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Background: Neck pain is reported by many laborers who are at risk of experiencing musculoskeletal disorders due to mus-
cle stiffness and hypokinetics. This study examined the effects of a lower trapezius exercise program on neck
pain patients.

Material/Methods: The design of this study was a randomized controlled trial. A total of 40 neck pain patients participated in this
study. Screening tests were performed and assigned to experimental group (n=20) and control group (n=20)
using randomization program. Both groups underwent a scapula and thoracic spine stabilization exercise pro-
gram. In addition, the experimental group implemented the lower trapezius strengthening exercise program.
All interventions were applied 3 times per week for 4 weeks. Visual Analogue Scale (VAS), Neck Disability Index
(NDI), postural alignment, muscle thickness and contraction rate were compared to evaluate the effect on
intervention.

Results: Both groups showed significant differences in VAS, NDI, and postural alignment before and after intervention
(P<0.05). In addition, the experimental group showed more significant difference in the amount of change in
NDI and postural alignment values than the control group. The experimental group showed significant improve-
ment in muscle thickness and contraction (P<0.05).

Conclusions: A lower trapezius strengthening exercise program is an effective method with clinical significance for reducing
the level of neck dysfunction, and improving the postural alignment, muscle thickness, and contraction rate of
the lower trapezius muscle.
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Background

Approximately 68% of the total population has experienced
neck pain at least once in their lifetime, and it easily trans-
forms into a chronic state [1]. In today’s society, this is conspic-
uous in many laborers due to the increased use of computers,
where the neck and shoulders are maintained in static pos-
tures to look at the computer screens [2]. This abnormal pos-
ture makes the area vulnerable to a range of musculoskeletal
conditions by imparting large stresses to the neck and shoul-
ders, as well as weakening the soft tissues by decreasing the
biomechanical functions of the area, and inducing muscle stiff-
ness and hypokinetics [3,4].

In the normal position of the head and neck, the center of the
shoulder joints must be located vertically with both mastoid
processes [4,5], and the muscles on the posterior side of the
head and neck should maintain balance from consistent con-
traction [6]. However, the use of computers for a long period
of time in an abnormal posture induces forward head posture
or rounded shoulder postures [7]. Continuously maintaining
improper posture is defined as upper crossed syndrome [8].
In this condition, rhomboids, serratus anterior, and lower tra-
pezius are weakened, and pectoralis major, pectoralis minor,
upper trapezius, and levator scapulae muscles are shortened,
causing pain due to muscle imbalances [7,9].

Trapezius muscles play an important role in the movement of
the scapula, specifically the lower trapezius has a key role in
stabilizing the scapula [10]. Long-term hyper activation and
shortening of the upper trapezius makes the lower trapezius
weak, and this leads to muscle imbalance [11]. Many studies
suggested therapeutic approaches that strengthens weak mus-
cles and lengthens shortened muscles to achieve ideal postur-
al alignment [8,12]. The O’Sullivan et al. (2007) [13] methods,
which strengthen the lower trapezius without any compensa-
tion of the upper trapezius muscles, are emphasized, and ex-
aminations of the contraction of the lower trapezius using ul-
trasound are facilitated.

Previous studies suggested lower trapezius strengthening mus-
cles as an intervention to patients with neck pain and proprio-
ceptive changes in the scapula [14], but there is still an insuf-
ficient amount of evidence on the clinical results from lower
trapezius strength changes [13]. The change in strength needs
to be measured and evidence for the selective activation of
the lower trapezius exercise in neck pain patients should be
obtained.

There have been many studies on the application of vari-
ous exercise methods to neck pain patients, but it was only
in the recent years where the importance of lower trape-
zius thickness and contraction rate was emphasized [13,15].
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Therefore, this study aims to explore the effects of lower tra-
pezius strengthening of neck pain patients on pain, dysfunc-
tion, postural alignment, muscle thickness, and contraction rate.

Material and Methods

Participants

This study examined 53 participants from D city, who were in- or
out-patients in P hospital for neck pain. The participants were
included in the study if the midline of the outer ear is shift-
ed more than 2.5 cm from the midline of the acromion [16],
cranio-vertebral angle (CVA) of less than 53° [17], scored 3
or greater in visual analogue scale (VAS), and does not have
any form of congenital deformity. The exclusion criteria were
anyone who was diagnosed with an orthopedic condition via
x-ray, traumatic neck injury, history of surgery in the spine or
thoracic, or participation in less than 70% of the study inter-
ventions. All participants were provided with information re-
garding the process, study purpose, and they signed a writ-
ten consent form.

Procedures

The design of this study was a randomized-controlled clini-
cal trial conducted. G-power 3.19 software was used to cal-
culate the sample size. The alpha level and power were set to
0.05 and 0.8, respectively. According to a previous pilot test,
the effective size was set to 0.88, and at least 17 participants
were required in each group. On the other hand, the minimum
number of participants to be selected was 20 after taking a
dropout rate of 15% in consideration [18]. All the 53 partici-
pants who participated the study voluntarily were screened,
and 13 participants were excluded, including the participants
who had the midline of the outer ear less than 2.5 cm from
the midline of the acromion (n=5), participants whose CVA
was greater than 53° (n=6), and refusal (n=2). In order to com-
pare the effects before and after the interventions, initial as-
sessments were made before assigning them to experimen-
tal (n=20) and control (n=20) groups using the randomization
program [19]. Both groups were measured for VAS, neck dis-
ability index (NDI), postural alignment, and muscle thickness
and contraction rate using the ultrasound before and after
the intervention. All of the participants were provided an ex-
ercise program and the participants blinded to which group
they were assigned to, and the data after the post-test as-
sessments were recorded for analysis (Figure 1). All assess-
ments were made by an experienced physical therapist with
5 years of clinical experience. This study was approved by the
Ethical Committee of D University and is registered in World
Health Organization (WHO) International Clinical Trials Registry
Platform: KCT0004235.
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lower trapezius strengthening Ex
(65 min. 3 times a week. 4 week)

Control group (n=20)
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stabilization Ex
(35 min. 3 times a week. 4 week)

Follow-up
Drop out (n=0) Drop out (n=0)
Post test
(QVAS, K-NDI, posture alignment, muscle thickness)

Data collection and analysis
(n=20)

Data collection and analysis
(n=20)

Figure 1. CONSORT flow chart.
Intervention

Both groups were given the intervention of scapula and tho-
racic spine stabilization exercise program which modified the
intervention method of Cools et al. (2007) [10]. The exercise
consisted of 3 programs of scapula setting, upper trapezius
stretching, and thoracic spine extension using the foam roller.

Scapula setting

In the scapula setting program, the participant makes a chin
tuck position to lengthen the posterior side of the neck in a sit-
ting position. The arms are made to a W shape, where the palms
face outward with the chest in a forward position. The chest
is slightly elevated, and the scapulae come together down-
wards. Both hands are positioned slightly behind the shoulder
line, where the elbows are touching the rib cage (Figure 2A).

Upper trapezius stretching

The participant turns the head to one direction and the op-
posite arm is fixed under the buttocks. The other arm holds
the head and stretched the neck to a diagonal direction. This
position is held for 10 seconds to a range without any pain,
and the same steps were repeated on the opposite direction.
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Maintaining 10 seconds for each direction is considered as 1
repetition (Figure 2B).

Extension of the thoracic spine

The participant places the foam roller under the lower tho-
racic segment making the bridge position. Both hands are
behind the head with the fingers crossed. The thoracic spine
is slowly extended up to the upper segments of the thoracic
spine (Figure 2C).

Scapula and thoracic stabilization exercise programs were giv-
en to both the control and experimental group, where each
program was administered as 3 sets of 10 repetitions for 20
seconds, and 20 seconds of break between each set. The in-
terventions were applied every 4 weeks, 3 times a week, and
35 minutes per session, with the frequency and intensity ap-
plied individually according to the participant’s needs.

Lower trapezius strengthening exercise

Lower trapezius strengthening exercise program was provid-
ed only to the experimental group. The program consisted of
modified prone cobra, trapezius muscle exercise progression,
and wall slide.

Modified prone cobra

Modified prone cobra exercise was suggested as a muscle
strength test and exercise position for lower trapezius by
Arlotta et al. (2011) [20]. The participant was instructed to
sufficiently contract the lower trapezius muscle without com-
pensating the upper trapezius. The participant raises the chest
approximately 10 cm in a prone lying position to maintain the
scapula pulled downwards for 10 seconds (Figure 3A).

Wall slide

Wall sliding exercise is a lower trapezius strengthening exer-
cise in a standing position, where both arms are lifted above
the head [21]. The participant stands by the wall on the back.
The shoulder joint is abducted and externally rotated to 90°
and the elbow joint is flexed to 90°. Then the arms are lift-
ed up and down contracting the lower trapezius without the
compensation of the upper trapezius. (Figure 3B).

Trapezius muscle exercise progression

Trapezius muscle exercise progression is an exercise that
strengthens the lower trapezius muscle without any compen-
sation of upper trapezius and posterior deltoids [21]. Stage 1
starting position is made in prone lying. The shoulder and el-
bow joints are flexed to place the hands behind the head.
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Figure 2. (A—C) Scapula and thoracic spine stabilization exercise program.
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Figure 3. (A-E) Lower trapezius strengthening exercise program.

The scapula is adducted, and the arms are out reaching for In stage 3, the starting position is also prone. The shoulder
the ceiling for 10 seconds (Figure 3C). In stage 2, the starting  joint is abducted to 120°, elbow joint flexed, and 10 seconds
position is in prone. The shoulder joint is abducted to 120°, is maintained with the thumbs towards the ceiling (Figure 3E).
elbow joint flexed in 90°, and the position is maintained for
10 seconds with the thumbs pointing towards the (Figure 3D).
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Figure 4. Cranio-vertebral angle (CVA) and cranial rotation angle
(CRA).

The experimental group performed this lower trapezius
strengthening exercise program for 10 by 3 sets for 10 sec-
onds with a 20-second break between each set. The inter-
ventions were applied every 4 weeks, 3 times a week, and 30
minutes per session, with the frequency and intensity applied
individually according to the participant’s needs.

Assessment methods

In order to assess the subjective pain level of the participants,
VAS was used to measure the self-reported level of pain. A rul-
er with a 100 mm scale was used, with the left and right end
of the ruler defined as “painless” 0 and “unbearable pain” 10,
respectively [22]. The validity of this assessment is 0.05 and
test-retest reliability is 0.99 [23].
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In order to determine the dysfunction level, NDI was used. This
questionnaire form assessment is scored on a scale between
0 to 5 in 10 items including level of pain, self-management,
lifting items, reading, headache, concentration, work, driving,
sleep, and leisure activities. The NDI score results in “no dis-
ability” in 0 to 4, “mild disability” in 5 to 14, “moderate dis-
ability” in 25 to 34, and “severe disability” in 25 to 34, and
“total disability” in 35 or greater [24]. The interrater reliabili-
ty was ICC=0.9 (r=0.85~0.95) [25].

To assess participants’ posture alignment, the participant main-
tains a stand-up position and the tripod is placed 1 meter away
from the participant to take the photo (Figure 4). The measure
the angles Image J (version1.46j, National Institute of Health,
USA) was used [26]. The line that is horizontal with C7 and
the line that is connected with tragus makes an angle. This
angle meets with CVA, the line from C7 and tragus, and the
line with the eyes on the lateral side and the tragus to mea-
sure cranial rotation angle (CRA). The same assessor took 3
photos and the mean angle was recorded. The test-retest re-
liability is 0.86 [27].

The thickness of lower trapezius was made using Mysono
U6 (Samsung, Suwon, Korea) (Figure 5A). O’Sullivan et al.
(2007) [13] suggested T8 as the most optimal point of refer-
ence for measurement using Mysono U6. For this measure-
ment, the rater palpated C7 to palpate the spinous processes
of the spine to mark T8. Ultrasound gel was applied on the area
of the measurement. In B-mode, 3.5 MHz linear convex trans-
ducer was placed transversally on the lower trapezius. Then
it was changed to M-mode to measure resting position and
contraction position [28] (Figure 5B). The resting and contrac-
tion positions were each measured to calculate the contract-
ed lower trapezius thickness as contraction rate=(contraction
thickness/resting thickness). This test-retest reliability is high
(ICC=1.00-1.00), and the intra-rater reliability is also high
(1CC=0.91-0.96) [29].

8 Lower tragorius

~ -

Figure 5. Muscle thickness measurement (A) and ultrasound images of lower trapezius muscle (B).
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Table 1. General characteristics.

Experimental group (n=20)
Sex (Male/Female) 11/9
CAgelea) 27408293
CMeight(@m) 171154872
CWeight g 7000t1544
ewt nB71397
Onset(months) 5501216
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Control group (n=20) t/y? P
11/9 0.000 1
27901356 0486 0630
171408713 0099 oo
 7085:1332 0186 0853
23041324 -0202 0sa1
""" 5601248 -0136 0893

# Meanzstandard deviation; BMI — body mass index.
Statistical analysis

The collected data were analyzed using SPSS Win ver. 25.0 (IBM,
Chicago, IL, USA). The mean and standard deviation values of
the general characteristics of the participants were derived us-
ing descriptive statistics, and Shapiro-Wilk test was used for test
or normality. The sex of the participants was analyzed using a
x? test. A homogeneity test of the general characteristics and
pre-measurement values was performed using a t-test. The dif-
ferences between before and after the intervention effects of
the 2 groups were analyzed using the independent t-test, and
the differences before and after the intervention effects within
2 groups were analyzed using paired sample t-test. Repeated
measure analysis of variance was used to identify the change
following time and the effects of interaction between time and
group. Statistical significance level was P<0.05.

Results

The general characteristics of the participants are shown in
Table 1. The general characteristics of the 2 groups did not
have statistically significant differences.

Table 2 lists the pain level, dysfunction level, and postural
alignment before and after the interventions. No significant
differences in the pain level, dysfunction level, CVA, and CRA
were observed between the 2 groups before the interven-
tion (P<0.05), but both groups showed significant differences
(P<0.05) in these parameters after the intervention. In addition,
the differences in the NDI (d=1.11), CVA (d=-0.53), and CRA
(d=0.50) between the groups showed a significant increase in
the experimental group compared to the control group (P<0.05).

Muscle thickness and contraction rate before and after the in-
terventions are shown in Table 2. Experimental group showed
a significant difference (P<0.05) of the muscle thickness and
contraction rate in during contraction, but there were no sig-
nificant differences in resting state. There were no significant

differences between the groups. The after the intervention re-
sults showed a significant difference (P<0.05) of the experi-
mental group in muscle thickness and contraction rate in dur-
ing contraction, but there were no significant differences in
resting state. In addition, the differences in muscle thickness
(d=-0.58) and contraction rate(d=-1.21) between the groups
showed a significant increase in the experimental group than
the control group (P<0.05).

Discussion

This study aimed to compare the effects of scapula and thorac-
ic spine stabilization exercises and lower trapezius strength-
ening exercise program with 40 participants who have neck
pain. All participants who participated in the exercise program
showed a common improvement in pain level, neck dysfunction,
and postural alignment (P<0.05). In addition, the experimental
group were additionally provided with lower trapezius strength-
ening exercise program, and they showed clinically significant
changes in muscle thickness and contraction rate (P<0.05).

In the past, the common methods of treatment for neck pain
were thermotherapy, therapeutic massage, ultrasound, and
electrotherapy [30]. These was on the basis that active exer-
cises with high intensity will induce fatigue and worsen neck
pain [31]. However, recent studies show that active interven-
tion is effective for pain and function in chronic neck pain pa-
tients, and among the different intervention methods, mus-
cle strengthening exercise program that improves activation
of scapulothoracic muscles via muscle contraction affects sta-
bilization and postural maintenance of the scapular [32-37].

Tunwattanapong et al. (2016) [38] reported that pain was re-
duced significantly (P<0.05, effect size d=1.44) when 96 of-
fice workers were provided with 4 weeks of neck and scap-
ula exercise program. Chung et al. (2012) [39] reported that
35 chronic neck pain patients showed significant decrease
(P<0.05, effect size d=1.67) in neck functional disability index
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Table 2. Comparison of dependent variables according to the intervention between groups.

Experimental group

Control group Time Time*group

(n=20) (n=20) F(p) F(p)

Pre 6.85+1.23* 6.75+1.16 -0.261 (0.797)
NEcs 3608114 se0:131 i2065 0,059
VAS fem) e 3258116 3154142 0302 (0.766)  (0.000)  (0809)
i) 1249000000 9890000
- e 16304668 16204440 0061 0952
Cpost 085:482 1185:480 08760 411
R sz asmoosy @000 000
R 91500000 -5736(00000
e 47988790 4751£593  -0214 0833
Cpost 52154782 49388575 2014s 32008
VA (engte) CRostpel 4184146 170111 -5186 (0000)  (0:000)  (0.000)
R 1279000000 76670000
 pre  14892:853 14844860 0200 (0.844)
CPost 144534909 145914852 76450 20496
CRA (engle) e _440:169 2524077  -5186 (0000) (0000 (0.000)
R 11.660(0.000) - 146300000
e 056:022 0541025 035 (0724
Muscle thickness  post 06901023 0sss025 20843 50280
M sosoos o ooy 0000 ©00
R 11968(0000) 1s840008)
- B 0308007 0205009 0289 0776)
Muscle thickness POSt 77777777777777777777 O 301'006 777777777777777777777 030t007 77777777777777777777777777777777777777777 0.328 0.007
in resting (mm) Post-pre 0.00+0.02 0.00+0.02 -0.077 (0.94) (0.570) (0.935)
R 0556(0.585) 03040768)
e 1826034 178:034 0497 0625
Contraction rate ~ Post e et 51.658 39.728
(%) Post-pre 0.45+0.25 0.03+0.16 -0.587 (.000) (0.000) (0.000)
R 797500000 082000417)

# Meanzstandard deviation; VAS — visual analog scale; NDI — neck disability index; CVA — craniovertebral angle; CRA — cranial rotation
angle.

after 12 weeks of neck flexion exercises. This study showed
significant decrease (P<0.05, effect size d=2.74) in pain lev-
el through 4 weeks of lower trapezius strengthening exercise
program, and neck function disability level showed a signifi-
cant decrease (P<0.05, effect size d=1.17) from 32.6% to 19.7%.

The flexion angle increases in neck pain patients, and at the
same time, upper trapezius, which is a neck flexion muscle,
increases in activation and the lower trapezius shows weak-
ening in muscle strength and endurance [8]. According to
Lin et al. (2006) [40], activated muscles such as the upper trape-
zius must be inhibited, and exercises that promote deactivated
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muscles such as the lower trapezius must be provided. In ad-
dition, Harman et al. (2005) [41] reported that CVA and CRA
showed significant changes (P<0.05, effect size d=0.19) when
physical therapists who had forward head position performed
stretching and muscle strengthening exercises for 10 weeks.
This study also showed significant increase (P<0.05, effect size
d=-0.53) in CVA and CRA when intensive muscle strengthening
exercise program for lower trapezius was provided.

Koppenhaver et al. (2009) [42] suggested that ultrasonogra-
phy is a non-invasive method for evaluating the treatment ef-
fects and can measure the deep muscles accurately. In addition,
the changes in the mobilization sequence that occur during
muscle activation can be observed. Magnetic resonance im-
aging (MRI) and computes tomography (CT) may be used for
visual assessment of muscle forms such as area and size [43],
but this equipment has limitations in mobility, measurement of
active movements, and high cost. Ultrasonography method is
not only easily mobile, but also allows simultaneous observa-
tion of deep and shallow muscles and gives visual feedback for
dynamic muscle activation [44]. In addition, studies on muscle
thickness measurement using ultrasound is still lacking [45],
and this study may be an evidence for methodology using ul-
trasound for measuring lower trapezius thickness during both
contraction and resting states. This study demonstrates sig-
nificant increase (P<0.05) of muscle thickness in contractions
(effect size d=—0.58) and muscle contraction rate (effect size
d=-1.21) before and after the intervention of lower trapezius
strengthening exercise in neck pain patients. This was consis-
tent with the study of Saliba et al. (2010) [46] which adminis-
tered muscle strengthening exercise program for 51 patients,
and also with the study by Arlotta et al. (2011) [20] who dem-
onstrated that muscle contraction rate has increased in 18
healthy adults through lower trapezius strengthening exercise.

This study suggests that lower trapezius muscle strengthening
exercise strengthens the weak muscles, and it decreases the
imbalances in scapulothoracic muscles and increases stabili-
zation in the neck and scapula to improve neck pain and dys-
function levels. Additionally, Sahrmann (2001) [21] reported
that scapulothoracic muscle control is crucial for clinical man-
agement of neck pain patients. This provided intensive mus-
cle strengthening exercise program for weakened lower tra-
pezius to increase the ratio of lower trapezius muscle strength
to upper trapezius [47], and it could be suggested that there
was an effect on the decrease of dysfunction due to scapu-
lothoracic imbalance and postural alignment improvement.
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The limitations of this study were as follows. First, the aver-
age age of the participants was 27 years. Hence, the data ob-
tained cannot be generalized to cervical pain patients of all
ages. The second limitation was that there were no criteria
for the onset of neck pain, result it to be difficult to prove the
effects on acute and chronic neck pain patients. Thirdly, there
may be some errors from the angle of the convex transducer
and consistent pressure during the ultrasound measurement.
However, in order to minimize the limitations, a physical ther-
apist with many experiences in ultrasound measurements as-
sessed alone. Future studies should consider these limitations
and discuss the modification of lower trapezius strengthening
exercise program and the effects.

The results of this study showed significant effects in all items
including VAS, NDI, and postural alignment when 4 weeks of
scapula and thoracic stabilization exercises and lower trapezius
strengthening exercises were provided to neck pain patients.
As a result, regulation of the scapula thoracic muscle affects
the muscle activity, and positively affects the utilization of the
muscle clinically. This demonstrates positive effects to neck pain
patients, specifically lower trapezius strengthening exercise ef-
fectively activates muscle thickness and contraction rate than
scapula and thoracic stabilization exercises, ultimately improv-
ing decreased dysfunction, and postural alignment. Therefore,
lower trapezius muscle strengthening exercises can be an effi-
cient exercise program for patients with neck pain.

Conclusions

This study aimed to investigate the effects of lower trapezius
strengthening exercise on pain, dysfunction, muscle thickness,
and muscle contraction rate of neck pain patients. The ex-
perimental group, which also performed the lower trapezius
strengthening exercise, showed significant improvement in
the level of neck dysfunction, as well as improvement in pos-
tural alignment, muscle thickness, and contraction rate of the
lower trapezius muscle. These results suggest that lower tra-
pezius strengthening exercise is clinically effective for neck
pain patients.
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