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Arm Flexion Influence on Muscle Reaction Time in Females with Active 

Myofascial Trigger Point  

 

Abstract  

Aim : To investigate arm flexion effect on reaction time in females with upper trapezius 

active myofascial trigger point (MTP). 

 

Methods: Fifteen women (aged 24.5± 2.7 years) with one active MTP in the upper 

trapezius and fifteen normal healthy women (aged 23.30± 1.6 years) participated in this 

study. Participants were asked to stand on the force platform for 10 seconds in an erect 

comfortable standing position. To investigate muscle reaction time, time interval of first 

stimulus presentation and muscle force generation onset were measured. The target 

muscles were anterior deltoid (AD), cervical Paraspinal (CP) lumbar Paraspinal (LP), 

upper trapezius (UT), sternocleidomastoid (SCM), medial head of gastrocnemius (GC). 

Participants were asked to flex their arms in response to a sound stimulus preceded by a 

warning sound stimulus.  

 

Results: There were significant differences in reaction and motor time (P < 0.001). 

There was no significant difference in premotor time. 

 

Conclusion: The present study showed that patients with active MTP needed more time 

to react to stimulus. Firstly, patients had less compatibility with environmental 

stimulations, and secondly, they responded to a specific stimulation with variability in 

Surface Electromyography (SEMG).  

 

Keywords: Myofascial Trigger Point, Surface Electromyography (SEMG), Reaction 

Time. 
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Introduction 

 

Mechanical pain is a general term referring to any type of back pain caused by placing 

abnormal stress and strain on muscles of the vertebral column. Typically, mechanical 

pain results from bad habits, such as poor posture, poorly-designed seating, and 

incorrect bending and lifting motions [1, 2]. An etiology of mechanical pain is not well 

understood, but the literature indicates that shoulder and cervical region myofascial 

trigger point (MTP) could be responsible for this category of mechanical pain [3]. MTP 

as a significant source of mechanical pain [1, 4] has a high prevalence among 

individuals with regional pain complaints [3]. The prevalence differs from 21 percent in 

patients perceived in general orthopedic clinics, to 30 percent in general medical clinic 

patients with regional pain and up to 85 - 93 percent of  patients in specialty pain 

management center [4].  

 The mechanism of adaptation to pain consists of alterations in motor cortex, excitability 

and organization [5]. Furthermore, it comprises of more complicated changes in sensory 

input and motor responses [6]. Changes in sensory function can deeply affect movement 

control of musculoskeletal system, especially in painful conditions [7, 8]. There are 

numerous studies about sensory changes following pain in shoulder[9], back[10] and 

cervical pain[11]. The changes include reduced sensory perception[12], increased 

repositioning errors[13], reduced responsiveness to sensory input[14], and restructuring 

of the somatosensory areas of the motor cortex[15, 16]. These studies indicate that pain 

induces changes in Central Nervous System (CNS), which possibly leads to complex 

changes in movement and postural control mechanism.  

 

Reaction time includes two critical phases: the premotor time and motor time [17]. The 

premotor time is defined as the time between exhibition of a stimulus and the first 

noticeable muscle activity, incorporating perception, decision making, information 

processing and transfer [17, 18].The motor time which is also called electromechanical 

delay is defined as the time between muscle activity onset and force generation [17]. It is 

related to the rate of muscle force production and is also as an indirect amount of 

muscle–tendon unit stiffness [19].  
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As there is no published paper about effects of MTP on muscle reaction time, the aim of 

the present study was to investigate the effects of arm flexion on reaction time of 

muscles in females with active myofascial trigger point. Our primary hypothesis claims 

that MTP can affect the muscle reaction time. The secondary hypothesis is increasing 

the reaction time due to pain. 

 

 

Methods 

Subjects 

This study is an original research. A convenience sample of fifteen women(aged 24.5± 

2.7 years) with one MTP accessible in upper trapezius muscle together with fifteen 

matching healthy control women(aged 23.30± 1.6 years) were recruited.  

The subjects were found to be suitable for participation in this study due to a good match 

with the inclusion and exclusion criteria (table 1 and 2) [20]. The subjects were 

requested to sign the consent form approved by Tehran University of Medical Sciences 

ethics committee. The approval number was 92/D/130/297. 

 

 

Table 1: Inclusion Criteria. 

- Presence of a palpable taut band. 

- Local twitch response activated by snapping palpation of the taut band. 

- Presence of at least one hypersensitive tender point in response to 25 newton pressure on taut 

band. 

- Spontaneous referral pain pattern[21, 22]. 

- Visual Analogue Scale (VAS) is two or three centimeters during the experiment period. 

 

A MTP was considered  as active if all of the aforesaid criteria were present [22]. 
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Table2: Exclusion criteria 

 

- Severe postural disorders in clinical assessment. 

-  History of epilepsy, depression, migraine, and other mental health disorders. 

-  History of surgery in the shoulder and cervical area during the past six months prior to these tests. 

-  Treatment of trigger point in the past month prior to experiment. 

-  Sign of headache, dizziness, squint, and nausea during the movement or in positions. 

-  Clinical symptom of osteoarthritis and radiculopathy of cervical area and upper limb. 

-  Sign of fibromyalgia. 

-  Temporomandibular joint (TMJ) disorder in clinical assessment.  

-  Caffeine consumption on the test day. 

-  Participant in the menstrual cycle.  

-  Lack of appropriate report of SEMG.  

-  Lack of cooperation because of pain and exhaustion. 

 

 

Equipment 

SEMG 

SEMG equipment (Biometric Ltd, UK) with sampling rate: 1000Hz, Band pass filtered: 

20-450Hz and sensitivity: 100µv/div was used in this study. Placement of the electrodes 

followed the guideline of SENIAM: anterior deltoid (AD), lumbar paraspinal (LP) at the 

level of the iliac crest, upper trapezius (UT) at the midway between acromioclavicular 

joint and C7, and the medial head of gastrocnemius (GC) [23-25]. Cervical Paraspinal 

(CP) at the level of the C4 [26, 27] and sternocleidomastoid (SCM) a third of the 

distance from sternal notch to mastoid processes [26-29]. Surface electrodes( Biometrics 

Ltd, UK) were set at fixed positions on shaved and cleansed skin [24].They were 

mounted in bipolar pattern and were allied along the major axis of the muscle with a 2 

centimeters inter-electrode distance. All recordings were made of the involved side in 

the MTP group, and from dominant hand in the control group. Both groups were 

matched in terms of dominant hand. 

 

 

Procedure 

At the first stage, participants maintained upright on force platform (BertecColumbus, 

Ohio, USA) for 10 seconds in an erect comfortable standing position with feet 10 

centimeter apart. The Force platform only was utilized for monitoring center of foot 
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pressure (CFPy) displacement[24]. The test was started as soon as CFPy displacement 

was around ±1 centimeter[24]. 

In the next step, participants were asked to stand in front of the designed system for 

weight lifting. Subject’s shoulder was flexed to 60 degrees[23], elbow was positioned 

extended and pronated. Weight set at 2% of body weight was hung from lower section 

of system.[23, 24]. A sensor was designed to examine the movement initiation. As soon 

as the weight was lifted off the sensor, a trigger was recorded by SEMG signal. Range of 

arm motion was calculated using the first height of the hands to shoulder height [24] 

(Fig. 1). 

 

Fig. 1: Experimental Setup 

A = Weight Site 

B = Onset Trigger or 60 Degree Sensor (Black Plate) 

C = Offset or 90 Degree Sensor (Black Plate) 
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Two different tones were used as warning stimulus (S1) and response stimulus (S2). The 

interval between stimuli fixed at two seconds, was introduced as preparatory period. The 

duration and frequency of auditory stimulus were equal to 100 milliseconds and 2 kHz, 

respectively. Intensity was set at 50 dB higher than hearing threshold [23, 24]. 

 

Following three seconds quiet standing, S1 was presented followed by S2 after two 

seconds. Participants were asked to flex their shoulder as fast as conceivable to 

minimize the response time to onset of S2, stopping hand at shoulder level. This position 

was then held for three seconds. Speed of movement was accentuated over 

precision[23]. In order to record and quantify the speed, a sensor was placed on 

participant’s shoulder. The initial position of the sensor was at 60 degrees shoulder 

flexion. It was shown by an event marker on SEMG signal. After the shoulder was 

flexed to 90 degrees, end range of motion was detected by an external sensor in 

synchronized with SEMG after ten repetitions. 

 

Analysis and Interpretation of Data 

SEMG Analysis  

Following signal filtering, Root Mean Square (RMS) values were calculated. Average 

amplitude of baseline activation was calculated based on 500 milliseconds before S1. 

Afterwards, the average amplitude of baseline activity plus 3 standard deviations(SD) 

were used as activity threshold to determine the onset of muscle activation[30]. All 

stages were performed by data log software and finally the SEMG output data consisted 

of onset of preparatory muscle activity. 

The interval between S2 and onset of motion was considered as the reaction time. It was 

motion onset that calculated based on the triggering signal synchronized with SEMG 

signal. This variable also included premotor time (interval between S2 and onset of 

muscle electrical activity). 

 Statistical Analysis 

A Kolmogorov-Smirnov (K-S) test was used to determine the normal distribution of 

each variable.    

Independent t- test was used to investigate the matching accuracy of demographic 

criteria and to compare the variables between two groups. The confidence level was set 
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at α < 0.05 for statistical significance. All statistical calculations were accomplished by 

SPSS statistical software, version 17.0. 

 

Results 

 

No statistical difference was found between two groups for mean age, weight, and 

height. In other words, participants were matched. Anthropometric characteristics of 

participants are listed in table 3. 

 

Table 3: Anthropometric characteristics of participations in the control group (N=15) and MTP group 
(N=15)(mean ± SD) 
 
Group            N    Age(y) Weight (Kg) Height (cm) 

Control           15 

MTP               15 

23.30± 1.6 

24.5± 2.7 

56.53± 6.2 

57.5± 5.47 

164.76± 6.45 

163.35± 5.4 

 

 

K-S test result was not significant for all variables. Therefore, all variables were 

assumed as normal, and a parametric t-test could be used.  

 

1. Premotor Time 

There was no significant difference in premotor time in all muscles. Independent t-test 

results of SEMG premotor times are presented in Table 4. 

 

Table4. Results of Premotor Time. (N=15) (Mean± SD) 
 

 

Variables 

Control group 

(mean± SD) 

MTP group 

(mean± SD) 

                                                  

P- Value 

(T-test) 

Pre motor time(AD) 

Pre motor time(CP) 

Pre motor time(LP) 

Pre motor time(UT1) 

Pre motor time(UT2) 

Pre motor time(SCM) 

Pre motor time(GC) 

211.33±40.48 

219.85±59.13 

235.47±42.13 

132.31±44.22 

234.45±59.46 

179.90±59.45 

169.97±81.21 

256.79±144.46 

240.77±87.32 

235.31±77.77 

175.75±117.35 

271.46±130.84 

202.08±125.39 

245.245±110.30 

0.259 

0.460 

0.454 

0.198 

0.333 

0.545 

0.193 



8 
 

 

Anterior Deltoid (AD), Cervical Paraspinal (CP), Lumbar Paraspinal (LP), Upper Trapezius (UT), 

Sternocleidomastoid (SCM), Gastrocnemius (GC). 

- Upper trapezius1 was considered as the upper trapezius with MTP in patient group and as a 

dominant upper trapezius in control group. 

- Upper trapezius2 was considered as the upper trapezius without MTP in patient group and as a 

non-dominant upper trapezius in control group.   

 

 

2. Motor Time 

Except gastrocnemius, motor time in all muscles showed significant values (P < 0.05). 

Independent t-test results of SEMG motor times are presented in Fig. 3.  

 

 

 
Fig. 3: Means and standard deviations of SEMG motor time. Asterisk indicates significant difference 

 (P < 0.05).  
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- Upper trapezius1 was considered as the upper trapezius with MTP in patient group and as a 

dominant upper trapezius in control group. 

- Upper trapezius2 was considered as the upper trapezius without MTP in patient group and as a 

non-dominant upper trapezius in control group.   

 

 

3. Reaction Time 

There was significant difference in reaction time between two groups (P < 0.05).  

 

 

 

Discussion  

 

Results of premotor muscle time as one of the variables indicated no significant 

difference between MTP and healthy control groups. However, the premotor times 

defined as the incorporating perception, decision making, information processing and 

transfer [17], were increased in MTP group. Absence of meaningful difference in this 

parameter between two groups may be due to lack of enough information in receiving 

and processing [17, 18, 31].   

Movement time as a variable relating to muscle force production rate was also 

considered as an indirect measure of muscle–tendon unit stiffness [19]. 

 In this study,  time of movement showed an increasing trend in patients’ group, which 

was in agreement with variations in arousal level of CNS, growth in CNS parameters 

and response stimulus[32]. It could be claimed that patients with high irritability may 

had encountered higher inputs causing an increase in motor response and movement 

time [2, 32]. The first reasoning for abnormal response to peripheral stimulation could 

be attributed to disturbance in information processing. It was verified that the patients 

with trigger points had disorders in motor control at level of limbic system, especially at 

planning level[33]. Muscle reaction time showed an increasing trend in patients’ group. 

This increase could be attributed to neuromuscular control reduction in this group. 

The probable reason for such a reduction may be cervical muscle tone increase due to 

trigger point [2, 4, 32]. Moreover, the reported increase of sympathetic response in 

patients with trigger point [32, 34, 35] could be due to cutaneous afferent input increase 
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which finally affects gamma fusimotor in muscle spindle and cervical proprioception [1, 

32, 36]. 

Most studies had examined the low back pain effect on reaction time and on the other 

hand, there was no published paper in our study subject. Therefore, we had to use low 

back studies for comparison. Jacobs et al. investigated the low back pain (LBP) 

associated with altered postural stabilization and concomitant changes in the 

cerebrocortical motor physiology.  They showed that cerebrocortical activity altered 

prior to arm movements requires anticipatory postural adjustment for individuals with 

chronic LBP. The results demonstrated that the participants with LBP exhibited a 

significant difference in their onset latencies of their contralateral erectrospinal muscle, 

which was not evident from the participants without LBP. In our study, increasing 

reaction time due to pain was in agreement with Jacobs et al, findings [37, 38]. 

Tsoa [39], considered reorganization of the motor cortex that associated with postural 

control deficits in recurrent LBP. They observed, when LBP individuals moved their 

arm rapidly into flexion, activation of  transverses abdominal SEMG was significantly 

delayed compared to the healthy individuals[39]. Despite differences in nature and 

causes of back and neck pain, it could be claimed that pain could change the muscle 

reaction time.  

In general, in MTP patients after each stimulus, more time was needed for CNS to 

accept the new stimulus. The process of hyperactivity in control center led to lack of 

self- regulation which finally resulted in the application of an unusual muscular pattern 

or different co-activation [32, 40]. This behavior could undoubtedly affect the 

parameters of reaction and movement control [37, 41]. This could be regarded as one of 

the most important results in this study. In other words, following each particular 

stimulus, individuals could be expected to respond correctly. However, it took long time 

for CNS to react; consequently the extent of coincidence declined. This occurrence was 

because of reducing control system habituation after applying a specific motor command 

[37, 41]. In other words involvement of more source of attention will lead to abundant 

degree of freedom [8, 42, 43]. So, degree of freedom increase could cause variation of 

muscular behavior and reaction time[42]. 
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Study Limitations 

 

This study was only carried out on female participants and the sample size was small. 

Therefore, the results from this study cannot be extrapolated to males. 

 

Conclusion 

 

Firstly, patients had less compatibility with environmental stimulations, and secondly, 

they responded to a specific stimulation with many degrees of freedom and variability in 

SEMG. According to the results of this study, it can be concluded that use of motor 

control techniques in this type of patients might be useful. 

 

Suggestion for future studies 

 

Performing new research in both sexes and considering another muscle is proposed. 

Besides, investigating the parts of brain with electroencephalography (EEG) or 

Contingent Negative Variation (CNV) synchronized with SEMG in MTP groups is 

proposed. 

 

Conflicts of Interest 

 

The authors have no conflict of interest to disclose. 

 

Acknowledgment 

 

This study was supported by Tehran University of Medical Sciences (TUMS). The 

authors would like to appreciate assistance of the faculty of rehabilitation in TUMS and 

school of rehabilitation in Iran University Medical Science (IUMS). We would like to 

thank Dr. Anita Emrani and Professor Shpaour Jaberzadeh for editing the manuscript.   

 

 

 

 

 



12 
 

References 

[1] C. Fernandez-de-Las-Penas, D. Simons, M. L. Cuadrado et al., “The role of myofascial trigger 

points in musculoskeletal pain syndromes of the head and neck,” Curr Pain Headache Rep, vol. 

11, no. 5, pp. 365-72, Oct, 2007. 

[2] D. G. Simons, “Review of enigmatic MTrPs as a common cause of enigmatic musculoskeletal 

pain and dysfunction,” J Electromyogr Kinesiol, vol. 14, no. 1, pp. 95-107, Feb, 2004. 

[3] J. Fernandez-Carnero, C. Fernandez-de-Las-Penas, A. I. de la Llave-Rincon et al., “Prevalence of 

and referred pain from myofascial trigger points in the forearm muscles in patients with lateral 

epicondylalgia,” Clin J Pain, vol. 23, no. 4, pp. 353-60, May, 2007. 

[4] J. Borg-Stein, and D. G. Simons, “Focused review: myofascial pain,” Arch Phys Med Rehabil, 

vol. 83, no. 3 Suppl 1, pp. S40-7, S48-9, Mar, 2002. 

[5] C. Maihofner, R. Baron, R. DeCol et al., “The motor system shows adaptive changes in complex 

regional pain syndrome,” Brain, vol. 130, no. Pt 10, pp. 2671-87, Oct, 2007. 

[6] P. W. Hodges, and G. L. Moseley, “Pain and motor control of the lumbopelvic region: effect and 

possible mechanisms,” J Electromyogr Kinesiol, vol. 13, no. 4, pp. 361-70, Aug, 2003. 

[7] S. H. Bae, J. H. Lee, K. A. Oh et al., “The effects of kinesio taping on potential in chronic low 

back pain patients anticipatory postural control and cerebral cortex,” J Phys Ther Sci, vol. 25, no. 

11, pp. 1367-71, Nov, 2013. 

[8] S. M. Schabrun, E. Jones, J. Kloster et al., “Temporal association between changes in primary 

sensory cortex and corticomotor output during muscle pain,” Neuroscience, vol. 235, pp. 159-64, 

Apr 3, 2013. 

[9] J. J. Warner, S. Lephart, and F. H. Fu, “Role of proprioception in pathoetiology of shoulder 

instability,” Clin Orthop Relat Res, no. 330, pp. 35-9, Sep, 1996. 

[10] K. L. Newcomer, E. R. Laskowski, B. Yu et al., “Differences in repositioning error among 

patients with low back pain compared with control subjects,” Spine (Phila Pa 1976), vol. 25, no. 

19, pp. 2488-93, Oct 1, 2000. 

[11] J. Treleaven, G. Jull, and N. LowChoy, “The relationship of cervical joint position error to 

balance and eye movement disturbances in persistent whiplash,” Man Ther, vol. 11, no. 2, pp. 99-

106, May, 2006. 

[12] L. Sharma, and Y. C. Pai, “Impaired proprioception and osteoarthritis,” Curr Opin Rheumatol, 

vol. 9, no. 3, pp. 253-8, May, 1997. 

[13] S. Brumagne, R. Lysens, and A. Spaepen, “Lumbosacral position sense during pelvic tilting in 

men and women without low back pain: test development and reliability assessment,” J Orthop 

Sports Phys Ther, vol. 29, no. 6, pp. 345-51, Jun, 1999. 

[14] S. Brumagne, P. Cordo, and S. Verschueren, “Proprioceptive weighting changes in persons with 

low back pain and elderly persons during upright standing,” Neurosci Lett, vol. 366, no. 1, pp. 

63-6, Aug 5, 2004. 

[15] K. Plattner, M. I. Lambert, N. Tam et al., “Changes in cortical beta activity related to a biceps 

brachii movement task while experiencing exercise induced muscle damage,” Physiol Behav, vol. 

123, pp. 1-10, Jan 17, 2013. 



13 
 

[16] H. Flor, C. Braun, T. Elbert et al., “Extensive reorganization of primary somatosensory cortex in 

chronic back pain patients,” Neurosci Lett, vol. 224, no. 1, pp. 5-8, Mar 7, 1997. 

[17] F. Ayala, M. De Ste Croix, P. Sainz de Baranda et al., “Inter-session reliability and sex-related 

differences in hamstrings total reaction time, pre-motor time and motor time during eccentric 

isokinetic contractions in recreational athlete,” J Electromyogr Kinesiol, vol. 24, no. 2, pp. 200-6, 

Apr, 2014. 

[18] L. F. Crozara, M. H. Morcelli, N. R. Marques et al., “Motor readiness and joint torque production 

in lower limbs of older women fallers and non-fallers,” J Electromyogr Kinesiol, vol. 23, no. 5, 

pp. 1131-8, Oct, 2013. 

[19] J. T. Blackburn, D. R. Bell, M. F. Norcross et al., “Sex comparison of hamstring structural and 

material properties,” Clin Biomech (Bristol, Avon), vol. 24, no. 1, pp. 65-70, Jan, 2009. 

[20] K. Fujiwara, H. Toyama, and K. Kunita, “Anticipatory activation of postural muscles associated 

with bilateral arm flexion in subjects with different quiet standing positions,” Gait Posture, vol. 

17, no. 3, pp. 254-63, Jun, 2003. 

[21] J. Sarrafzadeh, A. Ahmadi, and M. Yassin, “The Effects of Pressure Release, Phonophoresis of 

Hydrocortisone, and Ultrasound on Upper Trapezius Latent Myofascial Trigger Point,” Archives 

of Physical Medicine and Rehabilitation, vol. 93, no. 1, pp. 72-77, 2012. 

[22] C. Fernandez de las Penas, C. Alonso-Blanco, J. Fernandez et al., “The immediate effect of 

ischemic compression technique and transverse friction massage on tenderness of active and 

latent myofascial trigger points: A pilot study ” Journal of Bodywork and Movement Therapies, 

vol. 10, no. 1, pp. 3-9, 2006. 

[23] K. Maeda, and K. Fujiwara, “Effects of preparatory period on anticipatory postural control and 

contingent negative variation associated with rapid arm movement in standing posture,” Gait 

Posture, vol. 25, no. 1, pp. 78-85, Jan, 2007. 

[24] K. Fujiwara, H. Tomita, K. Maeda et al., “Effects of neck flexion on contingent negative 

variation and anticipatory postural control during arm movement while standing,” J 

Electromyogr Kinesiol, vol. 19, no. 1, pp. 113-21, Feb, 2009. 

[25] A. Malone, D. Meldrum, J. Gleeson et al., “Reliability of surface electromyography timing 

parameters in gait in cervical spondylotic myelopathy,” J Electromyogr Kinesiol, vol. 21, no. 6, 

pp. 1004-10, Dec, 2011. 

[26] V. Florimond, Basics of SURFACE ELECTROMYOGRAPHY Applied to Physical Rehabilitation 

and Biomechanics, Belgrave Avenue, Montreal: Thought Technology LtdThought, 2009. 

[27] P. Konrad, The ABC of EMG A Practical Introduction to Kinesiological Electromyography, 

USA: Noraxon INC 2005. 

[28] M. Thuresson, B. Ang, J. Linder et al., “Intra-rater reliability of electromyographic recordings 

and subjective evaluation of neck muscle fatigue among helicopter pilots,” J Electromyogr 

Kinesiol, vol. 15, no. 3, pp. 323-31, Jun, 2005. 

[29] C. E. Stepp, J. T. Heaton, R. G. Rolland et al., “Neck and Face Surface Electromyography for 

Prosthetic Voice Control After Total Laryngectomy,” IEEE TRANSACTIONS ON NEURAL 

SYSTEMS AND REHABILITATION ENGINEERING, vol. 17, no. 2, pp. 146-55, 2009. 



14 
 

[30] L. Silva, S. Marta, J. Vaz et al., “Trunk muscle activation during golf swing: Baseline and 

threshold,” J Electromyogr Kinesiol, vol. 23, no. 5, pp. 1174-82, Oct, 2013. 

[31] M. C. Rosa, A. Marques, S. Demain et al., “Methodologies to assess muscle co-contraction 

during gait in people with neurological impairment - a systematic literature review,” J 

Electromyogr Kinesiol, vol. 24, no. 2, pp. 179-91, Apr. 

[32] D. G. Simons, “New views of myofascial trigger points: etiology and diagnosis,” Arch Phys Med 

Rehabil, vol. 89, no. 1, pp. 157-9, Jan, 2008. 

[33] J. P. Shah, N. Thaker, J. Heimur et al., “Myofascial Trigger Points Then and Now: A Historical 

and Scientific Perspective,” PM R, Feb 24, 2015. 

[34] J. W. Chung, R. Ohrbach, and W. D. McCall, Jr., “Effect of increased sympathetic activity on 

electrical activity from myofascial painful areas,” Am J Phys Med Rehabil, vol. 83, no. 11, pp. 

842-50, Nov, 2004. 

[35] J. W. Chung, R. Ohrbach, and W. D. McCall, Jr., “Characteristics of electrical activity in 

trapezius muscles with myofascial pain,” Clin Neurophysiol, vol. 117, no. 11, pp. 2459-66, Nov, 

2006. 

[36] C. Fernandez-de-las-Penas, M. L. Cuadrado, L. Arendt-Nielsen et al., “Myofascial trigger points 

and sensitization: an updated pain model for tension-type headache,” Cephalalgia, vol. 27, no. 5, 

pp. 383-93, May, 2007. 

[37] J. V. Jacobs, S. M. Henry, S. L. Jones et al., “A history of low back pain associates with altered 

electromyographic activation patterns in response to perturbations of standing balance,” J 

Neurophysiol, vol. 106, no. 5, pp. 2506-14, Nov, 2011. 

[38] J. V. Jacobs, C. Yaguchi, C. Kaida et al., “Effects of experimentally induced low back pain on 

the sit-to-stand movement and electroencephalographic contingent negative variation,” Exp Brain 

Res, vol. 215, no. 2, pp. 123-34, Nov, 2011. 

[39] H. Tsao, and P. W. Hodges, “Persistence of improvements in postural strategies following motor 

control training in people with recurrent low back pain,” J Electromyogr Kinesiol, vol. 18, no. 4, 

pp. 559-67, Aug, 2008. 

[40] C. Z. Hong, and D. G. Simons, “Pathophysiologic and electrophysiologic mechanisms of 

myofascial trigger points,” Arch Phys Med Rehabil, vol. 79, no. 7, pp. 863-72, Jul, 1998. 

[41] J. V. Jacobs, S. M. Henry, and K. J. Nagle, “People with chronic low back pain exhibit decreased 

variability in the timing of their anticipatory postural adjustments,” Behav Neurosci, vol. 123, no. 

2, pp. 455-8, Apr, 2009. 

[42] J. Zhang, R. Chen, Y. Wu et al., “An EMG study on characteristics of premotor and motor 

components in an agility reaction time test on athletes,” J Sports Med Phys Fitness, vol. 53, no. 5, 

pp. 566-72, Oct, 2013. 

[43] F. Di Pietro, J. H. McAuley, L. Parkitny et al., “Primary motor cortex function in complex 

regional pain syndrome: a systematic review and meta-analysis,” J Pain, vol. 14, no. 11, pp. 

1270-88, Nov, 2013. 

 

 

 



15 
 

 

 


