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Abstract

Background: For the treatment of forward head posture (FHP) and forward shoulder posture, methods
for strengthening scapular retractors and deep cervical flexors and stretching pectoralis and upper cervical
extensors are generally used. No study has yet assessed whether suboccipital release (SR) followed by
cranio—cervical flexion exercise (CCFE) (SR-CCFE) will result in a positive change in the shoulders and
neck, showing a “downstream” effect.

Objects: The purpose of this study was to investigate the immediate effects of SR-CCFE on
craniovertebral angle (CVA), shoulder abduction range of motion (ROM), shoulder pain, and muscle
activities of upper trapezius (UT), lower trapezius (LT), and serratus anterior (SA) and LT/UT and
SA/UT muscle activity ratios during maximal shoulder abduction in subjects with FHP.

Methods: In total, 19 subjects (7 males, 12 females) with FHP were recruited. The subject performed
the fifth phase of CCFE immediately after receiving SR. CVA, shoulder abduction ROM, shoulder pain,
muscle activities of UT, LT, and SA, and LT/UT and SA/UT muscle activity ratios during maximal
shoulder abduction were measured immediately after SR-CCFE. A paired t-test and Wilcoxon signed-rank
test were used to determine the significance of differences in scores between pre— and post-intervention
in the same group.

Results: The CVA (p<.001) and shoulder abduction ROM (p<.001) were increased significantly post—
versus pre-intervention. Shoulder pain was decreased significantly (p<.001), and LT (p<.05) and SA
(p<.05) muscle activities were increased significantly post— versus pre-intervention. The LT/UT muscle
activity ratio was increased significantly post— versus pre-intervention (p<.05). However, there was no
significant change in UT muscle activity and SA/UT muscle activity ratio between pre- and
post-intervention (p>.05).

Conclusion: SR-CCFE was an effective intervention to improve FHP and induce downstream effect
from the neck to the trunk and shoulders in subjects with FHP.

Key Words: Cranio—cervical flexion exercise; Forward head posture; Forward shoulder posture;
Suboccipital release.

Introduction dosis (Harman et al, 2005). As cervical spine lordosis

increases, the posture becomes characterized by a

Forward head posture (FHP) is excessive anterior forward head, extended middle cervical spine, and
positioning of the head relative to a vertical reference flexed lower cervical spine (Harman et al, 2005).
line, coupled with increased lower cervical spine lor— FHP is related to lengthening and weakness in the
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deep cervical flexor, lower trapezius (LT), and serratus
anterior (SA), and tightness or shortening in the upper
cervical extensors (Harman et al, 2005). Consequently,
FHP leads to musculoskeletal dysfunction and neck
and shoulder pain (Raine and Twomey, 1997).

An extensive literature has shown that the spine
and shoulder complex have strong postural relation—
ships and clinical correlations (Raine and Twomey,
1997; Roddey et al, 2002). FHP can change the scap-
ular posture and decrease the mobility of scapular
upward rotation, a common characteristic found in
subjects with forward shoulder posture (FSP) (Lynch
et al, 2010; Roddey et al, 2002; Yoo et al, 2008). FSP
is related to LT weakness and shortening of the up—
per trapezius (UT) (Peterson et al, 1997). The muscle
imbalance and altered scapular mechanics decrease
muscle activities in the LT and SA during arm ele-
vation (Lynch et al, 2010).

For the treatment of FHP and FSP, methods for
strengthening the scapular retractors and deep cer-
vical flexors and stretching the pectoralis and upper
cervical extensors are generally used (Roddey et al,
2002). In a previous study, activation of the deep
cervical flexor was increased and muscle activity of
the superficial cervical flexors was decreased with
significant reduction in neck pain after cranio—cer-
vical flexion exercises (CCFE) in subjects with
chronic neck pain (Jull et al, 2009). Additionally, Rizo
et al (2012) reported that suboccipital release (SR)
immediately improved FHP in asymptomatic subjects,
showing a significant increase in the craniovertebral
angle (CVA) in both sitting and standing positions.
These previous studies showed a direct effect of the
cervical approach to cervical problems (Jull et al,
2009; Rizo et al, 2012). However, interestingly, Lluch
et al (2014) reported an indirect effect of an active
scapular correction exercise on neck pain in subjects
with chronic neck pain and scapular dysfunction. The
results revealed an immediate reduction in neck pain
and pressure-pain sensitivity.

Although there is evidence to suggest that improved

FSP may lead to improved clinical outcomes in pa-

tients with neck pain (Lluch et al, 2014), little is
known about how treatment for FHP may improve
EFSP. One previous study showed that greater thora—
cic kyphosis was significantly associated with re—
duced CVA (Quek et al, 2013). Furthermore, Quek et
al (2013) suggested that addressing FHP improved
cervical impairments and that addressing thoracic
kyphosis impairments could constitute an “upstream”
approach. However, Quek et al (2013) failed to show
that improving thoracic Kkyphosis resulted in im-
proved FHP in subjects with neck dysfunction.

No study has yet assessed whether SR followed by
CCFE (SR-CCFE) results in a positive change in
shoulder as well as neck posture, representing a
“downstream” effect. Thus, this is the first reported
study to investigate the immediate effects of SR-CCFE
on (1) CVA, (2) shoulder abduction range of motion
(ROM) and shoulder pain, and (3) muscle activities
of the UT, LT, and SA and LT/UT and SA/UT
muscle activity ratios during maximal shoulder ab-—
duction in subjects with FHP. We hypothesized that
SR-CCFE would (1) increase CVA, (2) increase
shoulder abduction ROM and decrease shoulder pain,
and (3) increase LT and SA muscle activities and
LT/UT and SA/UT muscle activity ratios, and de-
crease UT muscle activity in subjects with FHP.

Methods

Subjects

A power analysis was performed using results from
a pilot study with five subjects. A total sample size
of 17 subjects was required to satisfy a significance
level of .05, power of .80, and effect size of .64
(Gpower software, ver. 3.1.2, Franz Faul, University
of Kiel, Kiel, Germany). In total, 19 subjects (7 males,
12 females) with FHP were recruited [age=22.21+1.93
years, height=167.60+8.40 cm, weight=62.69+8.97 kg,
body mass index=22.22+1.68 kg/m’, FHP (pre-inter—
ventions)=44.43+4.66°]. When assessed clinically, FHP
is determined by the CVA, with a smaller CVA in-



dicating greater FHP (Quek et al, 2013). Inclusion
criteria were (1) CVA<53° (Kim et al, 2015), (2)
shoulder pain, and (3) limitation of abduction at the
shoulder joint. The more painful side (greater visual
analogue scale; greater VAS) was chosen to collect
the data (18 right and 1 left side). Exclusion criteria
were (1) medical/health care for low back pain over
the past year (Harman et al, 2005), (2) dysfunction
of the spine, (3) cervical, thoracic, or shoulder girdle
fractures or anomalies (Peterson et al, 1997), and (4)
obesity, as determined by body mass index>30 kg/m’
(Hallman et al, 2011). Prior to the beginning of data
collection, the experimental protocol was explained to all
subjects by the principal investigator (PI), and partic—
ipants signed an informed consent form approved by the
Yonsei University Wonju Institutional Review Board
(approval number: 1041849-201512-BM-085-02).

Surface electromyography recording and
data processing

Electromyography (EMG) data were collected us-
ing a Tele-Myo DTS EMG instrument with a wire—
less telemetry system (Noraxon Inc., Scottsdale, AZ,
USA) and analyzed using the Noraxon MyoResearch
1.06 software (Noraxon Inc., Scottsdale, AZ, USA).
Data were collected from the UT, LT, and SA on
the subject’s tested side. The data were recorded at
a 1000 Hz sampling rate. A digital band-pass filter
(Lancosh FIR) was used between 20 and 450 Hz to
filter the raw signals. A common mode rejection ra—
tio was 92 dB at 60 Hz. Root-mean-square values
with a moving window of 50 ms were calculated.

The PI prepared the electrode sites to diminish
impedance to the EMG signal by shaving the sub-—
jects’ hair, and cleaning the skin with rubbing alco-
hol using a sterile gauze pad. Then, bipolar electrodes
(Ag/AgCl) were attached in the direction of the mus-
cle fibers, 2 cm apart (Cram et al, 1993). Electrodes
were placed as follows: UT: one half the distance
between the mastoid process and the root of the
scapular spine at approximately the angle of the
neck and shoulder; LT: two finger widths medial
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from the inferior angle of the scapula at a 45° angle
toward the T10 spinous process;, SA: below the axil-
lary area, anterior to the latissimus dorsi, over the
4th through 6th ribs at an angle of 30° above the
nipple line (Thigpen et al, 2010).

The maximal voluntary isometric contraction
(MVIC) was used to normalize the EMG data of UT,
LT, and SA. To collect MVIC data, we used stand-—
ard manual muscle-testing positions as follows. UT:
sitting with the neck extended posterolateral and 90°
abduction of the arm against resistance from should—
er depression; LT: prone, 150° abduction of the arm,
raising the arm upward against downward resistance
applied at the elbow; SA: sitting, 90° flexion of the
arm, protraction of the scapula against backward re—
sistance applied to the hand (Kendall et al, 2005).
The mean value of two trials was used for data
analysis, and the middle 3 seconds of each trial was
used. Subjects performed the movement and held the
position for 5 seconds, with a 3 minutes rest between
muscle contractions. The intra—class correlation co-
efficients (ICC) for the MVIC of UT, LT, and SA
were .98 (95% confidence interval, 95% CI=.94~.99),
98 (9B% CI=96~.99), and 98 (9% CI=.95~.99),
respectively. EMG activity for the UT, LT, and SA
during maximal arm abduction was expressed as a
percentage of the mean MVIC (%sMVIC).

CVA

The CVA was recorded with a digital camera (PL150,
Samsung, Seoul, Korea), and the Image] image analysis
software (U.S. National Institutes of Health, Maryland,
USA) was used to assess the kinematic data. The dig-
ital camera was placed perpendicular to the ground,
with its lens 80 cm from the lateral aspect of the
subject and pointing directly at the subject's shoulder
to minimize parallax error (Yoo et al, 2008). The
subject sat on the stool placed in the reference area,
assuming a natural and relaxed position. The subject
was asked to put both feet on the ground and to
place the hands on the thighs while relaxing the
back. Next, the PI instructed the subject to fix their
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gaze on the point marked on the wall directly ahead.
The PI attached two body markers on the external
auditory meatus, and the spinous process of C7 (Lewis
et al, 2005; Yoo et al, 2008). Two photographs were
taken of the tested side of the subject’s upper body
in the lateral aspect with a flash. After the first pho—
tograph was made, the subject was asked to stand
and then sit again. The CVA was determined as the
angle between the line from the external auditory
meatus to C7 and the line parallel to the spine at C7
(Lewis et al, 2005, Yip et al, 2008; Yoo et al, 2008)
(Figure 1).

Shoulder abduction ROM

The shoulder abduction ROM was measured by
two Investigators using a universal goniometer
(Baseline, Fabrication Enterprises, White Plains, New
York, USA). While the PI measured the ROM, the
prevented  all
movements. A reference line for standing was marked

other  investigator compensatory
on the floor using tape. A plastic pole was set as a
guide to maintain the frontal plane during maximal
shoulder abduction. The measurement of shoulder
abduction ROM was performed with the subject
standing at the reference line. The subject held the
extension of the elbow joint with the thumb directed

_

Figure 1. Measurement of craniovertebral
angle (CVA).

up toward the ceiling to create the external rotation
necessary to prevent shoulder impingement (Kolber
and Hanney, 2012). The subject was instructed to
maximally abduct the shoulder in the frontal plane
with chin tucked for stahilization and to prevent later—
al flexion of the neck. Once active end-range was ac—
complished, the angle of maximum shoulder abduction
ROM was measured. The axis of a goniometer was
set on the posterior part of the middle of the gleno-
humeral joint, the fixed arm was parallel to the trunk,
and the moveable arm was parallel to the longitudinal
axis of the humerus (Kolber and Hanney, 2012).

Shoulder pain

Shoulder pain was measured using a VAS. The
VAS entails a 10 cm line and a scale completed by the
subject. The subject was asked to check on the VAS
line to identify the present intensity of shoulder pain
on the tested side. The scores, which begin from the
zero point indicating “no pain” are marked by the sub-
ject using a ruler. The distance (mm) indicates the pain
score, which ranges from 0 to 100, providing 101 lev-
els of pain intensity at intervals of 1 mm The cut—off
points for VAS scores were as follows: 0~4 mm (no
pain), 5~44 mm (mild pain), 45~74 mn (moderate pain),
and 75~100 mm (severe pain) (Hawker et al, 2011).

Procedure

Prior to measurement, the subject was asked to
identify their painful side for the shoulder and to
show their upper body by taking off their top if
male or wearing a tank top if female. The subject
completed a familiarization session for the CCFE at
each phase of the exercise (up to the fifth phase) to
ensure optimal performance capability. Then, the
subject performed the fifth phase of CCFE immedi-
ately after receiving the SR. All variables were
measured twice by the PI before and after the
SR-CCFE. The mean of the two measurements was
used for statistical analysis. The other investigator
was blinded to the experimental condition being test—
ed during analysis of the variables.



CCFE

CCFE is a low-load exercise of the cranio—cervical
flexors that involves contracting the deep cervical flex—
ors of the upper cervical part (longus capitis and lon—
gus colli) without recruitment of the superficial flexors
(sternocleidomastoid and anterior scalene). The protocol
for CCFE was established in the previous studies (Jull
et al, 2002, Jull et al, 2009). In the first phase of the
exercise, the PI taught the subject to perform con-—
trolled CCFE slowly in a supine position. The subject
focused on sagittal rotation movement of the head slide
in caudad and cephalad directions on the bed rather
than a retraction movement. Once the first CCFE phase
was achieved correctly, the subject performed the second
phase using an air-filled pressure sensor (Stabilizer,
Chattanooga Group Inc., Hixson, USA) placed between
the back of the head and the bed. The subject was
asked to perform progressive CCFE by increasing the
amount of pressure, as shown by the feedback dial,
thereby flattening cervical lordosis. Gradually, the sub—
ject performed CCFE, increasing the pressure in 2 mmHg
increments, to reach the fifth phase, with a target
pressure level of 20~30 mmHg. The PI confirmed that
the subject could hold the target level consistently for
10 seconds without depending on retraction, dominant
contraction of superficial neck flexor muscles, or a quick
CCFE movement. Recruitment of the superficial muscles
was monitored by the PI using palpation. At each tar—
get level, the contraction time was 10 seconds with 10
repetitions; the subject was given a 3~5 seconds rest
period between contractions (Jull et al, 2009).

SR

SR is a suboccipital muscle inhibition technique that
influences the craniocervical region and reduces ten—
sion in the deep upper cervical tissues. First, the PI
sat at the head of the bed and placed the palms un-
der the head of the subject, who was in a supine
position. Next, the PI placed the middle and ring fin—
gers of both hands under the space between the oc—
cipital condyles and the spinal process of C2. Then,
the PI rested the base of the skull with 90° flexion of
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the metacarpophalangeal joints and maintained the
technique until the PI perceived relaxation of subject’'s
suboccipital muscle. It was important that pressure
was applied ventrally without pain, using the ex-—
tended index, middle, and ring fingers of both hands. A
slight traction force was allowed cranially to focus on
the suboccipital zone. After tissue relaxation was ach-
ieved, the pressure was smoothly released, leaving the
subject’s head on the bed. During the SR, the subject
was asked to keep their eyes closed to prevent eye
movements that might influence suboccipital muscle tone.
The intervention time was 4 minutes (Rizo et al, 2012).

Statistical analysis

The test-retest reliability of EMG data was as—
sessed by calculating the ICC and 95% CI, which
was interpreted based on the following criteria:
<.69=poor, .70~ .79=moderate, .80~.89=good, and .90
~ 99=excellent (T'Jonck et al, 1996). A one-sample
Kolmogorov-Smirnov test was conducted to confirm
the assumption of a normal distribution. Paired t-tests
were conducted to assess the significance of differ—
ences in the CVA, shoulder abduction ROM, muscle
activities of the UT, LT, and SA, and LT/UT and
SA/UT muscle activity ratios during maximal should-
er abduction in subjects with FHP between pre- and
post-intervention. A Wilcoxon signed-rank test was used
to assess the significance of differences in shoulder
pain between pre- and post-intervention. The level of
significance was set at .05. The effect size (ES) is
generally suggested to identify meaningful changes
by accounting for group variability. The ES was cal-
culated for the difference between measures pre- and
post-intervention (Portney and Watkins, 2009). Data are
presented as mean+standard deviation. All statistical
analyses were performed using the SPSS ver. 21.0
(SPSS Inc., Chicago, IL, USA).

Results

The test-retest reliabilities of EMG data in max-—
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imal shoulder abduction were excellent, except for
UT post-intervention (good): UT [pre-intervention:
95 (.86~.98), post-intervention: .88 (72~.95)]; LT
[pre-intervention: .96 (91~.99), post-intervention: .97
(92~.99)], and SA [pre-intervention: .91 (.79~.97),
post-intervention: .97 (.92~.99)].

CVA

CVA was increased significantly, from 44.43+4.66°
pre-intervention to 49.0346.32° post-intervention (p<.001,
ES=1.21) (Figure 2).

Shoulder abduction ROM and shoulder pain

Shoulder abduction ROM was increased significantly,
from 126.03£5.70° pre-intervention to 133.87+7.64°
post-intervention (p<.001, ES=1.70) (Figure 3). The
VAS score for shoulder pain was decreased significantly
from 1368955 mm pre-intervention to 158688 mm
post-intervention (p<.001, ES=1.48) (Figure 4).

Muscle activities and muscle activity ratios

LT and SA muscle activities were increased sig-
nificantly, from 139.73+108.94 and 135.79+89.62 pre-in—
tervention to 170.92+123.43 and 163.27+111.78 post-in—
tervention (p<.05, ES=.78 and p<.06, ES=.75), respectively.
However, there was no significant change in UT
muscle activity between pre— and post-intervention
(p>.05, ES=11). The LT/UT muscle activity ratio
was increased significantly, from 1.58+1.45 pre-inter—
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Figure 2. Craniovertebral angle (CVA) was
increased significantly post-intervention versus
pre—intervention ("p<.001).

vention to 1.96£1.51 post-intervention (p<.05, ES=.83).
However, there was no significant change in the
SA/UT muscle activity ratio between pre- and
post-intervention (p>.05, ES=.43) (Figure 5).

Discussion

The purpose of this study was to investigate the
effects of SR-CCFE on (1) CVA, (2) shoulder ab-
duction ROM and shoulder pain, and (3) muscle ac—
tivities of the UT, LT, and SA and LT/UT and
SA/UT muscle activity ratios during maximal should-
er abduction in subjects with FHP. The results of
the kinematic data partially supported our research
hypothesis. Comparisons of pre- and post-inter—
vention measures showed that the CVA and shoulder
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Figure 3. Shoulder abduction range of
motion (ROM) was increased significantly
post-intervention versus pre-intervention
("p<.001).
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Figure 4. The mean visual analog scale
(VAS) score for shoulder pain was
decreased significantly post-intervention
versus pre-intervention ("'p<.001).



%
300~ f ! .
| —|
250
200
s
Z 150 -|-
® _
100
50-
0 . . r
uTt LT SA

Muscle activities

A 3 Pre-intervention
E= Post-intervention

St AT X 583 %] 20161 237 25 57-66
Phys Ther Korea 2016;23(2):57-66

B 3 Pre-intervention
4- p B Post-intervention
¥
~—
3_
o
W 2-
(14
1=
1) T ’
LTIUT SAUT

Muscle activity ratios

Figure 5. Muscle activities during maximal shoulder abduction of pre- and post- intervention (A),
muscle activity ratios during maximal shoulder abduction of pre- and post- intervention (B)
(MVIC: maximal voluntary isometric contraction, UT: upper trapezius, LT: lower trapezius, SA:

serratus anterior, "p<.05).

abduction ROM were increased significantly and
shoulder pain was decreased significantly post-inter-
vention compared with pre-intervention. Additionally,
LT and SA muscle activities during maximal
shoulder

post-intervention

abduction were increased significantly
compared with pre-intervention.
Also, the LT/UT muscle activity ratio during max-
imal shoulder abduction was increased significantly
post-intervention compared with pre-intervention.
The CVA by 10.35%,
post-intervention versus pre-intervention. The CVA
indicates the degree of FHP, and an increased CVA
means improved FHP. This finding is similar to
those reported by Rizo et al (2012) and Falla et al
(2007). The SR treatment significantly increased
CVA in both the sitting (about 14%) and the stand-
ing (about 7%) positions in subjects with a history
of orthodontics use (Rizo et al, 2012). Additionally,

CCFE was associated with a significant reduction in

increased significantly,

the increase of CVA during a computer task in sub-—
jects with neck pain (Falla et al, 2007). Furthermore,
Falla et al (2007) suggested that CCFE improved the
ability to maintain a neutral cervical posture during

prolonged sitting. In this study, we used SR-CCFE
as an intervention in FHP, and our results indicate
that SR-CCFE was effective in reducing FHP
through increasing CVA immediately.

The shoulder abduction ROM was increased significantly,
by 6.22%, post-intervention versus pre-intervention.
We expected that if SR-CCFE improved FHP, then
trunk and shoulder dysfunction would also be im-—
proved along with the positive change in the neck.
The increase in shoulder abduction ROM could be
considered improvement of thoracic hyperkyphosis
and FSP. The mechanism of these changes in the
shoulder is likely craniocervicothoracic stabilization
resulting from SR-CCFE. SR-CCFE may activate the
deep segmental muscles of the craniocervicothoracic
spine, building a stable base during shoulder movement.
A previous study reported that postural changes in-—
tegrated scapular orientation with spinal posture cor—
rection, especially in patients who have FHP with
FSP and thoracic hyperkyphosis (Cools et al, 2014).
Kebaetse et al (1999) found that a slumped posture
was associated with reduced active shoulder abduc-
tion, by about 23.6°, versus an upright posture. In
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addition, Lewis and Valentine (2010) reported that
thoracic hyperkyphosis reduced shoulder abduction
ROM. Along with the evidences from the previous
studies showing that CCFE improved the ability to
maintain an upright trunk posture in subjects with
neck pain (Falla et al, 2007), the increase in shoulder
abduction ROM in this study reflects a downstream
effect of SR-CCFE. Thus, SR-CCFE may be pre—
ferred to enhance shoulder abduction ROM.

Shoulder pain was decreased significantly, by 83%,
post-intervention versus pre-intervention. In a pre-
vious study, SR decreased the tightness and hyper—
activation of deep neck extensors resulting from FHP
(Wang et al, 2003). The mechanism behind this
change is believed that the SR technique could help
to reduce central sensitization through relaxation of
upper cervical tissues (Rizo et al, 2012). CCFE also
significantly decreased the average intensity of neck
pain (numerical rating scale) (Falla et al, 2007; Jull
et al, 2009). Heintz and Hegedus (2008) matched in-
tervention to an individual's signs and symptoms in
a single subject with neck pain, FHP, and FSP. The
intervention, which included SR and deep neck flexor
strengthening, obtained positive results with pain
reduction. In this study, the resultant decrease in
shoulder pain was considered that SR-CCFE lead to
a downstream effect from neck to shoulders.

LT and SA muscle activities during maximal
shoulder abduction were significantly greater, by
22.32% and 20.24%, respectively, post-intervention
versus pre-intervention. The UT, LT, and SA per—
form important roles in upward rotation of the scap—
ula during shoulder abduction (Selkowitz et al, 2007).
When the subject performs an overhead activity, the
UT and SA muscles work together for upward rota—
tion of the scapula (Decker et al, 1999, Ekstrom et
al, 2003). In addition, LT and SA serve as upward
rotators of the scapula because of their origins and
insertions (Kelly and Thomas, 2011). However, vari-
ous conditions, such as postural changes, influence
the scapular position and scapulohumeral rhythm
(Ekstrom et al, 2003; Kebaetse et al, 1999). Shoulder

derangements may inhibit movement of the LT and
SA while activating the UT. Athletes with scapular
dyskinesis often have dominance of the UT and per—
form a shoulder shrug motion during retraction,
which is counterproductive (Kelly and Thomas,
2011). In this study, the LT/UT muscle activity ratio
during maximal shoulder abduction was increased
significantly, by 24.05%6, post-intervention versus
pre-intervention. The reduction in UT dominance
relative to LT indicated improvement in the shoulder
muscle imbalance during overhead activity. No pre-
vious study has examined changes in scapular up-—
ward rotation activities during maximal shoulder ab-—
duction after SR-CCFE; thus, it is not possible to
compare our results with previous work. Our results
suggest that SR-CCFE could improve shoulder de-
rangements via a downstream effect.

This study has some limitations. First, because it
was performed to investigate the immediate effects
of SR-CCFE using a cross—sectional design, the
long-term effects of the intervention could not be
determined. Second, the findings of this study have
limited generalizability to other patient populations
with shoulder and trunk pathologies because only
subjects who had FHP with shoulder pain and limi-
tation of abduction were recruited. Future studies
should investigate the long—term effects of SR-CCFE
in subjects with other medical histories, such as
thoracic hyperkyphosis, FSP, winged scapula, or
shoulder impingement syndrome. Third, we did not
consider or exclude rhomboid muscle activity, which
has a role in scapular downward rotation and could
be variable among subjects. Further studies are
needed to

rhomboid. Fourth, because we used combination of

exclude subjects with a dominant
SR and CCFE as an intervention, it was uncertain
that the effects resulted from whether combined in-
tervention or not. Finally, because our study was not
a randomized controlled trial, the results could be in—
fluenced by other unrecognized factors. As a result,
accurate evaluation of SR-CCFE from a large

randomized controlled trial is needed.



Conclusion

SR-CCFE can increase the CVA and shoulder ab—
duction ROM and decrease shoulder pain. The present
findings suggest that SR-CCFE is an effective inter—
vention to improve FHP and bring about downstream
effect from the neck to the trunk and shoulders in
subjects with FHP. Based on our EMG data, SR-CCFE
can be effective in activating the LT and SA muscles
during maximal shoulder abduction. In addition, if a
subject has a relatively dominant UT among the scap-
ular upward rotators, SR-CCFE can be recommended
to elicit LT rather than UT muscle activity.
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