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Introduction: Latent Myofascial Trigger Points (LMTrPs) are defined as certain pain-free 
hyperirritable spots in a taut band of muscle, which lead to alternation in muscle activation 
pattern in both loaded and unloaded conditions. Fatigue can alter the stability of the cervical 
spine because of transferring loads to the passive connective tissues and also increasing muscle 
activity. Few studies have investigated the effects of fatigue on the parameters of the upper 
trapezius muscle as a more common muscle to MTrPs. This study attempts to examine the 
electromyographic activity of the upper trapezius muscle fatigue during shoulder elevation.

Materials and Methods: Thirty-six right-handed subjects without upper extremity disorders 
took part in this study. The highest measured force level was assumed to be the Maximal 
Voluntary Contraction (MVC) of the trapezius. A sustained submaximal contraction of the 
trapezius was performed. The subjects were asked to sustain a unilateral (80%) MVC isometric 
shoulder elevation until the force gauge monitor showed (50%) of MVC in at least three 
minutes.

Results: The Root Mean Square (RMS norm) of the sustained trapezius contractions showed 
differences between the groups. The Myocardial Depressant Factor (MDF) parameters of the 
left and right sides of both healthy subjects and patients were significantly different (P<0.001).

Conclusion: The increase in RMS is related to the recruitment of additional motor units and 
also an increased firing rate. These are necessary to compensate for the loss of force. This 
accumulation also inhibits the excitability of the muscle membrane, thereby causing a decrease 
in the firing rate and, consequently, a decrease in Median Frequency (MF).
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1. Introduction

yofascial Trigger Points (MTrPs) are 
hyperirritable spots in the taut band of 
skeletal muscle which is the primary 
cause of discomfort and dysfunction in 
the upper limb.According to previous 

studies, Latent Myofascial Trigger Points  (LMTrPs) are 
typically found in the scapular stabilizer muscles of pain-
free individuals; especially in the upper trapezius of the 
dominant side [1-3].

There is evidence showing relationship between high-
ly repetitive work and neck/shoulder musculoskeletal 
disorders. Repetitive movements of sustained arm or 
hand at work place can affect the neck/shoulder muscu-
lature due to extra load. Fatigue can alter cervical spine 
stability because of the removal of load from the pas-
sive connective tissues and also due to increase in mus-
cle activity. Trapezius muscle has three distinct parts. 
The upper trapezius part originates from the superior 
nuchal line to the ligamentum nuchae above C7 spinal 
process and has insertion in the posterior border of the 
distal third of the clavicle [4].

Usually, an increase in the amplitude of the ElectroMy-
ography (EMG) signals together with a shift of the power 
spectrum towards low frequencies is followed by fatigue 
development at high level contractions [5-9]. Muscle 
activity can be studied by Surface EMG which is com-
monly used in biomechanics and ergonomics research 
[4, 10]. Few studies have investigated the effects of fa-
tigue on the parameters of the upper trapezius muscle as 
a more common muscle to MTrPs. The purpose of the 
study was to determine EMG signal slops in submaximal 
trial of the trapezius muscle during shoulder shrugging.

This study has attempted to show the electromyograph-
ic activity of the upper trapezius muscle. Most reports 
on surface EMG spectral variables as indicators of local-
ized muscle fatigue have focused on medium/high force 
contraction levels. However, low load contractions are 
more common at work place during long standing. It is 
known that the use of spectral variables to assess muscle 
fatigue under these conditions may be critical [11, 12]. 
The objectives of this study are: 1. To determine effect of 
fatigue on surface EMG parameters; 2. To comparison 
between healthy and patients fatigue effects. 

There is no current evidence that muscle fatigue is 
effective in improving muscle flexibility and perfor-
mance. The results of this original article suggest that 
fatigue may be used to increase flexibility, in spite of the 

very limited research. There is a need for high-quality 
clinical trials to evaluate the efficacy and effectiveness 
of fatigue and comparison between healthy and patients 
suffering upper trapezius myofascial trigger point.

2. 2. Materials and Methods

This study was designed as a single-blind clinical trial 
and conducted at the clinic of Rehabilitation faculty, be-
tween April 2017 and December 2019.  

Subjects

Thirty six right handed subjects without upper ex-
tremity disorders took part in this study. Healthy 
group (Mean±SD age: 29.78±6.28 years, body mass 
index 22.50±1.74, height 174.04±9.82cm, weight 
68.44±9.7kg), and patient group (Mean±SD age, 
22.70±4.48 years, Body Mass Index (BMI) 21.30±1.54, 
height 170.04±9.71cm, weight 61.76±8.29kg). Match-
ing of age, weight, height, and BMI was confirmed by 
the independent sample t-test.

Inclusion criteria

Individuals with an age range of 18-35 years were ac-
cepted for both groups to minimize any confounding ef-
fects stemming from advanced degenerative alterations 
in the cervical spine. The inclusion criteria for the pa-
tients group include: Restricted active or passive neck 
movement in at least one direction and score range of 
three to six points on an 11-points (range: zero to ten) 
Numerical Pain Rating Scale (NPRS) for perceived pain 
intensity. The inclusion criteria for the Control Group 
(CG) were no self-reported history of neck pain and no 
positive sign of cervical spine or scapular dysfunction 
during the physical examination.

Exclusion criteria

The following were the exclusion criteria for both 
groups: 

History of neurological disorders (radiated pain) or neck 
surgery; chronic neck pain resulting from a traumatic inci-
dent; chronic musculoskeletal condition (such as muscular 
disorder or polyarthritis); medical diagnosis of fibromy-
algia; systemic disease; connective tissue disorder; body 
mass index <25kg/m; non-tolerance of needles; currently 
pregnant; having undergone physical therapy, massage or 
acupuncture in the previous two weeks or use of analgesic, 
muscle relaxant, psychotropic agent or anti-inflammatory 
agent in the previous three days.

M
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Outcome measures

The outcome of the study was the surface EMG activ-
ity of the upper trapezius muscle after fatigue such as 
median frequency and RMS.

Measures

Surface recording electrodes were placed over the 
muscles as described by Cram et al [13]. while the 
ground electrode was placed on the ipsilateral wrist. 
To ensure good surface contact and to reduce skin re-
sistance, a standard skin preparation procedure of dis-
infection, shaving and abrading was performed for 
each electrode placement site. Pre-gelled self-adhesive 
surface electrodes (Biometrics Ltd, electrode model 
SX230, 20_38mm) were then secured over the belly of 
the experimental muscles and aligned with their fibers’ 
orientation on the both side of the participants [14].

Experimental procedures

The evaluations were performed with the patient seat-
ed comfortably in a chair with both feet flat on the digi-
tal balance, hips and knees flexed at 90°, buttocks posi-
tioned against the back of the chair and treated shoulder 
unclothed. Volunteers were asked to sit on the chair in 
an upright position with relaxed arms positioned by the 

sides of their body, as shown in Figure 1. The head was 
kept in the same position as the trunk and the vertebral 
column. The subjects were asked to look forward with 
no cervical and trunk rotation, extension or flexion dur-
ing the test. Such was the position of the subjects.

Fatigue protocol

The protocol consisted of measuring the Maximal Vol-
untary Contraction (MVC) prior to the fatigue test, three 
times for approximately ten seconds, with a twenty sec-
onds interval between tests. The highest value obtained 
was used to calculate the submaximal level at (80%) of 
the MVC. The fatigue test was performed two minutes 
after the last MVC test.

The experimental protocol involved isometric con-
tractions of the upper trapezius muscle on the subject’s 
dominant side. During the experiment, the subjects were 
seated on a chair of adjustable height. Force sensors 
were placed on both shoulders so as to just touch the 
acromion when the subjects were sitting in a relaxed po-
sition with the arms hanging by the sides of the body. 
During sustained contractions of the trapezius, the sub-
jects were asked to perform a shoulder elevation against 
the force transducers with the arms hanging passively by 
the sides of the body. Force was measured using a force 

Figure 1. Details of experimental setup

1 Left image: Elevation of dominant shoulder against the load; 2 Right image: A. First position; B. Surface electrode; C. Acro-
mion process; D. Handle of set up; E. Flat iron disc; F. Force gauge
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gauge (5020 model, Taiwan) and recorded on a PC (with 
sampling rate of 100Hz).

Measurement started with a Maximum Voluntary Con-
traction (MVC) force of the trapezius. In this case, the 
subjects were asked to perform a dominant shoulder el-
evation against the force transducer with as much force 
as possible for at least 10 s. This procedure was repeated 
three times with in-between breaks of 20s. If the highest 
force was measured in the last MVC contraction, an ad-
ditional contraction was performed.

Again the highest force value was considered to be the 
MVC. After a break of five min, a sustained submaximal 
contraction of the trapezius was performed. The subjects 
were asked to sustain a unilateral (80%) MVC isometric 
shoulder elevation until the force gauge monitor showed 
(50%) of MVC in at least three min. The subjects re-
ceived strong verbal encouragement during the MVC 
and the fatigue test. Although no subjective assessment 
of fatigue was done, 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 Kolmogorov–Smirnov test was used to assess the 
normal distribution of the data, for both groups (MTP 
group: 18; non-MTP group: 18), Intra-class Correlation 
Coefficients (ICCs) with (95%) Confidence Intervals 
(CIs) were used to determine relative reliability between 
two trials. Standard Errors of the Measurements (SEMs) 
were used to determine measurement precision in the 
same unit. Standard deviation and ICCs were used to 
calculate the SEM for each measure. ICC values were 
considered very high if >0.90, high if between 0.70-
0.89, and moderate if between 0.50-0.69 [15]. SEM was 
deemed acceptable if <10% [16].

For assessing the difference in strength between the 
non-MTP and MTP groups, independent t-tests were 
used to compare the strength of the scapular elevator, 
shoulder abductor, and shoulder abductor with restricted 
scapular elevation between the groups. The level of sta-
tistical significance was set at 0.05. The SPSS V. 25 soft-
ware was used for all analyses.

3. Results

To evaluate the fatigue protocol, Median Frequency 
(MF) and Root Mean Square (RMS) of the upper trape-
zius muscle were evaluated. The MF and RMS param-

eters of the left and right sides of both healthy subjects 
and patients were significantly different. The RMS norm 
of the sustained trapezius contractions showed differ-
ences between the groups. Changes of median frequency 
and RMS were higher in the healthy subjects than the 
patients group and these changes in the right side were 
higher than in the left side (Table 1 & 2).

4. Discussion

Under controlled conditions, the EMG signal is often 
used as an indicator of muscle fatigue and the corre-
sponding physiological changes [17, 18]. The Fast Fou-
rier Transform (FFT) and subsequent mean and median 
frequency calculations often demonstrate a spectrum 
shift to lower frequencies during sustained muscle con-
tractions [7, 17, 18]. 

Some authors have suggested that during sustained 
isometric contraction with (50%) or greater, of maxi-
mal force, the accumulation of lactic acid leads to de-
creased pH in contracting muscles [14, 16]. This ac-
cumulation also inhibits the excitability of the muscle 
membrane, thereby causing a decrease in the firing rate 
and, consequently, a decrease in MF. The shift in me-
dian frequency provides confirmatory evidence that the 
decline in force production was due to fatigue and not 
due to lack of effort [19-21].

RMS is a technique used to describe changes in EMG 
amplitude and was shown to be somewhat sensitive to 
fatigue-related changes in this study. Even though it al-
lows for the quantification of muscle activation, RMS 
provides a single value to represent the entire contrac-
tion of interest. The near-infinite number of activation 
profiles during a movement has been previously de-
scribed as the muscle redundancy problem [19]. There-
fore, the validity of RMS becomes questionable due 
to possible changes in activation strategies occurring 
at different time-points throughout the dynamic task 
and thus, the observed differences cannot be limited to 
those caused by fatigue [22].

There were no statistical differences in the fatigability 
properties of the two sides. This is likely related to dif-
ferences in the subcutaneous layer thickness in the two 
groups, which is gender and age dependent [23]. Such 
divergences may arise from differences in characteristics 
such as the subject’s resistance to fatigue, the contraction 
properties of the skeletal muscle, muscle fiber compo-
sition, enzyme activity levels, differences in metabolic 
systems and differences in signal processing, between 
individual subjects. Despite the characteristics of indi-
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vidual subjects, divergent RMS behavior was consistent 
with the muscle group in the present study. The RMS 
increased in the right upper trapezius, for groups with 
and without pain.

In the present study, this behavior was noted in the up-
per trapezius muscle. In contrast, some studies have indi-
cated that the RMS value behaves differently. The occlu-
sion of blood flow due to intramuscular pressure during 
static contraction leads to a reduction in the oxygen sup-
ply to the active muscle [14]. Consequently, according 
to Vas MA, glycolytic metabolism increases, and there is 
an accumulation of lactate [24]. In order to compensate 
for this situation and maintain force levels, recruitment 
of new Motor Units (MUs) can be expected. This motor 
unit recruitment is reflected in the EMG signal amplitude 
and, therefore, can be identified by calculating the Root 
Mean Square (RMS) [25-27].

The increase in RMS is related to the recruitment of 
additional motor units and also an increased firing rate. 
These are necessary to compensate for the loss of force 
[28]. The spectral compression produced by the slower 
conduction of action potential also increases the RMS. 
In the present study, this behavior was noted in the up-
per trapezius muscle [29]. In contrast, some studies 
have indicated that the RMS value behaves differently. 
For example, Gerdle et al. 2009 reported that the RMS 

value showed various patterns within the same group 
(increased, unchanged or decreased) during the fatigue 
phase [30]. Despite the characteristics of individual sub-
jects, divergent RMS behavior was consistent with the 
muscle group in the present study. The RMS increased 
in the right upper trapezius.

5. Conclusion

There was a significant increase in RMS amplitude 
from the beginning to the end of the fatigue protocol for 
each group. The fact that our patient group showed simi-
lar decreases in MDF (and an increase in RMS) as the 
controls after a much shorter time (fewer contractions), 
provides further support that the patient group may have 
fewer type I fibers.

The change in MDF of patient was greater than healthy 
controls, which suggests the prevalence of type II fibers 
or greater fatigability and reduced endurance of the su-
perficial cervical flexors in myofascial trigger point pa-
tients. The fact that our NP group showed similar de-
creases in MDF (and an increase in RMS) as the controls 
after a much shorter time (fewer contractions), provides 
further support that the patient group may have fewer 
type I fibers. There was a significant decrease in MDF 
from the beginning to the end of the fatigue protocol for 
both the controls and patient groups.

Table 1. Mean±SD for the RMS (mV) for both groups

Variables Mean Std. Deviation Std. Error Mean Lower Upper T Sig

RMS- healthy- right -11.65846 8.31181 2.30528 -16.68124 -6.63569 -5.057 0.000

RMS- healthy- left -10.59462 4.92563 1.36612 -13.57114 -7.61809 -7.755 0.000

RMS- patient- right -11.96200 4.91703 1.55490 -15.47943 -8.44457 -7.693 0.000

RMS- patient- left -10.81000 2.45392 0.77600 -12.56543 -9.05457 -13.930 0.000

Table 2. Healthy and neck pain groups variable before & after fatigue

Variables Mean±SD Std. Error Mean Lower Upper T Sig

MDF- healthy- left 5.11500±22.74245 5.68561 -7.00360 17.23360 0.900 0.383

MDF- healthy- right 17.2881±8.87433 2.21858 12.55933 22.01692 7.792 0.000

MDF- patient- right 9.05050±7.26436 1.62436 5.65067 12.45033 5.572 0.000

MDF- patient- right 32.0490±13.48586 3.01553 25.73742 38.36058 10.628 0.000
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The effects of other muscles attached to scapula or relat-
ed to shoulder elevation and any deficits in these muscles 
on movement quality were not assessed. As mentioned 
before, the upper trapezius muscle was chosen, because 
of its key role in dynamic stability of scapular during 
upper limb elevation and the strong possibility for the 
presence of LMTrPs in UT muscle. Another limitation 
of this study was that the amplitude of the muscle activa-
tions during movement and muscles related to shoulder 
elevation were not taken into account. Moreover, all par-
ticipants in this study were females with a very narrow 
age range and the findings cannot be extrapolated to all 
female age groups.
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