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Abstract

Musculoskeletal disorders (MSD) are a frequent reason for consultation and the main cause of disability in population. 
Electromyographic biofeedback or myofeedback (MF) is a promising treatment in rehabilitation, although studies sup-
porting its benefits in MSD have declined in recent years. The objective of this review was to describe the efficacy of MF 
in function recovery, strength increase and muscle relaxation in MSD. Randomized clinical trials (RCTs) were identified 
in Pubmed, Scopus, Web of Science, Cinahl and Science Direct databases dated September 2, 2021. Four independent 
researchers reviewed articles titles and abstracts to determine their eligibility. Risk of bias and articles quality was asses-
sed using Rob2 tool (Cochrane) and PEDro scale. Functionality improvement, strength increase, and muscle relaxation 
were considered as main outcome. Search strategy yielded 160 articles after eliminating duplicates, reducing to 26 when 
selection criteria were applied. Articles were classified in strengthening (n = 16) and muscle relaxation (n = 10) according 
to MF therapeutic aim. Eighteen articles were rated as low risk of bias (69.22%) and an average internal validity of 6 
points was obtained. Studies showed improvements in functionality, strength increase and pain reduction with statistical 
significance when MF were complemented with therapeutic exercises or other physical agents modalities (p < 0.005). MF 
also showed a decrease in fear of movement, depression, and pain perception, suggesting central modulating effects. This 
review supports MF efficacy in MSD rehabilitation, showing improvements in functionality and pain reduction. The re-
view allowed to establish a dosage recommendation based on articles analysis which can be considered for future RCTs.

Keywords: rehabilitation, biofeedback, musculoskeletal diseases, myofeedback,  
recovery of function

Introduction

Musculoskeletal pain (MSP) is currently recog-
nized as one of the main reasons for medical consulta-
tion and the most common cause of disability in adults 
worldwide, affecting about 47% of the population [1,2]. 
MSP is classified chronologically as acute or chronic 

depending on whether it persists for more than three 
months, which occurs in 39 to 45% of patients [1,3]. 
Chronic MSP is associated with sleep disturbances, fa-
tigue, depression, and activity limitations, which affect 
life quality and work productivity [4,5]. Currently, its 
prevalence in adults is 20%, and it is estimated that, by 
2050, it will reach 50% [3]. 
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Although MSP is usually of nociceptive origin, 
people with chronic disorders may experience neuro-
pathic pain (NP) or nociplastic pain (NCP) [6,7]. NP 
occurs due to injury or dysfunction of the nervous sys-
tem, manifesting clinically with hyperalgesia and al-
lodynia, muscle weakness, and impaired reflexes [8]. 
NCP is characterized by altered nociception phenom-
ena in which there is no clear disease evidence, real tis-
sue damage or somatosensory system injury, causing 
fibromyalgia, regional pain complex, and nonspecific 
lumbar pain [7,8]. The transition from acute or chronic 
MSP to NCP is associated with central sensitization 
phenomena produced by changes in ion channels ex-
pression of nociceptive neurons, which triggers their 
greater excitability, reinforced synaptic transmission, 
and decreased pain inhibition processes at the spinal 
cord posterior horn, subcortical and cortical areas such 
as the thalamus, somatosensory cortex, or primary mo-
tor cortex [5,9,10]. Furthermore, less neural connectiv-
ity between the prefrontal cortex and somatosensory 
areas has been documented in patients with chronic 
MSP, along with more synaptic networks with the insu-
la, which exacerbates the psychological and emotional 
components [11,12].

Currently, more than 150 musculoskeletal disorders 
(MSD) have been recognized, highlighting degenera-
tive and autoimmune joint diseases, fractures, dislo-
cations, muscle injuries, sprains, and tendinopathies 
[1,2,6]. Most frequent presentations include the back, 
neck, shoulders, and knees, although multiregional 
MSDs are also described [1,13]. MSD can debut at any 
age; however, their prevalence increases from adoles-
cence onwards [14].

MSD medical treatment has been oriented to their 
clinical symptoms with analgesic drugs, non-steroidal 
anti-inflammatory drugs (NSAIDs), opiates or corti-
costeroids infiltration, which produce symptoms relief, 
although they aren’t a  functional improvement guar-
antee, added to the fact that for some conditions their 
efficacy and safety are uncertain [15,16]. In addition, 
the overuse of drugs has been associated with analge-
sic tolerance, hyperalgesia, and adverse effects, such as 
nausea, vomiting, gastrointestinal irritation, arterial hy-
pertension, kidney problems, or hepatotoxicity [15–17]. 
Surgery is an alternative for many MSD with refractory 
symptoms or pharmacological treatment resistance, al-
though its efficacy is dependent on clinical conditions, 
personal and contextual variables, added to patient eco-
nomic costs [15,18].

Physical therapy is a  non-pharmacological option 
for pain management and functional recovery in MSD, 
using treatments such as therapeutic ultrasound (US), 
transcutaneous electrical nerve stimulation (TENS), 
photobiomodulation (PBM), manual therapy, and 

therapeutic exercise [19–21]. Another therapeutic al-
ternative is electromyographic biofeedback or myo-
feedback (MF), a  safe and non-invasive intervention 
supported for strength increase, muscle relaxation, and 
functional recovery in a  variety of MSD [22–25] be-
ing used for motor reeducation and muscle training in 
musculoskeletal, neurological, and pelvic floor condi-
tions [26,27]. MF captures motor neuron’s myoelectric 
signals through surface electrodes (extracellular tech-
nique) or percutaneous (intracellular technique), con-
verting them into visual or auditory information that 
provides patient immediate feedback on voluntary mus-
cle contraction (VMC) or muscle activity at rest. MF 
electrodes perceive voltage changes in microvolts as-
sociated with neuromuscular activity, transmitting them 
to an amplifier and processor that filters, integrates, 
and rectifies bioelectric waves, transforming them into 
digital signals represented graphically or audibly. This 
information is used to promote or decrease motor activ-
ity depending on whether the objective is to strengthen, 
relax or re-educate motor patterns [28].

Biological feedback processes are essential for hu-
man movement realization and regulation. Motor neu-
rons activity is the result of the interaction between the 
central nervous system (CNS) and sensory function, 
through an intrinsic feedback system formed by neuro-
logical circuits between the motor system, propriocep-
tors, joint receptors, skin receptors, vestibular system, 
and visual system [28–30]. On the other hand, visual 
and/or auditory biofeedback favors the different levels 
of afferent and efferent integration in CNS, allowing 
the patient to control motor activity [28].

Even though the literature describes MF as a valu-
able therapeutic resource, publications that support its 
use for MSD have decreased in recent years, showing 
greater development in neurological and pelvic floor re-
habilitation, so an update in musculoskeletal rehabilita-
tion is necessary. Thus, the objective of this systematic 
review (SR) was to describe the efficacy of MF in func-
tion recovery, strength increase and muscle relaxation 
in MSD.

Materials and methods

Study design
This SR adheres to the PRISMA statement on the 

reporting of preference items for systematic reviews 
and meta-analysis (available at http://www.prisma-
statement.org) [31]. The research was uploaded elec-
tronically to the International SR Prospective Regis-
try (PROSPERO) of the National Institute for Health 
Research (NIHR), obtaining the identification code 
CRD42021228046.
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The PICO acronym (participants, intervention, com-
parison, and outcome) was used to structure the research 
question and search algorithm based on the following 
elements: patients with MSD, intervened with MF, 
compared with a control, sham application or placebo, 
and evaluating, as main outcome, changes in function-
ality and, as secondary result, pain decrease, range of 
motion (ROM) increase, or muscle strength.

Search strategy
The SR was performed considering PubMed, Sco-

pus, Web of Science (WoS), Cinahl, and Science Direct 
electronic databases with the last update on September 
2, 2021. For the search, keywords from the MeSH dic-
tionary were chosen (Medical Subject Headings, https://
www.ncbi.nlm.nih.gov/mesh). Search terms included 
“Biofeedback”, “Myofeedback”, “Myoelectric biofeed-
back”, “Rehabilitation”, “Recovery of Function” and 
“Musculoskeletal Diseases” connected through the bool-
ean terms “OR” and “AND” obtaining the following al-
gorithm: ((((“Biofeedback”) OR (“Myofeedback”)) OR 
(“Myoelectric biofeedback”)) AND ((“Rehabilitation”) 
OR (“Recovery of Function”))) AND ((“Musculoskel-
etal Diseases”) OR (“Musculoskeletal Pain”)).

Searches for each database were downloaded (nbib, 
ris or ciw formats) and the files were analyzed with the 
Rayyan tool developed for the preliminary selection of 
abstracts and article titles (https://www.rayyan.ai) [32]. 
Four independent researchers (AM, FL, CL, VN) ana-
lyzed articles titles and abstracts based on the selection 
criteria, classifying them in the “included”, “maybe” 
and “excluded” categories. In addition, the references 
of the studies were examined and revised in terms of 
their country of origin, author, affiliated institutions, 
and enrollment periods to identify and exclude dupli-
cate publications. Articles in the “maybe” category 
were reviewed by the research team to determine their 
inclusion in the final count. Articles with incomplete 
abstracts were discarded from the analysis, and each in-
vestigator recorded their reasons for exclusion.

For included articles, study objective, PEDro scale 
score, participants demographic data, follow-up period, 
evaluation time, treatment protocol with MF and results 
in the interest outcomes were analyzed [33].

Selection criteria
Inclusion criteria considered: (1) randomized clini-

cal trials (RCT), (2) human studies, (3) articles in Eng-
lish or Spanish, (4) participants older than 18 years, (5) 
participants with MSD, (6), studies that used MF alone 
or with another intervention in MSD rehabilitation, (7) 
comparison with another treatment, sham, or placebo, 
(7) outcome measures including changes in function, 
muscle strength, muscle relaxation, pain, or range of 

motion. The exclusion criteria were: (i) case report stud-
ies, systematic reviews (SR), meta-analysis (MT) and 
literature reviews, (ii) animal-testing or in vitro studies, 
(iii) use of MF in non-musculoskeletal conditions, and 
(iv) studies with incomplete abstracts or texts.

Article’s quality and risk of bias
The articles’ internal validity was determined with 

the PEDro scale [33]. Each researcher performed an in-
dependent assessment, and any disagreement was sub-
sequently discussed to establish consensus. RCTs with 
scores less than five were classified as “low quality,” 
while scores greater than or equal to 5 were considered 
“high quality.”

Risk of bias was assessed using the RoB.2 tool 
(Cochrane Collaboration tool for RCT analysis in SR) 
for the following domains [34]; (1) bias arising from 
randomization process, (2) bias due to deviations from 
planned interventions, (3) bias due to missing outcome 
data, (4) outcome measurements bias, (5) bias in report-
ed outcome selection, and (6) overall article bias. The 
investigators rated the risk of bias for each criterion as 
high, low, unclear, or no information in case the data 
provided were not sufficient to decide. Box and sum-
mary plots were constructed with the Robvis tool [35]. 
Studies with two or more high risks of bias were con-
sidered as low quality [34].

Results

Search results
Preliminary search strategy yielded a  total of 5,141 

articles for selected databases (Pubmed, n = 25; Scopus, 
n = 2918; WoS, n = 10; Cinahl, n = 1494, and Science 
Direct, n = 695). After reviewing titles and abstracts, 
160 articles were classified as “possible” and “included” 
when applying selection criteria. The researchers reached 
consensus on these articles, discarding 134 studies, and 
finally including 26 for analysis [22–25,35–55]. The 
main reasons for exclusion were surface electromyog-
raphy studies, other types of studies, articles in another 
language, studies that addressed non-musculoskeletal 
conditions, and articles with incomplete or unavailable 
abstracts. Figure 1 shows the PRISMA flow chart with 
a summary of the screening results [57].

Risk of bias and quality
This SR rated 7.69% of articles (n = 2) as high 

risk of bias [23,25,27,33,36,38,43,45], especially in 
domains 1 and 2 for RoB.2 tool [56,57]. On the oth-
er hand, 26.92% (n = 7) did not present risks of bias 
for any of domains [22,24,26,28,35,37,42,44], while 
42.30% presented at least some concern, especially for 
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random assignment. Figure 2 summarizes risk of bias 
of the selected articles.

Table 1 shows the PEDro score for the 26 RCT. In-
ternal validity shows that 65.38% of articles (n = 17) 
are of high quality (score greater than or equal to 5 for 
PEDro scale) with an average of 7 points for all the ar-
ticles [33].

Study characteristics
Studies were grouped in Tables 2 and 3 according 

to their MF therapeutic aim (strengthening or muscle 
relaxation), summarizing the characteristics of 26 RCT 
in study groups, evaluation sessions, treatment ses-
sions and the outcome measures of the variables of in-
terest. Table 2 shows that 16 articles (61.53%) report 
MF for muscle strengthening, while table 3 shows 10 
studies for muscle relaxation (38.46%). Strengthening 
MF studies included post-arthroscopic meniscal injury 
(n = 4, 25.00%), subacromial impingement syndrome 

(SAIS) (n = 2, 12.5%), patellofemoral pain syndrome 
(PFPS) (n = 2, 12.5%), anterior cruciate ligament re-
construction (ACLR) (n = 2, 12.5%), knee osteoarthri-
tis (OA) (n = 5, 31.25%), non-surgical meniscal injuries 
(n = 3, 18.75%) and nucleus hernia pulposus (n = 1, 
6.25%) [22,23,35–48]. On the other hand, MF muscle 
relaxation studies included cervicobrachialgia (n = 3, 
30.00%), neck pain (n = 2, 20.00%), whiplash syndrome 
(WPS) (n = 2, 20.00%), cervical radiculopathy (n = 1, 
10.00%), fibromyalgia (n = 1, 10.00%), low back pain 
syndrome (LBPS) (n = 1, 10.00%) [24,25,49–56].

Six studies (23.07%) used MF in experimental groups 
(EG) without other added treatment [41,50,51,54–56], 
while the remaining ones applied MF combined with 
another treatment. Isolated MF applications were main-
ly aimed at achieving muscle relaxation in neck pain, 
cervicobrachialgia, and LBPS [50,51,55,56], while on-
ly Choi (2015) applied isolated MF for strengthening in 
knee OA [41]. 

Records identified through database searching 

Pubmed (n = 25);  Scopus (n = 2918); Web of Science (n = 10); Cinahl (n = 1494); 
Science Direct (n = 695)

Records after duplicates removed
(n = 2970) 

 

Records screened
(n = 2970)

 

 

Records excluded                 
(n = 3104)  

Full-text articles assessed 
for eligibility

(n = 160)  

 

 

Full-text articles excluded, 
with reasons  

(n = 134) 

•  Surface electromyography 
studies (n = 65).

•  Other types of studies such 
as case studies, systematic 
reviews/meta-analyzes, 
literature reviews (n = 11).

•  Studies with incomplete 
abstracts or texts (n = 2). 

•  Studies that treated non-
musculoskeletal conditions
(neurological conditions and 
pelvic floor dysfunctions)   
(n = 51).

•  Articles in another language 
(n = 1).

Studies included in 
quantitative synthesis 

(meta-analysis)
(n = 0)  

Studies included in 
qualitative synthesis  

(n = 26)  

Eligibility criteria

•  Randomized clinical trials 
(RCTs).  

•  Human studies.  
•  Articles in English or 

Spanish. 
•  Participants over 18 years 

of age. 
•  Participants with 

musculoskeletal disorders.
•  Use of electromyographic 

biofeedback alone or with 
another intervention as a 
treatment for the  
rehabilitation of 
musculoskeletal disorders.

•  Comparison with another 
treatment, sham 
application or placebo.  

•  Outcome measures that 
include changes in 
functionality / disability, 
pain, range of motion, or 
muscle strength.  
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Fig. 1.  Flowchart of included studies in accordance with PRISMA guidelines
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Fig. 2.  Risk of bias for the selected studies (ROBVIS tool)
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Tab. 1.  PEDro scale scores of analyzed studies

PEDro (Physiotherapy Evidence Database) scale criteria: 
(1) The selection criteria were specified.
(2) Subjects were randomized into groups (in a crossover study, subjects were randomized as they received treatments).
(3) The assignment was hidden.
(4) The groups were similar at the beginning in relation to the most important prognostic indicators.
(5) All subjects were blinded.
(6) All therapists who administered the therapy were blinded.
(7) All assessors who measured at least one key outcome were blinded.
(8) Measures of at least one of the key outcomes were obtained from more than 85% of the subjects initially assigned to the groups.
(9) Results were presented for all subjects who received treatment or were assigned to the control group, or, when this could not be the 
case, data for at least one key outcome were analysed by ‘intention to treat’.
(10) Results of statistical comparisons between groups were reported for at least one key outcome.
(11) The study provides point and variability measures for at least one key outcome.

Clinical 
trial 

number
Author, year of publication

PEDro scale criteria
Total 
score1 2 3 4 5 6 7 8 9 10 11

1 Akkaya, 2012 [22] 0 1 1 1 0 0 1 1 0 1 1 7
2 Juul-Kristensen, 2019 [23] 1 1 1 1 0 0 1 1 1 1 1 8
3 Baumueller, 2007 [24] 1 1 0 0 1 0 0 1 0 1 1 5
4 Gálvez-Hernández, 2016 [25] 1 0 0 0 0 0 0 0 0 1 0 1
5 Oravitan, 2013 [35] 0 1 0 1 0 0 0 0 0 1 1 4
6 Huang, 2013 [36] 1 0 0 1 1 0 0 1 0 1 1 5
7 Ng. 2008 [37] 0 1 0 1 0 0 1 1 0 0 1 5
8 Draper, 1997 [38] 0 1 0 0 0 0 0 0 0 1 0 2
9 Anwer, 2011 [39] 0 1 0 0 1 0 0 0 1 1 1 5

10 Dursun, 2001 [40] 1 1 0 1 0 0 0 1 0 1 1 5
11 Choi, 2015 [41] 1 1 0 1 0 0 0 0 0 1 1 4
12 Yilmaz, 2010 [42] 1 1 0 1 0 0 0 1 0 1 1 5
13 Durmus, 2007 [43] 1 1 0 1 0 0 0 1 0 1 1 5
14 Christanell, 2012 [44] 1 0 0 1 0 0 0 1 0 1 1 4
15 Sardaru, 2018 [45] 1 1 0 1 0 0 0 1 1 1 1 6
16 Kirnap, 2005 [46] 0 1 0 1 0 0 0 1 0 1 1 5
17 Levitt, 1995 [47] 1 0 0 1 0 0 0 0 0 1 1 3
18 Raeissadat, 2018 [48] 1 1 0 1 0 0 1 1 1 1 1 7
19 Ehrenborg, 2010 [49] 1 0 0 1 0 0 0 1 1 1 1 5
20 Dellve, 2011 [50] 1 1 1 1 0 0 0 0 0 1 1 5
21 Voerman [51] 1 1 0 1 0 0 0 1 1 0 1 5
22 Atteya, 2004 [52] 1 1 0 1 0 0 0 1 1 0 1 5
23 Eslamian, 2020 [53] 1 1 1 1 0 0 1 1 1 1 1 8
24 Newton, 1995 [54] 1 0 0 1 0 0 0 0 0 1 1 3
25 Kosterink, 2010 [55] 1 1 0 1 0 0 0 0 0 1 1 4
26 Spence, 1995 [56] 0 1 0 0 0 0 0 1 0 1 1 4
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Complementary treatments for muscle strengthen-
ing MF included therapeutic exercises (stretching ex-
ercises, resistance, mobility, coordination, propriocep-
tion or water exercises) (n = 14, 53.84%) [22,23,35–37, 
39,40,42–44,46–48] functional electrical stimulation 
(FES) (n = 1, 6.25%) [45], neuromuscular electrical 
stimulation (NMES) (n = 2, 12.5%] [35,44], lymphatic 
drainage (n = 2, 12.5%) [22,44], hot packs (HP) (n = 1, 
6.25%) [28] and cryotherapy (n = 1, 6.25%) [46]. On 
the other hand, complementary treatments for muscle 
relaxation MF included cervical distraction (n  =  1, 
6.25%) [41], HP (n = 1, 6.25%) [41], relaxation tech-
niques (n =  1, 6.25%) [56] and therapeutic exercises 
(stretching and functional exercises) (n = 2, 12.5%) 
[49,53]. Only Eslamian (2020) used NSAIDs in partici-
pants with neck pain in addition to MF relaxation [53].

The control groups in the strengthening MF stud-
ies received therapeutic exercises (resistance exercises, 
flexibility, functional and home exercises) [22,23,
35–38,40,42,46–48], NMES [22,38,43,44], FES [45], 
superficial thermotherapy (HP) [50,52], TENS [41], US 
[41], postoperative lymphatic drainage and water exer-
cises [44]. In addition, it should be noted that no articles 
reported the use of drugs for CG. On the other hand, for 
CG in muscle relaxation MF studies, superficial ther-
motherapy (HP) [52], joint distraction [52], acupunc-
ture [53], therapeutic exercises (isometric exercises, 
stretching and relaxation) [49,53,56], cognitive behav-
ioral therapy (CBT) [54], joint manipulation [55], and 
medication [53,55] were used. The studies by Dellve 
(2011), Spence (2016) and Gálvez-Hernández (1995) 
did not administer treatment for CG [25,50,56].

Regarding the treatment sessions, an average of 
5 sessions was observed for strengthening MF and 8 
sessions for relaxation MF. Minimum sessions for 
strengthening MF studies were 1 (Huang, 2013) [36] 
with a maximum of 30 (Kirnap, 2005) [46], while mini-
mum sessions for muscle relaxation MF studies were 
3 (Gálvez-Hernández, 2016) [25] with a maximum of 
16 (Dellve, 2011) [50]. Strengthening studies (n  =  9, 
56.25%) sessions were mostly carried out in continu-
ous days in an average of 5 weeks [23,24,26,27,28,32, 
34–36], while muscle relaxation MF studies (n  =  9, 
90.00%) included interval sessions averaging 5 weeks 
[24,25,50–56].

The average treatment time for strengthening MF 
was 20 to 30 minutes, with a  minimum of 4 minutes 
reported by Huang [36] and a maximum of 30 minutes 
[37,38,40,45], while the average treatment time for 
relaxation MF was between 40 and 50 minutes, with 
a minimum of 5 minutes reported by Ehrenborg (2010) 
[51], and a maximum of 120 minutes by Dellve [50].

The review revealed, for most of relaxation MF 
studies, 3 evaluation sessions (before and two after 

treatment; T0, T1 and T2) (n = 8, 80.00%) [50–56], 
while the strengthening studies documented mostly 
2  evaluation sessions (before and after treatment; T0 
and T1) (n = 10, 62.50%) [23,35–37,30–43,45,47,48]. 
On the other hand, Draper (1997) and Christanell 
(2012) carried out 5 evaluation sessions for strengthen-
ing MF (T0–T4) [38,44], while Atteya (2004) reported 
7 sessions for relaxation MF (T0–T6) [52]. An average 
evaluation time of 1 week between sessions is high-
lighted for both MF applications.

Main outcomes

Strengthening MF studies
The main outcomes of the strengthening MF stud-

ies included functionality (disability) (n = 12, 75.0%) 
[22,23,40,42–46,48], pain intensity (n = 9, 56.25%) 
[22,23,35,40–44,47,48], gait speed (n = 1, 3.8%) 
[22], range of motion (ROM) changes (n = 6, 37.5%) 
[22,36,38,42,44,46], decreased edema (n = 2, 12.5%) 
[22,44], changes in electromyographic activity (n=13, 
81.25%) [22,23,35,36,40–42,44–48], muscle strength 
changes (n = 7, 43.75%) [35,38,39,41,43,44,47], mus-
cular thickness (n = 3, 18.75%) [41,46,48] and subjec-
tive health assessment (n = 1, 0.06%) [42]. Functionality 
was assessed with the Lyshom scale [22,46], the Knee 
injury and Osteoarthritis Outcome Score (KOOS) [46], 
the hand, arm and shoulder disability index (DASH) 
[23], the Oxford shoulder scale (OSS) [23], function-
al capacity index (FCI) [40], 50-meter walk test (50-
WMT) [43], the Western Ontario and McMaster ques-
tionnaire (WOMAC) [42,43,48], the International Knee 
Documentation Committee (IKDC) guideline [44], the 
Oswestry Disability Index (ODI) [45] and Lequesne 
Index [48]. On the other hand, pain intensity was 
evaluated with the visual analog scale (VAS) [22,40,
41–44,48], KOOS [35] and numerical pain rating score 
(NPRS) [23,47], while gait speed was assessed with the 
2-meter walk test (2-WMT) [22]. Electromyographic 
activity (EMG-A) was evaluated with surface electro-
myography [23,35–37,40,44,45,47,48], while muscle 
strength assessment was performed through dynamom-
etry [35,39,41,45,47], isokinetic assessment [38,42] 
and maximum resistance estimation (Rmax) [43]. Mus-
cle thickness was examined by ultrasonography [41,48] 
and muscle circumference measurement [46], while pe-
rimetry was used to quantify edema [22,44]. Subjective 
health assessment was assessed with the Nottingham 
Health Profile (NHS) [42].

Results show an improvement in intragroup func-
tionality for Lyshom, KOOS, OSS, DASH, IKDC, ODI, 
WOMAC, and Lequesne index, although with statisti-
cal significance in favor of EG (intergroup) for menis-
cal rehabilitation studies (Lyshom scale, p  <  0.001) 



de la Barra Ortiz HA, Matamala AM, Lopez Inostroza F, et al.64

[22,46], knee OA (50-WMT, p < 0.01; WOMAC, 
p < 0.05) [42,43], and lumbar hernia (ODI, p < 0.0001) 
[45]. MF applications focused on quadriceps femoris 
strengthening for knee conditions, and tibialis anterior 
muscle in patients with low back pain. Likewise, a sta-
tistically significant functionality improvement is seen 
for CG that received alternative treatment in meniscal 
injuries [22,46], SAIS [23] and knee OA [42,43,48], 
although they did not show to be better than MF treat-
ment. On the other hand, a decrease in pain is observed 
in favor of EG for VAS, KOOS, and NPRS, although 
with statistical significance only for strengthening MF 
in meniscal injuries and OA (p <0.05) aimed at increas-
ing quadriceps femoris strength (medial and lateral vas-
tus) [22,41–43,48]. Gait speed shows an improvement 
in both groups between evaluation sessions, although 
without significant differences [22]. EMG-A increased 
in both study groups, although with greater significance 
(p < 0.05) in EG when using strengthening MF in par-
ticipants with meniscal injury [22,35,46,47], SAIS [36], 
PFPS [37], ACLR [44], and knee OA [48].

The main muscles trained in knee conditions were 
quadriceps femoris, trapezius and anterior serratus in 
SAIS. On the other hand, 4 studies evaluated muscle 
strength changes in patients with knee OA showing an 
increase in both groups, although with significant dif-
ferences (p < 0.05) in favor of MF groups in which the 
vastus medialis was trained [39,40,42,43]. On the other 
hand, Choi reported an increase in vastus medialis thick-
ness in patients with knee OA with significant changes 
compared to CG (p < 0.05) [41]. Regarding ROM, an 
improvement is observed after MF treatment, although 
with controversial results, reporting statistical signifi-
cance by Akkaya, Christanell, and Kirnap [22,44,46], 
and without differences between groups according to 
Draper and Yilmaz [38,42]. Although the decrease in 
edema was documented as a secondary outcome, only 
Christanell reported its changes, showing a subjective 
reduction in patients with ACLR [44].

Muscle relaxation MF studies
Main outcomes for muscle relaxation MF studies in-

cluded functionality (disability) changes (n = 8, 80.0%) 
[24,25,49–51,53–55], pain intensity decrease (n  =  7, 
70.0%) [24,25,50,53–56], mental health improve 
(n = 5, 50%) [24,25,50,54,56], EMG-A (n = 2, 20.0%) 
[24,52], ROM changes (n = 1, 10.0%) [53], movement 
fear (n = 1, 10.0%) [25], muscle strength changes [50] 
and health state (n = 1, 10.0%) [24]. Functionality was 
assessed with the Canadian Occupational Performance 
Scale (COPM) [49,51], Psychosocial Functioning Scale 
(MPI-S) [49,51], Work Ability Index (WAI) [50], Pur-
due Pegboard Test (PPT) [26], FCI [24], ODI [25], neck 
disability index [53], pain disability index [54,55] and 

general activity level scale (GALS) [54]. Pain intensi-
ty was assessed with NPRS [50], pain self-perception 
scale [24], pressure algometry (PA) [24,53], symptom 
checklist [24], VAS [25,53,55], pain beliefs personality 
questionnaire (PBQ) [54,56], pain self-report [54], and 
West Haven Yale multidimensional inventory (WHYM-
PI) [56]. On the other hand, mental health was assessed 
through participants’ self-report [50], Beck’s depression 
inventory (BDI) [24,25,54,56] and state-trait anxiety 
inventory (STAI) [54]. EMG-A, ROM and movement 
fear were evaluated using surface electromiography, in-
clinometry, and Tampa scale for kinesiophobia (TSK) 
respectively [25,52,53]. Finally, muscle strength and 
health status were assessed through dynamometry and 
the SF-36 health questionnaire [24,50].

Results show an improvement in functionality for EG 
and CG, although with significance in favor of MF for 
COMP (p < 0.01), MPI-S (p < 0.016), WAI (p < 0.01), 
NDI (p < 0.01), and PDI (p < 0.03) in participants with 
cervicobrachialgia [49,55], neck pain [50,53] and WPS 
[51], in whom the aim was to reduce the activity of the 
trapezius muscle. CG also shows an improvement in 
functionality (p < 0.05) between the evaluation sessions 
for the COMP, MPI-S, and WAI, although without be-
ing better than MF [49–51]. A  decrease in pain is ob-
served in EG for NPRS [50], VAS [25,53], PA [24,53], 
PBQ [54], and pain self-report [54] in participants with 
neck pain, fibromyalgia, LBPS, although without statisti-
cal significance (p > 0.05). These studies show MF ap-
plications in the upper trapezius for cervical conditions 
and spinal erector for LBPS. Despite the above, Dellve 
(2011) reported a  greater decrease in pain in patients 
with neck pain for one CG that did not receive treatment 
(p < 0.046) [50]. Mental health shows improvements for 
both study groups, although Spence (1995) reports sta-
tistical significance in favor of controls for BDI in cervi-
cobrachialgia (p < 0.01) [56]. EMG-A shows a decrease 
in patients with cervical radiculopathy in favor of MF 
(p < 0.01) [52] and WPS (p < 0.046) [25]. On the other 
hand, ROM increased for both groups in patients with 
neck pain highlights (intragroup changes) (p < 0.001) 
but without differences between them (p > 0.05). Finally, 
movement fear, muscle strength and health state evalu-
ated do not show statistically significant intra – or inter-
group changes (p > 0.05) [24,50,51].

Discussion

The objective of this SR was to investigate the sci-
entific evidence on the MF efficacy in function recov-
ery, strength increase, and muscle relaxation in MSD. 
Low risk of bias was assessed for most of the articles, 
showing only some concerns in the random assignment 
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domain for the RoB2 tool [22,23,37,39,40–51,53,55,56]. 
PEDro score shows good internal validity for 17 studies 
(65.38%) supporting the methodology and results of the 
analyzed articles [33].

The studies were classified in two therapeutic ap-
plications: strengthening (n=16, 61.53%) and muscle 
relaxation (n = 10, 38.46%). Both applications are in-
teresting because they support MF’s ability to detect 
subtle changes in motor neurons’ activity, often difficult 
to objectify with palpation or observation, in patients 
treated to increase (strengthen) or decrease (relaxation) 
muscle activity. It should be noted that MF systems are 
based on the information principle (Ross Ashby’s law), 
in which a variable is correctly controlled (strength or 
relaxation) if the controller (patient) has enough infor-
mation (visual and/or audible).

Strengthening MF applications
This review supports MF efficacy for strengthening 

in knee OA, meniscal injury, SAISS, PFPS, ACLR, and 
lumbar discopathy when it is complemented with thera-
peutic exercises, FES, NMES, lymphatic drainage, and 
superficial thermotherapy showing greater benefits than 
controls that received the same treatments, but without 
MF. MF applications focused on joint MSD that in-
cluded knee conditions (n = 13) [22,23,37–44,46–48], 
shoulder (n = 2) [23,36] and lumbar spine (n = 1) [45]. 
Knee conditions included postsurgical (n = 10) and non-
surgical (n = 3) MF rehabilitation focusing on quadri-
ceps femoris strength recovery. Quadriceps femoris 
strengthening in these disorders is key due to muscle 
inhibition caused by pain and joint inflammation (ar-
throgenic muscle inhibition, AMI). AMI results in an 
altered proprioceptive information decreasing quadri-
ceps femoris strength, whose role is essential for lower 
limb functional activities [58].

MF stimulates neural circuits, providing new soma-
tosensory information (visual and/or auditory) to mo-
tor activities, recovering afferent and proprioceptive 
information. Motor control is influenced by visual and 
auditory systems through motor pathways modulation 
(corticospinal pathway) that regulates A-alpha motor 
neurons. In this line, MF favors the activation of these 
systems by modulating motor activity at different lev-
els of CNS [29,30]. On the other hand, shoulder and 
LBPS treatments included MF training in trapezius 
and serratus anterior, and tibialis anterior respectively 
[23,36,45]. MF can recover scapulothoracic muscles 
strength, whose imbalances lead to scapular dysfunc-
tions in addition to biomechanical alterations, such as 
decreased subacromial space and scapular upward [59]. 
MF in shoulder rehabilitation protocols can be a valu-
able resource to correct muscle imbalances by providing 
patients with visual or auditory information to activate 

stabilizer scapular muscles while performing exercis-
es. Likewise, it is suggested, for muscular imbalance 
management, to first use relaxation MF in facilitated 
muscles and later activation MF in inhibited muscles. 
This review shows the MF application in the tibialis 
anterior muscle reporting improvements in functional-
ity in patients with LBPS [45]. Although this peripheral 
activation has not been clarified, facilitation of neuro-
logical circuits of lumbar spinal cord segments (L4-
L5), responsible for motor control at the lumbar level, 
is recommended. Peripheral activation could facilitate 
lumbar spinal segments motor neurons, also associated 
with lower back muscles so that an MF training could 
result in lumbar muscles indirect activation.

Strengthening MF offered increased functionality, 
decreased pain, increased ROM, and electromyographic 
activity. Functionality was tested with different validated 
instruments which support stable, safe, and consistent 
results for strengthening MF therapy: Lyshom scales, 
test-retest (TRT) = 0.91 and internal consistency (IC) 
= 0.65; KOOS, TRT=0.87-0.96 and IC = 0.78; DASH, 
TRT  =  0.97 and IC = 0.96; OSS, TRT  =  0.82–0.91; 
ODI, TRT = 0.83-0.99 and IC = 0.71–0.87; WOMAC, 
TRT = 0.83-0.90 and IC = 0.70–0.93 [60–64]. This re-
view shows an improvement in functionality, supporting 
the efficacy of strengthening MF in meniscal injuries, 
SAIS, and knee OA. Although it is complex to explain 
a direct relationship between MF and functionality, these 
changes could be the result of the visual and auditory in-
tegration, at different levels, of the CNS due to biofeed-
back, which allows patients to better control their motor 
activity as occurs with daily life tasks in which motor 
patterns are constantly fed back by the somatosensory 
and proprioceptive systems [65]. Functional improve-
ments can also be explained by the “pain-fear-disability” 
circle interruption, a model that explains the close rela-
tionship between pain, its emotional factors, and conse-
quent disability, and that would be modulated by visual 
or auditive stimuli when the patient trains with MF [66].

Attention and concentration are factors that influ-
ence pain perception, involving the participation of 
descending modulatory mechanisms whose antinoci-
ceptive effects may be equal to or better than those of 
morphine. This antinociceptive effect seem to be sup-
ported by the decrease in thalamocortical activity, thala-
mus, somatosensory areas, insula and anterior cingulate 
gyrus. The effect results in pain decrease perception 
when training with MF due to the patient’s lessened at-
tention to the injury while concentrating on the visual 
and auditory stimuli.

Other analgesic mechanisms have supported en-
dogenous opioid peptides release with motor electrical 
stimulation [68]. MF allows a simultaneous NMES with 
MVC configuration while feedback is generated, which 
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could favor endogenous opioids release when training 
with electrical currents; however, studies do not docu-
ment combined applications of MF and NMES. On the 
other hand, MF motor pathways (different levels), vi-
sual, and auditory cortex activation modulate muscle 
tone by adjusting it to perform a certain motor activity, 
interrupting the muscle spasm-pain circle (muscle tone 
self-regulation) [69].

According to the results for strengthening MF, 15 to 
20 sessions 3 to 5 times per week are recommended to 
ensure functionality improvements and muscle strength. 
Although treatment times are varied, it seems that there 
are sufficient interventions between 15 and 30 minutes.

It should be noted that, for MF training development, 
the patient must be able to perform voluntary muscle 
activity. This finding suggests that MF intervention for 
strengthening is more useful in MSD in which muscle 
function is preserved. In addition, it is important to ex-
plain to patients that the equipment is not the one that im-
proves strength but only monitors their muscle activity.

Relaxation MF applications
Relaxation MF generally uses audible feedback 

while monitoring motor neuron activity (μV), emitting 
a sound stimulus when electromyographic activity ex-
ceeds a preset baseline activity level, ensuring that the 
patient consciously inhibits their muscles. Despite the 
above, mixed biofeedback (visual and auditory) is seen 
in MF relaxation studies.

This review supports MF efficacy for muscle relax-
ation in neck pain, cervicobrachialgia, fibromyalgia, 
and LBPS when it is complemented with cervical dis-
traction, superficial thermotherapy, US, and therapeutic 
exercises, showing better therapeutic effects than con-
trols that received the same interventions without MF.

MF applications focused on non-specific MSP on 
the cervical spine and lumbar spine. The applications 
were on the trapezius muscle (upper portion) for cervi-
cal conditions and spinal erectors for participants with 
LBPS. The trapezius muscle is usually facilitated or ap-
pears more active in neck pain conditions due to the fact 
that it is responsible for dysfunctional postural patterns 
such as superior cruciate syndrome. A similar phenom-
enon occurs with lumbar erectors that are facilitated in 
low back pain conditions and that lead to postural dys-
functions, such as inferior crossed syndrome [70].

MF studies show improvements in functionality and 
pain decrease. Functionality was evaluated with vali-
dated instruments, which supports results for relaxation 
MF studies: ODI, TRT = 0.83–0.99 and IC = 0.71–0.87; 
NDI TRT = 0.50–0.98 and IC = 0.85; WAI TRT = 0.92 
and IC = 0.74 [71,72]. 

Improvements in functionality can be explained by the 
“pain-fear-disability” circle interruption and muscle tone 

self-regulation (previously explained). This improvement 
can also be explained by the “information principle,” in 
which the variable (muscle tone) is controlled when the 
person has information about it. On the other hand, self-
regulation of muscle tone added to concentration on the 
task while training with MF could explain the analgesic 
effects, mediated by changes in attention [67].

It is interesting that some studies considered health 
status, movement fear, and depression as secondary 
outcomes, especially considering that MF showed ben-
efits in patients with fibromyalgia and LBPS. These 
results support the MF central modulation that could 
exert an inhibitory effect at the limbic system, modi-
fying psycho-affective response and pain perception of 
the individual [12].

According to the results, 8 to 12 sessions 3 to 5 times 
per week are suggested to achieve favorable functional 
changes for relaxation with MF. Although the treatment 
times are varied, interventions between 30 and 60 min-
utes are recommended. Likewise, it should be consid-
ered that, due to prolonged treatment time, many clini-
cians could opt for other relaxation strategies despite 
the clear benefits and comparative advantages that MF 
therapy shows.

Conclusions 

MF is a safe and non-invasive treatment used in re-
habilitation for different MSD. This treatment can be 
used for muscle strengthening (active method) or re-
laxation (passive method), although both techniques 
require muscle function indemnity. 

This SR shows that strengthening and relaxation MF 
applications are effective for improving the functional-
ity and reducing pain in the short and long term for dif-
ferent joint and soft tissue disorders, especially when 
complemented with therapeutic exercises or physical 
agents. MF treatment shows good results in psycho-
affective variables such as movement fear and depres-
sion, suggesting a  modulating influence on the CNS. 
Although it was not possible to perform a meta-analysis 
of the studies due to their heterogeneity, these results 
seem promising and promote MF in the rehabilitation 
protocols of the revised MSDs, as well as the develop-
ment of new research on other musculoskeletal condi-
tions not documented in this review. 

Despite the results, a common aspect for MF applica-
tions is the time required to prepare the patient as well 
as the time needed to carry out the training, which could 
discourage its use despite its benefits. Likewise, this SR 
allowed the researchers to propose a dosage recommen-
dation for strengthening and relaxation with MF, which 
can be revised and considered for future research.
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