
TREATMENT WITH NEUROMUSCULAR BANDAGE IN CHRONIC MECHANICAL LOW BACK PAIN. RANDOMIZED CLINICAL TRIAL.
ABSTRACT
[bookmark: _GoBack]Objectives. To assess the efficacy of neuromuscular bandage (NMV) treatment on pain intensity, disability and quality of life in patients with chronic mechanical low back pain (CMLBP). The secondary objectives of the study are to evaluate the effect of treatment with VNM on the neuromuscular activity pattern of the extensor muscles of the trunk, abdominals and hamstrings and to analyze the influence of fear-avoidance beliefs, ideas of catastrophization, and presence of anxiety-depression in the efficacy of NMV in the treatment of these patients.

Methods. This is a randomized clinical trial in 62 patients with CMLBP, recruited from a specialized rehabilitation medical practice. Participation in the study will be offered consecutively to all those patients in whom the mobilization of skin / fascia in the clinical examination is shown as a "modifying factor of the effect of the treatment". They will be assigned randomly and with concealment of the randomization sequence to two intervention groups: the VNM group and the placebo bandage group. The duration of treatment will be 4 weeks, changing the bandage 4 times, weekly. In evaluating the results, on the one hand, alterations in the muscle activity patterns of the trunk extensors, obtained by surface electrode electromyography (SEMG), will be taken into account. On the other hand, data will be obtained by clinical interview and the use of validated questionnaires: Numerical Pain Scale (NPS), Roland-Morris Questionnaire (RM), SF-36, Fear Avoidance Beliefs Questionnaire (FABQ), Hospital Anxiety and Depression subscale (HAD) and Pain Catastrophization Scale (PCS). The assessment will be carried out in 3 evolutionary moments: pre-intervention, post-intervention and at 6 months. Both patients and evaluators will remain blind to the assigned treatment.

BACKGROUND
Nonspecific mechanical low back pain is currently one of the main health problems in developed societies, not only because of its high prevalence and the high percentage of chronicity (1,2,3), but above all because of the exponential growth of disability and disability secondary to the same that has occurred in recent decades, despite the prevalence having remained constant (4). Thus, in Spain between 1993 and 2004 there was an increase of 183% in total sick leave for this reason and it represents the main cause of disability in people under 45 years of age (1,5).
In Physical Medicine and Rehabilitation (MFyRHB) the treatment of patients with CMLBP is a real challenge. Despite this, the lack of quality clinical trials is a fact. At present, it can be stated that exercise therapy appears effective, although the evidence is based on low-quality studies, and that transcutaneous electrical neurostimulation is ineffective. However, insufficient data are available to draw firm conclusions about the clinical effect of other commonly used techniques such as back school education, low-power laser therapy, patient education, massage, traction, superficial heat / cold, lumbostats or manipulation ( 6.7).
In recent years we have witnessed the emergence in the world of physical therapy of a new technique developed by Kase, the Kinesio Taping method (8), known in Spain as neuromuscular bandage (VNM). Initially used in sports medicine, its scope of application has now been expanded so that it can be used in the daily treatment of numerous pathologies treated in MFyRHB (musculoskeletal conditions, neurological pathology, lymphedema and others). Although the exact mechanism of action is unknown for now, the clinical effects are the improvement of microcirculation and lymphatic drainage, muscle normotonification, joint support, activation of endogenous analgesic systems and influence on internal organs, with the great advantage of not limiting joint mobility (8).
Currently, despite its popularity, there is still little scientific evidence to support the use of VNM. During the last decade, the number of publications on its effect in areas as diverse as vascular pathology, neurological pathology, pediatrics and mainly in musculoskeletal pathology has progressively increased (9,10).
In relation to the efficacy of NMV in CMLBP, two RCTs have recently been published. Paoloni et al (11) evaluated the effect in terms of pain, disability and the phenomenon of lumbar flexion relaxation (FFRL) in the assessment with surface electromyography (EMGs) of NMV in CMLBP, comparing it with exercises and with a combination of exercises-NMV. NMV is just as effective as exercise therapy in reducing pain, but not in disability. On the other hand, in 28% of the patients, without differences between groups, the FFRL is recovered. Castro Sánchez et al (12) compared the effect in terms of pain, disability, resistance of the trunk musculature and kinesiophobia of NMV versus placebo. This RCT shows a statistically significant decrease in pain, although not clinically relevant (1 cm in the VAS) in favor of the NMV, as well as a significant improvement in the resistance of the trunk musculature compared to placebo. Although both RCTs do not show clinically relevant results, they do point to a positive trend towards the efficacy of NMV in CMLBP. Furthermore, limitations of the studies include the small sample of patients (39 patients), the absence of a placebo group, the short-term evaluation (1 month), and the single-blind design in the first and the short duration of the study. application of treatment (1 week) and evaluation of short-term results (1 month) in the second.
A central element in the current debate on best practice in the management of SCI is the efficacy of targeted versus generic treatments. Many clinicians and researchers believe that tailoring treatment to subgroups of patients positively impacts clinical outcome. A systematic review on the efficacy of treatments targeting subgroups of SCI patients provides cautious evidence supporting this therapeutic approach, based on the results of a high-quality study showing a statistically significant short-term clinical effect size with Mc Kenzie's kinesitherapy (exercises based on preferred direction). Symptoms and signs indicating a more likely response to a specific treatment are considered “modifiers of treatment effect” (13). According to Kase, the objective in applying the bandage is that it replicates the position of the therapist's hands on the patient's skin (8). In musculoskeletal pathology, during the clinical examination we can include manual mobilization of the patient's skin / fascia in different directions. If said mobilization modifies the symptoms or semiology of the patient, it can be considered as a “modifier of the effect of the treatment”. Despite this, none of the referenced studies (11,12) take this fact into account, using standardized treatment guidelines for all patients with CMLBP. It is possible that NMV is more effective when applied to subgroups of patients with CMLBP with detectable clinical features on examination.
Beyond studies on the effects of NMV treatment, the possible mechanisms on which these effects could be based are unknown. Kenzo Kase hypothesized that one of them could be the normalization of muscle activity. In the specific case of the lumbar region, electromyographic assessments of the neuromuscular activity of the extensor muscles of the back have in fact been frequently used as an objective measure of deficit, which helps in the diagnosis of patients with SCI. Most of the published works have focused on the study of the FFRL phenomenon. At the end of lumbar flexion, a myoelectric silence occurs in the spinal erectors, the load being supported by the passive structures (14). In patients with SCI, this silence disappears, probably because the contraction of the erectors would increase the stability of the spine, deficient due to the damage to its passive structures (15). The FFRL measured by SEMG seems to distinguish between subjects with SCI and controls with good precision (16). Likewise, it has been shown to be sensitive to relevant functional changes after treatment in patients with CMLBP (17). If the NMV really works through a normalization of muscle activity, at the level of the lumbar region it could cause alterations in the typical patterns of absence of relaxation shown by patients with pain, as the trial by Paoloni et al. Seems to point out. (11).
Taking into account all of the above, we have designed a study to assess the medium-term efficacy of CMLBP treatment with NMV, applied for 4 weeks to patients in whom mobilization of skin / fasciae is shown as a "modifying sign of the effect of treatment".

HYPOTHESIS
- Treatment with VNM in patients with CMLBP, in whose examination the mobilization of skin / fasciae is shown as a "modifying factor of the effect of the treatment", will produce a clinically relevant improvement in relation to pain, disability and quality of life in comparison with placebo bandage.
- The effect of treatment with VNM will be maintained in the medium term (6 months).

OBJECTIVES
- Main objective: To evaluate the short and medium term efficacy of NMV treatment in pain, disability and quality of life in patients with CMLBP, through a controlled and randomized study.
- Secondary objectives: 1) To evaluate the effect of NMV treatment on the muscle activity patterns of the trunk, abdominal and hamstring extensors obtained by electromyography with surface electrodes. 2) To analyze the influence of fear-avoidance beliefs, of catastrophizing ideas, of the presence of anxiety-depression, and of pain-coping strategies on the effectiveness of the VNM in the treatment of patients with CMLBP.

METHODS

Design
Randomized, double-blind clinical trial, with 2 arms (VNM, Vplacebo), 3 assessing times (pre-treatment, at the end of treatment and follow-up at 6 months) and intention-to-treat analysis.

Participants
Patients diagnosed with CMLBP recruited from the consultations of the Rehabilitation Service of a health area in Valencia that serve a population of 320,000 inhabitants will be invited to participate in the study.
They must meet the following inclusion criteria: 1) Age between 18 and 65 years. 2) LMC of 6 months minimum duration. 3) Amelioration of pain with mobilization of skin / fascia on examination. 4) Signature of informed consent.
The following will be considered as exclusion criteria: 1) Having had previous experience with NMV treatments. 2) Presence of neuropathic pain component (radiculopathy, lumbar canal stenosis). 3) Pain of specific origin (vertebral fracture, neoplasia in the spine or nervous structures, spondyloarthropathy, spondylodiscitis). 4) Previous spine surgery. 5) Mental retardation, severe mental illness, substance abuse or dependence, illiteracy.

Power and sample size 
The study has been planned to obtain a difference of 3 points in the Roland Morris questionnaire since these values have been recognized as clinically relevant (18,19). According to the results of a previous sample of patients with CMLBP obtained in our center, the mean disability measured by the RM questionnaire had a SD of 3.2. Considering an alpha value of 0.05 and beta of 0.9 for comparison of two-tailed means, the required sample size is 24 patients per group to detect changes in disability. Considering losses of 20%, the study sample is established in 62 patients (20).

Participants flow chart
Following the CONSORT guidelines (21), a flow chart will be drawn describing the situation during the course of the trial of all invited patients, including the number of those who refused to participate before randomization, the assignment to each treatment arm, losses to follow-up and possible crossovers.

Intervention
Patients who agree to participate in the study will be randomly assigned to one of the two intervention groups. The assignment will be made by a computer-generated list (SPSS 19 program), balancing the participants between the groups according to the degree of baseline disability at study entry, and the randomization being supervised by a statistician outside the research team. The randomization sequence will be concealed.
The NMV group will receive treatment with 5 cm wide NMV, applied according to the clinical examination, based on the following guideline: If the lumbar pain in flexion or extension improves a) when mobilizing the skin / fascia longitudinally to the paravertebral musculature, the muscular technique will be applied, with the base positioned in the sliding direction, without tension and in a position of maximum lumbar flexion possible, b) when mobilizing the skin / fasciae in approximation towards a point, the technique of space (or ligament), with approximately 75% tension and in a position of maximum possible lumbar flexion, c) when mobilizing the skin / fasciae transversely to the paravertebral musculature, the fascia technique will be applied, in a position of maximum flexion lumbar possible (several techniques can be combined, depending on the examination).
In the placebo group, the same bandage will be applied but in a neutral body position, without tension and applied transversely at a vertebral level that is not painful on palpation (12).
The duration of treatment will be 4 weeks, changing the bandage 4 times, weekly.

Outcome measures: 
The following variables will be taken into account in the clinical trial:
- Sociodemographic data: age, sex, profession (classification according to CNAE), sedentary lifestyle (sedentary, sedentary with walking, light or intense physical effort), sporting activity (no sport, low-impact sport, high-impact sport; weekly frequency).
- Clinical variables: weight and height (BMI), process evolution time (in months), previous pharmacological treatment (type, dose, duration), previous physical treatment (type, duration), complementary examinations (Rx, CT, MRI)
- Evaluation of results:
Currently, there is consensus regarding the basic variables to be considered in the evaluation of results in the treatment of low back pain: pain, specific functional limitation due to low back pain, quality of life, work disability and satisfaction (22,23,24). Based on these consensuses, in the evaluation of results we will take into account the following variables:
· Pain intensity: Numerical Pain Scale (NPS), preferable to the visual analog scale because it is less abstract and easier to understand (24).
· Study of SEMG of lumbar spinal erectors, oblique / transverse abdominals, and hamstrings. The muscle activation pattern will be studied descriptively, checking the presence or absence of relaxation in maximum flexion. The pre and post-treatment patterns will be compared again, checking the existence or not of relaxation, and using averages and ratios of electromyographic activity.
• Limitations of the activity: validated version in Spanish of the Roland-Morris Questionnaire (RMQ), useful in situations of mild and moderate disability, more typical of the population usually attended in the MFyRHB consultations (25,26,27,28).
• Quality of life: validated Spanish version of the SF-36 questionnaire (29).
• Work situation: active in their usual job, active in a restricted job, Temporary Disability, Permanent Disability, unemployed due to health problems, unemployed for other reasons, student, housewife, retired (22).
• Fear-avoidance beliefs: validated Spanish version of the Fear Avoidance Beliefs Questionnaire (FABQ) (30,31) that measures beliefs and attitudes regarding the potential effect of work and physical activity on pain.
• Anxiety and depression: validated Spanish version of the Hospital Anxiety and Depression subscale (HAD) questionnaire (32,33,34) with demonstrated utility in screening for the possible presence of anxiety and depression states.
• Ideas of Catastrophizing in the face of pain: validated Spanish version of the Pain Catastrophizing Scale (PCS), which comprises 3 dimensions: rumination, magnification and hopelessness in the face of pain (35,36).
• Comorbidities: Charlston Comorbidity Index (37).
• Co-interventions: Parallel treatments that the participants may receive (other physiotherapeutic, pharmacological treatments, disc, facet or epidural infiltrations, TENS, electrotherapy or surgery) will be recorded.
• Adverse effects: adverse effects that occur during treatment will be recorded.

Data collection and analysis	
Sociodemographic data and clinical variables will be collected by clinical interview and by accessing the electronic history of the patient. The questionnaires as well as the EMGs will be obtained before the treatment, at the end of the treatment and at 6 months. Both the participants and the outcome assessors will be unaware of the allocation to each of the treatment arms. Primary outcomes will be obtained by intention-to-treat analysis.
Descriptive statistics will be obtained by expressing continuous variables as mean (standard deviation) or median (quartiles) according to their normality or not, categorical variables in number (percentage) and expressing in all cases the 95% confidence interval. The normal distribution will be verified by the Kolmogorov test to determine the use of parametric or non-parametric tests. For comparison of continuous variables between groups, the Student's t tests or the Mann-Whitney U tests will be used and for categorical variables the Chi-square or Fisher's test according to the type of distribution. Intragroup changes in continuous variables at the end of treatment and at 6 months will be analyzed with Student's t test for paired samples. To assess whether there are differences between the two groups in pain, disability and in the different variables, analysis of covariance (ANCOVA) will be performed, one for each dependent variable. In all the tests, the independent variable will be the group while the covariate variable will be the baseline level of each dependent variable. It will be necessary to have comparable levels in both groups to correctly interpret the ANCOVA results. Therefore, several Student's t tests will be performed, one for each dependent variable, considering each group as an independent variable in each case. To assess whether the changes in the 2 groups occur differently, several ANOVAs will be performed, one analysis for each dependent variable. In all cases, the independent variable will be the group and the time in which the data are collected. In this analysis, only the possible presence of interactions is studied. In addition, the correlations between the study variables will be evaluated using Pearson's r or Spearmann's Rho according to normality. Two models of multiple linear regression will also be applied with pain and disability as dependent variables and in both models age, sex, pain, catastrophization, fear-avoidance, sick leave, evolution time and anxiety-depression as independent variables.

Privacy and data protection
Personal passwords and AES (Advanced Encryption Standard) data encryption will be used. The project will comply with the existing guidelines in Spain and the EU for the protection of patients in clinical trials regarding the collection, storage and custody of personal data.

Ethical aspects
Researchers adhere to the Declaration of Helsinki on medical research. All eligible patients will be given oral and written information (informed consent) about the study and the two treatment modalities. Specifically, they will be informed that they can leave the study at any time without explanation and that this decision will not affect the continuation of their routine treatment.

Study limitations
An exclusion criterion in the selection of patients is that they have been previously treated with NMV in order to be able to adequately blind them. However, the fact that in the placebo group the bandage is placed at non-painful segmental levels may make them suspicious of its allocation, breaking the blind nature of the study, although the randomization sequence will be kept hidden.
The context of the current economic recession may mean that the effects of the CMLBP on sick leave are minimized in the initial sample and that the beneficial effect of the interventions on the return to work is magnified.

Applications / Relevance of the study
CMLBP is a very frequent process with a great personal impact, on health spending and on society, being the first cause of sick leave in those under 45 years of age.Currently, there is no effective treatment for CMLBP, and new treatment strategies have to be found to improve outcomes. If the treatment designed in this project is effective, it could be applied in the ordinary clinical practice of our health area and be disseminated by the SNS to improve the treatment of patients with CMLBP.
On the other hand, the wide dissemination of the application of VNM in the area of physical therapy requires the performance of quality clinical trials that allow objectively justifying its use in different processes, including CMLBP. At present, most of the rehabilitation treatments for low back pain are being applied without solid evidence to justify their use (38).
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