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ABSTRACT

Background: Correction of scapular alignment is advocated as a component for alleviating

symptoms for patients with neck pain.

Objective: The study aimed to examine the effect of active scapular correction on cervical
range of motion (ROM), pain, and pressure pain threshold (PPT) in patients with chronic neck

pain with depressed scapula.

Methods: A randomized control trial research design was conducted. Twenty-eight partici-
pants with chronic neck pain and depressed scapula were randomly assigned to either the
intervention (n = 14) or control (n = 14) group. Active cervical rotation ROM, pain at maximum
cervical rotation, and PPT over the upper trapezius muscle region were measured at baseline

and post active scapular correction.

Results: The participants in the intervention group showed significantly greater active cervical
rotation ROM and less pain at maximum cervical rotation than the control group, both on the
ipsilateral (p < 0.01) and contralateral (p < 0.05) sides of the depressed scapula. No significant

difference in PPT between the groups was demonstrated (p = 0.194).

Conclusion: Active scapular correction intervention resulted in an immediate increase in active

cervical rotation ROM and a decrease in neck pain at maximum cervical rotation.
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CONCLUSION
Active scapular correction intervention resulted in an immediate increase in active cervical

rotation ROM and a decrease in neck pain at maximum cervical rotation.
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Introduction

Neck pain is one of the most common musculoskeletal
problems with a 1-year prevalence that varies from
15.3% to 37.0% in the general population [1-3]. The
chronic rate is high, with an estimated 30% of neck
pain patients suffering from chronic symptoms [4].
Neck pain and its complications also have
a significant impact on public health expenditure
both directly and indirectly [4].

The relationships between impairment in scapular
alignment and cervical disorders have been described
[5]. The impaired alignment can be classified as
depressed, elevated, downwardly rotated, abducted,
adducted, tilted, and winged scapular position [6].
The prevalence of each type of scapular position
remains unknown, but a recent study of individuals
with nonspecific neck pain has found that about 60%
of participants has downwardly rotated scapula and all
participants have at least one type of impaired scapu-
lar position [7]. To date, depressed scapula position has
received attention from several studies [8-12].

Depressed scapular position is defined as having
the acromion process and the superior angle of the
scapula located below the spinous process of
the second thoracic vertebral0. Tension of the cervi-
coscapular muscles that connect the scapula to the
cervical region (upper trapezius and levator scapulae)
in a lengthened position might put load on the cervical
spine, which can adversely affect mechanical stresses
on pain sensitive cervical structures13. Upper limb
neural tissue mechanosensitivity is significantly greater
in healthy subjects who display depressed scapula
compared with those with normal scapular orientation
[8]. Significantly lower pressure pain threshold (PPT)
over the upper trapezius [8,10] and middle trapezius
muscles11 as well as over the C2/C3 and C5/C6 zyga-
pophyseal joints [8] is reported in healthy subjects with
depressed scapula position. Correction of scapular
alignment is therefore advocated as a component of
intervention for patients with neck pain who also exhi-
bit depressed scapular alignment [9,12].

Correction of the scapular position can be per-
formed passively and actively. Passive intervention
uses a manual technique or a mechanical device,
while active intervention asks an individual to move
the scapula into a neutral position and hold the posi-
tion steadily for a short period. The passive interven-
tion technique is commonly performed and results in
an immediate decrease in neck pain intensity asso-
ciated with cervical rotation and an increase in active
cervical rotation range of motion (ROM) [7,13,14], as
well as a reduction in joint position error14,15. An
active intervention technique was investigated in two
studies. One study examined healthy subjects with
depressed scapula. It showed a significant increase in
PPT over the upper trapezius muscle after intervention
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[12]. The other study investigated patients with neck
pain and abnormal scapular posture, which demon-
strated changes in electromyographic activity in the
middle trapezius and the lower trapezius muscle
toward normal while performing scapular correc-
tion15. However, active scapular correction showed
greater reduction in pain and greater increase in PPT
at the most painful cervical segment in patients with
chronic neck pain16. These results suggest a plausible
benefit of active scapular correction, which may be
used as a self-exercise in the management of neck
pain, although no data on neck pain with cervical
movement, cervical ROM, and PPT over the upper
trapezius muscle in individuals with neck pain have
been reported.

The purposes of this study were twofold. First, to
compare cervical rotation ROM, neck pain with cervical
rotation, and PPT over the upper trapezius muscle
region between the groups that performed active
scapular correction exercise and the control group.
Second, to assess the immediate effects of active scap-
ular correction on cervical rotation ROM, neck pain
with cervical rotation, and PPT over the upper trape-
zius muscle region in participants with chronic neck
pain and depressed scapular alignment.

Methods
Study design

A randomized control trial with blinded outcome
assessment was conducted. The study was registered
with the Thai Clinical Trial Registry (TCTR
20210123003) and was approved by the Ethics and
Research Committee of Chulalongkorn University
(COA No. 115.1/63). The full trial protocol can be
accessed at http://www.thaiclinicaltrials.org/. The flow
chart in Figure 1 gives an overview of the participant
flow of the study according to the CONSORT standard
(http://www.consort-statement.org/).  Participants
were recruited from the faculty clinic patients, as well
as those using flyers posted at the university and on
social networks. Recruitment started in
September 2020 and the last participant was recruited
in November 2020. Informed consent was obtained
from all participants prior to enrollment in the study.
Data collection was performed at the laboratory of the
Faculty of Allied Health Sciences, Chulalongkorn
University.

Participants

Twenty-eight participants (18 females and 10 males)
with a history of chronic neck pain and depressed
scapula participated in the study. Neck pain was
defined as pain in the area between the superior
nuchal line and the tip of the first thoracic spinous
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Enrollment

Assessed for eligibility (n =30)

Excluded

- Notmeeting inclusion criteria (n =22)

Randomized (n =28)

| Allocation

Allocated to intervention group (n=14)

|

Familiarization session (n =14)

48 hours interval
v

Experimental session (n = 14)

Analyzed (n=14) |

Figure 1. CONSORT flow diagram of the participants.

process that had persisted longer than three months
in duration. A depressed scapula could be either
unilateral or bilateral. Participants with unilateral
neck pain had to have depressed scapula on the
same side of the neck pain symptom. Each partici-
pant had his or her scapulae assessed by a researcher
while standing with both arms relaxed by their sides.
A depressed scapula is commonly defined as having
the acromion process and the superior angle of the
scapula below the second thoracic spinous pro-
cess10. In the present study, a scapula was classified
as depressed when the acromion process and the
superior angle of scapula were at or below the third
thoracic spinous process. Surface palpation of the
scapula and the thoracic spine has been reported to
be a valid method for determining the scapular posi-
tion17 with good intrarater (ICC = 0.96) and interrater
reliability (ICCs ranged from 0.96 to 0.97) [18,19].

Inclusion criteria were as follows: age between 18
and 50 years to minimize the effect of degenerative
changes to the cervical spine on the cervical
ROM20, score of at least 5/50 on the Neck
Disability Index (NDI)21, active cervical rotation
ROM equal to or less than 70 degrees, and the
Numeric Pain Rating Scale (NPRS) of at least 2/10
score with active cervical rotation in both directions.
The participants were excluded if they had a history
of cervical radiculopathy, congenital scapular
abnormalities, cerebrovascular diseases, peripheral
nerve injury, inflammation signs in the neck and
shoulder areas, fibromyalgia, neoplasm, pathological
fractures, infectious disease, systemic inflammatory
diseases, cervical myelopathy, and previous surgery
in the cervical region.

l Analysis I
4

Allocated to control group (n=14)

l

Familiarization session (n = 14)

48 hours nterval

Experimental session (n = 14)

Analyzed (n=14)

Sample size was calculated based on previous stu-
dies in order to identify a mean difference between
groups of 10 degrees of cervical ROM [14], two scores
of pain intensity on the NPRS [22] , and 12 N/cm? of
PPT23. With a statistical power of 0.80 (1 —  error
probability) and a error-level probability of 0.05,
a total sample size of at least 14 patients per group
was necessary with an anticipated dropout rate of 20%.

Randomization

The eligible participants were randomly allocated into
either an intervention group (n = 14) or a control group
(n = 14) using a block randomization table generated by
a computerized sequence with a 1:1 allocation ratio that
was sequentially numbered. The allocation was con-
cealed in opaque and sealed envelopes for the purpose
of blinding the outcome assessor and only revealed
immediately before intervention was provided.

Outcome measures

Active cervical rotation ROM. Active cervical rotation
ROM was measured using a Cervical Range of Motion
(CROM) device (Performance Attainment Associates, St
Paul, MN). It consisted of a magnetic neck brace and
three inclinometers to measure each anatomical plane
of movement. The participants were measured in
a sitting position with their feet rested on the ground,
their hips and knees positioned at right angles, and
both hands placed upon their laps. The CROM device
was strapped on the participants’ head by having all
three inclinometers read zeroes. The device was found
to be a valid and reliable instrument for measuring



cervical ROM in both asymptomatic and neck pain
patients [24,25]. Participants were asked to move
their necks as far as possible in the right and left
rotations. Two measurements were taken for each
movement, and the mean was calculated25. Data
were recorded as ipsilateral and contralateral ROM in
relation to the side of the depressed scapula. For par-
ticipants with bilateral depressed scapulae, the data
were recorded in relation to the side of the greater
depressed scapula.

Neck pain intensity. An 11-point NPRS26 was
used to assess neck pain intensity at the end
range of maximum active cervical rotation. On
the scale, 0 represented no pain and 10 repre-
sented the worst pain imaginable. The mean
value of the two trials of cervical rotation in each
direction was calculated. Data were recorded as
ipsilateral and contralateral pain intensity on the
side of the depressed scapula, similar to the active
cervical rotation ROM.

PPT. PPT over the upper trapezius muscle region
was assessed by an electronic pressure algometer
(Commander, J Tech Medical Industries - Heber
city, UT, USA). The device was found to be valid
and reliable in testing tissue sensitivity to pressure
in both asymptomatic and neck pain patients
[23,27] . The participants sat in a chair with both
hands placed over their laps. Skin over the mid-
point between the superior angle and the acro-
mion process of the scapula was marked. An
increasing perpendicular pressure was applied
over the marked point through the end of the
electronic pressure algometer at a controlling rate
of 3 N/sec. The measurement was taken on the
side of a greater depressed scapula. The partici-
pants were instructed to report when the sensa-
tion of pressure changed to pain. Two repeated
measurements were performed with a 30-second
rest between trials [11,28] and the mean was used
for data analysis.
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Procedure

Each participant attended two sessions (familiariza-
tion and experimental). The two sessions were
separated by 48-72 hours interval. The familiariza-
tion session was to accustom participants (both
the intervention and the control groups) with the
measurement protocols and the testing environ-
ment. The participants were asked to remove
their eyeglasses and/or accessories from the head
and neck areas. Female participants were
requested to wear a camisole, while male partici-
pants were requested to take off their upper body
clothing. They were then instructed to sit on an
adjustable height seat in the standard sitting posi-
tion, with both hands placed over their laps (feet
flat on the floor with hips, knees, and ankles flexed
at 90 degrees). Five bony landmarks, including two
on the superior angle of both scapulae, two on the
lateral border of acromion processes, and one on
the second thoracic spinous process were pal-
pated, and 15-millimeter diameter color-tape mar-
kers were attached to each one. The CROM device
was attached to the participants’ head. Posteriorly,
a digital camera with a water-based horizontal
level was focused at the second thoracic spinous
process, located 50 centimeters away from the
participants. Anteriorly, a computer screen con-
nected to a camera was set up to provide real-
time visual feedback for self-monitoring of scapular
alignment (Figure 2).

At the familiarization session, the participants in
the intervention group learned to perform active
scapular correction by actively moving their scapula
to the neutral position. The superior angle of the
scapula and the lateral border of the acromion had
to be aligned with or just above the second thor-
acic spinous process [9,10,13]. A participant’s train-
ing was completed when they could hold the
neutral position for 10 seconds. Each participant
was strongly advised to avoid practice after training.

Figure 2. (a) Participants’ position during the intervention and (b) color-tape markers at superior angle of the scapulae (SA), lateral
border of the acromion processes (AC), and the second thoracic spinous process (T2).
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In addition, participants were instructed to avoid
heavy exercise, neck pain treatment, and consump-
tion of analgesic drugs or other stimulants, such as
caffeine and nicotine products, for at least eight
hours prior to the experimental session29.

The experimental session consisted of collecting
measurements before and after intervention.
Baseline measurements were recorded in the follow-
ing order: active cervical rotation ROM, neck pain
intensity at maximum cervical rotation, and PPT over
the upper trapezius region. The intervention group
performed active scapular correction by lifting the
depressed scapula or scapulae up to the correct ver-
tical position. They were asked to hold the position
for 10 seconds and repeated the task 10 times with
a 10-second rest between repetitions (total contrac-
tion time was 100 seconds and total resting time was
100 seconds). This regime was based on a previous
study that achieved immediate pain reduction and
increased PPT at the most painful cervical segment16.
Additional verbal cues and minimal manual assistance
were provided if the participants lost the corrected
scapular alignment during correction until they com-
pleted the intervention. The control group was asked
to sit comfortably in the standard sitting position for
200 seconds with their scapulae in natural position.
Immediately following intervention, all the baseline
measurements were recorded in the same order.

Two researchers with 4 years of clinical experience in
orthopedic physical therapy participated in the study.
The first researcher, who enrolled and assigned the
participants to either group, was responsible for asses-
sing scapula depression and instructing participants on
how to perform active scapular correction. The second
researcher, who was blinded to group allocation, col-
lected the variables at baseline and post intervention.

Statistical analysis

All statistics were performed using the IBM SPSS
Statistics versions 22.0 (IBM Corp. Released 2013,
Armonk, NY, USA). Statistical significance was set at
p < .05. Based on a combination of qualitative
(Q-Q plots and box plots) and quantitative analysis
(Shapiro-Wilk test), the majority of variables were
found to be not normally distributed, therefore non-
parametric statistical analyses were used. Within-group
differences between baseline and post intervention
were evaluated for each group using a Wilcoxon
signed-rank test. Between-group differences between
intervention and control groups were compared using
a Mann-Whitney U-test. The effect size (r) was analyzed
to determine the magnitude of the difference between
groups, which was interpreted as small at r = 0.1-0.3,
moderate at r greater than0.3 to 0.5 and large atr” 0.5
according to Cohen'’s criteria30.

Results

A total of 50 potential participants were screened.
Twenty-eight participants met the inclusion criteria
and were randomly allocated to the two groups, inter-
vention and control. While none of the participants
reported neck pain at rest, the majority (96%) reported
pain in their neck movements, particularly in lateral
flexion ipsilateral to the symptomatic cervical rotation.
There were no significant differences between the
groups at baseline (p > 0.05) in demographic charac-
teristics and outcome measures (Table 1). None
reported any adverse effects due to the intervention.
No participant was lost from the trial after randomiza-
tion. Post intervention, the participants in the interven-
tion group showed significantly greater active cervical
rotation ROM compared to the control group, both on
the ipsilateral (p = 0.006, r = 0.52) and contralateral
(p = 0.016, r = 0.45) sides of the depressed scapula
(Table 2). Neck pain intensity at maximum cervical
rotation was also significantly lower in the intervention
group than in the control group, both on the ipsilateral
(p < 0.001, r = 0.84) and contralateral (p = 0.001,
r = 0.64) sides of the depressed scapula. No significant
difference in PPT over the upper trapezius region
between the groups was demonstrated (p = 0.194,
r = 0.25). Due to the statistically nonsignificant differ-
ence in PPT over the upper trapezius region, retro-
spective statistical power analysis was conducted.
This aimed to determine the degree of power achieved
by the sample size of this study. The magnitude of the
minimum clinically significant difference between
group means was set at 12 N/cm? A power of greater
than 90% was found for the comparison. This suggests
that the statistically nonsignificant difference found in
this study can be confidently accepted.

Table 1. Median (interquartile range) of participants’ demo-
graphics and baseline data.

Control group

Intervention

Variables (n=14) group (n = 14) p value
Gender (male/female) 4/10 6/8 -
Unilateral/bilateral 717 6/8 -
depressed scapula
BMI (kg/mz) 219 (18.3,24.1) 22.1(21.5,25.0) 0.603
Age (years) 31.0 (25.8,34.3) 31.0 (20.8,38.3) 0.482
NDI (scores) 10.0 (8.3, 18.5) 105 (6.8, 14.3)  0.492
Duration of neck pain 12.0 (6.0, 24.0)  12.0 (6.0, 24.0) 0.635
(months)

Active cervical rotation ROM (degrees)

— Ipsilateral side of 52.0 (47.5, 62.5)
depressed scapula

- Contralateral side of
depressed scapula

59.5(51.5,623) 0.454

52.0 (50.0, 60.8) 53.5(49.8,61.8) 0.804

Neck pain intensity at maximum cervical rotation (0-10)

- Ipsilateral side of 4.0 (3.0, 4.5) 3.0 3.0, 4.3) 0.194
depressed scapula

— Contralateral side of 3.0 (2.0, 4.0) 3.0 (3.0, 4.0) 0.769
depressed scapula

PPT (N/cm?) 17.8 (12.8,26.0) 19.6 (13.6,23.6) 0.804

NDI = Neck Disability Index, PPT = pressure pain threshold, ROM = range
of motion



JOURNAL OF MANUAL & MANIPULATIVE THERAPY e 29

Table 2. Median (interquartile range) of active cervical rotation ROM, neck pain intensity with cervical rotation, and PPT over the
upper trapezius muscle at baseline and post intervention in the intervention and the control groups.

p-value p -value Effect size
Variables Baseline Post intervention (within group) (between group) (r
Active cervical rotation ROM (degrees)
— Ipsilateral side of depressed scapula
- Control 52.0 (47.5, 62.5) 52.0 (47.8, 61.3) 0.952 0.006 0.52
- Intervention 59.5 (51.5, 62.3) 70.0 (57.8, 71.0) 0.001
- Contralateral side of depressed scapula
- Control 52.0 (50.0, 60.8) 55.5 (50.0, 60.3) 0.858 0.016 0.45
- Intervention 53.5(49.8, 61.8) 64.5 (59.0, 73.0) 0.001
Neck pain intensity at maximum cervical rotation (0-10)
- Ipsilateral side of depressed scapula
- Control 4.0 (3.0, 4.5) 3.5(3.0,4.3) 0.046 <0.001 -0.84
- Intervention 3.0 (3.0,4.3) 0.5 (0.0, 2.0) 0.001
- Contralateral side of depressed scapula
- Control 3.0 (2.0, 4.0 3.0 (2.0, 4.0 0.317 0.001 - 0.64
- Intervention 3.0 (3.0, 4.0 1.0 (0.0, 2.0) 0.002
PPT (N/cm?)
- Control 17.8 (12.8, 26.0) 16.4 (13.1, 26.8) 0.116 0.194 0.25
— Intervention 19.6 (13.6, 23.6) 21.6 (15.5, 30.3) 0.002

PPT = pressure pain threshold, ROM = range of motion

Changes from baseline to post intervention within
the groups revealed a significant improvement in all
outcome measures in the intervention group
(p < 0.01). No significant changes were found in the
control group except for neck pain intensity at the end
range on the ipsilateral side of the depressed scapula
(p = 0.046) with a difference of 0.5 points on the NPRS.
However, this result did not meet the accepted mini-
mum clinically significant difference of two points for
this scale [31].

Discussion

To the best of the authors’ knowledge, this is the first
study investigating the effects of active scapular correc-
tion intervention on individuals with neck pain, who
have unilateral or bilateral depressed scapula. Within
a minute after completion of intervention, there was
an increase in active cervical rotation ROM, a decrease
in neck pain with active cervical rotation, and an
increase in PPT over the upper trapezius region. The
results support recent studies that found integrated
scapular training along with other interventions were
beneficial for individuals with neck pain [32,33].

In this study, active cervical rotation ROM increased
approximately 10 degrees both on the ipsilateral and
contralateral sides of the depressed scapula post active
scapular correction. Comparison of these results with
other research findings is difficult as previous studies
on the effect of active scapular correction did not
examine active cervical rotation ROM. However, this
change is in line with previous studies that assessed
passive scapular correction. They found an increase of
13 to 14 degrees in neck pain patients with bilateral
downwardly rotated scapulae14 and 5 to 15 degrees in
neck pain patients with unknown scapular position13.
Simultaneously, participants also experienced

a reduction of approximately 65% to 75% in neck
pain at maximum cervical rotation after active scapular
correction. The reduction ranged from 2.0 to 2.5 points
on the NPRS, which is considered to be clinically
significant31.

The mechanisms of pain reduction and increase
in active cervical rotation ROM following the active
scapular correction remain unclear. It might be
attributed to the neurophysiological effects of the
isometric contraction component of the interven-
tion. Activating the muscle afferent A delta fiber
within the contracted muscle could generate an
efferent inhibition of pain perception from the
opioid analgesics system3637. The increase in active
cervical rotation ROM could be due to the elevated
blood flow to the muscle associated with muscle
contraction resulting in tissue temperature rise and
increased tissue extensibility3435.

Although the reduction in pain and the increase
in active cervical rotation ROM found in this study
were explained by different pathways, these two
variables tend to be related. This is supported by
previous studies in patients with chronic neck pain,
which also showed an inverse correlation between
pain and active cervical ROM (r = —0.12 to —0.37) as
well as between neck pain and cervical muscle force
production (r = —0.24 to —0.46). Thus, it may be
assumed that neck pain reduction in the present
study could improve cervicoscapular muscle func-
tion and produce greater maximum cervical rota-
tion ROM.

The PPT values found at baseline in this study
(17.8 to 19.6 N/cm?) were in the range of
19.0 + 9.0 N/cm? which was reported in healthy
young subjects with a depressed scapular posi-
tion10. An increased PPT of approximately 4 N/cm?
after the intervention are in accordance with
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previous studies that also required their participants
to isometrically contract muscles repeatedly for the
same total contraction time of 100 seconds. The PPT
immediately increased approximately 10 N/cm? at
the most symptomatic cervical motion segment
after active isometric scapular correction exercise16
and approximately 2 N/cm? after a gentle cranio-
cervical flexion exercise29. A larger change might
be postulated if the intervention is applied repeat-
edly or for a longer period. Future studies are
required to test this notion.

For clinicians treating patients with neck pain with
cervical rotation, assessment of scapular position should
be considered. The findings of this study support the use
of active scapular correction intervention as a therapeutic
exercise for immediate pain relief. The incorporation of
a camera and visual display to provide real-time feedback
during active scapular correction intervention also sug-
gests the possibility for the use of this protocol as a self-
exercise should similar feedback be available.

Limitations

This study was subject to some limitations. First, this
study investigated the immediate effects of active
scapular correction. Its longer duration effects are not
known. Second, this study investigated participants
with scapular depression. The results cannot be
applied to other types of scapular malalignment.
Third, only active cervical rotation was evaluated in
this study. The results cannot be generalized to other
cervical movements. Fourth, this study did not monitor
muscle activity of the cervicoscapular muscles so the
changes in these muscle activities during and after
intervention could not be established. Fifth, other pos-
tural malalignments that alter the position of the sca-
pula were not evaluated. The forward head posture or
thoracic hyperkyphosis should be considered in future
research. Sixth, the order of dependent variables mea-
sured was not randomized, which might affect the
performance of subsequent dependent variables.
Finally, some participants might practice the active
scapular correction intervention during the interval
between the familiarization session and the experi-
mental session. The results might therefore be due to
a larger dose than the 10 repetitions of 10-second
hold.

Conclusion

The active scapular correction intervention resulted in
an immediate increase in active cervical rotation ROM
and a decrease in neck pain at maximum cervical rota-
tion. The findings offer some support for using this
intervention as self-exercise for patients in the man-
agement of neck pain.
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