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Abstract

Introduction

People with ulnar, radial or median nerve injuries can present significant impairment of their

sensory and motor functions. The prescribed treatment for these conditions often includes

electrophysical therapies, whose effectiveness in improving symptoms and function is a

source of debate. Therefore, this systematic review aims to provide an integrative overview

of the efficacy of these modalities in sensorimotor rehabilitation compared to placebo, man-

ual therapy, or between them.

Methods

We conducted a systematic review according to PRISMA guidelines. We perform a litera-

ture review in the following databases: Biomed Central, Ebscohost, Lilacs, Ovid, PEDro,

Sage, Scopus, Science Direct, Semantic Scholar, Taylor & Francis, and Web of Science, for

the period 1980–2020. We include studies that discussed the sensorimotor rehabilitation of

people with non-degenerative ulnar, radial, or median nerve injury. We assessed the quality

of the included studies using the Risk of Bias Tool described in the Cochrane Handbook of

Systematic Reviews of Interventions and the risk of bias across studies with the GRADE

approach described in the GRADE Handbook.

Results

Thirty-eight studies were included in the systematic review and 34 in the meta-analysis. The

overall quality of evidence was rated as low or very low according to GRADE criteria.

Low-level laser therapy and ultrasound showed favourable results in improving symptom

severity and functional status compared to manual therapy. In addition, the low level laser

showed improvements in pinch strength compared to placebo and pain (VAS) compared to
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Seder R, Page Á (2021) Effectiveness of

electrophysical modalities in the sensorimotor

rehabilitation of radial, ulnar, and median

neuropathies: A meta-analysis. PLoS ONE 16(3):

e0248484. https://doi.org/10.1371/journal.

pone.0248484

Editor: Leila Harhaus, BG Trauma Center

Ludwigshafen, GERMANY

Received: July 9, 2020

Accepted: February 26, 2021

Published: March 18, 2021

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0248484

Copyright: © 2021 Bula-Oyola et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the manuscript and its Supporting

information files.

https://orcid.org/0000-0001-9158-5830
https://orcid.org/0000-0002-7648-799X
https://doi.org/10.1371/journal.pone.0248484
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248484&domain=pdf&date_stamp=2021-03-18
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248484&domain=pdf&date_stamp=2021-03-18
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248484&domain=pdf&date_stamp=2021-03-18
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248484&domain=pdf&date_stamp=2021-03-18
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248484&domain=pdf&date_stamp=2021-03-18
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248484&domain=pdf&date_stamp=2021-03-18
https://doi.org/10.1371/journal.pone.0248484
https://doi.org/10.1371/journal.pone.0248484
https://doi.org/10.1371/journal.pone.0248484
http://creativecommons.org/licenses/by/4.0/


manual therapy. Splints showed superior results to electrophysical modalities. The clinical

significance of the results was assessed by effect size estimation and comparison with the

minimum clinically important difference (MCID).

Conclusions

We found favourable results in pain relief, improvement of symptoms, functional status, and

neurophysiological parameters for some electrophysical modalities, mainly when applied

with a splint. Our results coincide with those obtained in some meta-analyses. However,

none of these can be considered clinically significant.

Trial registration

PROSPERO registration number CRD42020168792; https://www.crd.york.ac.uk/

PROSPERO/display_record.php?RecordID=168792.

Introduction

Peripheral neuropathies are common pathologies. The incidence is up to 300,000 cases per

year in Europe and approximately 200,000 in the United States [1]. Peripheral nerves can be

damaged by autoimmune or metabolic disorders, tumours, thermal, chemical, or mechanical

trauma. The leading causes are penetration, crushing, or pulling, and ischemia [2]. Most of

them involve the upper limbs [3], with a higher rate of damage to the ulnar nerve, followed by

the median and radial nerves [4,5]. Signs and symptoms may include partial or total motor

dysfunction of the forearm and hand, loss of muscle tone and strength, hypoesthesia or hyper-

esthesia, pain, allodynia, or paraesthesia [6].

Rehabilitation of peripheral neuropathies has surgical and conservative alternatives. Gener-

ally, conservative treatment is considered the first option for mild to moderate injuries, while

surgical treatment is standard for severe injuries or lesions that do not respond adequately to

conservative management [7].

Current literature has focused on the efficacy of surgical and pharmacological treatments

[8–21]. Regarding conservative treatments, most research evaluates the effects of electrophysi-

cal modalities (EM) in carpal tunnel syndrome (CTS) [22–32]. There is a gap in the study of

entrapment injuries in other nerves and pathologies that represent a higher degree of disabil-

ity, such as paralysis. Despite the available studies, there is no consensus about EM’s effects on

improving symptoms and function. Therefore, this systematic review aims to provide a com-

prehensive overview of these therapies’ performance in sensorimotor rehabilitation of ulnar,

radial, and median neuropathies compared to placebo, physical therapy, or between them.

Methods

We conducted a systematic review according to PRISMA guidelines (see S1 and S2 Tables).

We registered our review in the PROSPERO database for systematic reviews (PROSPERO reg-

istration number CRD42020168792) and included the protocol in S1 File.

Eligibility criteria

The eligibility criteria involved studies published in English over the last forty years evaluating

the effectiveness of electrophysical modalities to treat radial, ulnar, or median neuropathies.
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The exclusion criteria left out studies that included surgical or pharmacological treatment, ani-

mal testing, electrophysical modalities to treat other neuropathies, degenerative neuropathies,

or other diseases of diverse origin with neuropathic or musculoskeletal involvement.

Outcomes measures

The primary outcomes of interest were scores on the pain scale, symptom severity, and func-

tional status. As well as the electrophysiological parameters of the nerves: motor latency, the

amplitude of motor action potential, motor conduction velocity, sensory latency, the ampli-

tude of sensory action potential, and sensory conduction velocity. The secondary outcomes

were grip and pinch strength.

Search strategy

We carried out the literature review between April and July 2019 and October 2020, using

medical topic headings (MeSH) and free-text terms for neuropathies and rehabilitation to

identify studies from the following databases: Biomed Central, Ebscohost, Lilacs, Ovid, PEDro,

Sage, Scopus, Science Direct, Semantic Scholar, Taylor & Francis, and Web of Science. We

also hand-searched the references from the studies included in the review to find other possi-

ble relevant studies. We provide an example of the search terms in the S2 File.

Data collection and analysis

Selection of studies and data extraction. Two independent reviewers (JBL, EBO) exam-

ined all articles eligible for inclusion. We classified the data in an Excel matrix according to the

type of study; nerve examined, type of injury, severity, characteristics of the participants (num-

ber, age, and sex), follow-up periods, intervention, and comparator.

Assessment of risk of bias. Two independent reviewers (RPS, AP) assessed the bias of

included studies with the Cochrane Risk of Bias tool in five domains: sequence generation,

allocation concealment, blinding, incomplete data, and selective information [33]. We resolved

disagreements through discussion; in cases where we did not reach a consensus, we consulted

a third reviewer (JBL).

Data synthesis. We used R Studio software to perform the meta-analysis. We pooled

study results according to interventions, outcome measures, and timing of outcome measures.

We did the data synthesis for each comparison group separately. In cases where it was not pos-

sible to pool the data in a meta-analysis, we provide a narrative synthesis of the results.

We assessed heterogeneity among studies using the I-squared (I2) test. We define heteroge-

neity using the following ranges as a guide: 0% to 40% might not be important heterogeneity,

30% to 60% might represent moderate heterogeneity, 50% to 90% might represent substantial

heterogeneity, and 75% to 100% might represent considerable heterogeneity [33].

We estimated the pooled effect using standardised mean differences (SMDs) with 95% con-

fidence intervals (CI). We used the random-effects model to perform meta-analysis when

I2>50% and the fixed-effects model when I2<50%. We assessed the effect size using Cohen’s d

coefficient [34] according to the following parameters: <0.2 = trivial effect; 0.2–0.5 = small

effect; 0.5–0.8 = moderate effect;> 0.8 = large effect. We used a funnel plot to evaluate publica-

tion bias when we could pool at least ten studies examining the same treatment comparison

[33].

We used the GRADE approach to summarise the overall quality of evidence for each out-

come [35]. According to the GRADE considerations, we assess the quality of evidence across

studies: risk of bias, inconsistency, indirect evidence, imprecision, and other considerations

(including publication bias, large effect, plausible confounding, and dose-response gradient).
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We used GRADEpro GDT software (gradepro.org/) for the assessment and generation of sum-

mary tables. We provide footnotes to explain decisions to downgrade or upgrade the quality of

evidence. The results of the risk of bias across studies are available in S3 Table.

Results

Search strategy

The search strategy yielded 136 results. After eliminating the duplicates, we identified 99 arti-

cles. In obtaining the full texts, we excluded several trials: thirteen per language, 42 because the

approach was another therapeutic modality (e.g., acupuncture, peloid, kinesiotaping, and par-

affin), three that reviewed post-surgical treatments, one whose comparator was no treatment,

and two because they included steroid or vitamin B6 injection among their groups (Fig 1).

Study characteristics

We identified thirty-eight studies evaluating the effectiveness of at least one EM to treat

peripheral neuropathies. Thirty-four RCTs (n = 1766) assessed the effects in CTS [36–69], two

(n = 93) in ulnar neuropathy at the elbow (UNE) [70,71], one comparative study (n = 19) in

radial nerve palsy [72], and another (n = 107) in brachial, median, ulnar, and radial nerve

palsy [73]. The characteristics and main outcomes of each study are described in S5 Table.

Fig 1. Flowchart of the study selection process.

https://doi.org/10.1371/journal.pone.0248484.g001

PLOS ONE Effectiveness of electrophysical modalities in the rehabilitation of radial, ulnar, and median neuropathies

PLOS ONE | https://doi.org/10.1371/journal.pone.0248484 March 18, 2021 4 / 26

https://doi.org/10.1371/journal.pone.0248484.g001
https://doi.org/10.1371/journal.pone.0248484


Assessment of risk of bias

All studies reported that participants were randomly assigned between groups, except one

due to diversity between treatments [47]. However, the methods of allocation were not

described in some of the studies [36,40,43,44,46,52,59,61,65]. We identified possible perfor-

mance and detection biases in several studies associated with allocation concealment

[37,39,43,44,47,50,51,53,55–57,63,67,68], blinding of participants [37,41–43,46,47,50–52,55–

57,62,66–70], blinding of personnel [37,38,41–47,50–53,55–57,60,62,63,66–68,70,71], blinding

of outcome assessors [39,42–44,46,49,55,58,60,67] that was unclear or not provided. As well

as attrition [36,37,39,40,43,45,48–50,52,54,55,58,60,63,64,70,71] and data reporting biases

[48,50,63,65]. In general, all studies had similar baseline characteristics and follow-up times

among their groups. The results of the risk of bias assessment of the included studies are avail-

able in S4 Table.

Effects of electrophysical interventions

We obtained thirty-four RCTs evaluating CTS, eighteen comparing EMs versus placebo (i.e.,

LLLT alone [42,43,48,53,62,63], LLLT plus splint [49,59], ESWT plus splint [38,58], continu-

ous US alone [39], continuous and pulsed US plus splint [45], continuous and pulsed SWD

plus splint [37], SMF [40,69], PMF [61] or alternate use of both MF [44]). Four studies assessed

EMs against manual therapy (MT) (i.e., LLLT [46,47], LLLT plus US [64], US plus splint, and

US with MT plus splint [57]).

Six studies compared different EMs (i.e., LLLT vs. TENS [68], LLLT vs. PMF [67], LLLT vs.

pulsed US [41,65], LLLT plus splint vs. continuous plus splint [52], ESWT vs. pulsed US vs.

Cryo US [66], TENS vs. IFC [51]), and six studies evaluated EM versus splinting (i.e., LLLT

plus splint [50,54], TENS and IFC [51], PRF plus splint [52], ESWT plus splint [55], PPNL

plus splint [56]).

Two studies evaluated EMs for UNE. One RCT compared LLLT versus continuous US [70]

and the other evaluated continuous SWD plus splint versus placebo [71]. Two comparative

studies evaluated EMs for the treatment of hand paralysis. One compared LLLT alone versus

LLLT plus splint for radial palsy [72], and the other used ultrasound, electrostimulation, ther-

mal and manual therapy in a unified therapeutic protocol for brachial, median, ulnar, and

radial palsy [73].

Electrophysical modalities versus placebo. Favourable results for extracorporeal shock-

wave therapy plus splint in pain relief, severity of symptoms, functional status, and pinch

strength. Only the result for pinch strength was supported by a moderate effect size. Conflict-

ing evidence for low-level laser therapy; favoured in three studies and participants with mild

carpal tunnel syndrome. A large effect size showed superiority of placebo over electrophysical

modalities. Significant improvement in motor latency, sensory amplitude, and grip strength of

low-level laser therapy plus splint (trivial effect size) and inconclusive results for sensory

latency, motor amplitude, sensory, and motor conduction velocity.

Lazovic et al. [48] reported pain reduction at the end of treatment in the low-level laser

therapy group and expressed the results as percentages. Arikan et al. [61] reported improve-

ments in pain (VAS) and symptom severity in the placebo group and presented their results in

ranges (min/max). We did not receive the data from the authors, so we could not include them

in the meta-analysis.

We found no significant differences in the remaining modalities for the parameters men-

tioned. The outcomes and significance are in Table 1, and detailed analyses are presented in

Figs 2–12.
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Table 1. Outcome measures and significance of electrophysical modalities versus placebo.

Author Intervention VAS SS FS ML SL MNCV SNCV SNAP (A) CMAP (A) Grip strength Pinch strength

Armagan et al. US + SP + + + + + + +

Jothi and Bland. US + SP + + + +

Oztas et al. US + + + +

Wu et al. ESWT + + + + +

Ke et al. ESWT + - + - + -

Abid Ali et al. LLLT + - + - + - + - + + - + + - + -

Jiang et al. LLLT + � +—� + - + -

Tascioglu et al. LLLT + + + + + + +

Shooshtari et al. LLLT + - + + + +

Chang et al. LLLT + + - + + +

Lazovic et al. LLLT + ˚ + + -

Fusakul et al. LLLT + SP + - + - + + - + - + - + + - + -

Evcik et al. LLLT + SP

Boyaci et al. SWD + SP + + + + + +

Badur et al. SWD + SP +

Carter et al. SMF +

Colbert et al. SMF + + + + + +

Weintraub and Cole. SMF+PMF +

Arikan et al. PMF + ˚ + + + - + + + +

Abbreviations: VAS: Visual analog scale; SS: Symptom severity; FS: Functional status; ML: Motor latency; SL: Sensory latency; MNCV: Motor nerve conduction velocity;

SNCV: Sensory nerve conduction velocity; SNAP (A): Sensory nerve action potential amplitude; CMAP (A): Compound muscle action potential amplitude. Annotation

symbols: Measured: +; Statistically significant: -; Not included in the meta-analysis: ˚; Only in the mild group: �.

https://doi.org/10.1371/journal.pone.0248484.t001

Fig 2. Analysis—Electrophysical modalities versus placebo (pain). Studies with more than two intervention groups

(different modalities, treatment doses, or symptom classification) were numbered as (1) and (2).

https://doi.org/10.1371/journal.pone.0248484.g002
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Electrophysical modalities versus manual therapy. We observed a greater improvement

(trivial effect size) in pain with low-level laser therapy versus manual therapy. We observed

that fascial manipulation was superior to low-level laser therapy for symptom severity and

functional status. Favourable results for low-level laser therapy in motor latency. No significant

difference for low-level laser therapy plus ultrasound in neurophysiological parameters or

strength. The outcomes and significance are in Table 2, and detailed analyses are presented in

Figs 13–19.

Comparison between electrophysical modalities. We found superior results with trivial

effect size for pulsed US over low-level laser therapy in pain relief, symptoms, and sensory

latency for carpal tunnel syndrome and ulnar neuropathy at the elbow. Favourable results for

Fig 4. Analysis—Electrophysical modalities versus placebo (functional status). Studies with more than two

intervention groups (different modalities, treatment doses, or symptom classification) were numbered as (1) and (2).

https://doi.org/10.1371/journal.pone.0248484.g004

Fig 3. Analysis—Electrophysical modalities versus placebo (symptoms severity). Studies with more than two

intervention groups (different modalities, treatment doses, or symptom classification) were numbered as (1) and (2).

https://doi.org/10.1371/journal.pone.0248484.g003
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low-level laser therapy in motor latency and sensory velocity. Grip strength improved with

both modalities of ultrasound over low-level laser therapy (large effect size). No significant dif-

ference for low-level laser therapy, transcutaneous electrical nerve stimulation, or ultrasound

in the remaining parameters. The outcomes and significance are in Table 3, and detailed analy-

ses are presented in Figs 20–26.

Fig 6. Analysis—Electrophysical modalities versus placebo (motor latency). Studies with more than two intervention

groups (different modalities, treatment doses, or symptom classification) were numbered as (1) and (2).

https://doi.org/10.1371/journal.pone.0248484.g006

Fig 5. Analysis—Electrophysical modalities versus placebo (sensory latency). Studies with more than two intervention

groups (different modalities, treatment doses, or symptom classification) were numbered as (1) and (2).

https://doi.org/10.1371/journal.pone.0248484.g005
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Ozkan et al. [70] compared low-level laser therapy and ultrasound for ulnar neuropathy at

the elbow. They reported a marked reduction in VAS pain at the end of treatment, in the first

and third months of follow-up in the ultrasound group, while the low-level laser therapy group

only showed improvement in the first month of follow-up. Dakowicz et al. [67] compared

low-level laser therapy and pulsed magnetic field for carpal tunnel syndrome. They reported a

significant reduction in VAS pain in both groups after each treatment series and six months

after the last series. The authors presented their mean values through a graph. We did not

receive the data from the authors, so we could not include them in the meta-analysis.

Fig 8. Analysis—Electrophysical modalities versus placebo (motor velocity). Studies with more than two intervention groups (different modalities,

treatment doses, or symptom classification) were numbered as (1) and (2).

https://doi.org/10.1371/journal.pone.0248484.g008

Fig 7. Analysis—Electrophysical modalities versus placebo (sensory velocity). Studies with more than two intervention groups

(different modalities, treatment doses, or symptom classification) were numbered as (1) and (2).

https://doi.org/10.1371/journal.pone.0248484.g007
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Fig 10. Analysis—Electrophysical modalities versus placebo (compound muscle action potential amplitude). Studies with more than two

intervention groups (different modalities, treatment doses, or symptom classification) were numbered as (1) and (2).

https://doi.org/10.1371/journal.pone.0248484.g010

Fig 11. Analysis—Electrophysical modalities versus placebo (grip strength). Studies with more than two intervention groups (different modalities,

treatment doses, or symptom classification) were numbered as (1) and (2). Modalities delivered with a splint were marked as (SP).

https://doi.org/10.1371/journal.pone.0248484.g011

Fig 9. Analysis—Electrophysical modalities versus placebo (sensory nerve action potential amplitude). Studies with more than two intervention

groups (different modalities, treatment doses, or symptom classification) were numbered as (1) and (2).

https://doi.org/10.1371/journal.pone.0248484.g009
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Electrophysical modalities versus splinting. Most of the favourable results correspond to

the use of splinting in conjunction with electrophysical modalities. This evidence shows a

moderate effect size. We found favourable results for pain relief with pulsed Radiofrequency

and low-level laser therapy plus splint and interferential current therapy alone. Significant

improvement in symptom severity, functional status, sensory nerve conduction velocity, and

motor latency for low-level laser therapy plus splint. No significant differences in the remain-

ing modalities for the parameters mentioned. The outcomes and significance are in Table 4,

and detailed analyses are presented in Figs 27–34.

Clinical significance

As suggested by Lemieux et al [74] and Page [75], we calculated the MCID by multiplying the

pooled baseline standard deviation values by 0.2, which corresponds to the smallest effect size.

We compare the results of the meta-analysis with the references of the minimal clinically

important differences for VAS (MCID of 1.2) [76], FSS (MCID of 0.74) [77], SSS (MCID of

1.04) [78], grip strength (MCID of 2.69 kg) and pinch strength (MCID of 0.68 kg) [79] and did

not find any results that could be clinically significant. The overview of MCID estimation is in

Table 5.

Fig 12. Analysis—Electrophysical modalities versus placebo (pinch strength).

https://doi.org/10.1371/journal.pone.0248484.g012

Table 2. Outcome measures and significance of electrophysical modalities versus manual therapy.

Author INT VAS SS FS ML SL MNCV SNCV SNAP

(A)

CMAP

(A)

Grip

strength

Pinch

strength

Muscle
strength

Atya and

Mansour

LLLT� vs N/TGE + - + - +

-

+ - + -

Pratelli et al. LLLT vs FM� + - +

-

+

-

Milicin &

Sı̂rbu.

US + TT + ES + KT + MM + +

Baysal et al. US + SP vs N/TGE + SP vs N/TGE

+ US + SP�
+ + + + + +

Wolny et al. US + LLLT vs NDT + CBM + MM + + + +

Abbreviations: INT: Intervention; VAS: Visual analog scale; SS: Symptom severity; FS: Functional status; ML: motor latency; SL: Sensory latency; MNCV: Motor nerve

conduction velocity; SNCV: Sensory nerve conduction velocity; SNAP (A): Sensory nerve action potential amplitude; CMAP (A): Compound muscle action potential

amplitude; N/TGE: Nerve and tendon gliding exercises; FM: Fascial manipulation; TT: Thermotherapy; ES: Electrostimulation; KT: Kinesiotherapy; MM: Manual

massage; SP: Splint. NDT: Neurodynamic Technique; CBM: Carpal bone mobilisation. Annotation symbols: +, Measured; -, Statistically significant; �, Evidence favours

this intervention.

https://doi.org/10.1371/journal.pone.0248484.t002

PLOS ONE Effectiveness of electrophysical modalities in the rehabilitation of radial, ulnar, and median neuropathies

PLOS ONE | https://doi.org/10.1371/journal.pone.0248484 March 18, 2021 11 / 26

https://doi.org/10.1371/journal.pone.0248484.g012
https://doi.org/10.1371/journal.pone.0248484.t002
https://doi.org/10.1371/journal.pone.0248484


Fig 13. Analysis—Electrophysical modalities versus manual therapy (pain). Studies delivering modalities with a splint were marked as (SP).

https://doi.org/10.1371/journal.pone.0248484.g013

Fig 14. Analysis—Electrophysical modalities versus manual therapy (symptoms severity).

https://doi.org/10.1371/journal.pone.0248484.g014

Fig 15. Analysis—Electrophysical modalities versus manual therapy (functional status).

https://doi.org/10.1371/journal.pone.0248484.g015

Fig 16. Analysis—Electrophysical modalities versus manual therapy (sensory latency). Studies delivering modalities with a splint were marked as

(SP).

https://doi.org/10.1371/journal.pone.0248484.g016
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Discussion

This review included 38 studies comparing the effects of electrophysical modalities compared

to placebo or other non-surgical (non-pharmacological) treatments to manage traumatic

peripheral neuropathies. We carried out a detailed analysis assessing the main parameters

associated with symptoms, function, strength, and nerve conduction.

We assessed the quality of evidence using the GRADE approach. The quality in most stud-

ies was classified as low or very low. Risk of bias varied between studies, but was generally seri-

ous in most domains. Heterogeneity was mostly high. All studies were small, ranging from 18

to 140 participants, so it is plausible that any effects may be overestimated.

The results of meta-analysis revealed that ESWT plus splint could improve symptoms and

functional parameters in patients with mild or moderate carpal tunnel syndrome. Our findings

are similar to the results from Huisstede et al. [80], who reported moderate evidence regarding

Fig 17. Analysis—Electrophysical modalities versus manual therapy (motor latency). Studies delivering modalities with a splint were marked as

(SP).

https://doi.org/10.1371/journal.pone.0248484.g017

Fig 18. Analysis—Electrophysical modalities versus manual therapy (sensory velocity).

https://doi.org/10.1371/journal.pone.0248484.g018

Fig 19. Analysis—Electrophysical modalities versus manual therapy (grip strength). Studies delivering modalities with a splint were marked as (SP).

https://doi.org/10.1371/journal.pone.0248484.g019
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the effectiveness of radial ESWT compared with placebo ESWT in the short-term. We concur

with the results from Kim et al. [81], who noticed effectiveness in the outcomes mentioned

above but differed in the electrophysiological parameters’ findings.

The US appears to be more effective than LLLT in improving grip strength, pain, and sen-

sory latency. However, we found no significant differences compared to placebo or manual

therapy in line with the results of Page et al. [25], who found effectiveness in the outcomes

mentioned above but differed in the electrophysiological findings. We also agree with the

authors, who noted there is no evidence that US applied with a splint is more effective than

any other non-surgical intervention.

Similar to Huisstede et al. [80], we found limited evidence (from one RCT) that fascial

manipulation can improve functional and symptom outcomes. Likewise, LLLT plus splint and

PRF plus splint compared to splinting. Besides, our results showed that LLLT plus splint was

superior to placebo in terms of improving grip strength in patients with mild to moderate

CTS, confirming the findings of Bekhet et al. [23] and Li et al. [28]. For the rest of the parame-

ters, we found conflicting evidence differing from the results obtained by Li et al. [28] and is

Table 3. Outcome measures and significance of the comparison between electrophysical modalities.

Author Intervention VAS SS FS ML SL MNCV SNCV SNAP

(A)

CMAP

(A)

Grip

strength

Pinch

strength

Muscle

power

Ozkan et al. LLLT vs Continuous US� + + + +

Oshima et al. LLLT vs LLLT + SP + +

Armagan

et al.

Pulsed US + SP vs Continuous US

+ SP

+ - + + + + + +

Boyaci et al. Pulsed SWD + SP vs Continuous

SWD + SP

+ + + + + +

Casale et al. LLLT vs TENS + + - +

Dakowicz

et al.

LLLT vs PMF + ˚

Saeed et al. LLLT vs Pulsed US + - +

-

+ + + +

-

Dincer et al. LLLT+ SP vs Continuous US + SP + + + + +

Paoloni et al. ESWT vs Pulsed US vs Pulsed Cryo

US

+ + +

Koca et al. TENS vs IFC + - + + + +

Abbreviations: VAS: Visual analog scale; SS: Symptom severity; FS: Functional status; ML: motor latency; SL: Sensory latency; MNCV: Motor nerve conduction velocity;

SNCV: Sensory nerve conduction velocity; SNAP (A): Sensory nerve action potential amplitude; CMAP (A): Compound muscle action potential amplitude; SP: Splint.

Annotation symbols: +, Measured; -, Statistically significant; �, Evidence favours this intervention; ˚, Not included in the meta-analysis.

https://doi.org/10.1371/journal.pone.0248484.t003

Fig 20. Analysis—Comparison between electrophysical modalities (pain).

https://doi.org/10.1371/journal.pone.0248484.g020
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consistent with those obtained by Burger et al. [30]. We agree with the observation made by

Bekhet et al. [23] and Li et al. [28], highlighting the usefulness of orthoses as an agent of influ-

encing the outcomes of peripheral neuropathies.

We found no evidence for the effectiveness of magnetic field therapy in functional and

symptom improvement or electrophysiological parameters. Our findings agree with O’Connor

et al. [29] and differ from Huisstede et al. [80], who reported conflicting evidence.

We found no evidence of the effectiveness of SWD, PPNL, or TENS. Our results differ from

Huisstede et al. [80] for SWD and are similar concerning PPNL. We agree with Gibson et al.

[82] regarding TENS. The overview of evidence is in Table 6.

Fig 21. Analysis—Comparison between electrophysical modalities (symptoms severity).

https://doi.org/10.1371/journal.pone.0248484.g021

Fig 22. Analysis—Comparison between electrophysical modalities (functional status).

https://doi.org/10.1371/journal.pone.0248484.g022

Fig 23. Analysis—Comparison between electrophysical modalities (sensory latency).

https://doi.org/10.1371/journal.pone.0248484.g023
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Fig 24. Analysis—Ccomparison between electrophysical modalities (motor latency).

https://doi.org/10.1371/journal.pone.0248484.g024

Fig 25. Analysis—Comparison between electrophysical modalities (sensory velocity).

https://doi.org/10.1371/journal.pone.0248484.g025

Fig 26. Analysis—Comparison between electrophysical modalities (grip strength).

https://doi.org/10.1371/journal.pone.0248484.g026

Table 4. Outcome measures and significance of electrophysical modalities versus splinting.

Author INT VAS SS FS ML SL MNCV SNCV SNAP (A) CMAP (A) Grip strength Pinch strength

Dincer et al. LLLT + SP vs SP + - + - + - + - + -

Koca et al. TENS vs IFC vs SP + - � + + + + - �

Chen et al. PRF + SP vs SP + - + - + - + +

Raeissadat et al. PPNL+ SP vs SP + + ˚ + ˚ + ˚ + + ˚ + ˚

Raissi et al. ESWT + SP vs SP + + ˚ + + -

Yagci et al. LLLT + SP vs SP + + + + +

Abbreviations: INT: Intervention; VAS: Visual analog scale; SS: Symptom severity; FS: Functional status; ML: motor latency; SL: Sensory latency; MNCV: Motor nerve

conduction velocity; SNCV: Sensory nerve conduction velocity; SNAP (A): Sensory nerve action potential amplitude; CMAP (A): Compound muscle action potential

amplitude. SP: Splint. Annotation symbols: +, Measured; -, Statistically significant; �, Evidence favours this intervention; ˚, Not included in the meta-analysis.

https://doi.org/10.1371/journal.pone.0248484.t004
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Fig 27. Analysis—Electrophysical modalities plus splint versus splinting (pain).

https://doi.org/10.1371/journal.pone.0248484.g027

Fig 28. Analysis—Electrophysical modalities alone versus splinting (pain). Studies with more than two intervention groups (different modalities)

were numbered as (1) and (2).

https://doi.org/10.1371/journal.pone.0248484.g028

Fig 29. Analysis—Electrophysical modalities versus splinting (symptoms severity).

https://doi.org/10.1371/journal.pone.0248484.g029

Fig 30. Analysis—Electrophysical modalities versus splinting (functional status).

https://doi.org/10.1371/journal.pone.0248484.g030
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By contrasting effect sizes we could identify that the results favouring placebo were sup-

ported by large (for pain and symptom severity) and moderate (functional status) effect sizes.

The only outcomes in favour of electrophysical modalities supported by a large effect size were

associated with improvement in symptom severity and functional status in comparison to

Fig 34. Electrophysical modalities versus splinting (sensory velocity). Studies with more than two intervention groups (different modalities) were

numbered as (1) and (2).

https://doi.org/10.1371/journal.pone.0248484.g034

Fig 31. Analysis—Low-level laser plus splint versus splinting (motor latency).

https://doi.org/10.1371/journal.pone.0248484.g031

Fig 32. Analysis—Electrophysical modalities alone versus splinting (motor latency). Studies with more than two

intervention groups (different modalities) were numbered as (1) and (2).

https://doi.org/10.1371/journal.pone.0248484.g032

Fig 33. Analysis—Electrophysical modalities plus splint versus splinting (sensory velocity).

https://doi.org/10.1371/journal.pone.0248484.g033
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manual therapy. The superior results of splinting over electrophysical modalities were sup-

ported by moderate effect sizes. Likewise a moderate effect favoured electrophysical modalities

over placebo in pinch strength. The results favouring ultrasound over the other modalities

were supported by trivial effect sizes. Similarly a trivial effect size was associated with grip

strength in favour of modalities over placebo and in pain improvement over manual therapy.

We contrasted the results with the minimal clinically important difference (MCID) in

order to provide practical evidence to support clinical decision-making in the use of therapeu-

tic alternatives for the management of peripheral neuropathies. We found no clinical signifi-

cance in any of the pooled results when compared to the MCID.

Strengths and limitations

To our knowledge, this is the first systematic review of the effectiveness of electrophysical

modalities to treat traumatic neuropathies of the wrist and hand. We used the protocols and

methodological tools that ensured quality and transparency in selecting, screening, and treat-

ing data.

Table 5. Clinical significance from MCID estimation.

Type of comparison Outcome SMD [95%-CI] �Effect size Pooled baseline

SD

Estimated

MCID

Reference

MCID

Electrophysical modalities vs placebo Pain (VAS) -0.89 [-1.79;

0.02]

Large 1.6 0.32 1.2

Symptom Severity (SSS) -1.01 [-1.65;

-0.37]

Large 0.55 0.11 1.04

Functional Status (FSS) -0.79 [-1.45;

-0.13]

Moderate 0.63 0.13 0.74

Grip Strength 0.08 [-0.22;

0.37]

Trivial 5.4 1.08 kg 2.69 kg

Pinch Strength 0.57 [-0.26;

1.41]

Moderate 1 0.20 kg 0.68 kg

Electrophysical modalities vs Manual

therapy

Pain (VAS) 0.19 [-2.39;

2.77]

Trivial 2.37 0.47 1.2

Symptom Severity (SSS) 1.44 [-0.27;

3.15]

Large 4.06 0.81 1.04

Functional Status (FSS) 0.99 [0.10; 1.89] Large 0.95 0.19 0.74

Grip Strength -0.89 [-2.49;

0.71]

Large 6.11 1.22 kg 2.69 kg

Electrophysical modalities vs Splinting Pain (VAS) -0.77 [-1.59;

0.05]

Moderate 1.35 0.27 1.2

Symptom Severity (SSS) -0.66 [-1.33;

0.01]

Moderate 2.84 0.57 1.04

Functional Status (FSS) -0.55 [-1.20;

0.11]

Moderate 0.77 0.15 0.74

Comparison between electrophysical

modalities

Pain (VAS) LLLT vs Other EM 1.11 [-0.52;

2.75]

Large 2.9 0.58 1.2

Symptom Severity (SSS)–US vs

Other EM

-0.11 [-1.05;

0.83]

Trivial 1.39 0.28 1.04

Functional Status (FSS)–US vs

Other EM

-0,04 [-0.34;

0,27]

Trivial 1.16 0.25 0.74

Grip Strength–LLLT vs US -1.25 [-2.23;

-0.27]

Large 6.1 1.22 kg 2.69 kg

�Cohen’s d coefficient: <0.2 = trivial effect; 0.2–0.5 = small effect; 0.5–0.8 = moderate effect; > 0.8 = large effect.

https://doi.org/10.1371/journal.pone.0248484.t005
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One of the main limitations to have a broader picture of all pathologies was the scarce avail-

ability of studies evaluating traumatic peripheral neuropathies. We found a predominance of

trials studying entrapment injuries (94.7% of these trials assessed CTS), and only two trials

assessed hand paralysis [72,73]. We do not include studies published in a language other than

English.

Conclusions

Implications for practice

We found favourable results for ESWT and PRF in pain relief, symptom severity, functional

status, sensory conduction velocity, motor latency, and motor amplitude in participants with

CTS. Conflicting evidence of the effectiveness of LLLT for FSS and neurophysiological param-

eters in participants with mild to moderate CTS.

Continuous US was superior to LLLT in pain and symptom relief in participants with UNE.

We found no evidence of benefit in other modalities and parameters.

Although we found some differences favouring electrophysical modalities, mainly when

applied with a splint, none of the results obtained throughout this review can be considered

clinically significant.

Implications for research

This review found mainly RCTs assessing entrapment injuries with the prevalence of CTS.

More high-quality research is needed to evaluate the effectiveness of the available treatments

for brachial, radial, ulnar, and median neuropathies, including those with more considerable

complexity and rehabilitation time, such as axonotmesis.

Table 6. Overview of evidence of electrophysical modalities.

Low-level laser therapy ST MT Ultrasound ST MT Magnetic field therapy ST MT

LLLT alone vs placebo ± Continuous US splint vs Pulsed US plus splint vs

placebo plus splint

Ø Pulsed magnetic field vs placebo +

LLLT plus splint� vs placebo plus

splint

+ Continuous US (1.5W/cm2 � vs 0.8W/cm2 dosage) vs

placebo

+ Static magnetic field vs placebo Ø

LLLT vs Pulsed Magnetic Field ˚ Ø Ø Pulsed US plus splint vs MT plus splint vs pulsed US

plus MT plus splint�
+ Static magnetic field (15mT vs 45mT

dosage) vs placebo

Ø

LLLT� vs TENS + Pulsed US vs Cryo-US vs ESWT� Ø Ø Static + pulsed magnetic field Ø
LLLT vs Continuous ultrasound� + Pulsed US� vs LLLT + Polarised polychromatic non-coherent

light

LLLT plus splint vs Continuous US

plus splint

Ø Continuous US plus splint� vs splinting + PPNL (Bioptron) plus splint vs splinting Ø

LLLT alone vs LLLT plus splint˚ Ø Extracorporeal short-wave therapy Short-wave diathermy

LLLT plus splint� vs splinting + Ø ESWT plus splint� vs placebo plus splint + Ø Continuous SWD vs Pulsed SWD vs

placebo SWD

Ø

LLLT vs Fascial Manipulation� + Ø ESWT plus splint� vs splinting + Pulsed radiofrequency

LLLT� vs Nerve and Tendon

gliding exercises

+ ESWT (2 dosages) vs placebo + + Pulsed radiofrequency plus splint� vs

splinting

+ +

Interferential current

Interferential current� vs TENS vs splint +

Abbreviations: ST, Short-term; MT, Mid-term; ±, Conflicting evidence; +, Limited evidence; �, Evidence favours this intervention; Ø, No difference; ˚, Not included in

the meta-analysis.

https://doi.org/10.1371/journal.pone.0248484.t006
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78. Özyürekoğlu T, McCabe SJ, Goldsmith LJ, LaJoie AS. The Minimal Clinically Important Difference of

the Carpal Tunnel Syndrome Symptom Severity Scale. J Hand Surg Am [Internet]. 2006 May; 31

(5):733–8. Available from: https://linkinghub.elsevier.com/retrieve/pii/S0363502306001705 PMID:

16713833

79. Villafañe JH, Valdes K, Bertozzi L, Negrini S. Minimal Clinically Important Difference of Grip and Pinch

Strength in Women With Thumb Carpometacarpal Osteoarthritis When Compared to Healthy Subjects.

Rehabil Nurs [Internet]. 2017; 42(3):139–45. Available from: http://journals.lww.com/00006939-

201705000-00005 PMID: 25557054

PLOS ONE Effectiveness of electrophysical modalities in the rehabilitation of radial, ulnar, and median neuropathies

PLOS ONE | https://doi.org/10.1371/journal.pone.0248484 March 18, 2021 25 / 26

https://doi.org/10.1016/j.jmpt.2017.02.004
http://www.ncbi.nlm.nih.gov/pubmed/28395984
https://www.researchgate.net/publication/287187801_The_effects_of_laser_and_ultrasound_therapy_on_carpal_tunnel_syndrome
https://www.researchgate.net/publication/287187801_The_effects_of_laser_and_ultrasound_therapy_on_carpal_tunnel_syndrome
https://www.researchgate.net/publication/287187801_The_effects_of_laser_and_ultrasound_therapy_on_carpal_tunnel_syndrome
http://www.ncbi.nlm.nih.gov/pubmed/25697763
http://www.ncbi.nlm.nih.gov/pubmed/25697763
https://linkinghub.elsevier.com/retrieve/pii/S1896112614601486
http://www.ncbi.nlm.nih.gov/pubmed/22037175
http://www.ncbi.nlm.nih.gov/pubmed/22820819
http://www.ncbi.nlm.nih.gov/pubmed/22820819
https://linkinghub.elsevier.com/retrieve/pii/S0003999310001991
http://www.ncbi.nlm.nih.gov/pubmed/20599049
http://link.springer.com/10.1007/s13760-014-0377-9
http://www.ncbi.nlm.nih.gov/pubmed/25319131
https://doi.org/10.1177/0269215520930062
https://doi.org/10.1177/0269215520930062
http://www.ncbi.nlm.nih.gov/pubmed/32567357
https://www.jstage.jst.go.jp/article/islsm/27/1/27_18-OR-06/_article
http://www.ncbi.nlm.nih.gov/pubmed/29795972
https://www.medra.org/servlet/aliasResolver?alias=iospress&doi=10.3233/NRE-172220
https://www.medra.org/servlet/aliasResolver?alias=iospress&doi=10.3233/NRE-172220
http://www.ncbi.nlm.nih.gov/pubmed/29400678
https://pubmed.ncbi.nlm.nih.gov/17419955/
https://pubmed.ncbi.nlm.nih.gov/17419955/
http://www.ncbi.nlm.nih.gov/pubmed/17419955
http://www.ncbi.nlm.nih.gov/pubmed/25328834%0Ahttp://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC4197528
http://www.ncbi.nlm.nih.gov/pubmed/25328834%0Ahttp://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC4197528
http://www.ncbi.nlm.nih.gov/pubmed/25328834
http://emj.bmj.com/cgi/doi/10.1136/emj.18.3.205
http://emj.bmj.com/cgi/doi/10.1136/emj.18.3.205
http://www.ncbi.nlm.nih.gov/pubmed/11354213
http://journals.sagepub.com/doi/10.1177/1753193412442137
http://www.ncbi.nlm.nih.gov/pubmed/22457249
https://linkinghub.elsevier.com/retrieve/pii/S0363502306001705
http://www.ncbi.nlm.nih.gov/pubmed/16713833
http://journals.lww.com/00006939-201705000-00005
http://journals.lww.com/00006939-201705000-00005
http://www.ncbi.nlm.nih.gov/pubmed/25557054
https://doi.org/10.1371/journal.pone.0248484


80. Huisstede BM, Hoogvliet P, Franke TP, Randsdorp MS, Koes BW. Carpal Tunnel Syndrome: Effective-

ness of Physical Therapy and Electrophysical Modalities. An Updated Systematic Review of Random-

ized Controlled Trials. Arch Phys Med Rehabil [Internet]. 2018 Aug; 99(8):1623–1634.e23. Available

from: https://doi.org/10.1016/j.apmr.2017.08.482 PMID: 28942118

81. Kim JC, Jung SH, Lee S-U, Lee SY. Effect of extracorporeal shockwave therapy on carpal tunnel syn-

drome. Medicine (Baltimore). 2019; 98(33):e16870. https://doi.org/10.1097/MD.0000000000016870

PMID: 31415424

82. Gibson W, Wand BM, O’Connell NE. Transcutaneous electrical nerve stimulation (TENS) for neuro-

pathic pain in adults. Cochrane Database Syst Rev [Internet]. 2017 Sep 14; 2015(11). Available from:

http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L620562118%

0Ahttp://dx.doi.org/10.1002/14651858.CD011976 PMID: 28905362

PLOS ONE Effectiveness of electrophysical modalities in the rehabilitation of radial, ulnar, and median neuropathies

PLOS ONE | https://doi.org/10.1371/journal.pone.0248484 March 18, 2021 26 / 26

https://doi.org/10.1016/j.apmr.2017.08.482
http://www.ncbi.nlm.nih.gov/pubmed/28942118
https://doi.org/10.1097/MD.0000000000016870
http://www.ncbi.nlm.nih.gov/pubmed/31415424
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L620562118%0Ahttp://dx.doi.org/10.1002/14651858.CD011976
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L620562118%0Ahttp://dx.doi.org/10.1002/14651858.CD011976
http://www.ncbi.nlm.nih.gov/pubmed/28905362
https://doi.org/10.1371/journal.pone.0248484

