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Abstract 

Background:  Upper trapezius (UT) pain with myofascial trigger points (MTrPs) can affect movement at the gleno‑
humeral joint as well as at the scapulothoracic joint. The investigation of muscle recruitment patterns can discern 
motor control strategies. The purpose of this study was to compare shoulder muscle recruitment patterns and muscle 
activity according to various loads between individuals with and without chronic UT pain.

Methods:  In this cross-sectional study, twenty-four participants that had UT pain with MTrPs and sex, age, body 
weight matched 24 controls with no UT pain were recruited. Surface EMG electrodes were attached to the UT, the ser‑
ratus anterior (SA), the lower trapezius (LT) and the middle deltoid (MD). All participants performed isometric shoulder 
abduction with a load of 25%, 50%, or 75% of the maximum strength at 60° of shoulder abduction. The EMG activity, 
the activity ratio (SA/UT, LT/UT, MD/UT), and the relative contribution of each muscle activity were calculated.

Results:  MD activity was significantly decreased in the UT pain group compared to that in the control group 
(p < 0.05). The EMG activity ratio of SA/UT (p < 0.025) and the relative contribution of SA activity to shoulder abduction 
(p < 0.05) were significantly greater in the UT pain group than in the control group in the 25% loading condition.

Conclusion:  The results of present study showed that UT pain with MTrPs may increase the relative contribution 
of SA activity and decrease MD activity at low loads. Altered recruitment patterns of scapular upward rotators can 
be altered in the proper scapular position, which results in decreased MD activity. Clinicians should consider altered 
recruitment patterns when managing UT pain.

Trial registration:  Clinical Research Information Service: Clinical Research Information Service (KCT0007370; 
08/06/2022).
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Introduction
Upper trapezius (UT) pain is one of the most common 
types of musculoskeletal pain reported in clinical practice 
[1]. It was reported that 73% of women and 58% of men 
had tenderness of the UT among 198 adults with neck/
shoulder pain [2]. The UT is one of the scapular upward 
rotators with the lower trapezius (LT) and the serratus 
anterior (SA) [3]. When the arm is abducted more than 
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30 °, these muscles must contract to induce an upward 
rotation of the scapula as a coupled action to produce 
pure rotation around the center of motion at the scapulo-
thoracic joint. This action further accompanies shoulder 
abduction at the glenohumeral joint, and plays an impor-
tant role in functional stabilization [3–5].

UT pain is usually accompanied by myofascial trigger 
points (MTrPs) [6]. Multiple studies have investigated the 
features of MTrPs of the UT, including lower muscle oxy-
genation and higher lactate concentrations [7], lower per-
formance in tests of isokinetic shoulder lifting strength 
[8], hyperactivation and increased muscle tension [9–11], 
lower abduction torque in the middle deltoid (MD) and 
lower activation in the UT [12]. It was found that shoul-
der abduction torque was significantly decreased when 
the upward rotation and elevation of the scapula were 
restricted in the UT pain with MTrPs group [13]. The 
presence of UT pain with MTrPs may influence move-
ment and performance not only at the scapulothoracic 
joint but also at the glenohumeral joint [14]. However, 
this mechanism by which this occurs, has not been suf-
ficiently investigated.

Altered recruitment patterns are explained by impair-
ment of the modulator elements in the neuromuscular 
system [15]. Muscle activation and timing are especially 
essential for proper activation of the force couple and 
functioning of the shoulder complex [16]. A previous 
study found altered muscle activation time in individuals 
with latent MTrPs in the UT, but there were no signifi-
cantly amplified changes during scapular plane elevation 
without load [17].

The EMG ratio has been used to assess muscle bal-
ance and to discern the motor control strategy, such as 

synergistic contribution and motor pattern [18, 19]. It 
may reflect an altered motor program by which muscles 
are recruited to a greater degree [20]. Many studies have 
used varying loads to confirm muscle activation patterns 
[17, 21, 22]. Several studies have investigated the effect of 
load on shoulder muscle recruitment patterns using 25%, 
50%, and 75% of maximal load” [4, 22]. However, altered 
recruitment activation patterns corresponding to vari-
ous loads have not been investigated in individuals with 
chronic UT pain accompanied by MTrPs.

The aim of this study was to compare muscle activities, 
recruitment patterns, and the relative contribution of 
muscle activity, such as the scapular upward rotators and 
the primary muscle during shoulder abduction, accord-
ing to various loads between individuals with and with-
out UT pain accompanied by MTrPs.

Methods
Design and participants
This study is cross - sectional study. The calculation of 
the sample size was indicated that more than 20 partici-
pants were required for each group by G*Power 3.1.9.2 
(Franz Faul, Universität Kiel, Germany), using the F tests. 
First, 69 participants (for the UT pain group: 33, for the 
control group: 36) were screened by a physiotherapist 
with more than 5 years of clinical experience to exam-
ine MTrPs or lack of MTrPs, using a pressure algometer. 
In total, 48 participants were recruited (21 participants 
were excluded) (Fig. 1). The clinical characteristics of the 
48 participants are shown in Table 1. The UT pain group 
included 24 participants who had UT pain with MTrPs 
(male: 14, female: 10) and the control group included 24 
sex-, age-, and weight-matched participants who had no 

Excluded: 
Shoulder pain: 4
Pain without MTrPs: 3
Post-surgical: 2 

Excluded: 
MTrPs without pain: 9
Declined to 

participate: 3

Recruitment subjects with UT pain
(n=33)

Recruitment subjects without UT pain
(n=36)

UT pain (with MTrPs) group 
(n=24)

Control group 
(n=24)

Fig. 1  Flow chart showing a summary of participant recruitment
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UT pain with MTrPs (male: 14, female: 10). The inclusion 
criteria for the UT pain group were: (1) sustained and 
repeated pain in the UT over 3 months, (2) tightness and 
palpable tender spots in the UT, (3) a self-reported pain 
visual analog scale (VAS) rating of the UT of > 3 cm, [23] 
and (4) a pressure pain threshold (PPT) < 2.9 kg/cm2 in 
men and < 2.1 kg/cm2 in females [17]. The inclusion cri-
teria for the control group were: (1) no pain in the UT 
muscle for at least 3 months, (2) no tightness or palpable 
tender spots in the UT, (3) pain VAS rating of the UT of 
= 0 cm, and (4) PPT ≥ 2.9 kg/cm2 in males, ≥ 2.1 kg/cm2 
in females [17]. The exclusion criteria were: a previous 
life-threatening disease, whiplash, trauma, arthritis in 
the neck or shoulder, or a diagnosis of shoulder impinge-
ment syndrome [24]. Before starting the experiment, all 
participants were informed about the study procedures 
and provided informed consent to participate. This study 
was approved by the Yonsei University Wonju Institu-
tional Review Board (1041849-201807-BM-068-02). All 
the methods were performed in accordance with relevant 
regulations and guidelines.

Instruments
A Smart KEMA tension sensor (Smart KEMA Measure-
ment System, Factorial Holdings Co., Ltd., Seoul, Korea) 
was used to measure the maximal isometric strength of 
shoulder abductors and to control the load (25%, 50%, 
and 75%) for maximum force. Previous studies have 
reported high intra-rater reliability of the sensors [13, 
25].

Surface EMG was used to measure activity during 25%, 
50%, and 75% of maximum shoulder abduction isomet-
ric strength (TeleMyo 2400T; Noraxon, Scottsdale, AZ, 
USA). EMG collection software was used at a sampling 

rate of 1000 Hz. The band-pass filtering was set to 50–450 
Hz (Noraxon, Scottsdale, AZ, USA). Surface EMG bipo-
lar Ag/AgCl disposable electrode pairs were attached to 
the muscle belly of the UT, SA, LT, and MD following the 
instructions by CRAM (Fig. 2) [26]. For the reduction of 
surface impedance, the skin was shaved and cleaned with 
alcohol before the electrodes were attached. EMG meas-
urements during shoulder abduction were performed 
under three different loading conditions (25%, 50%, and 
75% of maximal strength). EMG activity of the UT, SA, 
LT, and MD was measured during isometric shoulder 
abduction. The maximum voluntary isometric contrac-
tions (MVICs) of each muscle were measured according 
to Hislop and Montgomery (2007) [27].

Procedures
EMG was measured during shoulder abduction using dif-
ferent loads (25%, 50%, and 75%). Participants sat on a 
stool and flexed their elbow 90º with their hands kept in a 
neutral position. The strap connected to the tension sen-
sor was placed on the distal humerus of the participant. 
An orthopedic belt connected to the sensor was attached 
to the grass cup on the floor. The belt was adjusted to 60º 
of shoulder abduction using a goniometer. Participants 
were asked to abduct their arm, to pull the tension sen-
sor toward the ceiling with maximum effort for 5 s in the 
direction of the scapular plane elevation. The three load-
ing conditions of shoulder abduction were determined 
using a load of 25%, 50%, or 75% of the maximum isomet-
ric strength. The participant was asked to practice pull-
ing sensors at 25%, 50%, or 75% of the maximal isometric 
strength while looking at the screen of a tablet. And they 

Table 1  Description of participant characteristics

a UT pain: upper trapezius pain
b Mean ± standard deviation
c PPT: Pressure Pain Threshold
d VAS: Visual Analog Scale

* p < 0.05 significant difference.

N/A = not applicable

Characteristics UT paina group
(n = 24)

Control group
(n = 24)

p

Sex (male/female) m = 14/f = 10  m = 14/f = 10  N/A

Age (years) 24.4 ± 2.7b 24 ± 3.2 0.63

Height (cm) 169.6 ± 7.4 169.5 ± 7.6 0.96

Weight (kg) 65.5 ± 11.1 64.2 ± 15.3 0.74

PPTc (kg/cm2) 1.6 ± 0.4 3.8 ± 0.8 0.000*

VASd (mm) 4.7 ± 1.6  N/A N/A

Pain duration (month) 26.7 ± 30.2  N/A N/A

Fig. 2  Attachment of surface electromyography electrodes
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performed pulling the sensor and maintaining isometric 
strength twice for each condition. (Fig. 3) The allowable 
margin of error for each resistance was ± 0.5kgf while 
performing each condition. The tablet was connected to 
a sensor via Bluetooth and displayed the force shoulder 
abduction with real-time monitoring during the task. 
The order of the three conditions was randomized and 
a random order was determined using www.​random.​org 
within each task. The mean values of two measurements 
were used for all variables. The participants had a rest 
time for 1  min after each trial and for 2  min after each 
task for each condition to avoid muscle fatigue.

Data Analysis
EMG activity was expressed as a percentage of the 
MVICs for normalization. The MVICs for the UT, SA, 
LT, and MD were recorded during maximal contraction 
of each muscle for 5 s twice; the average of the readings 
from the middle 3 s, for each muscle was used for analy-
sis [28, 29].

The EMG activities (%MVIC) of the SA, LT and MD 
were each divided by the EMG activity of the UT to 
obtain activity ratios [19]. The relative contribution of 
each muscle activity to shoulder abduction performance, 
was calculated by dividing the activity of each muscle by 
the sum of the whole activity of all four muscles (using 
the %MVIC of each muscle) [30].

Statistic analysis
The Kolmogorov–Smirnov Z-test was used to confirm 
normal distribution. For the EMG study design, repeated 
measure analysis of variance (ANOVA) with factors of 
the groups (participants with UT pain or participants 
without UT pain) and loads (25%, 50%, or 75% of maxi-
mal isometric strength) were used. For all tests, the level 

of statistical significance was set at p < 0.05. For the post-
hoc analysis, independent t-tests and Bonferroni correc-
tion were used to identify specific differences between 
groups (α = 0.025) and loads (α = 0.016) when a signifi-
cant interaction was observed.

Results
Muscle activities
Muscle activities of the UT, SA, LT, and MD had signifi-
cantly different main effects on loads (25%, 50%, and 75%, 
respectively; p < 0.05) (Table 2). EMG activity of the MD 
was significantly lower in the UT pain group than in the 
control group (p < 0.05) (Table  2). There were no inter-
action effects in any of the muscle comparisons. Results 
from the post hoc analysis showed that EMG activity sig-
nificantly increased with an increase in load in all mus-
cles (p < 0.016). In the loading condition of 25%, there was 
a significant difference only in MD activity between the 
groups (p < 0.025).

Motor Control Strategy by the EMG activity ratio
Significant main effects of load (p < 0.05) and a significant 
interaction effect (p < 0.05) were seen in case of the EMG 
activity ration between the SA and UT. Results from the 
post hoc analysis showed that the EMG activity ratio of 
SA/UT was significantly greater in the UT pain group 
than in the control group, only in the loading condition 
of 25% (p < 0.025). The EMG activity ratio of SA/UT was 
significantly lower in the 50% and 75% loading conditions 
than in the 25% loading condition (p < 0.016, p < 0.016) 
(Fig. 4). There was a significant main effect of load on the 
EMG activity ratio of LT/UT (p < 0.05). Results from the 
post hoc analysis showed that the EMG activity ratio of 
LT/UT was significantly lower with a 75% load than with 
a 50% load (p < 0.025). The EMG activity ratio of LT/UT 

Fig. 3  EMG measurements during isometric shoulder abduction by loads. a 25% load, (b) 50% load, and (c) 75% load of maximum strength

http://www.random.org
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showed no significant main effect of the groups (p > 0.05) 
There was no significant main effect in either load or 
group, for the EMG activity ratio of MD/UT (p > 0.05).

The relative contribution of shoulder muscle activity
The main effects between the groups were significantly 
higher in the SA in the UT pain group than in the con-
trol group (p < 0.05). In low-load conditions (25%), the 
relative contribution of SA activity was significantly 
higher in the UT pain group than in the control group 
(p < 0.025) (Table  3). However, the activity of the UT 
was significantly higher in the 75% loading condition 
than in the 25% and 50% loading conditions (p < 0.016, 
p < 0.016). The activity of LT was significantly lower in 
the 75% loading condition as compared to that with a 
50% load (p < 0.016). There was no significant difference 
of the SA and MD activities in load (p > 0.05).

Discussion
Many previous studies have compared the muscle activities 
between individuals with and without UT pain [7, 31–33]. 
However, this is the first reported study to compare muscle 

activities, the EMG activity ratio, and the relative contri-
bution of primary and synergic muscles during isometric 
shoulder abduction under different loads (low [25%], mid-
dle [50%], and high [75%]) between groups with and without 
UT pain. The present study investigated the decreased EMG 
activity of the primary muscle (MD) and altered recruitment 
patterns of scapular upward rotators in the UT pain group.

This study investigated altered recruitment patterns in 
the UT pain group. The EMG activity ratio has been used 
to assess the relative synergistic motor patterns [20]. In 
the present study, the EMG activity ratio of SA/UT was 
significantly higher in the UT pain group than in the con-
trol group at 25% low-loading condition (UT pain: 1.13, 
Control: 0.83, p < 0.025). In addition, the relative contri-
bution of SA activity in the low-loading condition was 
significantly greater in the UT pain group than in the 
control group (UT pain: 25%, control: 19.5%, p < 0.025); 
however, there was no significant difference in the rela-
tive contribution of UT activity in this study (UT pain: 
25.3%, Control: 25.2%, p > 0.05). UT pain with MTrPs 
seems to lead to a compensatory movement by increas-
ing the relative contribution of SA activity towards force 

Table 2  Summary electromyography (EMG) group data. (%MVIC)

a UT pain: upper trapezius pain group, mean±standard deviation

* p <0.05 significant difference

Upper trapezius Serratus anterior Lower trapezius Middle deltoid

Loads UT paina Control UT pain Control UT pain Control UT pain Control

25% 22.6 ± 11.4 24.1 ± 8.0 22.1 ± 7.5 19.2 ± 7.9 20.9 ± 11.2 20.7 ± 11.7 23.1 ± 6.9 33.2 ± 15.9

50% 38.4 ± 15.7 38.5 ± 11.9 33.9 ± 10.9 31.1 ± 13.7 34.1 ± 17.7 33.6 ± 21.3 39.7 ± 12.9 55.8 ± 35.0

75% 57.9 ± 23.6 57.9 ± 19.8 45.3 ± 17.1 42.9 ± 16.3 39.4 ± 21.7 41.1 ± 16.1 56.0 ± 16.5 66.3 ± 27.9

Interaction effect F = 0.30, p = 0.74  F = 0.007, p = 0.99  F = 0.347, p = 0.71  F = 0.470, p = 0.63

Main effect

  Groups F = 0.02, p = 0.89  F = 0.66, p = 0.42  F = 0.01, p = 0.93  F = 4.52, p = 0.04*

  Loads F = 89.38, p = 0.000* F = 92.94, p = 0.000* F = 40.79, p = 0.000* F = 148.26, p = 0.000*

Fig. 4  The EMG activity ratio divided by the upper trapezius (UT). SA: serratus anterior, LT: lower trapezius, MD: middle deltoid, MTrPs: myofascial 
trigger points), * p < 0.016 significantly different between the loads, ￥ p < 0.025 significantly different between groups
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couple motion. Altered recruitment patterns is related to 
motor element impairments of the nervous system [15].   
Changes in recruitment patterns can lead to the action 
of a synergic muscle to become more dominant than 
the action of the other synergistic muscles [15]. Clini-
cally it can include consistent recruitment of one muscle 
of force-couple synergists [15]. The previous study has 
demonstrated that after the SA was fatigued by electrical 
stimulation, the muscle activities of other synergies such 
as the UT and infraspinatus were increased to compen-
sate for SA dysfunction [34]. As seen in previous studies, 
the findings of the present study postulate that MTrPs 
can cause functional dysfunction of the UT and can 
result in altered muscle recruitment patterns of scapu-
lar upward rotators. It was investigated that UT activity 
using surface EMG was lower in the UT pain group than 
in the control group [12]. When we observed motor con-
trol strategy in various loading conditions, the UT pain 
group showed that the EMG activity ratio of SA/UT was 
greater under the low-loading condition and decreased 
with increasing load. In contrast, the control group had 
a relatively consistent ratio of SA/UT regardless of the 
loading conditions (Fig.  4). The increased relative activ-
ity of the SA in the low loading condition represents a 
suboptimal motor behavior in motor system adaptation 
theory, in which activity can be redistributed within and 
between muscles to protect the tissues from pain involv-
ing changes in the motor system [35].

We also observed decreased primary muscle activity in 
the UT pain group. The MD activity (%MVIC) was sig-
nificantly decreased in the low loading condition (25%) 
in the UT pain group compared to the control group 
(UT pain: 23.1, control: 33.2, p < 0.05). This result sup-
ports the findings of a previous study that investigated 
the decreased shoulder abduction force in the UT pain 
group compared to the control group when scapu-
lar elevation and upward rotation were restricted [13]. 

Altered recruitment patterns of synergistic muscles may 
cause a movement in the direction of action of the SA 
muscle. The main standard movement action of the SA 
is scapular protraction and upward rotation at scapulo-
thoracic joint [3]. Whereas, the standard actions of UT, 
are not only scapular elevation and upward rotation but 
also scapular retraction [3]. However when the action of 
the SA becomes more dominant than that of UT, it can 
cause the scapular protraction to move toward the gle-
nohumeral joint. This would cause not only decreased 
dynamic glenohumeral joint stability during shoul-
der abduction, but also an altered optimal length-ten-
sion relationship of the MD muscle. A previous study 
reported that application of the scapular reposition test, 
which imparted a force to posteriorly tilt, externally 
rotate, and retract the scapula improved the length ten-
sion relationship of the scapular musculature [36]. As a 
result, there was reduced pain and increased shoulder 
elevation strength [36]. An altered scapular position 
during scapulohumeral movement can change recruit-
ment patterns in scapular stabilizing muscles, which 
may injure the shoulder joint [37].

It is unclear whether UT pain with MTrPs is a primary 
phenomenon that may influence people to decrease MD 
activity, or secondary phenomenon as a result of MD dys-
function. Decreased MD activity can further exacerbate 
altered recruitment patterns. It was reported that scapu-
lar upward rotation during arm elevation was greater in 
individuals with anterior shoulder tightness than in the 
control group [38]. Therefore, decreased MD activity 
in the UT pain group might lead to increased recruit-
ment of the motor unit of the scapular upward rotators 
through a compensatory movement to induce the same 
amount of shoulder abduction performance [3, 39].

Most rehabilitation exercises for shoulder impingement 
syndrome have focused on increasing the EMG activity 
ratio SA/UT to prevent abnormal patterns of decreased 

Table 3  Comparison of the relative contribution of shoulder muscle activity between groups according to loads (%)

a UT pain: upper trapezius pain group, mean ± standard deviation

* p < 0.05 significant difference

Upper trapezius Serratus anterior Lower trapezius Middle deltoid

Loads UT paina Control UT pain Control UT pain Control UT pain Control

25% 25.3 ± 8.6 25.2 ± 7.2 25.0 ± 6.2 19.5 ± 6.0 22.6 ± 9.1 21.5 ± 11.2 27.1 ± 8.5 33.7 ± 12.6

50% 26.1 ± 6.8 25.8 ± 8.2 23.3 ± 6.3 19.7 ± 5.9 22.6 ± 9.2 20.8 ± 8.5 28.1 ± 9.4 33.7 ± 10.8

75% 28.8 ± 6.9 27.9 ± 7.4 22.6 ± 5.6 20.3 ± 5.3 19.4 ± 8.8 19.9 ± 8.0 29.2 ± 9.1 31.8 ± 9.5

Interaction effect F = 0.16, p = 0.85  F = 2.01, p = 0.16  F = 2.07, p = 0.15  F = 2.09, p = 0.15

Main effect

Groups F = 0.04, p = 0.85  F = 4.86, p = 0.04* F = 0.12, p = 0.73  F = 3.27, p = 0.08

Loads F = 12.35, p = 0.000* F = 2.31, p = 0.12  F = 11.08, p = 0.000* F = 0.27, p = 0.77
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SA and excessive UT activity [19, 40, 41]. However, for 
UT pain with MTrPs, there seems to be a different motor 
control strategy pattern compared to that in shoulder 
impingement syndrome. Our findings showed that UT 
pain with MTrPs had abnormal patterns with decreased 
MD and increased relative contribution of SA activ-
ity. Previous study postulated that the painful UT might 
be associated with the lower activity of the UT and 
decreased shoulder abduction torque [12]. It also high-
lighted that shoulder abduction and elevation training 
increased MD strength capacity, UT and MD activation 
as well as decreased pain in chronic UT muscle [12, 42]. 
The present study supports the importance of the con-
tractile capacity of the UT and MD under low loads (25% 
load) during 60° of isometric shoulder abductions.

In this study, all significant differences between groups 
in EMG activity, EMG activity ratio, and relative contri-
bution were observed only under low loading conditions 
(25%). It was highlighted that the low-loading condition 
is useful for managing motor control and that low-load 
exercise focuses on muscle recruitment patterns and 
recovery of optimal movement patterns [43]. Therefore, 
muscle activity tests in low-load conditions might help to 
determine motor control deficits such as altered muscle 
recruitment. It was reported that the activity of all mus-
cles increased with load in healthy participants [4]. The 
present study demonstrated that the UT pain group also 
significantly increased motor unit firing in all muscles 
during a graded contraction (25%, 50%, and 75%); this 
was also seen in the healthy control group.

As shown in Table  3, the relative contribution of the 
UT increased with an increase in load, but that of the LT 
decreased with an increase in load. The EMG ratio of LT/
UT was also significantly lower at 75% load than at 50% 
load (p < 0.016) (Fig. 4). This means that UT can be over-
loaded above a 50% load. Previous studies demonstrated 
that LT activity was significantly increased above 60º in the 
impingement group. [21] It was noted that LT activity was 
low at low angles but rapidly increased at high angles [44]. 
Although LT activity had a tendency for high activity, by 
increasing load at 60° of shoulder abduction angle in both 
groups, no significant difference was observed between 
the UT pain group and the control group in this study. 
This finding suggests that increased LT activity may have 
been used as a stabilizer of the scapula rather than a scapu-
lar upward rotator as the load increases. However, angle 
seems to be an important factor in comparing LT activity. 
Further studies should compare the activity patterns of the 
LT at angles above 60º to investigate the differences in LT 
activity between the UT pain and control groups.

This study has several limitations. First, the activ-
ity of other scapular stabilizers, such as the rotator cuff 
muscles, levator scapulae, and rhomboids, were not 

investigated. The activity of the levator scapulae should 
be investigated to determine the compensatory move-
ment of scapular elevation with UT. Second, shoulder 
abduction was performed only at 60° with isometric 
measurements to avoid the end range of the GH joint. 
The muscle acitivity patterns can be different during 
shoulder abductions of over 90°, in the UT pain group. 
Further studies are needed to determine the effects of 
low-load exercise to normalize altered recruitment pat-
terns on decreasing UT pain in individuals with UT pain 
and MTrPs.

Conclusion
This study compared muscle activities, motor control 
strategy, and the relative contribution of primary mus-
cle and synergists during 60° of shoulder abduction 
according to loads (low, middle, high) between the UT 
pain group and the control group. The results of this 
study showed that the UT pain group had a significantly 
increased relative contribution of the SA and the EMG 
activity ratio of SA/UT. There was a significant decrease 
in the MD activity under low-loading conditions com-
pared to the control group. Thus, the present study 
postulates that MTrPs can be the cause of functional dys-
function of the UT muscle and may compensate for UT 
function by increasing SA activity. Altered recruitment 
patterns of scapular upward rotators can be altered in 
the proper scapular position, which results in decreased 
MD activity. Clinicians should consider low-load exercise 
focused on normalization of muscle recruitment patterns 
as an intervention when managing UT pain with MTrPs.
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