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Abstract 

This study aimed to examine the effects of sesorimotor training applied to chronic low back 

pain patients on their anticipatory postural adjustments (APAs) through changes in 

movement-related cortical potential (MRCP) and onset time of trunk muscle contraction.  

Seven patients whose chronic low back pain sustained for at least six months were 

selected. In order to present the standard for APAs, a normal group (group I) was selected. 

The experimental group (group II) consisted of the patients. Low back pain patients 

conducted exercise 40 minutes per time, four times per week, for four weeks. MRCP was 

examined through electroencephalography (EEG) in order to look at exercise effect. Changes 

in readiness potential (RP), motor potential (MP), and movement-monitoring potential 

(MMP) were measured on six areas of CZ, C3, C4, Fz, F3,and F4. Changes in onset time of 

muscle contraction were examined through electromyography (EMG).  

Together with changes in motor control in the central nervous system, changes in APAs in 

the trunk muscles (Transversus abdominis muscle (TrA) and external oblique abdominal 

muscle (EO)) were measured. VAS was used to examine changes in pain. 

According to the result of comparing changes in MRCP by sensorimotor training, RP 

decreased on CZ, C3, C4, FZ, and F3 and MP decreased on CZ, C3, C4, Fz, F3,and F4 among 

MRCPs (p<0.05). In addition, changes in onset time of movement-related muscle contraction 

were compared and there were significant differences between the TrA and EO with the 

anterior deltoid muscle (DA) as the reference (p<0.001). VAS that compared changes in pain 

were significantly different between TrA and EO (p<0.05).  

The above results showed that sensorimotor training had chronic low back pain patients 

learn muscle control ability, thereby triggering muscle plasticity, and provided a new 

adaptation environment for the cerebral cortex, thereby improving muscle functions as well 

as pain. 

 

Keywords: Anticipatory Postural Adjustments(APAs), Chronic Low Back Pain, 

Sensorimotor Training, Movement Related Cortical Potential(MRCP) 

 

1. Introduction 

Low back pain is a severe problem that affects about 50% of the population [1]. 

Ninety percent of acute low back pain is recovered within two months but if low back 

pain is not treated, it develops into chronic low back pain and triggers functional 

muscle disorder [2, 3]. Usually when the finding of abnormality in the tissues sustains 

for at lease 12 weeks and pain does not disappear, it is classified as chronic low back 
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pain [4]. Such chronic low back pain is a socially crucial problem and resolving it costs 

much [5]. 

Movement is a complex process in which the central processing system in the central 

nervous system integrates and processes information, which induces responses from the 

musculoskeletal system [6]. APAs are appearance of anticipated responses programmed 

in the central nervous system 7]. 

Due to delayed trunk muscle response time chronic low back pain patients experience 

reduction in cerebral cortex response [8] and postural adjustment capabilities compared 

to healthy people [9]. In particular, they undergo changes in APAs [10]. Existing 

exercise methods applied to low back pain patients have concentrated on strengthening 

their muscles and were not effective in improving muscle recruitment pattern or 

coordination[11]. Stabilization of the joints is increased by changes in mechanisms such 

as muscle strength, kinesthetic senses, and muscle tone [12]. Neurological changes were 

different between healthy people and chronic low back pain patients in the prefrontal 

cortex, the thalamus, and the orbitofrontal lobe [13]. Chronic low back pain patients' 

deficit in postural activity transforms the composition of the cerebral motor cortex [8] 

and triggers functional and morphological changes in the cerebral cortex  [14]. 

It is very important in exercise treatment that it reconditions the proprioceptive 

senses and improves muscle control ability in chronic low back pain patients.  

Sensorimotor training is a method to enhance sensory information on abnormal 

muscles, maximize sensory inputs in different parts of the body, and recover motor 

control ability [15]. In addition, abnormal posture, base of support, and stimuli are 

oriented toward the center of gravity through practice [16]. Such training was greatly 

helpful in improving motor performance and coordination relative to existing training 

methods [17].  

APAs involve supplementary motor area and primary motor area (M1) [18]. 

Activation of the cerebral cortex from these areas may be measured through MRCPs 

[19]. MRCPs are to record brain potentials extracted from EEG during voluntary 

movement tasks [20] and used as research related to pain of chronic low back pain 

patients [21]. Such MRCPs are composed of three stages: RP, MP, and MMP record 

highest in between -600ms and -500ms, between -100ms and 0ms, and between 0ms 

and 1s, respectively[22]. 

Healthy people's feedfoward is to send an order of motions from the neurological 

system to the trunk, activating the trunk muscles [10]. However, the time to activate the 

trunk muscles and activity differ in relation to APAs in chronic low back pain patients  

[23]. In order to compare differences in muscle control in APAs, EMG is used as a 

general method to measure onset time of each muscle [24]. The onset time of TrA 

contraction is delayed in chronic low back pain patients and therefore motor control of 

the trunk muscles is insufficient and the trunk muscles are not activated  [23]. It is 

important to examine differences between chronic low back pain patients and healthy 

people in treating the patients [10]. 

Accordingly, this study applied sensorimotor training to chronic low back pain 

patients, identified changes in the movement-related cerebral cortex, and looked at how 

such changes affected APAs. 
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2. Subjects and Methods 

 

2.1 Subjects 

The subjects of this study were seven healthy people and seven chronic low back pain 

patients. The healthy subjects were those who had not experienced low back pain for the 

recent six months. The criteria for inclusion as the chronic low back pain patients were: those 

whose low back pain sustained for at least 12 weeks; those who had no experience of a 

surgery on the lumbar region due to some orthopedic problem; those whose VAS score 

ranged from four to six points; those who had no severe deformity or fracture in the spine on 

the X-ray; those who had no sensory nerve system disorder, vestibular system disorder, 

neurological or respiratory system disease; those who did not take medication affecting the 

experiment; and those whose dominant side was the right side. Prior to participation in this 

study, all the subjects voluntarily consented. Data collection was initiated after approval by 

the Dongshin University Institutional Review Board was obtained. The characteristics of the 

subjects are shown in Table 1. 

Table 1. Characteristics of Study Participants 

Parameters GroupⅠ(n=7) GroupⅡ(n=7) 

Age (years) 31.71±6.55 35.00±5.60 

Sex (male/female) 3/4 4/3 

Height(㎝) 166.29±8.70 165.86±5.90 

Weight(㎏) 66.14±10.22 67.86±4.30 

BMI(kg/㎡) 20.38±5.92 22.69±3..68 

Pain duration (Month) - 10.75±5.21 

All data are expressed as means with standard deviation (SD). 

 

2.2. Methods 

The healthy subjects were assigned to the normal group I and the low back pain 

patients were allocated to the experimental group II. Sensorimotor training is to activate 

the trunk muscles and a wobble board was used. This training was to make the ground 

plane smaller from four points to three points and then to two points; A total of six 

exercises were designed for balance of the lumbar muscles and effective delivery of fast 

power [25]. Table 2 displays its specific exercise method. 
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Table 2. Sensorimotor Training Program 

Position Exercise methods 

Hollowing exercise Contract the abdominalmuscles, raising the center of movement 

toward the naval in aquadruped position. 

Single leg raising in the 

quadripedal position(Rt/Lt)  
 

Raise one leg and maintain it in aquadruped position and apply the 

same movement to the opposite leg. 

Contralateral arm & leg raising 

in the quadripedal position 

(Rt/Lt)  

Raise the opposite arm and leg simultaneously in a quadruped 

position and maintain them; apply the same movement to the 

opposite side.  

Abdominal bracing Flex the hip and knee joints at 90° in a supine position; throw out 

the lower abdomen during inhalation, and contract the lower 

abdomen during exhalation. 

Holding on the bridging position Apply so that the legs do not spreadapart in a bridging position. 

Single leg raising in the bridging 

position(Rt/Lt) 

Extend one leg in a bridging position, and raise and maintain it. 

Apply the same movement to the opposite side. 

 

Changes in MRCPs were measured during upper limb flexion using brain waves 

(QEEG-8; LXE3208, Laxtha Inc, Korea). According to the International 10-20 

system[26], the active electrodes were attached to six areas of the cerebral hemisphere 

CZ, C3, C4 ,FZ, F3, and F4 and the ground electrodes and the reference electrodes (A1and 

A2) were attached to the mastoid processes(Figure 1). 

 

             

Figure 1. The Illustration of the EEG Electrode Placement CZ, C3, C4, FZ, F3, F4 
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The sampling rate for signal collection and the bank pass filter were set at 256Hz and 

4 to 50Hz, respectively. In order to minimize skin resistance prior to attachment of the 

electrodes to the scalp, the scalp surface was washed with alcohol and the elect rodes 

were fixed on the scalp with electrode paste (Elefixz-401CE, Japan). Brain wave signals 

were collected by flexing the shoulder joint of the non-dominant side by 90 degrees as 

fast as possible in a standing position. In order to look at changes in act ivity after the 

training, RP, MP, and MMP of the MRCP were measured. In order to remove potentials 

of eye blinking and pupil movement that affect brain waves, a mark was made 2 meters 

away in front and the subjects stared at the mark. Using EMG (Pocket EMG, BTS co, 

Italy), onset time of movement related muscle contraction was also measured. The 

frequency bandwidth for signal collection was set at 20-500 Hz for analysis. The Ag-

Agcl electrodes were used with the distance between electrodes at 2m. In order to 

minimize skin resistance, the hair of the subjects was removed and the skin surface was 

washed with alcohol. International standardization anatomical and marks EMG position 

was referred to. The electrodes were attached on the DA, TrA, and EO (Figure 2). 

 

 

Figure 2. The Changes of Muscle Activites (TrA & EO) 

The measurement method was the same as the EEG. With the DA as the reference 

point, when contraction of the trunk muscles TrA and EO were initiated first, the value 

was minus, and when their contraction was initiated later, the value was plus. Each 

experiment was conducted three times. The subjects took a rest for one minute between 

measurements (Figure 3). 

 

 

Figure 3. Schematic Representation of the Time Windows used for the 
Extration of the MRCP Component from EEG Data and of APAs from EMGs 
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As a clinical scale to select patients and examine changes in their pain, VAS was 

used. Its precision was heightened by making the patients mark themselves[32]. 

Changes in pain may be expressed more sensitively in chronic pain than in acute pain  

[27]. 

 

2.3. Statistical Analysis 

For statistical analysis, SPSS 18.0 Window version was used. A paired t -test was 

conducted in order to analyze differences between prior to and after the exercise. One-

way ANOVA was carried out for each group's MRCP and onset time of muscle 

contraction. A statistical significance level was set at α=0.05.  

 

3. Results 

Changes in the six areas of MRCP (CZ, C3, C4, FZ, F3, and F4) during voluntary upper limb 

movements prior to and after sensorimotor training were analyzed. There were significant 

differences in CZ(p<0.05), C3(p<0.05), C4(p<0.001), FZ(p<0.001), and F3(p<0.001) in RP, 

CZ(p<0.01), C3(p<0.001), C4(p<0.001), and F4(p<0.05) in MP, and CZ(p<0.001), C3(p<0.001), 

C4(p<0.05), FZ(p<0.001), F3(p<0.001), and F4(p<0.001) in MMP (Table 3). 

Table 3. The Changes of MRCP 

  

Group Ⅰ Group Ⅱ 

Pre Post 

RP 
CZ -2.75±0.52 -4.34±2.28 -3.08±0.38* 

C3 -2.21±0.28 -4.04±1.89 -3.08±0.48*  

C4 -1.21±0.21 -3.46±0.22 -2.41±1.11***  

FZ -1.95±0.38 -4.90±0.40 -3.53±0.33***  

F3 -1.60±0.42 -4.69±0.47 -3.22±0.32***  

F4 -1.96±0.29 -4.19±2.31 -4.15±7.33 

MP 

CZ -7.38±0.58 -12.80±0.47 -9.55±4.75** 

C3 -5.94±0.48 -10.60±0.44 -8.77±0.58***  

C4 -5.18±2.33 -9.39±0.31 -7.50±0.60***  

FZ -4.15±0.42 -11.44±5.60 -7.82±6.00 
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F3 -3.26±0.43 -9.60±4.47 -8.52±0.72 

F4 -4.07±0.48 -7.13±7.84 -6.23±0.60*  

MMP 
CZ -12.50±0.82 -15.57±0.67 -12.60±0.34*** 

C3 -13.13±0.58 -14.90±0.55 -13.58±0.38***  

C4 -12.64±0.54 -15.25±0.48 -10.86±8.24* 

FZ -12.45±0.52 -16.02±0.52 -14.49±0.50*** 

F3 -9.32±0.35 -15.64±0.39 -13.12±1.25*** 

F4 -11.27±0.49 -17.06±0.70 -15.17±0.61***  

All Values showed mean±S.D. 

Group Ⅰ: Normal Group, GroupⅡ : Experimental Group 

Tested by paired t-test(
*
; p<.05 

**
p;<.01 

****
p;<.001) 

 

Changes in onset time of movement-related muscle contraction (CZ, C3, C4, FZ, F3, 

F4) during voluntary upper limb movements prior to and after sensorimotor training 

were analyzed and there were significant differences in TrA and EO (p<0.001)(Table 

4). 

Table 4. The Changes of Muscle Activites(TrA & EO) 

 

Group Ⅰ Group Ⅱ 

Pre Post 

DA 0 0 0 

TrA -0.75±3.40 67.64±6.76 4.90±5.39
*** 

 

EO 32.25±8.93 81.27±9.58
2)

 43.55±10.58
*** 

 

All Values showed mean±S.D. 

Group Ⅰ: Normal Group, Group Ⅱ: Experimental Group 

DA : Deltoid Anterior, TrA : Transversus Abdominis, EO : External Oblique 
Tested by paired t-test(

*
; p<.05 

**
p;<.01 

***
p;<.001) 

 

VAS, which shows changes in pain after sensorimotor training, was significantly 

different between prior to and after the training (p<0.05) (Table 5). 
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Table 5. Changes of VAS between in Each Groups 

 
                       GroupⅡ 

 
Pre Post 

VAS 5.36±0.75 3.86±0.90* 

All Values showed mean±S.D 

4. Discussion 

APAs trigger postural adjustments of the body in advance based on previous 

experiences [28]. In addition, learning makes movements memorized in the central 

nervous system and enables postural adjustments for movements [9]. However, when 

APAs are delayed, appropriate coordination and neural transmission in pain change 

[29]. In chronic low back pain patients, APAs occur late due to weakened upper limb, 

lower limb, and trunk muscles when they move [30]. They also have errors in making a 

posture again [31]. 

Lumbar exercise program is used much in the clinical field as a treatment method for 

chronic low back pain patients. Accordingly, this study had chronic low back pain 

patients carry out sensorimotor training. How voluntary upper extremity movements 

affected APAs was examined by looking at changes in MRCP and onset time of trunk 

muscle contraction. In addition, VAS was employed for clinical evaluation.  

MRCP is brain potential recorded on the scalp when voluntary movement occurs  

[32]. Research that used EEG on patients with chronic musculoskeletal system pain 

reported that there were functional changes in the brain and such changes were helpful 

in managing chronic pain [33]. Cz area is related to the primary motor cortex (M1) and 

takes charges of the hands mostly [34]. C3 and C4 are associated with the premotor 

cortex and play an important role in the stage of practicing movements.  [35]. FZ,F3, and 

F4 areas are related to the frontal lobe and concern planning, practicing, and evaluating 

behaviors and goal-directed motions[36]. MCRPs appear when voluntary movements 

activate the cerebral cortex and represent movement training responses while preparing 

and practicing movements [37]. RP includes auxiliary motor area and represents 

activity of the cerebral cortex while preparing movements [34]. MP occurs in the 

centrosphere related to the primary motor area [38]. Movements are planned and 

practiced; they are initiated before motions starts [39]. MMP inputs afferent senses in 

the peripheral [38] and movements occur finally in the spinal nerve [40]. 

This study examined changes in MRCP in the CZ, C3, C4, FZ, F3, and F4 areas by 

applying sensorimotor training. In MRCP, RP, MP, and MMP saw significant changes 

in the CZ, C3, C4, FZ, F3 areas, CZ, C3, C4, F4 areas, and CZ, C3, C4, FZ, F3, and F4 areas, 

respectively. There was movement-related cerebral cortex activity in the primary motor 

area (CZ), premotor area (C3 and C4), and prefrontal area (FZ, F3, and F4). MRCP when 

movements occurred were low in chronic low back pain patients. APAs were able to 

appear in chronic low back pain patients by increased activity of the cerebral cortex like 

healthy people. The parts that plan, practice, and evaluate movements played an 

important role in MRCP. After training for a short time period, amplitude of cerebral 

cortex neuron activation was low [37]. This means that increased brain activation 

during voluntary movements leads to rise in APAs. 
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Changes in trunk muscles occur in chronic back pain patients [9], and recently there 

has been a lot of interest in such changes [41]. Improvement in response speed by 

training trunk muscles recover muscle athropy, relieving and even preventing pain  [42]. 

In addition, enhancement of muscular activity during movements triggers effective 

movements [23]. EMG has been used for neurological insight into human behaviors 

[43]. Regarding onset time of muscle contraction, the order of onset time of specific 

muscles was calculated by measuring the time taken to reach the threshold of each 

muscle [44]. The onset time unit of muscle contraction consists of premotor reaction 

time, a stage prior to muscle contraction, and motor reaction time, a stage when muscle 

contraction occurs by actual movements [45]. 

This study examined changes in APAs in trunk muscles (the transversus abdominis 

muscle, TrA, external oblique abominal muscle, and EO). Onset time of movement -

related muscle contraction statistically significantly differed in the TrA and EO between 

prior to and after the experiment. This means that trunk muscles of chronic low back 

pain patients were delayed but their response time improved close to healthy people 

after sensorimotor training. TrA response time was shorter in healthy people than 

chronic low back pain patients during upper limb movements [46]. While the TrA 

moves faster than the DA in healthy people, TrA was delayed three times as late as the 

DA in chronic low back pain patients [47]. Response time of the EO became shorter 

after motor control of chronic low back pain patients [48]. Because trunk muscles of 

chronic low back pain patients were not activated, their response time was considerably 

delayed [47]. This shows that trunk muscles contribute to stability of balancing the 

body and the trunk maintains a stable posture against external stimuli. Further, onset 

time of muscle contraction of chronic low back pain patients became shorter after 

sensorimotor training; their trunk muscles grew strengthened. 

In the present study, VAS, which measures changes in pain, significantly changed 

after sensorimotor training. Such result is considered to show that sensorimotor training 

reduces pain. According to VAS evaluation result, sensorimotor training played an 

important role in controlling pain [49]. 

The present study result signified that sensorimotor training increased intermuscular 

adjustments, improving responses to sensory information [16]. Sensorimotor training 

was found to be conducive to enhancing postural adjustments of athletes, children, 

adults, and elderly people as well as patients [50]. Resultantly, sensorimotor training 

had APA effects in chronic low back pain patients' MRCP and muscle activity 

responses. 

Chronic low back pain affects muscle functions that plan and practice movements of 

the cerebral cortex apart from pain. Sensorimotor training changes cerebral cortex 

activity and onset time of muscle contraction, providing APAs and thereby improving 

pain and muscle functions. 
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