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Abstract 
Non-specific chronic low back pain is a common musculoskeletal problem, which is associated with 
a reduction in muscle performance and activation. Extracorporeal shock wave therapy (ESWT) has 
been used effectively in the rehabilitation of low back pain problems yet, there is still limited evidence 
regarding its mechanism of action. Purpose is to investigate the effect of ESWT on electromyographic 
activity of trunk muscles as well as pain in non-specific chronic low back pain. Thirty patients were 
divided randomly into two equal groups. Group "A" received ESWT group+ standard physical therapy 
treatment, and Group "B" (control group) received a standard physical therapy treatment. The 
electrical activities of lumbar erector spinae and lumbar multifidus muscle during maximum isometric 
contraction were assessed using Electromyographic device while visual analog scale was used to 
assess pain level. The electrical activities inside the selected muscles were represented as root mean 
square (RMS). RMS values significantly increased for all muscles and VAS scores improved in both 
groups after treatment (p > 0.001). ESWT group demonstrated a significant increase in RMS values 
of all muscles and a significant reduction in pain scores compared to the control group (p < 0.001). 
In Conclusion, ESWT can effectively improve trunk muscle activity and reduce pain level in patients 
with non-specific chronic low back pain. 
 
 
Keywords: extracorporeal shock wave, electromyography, low back pain, trunk muscles 
 
Elgendy MH, Mohamed MH, Hussein HM (2020) Effect of extracorporeal shock wave on 
electromyographic activity of trunk muscles in non-specific chronic low back pain: a randomized 
controlled trial. Eurasia J Biosci 14: 6955-6962. 
 
© 2020 Elgendy et al. 
This is an open-access article distributed under the terms of the Creative Commons Attribution License. 

 

INTRODUCTION 

 Low back pain (LBP) is a major cause of functional 

disability that negatively affects patient’s quality of life 

(Pakbaz et al., 2019); it affects approximately 60% to 

80% of the population experience more than one 

episode of LBP in their life (Mani et al., 2016).85% of 

LBP cases have no identifiable pathology so they 

considered non-specific (Balague et al., 2012). Many 

factors contribute to non-specific chronic LBP as 

obesity, sedentary lifestyle, and genetic factors that 

have a great effect on pain perception in LBP (Verbunt 

et al., 2010, Tegeder & Lotsch, 2009). 

Patients with chronic LBP display a decrease in 

strength and endurance of the lumbar erector spinae, 

multifidus, and the transversus abdominis as a result of 

prolonged inadequate posture. These patients have a 

tendency to use erector spinae, rectus abdominis, and 

abdominal oblique muscles for compensation. This 

compensation is one of the main causes of LBP (Huang 

et al., 2014, Ferreira et al., 2004). The pain avoidance 

and decreased physical functioning may result in lower 

levels of electromyographic activity of back extensors, 

as lumbar multifidus and erector spinae. The reduced 

extensor muscles endurance is suggested to be a 

contributing factor for the alternation electrical activities 

inside back muscles (Danneels et al., 2001). Falla et al., 

2014 identified differences in the electrical activities of 

erector spinae (ES) in LBP. These differences were in 

the form of a reduction in its activity during both dynamic 

and static tasks. There are many methods for treating 

chronic LBP as bed rest, traction, thermotherapy, 

electrical stimulation, Mulligan technique (Seo et al., 

2020).  Recently, extracorporeal shock wave therapy 

(ESWT) has been introduced as an alternative method 

for LBP treatment (Walewicz et al., 2019). ESWT can be 

used for pain relief and desensitization of trigger points. 
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Improving muscle strength has also been reported after 

the appropriate motor simulation of the muscles and 

tendons using ESWT (Alatawi, 2019). 

ESWT is used commonly to treat diseases of the 

musculoskeletal system as lateral epicondylitis (Cho et 

al., 2008), patellar tendinopathy (Wang et al., 2007), and 

Calcifying tendinopathy of the Shoulder (Hsu et al., 

2008). Although, many studies investigated the 

effectiveness of ESWT on LBP as, Lee et al., 2014 found 

that ESWT significantly improves dynamic balance, and 

reduces chronic back pain, and Han et al., 2015 also 

found that ESWT is an effective intervention for the 

treatment of pain, functional disability, and depressive 

symptoms in low back pain patients.  

Up to the authors’ knowledge, no studies have been 

conducted to examine the electromyographic response 

of the low back muscle to ESWT on CLBP. So, we aimed 

to investigate the effect of ESWT on electromyographic 

activity of trunk muscles and pain intensity in non-

specific chronic low back pain.  

 METHODS 

The present study is a randomized controlled trial. 

The intervention procedures I this study was conducted 

at the outpatient Clinic, Faculty of Physical Therapy, 

Cairo University, while the assessment was conducted 

at the Laboratory of Electromyography of the same 

institute. This study was performed between September 

2019 to April 2020. 

The study protocol was approved by the local Ethical 

Committee board (NO: P. T. REC/012/002159) and 

registered at Pan African Clinical Trial Registry (PACTR 

201907878425407). 

After a full explanation of the procedures and 

purposes of this study, included patients signed a written 

informed content. 30 patients with LBP included in the 

study in accordance with the following inclusion criteria: 

males or females; age range between 20 to 30 years; 

normal BMI category; having LBP for more than 3 

months.  The exclusion criteria were pain due to 

pathological cause (i.e., disc lesion, radiculopathy, 

spondylosis, ligamentous injury); pregnant females; 

patients who had a history of low back trauma or 

surgery; patients with spinal mal-alignment.  

The included patients were randomly assigned into 

two groups (A and B) by using permuted blocks of 

different sizes (4, 6). Each group consisted of 15 patients 

(Figure 1). 

Outcome measures: 

Muscular electromyographic activity (Root 

mean square) 

A two-channel digital electromyogram device 

(Neuro-EMG-Micro, Neurosoft, Ivanovo, Russia) was 

used to assess the electromyographic (EMG) activity of 

Lumbar multifidus (LM), and lumbar erector spinae 

(LES), in the form of root mean square (RMS).  

If present, skin hair was shaved off the areas where 

the electrodes wwere placed, then the area was cleaned 

with alcohol.  

The surface electrodes were positioned for the 

superficial fibers of lumbar multifidus muscle (LMF), the 

electrodes were placed at L5 and aligned parallel to the 

line between the posterior superior iliac spine (PSIS) 

and the L1–L2 interspinous space. (Dankaerts et al., 

2006).  

For lumbar erector spinae (LES) electrodes were 

placed 3 cm lateral to the midline, centered at the L2 

spinous process level (Silfies et al., 2005).  

To have the optimal pick-up of the EMG signals, the 

electrodes were positioned in parallel with the muscle 

fiber. EMG sampling frequency was 1000 HZ and the 

sensitivity was 500 μs. Total RMS of the recorded 

signals was obtained by Datalink software. 

For measuring the MVCs of LES and LMF patients 

were prone on a padded table with the leg extended over 

the table and hands beside their body. Appropriate 

number of straps were used to fix the patient’s legs and 

pelvis. An appropriate resistance was applied at the 

scapular region to maintain the maximum isometric 

muscular contraction. Each MVC was repeated three 

times and the patient was asked to gradually increase 

the force to reach an absolute maximum force, and then 

to hold for 8-10 seconds.  

The patients were asked to produce three maximal 

isometric extension efforts. Approximately 30 seconds of 

rest were given between MVC contractions (Hoseinpoor 

et al., 2014). 

Pain intensity (visual analog scale) 

Horizontal non-numeric VAS with a 100-mm (10-cm) 

horizontal line with indicators at both ends of the line; 

one represented no pain, located at the left-hand side, 

and the most extreme pain on the right side. It is a 

reliable and valid method for pain measure (Alghadir et 

al., 2018). For measuring the pain level, each patient 

was instructed to rate the current level of pain by placing 

 

Fig. 1. Flow chart of study participants 
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(X) sign across the horizontal VAS line. The distance in 

millimeters from the lower limit was measured using a 

ruler (Klimek et al., 2017). VAS was assessed before 

and after the treatment program. 

Treatment procedures: 

Extracorporeal shock wave therapy  

This intervention was introduced to group (A) only. 

HC Shock wave machine (Elettronica Paganis Medical 

devices) was used for applying shock wave sessions. It 

was calibrated by the manufacturer routinely, and it was 

calibrated before starting the study. 

Patients were in a prone position, 2,000 shock wave 

impulses (5 Hz) and energy flux density of 0.10 mJ/mm2 

were delivered using a 17-mm head, patients received 

sessions twice a per week for six weeks. (Granger,2011 

and Muscolino, 2009). 

A lubricant was applied to the contact surface, the 

shock waves were applied to quadratus lumborum, 

gluteus maximus, gluteus medius, gluteus minimus, and 

piriformis muscles because they are considered as the 

main source of LBP (Kameda &Tanimae, 2019). We 

applied the head on the quadratus lumborum above iliac 

crest medially and superiorly towards the twelfth rib, the 

gluteus maximus laterally to the lower sacrum, the 

gluteus medius just above the posterior iliac spine, the 

gluteus minimus located down the length of the anterior 

fibers of the muscle just above greater trochanter, and 

the piriform laterally to anterior scarum along the length 

of muscle belly (Granger, 2011). These muscles were 

determined by palpation (Lee et al., 2014, Muscolino, 

2009). 

As described by Jeon and colleagues, the device 

probe was placed on the points at which muscular 

twitching appeaupon pressure. The probe was adjusted 

accordingly to provide accurate placement over the 

treatment points (Jeon et al., 2012). 

The standard physical therapy program  

This intervention was introduced to both groups. 

Manual passive stretching exercises for hamstrings, 

iliopsoas, and back extensors were performed from 

supine, prone, and cross-sitting positions, respectively. 

Each stretch was maintained for 30 seconds then was 

repeated 3 times (McAtee, 2013).  

Progressive strengthening exercises for abdominal 

and back muscles were performed while the patient 

assuming crook lying and prone positions, respectively.  

One set of 10 repetitions was performed during the 

first week. Exercise repetitions were increased 

according the tolerance of the patient.  

Abdominal strengthening was performed from crook 

lying position. The therapist stabilized both feet of the 

patient, and the patient was asked to cross his hands 

over the chest and raise his head and shoulders off the 

bed then relax.  

Back muscle strengthening was conducted from 

prone position. Patients were asked to raise the head 

and shoulders off the table then relax. Stabilization was 

performed manually over the patient’s lower limbs and 

pelvis.  

Anterior and posterior pelvic tilt were performed from 

crook lying.  Patients were asked to curve their low back, 

hold then relax, and repeat; and then press the low back 

against the treatment table and hold then relax, and 

repeat (Hussien et al., 2017). The conventional program 

was applied twice per week for six weeks (Han et al., 

2015). 

Statistical analysis 

Descriptive statistics and t-test were conducted for 

comparison of subject characteristics between both 

groups. Normal distribution of data was checked using 

the Shapiro-Wilk test. Levene’s test for homogeneity of 

variances was conducted to test the homogeneity 

between groups. Mixed design MANOVA was 

performed to compare within and between groups 

effects on RMS of LES, LM, and VAS.  Post-hoc tests 

using the Bonferroni correction were carried out for 

subsequent multiple comparisons. The level of 

significance for all statistical tests was set at p < 0.05. All 

statistical analysis was conducted through the statistical 

package for social studies (SPSS) version 25 for 

windows (IBM SPSS, Chicago, IL, USA). 

RESULTS 

10 males and 5 females in each group participated in 

this study. Table 1 showed the subject characteristics of 

the study and control groups. There was no significant 

difference between both groups in the mean age, 

weight, height, and BMI (p > 0.05). 

Table 1. Comparison of subject characteristics between group A and B 
 x̄±SD 

MD t- value p-value 
Group A Group B 

Age (years) 32.73 ± 6.73 33.26 ± 5.48 -0.53 -0.23 0.81 

Weight (kg) 74.26 ± 5.7 76.46 ± 5.02 -2.2 -1.12 0.27 

Height (cm) 172.6 ± 5 173 ± 6.55 -0.4 -0.18 0.85 

BMI (kg/m²) 24.93 ± 1.72 25.56 ± 1.27 -0.63 -1.12 0.27 

Females/Males 5/10 5/10    

x̄, Mean; SD, Standard deviation; MD, Mean difference; p value, Probability value 
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Effect of treatment on RMS of LES, LM, and 

VAS: 

Mixed MANOVA revealed that there was a significant 

interaction of treatment and time (F = 70.97, p = 0.001). 

There was a significant main effect of time (F = 331.57, 

p = 0.001). There was a significant main effect of 

treatment (F = 22.28, p = 0.001). Table 2 showed 

descriptive statistics of RMS of LES, LM, and VAS and 

the significant level of comparison between groups as 

well as a significant level of comparison between before 

and after treatment in each group.  

Within-group comparison 

There was a significant increase in RMS of LES, and 

LM after treatment in both groups compared with that 

before treatment (p > 0.001). Also, both groups showed 

a significant decrease in VAS after treatment compared 

with that before treatment (p > 0.001). 

Between-group comparison 

There was no significant difference between both 

groups before treatment (p > 0.05). Comparison 

between groups after treatment revealed a significant 

increase in RMS of LES, and LM of the study group 

compared with that of the control group (p < 0.001). 

There was a significant decrease in VAS of the study 

group compared with that of the control group after 

treatment (p < 0.01). 

DISCUSSION  

Chronic LBP is one of the major socio-economic 

problems among working populations (Praz et al., 2018). 

Several studies have shown that chronic LBP patients 

have decreased electromyographic activity of back 

muscles (Newcomer et al., 2002, Ebenbichler et al., 

2001), as nociceptive inputs in LBP induce alternation in 

motor output of the back muscles (Deluc, 1993). This 

study aimed to investigate the effect of ESWT on 

electromyographic activity of trunk muscles in non-

specific CLBP patients. 

The results of our study revealed that there was a 

significant increase in RMS values of (Rt LES, Lt LES, 

Rt LMF, and Lt LMF), and a significant decrease in VAS 

in the ESWT group more than in the control group, this 

in agreement with Notarnicola et al., 2018 who recruited 

thirty patients into two groups affected by LBP, one 

group treated with shock wave and the other group was 

a control group. The patients treated with shock wave 

demonestrated a significant improvement in the values 

of the amplitude of the motor nerve muscular conduction 

of the deep peroneal nerve and recruitment of motor 

units of finger brevis extensor, without significant 

difference in the control group. 

ESWT produces a tensile force by the negative 

pressure to induce an increase of cell membrane 

permeability to release bio-molecules, such as ATP to 

activate cell signal pathways (Weihs et al., 2014), to 

modulate inflammation by controlling the expression of 

interleukin (IL)-6 and IL-10 as well as improves the 

treatment of ischemic muscle (Holfeld et al., 2014). 

Biologically ESWT induces new functional proteins 

promoting neovascularization, anti-apoptosis, and 

muscle and nerve regeneration (Moya etal., 2018). 

Pain of piriformis, erector spinae, multifidus, rectus 

abdominus, quadratus lumborum, iliopsoas, gluteus 

medius, and gluteus maximus has been considered as 

a main source of LBP, myofascial pain of these muscles 

Table 2. Mean RMS of LES, LM, and VAS of the study and control groups 

 
Study group Control group 

MD (95% CI) P value 
x̄±SD x̄±SD 

RMS of right LES (%) 

Before treatment 479.29 ± 64.07 467.73 ± 61.1 11.56 (-35.27:58.4) 0.61 

After treatment 1108.4 ± 86.84 625.2 ± 74.36 483.2 (422.73: 543.66) 0.001 

MD (95% CI) -629.11 (-676.13: -582.07) -157.47 (-204.5: -110.43)   

 p = 0.001 p = 0.001   

RMS of left LES (%) 

Before treatment 459.19 ± 66.57 453.6 ± 78.14 5.59 (-48.7:59.88) 0.83 

After treatment 1073.13 ± 90.45 647.66 ± 88.75 425.47 (358.44: 492.5) 0.001 

MD (95% CI) -613.94 (-665.57: -562.3) -194.06 (-245.7: -142.43)   

 p = 0.001 p = 0.001   

RMS of right LM (%) 

Before treatment 453.45 ± 88 422.86 ± 70 30.59 (-28.81:89.98) 0.31 

After treatment 1075.6 ± 101.01 597.4 ± 103.13 478.2 (401.84: -554.55) 0.0001 

MD (95% CI) -622.15 (-668.44: -575.85) -174.54 (-220.82: -128.24)   

 p = 0.001 p = 0.001   

RMS of left LM (%) 

Before treatment 430 ± 75.94 411 ± 59.72 19 (-32.1:70.1) 0.45 

After treatment 993.22 ± 78.71 578.46 ± 69.41 414.76 (359.25: 470.26) 0.001 

MD (95% CI) `-563.22 (-609.1: -517.36) -167.46 (-213.33: -121.6)   

 p = 0.001 p = 0.001   

VAS 

Before treatment 7.46 ± 1.88 7.2 ± 2.04 0.26 (-1.2:1.73) 0.71 

After treatment 0.93 ± 0.59 1.8 ± 0.67 -0.87 (-1.34: -0.39) 0.001 

MD (95% CI) 6.53 (5.68: 7.37) 5.4 (4.55: 6.24)   

 p = 0.001 p = 0.001   
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induces abnormal shortening of muscle occurs due to 

excessive discharge of acetylcholine into the 

neuromuscular junction as one of the factors of causing 

myofascial trigger points (Chen& Nizar, 2011). Such an 

abnormal shortening induces the localized ischemia and 

increases the metabolism of the shortened areas, and 

causes an energy crisis. Various pain-inducing 

substances (prostaglandin, bradykinin, substance P, 

CGRP, K+, serotonin, and histamine, etc.) are secreted 

due to energy crisis, which eventually induces localized 

pain by super sensitization of nociceptors of muscles 

(Chen et al., 1998). It is expected that the execution of 

ESWT, reduce the level of muscular tension and 

improve localized ischemia in the areas of abnormal 

shortening of the muscles, which will, in turn, inhibit the 

increase in metabolism and occurrence of the energy 

crisis, and inhibit the induction of referred pain due to 

reduction in the synthesis of substance P at the dorsal 

root ganglia while at the same time preventing central 

sensitization by inhibiting nociceptors of peripheral 

muscles (Jeon et al., 2012). 

Foster et al., 2018 reported the various health 

hazards of the common LBP treatments such as pain 

medications, spinal injections, and surgical operations. 

Finding effective agents for the treatment of LBP is 

needed (Taradaj et al., 2018). One of the promising 

physical methods for the treatment of musculoskeletal 

pain syndromes is ESWT (Walewicz et al., 2020). 

Lee et al., 2014 recruited patients with LBP, who 

were assigned to two groups, the ESWT group, and the 

control group. All patients, regardless of group, 

underwent McKenzie exercises and central stabilization 

training.  Results revealed that a significant decrease of 

the pain measured via VAS in ESWT group more than 

the control group (p<0.05). Hans et al., 2015 reported 

improvement in pain VAS score after ESWT in a group 

of LBP patient when compared with a control group 

received electrotherapy. 

Furthermore Moon et al. (2017) included 30 patients 

with cross pain in their study; in one group they used 

focused ESWT compared to the placebo group. To 

evaluate the therapeutic effect, the results confirmed the 

high effectiveness of the shock wave in the treatment of 

pain, which is consistent with our results. 

In the same line Schneider, 2018 found that the 

combination of a shock wave with manual therapy of 

trigger points in the spinal muscles and region of the 

quadratus lumborum muscle allows the achievement of 

the highest therapeutic efficacy in pain reduction and 

improved quality of life in LBP. 

Finally, Hyeonjee et al., 2015 studied the effects of 

extracorporeal shock wave therapy on pain, and 

depression of chronic low back pain patients and results 

showed significant decreases in VAS, and BDI scores in 

ESWT group more than the group treated with 

conservative physical therapy. 

CONCLUSION  

ESWT is an effective method in the management of 

patients with non-specific chronic low back pain with 

superiority on VAS, and electromyographic activity of 

trunk muscles. 
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