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Objective: Chronic low-back pain (CLBP) is the leading cause of disability globally. CLBP is associated with a decrease in cross-sectional area (CSA) and an increase in fat infiltration (FI) of the lumbar paraspinal muscles, such as erector spinae (ES). Neuromuscular electrical stimulation (NMES) therapy showed promising outcomes in the treatment of CLBP, but its impact on ES morphology is unknown. Therefore, this study aimed to compare the effect of two NMES protocols on ES CSA and FI in a cohort of patients with CLBP.



Methods: Twenty participants with CLBP (aged 18–60 years old) were randomized into the phasic (n = 11) or the combined (n = 9) protocol groups. They completed a 10-week (20 sessions) NMES therapy using the StimaWELL 120MTRS device. Magnetic resonance imaging (MRI) examinations were acquired at baseline and post-intervention to assess ES CSA and FI at all spinal levels (e.g., L1–L2 to L5–S1). Statistical analyses were conducted to assess the effect of the intervention on ES morphology irrespective of groups, and between groups.



Results: Irrespective of groups, participants showed a decrease in left ES CSA (p = 0.005) at L2–L3 and left ES FI at L5–S1 (p = 0.040). We also observed a greater decrease in ES FI in the combined protocol compared to the phasic protocol on the right side at L3–L4 (p = 0.029) and L4–L5 (p = 0.015). No other changes in ES CSA or FI were observed (p > 0.05).



Conclusion: NMES therapy demonstrated minimal effect on ES morphology in patients with CLBP. Further research is needed to extend and confirm our findings.
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1. Introduction

Low back pain is responsible for 60.1 million years lived with disability amongst working-age adults (1). The economic burden and drug programs for CLBP are similar to other high-cost conditions (2), such as cardiovascular diseases, cancer, mental health and autoimmune diseases, and 80%–90% of these cost are due to production losses (1). Chronic low-back pain (CLBP) is defined as pain lasting >3 months (with or without associated leg pain), located between the lower rib margins and the gluteal folds (1, 3). CLBP is classified as non-specific when no causative nociceptor factors can be identified. It can emerge intrinsically from the spine, intervertebral discs, or surrounding soft tissue (4). A recent study reported that the “Mo-fi-disc” scoring system, which considers the combined effect of paraspinal muscles, end-plates, and discs, is a significant predictor of the intensity of LBP (OR = 1.193, 95% CI 1.05–1.349, p = 0.005) (5).

In the lumbar spine, the erector spinae (ES) muscle is responsible for global stability and torque generation (6). At upper lumbar levels, the thoracic fibers of the lumbar erector spinae contribute between 70% and 86% of the total extensor moment (7). The ES controls spinal orientation and balances the external forces applied to the trunk (6) by producing a compressive and posterior shearing force at L1–L4 in the upright posture (7–9).

Lumbar ES muscle degeneration has been associated with non-specific CLBP. This degeneration is characterized by macroscopic or microscopic changes (10). Macroscopic changes can be observed via changes in muscle cross-sectional area (CSA) and intramuscular fatty infiltration (FI). Microscopic changes present as changes in muscle fiber type and as microtears in the tissue (10). Although the link between CLBP and morphological muscle changes of the lumbar multifidus (LM) muscle has been thoroughly examined in the literature (11), there is inconclusive evidence regarding a similar association for the ES. One study reported that elderly patients with CLBP had a smaller ES CSA compared to aged matched controls without CLBP (12). Another study showed increased paraspinal muscle FI in patients with continuous vs. recurrent CLBP, but no difference was observed in ES CSA (13). A third study found that patients with severe intervertebral disc degeneration (IDD) were more likely to have increased FI in the ES, and that female participants with symptomatic IDD had greater FI infiltration in the ES at L5–S1 than matched male participants (14). Indeed, a model to predict in vivo intervertebral disc function was recently developed, allowing for a better evaluation of the etiology of CLBP as it pertains to intervertebral disc function (15). Facet joint tropism at the upper lumbar levels has also been associated with higher levels of paraspinal muscles FI (both ES and LM) at lower lumbar levels (16). Overall, while atrophy of the paraspinal muscles may be more present in lower levels of the lumbar spine compared to the upper levels, evidence for ES-specific atrophy is lacking (10). Other factors such as age, sex, body mass index (BMI) and disuse have also been associated with paraspinal muscle FI. Microscopically, CLBP patients show a similar fiber type distribution to healthy controls with about 64% of type I fibers in paraspinal muscles (17).

The current recommendations for the treatment of CLBP suggest that first-line care should be non-pharmacological (18). Indeed, a large clinical trial found that cognitive functional therapy was more effective in the treatment of CLBP and more cost effective than usual care (19). Another treatment option is neuromuscular electrical stimulation (NMES), which uses surface electrodes to transmit electrical current and depolarize nerves, leading to muscle contraction. There is limited evidence that NMES therapy is effective in treating the muscular and functional deficits seen with CLBP. NMES paired with trunk muscle training increased function (20, 21), and decreased pain and low-back pain-related disability in patients with CLBP (22). NMES therapy of the lumbar ES improved trunk balance (e.g., static and dynamic), postural control, recovery of ambulation, and health-related quality of life in stroke patients (21). NMES therapy also increased LM CSA in patients ≥65 years old (23). On the other hand, a 4-week NMES intervention showed no change in function and no pain reduction in patients with CLBP (24).

To our knowledge, no studies have investigated the impact of NMES on ES CSA and FI in CLBP patients. Therefore, the aim of this study was to examine the effect of a 10-week NMES intervention on ES CSA and FI, from L1–L2 to L5–S1, in a cohort of CLBP patients. We hypothesized that NMES therapy would increase CSA and reduce FI of the ES from pre- to post-intervention.



2. Materials and methods


2.1. Study design

This study was a preliminary analysis of a broader ongoing randomized controlled trial (RCT) with two groups (e.g., test-retest design) evaluating the effect of NMES on multifidus muscle morphology and function in CLBP patients. This randomized controlled trial was approved by the Central Ethics Research Committee of the Quebec Minister of Health and Social Services (#CCER-20-21-07) and the protocol was published in BMC Musculoskeletal Disorders (25).



2.2. Study sample

Twenty participants (12 women, 8 men), aged 18–60 years old, were recruited by students and clinicians affiliated with the Quebec Low Back Pain Consortium through the School of Health website and mailing list, over social media, and through word-of-mouth.

Participants included in the research met the following criteria:


	•Chronic non-specific LBP (>3 months), defined as pain in the region between the lower ribs and gluteal folds, with or without leg pain.

	•Aged between 18 and 60 years old.

	•English or French speakers.

	•Have at least a score of “moderate” on the Modified Oswestry Disability Index (ODI) (26, 27).

	•Able to undergo magnetic resonance imaging (MRI) examination.



Participants were excluded if they met any of the following criteria:


	•Currently undergoing or having received physical therapy treatment in the previous month.

	•Consistent motor control training for the low back and/or consistent weightlifting, powerlifting, bodybuilding, or strongman training in the previous 6 weeks [resistance training is a potential confounding variable; however, muscle strength and size decrease 2–6 weeks following the cessation of resistance training in both trained and untrained individuals (28, 29)].

	•History of lumbar surgery or minimally invasive technique such as radiography ablation.

	•Presence of positive lumbosacral dermatomes or myotomes.

	•Presence of disease that could affect the stiffness of muscle tissue (collagen tissue disease, hemiplegia, multiple sclerosis, blood clots).

	•Presence of systemic disease (cancer, metabolic syndrome).

	•Presence of spinal abnormality (spinal stenosis, fracture, infection, tumor, or lumbar scoliosis greater than 10 degrees).

	•BMI > 30 [subcutaneous fat attenuates ultrasound signal and can invalidate measurements in obese individuals (30)].

	•Presence of cardiac arrhythmia.

	•Pregnant and breastfeeding women.

	•Individuals with epilepsy.

	•Individuals at risk for serious bleeding.

	•Individuals with pacemakers or metal implants.

	•Individuals with aneurysms or heart valve clips.

	•Individuals who have taken prescribed muscle relaxants more than once a week in the previous month.





2.3. Procedures

All potential participants were screened for eligibility via phone interview. Individuals who passed the initial phone screening were invited to participate in a trial visit. Upon arrival, the participants were asked to sign a consent form and a physical exam was performed to rule out signs of nerve root compression. Afterward, participants completed a sociodemographic questionnaire and outcomes questionnaires. Finally, participants received a 10-minute familiarization treatment with the StimaWELL 120MTRS system, set for “combined” lumbar muscle therapy. Subsequently, participants were randomized into two groups (1:1), the phasic intervention group and the combined (tonic and phasic) intervention group, using consecutively sealed opaque envelopes created by a third party. Participants in both groups received therapy with one of the StimaWELL 120 MTRS system's (Figure 1) pre-set muscle therapy programs. The phasic group received phasic muscle stimulation of the lumbar spine (3 kHz, modulation 50 Hz). The combined group received phasic and tonic muscle stimulation of the lumbar spine (3 kHz, modulation 4 and 50 Hz).
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FIGURE 1
StimaWELL 120 MTRS device.


In-person activities, including neurological testing and intervention administration, were carried out by a PhD student who is a certified athletic therapist. A certified technician from the School of Health (Concordia University) performed the MRI examinations. Due to methodological constraints, the PhD student was not blinded to group allocation.


2.3.1. Calibration

The StimaWELL 120MTRS system can deliver current through up to 12 channels, however, the current may not be felt equally across all channels in cases of pain or injury. Therefore, the wave-mat was calibrated before the trial to ensure equal current distribution across all channels. Participants were asked to lie on a towel that had been sprayed with warm water and positioned on top of the wave-mat, with their knees bent and their upper clothing removed (including their bra, if applicable). A blanket was provided for privacy. Participants were positioned on the wave-mat so that the base of their lumbar spine was in contact with the inferior-most channel. During the calibration process, the examiner increased the intensity until participants felt a strong but non-painful sensation. Then, the intensity was adjusted channel by channel, from bottom to top, to make sure each lumbar channel was set to the appropriate intensity. Finally, the current was adjusted from side to side in groups of two channels, from bottom to top, to ensure equal intensity from one side to the other. This process was repeated before participants' 5th, 9th, 13th, and 17th treatments to account for unilateral and segmental changes and ensure proper stimulation of the ES.



2.3.2. Treatment

Treatments with both the phasic and combined settings of the StimaWELL 120MTRS activate the 4 inferior-most channels of the wave-mat. Since the length of each channel spans 1–2 vertebral segments (depending on individual anatomy), the entirety of the lumbar ES (from L1–L2 to L5–S1) is stimulated by the treatment. However, since participants lie supine with the lumbar region in direct contact with the wave-mat, it is not possible to known the precise points of NMES application. To ensure that the ES was appropriately stimulated, current intensity was increased to tolerance (“strong but comfortable”) for each treatment, and the operator asked participants if they felt contractions or pulsations in their lower back. The intensity of stimulation was meant to feel similar to patients across all four lumbar channels. There was no deliberate attempt to induce a higher stimulation intensity in the upper lumbar spine. If participants reported that the stimulation intensity felt uneven, this was adjusted immediately; otherwise, channel parameters were adjusted, if needed, during the next calibration session.



2.3.3. Timeline

The participants in both groups received treatment twice a week for a period of 10 weeks. The treatment lasted 20 min for weeks 1–3, 25 min for weeks 4–6, and 30 min for weeks 7–10. After completion of the therapy program, participants were scheduled for a post-intervention visit to complete the follow-up MRI evaluation.



2.3.4. MRI assessment

All participants underwent lumbosacral MRI evaluation at baseline and post-intervention using the School of Health 3-T GE machine to determine ES muscle CSA and FI. MR images were collected using a standard phased-array body coil with 4-mm slice thickness, 180-mm2 field of view, and 512 × 512 matrix. Bilateral axial T2 weighted images were used to obtain quantitative ES muscle measurements at the L1–L2 to L5–S1 spinal levels. The ES muscle CSA was measured manually at mid-disc for each spinal level. To determine ES muscle composition (e.g., FI), we used IDEAL (Lava-flex, 2 echo sequence) fat and water images to calculate the percent-fat signal fraction at each spinal level using the following equation: %FSF = (Signalfat/[Signalwater + SignalFat] × 100) (31). All CSA and FI measurements were performed by an Athletic Therapist honours student, who was trained by an experienced researcher with more than 14 years of experience in spine imaging analysis.




2.4. Statistical analysis

Intra-rater reliability for ES measurements (CSA and FI) was investigated using interclass correlation coefficient (ICC) with a two-way mixed model and absolute agreement. A random sample of 10 participants was used and ES measurements were acquired bilaterally at all spinal levels. The ICCs were interpreted based on Portney and Watkins using a poor (<0.50), moderate (0.50–0.75), good (0.75–0.90) or excellent (>0.90) reliability scale (32). Descriptive statistics, including means and standard deviations, were calculated for bilateral CSA and FI at each spinal level as well as for baseline demographic and clinical characteristics. Paired t-tests were used to assess possible changes in ES muscle CSA and FI following the 10-week NMES intervention (irrespective of groups), and independent t-tests were used to assess between-group changes (e.g., % change of phasic vs. combined). When the data was not normally distributed, Wilcoxon Signed Rank Tests and the Mann-Whitney U-Tests were used. In all cases, the accepted level of significance was 5%. Statistical analysis was performed using Statistical Package for the Social Sciences version 23.0 (SPSS Inc, Chicago, Illinois).




3. Results


3.1. Reliability of erector spinae muscle measurements

The ICCs for erector spinae measurements (both CSA and FI) at all spinal levels were excellent and varied between 0.928 and 0.999.



3.2. Baseline demographic and clinical characteristics

Means and standard deviations are presented for all baseline demographic and clinical characteristics in Table 1. Both groups were comparable for BMI, sex and age (Table 1). Statistical analyses showed no significant difference in baseline demographic data between the phasic and combined groups (p > 0.05), allowing intergroup comparison.


TABLE 1 Mean and standard deviation of participants’ baseline demographic and clinical characteristics.
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3.3. Effect of NMES treatment on ES CSA and FI irrespective of group

Tables 2, 3 show means and standard deviations for CSA and FI changes from pre- to post-intervention of the entire sample (n = 20). Except for a significant decrease in the left ES CSA at L2–L3 [mean difference = −0.35 (−0.60, −0.10); p = 0.005] and a decrease in the left ES FI at L5–S1 [mean difference = −1.65 (−3.21, −0.09); p = 0.040], no other significant changes were found. Figures 2, 3 also illustrate the mean CSA and FI changes from pre- to post-intervention of the entire sample.


TABLE 2 Mean and standard deviation of ES CSA at baseline and post-intervention.
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TABLE 3 Mean and standard deviation of ES FI at baseline and post-intervention.
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FIGURE 2
Clustered boxplot of CSA pre- and post-intervention by spinal level and side.
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FIGURE 3
Clustered boxplot of FI pre- and post-intervention by spinal level and side.




3.4. Between-group changes in ES CSA and FI

Tables 4, 5 show the mean percentage change (e.g., pre- to post-intervention) and standard deviations for CSA and FI changes between the phasic and the combined group. Except for an observed increased effectiveness in the combined group compared to the phasic group in the right L3–L4 (p = 0.020) and L4–L5 [mean difference = 18.17 (2.61, 33.73); p = 0.015] ES FI, no other significant changes were found.


TABLE 4 Mean percentage change and standard deviation for ES CSA in each group.
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TABLE 5 Mean percentage change and standard deviation for ES FI in each group.
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4. Discussion

Our findings suggest that a 10-week StimaWELL 120MTRS NMES therapy led to minimal changes in ES CSA and FI in patients with CLBP. Only a significant decrease in CSA at the right L2–L3 ES was observed, which highlights the lack of consistency of the effect of NMES between levels and sides. These results are inconsistent with previous reports stating that NMES increases CSA in healthy and diseased populations (33). These discrepancies could be due to various methodological factors described below. In terms of muscle composition, a significant decrease in FI was only observable at the left ES at L5–S1. The latter findings may be due to the higher levels of FI pre-intervention on this side as compared to the right side. Higher paraspinal muscle FI values on the left side in CLBP was also reported in a recent study (34) Our findings regarding the reversibility of FI is aligned with a recent systematic review which investigated the effect of exercise therapy on FI in CLBP patients (35). This systematic review, however, was based on a small number of available studies, and highlighted several methodological concerns (e.g., study design) and clinical heterogeneity (e.g., imaging acquisition methods) (35). To our knowledge, no other study has measured the effect of NMES therapy on FI in any muscle.

Our results did not show major differences in CSA or FI changes between the phasic and combined stimulation of the StimaWELL 120MTRS device to participants with CLBP. A greater decrease in FI was observed in the combined group at the right L3–L4 and L4–L5 ES. The minimal detectable change at 95% confidence for LM CSA post-treatment is 100 mm2 in patients with CLBP (36). This relatively large amount of perceivable change could explain why no significant difference in ES CSA was observed. There is no known value for ES FI minimal detectable change, however the presence of FI in paraspinal muscle has been associated with inflammatory dysregulation (37). While some animal models have studied the anti-inflammatory properties of omega-3 fatty acids in reducing inflammation and promoting neurodegeneration in spinal cord injury (38), the therapeutic effect of such intervention in patients remains to be investigated.

Both the phasic and the combined group included a frequency of 50 Hz, which could explain the similarities in the outcome between the groups. A frequency between 25 and 75 Hz is considered optimal for increasing muscle force—thus promoting hypertrophy—as it creates full tetanic contraction of the muscle (33). Lower non-tetanic frequencies between 2 and 10 Hz lead to low-force muscle twitches but high metabolic demand, which can in turn lead to an increase in oxidative capacity and a shift from type IIx fibers to type IIa fibers (33). In our study, the protocols were differentiated by the presence of a low-frequency signal in the combined group, but no difference in CSA or FI change scores was observed between the protocols.

To the best of our knowledge, only one study assessed the effect of NMES on paraspinal CSA. Jandova et al. (2020) used ultrasound to assess paraspinal muscle morphology and reported a 5.6% (left) and 7.1% (right) increase in LM CSA following 8-weeks of NMES muscle training in healthy individuals aged ≥65 years-old (23). Two other ultrasound studies with similar protocols measured the LM muscle thickness of women (aged 18–30) with CLBP (39, 40). They both noted an increase in the L4 and L5 LM muscle segments after 12 sessions of NMES therapy over 4 weeks (39, 40). Batistella et al. (2020) reported a lower baseline CS thickness in their NMES group compared to their control group at baseline (p = 0.031). But the difference resolved in the subsequent evaluations (week 4: p = 0.229; week 8: p = 0.195), suggesting that NMES increased LM thickness (39). Additionally, Pelegrini et al. (2019) reported no difference in LM thickness between their NMES and control groups at baseline (p = 0.110) but significant differences in the subsequent evaluations (week 4: p = 0.005; week 8: p = 0.016), also suggesting an increase in thickness following NMES therapy (40). Thickness correlates with CSA in the LM at L4 and L5 in males and females with CLBP (41). In comparison to our study, Pelegrini et al. (2019) used a frequency of 1 kHz, modulated at 50 Hz, with a burst duration of 4 milliseconds whereas Batistella et al. (2020) used a frequency of 2,500 Hz, modulated at 50 Hz, 50% cycle, at rise/one-decay/off times—respectively 2, 8, 2, 12 s (40). Both used an Ibramed® device (Amparo, Sao Paulo, Brazil). This difference in NMES parameters could have impacted the outcome. The difference in imaging modalities (e.g., ultrasound vs. MRI) may have also contributed to the inconsistent findings. Our study used MRI, considered the gold standard to assess skeletal muscle morphology (11).

Compared to our intervention which involved 2 NMES sessions per week, prior protocols have consisted of 3 or more NMES sessions per week (39, 40). Greater improvement in quadriceps femoris strength was reported with 3 NMES sessions / week compared to 2 NMES sessions / week (42), and some NMES protocols recommend up to 2 sessions per day with portable units (33). Which is not feasible with the StimaWELL 120MTRS device. Although improvements in muscle size have been found after only 6, and 8 weeks of NMES therapy (33), these protocols included 3–5 treatments per week (43–48).


4.1. Study strengths

To our knowledge, this study was the first to investigate the impact of NMES on ES CSA. It was also the first to document the impact of NMES on the FI of skeletal muscle. Another strength of this study was the utilization of MRI, which is considered the gold standard for imaging spinal muscles (11).



4.2. Study limitations and future considerations

A major limitation of this study was the absence of a control group, which hindered our ability to assess the effectiveness of our NMES intervention in slowing ES atrophy in CLBP patients. The absence of a sham group also prevented assessment of the placebo effect, which is present when assessing treatment effects in clinical practice (49). Unlike other NMES devices, the StimaWELL 120MTRS wave-mat does not allow for targeted activation of specific muscles, which may have affected the specificity of our intervention. Additionally, the small number weekly treatments may have limited our results. A total of 2 NMES treatments per week was used to maximize the feasibility and favor patients' compliance. Individuals with a BMI > 30 were excluded because excessive fat can impact the validity of ultrasound measurements, which were taken for our larger RCT (25). We also excluded individuals over 60 years old, as intramuscular fat naturally increases with age. Another limitation is that sample size calculation was not performed for the current study and only for the broader ongoing RCT (25), as the present study was a preliminary analysis. Lastly, only the ES was investigated in the current study. The effect of this NMES intervention on the multifidus muscle is currently being investigated in our broader RCT (25). Due to the location of the NMES application with the wave-mat, it is unlikely that the treatment had an appreciated effect on the psoas muscle, and thus this muscle was not investigated.

Although no change in the morphology of the ES muscle was observed, our participants may have benefited from the treatment in other ways. Similarly to voluntary exercise, NMES has been shown to induce neural adaptations at the spinal and supraspinal levels by modifying the excitability of specific neural pathways, thereby increasing strength (50). The intervention may have improved our participants' muscle function or strength despite the lack of morphological changes to the ES, but this was not directly assessed. In future studies, we recommend pairing the testing of CSA and FI with functional outcomes to better understand the benefit of NMES therapy in CLBP patients.



4.3. Clinical significance

The results of this study are important as they show the need for greater knowledge of the effects of NMES on muscle morphology, especially in patients with CLBP. The effect of NMES on paraspinal muscle morphology remains conflicting. Given our findings and the paucity of other research into the effect of NMES on ES morphology in CLBP patients, clinicians may want to prioritize the use of volitional exercise to affect change in ES morphology. However, more research is needed on optimal NMES parameters for various health conditions to build effective NMES therapy programs. Such an undertaking could have major impact on patients' quality of life and reduce the medical and financial burden caused by CLBP.



4.4. Conclusion

Following a 10-week NMES intervention, we could not find consistent differences in ES muscle CSA and FI in CLBP patients. Further research is needed to confirm our findings, and to ascertain the clinical effectiveness of NMES therapy for CLBP patients.
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