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HIGHLIGHTS 

• Combining repetitive peripheral magnetic neurostimulation and motor 

training immediately decreased chronic low back pain. 

• This intervention helped normalize the control of spine one week after 

study onset. 

• These motor and pain changes were paralleled by an increase of 

intracortical motor facilitation. 

 

ABSTRACT  

OBJECTIVE. The study tested whether combining repetitive peripheral magnetic 

neurostimulation (RPMS) and motor training of the superficial multifidus muscle 

(MF) better improved the corticomotor control of spine than training alone in 

chronic low back pain (CLBP). 

METHODS Twenty-one participants with CLBP were randomly allocated to 

[RPMS+training] and [Sham+training] groups for three sessions (S1-S3) over a 

week where MF was stimulated before training (volitional contraction). Training 

was also home-practiced twice a day. Changes were tested at S1 and S3 for 

anticipatory postural adjustments (APAs) of MF and semi-tendinosus (ST), MF 

EMG activation, cortical motor plasticity (transcranial magnetic stimulation) and 

pain/disability. 
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RESULTS The RPMS group showed immediate decrease of pain at S1, then 

improvement of MF activation, ST APA, M1 facilitation, and pain/disability at S3. 

Changes were larger when brain excitability was lower at baseline. Disability 

index remained improved one month later. 

CONCLUSIONS Combining RPMS with training of MF in CLBP impacted motor 

planning, MF and lumbopelvic spine motor control and pain/disability one week 

after the onset of protocol. Brain plasticity might have favoured motor learning 

and improved daily lumbopelvic spine control without pain generation. 

SIGNIFICANCE Clinically, RPMS impacted the function by improving the gains 

beyond those reached by training alone in CLBP. 

 

KEYWORDS: magnetic neurostimulation; paravertebral muscles; motor training; 

APA; M1 excitability; chronic low back pain. 
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1. INTRODUCTION 

Chronic low back pain (CLBP) alters the sensorimotor control of the lumbopelvic 

spine. Patients with CLBP present with impaired activation of lumbopelvic muscle 

during anticipatory postural adjustments (APA) (Hodges et al., 1996b, Massé-

Alarie et al., 2015), as well as during functional activities, such as forward 

bending (Shirado et al., 1995, Alschuler et al., 2009) and gait (Arendt-Nielsen et 

al., 1996). Our research group also showed that the activation of remote muscles 

such as semitendinosus could be delayed during ballistic movement of upper 

limbs thus reflecting a broad alteration of motor planning that might spread out 

the painful area (Massé-Alarie et al., 2015). Over-activation of superficial 

paravertebral muscle (erector spinae and/or multifidus - MF) has also been 

reported in these patients, even during periods of pain remission (van Dieen et 

al., 2003, Macdonald et al., 2011). These motor changes are accompanied by 

sensory changes in the lower back, such as a decrease in tactile acuity 

(Luomajoki et al., 2011), alterations in the integration of vibratory and 

proprioceptive stimuli (Brumagne et al., 1999, Claeys et al., 2011), increased 

pressure pain threshold (Peters et al., 1989, Puta et al., 2013) and impaired 

position sense (O'Sullivan et al., 2003). Neuroplastic changes in brain, such as a 

map shift in the primary motor cortex (M1) of the transversus abdominis muscle 

(TrA) (Tsao et al., 2008), missing inhibitory mechanisms of M1 (Massé-Alarie et 

al., 2012, Massé-Alarie et al., 2016b) and reorganization in the primary sensory 

cortex (Flor et al., 1997) (Baliki et al., 2012) have been reported in parallel to or 

in correlation with APA delay in CLBP. Also, white matter disorders in the 



  

 
 

5

cerebellum of patients with CLBP were associated with the alteration of 

responses to vibratory stimuli, thus reflecting impairment of proprioceptive 

integration (Pijnenburg et al., 2014).  

These extensive neuroplastic changes represent potential targets of treatments 

to improving pain and disability, particularly in people with minimal benefit after 

conventional approaches (Hayden et al., 2010, Rubinstein et al., 2011). It is 

acknowledged that motor training triggers neuroplastic changes in brain (Jensen 

et al., 2005), in likely relation to the high-level of attention and cognitive demand 

required to properly perform exercises following therapists’ instructions. For 

example, it was shown that exercises involving the maintenance of isometric 

activation of the deep trunk muscles contributed to normalize M1 maps (Tsao et 

al., 2010b), and reactivated M1 inhibition mechanisms in association with pain 

decrease in individuals with CLBP (Massé-Alarie et al., 2016a). Motor training 

may also improve spine motor control by decreasing the paravertebral muscles 

overactivation (Tsao et al., 2010a) and reducing latencies of MF and TrA APA 

(Tsao et al., 2010a, Tsao et al., 2010b, Massé-Alarie et al., 2016a). Clinically, 

motor training was shown to improve pain and disability in CLBP (for a 

systematic review see (Macedo et al., 2009)), but residual pain and disability can 

persist one year after the intervention (Macedo et al., 2012, Macedo et al., 2014). 

Novel technologies of neurostimulation that drives similar neuroplastic changes 

as those driven by motor training may have the potential to increase the effects 

of motor training if used in combination (Massé-Alarie et al., 2011, Schabrun et 

al., 2012a). Repetitive peripheral magnetic stimulation (RPMS) noninvasively 
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applied over a muscle or spinal nerve roots seems to not activate the cutaneous 

and nociceptive afferents (Zhu et al., 1991, Kunesch et al., 1993) and rather 

generates massive flows of pure proprioceptive inputs to the brain without 

nociceptive components (Struppler et al., 2003, Beaulieu et al., 2015c). This 

differs from electrical stimulation that strongly recruits superficial cutaneous 

receptors (Zhu et al., 1991) and might generate noisy and meaningless 

information for the sensorimotor control of movement (Refshauge et al., 2003, 

Struppler et al., 2003, Struppler et al., 2007b, Beaulieu et al., 2015b, c). These 

proprioceptive inputs generated by RPMS can influence the excitability of fronto-

parietal areas in brain (Struppler et al., 2007a), of the corticospinal tract, and of 

the intracortical circuits of M1 inhibition and facilitation (Krause et al., 2005, 

Krause et al., 2008), and has also shown a potential for the treatment of pain (for 

review (Beaulieu et al., 2015c)). Our first study on the combination of RPMS with 

the practice of physical exercises reported that one RPMS session was sufficient 

to influence the corticomotor control and APA of deep abdominal muscles in 

people with CLBP (Massé-Alarie et al., 2013). The longer-term impact of this 

combined treatment, and its influence on different markers of corticomotor control 

and pain, however, have yet to be determined. 

The present study aimed at testing whether the combination of RPMS with motor 

training (namely, practice of physical exercises engaging MF) could increase the 

benefits of training alone in CLBP. The influence on brain plasticity was assessed 

by M1 excitability and function, as tested with transcranial magnetic stimulation 

(TMS). The influence on motor planning was assessed by APA of MF and remote 
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muscles in different postural tasks and by MF activation during forward bending. 

It was further questioned whether M1 markers of brain plasticity could 

discriminate between the better and the lesser responders to the intervention. 

The hypothesis was that, due to a similar influence of RPMS and motor training 

on mechanisms of brain plasticity, their combination should potentiate the after-

effects on brain function, spine motor control, pain and disability. 

 

2. METHODS 

2.1. Participants 

Twenty-one individuals with CLBP were recruited with the following inclusion 

criteria: to be over than 18 years old, to be living with a pain having affected daily 

activities for more than 3 months. The sample size is beyond the effect size 

calculated by means of G*Power software (Faul et al., 2009) with previous 

published data on the APA and corticomotor changes related to deep abdominal 

muscles and following the combination of RPMS with motor training in CLBP 

(Massé-Alarie et al., 2013). The exclusion criteria were: non-mechanical LBP 

(e.g., fracture, malignancy, infection), more than 2 radicular signs, lumbar 

infiltration in the last 6 months, facet denervation, lumbar surgery, other chronic 

pain pathology, litigation, specific training of multfidus muscles, any major 

circulatory, respiratory, neurological or cardiac disease, severe orthopaedic 

troubles (e.g., scoliosis with gibbosity > 8mm), cognitive deficit, or recent/current 

pregnancy. Exclusion criteria related to TMS testing are reported elsewhere 
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(Rossi et al., 2009) and mainly concerned brain surgery, lesion or injury, any 

history of seizure or concussion, pacemaker/pump holder, change of medication 

in the 2 weeks preceding enrollment, medication affecting cortical excitability, 

metallic implants in skull or jaw. The local research ethics boards approved the 

protocol and the participants’ informed written consent, in accordance with the 

Declaration of the World Medical Association (www.wma.net).  

Participants were randomly allocated to two groups, [RPMS+training] (n=11) and 

[Sham+training] (n=10), using statistical software (see Table 1 for group 

characteristics). The group allocation was in a sealed envelope (one per 

participant) which was opened at the onset of protocol by a person not involved 

in the study. Procedures were taken to ensure proper blinding of experimenters 

(see Data reduction and statistical analyses). 

 (Insert Table 1 near here) 

2.2. Study design 

The study was conducted over one week (see Fig. 1) during which the 

participants had to perform twice daily at home the exercise (motor training 

taught in laboratory) and to fulfill an exercise log so that compliance could be 

assessed (see Table 1). They came three times to the laboratory during the week 

to receive the intervention, i.e. RPMS or sham (depending on the randomization) 

before performing the exercise under supervision. Outcomes (APA, muscles 

activation, M1 function, pain) were collected at the first session (S1) and the third 

session 1 week later (S3 – follow-up). No measure was done at the second 
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session. At the first session, the pre-intervention measures corresponded to the 

baseline. The order of outcome testing between pre- and post-intervention was 

randomised. 

 (Insert Fig. 1 near here) 

2.3. Motor training 

Each participant was provided detailed information on the low back anatomy and 

the rationale for paravertebral muscle exercises in the management of LBP. Both 

groups performed an exercice based on isometric contraction of the lumbar MF, 

with particular attention to contracting the deep MF with minimal activation of the 

superficial MF and adjacent erector spinae (ES) (Richardson et al., 2004). The 

participants were asked to perform a symmetrical contraction (same strength and 

duration for both MF). For instance, if an asymmetrical contraction was denoted 

(delayed or lower activation on one side), the physical therapist applied different 

strategies to facilitate the target contraction on the affected side and ensure its 

quality and symmetry with the other side: real-time ultrasound imaging (Terason 

t3200 MSK series15L4, Burlington, MA, USA), palpation, verbal cues and virtual 

motor imagery (e.g., tensing a rope between the thorax and pelvis, bringing 

together two points on each side of the lumbar spine, palpation with instruction to 

progressively harden the palpated muscles, etc.). Each muscle contraction was 

held for 10s, without holding breath. At each session (S1 to S3), one-on-one 

supervision was given for 3 sets of 10 repetitions. At home, participants were 

asked to perform 3 sets of 10 repetitions, twice a day. 
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The specific isometric contraction training of multifides was chosen given its 

impact on M1 plasticity and motor control (Tsao et al., 2010b, Massé-Alarie et al., 

2016a). Also, combination with neurostimulation promised enlargement of 

training after-effects given the common mechanisms of synaptic plasticity shared 

with peripheral magnetic stimulation (Massé-Alarie et al., 2011, Massé-Alarie et 

al., 2012, Beaulieu et al., 2015a, Beaulieu et al., 2015c). 

2.4. Repetitive peripheral magnetic stimulation (RPMS) 

RPMS was delivered over lumbar MF at L4-L5 level using an air film cooled 

figure-of-8 coil (7 cm outer diameter each wing) connected to 2 rapid-rate 

magnetic stimulators (Rapid2; The Magstim Company Limited), with the CLBP 

patients positioned in prone lying. The RPMS group received 20 Hz-RPMS for 20 

minutes, i.e. 30 contractions of 10s with 30s off between contractions for a total 

of 6000 stimulations. The intensity was set between 35 and 40% of maximal 

stimulator output, i.e. at an intensity eliciting MF contraction that was palpable 

and with visual detection of a slight lumbar spine extension. 

The stimulation parameters were used to replicate the parameters of physical 

exercise, i.e. 30 cyclic contractions/relaxations of the muscle, with a contraction 

time of 10 s. Moreover, pain seems to be reduced by high-frequency RPMS as 

reported in a recent systematic review (Beaulieu et al., 2015c). The parameters 

of the exercise, in turn, were designed to match the postural function of MF 

(Richardson et al., 2004).  
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The stimulated side was chosen following a clinical evaluation of isometric 

voluntary contraction capacity of the MF at L4-L5 level while prone lying. RPMS 

was thus applied on the side that presented, under manual assessment, an 

asymmetry of MF contraction (decrease/delay) when the participant was asked to 

activate MF bilaterally and isometrically (Richardson et al., 2004). In case of a 

symmetrical MF activation, the right MF was stimulated, because study design 

excluded both sides stimulation, and previous data showed that the left 

hemisphere (contralateral to right MF) was predominantly affected by pain 

(Massé-Alarie et al., 2016b).w 

Sham was applied with same parameters as RPMS but with the stimulating coil 

upside-down. The participants heard the RPMS noise (clicks) and felt the coil on 

their back, but received no stimulation of MF (Beaulieu et al., 2015c). At the end 

of the study, the participants were asked to guess their group of allocation, actual 

stimulation or Sham group (see Blinding item in Table 1). 

2.5. Surface electromyography (EMG) 

Parallel-bar surface EMG sensors were positioned bilaterally to record the 

activity of superficial MF, semitendinosus (ST), and anterior deltoid (AD) muscles 

(16-Channel Bagnoli EMG System, Delsys Inc., Boston, MA). Electrodes were 

placed following SENIAM recommendations (Hermens et al., 2000), after careful 

skin preparation. A common ground electrode was positioned over the C7-T1 

spinous processes. EMG signals were bandpass-filtered (10Hz–450Hz), 

amplified before digitization (2 kHz), and stored for online display and offline 
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analysis (PowerLab acquisition system, LabChart-ADInstruments, Colorado 

Springs, CO).  

2.6. Focal movement tasks 

Two rapid focal movement tasks were used to study APA latency. 

The bilateral shoulder flexion task began in quiet standing, holding a rigid stick in 

front of the thighs with the hands at shoulder width. The participants were 

instructed to flex the shoulders (raise the stick) to 90° as fast as possible in 

response to an auditory tone. Ten trials were recorded with rest breaks, and the 

onsets of MF and ST activation were assessed relative to AD onset (primum 

movens).  

The unilateral hip extension task was performed in prone lying, beginning with 

the hips at ~10° of flexion (pillow under pelvis). The participants were instructed 

to extend one hip to the neutral position, as fast as possible, in response to an 

auditory tone. Five trials were recorded on each side (for more details (Massé-

Alarie et al., 2015)) with rest breaks, and the onset of MF activation was 

assessed relative to ST onset (primum movens). 

2.7. Trunk Movement Task 

Participants began in quiet standing (QS), with the feet at hip width. Following the 

experimenter’s count, the participants bent forward (slow and controlled flexion) 

to reach maximal trunk flexion, with minimal knee flexion, and maintained the 

position. The participants then returned to the upright posture. Following practice 
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trials, the sequence was repeated 5 times with rest breaks, each phase of the 

movement lasting 3s. 

2.8. TMS testing of MF muscle 

TMS testing of MF is challenging at rest (Ferbert et al., 1992), and M1 function is 

best tested with tonic activity of the muscle in order to increase M1 excitability 

and stabilize motoneuronal excitability and spinal cord output (Darling et al., 

2006). Thus, the participants were seated in a chair without arm support, with 

their feet flat on the floor (O'Connell et al., 2007, Tsao et al., 2011a, Tsao et al., 

2011b), and were asked to lean the trunk forward and maintain the lumbar spine 

in lordosis. The mean rectified MF EMG corresponding to 10% of maximum 

voluntary contraction (MVC - measured for resisted back extension in prone) was 

displayed as a line on an oscilloscope screen, and the participants had to match 

this target line with the real-time visual feedback of their MF activation (2 Hz low-

pass filtered). Trials in which EMG fell outside the acceptance window (± 3.5%) 

were rejected online. 

TMS of M1 was applied over the hemisphere contralateral to the stimulated MF. 

Magnetic stimuli were applied using a double-cone coil (7-cm outer diameter 

each wing; Magstim Company Limited, Whitland, UK) optimal for the activation of 

MF M1 cells (Nowicky et al., 2001, Davey et al., 2002, Tsao et al., 2011a). The 

TMS coil was positioned over the MF area, first approximated at 2 cm lateral to 

the vertex using a 10-20 EEG system (Tsao et al., 2011a). The position then was 

adjusted to determine the ‘hot spot’; the location eliciting the largest amplitudes 
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of MF MEP at a given intensity. Scalp locations were marked using a surgical 

marker to ensure reliable positioning and orientation of the coil. The active motor 

threshold (AMT) was defined as the TMS intensity eliciting at least 5 measurable 

MEP in the pre-activated MF, out of 10 trials. 

Double TMS paradigms (coil connected to two Magstim 2002 monophasic 

stimulators via a BiStim unit) were used to test the function of the intracortical 

circuits of M1. The short-interval intracortical inhibition (SICI) was probed by the 

combination of a subthreshold conditioning TMS (70% AMT) and a 

suprathreshold test TMS at 120% AMT; two inter-stimulus intervals (ISI) were 

tested (2ms, 3ms), i.e. with the conditioning TMS delivered 2 ms then 3 ms 

before the test (Kujirai et al., 1993 ). The short-interval intracortical facilitation 

(SICF) was probed by a subthreshold conditioning TMS (90% AMT) delivered 1 

ms after a test TMS at 100% AMT (Tokimura et al., 1996, Ilic et al., 2002). In 

each paradigm, eight unconditioned (test) MEP and 8 conditioned MEP were 

elicited. Inhibition or facilitation (as appropriate per paradigm) corresponded to 

the decrease or increase, respectively, of the conditioned MEP amplitude as 

compared to its test MEP. The amplitudes of the conditioned MEP were then 

expressed in percent of the mean test MEP amplitude. For each participant, the 

amplitude of the test MEP was matched between pre-intervention at the first 

session (S1) and all other time points (adjustment of test TMS intensity) to 

ensure valid comparisons of conditioned MEP amplitudes. Rest periods were 

allowed between TMS trials to avoid fatigue and pain. 

2.9. Questionnaires (pain, function, kinesiophobia) 
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The Global Physical Activity Questionaire (GPAQ) was used to rate the level of 

physical activity at baseline, i.e. pre-intervention at the first session (S1). At S1 

and S3 (i.e. 1 week apart), the Visual Analogue Scale (VAS) (Price et al., 1983) 

was used to assess the intensity of LBP in a sitting position at the time of testing 

(spontaneous pain) and the intensity of the average pain over the last 2 days 

(average pain); the Oswestry disability index (ODI) (Fairbank et al., 1980) and 

the Patient-Specific Functional Scale (PSFS) (Stratford et al., 1995) were used to 

assess the functional disability of the participants; the Tampa Scale of 

Kinesiophobia (TSK) (Vlaeyen et al., 1995) was used to measure the fear of 

movement or of (re)injury. Only spontaneous pain was also assessed using the 

VAS at post-intervention in each session (S1, S3). In addition, the ODI and TSK 

were administrated at 2 follow-ups (2 weeks and 1 month after the last S3 

session). The psychometric properties of these scales and questionnaires in 

CLBP, such as validity, test-retest reliability and responsiveness are reported 

elsewhere (Chapman et al., 2011). 

2.10. Data reduction and statistical analysis 

The investigator responsible for data collection and extraction / analysis was not 

present during RPMS application and all data collected were codified so that he 

remained blinded to individual, group of allocation and time points until 

completion of analysis. 

2.10.1. APA outcomes in focal movement task 
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The onset of activation for each muscle was determined by visual inspection. If 

this onset was difficult to identify, the first point at which EMG levels rose above 

background levels, by one standard deviation, and for at least 50 ms, was used. 

The average and standard deviation of EMG background levels was measured 

during the 500-ms epoch preceding the auditory tone (Hodges et al., 1996a). 

Precisely, for the bilateral shoulder flexion task, the onsets of MF and ST 

activation (APAs) were both expressed relative to AD onset. ST APA was tested 

because previous studies described delayed activation in this muscle (Massé-

Alarie et al., 2015), and because any improvement in a non-stimulated muscle 

could reflect changes in cerebral areas implied in the cognitive aspects of motor 

function. A multiple analysis of variance, with repeated measures (ANOVARM) 

using a mixed design and factors Group (RPMS vs. Sham) X Time (S1 vs. S3) X 

Period (Pre vs. Post) and Side (Right MF vs. Left MF) was applied on MF and ST 

APAs. 

For the prone hip extension task, MF onset (APA) was expressed relative to ST 

onset. An ANOVARM with factors Group X Time X Period X Side of effect 

(contralateral vs ipsilateral to hip extension) was then applied on MF APA. 

2.10.2. Activation outcomes in forward bending task 

MF EMG activity was extracted for three different phases of the trunk 

flexion/extension task: Flexion (FLX: mean of 200-ms epoch of maximal 

activation), Full Flexion (Full FLX: mean of 3-s activation) and extension (EXT: 

mean of 200-ms epoch with maximal activation). ANOVARM using a mixed design 
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and factors Group (RPMS vs. Sham) X Time (S1 vs. S3) X Period (Pre vs. Post) 

and Side (Right MF vs. Left MF) was applied on the ratios EXT/Full FLX and 

FLX/Full FLX, both of which having previously been reported as decreased in 

CLBP (Alschuler et al., 2009). These ratios are also used to differentiate between 

pain-free people and people with CLBP (Alschuler et al., 2009, Neblett et al., 

2013). 

For the RPMS group only, a three-way ANOVARM using a mixed design with 

factors Time (S1 vs. S3) X Period (Pre vs. Post) and Side stimulated (Stimulated 

vs. Non-stimulated) was additionally applied on APAs and MF activation 

outcomes to determine the influence of the side of stimulation. 

2.10.3. TMS outcomes 

Six TMS outcomes associated with MF were acquired for each participant: the 

AMT (% maximum stimulator outcome, MSO) reflecting the basic M1 excitability 

during tonic MF activity; the peak-to-peak amplitude of test MEP ( µV) reflecing 

the volume of M1 cells synchronized by TMS and the synchronicity of 

descending volleys onto motoneurons; the amplitudes of the two different 

conditioned MEP (% test MEP) informing on the levels of SICI (ISI: 2 and 3 ms) 

and SICF; the duration of the EMG silent period (% test MEP amplitude) (Orth et 

al., 2004). The relative (% of test MEP) and the raw amplitude of the conditioned 

MEP of SICF was also tested since the validity and reliability of the relative 

conditioned MEP could have been contaminated by the high variability denoted 
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for this test MEP (elicited at 100% AMT). A three-way ANOVARM with factors 

Group X Time X Period was applied on all TMS outcomes.  

2.10.4. Questionnaire outcomes  

A three-way ANOVARM with factors Group X Time X Period was applied on the 

spontaneous pain. A two-way ANOVARM with factor Group X Time (S1 vs. S3) 

was applied on spontaneous and mean pain, ODI, PSFS and TSK scores. An 

additional two-way ANOVARM had to be done on spontaneous pain due to 

missing data for 3 people at post-S1. An ANOVA with factor Group X Time (S1, 2 

weeks follow-up, 1 month follow-up) was also applied to ODI and TSK scores. 

Contrast analyses of ANOVA (planned comparisons) tested where differences 

did lie. Pearson’s correlation coefficients probed the link between changes of 

APAs, forward bending task, M1 function and pain, and initial values of 

outcomes, i.e. the existence of possible predictive factors of success of the 

intervention.  

Significance level was set at p<0.05 for all tests. However, running multiple 

analyses increased the possibilities of type I error (false positive) and results 

close to significance should be interpreted with caution. 

 

3. RESULTS 

Characteristics were comparable at baseline (at pre-intervention for the first 

session) between RPMS and Sham groups (Table 1). Two participants, one in 
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each group, dropped out due to availability (Fig. 1). Thus, 19 participants 

completed the protocol (10 in RPMS group and 9 in Sham group). Due to 

technological issues in TMS testing, data from one participant was withdrawn 

(n=9 for TMS outcomes analysis in RPMS group) and SICI data were not 

properly collected thus were not analyzed. No adverse effects were reported. 

 

3.1. Focal movement tasks  

3.1.2. Earlier MF onset in Sham group at 1 week follow-up 

In the bilateral shoulder flexion task, the ANOVARM applied on MF APA detected 

a main effect of Time (F(1, 17) = 7.53; p=0.01; Fig. 2A) with significance only in 

Sham group presenting an earlier APA at S3 (1.4 ± 10.2 ms) compared to S1 

(5.3 ± 12.4 ms; F(1, 17) = 9.041; p=0.008) and no change in RPMS group (S1: -1.3 

± 14.1 ms; S3: -2.7 ± 14.2 ms; Fig 2A).  

3.1.2. Earlier ST onset in RPMS group at 1 week follow-up 

ANOVARM applied on ST APA detected a Time X Group interaction (F(1, 17) = 

5.22; p=0.03), with earlier ST APA at S3 (7.6 ± 24.5 ms) than at S1 (16.3 ± 22.3 

ms) for the RPMS group only (F(1, 17) = 8.53; p=0.009; Fig. 2B). A Period X Group 

interaction was also detected for ST APA (F(1, 17) = 4.55; p=0.048; Fig. 2B) with 

ST APA systematically and close-to-significantly earlier at post-intervention (9.0 ± 

25.0 ms) than at pre-intervention (14.8 ± 21.5 ms) for RPMS group only (F(1, 17) = 
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4.01; p=0.055). No other effects were detected. No effect was detected for MF 

APA in the unilateral hip extension task. 

(Insert Fig. 2 near here) 

3.2. Forward bending task 

3.2.1. Increase of MF ratio (FLX / Full FLX) in RPMS group at 1 week follow-up 

The ANOVARM detected a main effect of Time for the FLX / Full FLX ratio (F(1, 17) 

= 5.64; p=0.03). Fig. 3A shows however that, in RPMS group only, the ratio was 

increased at S3 (857.2 ± 689.8 %) compared to S1 (623.9 ± 526.1 %; F(1, 17) = 

5.26; p=0.03). The ratio was higher at pre-intervention in S3 (801.1 ± 550.3 %) 

than at pre-intervention in S1 (585.0 ± 461.1 %; F(1, 17) = 5.78; p=0.03) and the 

increase was close to significance at post-intervention in S3 (913.2 ± 876.9 %) as 

compared to post-intervention in S1 (662.9 ± 646.8 %; F(1, 17) = 4.41; p=0.051).  

3.2.2. Increase of MF ratio (EXT / Full FLX) in RPMS group at 1 week follow-up 

Also, the ANOVARM detected a main effect of Time for the EXT / Full FLX ratio 

(F(1, 17) = 6.67; p=0.02). Fig. 3B shows however that, in RPMS group only, the 

ratio was increased at S3 (1706.9 ± 1384.2 %) compared to S1 (1297.8 ± 1214.8 

%; F(1, 17) = 7.01; p=0.02). The ratio was higher at pre-intervention in S3 (1620.0 

± 1226.3 %) than at pre-intervention in S1 (1280.1 ± 1202.8%; (F(1, 17) = 6.46; 

p=0.02). It was higher at post-intervention in S3 (1793.8 ± 1595.1 %) than at 

post-intervention in S1 (1315.5 ± 1283.6 %; F(1, 17) = 6.70; p=0.02). No other 

effects were detected in RPMS group. Sham yielded no effect (p>0.05). 
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3.2.3. Increase MF ratio (EXT / Full FLX) on the stimulated side in RPMS group 

at 1 week follow-up 

Fig. 3C shows the ANOVARM results for the comparison between the stimulated 

and non-stimulated sides in RPMS group. A main effect of Time (F(1, 9) = 6.74; 

p=0.03) and a Time X Side interaction (F(1, 9) = 5.68; p=0.04) were detected for 

the EXT / Full FLX ratio. Planned comparisons showed that the ratio was 

increased on the stimulated side at S3 (1790.6 ± 1435.4 %) compared to S1 

(1246.2 ± 1151.6 %; F(1, 9) = 7.10; p=0.03) and on the non-stimulated side at S3 

(1623.2 ± 1354.6 %) compared to S1 (1349.4 ± 1285.9 %; F(1, 9) = 5.22; 

p=0.048). 

For the stimulated side only, the ratio was higher at pre-intervention in S3 

(1802.7 ± 1423.0 %) than at pre-intervention in S1 (1252.2 ± 1152.2 %; F(1, 9) = 

5.57; p=0.043) and higher at post-intervention in S3 (1778.6 ± 1457.6 %) than at 

post-intervention in S1 (1240.2 ± 1182.8 %; F(1, 9) = 8.30; p=0.02). No other 

effects were detected for the EXT / Full FLX ratio, and none were found for the 

FLX / Full FLX ratio. 

(Insert Fig. 3 near here) 

3.3. TMS outcomes 

3.3.1. Increase of SICF in RPMS group at 1 week follow-up 

The three-way ANOVARM detected a Time X Group interaction for the raw 

conditioned MEP amplitude of SICF paradigm (F(1, 15) = 5.21; p=0.04; Fig. 4). 
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Planned comparisons showed a close-to-significance increase of MEP amplitude 

at S3 (70.9 ± 43.4 µV) compared to S1 (49.1 ± 19.7 µV) in RPMS group only (F(1, 

15) = 4.41; p=0.053). The three-way ANOVARM applied on AMT showed a main 

effect of Period with a decrease of AMT from pre- to post-intervention when both 

groups were pooled (F(1, 16) = 7.21; p=0.02). No other effects were detected in 

TMS outcomes (Table 2). 

(Insert Fig. 4 and Table 2 near here) 

3.4. Questionnaires 

Table 2 presents the questionnaires’ scores at specific time points. 

3.4.1 Acute and long-term decrease of spontaneous pain in RPMS group 

The three-way ANOVARM detected a close-to-significant Time X Group X Period 

interaction (F(1, 14) = 4.48; p=0.053) with a decrease of spontaneous pain in the 

RPMS group at post-intervention in S1 (F(1, 14) = 4.96; p=0.04) and pre-

intervention in S3 (F(1, 14) = 8.27; p=0.01), as compared to pre-intervention in S1. 

In support, the two-way ANOVARM detected a significant Time X Group 

interaction (F(1, 17) = 7.63; p=0.01) with a decrease of spontaneous pain level at 

pre-intervention in S3 (11.6 ± 10.1) as compared to pre-intervention in S1 (27.9 ± 

20.6) in RPMS group only (F(1, 17) : 10.98; p=0.004; Fig. 5A). Sham yielded no 

effect.  

3.4.2. Decrease of average pain in RPMS group at 1 week follow-up  
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The two-way ANOVARM detected a main effect of Time (F(1, 17) = 10.41; p=0.005) 

with a decrease of average pain from S1 to S3 which was significant in RPMS 

group (F(1, 17) = 6.11; p=0.02) and close-to-significance in Sham group (F(1, 17) = 

4.41; p=0.051). 

3.4.2. Decrease of disability (ODI and PSFS) in RPMS group  

The two-way ANOVARM detected a main effect of Time (F(1, 17) = 19.63; 

p=0.0004) but with ODI scores decreased only in RPMS group between S1 and 

S3 (F(1, 17) = 20.86; p=0.0003; Fig. 5C). ANOVARM also detected a main effect of 

Time at two weeks follow-up (F(1, 15) = 8.00; p=0.01) and one month follow-up (F(1, 

17) = 5.99; p=0.03), both compared to S1, but with ODI scores significantly 

decreased in RPMS group only between S1 and one month (F(1, 17) = 6.30; 

p=0.02; Table 3). Of note, one Sham-group participant washed-out the effect of 

exercise and had an increase of +20 points for ODI score at one month follow-up. 

The two-way ANOVA detected a main effect of Time (F(1, 17) = 8.14; p=0.01) with 

an increase of PSFS score in RPMS group only (F(1, 17) = 11.06; p=0.004; Fig. 

5D). PSFS scores were higher in RPMS group than in Sham at S3 (F(1, 17) = 

11.06; p=0.004) and not different at S1 (p>0.05 ). 

No effect was detected for TSK score. 

(Insert Fig. 5 and Table 3 near here) 

3.5. Correlations between outcomes 
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In RMPS group only, Pearson’s correlation found that the S1-to-S3 changes of 

the average pain (r= -0.86; p=0.003) and PSFS scores (r=0.86; p=0.003; Fig. 6A-

B) were both correlated with the AMT measured at baseline (i.e. at pre-

intervention in S1). These correlations suggest that the participants with higher 

AMT at pre-intervention in S1 (i.e. lower M1 excitability) had larger decrease of 

average pain and larger increase of functional capacity scores following the 

combination of RPMS with motor training. In the sham group, the variations of 

clinical outcomes from S1 to S3 were not correlated with AMT. 

 

(Insert Fig. 6 near here) 

4. DISCUSSION 

This original study tested how the combination of RPMS with motor training of 

MF muscle in CLBP influenced M1 function, spine motor control and pain as 

compared to the combination of sham stimulation with motor training. The 

findings support the initial hypothesis that RPMS combination with motor training 

ought to provide more benefits than motor training alone (sham combination). 

Earlier onset of ST muscle after one week of training were detected in the RPMS 

group for the bilateral shoulder flexion task, along with MF activation during 

forward bending, up-regulation of M1 circuits of corticospinal facilitation, and 

decrease of pain and of disability that persisted one month later. Potential 

mechanisms related to pain processing and functional plasticity are addressed to 

better understand the improvement obtained in RPMS group.  
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4.1. Reduction of pain and disability 

The after-effects of RPMS administration in CLBP is not well known and only two 

studies in literature reported some changes after one RPMS session in CLBP (Lo 

et al., 2011, Massé-Alarie et al., 2013). Our present results showed a significant 

decrease of pain at post-intervention in the first session and persistence over one 

week while Sham did not yield any influence. These effects are stronger than in 

the study of Lo et al. (2011), where pain, even still decreased 4 days after the 

stimulation, had returned closer to baseline (Lo et al., 2011). Thus, the present 

study on pain reduction (VAS score) and function improvement (ODI & PSFS 

scores) over one week provides ancillary evidence that multiple RPMS sessions 

(at least 3 sessions) combined with motor training can contribute to maintain the 

acute reduction of pain (obtained at the first session) across several days. The 

fact that these effects were not observed in the Sham group with however the 

same motor training, suggests that the combination of RPMS with training could 

(1) potentiate practice-dependent plasticity mechanisms, (2) boost the effect with 

multiple sessions and/or (3) influence the endogenous pain system. This may 

explain the larger functional gains obtained in the RPMS group. It can be 

hypothesized that the increased number of proprioceptive stimuli (RPMS) and 

the combined influence of RPMS and training on brain plasticity and motor 

learning (Massé-Alarie et al., 2013) may have contributed to reduce pain and 

ease motor learning during training. This is in line with recent studies reporting 

the impact on pain and brain reorganization of the combination of two 

interventions that influenced M1 plasticity (Boggio et al., 2009, Schabrun et al., 
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2014). Thus, how RPMS combination with motor training drove M1 plasticity in 

our study should be addressed.  

4.2. Influence on M1 plasticity 

Only the TMS outcome of SICF was influenced by the combination of RPMS and 

training at 1 week follow-up. However, due to the use of raw peak-to-peak 

amplitudes of the conditioned MEP (to avoid variability of SICF expression 

relative to test MEP elicited at 100% AMT, see Methods), the interpretation of 

this result should be taken with caution and changes of MF SICF under RPMS 

and training should be replicated in future studies. The rationale for using RPMS 

as an adjunct in motor training is that RPMS can influence synaptic plasticity in 

M1 circuits and frontal-parietal areas to favour motor learning and promote motor 

control (Struppler et al., 2007a, Massé-Alarie et al., 2011, Massé-Alarie et al., 

2013). In RPMS group, the increase of SICF at S3 could reflect the up-regulation 

of synaptic mechanisms involved in M1 facilitation. Indeed, the SICF 

mechanisms of synaptic facilitation are regulated in M1 circuits by inhibitory 

connections from GABAergic circuits (Peurala et al., 2008, Shirota et al., 2010). 

Thus, an increase of SICF suggests a decrease of M1 inhibition. In support, it 

was shown that RPMS combined with skilled motor practice for TrA/IO training 

released M1 from local inhibition (Massé-Alarie et al., 2012). Also, it is 

acknowledged that such M1 disinhibition favours the induction of plasticity by 

unmasking of synapses and increase of synaptic strength (Jacobs et al., 1991, 

Hess et al., 1994, Liepert, 2006). Thus, the increase of SICF, potentially 
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paralleled by M1 disinhibition, could reflect plastic mechanisms that may have 

contributed to motor learning and may have enhanced MF motor control.  

Unexpectedly, no change of TMS outcomes was detected immediately after the 

intervention in the first session of RPMS-training (RPMS group). A first 

assumption could be that the combination of two interventions that influence 

brain plasticity can cancel the immediate (but not long-term) neuroplastic 

influence that each intervention could have, owing to the mechanisms of 

homeostatic metaplasticity where increase of excitability in brain due to a first 

stimulation can reverse the influence of a second stimulation (Gamboa et al., 

2010, Schabrun et al., 2013a). Also, acute changes of TMS outcomes may have 

been missed given that we tested MEP amplitude at 120% AMT (mean of 59.8 ± 

6.3% MSO) whereas it was shown that higher stimulation intensities (80-90% 

MSO) were required to detect modulation of M1 excitability for the paravertebral 

muscles (Tsao et al., 2011c). Furthermore, the optimal timing to influence M1 

excitability and corticospinal function during one week of training is not known 

and other changes could have occurred after the first session and returned to 

baseline within a few days of practice. The possibility that RPMS did not 

influence M1 but other structures in brain and spinal circuits must also be 

considered. Therefore, further studies are warranted to determine more precisely 

the mechanisms (and their timing) of the combined influence of RPMS and 

training on plasticity related to MF M1 area. Also, to validate that the combination 

of RPMS with motor training potentiated the gains beyond those likely obtained in 
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each intervention alone, future studies are warranted to investigate the influence 

of RPMS alone on M1 plasticity and motor control of multifides in CLBP. 

4.3. Improvement of motor control 

The pain decrease still present at one week was likely the result of the combined 

influence of RPMS and motor training, i.e. an intertwined action on motor control 

and pain modulation. For example, the increase of MF activation ratios during 

forward bending reflects a higher MF activation during the concentric and 

eccentric phases of the task and a better relaxation in full flexion. These ratios 

are decreased in CLBP (Alschuler et al., 2009) and their increase could reflect a 

better motor control of spine during functional activities, in likely relation to the 

up-regulation of the circuits of M1 facilitation (SICF). Therefore, the improvement 

of spine motor control may have efficiently protected spine from microtraumas in 

day-to-day tasks, thus maintaining pain level at a decreased level over the week 

of the training at home. 

RPMS on its own could have improved motor control by activating central areas 

involved in motor planning. A previous study from our group reported a delay in 

the onset of ST APA in CLBP (Massé-Alarie et al., 2015) and surprisingly, APA 

was fastened by RPMS administration in the present study, i.e. with no obvious 

relation to the practice of MF activation. Of note, ST onset was not delayed at 

baseline (at pre-intervention in S1) in our participants (both groups) as compared 

to pain-free participants enrolled in a recent study (Massé-Alarie et al., 2015). It 

is thus still unclear whether earliness of ST onset in bilateral flexion task after 
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one week in the RPMS group actually represents an improvement of APA 

programming. For instance, like mechanical tendon vibration of triceps surae 

(Fujiwara et al., 2003), RPMS could have changed the perception of body in 

space (e.g. forward leaning) thus modifying the posture and requiring postural 

adaptation (earlier ST) to avoid forward fall. Nevertheless, RPMS after-effects 

are deemed to be related to an influence on the central processing of sensory 

inputs (Struppler et al., 2007a). For example, it was shown that RPMS over wrist 

extensors generated a massive flow of proprioceptive inputs that activated the 

frontal-parietal pathways involved in perception and sensorimotor planning 

(Struppler et al., 2007a). It follows that, in our study, an increased availability of 

proprioceptive inputs (usually decreased in CLBP) could have contributed to the 

selection of more appropriate strategies of motor control and APA in postural 

tasks. Interestingly, only the sham group presented with earlier MF onset at 1 

week of follow-up. This result in the sham group is consistent with previous 

studies that showed APA improvement with voluntary and isometric contraction 

of MF muscle (Tsao et al., 2007, Massé-Alarie et al., 2016a). Why RPMS has not 

influenced MF APA could be due to the earlier APA at baseline (-1.6 ± 11.8 ms) 

as compared to the sham group (5.9 ± 15.2 ms; Fig. 2A), i.e. a likely result of 

randomization that may have precluded any improvement in RPMS group. Thus, 

it seems that APA can be influenced differently owing to the type of physical 

exercises (training) or neurostimulation techniques (to influence neuroplasticity) 

and this will have to be considered in the development of future guidelines in 
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rehabilitation (Tsao et al., 2007, Tsao et al., 2010a, Tsao et al., 2010b, 

Chipchase et al., 2011, Massé-Alarie et al., 2016a). 

4.4. Possible influence of RPMS on the mechanisms of pain modulation  

Altogether, the present findings suggest that RPMS combination with training 

induced an acute and persistent decrease of pain that likely eased physical 

practice at home over the week and lead to long-term improvements of motor 

control and functional capacity, and reduction of disability. However, it is 

noteworthy that pain reduction in RPMS group at post-intervention in the first 

session and at 1 week follow-up could result from different mechanisms. For 

example, given the absence of MF motor changes at post-intervention in S1, the 

acute pain reduction could have been related to the immediate activation of 

descending anti-nociceptive pathways and spinal inhibition mechanisms, rather 

than a change of corticomotor control of spine. The likely peripheral mechanisms 

of RPMS action should thus be tested in the future along with central processing. 

One striking result is however the association between baseline AMT and 

improvement of pain and disability in RPMS group. Participants with CLBP 

presenting with higher AMT at baseline, i.e. lower excitability within M1 circuits at 

pre-intervention in S1, did self-report larger improvement of pain and of functional 

capacity than participants with higher M1 excitability at baseline. It is possible 

that people with CLBP who will benefit more from RPMS-induced proprioceptive 

inputs to the sensorimotor cortex are those with impairments of proprioceptive 

and multisensory integration following reorganization of cortical sensory maps 
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(Flor et al., 1997), thus those with lower M1 excitability given the intertwined 

excitability between sensory and motor maps (Schabrun et al., 2012b, Schabrun 

et al., 2013b). This hypothesis has to be tested in future studies. 

 

4.5. Methodological considerations 

The change of ODI score at S3 in RPMS group (+ 6 points) is considered a 

minimum difference with clinical significance (Fritz et al., 2001). Thus, our results 

suggest that RPMS combination with training can induce changes of clinical 

importance, even if the study was not specifically designed to detect 

pain/disability differences. Although surface electrodes were carefully positioned 

over MF muscle at L4-L5 level, cross-talk from adjacent paravertebral muscles 

could have been recorded, especially in MF response to TMS (Tsao et al., 

2011a). Therefore, studies using fine-wire electrodes are warranted to delineate 

whether changes of TMS outcomes in RMPS group are specific to MF muscles. 

The use of the raw conditioned MEP amplitudes to interpret  SICF data was 

justified in SICF by the fact that the high variability of the test MEP elicited at 

100% AMT (very small amplitudes in MF muscle) could have substantially 

impacted the SICF ratio (conditioned MEP amplitudes expressed in % of the test 

MEP). Therefore, a test TMS at 100% AMT for probing SICF mechanisms of the 

MF muscle could be replaced in future studies by a test TMS at 120% AMT or by 

monitoring a specific MEP amplitude by a stringent window of acceptance (e.g., 

100 µV) (Ziemann et al., 1998). Of note, 9 out of the 10 participants in RPMS 
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group guessed their group of allocation, whereas only 4 out of 9 in Sham group 

(Table 1). The difficulty to blind RPMS group is thus a concern owing to the 

strong contractions elicited and cutaneous tingling sensation. Finally, our sample 

of participants was not homogeneous, i.e. was not recruited according to a 

specific motor dysfunction. This decision was based on the evidence that even 

heterogeneous groups of CLBP present with MF atrophy, APA delays and 

abnormal motor patterns during trunk movement (MacDonald et al., 2009, 

Beneck et al., 2012). Nonetheless, most participants (16 out of 21) presented 

with asymmetric MF activation (in term of spatial and temporal contraction), thus 

received RPMS over a muscle whose motor control might have been impaired.  

4.6. Conclusion 

This study showed the benefits of RPMS combination with motor training on pain, 

disability, function and lumbopelvic spine motor control one week after the onset 

of protocol, as compared to motor training alone and in relation to M1 excitability 

and plasticity. Clinically, RPMS seems a promising adjuvant in CLBP to 

potentiate the gains of physical practice on lumbopelvic spine control and pain 

that are intertwined in any daily life activity; therefore, more evidence-based data 

should be collected. Also, the influence of RPMS alone (i.e. without motor 

training) on pain and sensorimotor systems should be more thoroughly tested for 

identifying the neural mechanisms underlying the improvements observed. 
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FIGURE LEGENDS 

Fig. 1. Flowchart of the study design. CLBP: chronic low back pain; RPMS: 

Repetitive peripheral magnetic stimulation combined with motor training (multifide 

muscles); Sham: Sham stimulation combined with motor training; data acquisition 

at pre- and post-intervention: corticomotor outcomes and anticipatory postural 

activation of multifide muscles. 

Fig. 2. Anticipatory postural adjustments. Mean onset (± SD) of (A) MF and (B) 

ST muscles activation relative to AD onset in bilateral shoulder flexion task in 

RPMS and Sham groups at pre- and post-intervention for the first session (S1: 

upper part of each graph) and the third session (S3 i.e. 1 week follow-up: lower 

part). MF: multifidus; ST: semi-tendinosus; RPMS: Repetitive peripheral 

magnetic stimulation combined with training; Sham: sham stimulation with 

training. * p<0.05 

Fig. 3. Ratios of MF EMG (± SD) activity during forward bending. (A) FLX / Full 

FLX and (B) EXT / Full FLX in both RPMS and Sham groups; (C) EXT / Full FLX 

in RPMS group only on the stimulated and non-stimulated sides. FLX / Full FLX: 

ratio during the flexion on full flexion; EXT / Full FLX: ratio during the extension 

on full flexion; RPMS: Repetitive peripheral magnetic stimulation combined with 

training; Sham: sham stimulation with training; S1: first session; S3: third session, 

i.e. 1 week follow-up; pre, post: before, after intervention. * p<0.05 

Fig. 4. Short-interval intracortical facilitation (SICF). Means of conditioned MEP 

amplitude (± SD) at pre- and post-intervention for the first session (S1) and the 



  

 
 

48 

third session (S3, i.e. 1 week follow-up) in both RPMS and Sham groups. MEP: 

motor evoked potential; RPMS: Repetitive peripheral magnetic stimulation 

combined with training; Sham: sham stimulation with training; S1: first session; 

S3: third session i.e. 1 week follow-up; pre, post: before, after intervention. 

Fig. 5. Clinical scores at sessions 1 and 3 in both RPMS and Sham groups for  

(A) Mean spontaneous pain intensity (± SD) reported at onset of assessment; (B) 

Mean average pain intensity (± SD) in the two days preceding the assessment; 

(C) Mean Oswestry disability index (ODI, ± SD); (D) Mean Patient-specific 

functional score (PSFS, ± SD). RPMS: Repetitive peripheral magnetic stimulation 

combined with training; Sham: sham stimulation with training; S1: first session; 

S3: third session i.e. 1 week follow-up; pre, post: before, after intervervention. * 

p<0.05; ** p<0.01; ***p<0.0001 

Fig. 6. Correlations between the value of AMT at baseline (at pre-intervention for 

the first session) and changes (! : from first to third session) of (A) mean 

average pain and of (B) mean PSFS score in the RPMS group. Note that in Fig. 

6A TMS data from one participant was withdrawn (n=9 points); in Fig. 6B, three 

participants had superimposed coordinates (AMT=51, PFSF=3; n=7 points 

visible). AMT: active motor threshold; PSFS: Patient-specific functional score; 

MSO: maximal stimulator output; RPMS: Repetitive peripheral magnetic 

stimulation combined with training 
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Table 1. Characteristics of participants and groups (mean ± SD) 
Groups RPMS Sham p 
Participants (n) 11 10 - 
Gender (M:F) 6 :5 5 : 5 1.00a 
Age (years) 33.2 ± 10.8 42.1 ± 17.2 0.18 
Handedness (Right : Left) 9 : 2 9 : 1 1.00 a 
Height (cm) 164.4 ± 10.6 167.9 ± 5.5. 0.35 
Weight (kg) 73.7 ± 19.8 68.6 ± 11.7 0.48 
BMI (kg/m²) 26.9 ± 5.4 24.3 ± 3.6 0.20 
GPAQ (METS) 4047.3 ± 2844.4 2638.0 ± 1860.9 0.19 
Sedentarity (h) 7.9 ± 3.3 9.9 ± 3.6 0.20 
Pain duration (months) 56.7 ± 29.3 130.8 ± 126.2 0.10 
Voluntary contraction 
(Asymmetric : Symmetric) 

8 : 3 8 : 2 1.00a 

Stimulated side (Right : Left) 7 : 4 5 : 5 0.67a 
Exercise adherence (%) 91.4 84.7 0.29 
Blinding (matched : unmatched) 9 : 1 4 : 5 0.14a 

BMI; Body mass index; GPAQ: Global Physical Activity Questionnaire; ODI: Oswestry disability index; PSFS: 
Patient specific functional scale; TSK: Tampa Kinesiophobia Scale; mo: months; METS; metabolic equivalent. 
p : Bilateral unpaired t-test; 
a Bilateral Fisher's exact test. 
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Table 2. TMS outcomes 

AMT: active motor threshold; MEP: motor evoked potential; SP: silent period; SICF: short-interval 
intracortical facilitation; S1: first session; S3: third session; pre, post: before, after training; GLOB: global 
exercise; ISOM: isometric exercise. 
 
  

RPMS group Pre-S1 Post-S1 Pre-S3 Post-S3 
AMT (%MSO) 50.7 ± 5.8 49.8 ± 6.0 49.7 ± 7.5 48.7 ± 6.9 
MEP amplitude (µV) 61.3 ± 25.3 63.1 ± 28.9 70.6 ± 50.8 74.4 ± 49.3 
SP/MEP (%) 92.5 ± 59.1 90.6 ± 49.1 87.5 ± 40.0 90.8 ± 50.8 
SICF (% test MEP) 175.7 ± 73.9 145.5 ± 57.7 183.5 ± 59.6 206.6 ± 87.8 
SICF (µV) 56.0 ± 23.5 47.4 ± 20.7 73.0 ± 43.5 67.5 ± 38.9 

Sham group Pre-S1 Post-S1 Pre-S3 Post-S3 
AMT (%MSO) 49.9 ± 6.3 49.1 ± 6.0 50.7 ± 8.1 49.3 ± 6.7 
MEP amplitude (µV) 65.6 ± 42.8 64.7 ± 45.6 56.2 ± 28.0 61.5 ± 31.0 
SP/MEP (%) 152.2 ± 100.6 127.9 ± 95.2 137.5 ± 59.5 143.9 ± 87.5 
SICF (% test MEP) 174.1 ± 49.7 187.6 ± 73.2 181.4 ± 72.6 201.8 ± 92.2 
SICF (µV) 55.9 ± 38.3 55.2 ± 36.1 48.4 ± 27.2 50.9 ± 26.5 
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Table 3. Changes in questionnaire over time 

RPMS S1 S3 2 w post-S3 1 mo post-S3 
Spontaneous paina (/10) 27.9 ± 20.6 11.6 ± 10.1*   
Average pain (/10) 36.6 ± 18.5 19.6 ± 14.0*   
ODI (%) 17.6 ± 8.4 11.6 ± 9.8* 14.5 ± 14.7 10.0 ± 8.2 ˣ 
PSFS (/30) 15.8 ± 5.1 21.2 ± 3.9*   
TSK (/68) 40.0 ± 8.4 38.1 ± 9.4 39.1 ± 10.9 37.7 ± 9.6 

Sham S1 S3 2 w post-S3 1 mo post-S3 
Spontaneous paina (/10) 16.6 ± 9.8 20.0 ± 15.9   
Average painb (/10) 34.4 ± 19.8 19.2 ± 10.5   
ODI (%) 21.1 ± 7.4 18.7 ± 9.0 17.0 ± 10.3 18.0 ± 14.4 
PSFS (/30) 15.2 ± 4.2 16.6 ± 4.1   
TSK (/68) 36.3 ± 4.7 37.3 ± 6.0 38.3 ± 9.4 35.4 ± 8.6 
ODI: Oswestry disability index; PSFS: Patient specific functional scale; TSK: Tampa Scale of Kinesiophobia; w: 
week; mo: month. 
aMeasured in sitting (S1 refer to pre-S1; S3 refer to pre-S3) 
b Mean pain level of the last 2 days. 
* Significant difference between S1 and S3; 
ˣ Significant difference between S1 and 1 month post-S3 
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