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Summary

Introduction: Fatigue of the neck muscles can
lead to change in upper limb proprioception, mo-
tor patterns and kinematics. Restricted range of
motion is a characteristic of myofascial trigger
point. There is no evidence indicating an associa-
tion of fatigue with restricted range of motion and
non specific myofascial pain syndrome without
underlying disease. This study evaluates cervical
motions in flexion/extension, side bending and
rotation before and after fatigue. Clinically, pro-
prioception is evaluated using the Joint Position
Sense Error (JPSE), which reflects a person’s
ability to accurately return his head to a prede-
fined target after a cervical movement. This study
design is randomized control trial.
Methods:  23 healthy right handed volunteers (11
males and 12 females) from a physical therapy
clinic in rehabilitation faculty participated in the
study.
Fatigue protocol was done, the recordings of pain
threshold and intensity and kinematics, before
and after fatigue, were all repeated.
Results: Neck muscle fatigue had different effects

on neck kinematics for each group. JPSE in neck
side bending repositioning was significantly
greater following the upper trapezius muscle fa-
tiguing protocol in a frontal plane.
Conclusion: The increased accuracy was most
pronounced for movements directed towards the
activated side. Hence, prolonged unilateral neck
muscle contraction may increase the sensitivity
of cervical proprioceptors. Cervical range of mo-
tion in side bending was the only variable associ-
ated with changes in neck pain.
Level of evidence: IIIb.

KEY WORDS: upper trapezius muscle, trigger point,
fatigue, joint position sense error.

Introduction

Myofascial trigger points (MTrPs) are hyperirritable
points within a taut band of skeletal muscle, which
can be one of the primary reasons for pain and defect
in the upper limb. Simons1 describes MTrPs as a ten-
der point within a taut band of a skeletal muscle that
is awful that is beginning with compression, contrac-
tion, or stretch and usually responds with a referred
pain pattern away from the point. The greater identi-
fied MTrPs in the body are placed in the upper
trapezius muscle.
Numerous sensory receptors required for propriocep-
tion are present in the neck muscles. Joint position
sense (JPS) is the main method used to assess pro-
prioception. JPS is regarded as the awareness of the
position of various body parts for both passive and
active movements in an open or closed chain envi-
ronment2.
JPS is considered as a major basis of proprioception.
It is a person’s ability to recreate and identify previ-
ous predetermined positions or ranges of motion
(ROM) of a joint.
The error people make whilst reproducing the prede-
fined position is defined as the joint position sense er-
ror (JPSE).The main measure to useful cervical pro-
prioception is the JPSE3.
Malmstrom et al. (2009) showed that exact head-on-
trunk orientation can be achieved without vestibular
data. This means that proprioceptive information of
the cervical spine is essential for head-on-trunk orien-
tation. The cervical JPSE is assessed by measuring
the ability of a blindfolded volunteer to accurately re-
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locate their head to the trunk relative to a predefined
point (often the neutral position of the head) after a
cervical movement. 
Recent studies show that cervical ROM is impaired in
disorders associated with MTrP. There is no evidence
that indicating an association of fatigue about restrict-
ed ROM and nonspecific myofascial pain syndrome
without underlying disease. This study evaluates
where cervical ROM in flexion/extension, side bend-
ing and rotation before and after fatigue.
It has been shown that fatigue of the neck muscula-
ture can lead to change in upper limb proprioception,
motor patterns and kinematics4. This may be for the
reason that the high density of sensory receptors in
the neck muscles that have neural networks to the
vestibular and oculomotor systems, and show a main
role in postural regulation5. The afferent feedback
from muscles is affected by muscle fatigue while the
cervical extensor muscle (CEM) fatigue alters the
sensory feedback from the neck muscles to the cen-
tral nervous system (CNS), thereby altering the posi-
tion of the upper limb in respect to the neck6.
The response of mechanically sensitive non-spindle
group II and III muscle afferents to muscle stretch
and surface pressure is sensitized by their sponta-
neous discharge. This could result in increased mus-
cle contraction, following submaximal muscle fatigue.
Hayward et al. showed that free nerve endings which
were sensitized to contraction remained so for 20-30
min after a fatiguing muscle stimulation. This fact im-
plies that afferents might play an important role in the
inhibition of motor neuron output following fatigue7.
Based on the anesthetized cat, it is possible to record
the responses of afferents in groups III and IV to the
sustained muscle contraction. A graded response
was shown by one type of afferent to muscle contrac-
tion followed by the sudden onset as well as stretch
(contraction-sensitive mechanical) and were com-
posed mainly of group III rather than group IV affer-
ents. Even after the period of muscle contraction, the
other type of afferent had a delayed onset and contin-
ued to fire (unknown mechanism)8.
Based on the effects of prolonged muscle contraction
and fatigue on afferent muscle feedback, there is a
high tendency that fatigue will result in altered affer-
ent feedback to the sensorimotor integration areas.
It has been shown by earlier studies that altered input
from the neck can affect cervical proprioception, and
it is important to understand how fatigue, which oc-
curs in a myriad of workplace and recreational set-
tings, could impact head and neck proprioception.
Given the known effects of fatigue on the firing of
muscle afferents, neck muscle fatigue would lead to
changes in the afferent input from the neck for sever-
al minutes, after stopping the fatiguing task. If neck
position sense can be altered by neck pain and al-
tered postures, the possibility is very high that the al-
tered afferent input resulting from neck muscle fa-
tigue would also cause head and neck JPS. The ob-
jective of this study was to determine if a submaximal

fatigue protocol targeting the upper trapezius muscle
could alter the ability to recreate a previously present-
ed cervical angle. This investigation involved an iso-
metric submaximal fatigue protocol at 80% MVC until
failure. It was assumed that the change in body
schema, due to changes in the neck afferent feed-
back would result to an altered perception of the neck
relative to the trunk and hence, increase the absolute
error of the neck JPS and the error changes in the
JPS is different in the upper trapezius muscle of
healthy patients and the existence of myofascial trig-
ger point in this muscle.
There is no study about the effect of fatigue on JPSE
in subclinical myofascial pain syndrome participants.
The aim of this randomized controlled trial was to
prove that surface electromyography is able to detect
upper trapezius latent myofascial trigger points
through fatigue indices (median frequency and root
mean square).

Materials and methods

Ethical standards and study type
This randomized control trial study reports baseline
data from current prospective trials which were ap-
proved by the Tehran University of Medical Science
Ethical Committee.
Each subject signed written informed consent prior to
participant in the experiment.

Participants
Twenty-three healthy right handed volunteers (eleven
males and twelve females) aged 18 years and older
from a physical therapy clinic in rehabilitation faculty
participated in the study. These patients initially pre-
senting with chronic non specific neck pain were
screened for MTrP.
Demographic characteristics of the patients are pre-
sented in Table I. Diagnostic criteria for detection of
MTrP encompassed: (1) presence of a painful nodule
in a taut band; (2) patient’s pain recognition; (3) re-
ferred pain pattern and jump sign. These signs were
selected as they, according to Lucas et al.9, display
the highest reliability. Besides manual palpation,
pressure pain threshold (PPT), is defined as the mini-
mal amount of pressure that replaces the sense of
pressure in to pain measured by a hand held algome-
try. It should be noted that the PPT for inclusion
should been with values of <3 kg/cm2. VAS or visual
analogue scale also has determined with values of
<30. The presence of latent MTrPs was determined
by an examiner with more than 7 years of experience
in the diagnosis of MTrPs. Exclusion criteria encom-
passed radicular symptoms, acute traumata, and se-
vere neurological, cardiovascular, psychological or in-
flammatory-rheumatic diseases.
In the control group, 23 healthy age-and-sex matched
individuals (mean age and standard deviation, 29.12)
were included.
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Instrumentation
Angular variables were estimated by a digital camera
(Sony Crop. Model number. DSC W390, made in Japan)
placed 1 meter away from the subject at C7 level with a
direct view of the subject’s back in the frontal plane. The
camera collected range of motion and kinematics data at
the rate of 25 frames per second. The markers used to
measure the segment angles were attached to the sub-
jects as follows: three circular markers were attached to
the C7, right and left acromion process.

Protocol
The subjects sited on a chair, their wrists hanged in
the side of their body. The upper trapezius, levator
scapula, and sternocleidomastoid (SCM) muscles
were examined bilaterally for MTrPs. To define a
MTrP, the examiner palpated the muscles in search
of a taut band in the muscle, within which they looked
for a nodule. If a nodule was located in angular re-
gion of upper trapezius muscle in dominate side, the
examiner pressed the nodule for few seconds and
asked the subject whether it evoked pain. The exam-
iner instructed the subject as following: I am going to
apply pressure, tell me when you feel a minimal
amount of pain, then applied pressure to the MTrP
with the algometer, at a rate of approximately 1
kg/cm2/ second.10 After introducing the task to the
subjects and making sure of the accuracy of the ma-
neuver, subjects MTrP performed three 10 sec trials
separated by 20 sec between them. The maximum
numbers of maximum voluntary contraction (MVC)
were limited to three. Mean of the achieved numbers
selected as a MVC.
The goal of the fatigue procedure used in this study
was to fatigue the muscles involved in the shoulder
elevation, especially the prime mover of the shoulder
elevation, i.e., the upper trapezius. 
Before doing the test PPT and pain intensity and
alignment of head and neck was assessed. Photogra-
phy of the patient neck position in neutral and maxi-
mum opposite side bending was done for three trials.
Prior to commencing the current study, a pilot study
was performed using three healthy participants. The
fatigue protocol consisted of holding an isometric up-
per trapezius muscle contraction with 50% of MVC,
and it took an average of 16 min for participants to fa-
tigue. It was difficult for participants to maintain their
focus and hard to motivate participants over this
lengthy time period. Thus, an 80% MVC protocol was

selected, which resulted in an average of 3 min to fa-
tigue.
The force level corresponding to 80% of the MVC
was chosen because the protocol aimed to trigger
muscle fatigue.
To confirm the presence of muscle fatigue, the fa-
tigue confirmation task was performed using the dy-
namometer and EMG. First, the peak torque (PT) of
the shoulder elevation during maximal voluntary iso-
metric contraction (MVIC) was measured at the target
angle with the subject in the sitting position with the
shoulder positioned at 90° of abduction and the elbow
positioned at 90° of flexion Subsequently, the EMG
data during the performance of maximum PT before
the fatigue task was recorded for 3 sec while visually
confirming the torque output. At the same time as we
visually confirmed that the subjects output the target
torque, we started recording the EMG. Each mea-
surement was performed in duplicate.
The head was kept in the same position as the trunk
and the vertebral column. During the test, the sub-
jects were asked to look forward with no cervical and
trunk rotation, extension or flexion. The subjects were
asked to sustain a unilateral 80% MVC isometric
shoulder elevation until the force gauge monitor
showed 50% of MVC at least for 3 minutes. After a
light warm-up, subjects performed three (MVC) tests
in the position described above.
Feedback of the force level was provided. The per-
ceived exertion was rated by the subject at the start
and after each minute of the contraction. Force and
EMG signals were recorded during the MVC and sus-
tained contractions.
Although no subjective assessment of fatigue was
made, the subjects showed exhaustion at the end of
the protocol. The highest value was used to define
the workload, i.e., 80% of the MVC force. The fatigue
protocol used in this study was an intermittent isomet-
ric contraction exercise (10 sec of workload; 20 sec
rest). The force requirement was displayed on a com-
puter monitor positioned at eye level and in front of
the participant to ensure that a neutral head position
was maintained throughout the protocol.
Following fatigue protocol, the recordings of pain
threshold and intensity and kinematics were all re-
peated. At the completion of the protocol, they per-
formed a MVC test intending to calculate the loss of
force and the median frequency from the power spec-
trum of the upper trapezius EMG signal. The test was
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Table I. Demographic and clinical characteristics of patients (n=46). 
 

 Patients Control group p-value 

Age 28.74 29.12 >0.05 

Sex 12 females, 11 males 12 females, 11 males >0.05 

BMI 21.90 22.13 >0.05 
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performed one time pre and post fatiguing, respec-
tively. Prior to the pre-test the participants received
standardized oral instructions by one of the examin-
ers and visual instructions in a video. In case of poor
initial performance these instructions were repeated
up to three times and the test was demonstrated by
one examiner. The participants performed the post-
test immediately after completing an isometric en-
durance test to fatigue the upper trapezius muscle.
Figure 1 shows the three trials for achieve ROM and
kinematic data. 
JPS was measured as the participant’s ability to
recreate a previously presented angle at the cervical. 
After the two pre-fatigue sets, participants performed
the fatigue protocol. Immediately following the fatigue
protocol, participants performed one set of three
post-fatigue cervical JPS trials with three separate
target angles. We chose three trials per set because
the possibility existed that participant might start to
recover from the fatigue protocol if additional trials
were performed. Three trials still allowed for the cal-
culation of the average error, while minimizing learn-
ing effects and ensuring that any changes resulting
from the neck muscle fatigue were likely still present.

Absolute, constant, and variable error
Based on the procedure6, the accuracy of the angle
of reproduction was determined using three parame-
ters for each condition. In order to determine the di-
rection and magnitude of the position error, the fol-
lowing parameters were calculated: 
1. absolute error was defined as the overall devia-

tion between a presented angle and target angle
without considering the direction of the error; 

2. variable error was defined as a measure of the
consistency between trials and is the SD of the
mean constant error; 

3. constant error was defined as the deviation be-
tween the presented and reproduced angle, con-
sidering the direction of the error.

In each set, the average of the three trials was used
for error calculation. 

Statistical analysis
Repeated measures analysis of variance (ANOVA)
with pre-planned contrasts to the first baseline was
performed for each variable and used to measure
JPS between pre- and post-fatigue conditions (SPSS
v19, IBM Corporation, Armonk, New York, USA). Sta-
tistical significance was set at p≤0.05. Microsoft Of-
fice Excel 2010 (Microsoft Corporation 2010; Red-
mond, Washington, USA) was used to calculate ab-
solute, variable, and constant neck joint position
sense error. In addition, two sample t tests for data
with unequal variances were calculated to evaluate
force level and time to fatigue.

Results

All the participants were able to complete the experi-
ment, with no issues or interaction with the experi-
menter. No significant differences between gender and
intervention parameters were found in any of the two
groups. Neck muscle fatigue had different effects on
neck kinematics for each group. JPSE in neck side
bending repositioning was significantly greater following
the upper trapezius muscle fatiguing protocol in a
frontal plane (i.e. side bending) (p<0.001). However,
there were no significant differences in the same vari-
able in sagittal (flexion/extension) and transverse plane
(rotation-left and rotation-right) movements.

Participants
Average demographics of the interventional and con-
trol groups are summarized in Table I. There were no
other statistically different demographics between the
groups.

Reliability of the three repeated measures 
for each trial
The reliability of the three trials for neck side bending
was very high, with interclass correlations ranging
from 0.82 to 0.99. Table 2 shows demographics of in-
terventional and control groups and table 3, 4 and 5
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show errors before and after fatigue. Variable error
was significantly differing between groups but ab-
solute and relative errors were similar. Figures 2, 3
and 4 show the graph of these errors. Figure 5 and 6
show effect of fatigue on lateral bending errors. There
were no significant JPE differences between the neck
pain and control groups for any of the flexion/exten-
sion and rotation motions.

Discussion

This study compared cervical JPS error accuracy and
the consistency between the upper trapezius muscle
trigger point subjects and the control group. As such,
forty-six subjects were asked to perform the fatigue
test. Absolute, constant and variable errors were used
to evaluate proprioception accuracy and consistency.
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Table II. Demographics of the interventional and control groups. 
 

 Patient group Control group 

Age 0.73 0.88 

Weight 0.82 0.99 

Height 0.97 0.76 

BMI 0.72 0.87 

Mean Lat Bending 0.51 0.39 

Mean Flex 0.12 0.91 

Mean Rot 0.74 0.55 

Mean K Lat Bending 0.60 0.75 

Mean K Flexion 0.34 0.32 

Mean k Rot 0.52 0.134 

BMI, (Body Mass Index); Lat, (lateral); Flex, (flexion); Rot, (rotation); K, (kinesthesia). 
 
 
 
Table III. Repeated measurement. Absolute error lateral bending before and after fatigue. 
 

Partial Eta 
Squared 

Sig F Mean Square Factor

0.961 .000 1066.946 38274.332 Factor 1 (absolute lat bending before & after)

0.008 0.559 0.347 12.444 Factor 1* Group

0.061 0.102 2.795 100.268 Factor 1* Gender

 
 
Table IV. Repeated measurement. Absolute error lateral bending before and after fatigue. 
 

Partial Eta 
Squared 

Sig F Mean Square Factor 

0.955 .000 912.624 35207.856 Factor 1 (relative lat bending before & after) 

0.002 0.764 0.091 3.511 Factor 1* Group 

0.083 0.056 3.873 149.432 Factor 1 *Gender 

 
 
 

BMI, body mass index; Lat, lateral; Flex, flexion; Rot, rotation; K, kinesthesia.

K
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The variable error which is indicative of the consis-
tency of results for each subject was higher in the
myofascial pain syndrome group. 
Neck muscles, in particular the small suboccipital
deep muscles have a very high density of muscles
spindles and are, therefore, essential contributors to
neck proprioception11.
Optimal movement precision requires afferent input
from muscle spindles12.
Without excluding other contributing factors, it has
been suggested that disturbed proprioceptive input,
as a result of altered input from the muscle spindles,
could constitute an important pathophysiological

mechanism in chronic musculoskeletal pain condi-
tions of various origin13.
It is known that muscle spindle afferents convey posi-
tion and movement information in ensembles of affer-
ents and that the information content in such ensem-
bles is reduced when the fusimotor control of the
muscle spindles is disturbed by high activity in group
III and IV muscle afferents14.
By using an animal model, it was found that the exci-
tation of chemosensitive nociceptors in cervical facet
joints and muscles induce reflex activation of fusimo-
tor neurons which alter the static and dynamic sensi-
tivity of the muscle spindles15.
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Figure 3. Effect of fatigue on relative error of lateral bending error according to group.

Figure 2. Effect of fatigue on absolute lateral bending error according to gender.

Table V. Repeated measurements. Variable error lateral bending before and after fatigue. 
 

Partial Eta 
Squared 

Sig F Mean Square Factor 

0.026 
 

0.292 1.138 11.644 Factor 1 (absolute lat bending before & after) 

0.175 0.004 9.103 93.150 Factor 1* Group 

0.057 0.113 2.617 26.783 Factor 1* Gender 

© C
IC

 Ediz
ion

i In
ter

na
zio

na
li



Moreover, common to most of these studies is that
the average absolute error of a set of trials was used
as the outcome variable. Absolute error is also re-
garded as a non-linear combination of constant (CE)
and variable error (VE). In a repositioning task, CE
denotes the mean deviation from the target; it also
represents the point of subjective equality, while VE
stands for the variability of the matching trials around
the CE16.
There is proof that CE reflects the intrinsic systematic
biases in the motor control system, and that VE is the
result of the acuity of sensorimotor processes, i.e. the
position sense acuity. It is noteworthy that according to
psychophysical literature, the latter is in line with the
general definition of sensory discrimination threshold in

adjustment tasks. The Jerk index and ROM-Variability
denote novel parameters in attempts to quantify motor
control disturbances in patients with chronic neck pain.
The findings that both parameters were significantly
larger among patients than among asymptomatic sub-
jects strengthen previous results indicating movement
irregularities in chronic neck pain17.
Due to the fact that large ROM-Variability, in similarity
with large repositioning error, reflects the variability of
the end position of the rotation, it appears that the
disturbed position sense acuity is involved in both in-
creased VE and ROM-Variability.
The mechanisms responsible for increased jerk index
are still unclear.
However, it is believed that unconscious motor con-
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Figure 4. Effect of fatigue on relative error on lateral bending error according to gender.

Figure 5. Effect of fatigue on variable lateral bending error according to group.

Figure 6. Effect of fatigue on variable lateral bending error according to gender.
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trol mechanisms rather than psychological processes
might be responsible. Increased extent of co-activa-
tion of neck muscles could generate jerkier move-
ments, as could biomechanical disturbances due to
skeletal or soft tissue injuries. Finally, jerky and slow
movements might be a reflection of motor control
strategies dominated by feedback control, perhaps as
a consequence of reduced acuity of the propriocep-
tive input, and continuous feedback corrections, or as
a result of disturbed feed forward control mecha-
nisms. The observation of larger repositioning errors
in patients with chronic neck pain than among asymp-
tomatic subjects is in agreement with previous find-
ings18.
In the present study, the significantly larger VE indi-
cated reduced repositioning acuity. Among the pa-
tients, there was no systematic over- or underestima-
tion (i.e., CE) of the matched target position.
These findings suggest that the increased reposition-
ing errors observed in triggered point neck pain are a
result of poor position sense acuity as a result of the
disturbed proprioceptive input, rather than of a sys-
tematic bias in the motor control systems at central
levels. This interpretation is based on fundamental
psychophysical data showing that the variability (i.e.,
VE) of the matching errors in an adjustment task re-
flects the threshold for sensory discrimination16.
Thus, if the signal-to-noise ratio of the information
transmitted in the muscle spindle afferents is reduced
in response to increased noise in the fusimotor sig-
nal, it would be reflected in decreased proprioceptive
acuity. Such disturbances of the fusimotor control
could be triggered by for instance, a massive activa-
tion of mechanosensitive nociceptors that may result
from the soft tissue injuries occurring in a whiplash
trauma, and by activation of chemosensitive joint and
muscle nociceptors which are likely to occur during
inflammation or when the blood flow in the muscle is
reduced19.
Accordingly, the diminished mechanoreceptor and
muscle spindle function, and the central misinterpre-
tation of the proprioceptive inputs could lead to the
loss of cervicocephalic kinesthetic acuity.
Regarding repositioning error, these study findings
are in line with findings in adults with neck pain. Two
systematic reviews of studies comparing neck propri-
oception between adults with neck pain and asympto-
matic controls concluded that adults with neck pain
are worse than asymptomatic controls at head-to-
neutral repositioning tests19, suggesting impaired
joint positioning sense, one of the components of pro-
prioception. Repositioning errors for rotation-to-neu-
tral varied between 3.3 and 6.119.
Several mechanisms may contribute to the altered
neck position sense, including: the effects of pain it-
self on both nociceptors and mechanoreceptor activi-
ty locally, at the spinal cord and within the central
nervous system; disturbed sensitivity of the cervical
joint and muscle receptors, or by inflammatory media-
tors20.
In addition, central sensitization (as suggested by the

PPTs and other findings of the present study dis-
cussed 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 sites21,22.
This study explored the position accuracy during
frontal head reposition movements as well as the cor-
responding EMG responses of the upper trapezius
muscle fatigue in subjects with and without neck pain.
Earlier studies showed the position accuracy of the
sagittal head-to-neutral tests in young healthy sub-
jects (18-30 years old) and in middle-aged subjects
with neck pain (40-65 years old)22.
The following mechanisms explain the reasons for
the poor position sense in subjects with neck pain.
The perception of egocentric space in adults includes
kinesthetic information from visual input and vestibu-
lar afferents, as well as abundant muscle spindles
and mechanoreceptors of the facet joint capsules in
the neck region. With normal visual and vestibular af-
ferents, the peripheral proprioceptive inputs are re-
layed to the central nervous system for regulating
joint movements through the activation of muscles23.
A modified interpretation of neck proprioceptive sig-
nals in the central nervous system could also result in
an offset in the egocentric reference frame and inter-
fere with the central control over the activation of
muscles24.
No comparative study was found to report the VE in
subjects with the upper trapezius muscle trigger
point.
Compared with those studies, the healthy subjects in
this study showed a similar range of AE and CE,
while subjects with the upper trapezius muscle trigger
point group showed much higher VE. The smaller
reposition errors in this study could be attributed to
the fact that only young adult subjects were recruited. 
One possible reason for a higher amount of VE in
triggered pointed subjects is that myofascial pain syn-
drome may lead to the use of different motor synergy
strategies when trying to relocate the head position
and this can lead to a higher variability in responses
and therefore a higher VE error. In other words, due
to changes in muscle length and orientation followed
by a change in joint position, as a result of poor habit-
ual posture, the outcome of bad variables overcomes
good variables, when performing a particular task
more than once25.

Conclusions

It seems that different types of perturbations from the
normal condition such as disease, age, or abnormal
posture, can result in variable responses in different
trials. However, there was no significant difference
between both groups in absolute and constant errors,
indicating that fatigue has no effect on joint position
sense accuracy.
An interesting finding was that experimental group
had slightly lower, but insignificant AE, compared to
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control group. Our results suggest that variable error
is a more accurate and delicate indicator to be used
for studying joint position sense. Future studies are
recommended to investigate the role of other postural
deficiencies such as scoliosis, or lordosis, on joint po-
sition sense.
One of the limitations of our study was that only a lim-
ited number of shoulder joint muscles were evaluat-
ed. The effects of other muscles attached to scapula
or related to shoulder elevation and any deficits in
these muscles on movement quality were not as-
sessed. As mentioned before, the upper trapezius
muscle was chosen, because of its key role in dy-
namic 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 activations during movement and mus-
cles related to shoulder elevation were not taken into
account.
Moreover, all participants 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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