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Abstract 

The objective of this study was to verify the results of neuromuscular electrical stimulation (NMES) associated with central stabilization 
exercises in individuals with chronic nonspecific low back pain, taking as parameters the pain and trophism of the multifidus muscle. Methods: 
40 volunteers were recruited and distributed in the placebo group, electrostimulation, stabilization exercise and therapeutic association. Pain 
was analyzed by visual analogue scale and McGill’s questionnaire, and trophism was analyzed by ultrasound images. The therapeutic protocol 
consisted of three therapies per week over 4 weeks, independent of the group, with pre-protocol and end-of-protocol evaluations. Results: 
Significant differences were observed in pain quantification with reduction for the group that performed stabilization exercises, however, there 
were no differences for trophism. Conclusion: It is concluded that the use of stabilization exercises produced good results for the reduction of 
pain in individuals with chronic nonspecific low back pain.
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Introduction

Low back pain (LBP) is a musculoskeletal dysfunction, 
multifactorial and high incidence [1]. The lifetime incidence is 
estimated to be around 84% [2], and given this magnitude, it is 
possible to compare the costs of LBP with cardiovascular disease, 
depression, and diabetes, in addition to resulting in disability and 
absence from work [3]. LBP causes functional disability that can 
go on for years of life [4]. Besides affecting physical aspects, it also 
affects psychological and emotional factors, resulting in personal 
and social losses, with a reduction in the individual’s quality of 
life [5]. Among the types of LBP, the nonspecific type stands out, 
which is characterized precisely by not being attributed a known 
cause, representing from 90 to 95% of cases [4] Musculoskeletal 
disorders of the lumbar spine are an important public health 
problem, with the need for intervention strategies to control this 
morbidity [6]. Conservative treatments have shown to be effective 
in recovery aspects, besides having a lower cost when compared 
to invasive treatments [7].

LBP has shown a high relationship with changes in muscle 
strength [8,9]. The impairment of muscle function can come from 
fatigue, due to excessive overload generated in the intervertebral 
discs, capsules, and ligaments, causing deformities of these, and 
leading to pain [10]. Specifically, atrophy of the multifidus is related 
to nonspecific LBP, and exercise therapy aimed at strengthening 
this muscle group is fundamental for clinical treatment [11].

Exercise therapy is recommended by European guidelines 
as the first line of treatment, in addition to potentially a faster 
recovery and generating less disability [12]. Spinal segmental 
stabilization exercises focus on strengthening the core muscles, 
that is, internal and external obliques, transverse abdominals, 
multifidus, erector spinae, and rectus abdominals, which control 
the lumbar pelvic complex [13]. They are intended to provide 
neuromuscular control to obtain lumbar stabilization, from the 
nervous and muscular systems, generating protection for the 
spine from the improvement in the activation pattern of the trunk 
muscles, thus reducing pain and disability [14].
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In addition to therapeutic exercises, there are 
electrotherapeutic resources that can help increase muscle 
strength, such as neuromuscular electrical stimulation (NMES), 
which aims to produce muscle contraction from the stimulation 
of motor neurons. In clinical practice, it is accompanied by the 
main objective of strengthening weakened muscles, besides 
the recovery and preservation of function in case of immobility 
or reduced activity [15]. However, studies evaluating its use in 
conjunction with kinesiotherapy in cases of low back pain are still 
needed. Thus, the present study aimed to verify the results of NMES 
associated with central stabilization exercises in individuals with 
chronic nonspecific LBP, using pain and trophism as parameters.

Methods

This is a cross-sectional, descriptive, quantitative, double-
blind study. Each group was composed of 10 individuals, totaling 
40 participants. The research was carried out at the Physical 
Rehabilitation Center (CRF) of the Universidad Estadual do Oeste 
do Paraná, after approval by the Research Ethics Committee of 
Univest (no. 2.748.221).The sample was randomized (https://
www.graphpad.com/quickcalcs/randomize1/) into four groups, 
being the control group (CG) that received no intervention; NMES 
group (NMES); isometric exercises of the core muscle group 
associated with the placebo NMES (Exer); FES group associated 
with isometric exercises of the core muscles (NMES+Exer). This 
sample size was calculated by the program G*Power 3.1.9.7, with 
an effect size of 0.3, α=0.05, 95% power, 4 groups, 2 measurements.  

The research participants were volunteers who reported non-
specific low back pain [15] for at least 3 months, aged between 
18 and 30 years, who signed the informed consent form. The 
exclusion criteria were pregnant women, LBP due to a diagnosis 
that did not fit as nonspecific, trauma, neoplasms, inflammatory 
diseases, surgical procedures on the spine, cardiac pacemaker, 
altered sensitivity, or any other contraindication related to the use 
of electrostimulation.

The individuals answered an anamnesis and quantified the 
intensity of pain by means of the Visual Analog Scale (VAS), in 
which the patient quantifies from 0 to 10 the pain score, being 0 
no pain, 1 to 3 mild pain, 4 to 7 moderate pain and 8 to 10 severe 
pain [16,17]. Pain characteristics were assessed by McGill’s scale 
that qualitatively and quantitatively detects items grouped into 
four groups (sensory, affective, evaluative and miscellaneous) and 
20 subcategories, the higher the score, the more intense is the 
[18]. Transverse section of the multifidus muscle was analyzed 
bilaterally with an ultrasonic transducer (Shimadzu SDU 450 xl, 
Columbia, USA), 7.5MHz linear B-mode, positioned laterally to 
the spinous process of L3, water-soluble gel was used for better 
visualization. During the measurement, the patient was positioned 
in the ventral decubitus and the upper limbs arranged beside 
the body, feet outside the stretcher, at each end of expiration the 
image was collected, so as not to influence the images collected 
[19] Assessment occurred before the start of the therapeutic 

protocol (EV1) and after 4 weeks of intervention (EV2).

For the NMES group, the intervention was performed with 
the Neurodyn device (Ibramed), with a frequency of 50Hz, phase 
duration of 300μs, the cycle was composed of up and down times 
of 1s, on 8s, and off 10s, during 10minutes per therapy, over 4 
weeks, 3 procedures per week were performed, with intervals. 
The electrodes used were made of silicone rubber (2x4cm), 
positioned on the paravertebral region (bilateral) from L1 to L5, 
with 2cm lateral distance to the spinous process. The intensity 
of the current was increased until a muscle contraction felt on 
palpation was produced.

The isometric exercises consisted of a plank on the ground 
in a prone position. Abdominal exercises in the dorsal decubitus 
with the Swiss ball situated in the lumbar region, performing 
the movement of trunk flexion with the upper limbs extended. 
In prone position with the Swiss ball in the abdominal region, 
the participant lifted the lower and upper limbs, alternating 
them. Bridge in dorsal decubitus with the Swiss ball in the foot 
region, performing hip extension. The participants had to keep for 
10seconds in 3 sets of 8 repetitions.

Data were analyzed in SPSS 20.0 program, using the test 
for generalized mixed models and LSD post-test, the accepted 
significance level was 5%. Effect size was also assessed by Hedges’ 
h, based on the first assessment for a given group, and classified 
as: <0.2: trivial; 0.2-0.5: small; 0.5-0.8: moderate; >0.8: large 
(https://www.estimationstats.com/#/).

Results

The sample presented homogeneous characteristics regarding 
anthropometric aspects (Table 1). For pain intensity assessed by 
the VAS scale, there were significant differences when comparing 
groups (p<0.001), evaluations (p<0.001) and interaction of factors 
(p=0.002). In EV1 there were no differences between groups, 
but for EV2, CG was significantly higher than NMES, Exer and 
NMES+Exer (p<0.001); still NMES was higher than NMES+Exer 
(p=0.039). In intra-group comparisons, only CG had no difference 
between EV1 and EV2 (p=0.576), with a 42% reduction for NMES 
(p=0.001), 58% for Exer (p<0.001), and 66% for NMES+Exer 
(p<0.001). For the effect sizes, only CG showed values considered 
small, for the other groups they were considered large (Table 2).

For the McGill pain questionnaire, there were again 
differences between groups (p<0.001), evaluations (p<0.001), 
and interaction of factors (p=0.044). For EV1, there were no 
differences between groups, but for EV2, CG showed higher scores 
than NMES (p=0.017), Exer (p<0.001) and NMES+Exer (p<0.001); 
NMES also showed higher values than NMES+Exer (p=0.012). In 
the intragroup comparison, CG and NMES showed no significant 
differences (p=0.711 and p=0.056, respectively), whereas Exer 
showed a 56% reduction (p=0.009) and NMES+Exer a 76% 
reduction (p=0.001). Effect sizes were trivial for CG, moderate 
for NMES, and large for the other two groups (Table 2). For the 
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thickness of the multifidus, there was a difference between groups 
(p=0.005), with GFES+EX showing higher values than the other 
groups (CG - p=0.023; GFES - p=0.003; GEX - p=0.001). There 
was also a difference between evaluations, with an increase in 

trophism in AV2 (p=0.029); but there was no interaction of the 
factors (p=0.064). Effect sizes were trivial for GC and NMES, small 
for NMES+Exer and large for Exer (Table 2).

Table 1: Characterization of the sample regarding weight, height, body mass index (BMI), and age.

Variable Group p-Value Mean±SD

Age (years) CG NMES Exer NMES+Exer 0.694

21.8±1.54

23.1±2.88

21.8. ±1.54

23.2±3.67

BMI (kg∙m-2) CG NMES Exer NMES+Exer 0.351

23.57±3.57

24.32±2.99

23.57±3.57

22.46±2.93

Heigh (m) CG NMES Exer NMES+Exer 0.343

1.66±0.72

1.64±0.09

1.64±0.07

1.63±0.98

Mass (kg) CG NMES Exer NMES+Exer 0.113

65.8±15.14

70.45±14.59

65.8±15.14

61.58±11.48

Table 2: Values of the mean, standard deviation, and effect sizes (ES), presented for the different groups in the Visual Analog Pain Scale (VAS) 
assessments, Mc Gill pain questionnaire and ultrasound-analyzed cross-section.

  GC GFES GEX GFES+EX

VAS

AV1 6.70±1.42 5.70±2.06 6.85±1.45 5.45±1.61

AV2 6.35±1.33 3.40±1.70 2.60±1.78 1.80±1.47

ES -0.24 -1.17 -2.51 -2.27

McGill

AV1 27.70±11.95 27.10±19.24 23.00±8.64 22.50±6.70

AV2 29.50±9.58 17.70±12.50 10.00±6.83 5.30±5.68

ES 0.16 -0.55 -1.6 -2.65

Cross-section

AV1 36.06±3.65 35.03±4.51 30.75±6.96 39.18±4.81

AV2 36.48±3.84 35.13±3.43 38.53±5.70 40.96±5.89

ES 0.11 0.02 1.17 0.32

Discussion 

In this study, segmental spinal stabilization trainings 
associated with functional electrical stimulation were performed, 
aiming at reducing chronic nonspecific LBP, and it was observed 
that the main factor that led to the reduction of pain in patients was 
the use of active exercises that strengthen the stabilizing muscles. 

The stability of the lumbar spine is given in osteoligamentous 
structures and trunk muscles. The movements performed during 
activities of daily living generate loads on these structures of the 
spine, which, if unprotected, becomes vulnerable and generate 
pain. To provide adequate stability to the spine and avoid overload 
injuries, it is necessary in order to contract the stabilizing muscles 
[1].
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The deep muscles of the trunk present alterations in 
individuals with LBP, especially the transverse abdominous 
and multífidus. The contraction occurs in a slow and delayed 
manner, with deficiency in the activation time and muscular 
atrophy, which leads to muscular inhibition and replacement 
by fat, causing the muscle to lose its stabilizing function. For 
this reason, stabilization exercises that improve strength, 
endurance, and neuromuscular control generate a reduction in 
chronic LBP [20].  The intensity of pain was evaluated by VAS, 
with a lower score in the final evaluation when compared to the 
initial evaluation in the groups that performed spinal segmental 
stabilization, when compared to the CG, which corroborates 
the results of other studies that also used central stabilization, 
demonstrating that central stabilization exercises reduce pain 
in individuals with chronic LBP [12,21-23]quality of life and 
functional capacity”,”type”:”article-journal”,”volume”:”17”},”uri
s”:[“http://www.mendeley.com/documents/?uuid=a18db685-
2d51-4d75-bbd1-43b3cfc637fe”,”http://www.mendeley.
c o m / d o c u m e n t s / ? u u i d = 6 7 e 0 b 2 b 1 - 3 9 d 1 - 4 1 6 9 - b d c 8 -
4cfa1d032f34”]},{“id”:”ITEM-2”,”itemData”:{“DOI”:”10.1017/CB
O9781107415324.004”,”ISBN”:”9788578110796”,”ISSN”:”1098-
6596”,”PMID”:”25246403”,”abstract”:”Predicting the binding 
mode of flexible polypeptides to proteins is an important task that 
falls outside the domain of applicability of most small molecule 
and protein−protein docking tools. Here, we test the small 
molecule flexible ligand docking program Glide on a set of 19 non-
α-helical peptides and systematically improve pose prediction 
accuracy by enhancing Glide sampling for flexible polypeptides. 
In addition, scoring of the poses was improved by post-processing 
with physics-based implicit solvent MM- GBSA calculations. Using 
the best RMSD among the top 10 scoring poses as a metric, the 
success rate (RMSD ≤ 2.0 Å for the interface backbone atoms.

The use of spinal segmental stabilization is an option with 
evidence for the reduction of nonspecific LBP, and to quantify the 
level of analgesia, scales such as VAS and McGill’s questionnaire 
can be used, which aims to verify the quality of pain. In the present 
study there was a significant difference in relation to McGill. The 
groups that performed vertebral segmental stabilization presented 
a lower final score when compared to the control group and the 
NMES group [23,24]”type”:”article-journal”,”volume”:”27”},”ur
is”:[“http://www.mendeley.com/documents/?uuid=7cb6f3ef-
9c6f-4dba-9526-8437a01cece5”,”http://www.mendeley.
c o m / d o c u m e n t s / ? u u i d = 0 0 9 7 c d d 5 - d 4 5 c - 4 d f c - 8 2 4 0 -
4be89c746746”]},{“id”:”ITEM-2”,”itemData”:{“ISSN”:”1981-
6855”,”abstract”:”pain, such as in the improvement of 
functional capacity. This improvement follows the principles of 
neuromuscular training of deep muscles of the lumbar spine, 
increasing vertebral stability. A dor lombar ou lombalgia é 
considerada um problema de saúde pública, sendo responsável 
por um grande número de pessoas que sofrem afastamento do 
trabalho e realizam consultas médicas, considerada também 
a principal causa de procura por atendimento fisioterapêutico 

em todo mundo. Segundo a IASP (Associação Internacional de 
Estudo da Dor. The McGill scale consist of four subgroups, which 
are sensory, affective, evaluative and miscellaneous. Within 
each subgroup there are descriptors that are synonyms among 
themselves, others that seem synonymous, but vary in intensity 
or may still have minimal but important differences for the people 
who are trying to classify pain [25]

Individuals with non-specific LBP generally present atrophy 
of the multifidus muscles, and it is possible to evaluate the cross-
section by means of diagnostic ultrasound equipment, considered 
of excellent reliability to measure these muscles [11]. The present 
study performed the measurement at the level of L3 in the initial 
and final evaluations of the participants. A significant difference 
was observed in the final evaluation with cross-sectional gain, 
and the group that performed exercises associated with NMES 
presented higher values than the other three groups, however, 
there was no interaction of factors, and for this group the effect 
size was moderate. Only the group that performed exercises 
associated with the placebo NMES showed a large effect size, 
small for the association group and for the other two groups it was 
considered trivial. In the present study, the use of NMES did not 
contribute to the increase of trophism, since in the final evaluation 
there was no significant difference, i.e., only the isometric exercise 
was important for this to occur. A possible explanation for the 
fact that electrical stimulation did not fulfill its role of helping to 
strengthen the muscles may have been the fact that the frequency 
used did not produce tetanic stimulation of the multífidus [26], 
however according to Baek et al. [27]50, and 80 Hz. Ultrasound 
images of the LM, TrA, OI, and obliquus externus (OE such 
frequency can also be used for these muscles.

The results of this study should be analyzed keeping in 
mind limitations, such as: the period of 4 weeks may have been 
insufficient to obtain advantages for electrostimulation, as well 
as the intensity used in electrostimulation could have been more 
intense, there were no follow-up measures to evaluate the long-
term effects.

Conclusion

We conclude that isometric exercise aimed at strengthening 
the stabilizing muscles of the lumbar spine reduces chronic 
nonspecific low back pain, but functional electrical stimulation 
was not an adjuvant factor.
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