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Abstract 
  

Research on the use of surface electromyography (sEMG) for analyzing 
the effects of Manual Therapy (MT) seems to have very dispersed 
intentions. The development of data collection protocols using sEMG 
might not be stable for conducting clinical studies. This study aimed to 
evaluate the current literature using surface sEMG in the context of MT 
and verify if it is a useful tool to verify its effectiveness. Also, to assess 
the methodologic quality and reporting standards and make a reflective 
analysis of how this technique has been used for this treatment modality. 
A computerized search was performed in May 2017 and repeated in June 
2018, the search was performed in 8 electronic databases following 
PRISMA protocol. Thirty-one papers were included. More and better-
designed studies are needed to create improved protocols. Further 
exploration and validation of these protocols may help to conduct more 
reliable clinically driven trials and it may inform policymakers of the role 
of MT in health care. The detection of clinically meaningful electrical 
alterations in muscles seems to be the main objective of most authors. 
Several sEMG items were not reported, and overall methodology quality 
was low. 

 

1. INTRODUCTION 

Manual therapy (MT) has had a relevant role in health care since the very early ages (Paris, 
2000). The use of manual skills to address health issues was documented by Hippocrates (460-
355 BC) on his book ‘On setting bones by leverage,' where he describes the application of a 
vertebral manipulation (Withington, 1944). Osteopathic Medicine and Chiropractic, created in 
the United States in 1874 and 1895, respectively, and Physiotherapy in the United Kingdom in 
1899, are among the first professionalization of the use of Manual therapy (Smith, 2007).  

MT modalities as physical treatment and spinal manipulation are likely to be cost-effective 
options (Andronis et al., 2017; Licciardoni, 2014). Evidence suggests that types of manual 
therapy as mobilization, manipulation, and clinical massage are effective interventions for the 
management of neck pain and reductions in intensity and frequency of chronic cervicogenic 
dizziness (Wong et al., 2016; Reid al., 2014).  

Primary health care providers should be mindful of the use of this highly accepted, low serious 
risk, approach to musculoskeletal conditions when deciding the best course of action (Armijo-
Olivo et al., 2016; Fernandez-de-Las-Penas et al., 2017; Swait and Finch, 2017; Moore et al., 
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2017; Chou, 2009). Different techniques have been used to assess the effectiveness/efficacy 
of MT, among them there is surface electromyography (sEMG). 

sEMG is a non-invasive technique to measure de degree of myoelectric activity (Ko et al., 
2015; Herzog et al., 1999), in use since the 1960s for clinical research (Al-Mulla et al., 2011). 
sEMG can measure motor unit properties (as muscle fibre conduction velocity or location of 
innervation zones), difficult to assess using the common invasive indwelling electromyography. 
Its use can detect more motor units concerning selective intramuscular recordings (Merletti 
and Farina, 2016). Also, when compared with other technologies, sEMG stands out as the most 
efficient in identifying and predicting muscle fatigue (Al-Mulla et al., 2011) and its high-density 
version can analyze motor units (Merletti et al., 2008). According to Barbero et al., (2012), 
sEMG can be helpful to evaluate if treatments and training are effective and assess the risk of 
developing occupational disorders, being able to monitor and record changes in the 
neuromuscular system.  

For spinal manipulation (SM), mainly, sEMG has been used to document change but, more 
work needs to be done to understand the mechanisms and significance of these changes 
(Lehman, 2012). sEMG may have a role as a prognostic tool for chronic LBP rehabilitation (Hu 
et al., 2014), due to the significant difference between healthy and LBP groups in the 
quantitative time-varying analysis of the sEMG topography. The reporting standards for the 
use of sEMG were defined by the International Society of Electrophysiology and Kinesiology  

To date and authors knowledge, no systematic review has been conducted on categorizing the 
purposes of the use of sEMG in MT interventions and verify if sEMG may be used to assess the 
effects of MT. 

This review also aims to analyze all articles that used sEMG for MT to assess the 
methodological quality of the studies and the inclusiveness of the reporting of sEMG. 

2. METHODOLOGY 

This study adheres to the PRISMA guidelines for reporting systematic reviews and meta-
analysis (Liberati et al., 2009). A systematic review protocol (Santiago et al., 2018) has been 
prepared using the preferred reporting items for systematic reviews and meta-analysis 
protocols – PRISMA-P (Moher et al., 2015) and registered on Prospero database (Ref: 
CRD42018087499). 

2.1. Search Strategy 

The following electronic databases were searched: SCOPUS, ScienceDirect, WebOfScience, 
PUBMED, Physiotherapy Evidence Database (PEDro), Biomed CENTRAL, Directory of Open 
Access Journals (DOAJ) and MEDLINE. The reference list of papers was screened for earlier and 
relevant studies were added to the included list of articles. 

The terms used in the search strategy were:  

“(((high AND density AND surface AND electromyography) OR (multichannel AND surface AND 
electromyography) OR (surface AND electromyography)) AND ((manual AND therap*) OR 
(manual AND treatment) OR physiotherap* OR osteopath* OR chiro* OR (occupational AND 
therap*) OR orthop* OR massag*)) AND NOT (systematic AND review))”. This query was 
adapted to the different database search engine specifications; all adaptations are listed in 
Appendix 1.  

 

2.2. Selection of Studies and Data Extraction 

The inclusion criteria for this review are: (1) The study protocol must include the application of 
MT; (2) Must present objective measures with surface electromyography of the use of MT; (3) 
Articles from 2014 was considered adequate as older, relevant articles would be referenced in 
the newer studies and were, therefore, included after a reference and authors search; (4) 
Participants are adult humans; (5) Articles in English only. 

Two reviewers (RJS and JSB) independently searched the databases and journals and screened 
the titles and abstracts for eligibility and extracted data using a standard data extraction form. 
This form was developed in a spreadsheet, by database, to organize the inclusion of articles. 
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Full texts of the studies that meet the inclusion criteria were screened by the same two 
reviewers. The disagreements occurred between authors during studies selection were solved 
by another author (JTC). 

2.3. Data Analysis and Synthesis 
The retrieved data was divided structured and analyzed in two parts. First, the generic study’s 
information regarding participants and interventions and a second on the specific data 
regarding sEMG usage. 

The descriptive data variables are: number of participants; mean age; sex; body-mass index 
(BMI) (kg/m2); country; recruitment method; inclusion/exclusion criteria; assessment by 
health professional; methodology; control group; other measuring methods; MT techniques 
used; duration of MT intervention; who applied the MT and area of the body treated. 

The sEMG variables extracted were: surface electrodes (material, shape, size, skin preparation, 
int. electrode distance, location); EMG detection (type of differential, input impedance, 
common-mode rejection ratio (CMRR), signal to noise ratio (SNR), gain, Filter types, cut-off 
frequencies, slopes of the cut-off); Sampling (frequency, bits); Normalization (training of 
contraction, joint angle, conditions [angle of adjoining joint], rate of rise, velocity, ranges, 
load); and rectification and amplitude process.  

No meta-analysis was planned, and a descriptive analysis of the data is presented. The 
retrieved information is summarized in a narrative synthesis and illustrated descriptively.  

2.4. Quality Assessment 
The risk of bias for the included studies was assessed using the Jadad scale (Jadad et al., 
1996) for descriptive analysis.   

 

3. RESULTS 

3.1. Study Selection  
Figure 1 shows the process of identifying and screening articles and the application of the 
inclusion criteria to a final selection of 31 studies. 

3.2. Categorization of Purposes 
The purposes of the 31 studies selected have been divided into three different categories: 

• Comparing MT treatment protocols: 4 articles. 

• Verify the efficacy/effectiveness of the MT intervention in symptoms: 8 articles. 

• Test sEMG protocols for MT: 24 articles. 

Table 1, Table 2 and Table 3 present the most relevant items for analysis and comparison. 
Some studies had more than one purpose in their objectives; the results for each category are 
presented below. 
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Figure 1. PRISMA statement selection criteria process 

Comparing MT treatment Protocols 

Only four studies had the objective of analyzing the sEMG results among different MT 
treatment approaches. The effectiveness of craniosacral therapy techniques and trigger point 
therapy was examined and found that both can effectively reduce the intensity and frequency 
of LBP although craniosacral therapy (CST), unlike trigger-point therapy (TPT), reduces the 
tension at the multifidus muscles (Bialoszewski et al., 2014). The work of Ritvanen et al. 
(2007) aimed to compare traditional bone setting (TBS) and physical therapy (PTh), also for 
LBP, indicating that both reduce the subjective feeling of pain, but TBS showed better results 
than PTh. No association between symptoms and sEMG parameters was found. Galindez-
Ibarbengoetxea et al. (2017) found that the short-term effect of high-velocity low-amplitude 
thrust (HVLAT) technique was only marginally better in improving function and reducing pain 
than home exercises. The last study, by Yoopat et al. (2015), compared three different Thai 
Massage methods, no significant differences were found, interesting that in all method's 
adverse effects at the shoulder muscles were reported.  

There is still very little comparative evidence to favour any treatment modality for a given 
clinical context.   

 

Verify the efficacy/effectiveness of the MT intervention in symptoms  

Eight studies felt into this category. Physiotherapy treatment using mobilization accounts as 
half of them. The works of Kamel et al. (2016) and Pecos-Martina et al. (2017) used posterior-
anterior (PA) mobilization, the former in lumbar spine and latter the thoracic spine, in both 
cases a decrease in local pain and muscle activity were observed. Also, in the spine, the study 
from Hu et al. (2014) showed significant differences in sEMG topography after mobilization, 
between the chronic LBP and healthy subjects. Shih et al. (2018) were interested in the 
potential effects of adding joint mobilization to exercise training on the neuromuscular 
performance of subjects with functional ankle instability (FAI). It resulted in additional benefits 
in self-reported ankle instability, mobility, and balance but uncertainty remains regarding 
general improvement and muscle activation. Xia et al. (2017) observed clinical and statistically 
significant improvement in pain intensity and disability in chronic LBP participants after the 
application of 12 sessions of SM but only small changes concerning global stiffness.  
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Table 1. Use of sEMG in Manual Therapy: Demographics 

Author(s) Number of 
Participants Age Mean Sex BMI Country Recruitment Method 

Barbosa et al. (2014) 20 22.67 N/A Yes Brazil Public call 
Begovic et al. (2016) 29 N/A M N/A China University 

Behm et al. (2013) 17 F (22.2) M (31) 13 F 
4 M Yes Canada University 

Bialoszewski et al. 
(2014) 55 CST (33), TPT (33) N/A N/A Poland N/A 

Cruz-Montecinos et al. 
(2016) 16 Experimental (64.37), Control 

(61) F Yes Chile Hospital 

Currie et al. (2016) 
(a) 17 M (31.6) F (28.8) 8 F 9 M  Yes USA N/A 

Currie et al. (2016) 
(b) 40 32.6 (NS) 33.4 (S) N/A Yes USA N/A 

DeVocht et al. (2005) 16 N/A N/A N/A USA Clinic 

Domingo et al. (2017) 17 24.5 9 F 8 M N/A USA N/A 

Galindez-
Ibarbengoetxea et al. 

(2018) 
27 MT (32.15) HE (34.35) F Yes Spain Public call 

Gentilcore-Saulnier et 
al. (2010) 22 PVD (22) Control (21) F Yes Canada University 

Haavik et al. (2018) 19 29.5 3 F 16 M N/A New Zealand N/A 
Hagovska et al. 

(2014) 55 M (46.77) H (40.53) 50% M 50% F Yes Slovakia Hospital 

Herzog et al. (1995) 2 22 (F) 33 (M) 1 F 1 M Yes Canada N/A 
Herzog et al. (1999) 10 21-41 M N/A Canada Volunteer 

Hu et al. (2014) 81 NS (32) S (42) 30 F 51 M N/A Hong-Kong N/A 
Hunter et al. (2006) 10 21.5 (0.5) N/A N/A UK N/A 
Kamel et al. (2016) 45 37.4; 38.33; 37.46 F Yes Egypt Hospital 

Ko et al. (2015) 63 24.0; 25.3 42 F 17 M  N/A Taiwan N/A 
Krekoukias et al. 

(2009) 36 26.8 26 F 10 M  Yes Greece N/A 

Langdon R. (2011) 34 34,1 29 F, 5 M N/A USA Public call 
Niazi et al. (2015) 18 (10 - 26,7) (8 - 32,6) M N/A New Zealand Volunteer 
Pecos-Martín et al. 

(2017) 34 24 E(11F,6M), P 
(8F,9M) Yes Spain University 

Reznik et al. (2015) 12 23.8 10 F 2 M Yes Australia Hospital 
Ribeiro et al. (2017) 22 23.5 11 F 11 M Yes New Zealand Public call 

Ritvanen et al. (2007) 61 M (40,8; 41) F (40,6; 42) 27 F 34 M  Yes Finland Public call 

Shih et al. (2018) 45 CG (27.9) TG (26.9) MTG 
(26.5) 

CG (8F 7M) TG (8F 
7M) MTG (5F 10M) Yes Taiwan N/A 

Shin. and Sung. 
(2015) 21 20.55; 20.90 6 F 15 M  Yes South Korea Volunteer 

Suter et al. (2005) 32 Group 1 (25) Group 2 (32) N/A N/A                 Canada University 
Xia et al. (2017) 82 44.9 39 F 43 M Yes                USA Public Call 

Yoopat et al. (2015) 30 37.97 F Yes Thailand Volunteer 
BMI – Body Mass Index; CST – Craniosacral Therapy; EM - Electrophysical Modalities; F - Female; HE - Home Exercises; M - Male; MT - Manual 
Therapy; N/A – Not Available; NS (non-symptomatic); PVD – Provoked Vestibulodynia; S (symptomatic); TPT – Trigger Point Therapy 

 

The Post-operative care role of manual therapy, particularly massage, was the object of study 
of Ko et al. (2015), although the mastication muscles activity showed benefits after the 
intervention, overall no significant recovery was found. Significant differences between 
intervention and control groups were found in Hagovska et al. (2014), regarding erector spinae 
tension and pain perception but not in disability, based on the centralization phenomenon that 
occurred after application of McKenzie method for chronic LBP. On the last study for this 
category, Gentilcore-Saulnier et al. (2010) work aimed at understanding the benefits of 
manual therapy on the pelvic floor muscles in women with and without provoked 
vestibulodynia (PVD). There was empirical evidence of decreased pressure sensitivity, vulvar 
pain, and tolerance to vaginal penetration.  

 

Test sEMG protocols for MT 

This category had the most contribution of all, 24 studies. The use of SM was present in eight 
of them. Currie at el. (2016b) study had the objective to standardize methods for onset 
detection (double threshold and cross-correlation) for SM; the findings suggested that the 
double-threshold was the best option. Currie et al. (2016a) found that chronic LBP participants 
have less muscle electric activity and a longer onset delay after the application of the 
technique. Same results by DeVocht et al. (2005) found a generalized reduction in sEMG levels 
after HVLAT. This result shows the opposite of Herzog et al. (1995) findings in which it is 
suggested that the reflex response causes muscle activation (for fast treatment thrusts) no 
relation with the cavitation phenomenon (joint physiological reaction) was found. Suter et al. 
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(2005) found that changes in Hoffman reflexes (H-reflex) amplitude was only observed in 
patients with LBP after the application of sacroiliac (SI) HVLAT. Alterations to the H-reflex to 
investigate the excitability of the low-threshold neurons that seem to prevent fatigue was the 
objective of Niazi et al., (2015). The same technique was used to perceive its effect on reflex 
responses; results were very consistent in all spine for asymptomatic subjects (Herzog et al., 
1999).  

 
Table 2. Use of sEMG in Manual Therapy: Methodology 

      

Author(s) Inclusion 
/Exclusion Criteria 

Assessment by 
Health 

Professional 
Methodology Control Group Other (than sEMG) 

Measuring Methods 

Barbosa et al. 
(2014) Yes Yes Intervention No No 

Begovic et al. (2016) Yes N/A RCT Yes Yes 
Behm et al. (2013) Yes N/A Experimental: 4 Interventions Yes No 
Bialoszewski et al. 

(2014) Yes Yes Randomized, 2 groups No  Yes  

Cruz-Montecinos et 
al. (2016) Yes Yes RCT Yes Yes 

Currie et al. (2016) 
(a) Yes Yes Intervention  No  Yes  

Currie et al. (2016) 
(b) Yes Yes Intervention No Yes 

DeVocht et al. 
(2005) Yes Yes Descriptive Study No No 

Domingo et al. 
(2017) N/A N/A Randomized Crossover Study No No 

Galindez-
Ibarbengoetxea et 

al. (2018) 
Yes Yes Randomized Clinical Trial, 2 groups No Yes 

Gentilcore-Saulnier 
et al. 2010 Yes Yes RCT  Yes No 

Haavik et al. (2018) Yes N/A RCT Yes Yes 
Hagovska et al. 

(2014) Yes Yes RCT Yes Yes 

Herzog et al. (1995) N/A N/A Experimental Pilot Study No No 
Herzog et al. (1999) N/A N/A Intervention Design No No 

Hu et al. (2014) Yes N/A RCT Yes Yes  
Hunter et al. (2006) N/A Yes Experimental Design No Yes 
Kamel et al. (2016) Yes Yes RCT Yes Yes 

Ko et al. (2015) Yes Yes RCT Yes No 
Krekoukias et al. 

(2009) Yes N/A RCT  Yes Yes 

Langdon R. (2011) Yes N/A Clinical Crossover Study No No 
Niazi et al. (2015) Yes Yes RCT Yes Yes  
Pecos-Martín et al. 

(2017) Yes Yes RCT  Yes No 

Reznik et al. (2015) N/A N/A Preliminary Study No No 

Ribeiro et al. (2017) Yes Yes Cross-Over, Pre-Post Intervention 
Study  No No 

Ritvanen et al. 
(2007) Yes N/A Prospective Clinical Trial, 2 

Intervention Groups  No Yes 

Shih et al. (2018) Yes Yes Cross-sectional RCT  Yes Yes 
Shin. and Sung. 

(2015) N/A N/A RCT Yes Yes 

Suter et al. (2005) N/A N/A Intervention Study No No 
Xia et al.  (2017) Yes N/A Single-arm Clinical Trial No Yes 

Yoopat et al. (2015) Yes Yes Randomized Complete-Block Design 
Experiment  No Yes 

RCT – Randomized Controlled Trial; N/A – Not Available 

Again, the impact of SM was the objective of Xia et al., (2017) they found no association of the 
application of this technique with the flexion-relaxation phenomenon (FRP). Evidence that SM 
can reduce the transcranial magnetic stimulation (TMS) induced cortical silence and increased 
low-threshold motoneurone excitability in the Tibialis Anterior (TA) muscle was found by 
Haavik et al., (2018). For a different technique, the study of Krekoukiad et al. (2009) applied 
PA mobilization to L3 vertebra to perceive its effect on Lumbar erector spinae (ES) and, it 
showed a significant decrease in the sEMG activity for the asymptomatic population. Similar 
findings in the sEMG activity by Pecos-Martina et al. (2017) the same technique (PA 
mobilization) but for the thoracic ES, on T7 vertebra, even if no differences in pain relief was 
found compared to the placebo group. Three studies targeted the calf area, triceps sural for 
Behm et al. (2013) and Shin and Sung (2015) and most muscles moving the knee joint by 
Cruz-Montecinos et al. (2017). In all of them was used massage and in the latter also 
mobilization. It was found that massage therapy with static stretching reduces spinal reflex 
excitability (H/M ratio) which significantly affecting contractile properties (Behm et al., 2013) 
in contrast with other findings in which massage increased EMG activity suggesting it can be a 
beneficial tool after EIMD (Exercise-induced Muscle Damage) (Shin and Sung., 2015). For the 
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population of females with osteoarthrosis (OA) of the knee, using massage and mobilization for 
that condition showed that these techniques could be useful tools in modifying the muscular 
activation pattern, favourably modifying co-contraction, beneficial in decreasing joint overload 
(Cruz-Montecinos et al., 2017). The following three studies also looked at the effect of MT, 
particularly massage on the lower limb, just two for the Quadriceps Femoris (QF), Langdon 
(2011) and Begovic et al. (2016) and one in both the anterior and posterior aspects of the 
tight, Hunter et al. (2006). Langdon (2011) was interested in understanding how different 
pressure application during a massage can influence muscular activity, and they found that the 
use of light and moderate pressure before deep pressure prevents increasing muscle activity 
levels. When the concern is force production and neuromuscular recruitment, it was found that 
muscular activity is reduced after the massage but not caused by neuromuscular recruitment 
(Hunter et al., 2006).  
 

Table 3. Use of sEMG in Manual Therapy: Intervention 

 
Author(s) Symptoms MT Techniques Used Duration of MT 

Intervention 
Who applied 

the MT 
Area of the body 

treated 
Barbosa et al. (2014) No HVLAT N/A Therapist SI 
Begovic et al. (2016) No TFM  15m PT LL 

Behm et al. (2013) No Massage MTJ 1m (intervention); 30s 
(control) 

Massage 
therapist LL 

Bialoszewski et al. 
(2014) Yes CST and TPT 30m PT Spine 

Cruz-Montecinos et al. 
(2016) Yes Grade II Maitland Mob and 

Soft-tissue 35-40m PT LL 

Currie et al. (2016) 
(a) Mixed HVLAT N/A Chiropractor L3 Lsp and 

SI 

Currie et al. (2016) 
(b) No HVLAT N/A Chiropractor L3 and Lsp 

DeVocht et al. (2005) Yes HVLAT 5-10m Chiropractor Spine 

Domingo et al. (2017) No Massage 5m Massage 
therapist Shoulder and Csp 

Galindez-
Ibarbengoetxea et al. 

(2018) 
Yes HVLAT, TMJ Mob N/A PT Csp and TMJ 

Gentilcore-Saulnier et 
al. 2010 Yes Soft-tissue Mob, Stretching 60-75m PT Vagina 

Haavik et al. (2018) No HVLAT 15m Chiropractor Spine 
Hagovska et al. 

(2014) Yes Soft-tissue Mob N/A McKenzie 
Therapist Lsp 

Herzog et al. (1995) No HVLAT 3-5s Chiropractor Tsp 

Herzog et al. (1999) No HVLAT 200ms Chiropractor Spine 

Hu et al. (2014) Mixed Spinal Mob 2-4h PT Spine 
Hunter et al. (2006) No Massage 30m PT LL 
Kamel et al. (2016) Yes central PA Mob 2m Therapist L3 Lsp 

Ko et al. (2015) Yes Stretching 
by Massage N/A Patient TMJ 

Krekoukias et al. 
(2009) No central PA Mob 2m Researcher L3 Lsp 

Langdon R. (2011) No Massage 45s Therapist LL 
Niazi et al. (2015) Yes HVLAT 200ms Chiropractor Spine and SI 
Pecos-Martín et al. 

(2017) Yes grade III central PA Mob 3m Researcher T7 Tsp 

Reznik et al. (2015) No PNF N/A PT LL and UL 
Ribeiro et al. (2017) No Grade IV Mob 30s PT Shoulder 

Ritvanen et al. (2007) Yes Bone setter Treatment and 
Massage, Stretching N/A Bone setter and 

PT All body treatment 

Shih et al. (2018) Yes Mob 11m PT Ankle 
Shin. and Sung. 

(2015) Yes Massage 15m PT LL 

Suter et al. (2005) Yes HVLAT 3s Clinician left SI joint 
Xia et al. (2017) Yes HVLAT N/A Chiropractor Lsp and SI Joint 

Yoopat et al. (2015) No Thai Massage 15-30m Massage 
therapist N/A 

Csp - Cervical Spine; HVLAT – High Velocity Low Amplitude Thrust; LL – Lower Limb; Lsp – Lumbar Spine; Mob – Mobilization; MTJ - Muscular Tendinous Junction; 
OA – osteoarthrosis; PA – Posteroanterior; PNF – Proprioceptive Neuromuscular Facilitation; PT – Physiotherapist; SI – Sacroiliac; TFM - Transverse Friction Massage; 
TMJ - Temporomandibular Joint; Tsp - Thoracic Spine; UL – Upper Limb; 

 

For Begovic et al. (2016), the purpose was to understand the neuromotor changes associated 
with stiffness after applying transverse friction massage (TFM) over the QF's tendon in healthy 
subjects. His study shows that it decreases muscle stiffness but, there is an increased stiffness 
of the tendon caused by faster force transmission along with non-contractile elements. The 
four remaining studies focused on other anatomical areas. Barbosa et al. (2014) aimed to 
assess the immediate electrical changes on the transversus abdominis/internal oblique 
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(TrA/IO) muscle during rapid voluntary upper limb movements before and after sacroiliac joint 
(SIJ) manipulation. An increase in electrical muscle activity was registered. The opposite result 
was found by Ribeiro et al. (2017) finding no differences in shoulder and scapular muscle 
activity levels in asymptomatic subjects, after an inferior shoulder mobilization. However, 
Domingo et al. (2017) found that short-duration moderate pressure massage on the trapezius 
muscle in asymptomatic participants significantly reduces electrical activity when comparing 
with quiet sitting. Finally, Gentilcore-Saulnier et al. (2010) aimed to determine the differences 
in pelvic floor muscle (PFM) behaviour, showing that woman with PVD have a higher tonic of 
EMG activity at rest. On a different note, Reznik et al. (2015) investigated the EMG pattern of 
overflow (changes in the contralateral limb), by manual resistive proprioceptive neuromuscular 
facilitation. They found that a resistance exercise would be effective at producing electrical 
activity in the contralateral homologous muscles of the non-exercised limb. Distinct work was 
designed by Hu et al. (2014) that found a significant difference in the root-mean-square (RMS) 
and root-mean-square difference (RMSD) analysis between healthy and symptomatic 
participants when doing a quantitative time-varying analysis of sEMG topography which may 
be a promising prognostic tool for rehabilitation of chronic LBP. 

3.3. Reported data 

Only three studies described all the chosen analysis parameters in terms of the demographic, 
methodologic and intervention data, as shown in Tables 1-3; these were Gentilcore-Saulnier et 
al. (2010), Cruz-Montecinos et al. (2016), and Pecos-Martina el al. (2017). Niazi et al. (2015) 
and Ribeiro et al. (2017) failed to report one parameter only. Six studies failed to publish five 
or more of those parameters, decreasing the information available to reproduce their study.  

Although most elements are considered very important to assure reproducibility, in clinical 
trials, it is expected that the inclusion and exclusion criteria for the eligibility of participants are 
reported. According to Van Spall et al. (2007), exclusion criteria are not always stated in RCT's 
published in major medical journals.  

Not having these available to the reader affects its reproducibility, potentially reducing the 
quality of the evidence. In our analysis, were found omission rates of ~22% for the inclusion 
and exclusion criteria.  

Other items, considered relevant by Bartuzi et al. (2010), were not always reported and could 
also condition the interpretation of the results as:  

• The sex of the participants (~16%) 

• BMI of the participants (~38%) 

• Mean age of the participants (~7%) 

Also, the omission of other variables as assessment by a Health Professional (~45%), duration 
of treatment (~29%) and area of the body treated (~3%) may be considered relevant. 

3.4. Risk of Bias  

Table 4 shows that there is an overall low-quality, only four studies out of 31 scored 3 or more 
points in the Jadad scale, and only Pecos-Martina et al. (2017) got the full score for this quality 
scale.  

The work of Jadad et al. (1996) is, according to Olivo et al. (2008), the most widely used in the 
world with over 3000 citations at the date of that publication, even if regarded as simplistic 
(Berger, 2006), it was considered an adequate means to evaluate the risk of bias of the 
selected studies.   
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Table 4. Risk of bias in the clinical trial studies, using the Jadad scale. 

Author(s) Was the Study 
Randomized? 

Was the Method of 
Randomization Described 

and Appropriate? 

Was the Study 
Double-Blind? 

Was the Blinding Method 
Described and 
Appropriate? 

Was there a 
Description 

of 
Withdrawals 

and 
Dropoffs? 

Total 

Barbosa et al. 
(2014) 0 0 0 0 0 0 

Begovic et al. 
(2016) 1 1 0 0 1 3 

Behm et al. 
(2013) 1 -1 0 0 0 0 

Bialoszewski et 
al. (2014) 1 1 0 0 0 2 

Cruz-
Montecinos et 

al. (2016) 
1 1 0 0 0 2 

Currie et al. 
(2016) (a) 0 0 0 0 0 0 

Currie et al. 
(2016) (b) 0 0 0 0 0 0 

DeVocht et al. 
(2005) 0 0 0 0 0 0 

Domingo et al. 
(2017) 1 -1 0 0 0 0 

Galindez-
Ibarbengoetxea 

et al. (2018) 
1 1 0 0 1 3 

Gentilcore-
Saulnier et al. 

2010 
0 0 0 0 0 0 

Haavik et al. 
(2018) 1 -1 0 0 0 0 

Hagovska et al. 
(2014) 0 0 0 0 0 0 

Herzog et al. 
(1995) 0 0 0 0 0 0 

Herzog et al. 
(1999) 0 0 0 0 0 0 

Hu et al. (2014) 0 0 0 0 0 0 
Hunter et al. 

(2006) 0 0 0 0 0 0 

Kamel et al. 
(2016) 1 -1 0 0 0 0 

Ko et al. (2015) 0 0 0 0 0 0 
Krekoukias et 

al. (2009) 1 -1 0 0 0 0 

Langdon R. 
(2011) 1 -1 0 0 1 1 

Niazi et al. 
(2015) 0 0 0 0 0 0 

Pecos-Martín et 
al. (2017) 1 1 1 1 1 5 

Reznik et al. 
(2015) 0 0 0 0 0 0 

Ribeiro et al. 
(2017) 0 0 0 0 0 0 

Ritvanen et al. 
(2007) 1 1 0 1 0 3 

Shih et al. 
(2018) 1 -1 0 0 1       1 

Shin. and Sung. 
(2015) 1 -1 0 0 0 0 

Suter et al. 
(2005) 0 0 0 0 0 0 

Xia et al. 
(2017) 0 0 0 0 1 1 

Yoopat et al. 
(2015) 1 -1 0 0 0 0 

 

4. DISCUSSION 
From the analysis of the results, above 70% of the authors were mostly concerned with 
detecting electric alterations in the muscle function. The reasons were to be able to develop 
stable protocols on how to retrieve the electrical signal as well as verifying causality between 
MT and electrical activity in muscles. The remaining papers had a more clinical purpose, ~21% 
were interested in verifying the efficacy/effectiveness of the MT intervention in symptoms; 
sEMG seemed to help retrieve meaningful information about the electrical muscle activity and 
correlate with the changes in reported symptoms. The remaining category of aims compared 
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treatment protocols, this accounted for ~9% of all the articles purposes.  

Clinically, although promising, it seems that there isn't yet a stable relationship between 
muscle activity and variation of the EMG signal. Therefore, it makes sense that most of the 
recent studies were designed to develop a better understanding of the sEMG protocols and 
procedures on how to collect the most usable information, so it can be used for clinical 
purposes. 

In terms of the characterization of the methodology and design of the included studies, 
recruitment of participants was evenly distributed by a public call, university, hospital, and 
volunteer. Some of the studies selected had an uneven sex distribution which can affect results 
due to the differences in muscle physiology. sEMG was the only measurement technique used 
for ~58% of the studies, in the studies that used other measurements or scales, the most used 
were VAS (Visual Analogue Scale), ODI (Oswestry Disability Index) and force measurement. 
Only half of the studies used control groups. The most used MT techniques were mobilization, 
massage, and HVLAT (Figure 1). ~16% of all included works used more than one MT 
technique. Fourteen studies used asymptomatic participants and two a combination of 
symptomatic and asymptomatic.  

 

 
 

Figure 1. MT Techniques assessed with sEMG. 

Regarding the professions represented in each study (Figure 2), physiotherapy was present in 
12 articles, followed by Chiropractor with eight.  

 

 
 

Figure 2. Which professions assessed MT using sEMG. 
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The areas of the body most used by this selection of studies were lower-limb (LL), present in 
eight studies, followed by lumbar spine with six and spine with five presences. Interesting to 
note how this selection of studies included authors from all over the world, representing the 
five continents, being the most present, North America with ten studies and the most 
represented countries are USA and Canada. This characterization shows how heterogeneous 
the existing evidence is, in terms of design, in the study of MT using sEMG.  

The information about EMG signal data acquisition and analysis are also essential for the 
study's reproducibility and quality, its criteria are described in Table 5. Details on how the EMG 
data was retrieved should be clearly described. Explicitly stating the choices regarding 
electrodes type and location, EMG detection, sampling, normalization, rectification, and 
amplitude process is essential. Without this information, the study cannot be replicated. 
Training for health professionals’ authors on how to adequately acquire and report sEMG data 
should be considered. 

The ISEK's standards for reporting EMG data describes these standards and states that this 
information should be supplied in the Methods section of the manuscripts using EMG 
(Standards for Reporting EMG Data, 2018). For this review, the ISEK’s standards results were 
summarised in Table 5 and the compliance with reporting its items presented in Figure 3. 

 

 
Figure 3. Percentage of ISEK standard criteria not reported by each study 

 

 
When analyzing the percentage of the detailed elements, it was found that only three studies 
reached or passed 50% of the reported items. Close to half of the articles stated less than 25% 
of all elements, showing a general low potential to be replicated. When observing which items 
were mostly reported, we can observe that Location was by far the one that almost all studies 
reported, only Bialoszewski et al., (2014) and Xia et al., (2017) did not. 

The most missing items were the Shape of the electrode, SNR, Slopes of the cut-off and most 
of the Normalisation items. For some studies, due to their specific design and objectives, 
wouldn't make sense to report some of those items and therefore it cannot be interpreted as a 
failure to report. For instance, the normalization items should only be reported when 
force/torque needs to be correlated to the EMG, when the maximum voluntary contraction 
(MVC), needs to be estimated. Another case is when the participant is required to perform an 
isometric contraction; then the joint angle is relevant, if one is looking at non-isometric 
contraction then ranges of joint angle, and velocity of shortening are important (Standards for 
Reporting EMG Data, 2018). Future evaluations of the quality of the reporting of sEMG should 
contemplate these procedures. 

  

 



The use of surface electromyography in assessing the effectiveness of manual therapy 
a systematic review 
 

Santiago et al.   

 International Journal of Occupational and Environmental Safety, 4:1 (2020) 89-107            100 

Table 5. Check-list for the ISEK standards for reporting EMG data. Format adapted from Januario et al., (2016) 

                Study Surface 
Electrode             EMG detection               

 Material Shape Size Skin  Int. 
electrode  Location  Type of  Input CMRR SNR Gain Filter  Cut-off Slopes 

    Preparation distance   differential Impedance    Types frequencies of the  

                              cut-off 

Barbosa et al. (2014) + - + + + +  - + + + - + + - 

Begovic et al. (2016) + - - + + +  + - - - + + + - 
Behm et al. (2013) + - + + + +  + + + + + + + - 

Bialoszewski et al. (2014) ± - - - - -  - - - - - - - - 
Cruz-Montecinos et al. (2016) - - - ± - +  - - - - - + + - 

Currie et al. (2016a)  - - - - - +  - - - - - + + - 
Currie et al. (2016b)  - - - - - +  - - - - - + + - 
DeVocht et al. (2005) + + + + - +  + - - - - + + - 
Domingo et al. (2017) - - - - - +  - - - - - + + - 

Galindez-Ibarbengoetxea et al. 
(2018) - + + + - +  - - - - - + + - 

Gentilcoresaulnier et al. (2010) + ± + - + +  + + + - + - + - 
Haavik et al. (2018) + - + + + +  - + - - - + + - 

Hagovska et al. (2014) - - - + + +  - - - - - - + - 
Herzog et al. (1995) + - - + - +  + - - - - - - - 
Herzog et al. (1999) - - - + + +  - - - - - - - - 

Hu et al. (2014) - - + + - +  - - - - - - + - 
Hunter et al. (2006) ± - - + - +  - - - - - - + - 
Kamel et al. (2016) - - - + - +  - - - - - - - - 

Ko et al. (2015) + - - + ± +  - + + - + - + - 
Krekoukias et al. (2009) ± - - + - +  + + + + + - + - 

Niazi et al. (2015) + - + - + +  + - - - - + + - 
Pecos-Martín et al. (2017) ± - - ± + +  + - - - - - - - 

Reznik et al. (2015) + - - - + +  - + - - - - + - 
Ribeiro et al. (2017) + - - + + +  - - - - + - - - 

Ritvanen et al. (2007) + - - + - +  + - - - - - + - 
Roberts, L. (2011) - - - + + +  - + - - - - + - 

Shih et al. (2018) + - - - - +  - - - - - + + - 
Shin. and Sung. (2015) + - - + - +  - - - - - + + - 

Suter et al. (2005) + - + + + +  - - - - + + + - 
Xia et al. (2017) ± - - - - -  - - - - - - - - 

Yoopat et al. (2015) - - - - - + 
 

- - - - - - - - 
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Table 5. Check-list for the ISEK standards for reporting EMG data. Format adapted from Januario et al., (2016) (continued). 

  
       

              
Study Sampling   Normalization       Rectification Amplitude Summed Total 

 Frequency Bits  Training of Joint Conditions Rate of Velocity Ranges Load  Process +/-' Score 

    contraction angle  Rise       (%) 

               Barbosa et al. (2014) + +  - - - - - - - - - 12+/13- 12(48) 

Begovic et al. (2016) + -  - - - - - - - - - 9+/16- 9(36) 
Behm et al. (2013) + +  - - - - - - - - - 14+/11- 14(56) 

Bialoszewski et al. (2014) - -  - - - - - - - - - 1+/24- 1.5(6) 

Cruz-Montecinos et al. (2016) - -  + - - - - - - - + 5+/20- 5.5(22) 
Currie et al. (2016a) + -  - - - - - - - + - 5+/20- 5(20) 
Currie et al. (2016b) + -  - - - - - - - + - 5+/20- 5(20) 
DeVocht et al. (2005) + -  - - - - - - - - + 10+/15- 10(40) 
Domingo et al. (2017) + -  - - - - - - - + - 5+/20- 5(20) 

Galindez-Ibarbengoetxea et al. 
(2018) + -  - - - - - - - - - 7+/18- 8(32) 

Gentilcoresaulnier et al. (2010) + +  + - - - - - - - - 12+/13- 12.5(50) 
Haavik et al. (2018) + -  - - - - - - - - - 9+/16- 9(36) 

Hagovska et al. (2014) - -  - - - - - - - - - 4+/21- 4(16) 
Herzog et al. (1995) - -  - - - - - - - - ± 4+/21- 4(16) 
Herzog et al. (1999) - -  - - - - - - - - ± 3+/22- 3(9) 

Hu et al. (2014) + -  - - - - - - - - ± 5+/20- 5.5(22) 
Hunter et al. (2006) + -  + - - - - - - - ± 5+/20- 6(24) 
Kamel et al. (2016) - -  - - - - - - - - - 2+/23- 2(4) 

Ko et al. (2015) + +  + + + - - - - - ± 12+/13- 13(52) 
Krekoukias et al. (2009) + -  + - + - - - - - ± 11+/14- 12(48) 

Niazi et al. (2015) + -  + - + - - - - - - 10+/15- 10(40) 
Pecos-Martín et al. (2017) + +  - - - - - - - - ± 5+/20- 6.5(26) 

Reznik et al. (2015) + -  + - + - - - - - + 9+/16- 9(36) 
Ribeiro et al. (2017) + -  + - + - - - - - - 8+/17- 8(32) 

Ritvanen et al. (2007) - -  ± - + - - - - + ± 7+/18- 8(32) 

Roberts, L. (2011) + -  - - - - - - - - - 6+/19- 6(24) 
Shih et al. (2018) + -  - - - - - - - - + 6+/19- 6(24) 

Shin. and Sung. (2015) + -  ± - + - - - - + - 8+/17- 8(32) 
Suter et al. (2005) + +  - - - - - - - - ± 10+/15- 10.5(42) 
Xia et al. (2017) - -  - - - - - - - - - 1+/24- 1.5(6) 

Yoopat et al. (2015) + - 
 

+ + + - - - + - - 6+/19- 6(24) 

                              
 

 

 

 

  

Surface electrode: electrode material (Al/AgCl); electrode shape (discs, bars, rectangular); size (diameter, radius, width x length); skin preparation (use of gel or paste, alcohol applied to cleanse 
skin, skin abrasion, shaving of hair); electrode location (orientation over muscle concerning tendons, motor point and fibre direction). EMG detection: type of differential (monopolar, double 
differential); CMRR - Common Mode Rejection Ratio; SNR- signal to noise ratio; filter types (Butterworth, Chebyshev); cut-off frequencies (low pass, high pass); slopes of the cut-offs (dB/octave, 
dB/decade). Normalization: Ranges and Load (in non-isometric contraction should be described). +: complete information (summed 1 point in the total score); ±: partial information (summed 0,5 
point in the total score); -: information not described (no points summed in the total score).  
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Few studies stated that all procedures were conducted according to the Surface 
Electromyography for the non-Invasive Assessment of Muscle (SENIAM) recommendations; 
these were Barbosa et al., (2014), Bialoszewski et al., (2014), Cruz-Montecinos et al., (2016), 
Reznik et al., (2015), Ribeiro et al., (2017) and Shih et al., (2017). Although, the authors 
support for good practice the reference to these standards, since it doesn't substitute reporting 
in the publication for easier access to that information and facilitate its reproducibility. A 
possible reason for researchers having failed to report the recommended parameters is the 
lack of appropriate training in using sEMG to study MT. University programs for health 
professions should consider including a modular subject on EMG and its acquisition and 
analysis techniques, so future researchers can be proficient in using and reporting the use of 
this technique. Recent publications may be of great help for non-engineers, as manual 
therapists, by promoting the best practices in detecting sEMG (Merletti and Muceli, 2019) and 
proposing a guide on decision-making when recording, analyzing and interpreting EMG data 
(Besomi et al., 2019). 

Some easily accessible and updated information about sEMG and its standards can be found at 
“https://www.robertomerletti.it/en/emg/material/teaching/”. Previous and adequate training in 
using sEMG is strongly advised to increase the strength and value of these works. 

 

4.1. Limitations 
Regarding the limitations of this review, the findings are based on 31 studies. Unpublished 
literature was not searched, and only research published in English was used, making it 
possible that some relevant studies published in other languages have been missed. The three 
categories of purposes created may not represent all the objectives of the authors. 
Additionally, the authors recognize that the substantial heterogeneity found within the 
methodology of the included studies created difficulties in the analysis, potentially affecting the 
overall risk of bias assessment. Also, there are doubts regarding the Jadad scale being the 
most appropriate method for bias assessment.  

 

5. CONCLUSION 
Based on the results of the analysis of these studies, the purposes for using sEMG for MT were 
analyzed and categorized. There is high variability among areas of interest, and it shows that 
the most present objective is to improve or test different sEMG protocols to better retrieve the 
quality and interpretation of the electrical data. A much smaller number of articles had a 
clinical purpose, therefore there is insufficient evidence. Still, and arguably, sEMG isn’t yet an 
effective method for analyzing the effects of MT.  

The studies quality assessment using the Jadad scale showed how weak the overall quality was 
with only three studies ranking three or more points. Another finding of this review was the 
distribution of items that failed to report sEMG information. The authors assert the absolute 
importance for future studies to be accurate in their description of all the procedures and, 
more specifically, in reporting the use of sEMG according to the ISEK standards.  

Future research should further examine the characteristics of the electric activity in muscles as 
a variable to increase our understanding of how MT works at that level. Although sEMG may be 
a promising technique to study the effects of MT, more studies are needed to create and 
validate more EMG technics and protocols so more clinically driven research can be directed at 
investigating the role of MT in health care.   
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Appendix 1 

 

SCOPUS 

( TITLE-ABS-KEY ( ( surface  AND  electromyography )  AND  ( ( manual  AND  therap* )  OR  
( manual  AND  treatment )  OR  ( occupational  AND  therap* )  OR  physiotherap*  OR  
osteopath*  OR  chiro*  OR  orthop*  OR  massag* )  AND NOT  ( systematic  AND  review ) ) ) 
OR  massag* ) )  AND NOT  ( systematic  AND  review ) ) 

 

ScienceDirect 

(TITLE-ABS-KEY ( ( ( surface AND electromyography ) ) AND ( ( manual AND therap* )  OR 
(occupational AND therap*) OR physiotherap* OR osteopath* OR chiro* OR orthop* OR 
massag*) AND NOT (systematic AND review) ) 

 

WebOfScience 

(((( surface AND electromyography ) AND ( ( manual AND therap* ) OR (occupational AND 
therap*) OR physiotherap* OR osteopath* OR chiro* OR orthop* OR  

massag* )) NOT (systematic AND review))) 

 

PUBMED 

1. ("surface electromyography"[All Fields]) AND ("manual therapist"[All Fields] OR 
("occupational"[All Fields] AND "therapist"[All Fields]) OR "physiotherapist"[All Fields] OR  

"osteopathic"[All Fields] OR "chiropractor"[All Fields] OR "orthopaedics"[All Fields] OR 
"massagist"[All Fields]) NOT "systematic review"[All Fields] 

 

2. ("surface electromyography"[All Fields]) AND ("manual therapy"[All Fields] OR 
("occupational"[All Fields] AND "therapy"[All Fields]) OR "physiotherapy"[All Fields] OR 
"osteopathy"[All Fields]  

OR "chiropractic"[All Fields] OR "orthopedics"[All Fields] OR "massage"[All Fields]) NOT 
"systematic review"[All Fields] 

 

PEDRO 

surface AND electromyography and therapy 

 

Biomed CENTRAL 

( surface AND electromyography ) AND ( manual AND therapy ) NOT (systematic AND 
review) 

 

DOAJ 

( surface AND electromyography ) AND  ( manual AND therap* ) 

 

MEDLINE OVID 

((surface and electromyography and (manual and therapy)) not (systematic and 
review)) 

 

 

 


	1. INTRODUCTION
	2. METHODOLOGY
	2.1. Search Strategy
	2.2. Selection of Studies and Data Extraction
	2.3. Data Analysis and Synthesis
	2.4. Quality Assessment
	3. RESULTS
	3.1. Study Selection
	3.2. Categorization of Purposes
	3.3. Reported data
	3.4. Risk of Bias
	4. DISCUSSION
	4.1. Limitations
	5. CONCLUSION
	REFERENCES

