration of the modulation are variable and can
prompt either an amplifying or a suppressing
effect [49]. Essentially, low-frequency rTMS
(B 1 Hz) results in inhibition of motor cortical
excitability [50, 51], while application of high-
frequency rTMS (5–20 Hz) can lead to long-
lasting inhibitory effects [52, 53].

Onesti et al. showed that adjuvant repetitive
transcranial magnetic stimulation (rTMS) of the
motor cortex is effective in reducing the pain
intensity of patients with diabetic polyneu-
ropathy [34], an effect that persisted for at least
3 weeks.

Photon Stimulation

Photon stimulation is regarded as either a
pulsed infrared light therapy [54] or a photo-
biomodulation [55], and these vary in terms of
wavelength. At the cellular level, photo-
biomodulation can improve cellular metabo-
lism and accelerate tissue and cell repair
[55, 56]. It has been demonstrated that cyto-
chrome c-oxidase (COX) is responsible for the
light absorption [57] and nitric oxide (NO) is
responsible for the inhibition of the respiration
by binding to COX [58]. Photon stimulation
targets the bond between COX and NO leading
to segregation and mitochondrial disinhibition
or respiration [59].

Low-intensity laser therapy (LILT) is treat-
ment based on photochemical modulation,
which triggers biochemical changes [60] at
optimal wavelengths and energy densities. This
novel noninvasive technique can only deliver
monochromatic light in the far-red to near-
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infrared region of the spectrum (630–1000 nm)
[55].

The use of adjuvant photon stimulation for
the treatment of peripheral neuropathic pain
due to diabetic polyneuropathy of the lower
limbs has been studied in a double-blind sham-
controlled RCT by Swislocki et al. [35]. Patients
receiving photon stimulation reported
improved sensation, social functioning and
mental health compared to sham stimulation.
However, no differences over time in pain
intensity or pain relief scores were found
between the two groups.

In an 8-week double-blind RCT, Zinman
et al. considered the efficacy and safety of
adjuvant LILT in 50 subjects suffering from
painful diabetic peripheral neuropathy [36].
Initially, all subjects were treated with sham
laser therapy for 2 weeks, achieving a decrease
in the mean pain score. Then, for 4 weeks
patients were randomized to receive LILT or
sham laser therapy. Only patients receiving
LILT achieved a further reduction in their pain
scores, though these were not statistically sig-
nificant compared to sham therapy (p = 0.07).
However, this effect was not maintained
2 weeks after completion of treatment.
Although patients had already been treated
with multiple medications, no complications
were reported with add-on laser therapy,
showing that laser therapy is a safe and well-
tolerated treatment option in patients with
comorbidities.

Vibration Stimulation

Vibratory stimulation can be applied via a
device either on the whole body or at a specific
painful area with various pulses [61], which
results in enhancement of neuromuscular acti-
vation and improvement of skeletal muscle
function [62, 63] probably through muscle
tuning [64]. Whole-body vibration is typically
applied indirectly via the lower limbs with the
patient standing in a half squat position on a
vibrating platform [65].

Paice et al. investigated the efficacy of a
45-min vibration at a frequency of 60 Hz as a
monotherapy in a double-blind sham-

controlled RCT of 40 patients with moderate to
severe HIV-associated polyneuropathy [37].
Statistically significant reduction of pain inten-
sity was achieved in both treatment arms.
However, no statistically significant difference
of post-treatment benefit was found between
the two arms.

Acupuncture

Acupuncture is a minimally invasive procedure,
which derives from traditional Chinese medi-
cine and is based on the meridian theory. The
meridian theory is based on empirical experi-
ence. Although the meridians have not been
formally characterized as anatomical structures,
they seem to serve as a road map to identify the
location of various acupoints [66].

Garrow et al. conducted a 10-week single-
blind sham-controlled RCT in patients with
intractable peripheral pain in the lower limbs
due to diabetes and showed that adjuvant
acupuncture improves the pain intensity, but
not significantly compared to sham interven-
tion [38].

In an 8-week single-blind RCT, Molassiotis
et al. investigated the efficacy of acupuncture as
a monotherapy in patients with painful
chemotherapy-induced polyneuropathy. A sta-
tistically significant improvement was achieved
in the acupuncture arm [39].

Neurofeedback

Neurofeedback is a learning intervention that
aims to have patients control their brain waves
consciously and assess their progress [67]. It has
been successfully used in combination with
regular medication for a variety of health issues,
including pain conditions [68, 69], traumatic
brain injuries [70] and sleep difficulties [71].

Prinsloo et al. [40] investigated the efficacy of
a neurofeedback intervention as either
monotherapy or add-on in a small sample of
subjects with chemotherapy-induced polyneu-
ropathy. At 4 months post-intervention, the
maximum pain score was significantly reduced
in the group that had received the intervention
compared to patients that had not. Similarly,
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significant improvements were demonstrated
for other neuropathic symptoms such as
numbness and tingling.

DISCUSSION

Our systematic review underscores the lack of
good quality studies that are focusing on non-
pharmacological approaches for the treatment
of PNP. The majority of the available RCTs test
non-pharmacological approaches as adjuvant to
the available pharmacological treatments.

Using the ASIPP criteria the currently best
available evidence (level II evidence) exists for
painful diabetic peripheral neuropathy. In par-
ticular, spinal cord stimulation as adjuvant to
conventional medical treatment can be effec-
tively used for the management of patients with
refractory pain. Similarly, adjuvant rTMS of the
motor cortex is effective in reducing the overall
pain intensity, whereas adjuvant static mag-
netic field therapy can lead to a significant
decrease in exercise-induced pain.

Weaker evidence (level III evidence) exists
for the use of acupuncture as a monotherapy
and neurofeedback, as either an add-on or a
monotherapy approach, for treatment of pain-
ful CIPN.

Our results should be interpreted with some
caution given the limitations of our design.
First, there was a great deal of heterogeneity
between the studies, involving different tech-
niques and different treatment approaches, thus
not allowing for a meta-analysis to be done.
Second, we only searched for publications in
PubMed and clinicaltrials.gov, and we therefore
might have missed a few more papers that are
indexed only in other databases.

Future RCTs should be conducted to shed
more light on the use of non-pharmacological
approaches in patients with other forms of PNP
as currently the available evidence to make
clinical recommendations concerns patients
with diabetic PN and patients with CIPN.
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