Neck position accuracy, kinesthesia, kinematic impairment, motor control and pain: a randomized control trial study in patients with upper trapezius muscle trigger point before and after fatigue
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About 85% of the general population is affected by myofascial pain syndrome (MPS), a common type of non-articular chronic pain, often resulting to disability and inability to work. In cases of MPS, pain originates from the myofascial trigger points (MTrPs) which are hyper-irritable spots found in taut bands of skeletal muscle. 
Patients are also concerned with latent MTrPs, since their presence causes a marked restriction in the range of motion, muscle fatigue and muscle weakness.
When fatigue is induced by voluntary contractions, compensatory postural strategies are triggered to counteract or limit the disturbance to postural control. The central contribution privileges certain sensory information, neglects and/or compensates other information and improves the motor output of postural control by developing motor strategies.
Fatigue of the neck musculature has been shown to alter the upper limb proprioception, motor patterns, and kinematics.
The objective of this work was to investigate the cervical position sense and EMG responses of cervical muscles during head reposition movements in students with and without an upper trapezius muscle trigger point. 

Methods
Subjects
Forty-six right handed subjects [mean (SD) age, 28.04 (3.2) years, body mass index 21.33 (1.65), height 167.03 (11.65) cm, weight 63.01 (8.7) kg] without upper extremity disorders took part in this study. 
Ethics Committee number IR.TUMS.VCR.REC 1395.803; 2016/10/22 and all subjects signed an informed consent form prior to their inclusion. IRCT number was IRCT2017011426346N2.
Among the patients diagnosed with neck pain and referred to the physical therapy clinic of Tehran University of Medical Sciences, undergraduates were selected for the study.  

The outcomes of the research are as follows:  
· PPT
· VAS
· Kinesthesia
· Biomechanics
· Movement acuity
· gender

Experimental procedures
The evaluations were performed with the patient seated comfortably in a chair with both feet flat on the digital balance, hips and knees flexed at 90°, buttocks positioned against the back of the chair and treated shoulder unclothed.
Volunteers were asked to sit on a chair in an upright position with relaxed arms positioned at the sides of their body.
The head was kept in the same position as the trunk and the vertebral column. During the test, the subjects were asked to look forward with no cervical and trunk rotation, extension or flexion. Such was the position of the subjects.
Fatigue protocol
Prior to the fatigue test, the maximal voluntary contraction (MVC) was measured three times. Each test lasted for about 10 s and an interval of 20 s was maintained between tests. Calculation of the submaximal level, at 80% of the MVC, was performed using the highest value obtained. Two minutes after performing the last MVC test, the fatigue test was conducted. The procedure included isometric contractions of the upper trapezius muscle on the subject's dominant side. While performing the experiment, the subjects sat on a chair with adjustable height. Force sensors were positioned on both shoulders, until it just touched the acromion. This was done when the subjects were sitting in a relaxed position with the arms hanging on the body. While maintaining the contractions of the trapezius, a shoulder elevation was performed by the subjects against the force transducers, with the arms hanging passively along the body. A force gauge (5020 model, Taiwan) was used for force measurement while recording with a PC (sampling rate 100 Hz). Measurement was initiated with a maximum voluntary contraction force (MVC) of the trapezius. Here, the subjects managed to conduct a dominant shoulder elevation against the force transducer, using as much force as possible and for a period of at least 10 seconds. The experimental protocol was repeated three times with 20 s breaks. The MVC was regarded as the highest force value. After observing a 5 min break, a sustained submaximal contraction of the trapezius was performed. The subjects maintained a unilateral 80% MVC isometric shoulder elevation, until the force gauge monitor displayed 50% MVC in at least 3 min. The feedback of the force level was provided. At the point of initiation and after each minute of contraction, the perceived exertion was rated. During the MVC and sustained contractions, the force and EMG signals were recorded.
The subjects received strong verbal encouragement during the MVC and the fatigue test. Although no subjective assessment of fatigue was made, the subjects showed exhaustion at the end of the protocol.
The force level corresponding to 80% of the MVC was chosen because the protocol aimed to trigger muscle fatigue. 
Statistical analysis
The SPSS 16.0 software was used for data analysis. 
Results
To evaluate the amount of force and time to fatigue, two sample t tests for data with unequal variances were calculated. Descriptive data based on categories (healthy and patient) and fatigue (before and after) are shown in the figure. 
The study showed an improvement in repositioning error in neck, but it's not significant. Fatigue also can improve kinesthesia in both groups, but it was insignificant. P>0.005
At baseline, the control group was significantly better at reproducing the neck target angle. The trigger point group absolute and relative errors significantly improved after the cervical adjustments, but we show a significant overall effect in variable error. Tables 1 to 4 shows the result effects.
Discussion
Joint position sense error
Different receptors convey each somatosensory information which includes pain, temperature, and tactile sensations as well as conscious proprioception. The position sense test measures the accuracy of position replication and can be conducted actively (active position sense) or passively (passive position sense) in both open and closed kinetic chain positions.
Furthermore, it was suggested that the position sense decreased even if the shortening muscle during the position sense measurement involved muscle fatigue. 
It ensures that the increase in JPS was really as a result of fatigue. In the absence of fatigue, there could be further improvement or no change in JPS. These findings support the hypothesis that the accuracy of the upper limb position sense can be reduced by fatigue of the neck muscle. 
The muscle spindles and Golgi tendon organs within the muscles crossing the joint generate the awareness of joint position. Compared to muscle tissues, joint tissues are less affected by fatigue. Researchers have shown that a decline in the ability to duplicate joint angles occur after exhaustive exercises. This is consequent upon a decrease in the performance of a muscle spindle.
Kinesthesia
Disturbances of the kinesthesia can have an adverse effect on daily, occupational, and sports activities. To date, joint repositioning error (JRE) has been studied as a quantitative measure of kinesthesia in three different test procedures.
It has been reported that recurrent episodes of neck pain induce changes in the function of the cervical mechanoreceptor. The neck pain also alters the muscle spindle sensitivity. There could be an offset in the egocentric reference frame as a result of the modified interpretation of neck proprioceptive signals in the central nervous system. The modified interpretation of the neck proprioceptive signals could also interfere with the central control over the activation of muscles.
In a subsequent study, the lumbar extensor muscles were fatigued. 
Motor control
As a result of having only one local muscle fatigue, there was no significant difference for the motor control. In motor control, it is very important to coordinate different moving effectors. 
Consequent upon the presence of alterations in the neck motor control, subclinical neck pain may reduce an individual's ability to adapt to CEM fatigue. Cervical motor control is affected by chronic neck pain. The present study has suggested that scapular and humeral motor control are also affected.
The postural performance remained unchanged and was quantified by center of pressure-related variables. During posture-movement coordination tasks (which fatigued postural muscles), adaptations to muscle fatigue were observed. Several sensory receptors are present in the neck muscles. Most of these receptors are present in the deep sections of the sub-occipital muscles. 
PPT and VAS
The results of the present study showed that the fatigue of TrPs significantly improved the range of motion (ROM) of the thoracolumbar spine, PPT, and VAS when compared to compression at non-TrP.
Interestingly, the PPT measures increased in both groups, but significantly more in the patient group. The deep muscles of the neck are very rich in proprioceptors and seem to play a relevant role in cervical joint position sense, but their function is impaired in the presence of both experimental and clinical pain. 
In addition, central sensitization (as suggested by the PPTs and other findings of the present study discussed in the previous paragraph), is believed to be associated with reorganization of the somatosensory cortex in chronic pain syndromes, including changes in the cortical representation of painful body sites. This disruption of the body map may also influence proprioception. Based on the results of the present study, pain characteristics seem unrelated to joint position error, which is in line with studies in adults.
Few authors analyzed the impact of cervical pain intensity, symptoms duration and disability on the proprioceptive system. 
Consequently, the most plausible explanation of the impact of cervical pain is suggested to be an alteration of proprioceptive sensitivity. On the other hand, pain level did not seem to alter the data obtained for repositioning. This observation may be related to the comparable neck disability scores found between subgroups regardless of the VAS pain level. Nevertheless, the sample size of the several subgroups could be questioned.
Conclusion
In general, the results of the included studies give an equivocal answer to the question of whether the JPSE is higher in people with cervical spine lesions caused by trauma and/or non-traumatic neck complaints than in controls.
Neck pain and myofascial trigger point alter cervical kinematics probably due to altered timing. As hypothesized, fatigue impacted cervical kinematics more in healthy participants, possibly because altered neck motor control in patients meant that this group was less able to compensate further in response to neck muscle fatigue. Significant increases in PPT were observed following fatigue applied to the pre-determined MTrP, but no significant change was demonstrated in the sham control group. During application of sustained isometric contraction, the local MTrP tenderness decreased and this appeared to be due to a change in tissue sensitivity rather than an unintentional release of pressure by the practitioner. Fatigue appeared to be an effective therapy for MTrPs in the upper trapezius.
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Table 1 shows the before and after intervention effects.
	Dependent Variable
	Group
	Mean
	Lower band
	Upper Band
	Dependent Variable
	Fatigue
	Mean
	Lower Band
	Upper Band

	PPT
	healthy
	4.728
	4.399
	5.056
	PPT
	Before
	3.117
	2.789
	3.446

	
	patient
	3.075
	2.746
	3.404
	
	After
	4.685
	4.356
	5.014

	VAS
	healthy
	3.630
	1.331
	5.930
	VAS
	Before
	20.196
	17.896
	22.495

	
	patient
	29.000
	26.700
	31.300
	
	After
	12.435
	10.135
	14.734

	Mean Lat. F
	healthy
	44.110
	46.705
	41.515
	Mean Lat. F
	Before
	40.897
	43.491
	38.302

	
	patient
	43.712
	46.306
	41.117
	
	After
	46.925
	49.520
	44.330

	Mean Fle
	healthy
	0.226
	-0.906
	0.453
	Mean Fle
	Before
	0.147
	-0.826
	0.532

	
	patient
	0.162
	-0.841
	0.517
	
	After
	0.242
	-0.921
	0.437

	Mean Rot
	healthy
	0.361
	-0.312
	1.034
	Mean Rot
	Before
	0.203
	-0.875
	0.470

	
	patient
	1.027
	-1.700
	-0.354
	
	After
	0.463
	-1.136
	0.209

	Mean K Lat F
	healthy
	0.441
	-1.139
	0.257
	Mean K Lat F
	Before
	0.179
	-0.877
	0.520

	
	patient
	0.107
	-0.591
	0.805
	
	After
	0.155
	-0.854
	0.543

	Mean K Fle
	healthy
	0.175
	-0.655
	0.305
	Mean K Fle
	Before
	0.005
	-0.485
	0.476

	
	patient
	0.129
	-0.609
	0.351
	
	After
	0.299
	-0.780
	0.181

	Mean K Rot
	healthy
	0.107
	-0.572
	0.358
	Mean K Rot
	Before
	0.051
	-0.414
	0.516

	
	patient
	0.076
	-0.541
	0.389
	
	After
	0.234
	-0.698
	0.231




Table 2 shows pairwise comparisons according to groups (healthy and patient) and fatigue (before and after)
	Dependent Variable
	Between Groups
	Mean Difference
	Std. Error
	Sig

	PPT
	healthy and patient
	1.653
	0.234
	0.00

	
	before and after
	1.568
	0.234
	0.00

	VAS
	healthy and patient
	25.370
	1.637
	0.00

	
	before and after
	7.761
	1.637
	0.00

	Mean Lat F
	healthy and patient
	0.399
	1.847
	0.93

	
	before and after
	6.029
	1.847
	0.00

	Mean Fle
	healthy and patient
	0.064
	0.483
	0.894

	
	before and after
	0.095
	0.483
	0.845

	Mean Rot
	healthy and patient
	1.388
	0.479
	0.005

	
	before and after
	0.261
	0.479
	0.587

	Mean K Lat 
	healthy and patient
	0.548
	0.496
	0.273

	
	before and after
	0.023
	0.497
	0.963

	Mean K Fle
	healthy and patient
	0.046
	0.342
	0.894

	
	before and after
	0.295
	0.342
	0.390

	Mean K Rot
	healthy and patient
	0.031
	0.331
	0.925

	
	before and after
	0.285
	0.331
	0.392



 
Table 3 Shows hotelling trace has been shown in this figure.
	Effect
	Value
	F
	Sig

	Group
	3.496
	35.835
	0.00

	Fatigue
	0.865
	8.870
	0.00





Table 4 Shows between subjects effects.
	Dependent Variable
	Mean Square
	F
	Sig
	Effect Size

	Group
	PPT
	62.832
	49.895
	0.000
	0.359

	
	VAS
	14803.141
	240.267
	0.000
	0.730

	
	Mean Lat F
	3.653
	0.047
	0.830
	0.001

	
	Mean Fle
	0.095
	0.018
	0.894
	0.000

	
	Mean Rot
	44.296
	8.399
	0.005
	0.086

	
	Mean K Lat 
	6.918
	1.218
	0.273
	0.014

	
	Mean K Fle
	0.048
	0.018
	0.894
	0.000

	
	Mean K Rot
	0.022
	0.009
	0.925
	0.000

	Fatigue
	PPT
	56.520
	44.882
	0.000
	0.335

	
	VAS
	1385.315
	22.485
	0.000
	0.202

	
	Mean Lat F
	835.920
	10.655
	0.002
	0.107

	
	Mean Fle
	0.207
	0.039
	0.845
	0.000

	
	Mean Rot
	1.563
	0.296
	0.587
	0.003

	
	Mean K Lat 
	0.012
	0.002
	0.963
	0.000

	
	Mean K Fle
	2.000
	0.745
	0.390
	0.008

	
	Mean K Rot
	1.864
	0.741
	0.392
	0.008
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