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Objective. The objective of this study was to provide preliminary estimates of effects of box taping as an adjunct to stretching-
strengthening exercise program on scapular alignment in healthy subjects with forward shoulder posture (FSP). Methods. Sixty
subjects were screened and 38 asymptomatic subjects with FSP were allocated into box taping and standard treatment group using
block randomization. Both groups received a supervised stretching-strengthening exercise program and postural advice for 15
sessions over 3 weeks. In addition, box taping was applied to the intervention group. Static and dynamic scapular alignment was
recorded at baseline, 7th and 15th sessions. Differences over time and between the treatment groups were determined using repeated
measures of analysis of variance (ANOVA). Results. Twenty subjects completed the study. Both interventions were well tolerated
and resulted in improvements in static and dynamic postural indicators over time in both groups (P < 0.05) except for dynamic
scapular alignment by the 15th session. We were under powered to detect differences between the groups (P < 0.05). Conclusions.
This study suggests postural exercises improve scapular alignment; but a large RCT is required to determine whether the addition of
box taping is indicated, and whether this preventative approach reduces the incidence of upper quarter musculoskeletal disorders.

This trial is registered with CTRI/2013/10/004095.

1. Introduction

Patients referred to physical therapy with impaired upper
extremity function, often exhibit postural alterations [1].
Forward shoulders is a common maladaptive posture which
occurs in up to 73% of the group of healthy subjects between
the ages of 20 and 50 years [2, 3]. Kendall et al. described
forward shoulders as abduction and elevation of the scapula
and a forward position of the shoulders, giving an appearance
of a hollow chest [4, 5]. Forward Shoulder Posture (FSP)
is characterized by a protracted, downwardly rotated, and
anteriorly tipped scapula position with increased cervical
lordosis and upper thoracic kyphosis [6]. This pattern may
be associated with tightness of serratus anterior, pectoralis
minor, pectoralis major and upper trapezius muscle, and
weakness of middle and lower trapezius [3]. The imbalance in

muscle function is believed to result in reduction of amplitude
in posterior tilting and lateral rotation of the scapula during
arm elevation [7-9]. The literature has shown that altered
scapular kinematics and associated muscle imbalance in
FSP places the anterior acromion in close proximity to
rotator cuff tendon and increase the potential for subacromial
impingement [3, 8,10-12].

FSP and associated muscle imbalance is one of the factors
contributing to episodes of head, neck, and shoulder pain
[3, 13, 14] and multiple upper quarter dysfunctions such
as bicipital tendinitis [15], thoracic outlet syndrome [16],
painful trigger areas [17], and neuropathies [18]. Since few
prospective studies have included patients prior to develop-
ment of these disorders, cause-and-effect has not been clearly
established [3]. However, there is an assumption that this



association does indicate that FSP is a maladaptive posture
that warrants correction.

Many shoulder rehabilitation programs emphasize scapu-
lar muscle control [19-21] which indicates that despite lim-
itations in evidence on causal relationship, there is clinical
application of the association between scapular malalign-
ment and shoulder pathology [19-25]. Additionally, there
are few studies supporting the evidence that changing pos-
ture influences impairment [26-28]. Previous researchers
have described exercise programs focused on stretching and
strengthening exercises to correct the altered posture [13,
29-35]. Few of these studies specifically deal with subjects
having shoulder pathology [27] or swimmers [13, 34]. There
is a dearth of the literature concerning correction of FSP
as a preventive measure against upper quarter dysfunction.
Preliminary studies demonstrated that strengthening of the
posterior scapular stabilizers combined with stretching of the
pectoral muscles given over a period of six weeks can result in
improved muscle strength, produce a more erect upper trunk
posture, increase scapular stability, and alter scapulohumeral
rhythm in healthy subjects [32, 33]. These studies indicated
that there was significant change in dynamic position of
scapula, but no change in resting position of scapula. A
recent scoping review has well recognized the effectiveness
of stretching and strengthening of scapular abductors and
adductors, respectively, or a combination of both on the
resting position of scapula in people with forward shoulder
posture [30]. The authors make definite conclusions about
relationship between scapular muscle strength and resting
position of scapula due to weaknesses in study design. In
particular, the review noted that the techniques used to
determine the resting position of scapula had questionable
validity.

Taping is believed to affect the resting position of the
scapula and assist in maintaining the proximal shoulder-
girdle stability necessary to perform elevation of the arm
[35]. With the tape holding the scapula in a more proper
alignment, the patient can then use the shoulder without
further reduction of the space between the acromion and
humeral head [36]. Additionally, the tape provides a feedback
mechanism allowing the patient to feel normal alignment
and positioning of the shoulder complex. The two most
frequently proposed mechanisms of taping are propriocep-
tive and mechanical [37]. The benefits of taping are still
under contention. However, it is still widely accepted in
clinical practice that taping is a useful treatment modality
[38-40]. The clinical application of scapular taping has been
supported in one case reports [36], one cross over study
[41] done with a wash-out period of one hour, one double
blinded randomised controlled trial [42], and a recent pilot
randomised control trial [39] in which taping was one
component of treatment provided to patients with shoulder
pain. Over the past decade, taping has been proven to be an
effective adjunct in reducing pain, improving proprioception
and muscle recruitment pattern, and assists in motor control
and function in special populations such as swimmers and
violinists with FSP [43, 44]. Although taping is used for the
correction of postural abnormalities and many studies are
available regarding beneficial effects of taping in symptomatic
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and specific group of population, nevertheless, there is lack
of evidence for its use in clinical practice for upper quarter
postural correction in healthy subjects who are at risk of
musculoskeletal disorders due to altered posture.

Box Taping is one of the scapular taping techniques
explained to correct the scapular position [45]. To our
knowledge, this is the first study done to determine additive
effects of scapular taping in correction of both static and
dynamic scapular alignment over a period of 3 weeks. The
objective of this study is to provide preliminary estimates of
effects of box taping as an adjunct to stretching-strengthening
exercise program on scapular alignment in healthy subjects
with forward shoulder posture.

2. Material and Methods

2.1. Prestudy to Establish Cut Offs for Normalized Scapular
Abduction Ratio. Normalised scapular abduction ratio (NSA
ratio) is considered as one of the reliable measures for
scapular position [46] and can be used to discriminate
between normal and abnormal scapular mechanics. However,
there is no existing data for NSA ratio in Indian population
who were the target audience for this study. Data for NSA
ratio were collected from participants who had bilateral FSP
on visual estimation (n = 10). This was to determine an
objective cut off point for NSA ratio to include participants
in our study.

ESP on visual estimation is decided if any one of the
following findings were present [4, 5]:

(i) medial borders of scapula were not parallel to each
other;

(ii) anterior shoulder point was anterior to sternal
notch/hollowing of the chest present.

The mean NSA ratio in this group was 1.60 which
was in close approximation with the mean NSA ratio seen
in population from the United States [47, 48]. The group
inclusion cut point values for our study were then set at >
mean NSA ratio of pilot sample.

2.2. Study Design and Participants. A randomised control
trial (RCT) design was used in this study. A NSA ratio
on measurement set at >1.60 was used as a criterion to
define FSP. A convenient sample of 60 healthy participants
was screened for FSP among graduate and postgraduate
students from various departments of Manipal University.
Thirty-eight healthy volunteers with FSP, aged between 18-35
years were included. Participants were excluded if they were
symptomatic, had any neurological deficit in upper extremity,
or any surgical intervention affecting the thorax and scapula.

All participants who fulfilled screening and eligibility
criteria were informed about the study and written informed
consent was taken before starting the procedure. The study
was approved by institutional research committee of Manipal
college of Allied Health Sciences.

2.3. Outcome Measures. Recording of static and dynamic
scapular alignment measures was performed bilaterally by
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FIGURE 1: Acromial distance: distance between the posterior border
of acromion and table surface.

the primary investigator. All measurements were taken with
measuring tape in centimetres.

For static scapular alignment, three tests were used [49]
as follows.

(1) Acromial distance [49-53]: with the participants in
supine lying, the distance between the posterior bor-
der of acromion and table was measured (Figure 1).

(2) T 3 distance [3, 49, 54]: this test was performed in
standing position with the participant instructed to
stay relaxed. The measurement of horizontal distance
from the third thoracic spinous process to the corre-
sponding point on medial border of the scapula was
measured (Figure 2).

(3) Normalised scapular abduction ratio (NSA ratio) [46,
47]: NSA ratio was calculated by dividing the total
scapular distance by length of scapula. Total scapular
distance is the linear distance from the third thoracic
vertebra to inferior angle of acromion. Length of
scapula is distance from inferior angle of acromion
to root of spine of scapula. The participants stood
in relaxed position. Both total scapular distance and
length of scapula was measured and NSA ratio was
calculated (Figure 3).

For Dynamic scapular alignment: lateral scapular slide
test (LSST) was done [46, 51, 53]. The participant stood in
relaxed position and measurements were taken from inferior
angle of scapula to 7th thoracic spinous process with the
participant’s arm in 3 different positions at 0 degree (arms
relaxed on the sides), 45 degree (hands supported on hip and
web space on iliac crest), and 90 degrees (with glenohumeral
internal rotation) of abduction (Figure 4).

2.4. Randomisation and Group Allocation. The potential
participants were contacted telephonically and were offered
an appointment for a baseline assessment. After baseline
measurements, participants were randomly assigned by the
primary investigator to either of the box taping (n = 20) or
standard treatment group (n = 18) using block allocation
of 1:1. Each block consisted of 4 participants. The primary
investigator, a trained physiotherapist who is the primary

RRRRRRC;

FIGURE 2: T 3 distance: horizontal distance from the third thoracic
spinous process to the corresponding point on medial border of the
scapula.

(®)

FIGURE 3: NSA ratio: distance from posterolateral angle of acromion
to thoracic spine process, (T 3): distance from posterolateral angle of
acromion to root of spine of scapula.



FIGURE 4: Lateral scapular slide test (LSST): distance from inferior
angle of scapula to 7th thoracic spinous process.

FIGURE 5: Box taping technique.

author of this paper provided all treatment to both the groups
and was not blinded to group allocation.

2.5. Intervention. The standard treatment program consisted
of stretching-strengthening exercises and mobilization to
counteract the muscle imbalances and joint restrictions that
may be associated with FSP. The supervised stretching-
strengthening exercise program (Box1) consisted of pas-
sive stretching of tight anterior shoulder girdle muscles
(pectoralis minor, pectoralis major, and upper trapezius),
strengthening exercises using theraband for posterior scapu-
lar muscles (rhomboids, middle, and lower trapezius), and
glenohumeral external rotators (infraspinatus and teres
minor), thoracic spine mobilization exercise, and strength-
ening of upper back musculature to maintain proper head
position and erect spinal curvature (as forward shoulder
posture is found to be associated with forward head posture
and thoracic kyphosis [6]). The exercise treatment of approx-
imately 20 minute duration and postural advice to maintain
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correct shoulder posture were given to both groups. One of
the two treatment groups received box taping as an additional
intervention to maintain normal scapular alignment. Taping
was applied as per guidelines given by Morrissey [55]. Both
groups received treatment for 15 sessions over a period of 3
weeks. Subjects were instructed to maintain the tape for about
4 hours/session. Outcome measures for scapular alignment
were taken pretreatment and repeated after the 7th and 15th
treatment sessions.

At the first session of the exercise program, the partic-
ipants were introduced to the different levels of theraband
(Hygenic Corp). The participants began exercises using the
yellow nonlatex band at mild tension. The subjects were
progressed to the next colour resistive band when they were
able to perform required repetitions (Box 1), each with 10
seconds of hold without significant fatigue in the sequence:
yellow, red, green, blue, and black. These exercises were
individually adjusted and were progressed with higher level
theraband and repetitions at the physiotherapist visits during
the whole rehabilitation period.

Taping technique used was box taping [45]. Taping
material used was non elastic leukotape. Participants were
instructed to fully retract and depress their scapula. Two
horizontal strips of tape were used to draw the medial border
of scapulae together and two vertical strips were used to
facilitate thoracic extension. One horizontal strip extended
from superior angles of one scapula to superior angle of other
scapula and other horizontal strip extended from inferior
angle of one scapula to inferior angle of other scapula. The
vertical strips overlapped the horizontal strips (Figure 5).

2.6. Statistical Analysis. Descriptive statistics (mean, SD)
were computed for each study variable. Data was tested
for normality and parametric tests were used for statistical
analysis using SPSS version 18.0. The statistical significance
was set at alpha < 0.05 at 95% confidence interval. Our study
has investigated the effect of intervention on each variable
on both sides at 3 different sessions. Each of these variables
were analyzed using repeated measures of analysis of vari-
ance (ANOVA) with time as within-participant factor at 3
levels (baseline, 7th and 15th session) and group as between
participant factor. Mauchly’s test of sphericity was used to
test homogeneity of variance. In case of significant Mauchly
test results for sphericity, Greenhouse-Geisser correction was
applied to adjust the tests, as recommended by Portney and
Watkins [56]. Where indicated, post hoc multiple pairwise
comparisons with Bonferroni correction were used.

3. Results

Nine participants dropped out from both the box taping and
standard treatment group, leaving 20 patients for analysis.
The groups were comparable before treatment (Table 1). The
groups were also similar with respect to scapular alignment
at the baseline (Table 2). The CONSORT diagram describing
participant recruitment and retention is shown in Figure 6.
At 5% level of significance, ANOVA results revealed that
there was a statistically significant improvement for two
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Comprehensive exercise treatment program

Pectoralis minor/major, upper trapezius

therabands

(iii)  Thoracic spine mobilization exercises

thoracic kyphosis for 5 minutes

(iv)  Strengthening of upper back musculature

instructed to straighten the upper back

(i)  Stretching of tight anterior shoulder muscles (passive stretching)

1st 5 sessions—>5 stretches, each with 30 seconds of hold
Next 10 sessions—10 stretches, each with 30 seconds of hold

(ii)  Strengthening exercises for posterior scapular muscles and glenohumeral external rotators with

Posterior scapular muscles—rhomboids, middle and lower trapezius
Glenohumeral external rotators—infraspinatus and teres minor

Ist 5 sessions—5 repetition, each with 10 seconds of hold

Next 5 sessions—10 repetition, each with 10 seconds of hold

Last 5 sessions—15 repetition, each with 10 seconds of hold

Subject was made to lie down supine on a wedge placed at the level of maximum

Subject was made to lie down on a pillow under the chest in prone lying and was

Ist 5 sessions—>5 repetition, each with a hold 10 seconds

Next 10 sessions—10 repetition, each with a hold of 10 seconds

Box 1

TaBLE 1: Characteristics of participants (N = 20).

h .
Characteristic Mean + SD

Experiment group (n = 11)

Control group (n =9)

P val
Mean + SD vaiue

21.64 +£1.85
Weight (kg) 61.63+9.9
Height (cms) 162+ 6.4
Male (n) 5

Females (1) 6

Age (years)

20.44 + .52 0.06
61.77 +10.8 0.97
159 £5.11 0.30
3
6

of the variables of static scapular alignment that is, NSA
ratio (right side) and acromial distance (both sides), but no
significant improvement in variables of dynamic scapular
alignment in participants of box-taping group (Table 3).
Contrarily, in the standard treatment group, statistically
significant improvement (P < 0.05) was seen only in the NSA
ratio bilaterally (Table 4). Over a period of 3 weeks, there was
no statistically significant difference between the two groups
for any of the static or dynamic scapular alignment variable
as the observed P value was more than 0.05. Although, dif-
ference between two groups was not statistically significant,

the following trend has been seen in measurements for static
and dynamic scapular alignment.

3.1. Static Scapular Alignment. Following commencement of
treatment, both groups showed improvement (decrease) in
NSA ratio, acromial distance, and T 3 distance bilaterally
(Tables 3 and 4). However, acromial distance on both sides
improved more in taped group than in standard treatment
group (Figure 7). Similarly, in post hoc analysis, pair wise
comparison indicated that NSA ratio (right side) and acro-
mial distance (both sides) have shown statistically significant
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Screening (n = 60)
8: symptomatic
Included (n = 38) Excluded (n = 22) [ 14: refused to
l participate
Explanation of procedure
Written informed consent
Block randomization of subjects
Initial recording of scapular alignment
Allocation (n = 38)
Box taping group (n = 20) ﬂ Standard treatment group (n = 18)
n=9 n=9
3: allergic 1: refused to participate
6: lost to follow up 8: lost to follow up
Final analysis (n = 20)
(8 males, 12 females)
Box taping group (n = 11) Standard treatment group (n = 9)
FIGURE 6: CONSORT diagram describing participant recruitment and retention.
TABLE 2: Mean difference [95% CI] between two groups at baseline (n = 20).
Left Right
Variable ¢ '8
Mean difference [95% CI] P value Mean difference [95% CI] P value
Static scapular alignment
NSA ratio —0.03 [-0.14, 0.08] 0.59 0.01 [-0.07, 0.10] 0.66
Acromial distance (cm) 1.20 [-0.18, 2.60] 0.08 0.62 [-0.57,1.81] 0.28
T 3 distance (cm) 0.13 [-0.85, 1.12] 0.78 0.47 [0.50, 1.45] 0.32
Dynamic scapular alignment (LSST)
0 degree 0.02 [-1.18, 1.22] 0.97 —-0.04 [-1.2, L12] 0.94
45 degree 0.44 [-1.85, 0.95] 0.50 0.03 [-1.39, 1.45] 0.96
90 degree 0.15 [-2.00, 1.69] 0.86 0.15 [-2.00,1.69] 0.86

NSA ratio: normalised scapular abduction ratio.
T 3 distance: distance from medial scapular border to 3rd thoracic spine.
LSST: Lateral Scapular Slide Test.
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FIGURE 7: Changes in acromial distance: left and righ at baseline (1), 7th session (2), and 15th (3) session.
TABLE 3: Scapular alignment measurements of the Experimental group (mean + SD) n = 11.
Variable ) Lef.t ) ) nght )
Baseline 7th session 15th session Baseline 7th session 15th session
Static scapular alignment
NSA ratio 1.56 £ .15 1.51 +£.12 1.47 + .07 1.67 £.10 *1.56 + .08 1.50 + .08
Acromial distance (cm) 9.40 + 1.53 9.51 +1.25 8,22 +1.32 9.40 +1.23 9.39 +1.23 8,12 + 1.46
T 3 distance (cm) 6.30 £ 1.06 6.63 + 1.36 5.80+1.24 6.86 + 1.00 6.66 £ 1.09 6.22 £1.05
Dynamic scapular alignment (LSST)
0 degree 7.90 + 1.02 8.02 +1.09 8.18 £1.32 7.68 +1.16 8.11 +£.93 8.18 £ 1.36
45 degree 7.77 £ 1.29 8.09 £ 1.64 8.40 £ 1.46 7.86 £ 1.45 8.22 £ 1.57 8.20 £ 1.26
90 degree 8.45 + 2.09 8.59 +.76 8.54 + 1.09 8.54 + 2.30 8.63 +1.05 8.50 +1.13

* P value significant between baseline and 7th session.

TP value significant between 7th and 15th session.

¥P value significant bet baseline and 15th session.

NSA ratio: normalised scapular abduction ratio.

T3 distance: distance from medial scapular border to 3rd thoracic spine.
LSST: Lateral Scapular Slide Test.

decrease and hence improved in box taping group from
baseline to last session (Table 3) (Figure 7).

3.2. Dynamic Scapular Alignment. Following commence-
ment of treatment, there is no regular trend towards improve-
ment in distances for LSST at 0 deg, 45 deg, and 90 deg (both
sides) in both the groups which could be the reason for no
statistical significant difference between as well as within the
two groups (Tables 3 and 4).

4. Discussion

Optimal posture provides both mechanical and functional
benefits [57]. If body segments are held out of alignment
for prolonged periods of time, the soft tissues become

shortened or lengthened [14] which inevitably results in
altered optimal joint range, force production, and the effi-
ciency of movement. Poor scapular posture and muscle
imbalance has been postulated as a mechanism in patho-
genesis of various upper quarter dysfunctions. The aim
of many conservative rehabilitation programs is to correct
posture and muscle imbalance using muscle strengthening,
muscle stretching, taping, and joint mobilization techniques
[13, 31, 42]. The evidence to support the efficacy of these
clinical practices is limited. The application of taping has been
hypothesized for many therapeutic reasons such as muscle
recruitment [44, 58-60], proprioception [55], pain relief [39,
42, 61], and improvement of function [61] and it was thought
to be necessary to demonstrate that one of the effects of
taping, as used in this study, is to elicit a change in the static
and dynamic posture of the subjects.
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TABLE 4: Scapular alignment measurements of the control group (mean + SD) n = 9.
Variable Left Right
Baseline 7th session 15th session Baseline 7th session 15th session
Static scapular alignment
NSA ratio 1.59 +.07 *1.49 + .08 ¥1.47 + .09 1.65 + .08 *1.53+.08 1.45+ .08
Acromial distance 8.20 + 1.40 7.85+2.75 7.98 +1.21 8.77 + 1.30 9.02 +1.27 8.25+1.04
T 3 distance (cm) 8.61 +1.78 5.77 + .83 8.33+1.25 8.16 + 1.58 5.68 +.80 8.49 + 1.30
Dynamic scapular alignment (LSST)
0 degree 7.88 £ 1.53 7.22 +1.60 7.66 + 1.27 7.72 £ 1.30 7.30 £ 1.43 7.83 +1.25
45 degree 8.22 + 1.69 7.55+1.64 7.61 +1.61 7.83 + 1.58 6.74 +2.72 1777 +1.60
90 degree 8.61 +1.78 7.61 +1.49 8.33+1.25 8.16 + 1.58 7.42 +1.57 8.49 + 1.30

* P value significant between baseline and 7th session.

TP value significant between 7th and 15th session.

¥P value significant between baseline and 15th session.

NSA ratio: normalised scapular abduction ratio.

T 3 distance: distance from medial scapular border to 3rd thoracic spine.
LSST: Lateral Scapular Slide Test.

4.1. Static Scapular Alignment. In our study, although we were
underpowered to detect significant differences between the
two groups at P < 0.05, participants of both groups have
shown statistically significant change in acromial distance
and NSA ratio. Acromial distance is one of the reliable
outcome measures for measuring static scapular alignment
specifically in healthy forward shoulder posture [53] and
has shown a stronger trend towards improvement in box
taping group than in standard treatment group (Figure 7).
This change in postural measurement can be attributed to
a change in static posture of the subject, produced by the
subject and further maintained by the tape.

Changes observed in static scapular alignment in our
study are similar to results found in a cross-over study done
by Lewis et al. [41] where the changes observed were within
the wash-out period of one hour and the author recom-
mended future studies to see the long-term effects of scapular
taping. In comparison, 15 sessions of taping were given in
our study with the tape being applied for 4 hrs/session,
which might have resulted in greater correction. This is
in accordance with Hall who suggested that up to two or
three weeks of scapula taping may be necessary to improve
neuromuscular control [62]. The results of our study showing
improvement in static scapular alignment were also seen in a
study done on effect of stretching and strengthening exercises
given for six weeks in competitive swimmers with FSP [44].

The improvement in static scapular alignment was
observed in all 20 subjects irrespective of the group in
our study which is contradictory to previous studies where
6 weeks (3 times/week) of scapular muscle stretching-
strengthening exercises did not find any improvement in
static scapular alignment in FSP population [32, 33]. Factors
which may have contributed to improvements in this study
are the multimodal treatment which included strengthening
of upper back musculature and thoracic spine mobilization
in addition to scapular muscle stretching-strengthening exer-
cises. Over and above, passive stretches were given with a
hold of 30 seconds which is more intensive and preferable

to previous studies [33] where stretches were given with only
10 seconds of hold.

4.2. Dynamic Scapular Alignment. The literature has shown
that a minimum of six weeks of exercise is needed to
show statistically significant strength gains [32, 33, 44]. For
improvement in dynamic scapular alignment, the scapular
muscles must be strong enough to stabilize scapula on
the thorax and must have sufficient motor control to opti-
mize the goal of dynamic stability. Reinforcing coordinated
glenohumeral motion should help to improve altered scapu-
lohumeral rhythm. The lack of improvement in dynamic
scapular alignment in our study indicates that the exercise
programme, though vigorous and supervised and given over
a period of three weeks, was insufficient in comparison to
unsupervised moderate intensity exercise programme given
for six weeks [32, 33]. This highlights that while dosing
exercise, we must consider the type, supervision, frequency,
and duration of exercise.

The assumption is that taping provides biofeedback and
mechanical support for optimal shoulder position. Both the
type and duration of biofeedback for optimal posture from
taping are different than that provided by advice and exercise.
Greater duration of feedback from application of taping
should have potential beneficial effect allowing adaptation
of neural pathways by consistent correct proprioceptive
feedback [63-65]. However, it is possible with repeated appli-
cations of scapula taping that the habituation to the feedback
from tape may reduce the effectiveness of the feedback. Since
increasing the tonic muscle action directed at optimal posture
may be a goal of the intervention, then it is important to know
whether taping facilitates or inhibits muscle activity in the
longer term.

Furthermore, no statistically significant change is
observed even when taping was used as an adjunct over a
duration of three weeks in overall subject population. This is
in support with the literature which has proved that at least
12 weeks of taping may be necessary to affect muscle tension
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properties in comparison to three weeks of treatment used
in the present study [62]. We have used non elastic leukotape
for scapular taping. However, other types of taping include
kinesiotaping which may have different effects on muscle
activity. Future studies with longer duration of high quality
tape are needed to see long term effects of box-taping on
dynamic scapular alignment.

We conducted measurements of both shoulders in our
study. The process revealed interesting data showing more
improvement on right side which could be related to hand
dominance as all 20 subjects included in the study were
right handed or could be due to the fact that subjects
included in the study were fourteen right sided, two left sided,
and four bilateral FSP subjects. This is a different approach
from previous research involving shoulder measurements to
evaluate posture, which typically evaluated only one shoulder
on each subject, usually the right shoulder [33, 34].

Although this study suggests that the exercise and pos-
tural advice program was beneficial in improving posture
in the healthy populations who were perceived to be at risk
for musculoskeletal problems due to FSP. However, there
are a number of limitations that should be considered as
limiting our confidence in these findings or their readiness for
implementation. There were substantial designs flaws since
the trial did not have concealment of treatment allocation,
or blinded outcome evaluation. Since blinding of patients
was not possible, it would have been preferable if a blinded
evaluator had been used to measure the outcomes. However,
the measures were at different time points and the treating
therapist was unaware of the previous scores. Further, it is
unlikely that the treating therapist would have influenced
measures like dynamic posture. This potentially reduces the
impact of observer bias. There is a need for more research
establishing reliable and valid outcome measures for scapular
assessment in FSP population.

From an implementation perspective, there were addi-
tional concerns which were reflected in a high drop-out rate.
Reasons for discontinuing the treatment included allergic
reactions with use of leukotape and lack of interest in
continuing. The motivation to adhere to treatments that are
preventative may be more challenging than those provided to
reduce symptoms as the motivation may be low. Finally, since
this study recruited a small healthy sample of convenience
derived from a single university campus, this precludes
generalization of the results beyond the sample population.
However, the rate of FSP was high as 50% of those who
were screened had FSP. Given that the activities of students
involve a lot of sitting, computer work, reading, and so
forth they may be considered a young at-risk population
and an appropriate target for prevention. Since symptoms
may take time to develop, a young population may not
have experienced the adverse impacts of this posture. Future
studies should focus on populations with higher risk for
FSP associated with symptoms such as workers with higher
risk occupations, or include a greater education component
to explain why prevention is important in asymptomatic
groups. Future studies should include measures of adherence,
measure reasons for discontinuance, and should include
comprehensive outcome assessment measured by a blinded

assessor. Importantly, since the link between FSP and future
musculoskeletal disorders is tentative, only longer term longi-
tudinal studies will determine whether prevention programs
that focus on FSP correction reduce the occurrence, disability,
and time lost from work from musculoskeletal disorders.
Implications of the present study are as follows.

(i) Supervised stretching-strengthening exercise pro-
gram alone or in combination with box-taping were
well tolerated in healthy forward shoulder pos-
ture subjects for correction of scapular alignment;
but adherence may be challenging in asymptomatic
young individuals.

(ii) Supervised stretching-strengthening exercise pro-
gram was effective (P < 0.05) in correcting scapular
alignment in asymptomatic students presenting with
ESP. Thus, supervised stretching-strengthening exer-
cise program may be a useful preventive measure in
reducing FSP which is considered an etiological factor
in development of upper quarter musculoskeletal
disorders.

5. Conclusions

Supervised stretching-strengthening exercise program with
or without box-taping resulted in improvement in posture in
healthy forward shoulder posture population. There were no
significant additive effects of box taping.

Ethical Approval

The research study is approved by institutional review
committee of Manipal College of Allied Health Sciences
(MCOAHS) towards postgraduation in orthopaedic physical
therapy dissertation.

Disclosure

The authors declare that there are no financial gains from the
content of this research paper. (i) The research paper is pre-
sented as a paper at 9th Triennial Congress of International
Federation of Societies for Hand Therapists (IFSHT) and
12th International federation of Societies for Hand Surgeons
(IFSSH), New Delhi, India (2013, March 5). (ii) The research
paper is presented as a poster at CPA Congress, Montreal
(2013, May 25).

Conflict of Interests

The authors declare that they have no conflict of interests.

Acknowledgments

Neha Dewan is supported in part by the Joint Motion Pro-
gram: “A CIHR Training Program in Musculoskeletal Health
Research and Leadership” Dr. Joy C. MacDermid is sup-
ported by a CIHR Chair: Gender in Measurement and Reha-
bilitation of Musculoskeletal Work Disability. The authors



10

would like to thank Dr. Shreemathi Mayya, Mr. Binukumar
B, Mr. Jayakrishnan Nair, School of Rehabilitation Sciences
graduate students whose advice, at times when needed,
contributed a lot for the completion of this paper.

References

(1]

[2

(8]

(10]

(14]

Johnson and Borstad, “Project title: Forward shoulder asym-
metry: prevalence and pathology,” http://www.docstoc.com/
docs/103976375/Forward-Shoulder-Asymmetry.

P. Griegel-Morris, K. Larson, K. Mueller-Klaus, and C. A. Oatis,
“Incidence of common postural abnormalities in the cervical,
shoulder, and thoracic regions and their association with pain
in two age groups of healthy subjects,” Physical Therapy, vol. 72,
no. 6, pp. 425-431, 1992.

D. E. Peterson, K. R. Blankenship, J. B. Robb et al., “Investigation
of the validity and reliability of four objective techniques for
measuring forward shoulder posture,” Journal of Orthopaedic
and Sports Physical Therapy, vol. 25, no. 1, pp. 34-42, 1997.

E P.Kendall, E. K. McCreary, and P. G. Provance, Muscles Testing
and Function with Posture and Pain, Lippincott Williams and
Wilkins, Baltimore, Md, USA, 4th edition, 2005.

H. O. Kendall, F. P. Kendall, and D. A. Boynton, Posture
and Pain, Edited by E. Robert, Krieger Publishing Company,
Huntington, NY, USA, 1970.

C. K. Wong, D. Coleman, V. diPersia, J. Song, and D. Wright,
“The effects of manual treatment on rounded-shoulder posture,
and associated muscle strength,” Journal of Bodywork and
Movement Therapies, vol. 14, no. 4, pp. 326333, 2010.

P. M. Ludewig and J. D. Borstad, “Effects of a home exercise pro-
gramme on shoulder pain and functional status in construction
workers,” Occupational and Environmental Medicine, vol. 60, no.
11, pp. 841-849, 2003.

P. M. Ludewig and T. M. Cook, “Alterations in shoulder kine-
matics and associated muscle activity in people with symptoms
of shoulder impingement,” Physical Therapy, vol. 80, no. 3, pp.
276-291, 2000.

J.-S. Roy, H. Moffet, L. ]. Hébert, and R. Lirette, “Effect of motor
control and strengthening exercises on shoulder function in
persons with impingement syndrome: a single-subject study
design,” Manual Therapy, vol. 14, no. 2, pp. 180-188, 2009.

C. A. Thigpen, D. A. Padua, L. A. Michener et al., “Head and
shoulder posture affect scapular mechanics and muscle activity
in overhead tasks,” Journal of Electromyography and Kinesiology,
vol. 20, no. 4, pp- 701-709, 2010.

P. W. McClure, J. Bialker, N. Neff, G. Williams, and A. Karduna,
“Shoulder function and 3-dimensional kinematics in people
with shoulder impingement syndrome before and after a 6-week
exercise program,” Physical Therapy, vol. 84, no. 9, pp. 832-848,
2004.

T. Holmgren, H. B. Hallgren, B. Oberg, L. Adolfsson, and
K. Johansson, “Effect of specific exercise strategy on need for
surgery in patients with subacromial impingement syndrome:
randomised controlled study;,” British Medical Journal, vol. 344,
no. 7846, article €787, 2012.

C. A. Thigpen, S. S. Lynch, J. P. Mihalik, W. E. Prentice, and
D. Padua, “The effects of an exercise intervention on forward
head and rounded shoulder postures in elite swimmers,” British
Journal of Sports Medicine, vol. 44, no. 5, pp. 376-381, 2010.

S. Sahrmann, “Movement impairment syndromes of the shoul-
der girdle]” in Diagnosis and Treatment of Movement Impair-
ment Syndrome, pp. 193-245, Mosby, St Louis, Mo, USA, 2001.

(15]

(16]

(17]

(18]

(19]

(20]

(21]

[22]

[26]

[27]

(31]

ISRN Rehabilitation

E. Ayub, “Posture and the upper quadrant,” in Physical Therapy
of the Shoulder, R. A. Donatelli, Ed., chapter 4, p. 81, Churchill
Livingstone, New York, NY, USA, 2nd edition, 1997.

J. W. Howell, “Evaluation and management of thoracic outlet
syndrome,” in Physical Therapy of the Shoulder, R. A. Donatelli,
Ed., Churchill Livingstone, New York, NY, USA, 2nd edition,
1991.

J. G. Travell and D. G. Simons, Myofascial Pain and Dysfunction.
The Trigger Point Manual, vol. 1, Williams & Wilkins, Baltimore,
Md, USA, 2nd edition, 1999.

H. P. Kopel and W. A. L. Thompson, Peripheral Entrapment
Neuropathies, Robert E. Krieger, New York, NY, USA, 2nd
edition, 1976.

T. S. Ellenbecker and A. Cools, “Rehabilitation of shoulder
impingement syndrome and rotator cuff injuries: an evidence-
based review;” British Journal of Sports Medicine, vol. 44, no. 5,
pp. 319-327, 2010.

W. Ben Kibler, A. D. Sciascia, T. L. Uhl, N. Tambay, and T.
Cunningham, “Electromyographic analysis of specific exercises
for scapular control in early phases of shoulder rehabilitation,”
American Journal of Sports Medicine, vol. 36, no. 9, pp. 1789-
1798, 2008.

M. L. Voight and B. C. Thomson, “The role of the scapula in the
rehabilitation of shoulder injuries,” Journal of Athletic Training,
vol. 35, no. 3, pp- 364-372, 2000.

A. M. Cools, V. Dewitte, E. Lanszweert et al., “Rehabilitation
of scapular muscle balance: which exercises to prescribe?”
American Journal of Sports Medicine, vol. 35, no. 10, pp. 1744-
1751, 2007.

J. S. Lewis, A. Green, and C. Wright, “Subacromial impingement
syndrome: the role of posture and muscle imbalance,” Journal of
Shoulder and Elbow Surgery, vol. 14, no. 4, pp. 385-392, 2005.

B. Greenfield, P. A. Catlin, P. W. Coats, E. Green, J. . McDonald,
and C. North, “Posture in patients with shoulder overuse
injuries and healthy individuals,” Journal of Orthopaedic and
Sports Physical Therapy, vol. 21, no. 5, pp. 287-295, 1995.

S. Raine and L. T. Twomey, “Head and shoulder posture
variations in 160 asymptomatic women and men,” Archives of
Physical Medicine and Rehabilitation, vol. 78, no. 11, pp. 1215-
1223, 1997.

J. D. Borstad, “Resting position variables at the shoulder:
evidence to support a posture-impairment association,” Physical
Therapy, vol. 86, no. 4, pp. 549-557, 2006.

J. S. Lewis, C. Wright, and A. Green, “Subacromial impingement
syndrome: the effect of changing posture on shoulder range of
movement,” Journal of Orthopaedic and Sports Physical Therapy,
vol. 35, no. 2, pp. 72-87, 2005.

M. P. Bullock, N. E. Foster, and C. C. Wright, “Shoulder
impingement: the effect of sitting posture on shoulder pain and
range of motion,” Manual Therapy, vol. 10, no. 1, pp. 28-37, 2005.

C. Hrysomallis and C. Goodman, “A review of resistance
exercise and posture realignment,” The Journal of Strength &
Conditioning Research, vol. 15, no. 3, pp. 385-390, 2001.

C. Hrysomallis, “Effectiveness of strengthening and stretching
exercises for the postural correction of abducted scapulae: a
review;” Journal of Strength and Conditioning Research, vol. 24,
no. 2, pp. 567-574, 2010.

T. Zmierski, S. Kegerreis, and J. Scarpaci, “Scapular muscle
strengthening,” Journal of Sport Rehabilitation, vol. 4, no. 4, pp.
244-252,1995.



ISRN Rehabilitation

(32]

(34]

[36]

(37]

(38]

(39]

(42]

(43]

[44]

K. Baker-Sawyer, P. McClure, and K. Fitzgerald, “The effect of a
scapular retraction exercise program on scapular position and
scapular muscle force,” Journal of Orthopaedic & Sports Physical
Therapy, vol. 23, pp. 75-76, 1996.

C.-H. Wang, P. McClure, N. E. Pratt, and R. Nobilini, “Stretch-
ing and strengthening exercises: their effect on three- dimen-
sional scapular kinematics,” Archives of Physical Medicine and
Rehabilitation, vol. 80, no. 8, pp. 923-929, 1999.

M. Kluemper, T. Uhl, and H. Hazelrigg, “Effect of stretching and
strengthening shoulder muscles on forward shoulder posture in
competitive swimmers,” Journal of Sport Rehabilitation, vol. 15,
no. 1, pp. 58-70, 2006.

T. S. Roddey, S. L. Olson, and S. E. Grant, “The effect of pec-
toralis muscle stretching on the resting position of the scapula
in persons with varying degrees of forward head/rounded
shoulder posture,” Journal of Manual and Manipulative Therapy,
vol. 10, no. 3, pp. 124-128, 2002.

H. H. Host, “Scapular taping in the treatment of anterior
shoulder impingement;” Physical Therapy, vol. 75, no. 9, pp. 803-
812,1995.

D. Kneeshaw, “Shoulder taping in the clinical setting,” Journal of
Bodywork and Movement Therapies, vol. 6, no. 1, pp. 2-8, 2002.

W. Gilleard, J. McConnell, and D. Parsons, “The effect of patellar
taping on the onset of vastus medialis obliquus and vastus
lateralis muscle activity in persons with patellofemoral pain,”
Physical Therapy, vol. 78, no. 1, pp. 25-32, 1998.

P. Miller and P. Osmotherly, “Does scapula taping facilitate
recovery for shoulder impingement symptoms? A pilot ran-
domized controlled trial,” Journal of Manual & Manipulative
Therapy, vol. 17, no. 1, pp. E6-E13, 2009.

J.-H. Lee and W.-G. Yoo, “Effect of scapular elevation taping on
scapular depression syndrome: a case report,” Journal of Back
and Musculoskeletal Rehabilitation, vol. 25, no. 3, pp. 187-191,
2012.

J. S. Lewis, C. Wright, and A. Green, “Subacromial impingement
syndrome: the effect of changing posture on shoulder range of
movement,” Journal of Orthopaedic and Sports Physical Therapy,
vol. 35, no. 2, pp. 72-87, 2005.

M. D. Thelen, J. A. Dauber, and P. D. Stoneman, “The clinical
efficacy of kinesio tape for shoulder pain: a randomized,
double-blinded, clinical trial,” Journal of Orthopaedic and Sports
Physical Therapy, vol. 38, no. 7, pp. 389-395, 2008.

B. Ackermann, R. Adams, and E. Marshall, “The effect of scapula
taping on electromyographic activity and musical performance
in professional violinists,” Australian Journal of Physiotherapy,
vol. 48, no. 3, pp- 197-203, 2002.

M. J. Smith and V. Sparkes, “The immediate effect of scapular
taping on surface electromyo-graphic activity of the scapular
rotators in swimmers with subacromial impingement symp-
toms,” Physical Therapy in Sport, vol. 7, Proceedings of the
Physical Therapy in Sport International Conference:Enhancing
Recovery and Performance in Sport Birmingham, UK, no. 4, pp.
171-180, 2006.

C. M. Norris, Sports Injuries, Diagnosis and Management,
Butterworth Heinmann, London, UK, 3rd edition, 2005.

M. H. Gibson, G. V. Goebel, T. M. Jordan, S. Kegerreis, and T.
W. Worrell, “A reliability study of measurement techniques to
determine static scapular position,” Journal of Orthopaedic and
Sports Physical Therapy, vol. 21, no. 2, pp. 100-106, 1995.

(47]

(48]

(49

a1
D

o
2

(54]

(58]

(59]

[60]

1

J. DiVeta, M. L. Walker, and B. Skibinski, “Relationship between
performance of selected scapular muscles and scapular abduc-
tion in standing subjects,” Physical Therapy, vol. 70, no. 8, pp.
470-476,1990.

L. Neiers and T. W. Worrell, “Assessment of scapular position,”
Journal of Sport Rehabilitation, vol. 2, no. 1, pp. 20-25, 1993.

J. Nijs, N. Roussel, E Struyf, S. Mottram, and R. Meeusen,
“Clinical assessment of scapular positioning in patients with
shoulder pain: state of the art Journal of Manipulative and
Physiological Therapeutics, vol. 30, no. 1, pp. 69-75, 2007.

J. S. Lewis and R. E. Valentine, “The pectoralis minor length test:
a study of the intra-rater reliability and diagnostic accuracy in
subjects with and without shoulder symptoms,” BMC Muscu-
loskeletal Disorders, vol. 8, article 64, 2007.

J. Nijs, N. Roussel, K. Vermeulen, and G. Souvereyns, “Scapular
positioning in patients with shoulder pain: a study examining
the reliability and clinical importance of 3 clinical tests,
Archives of Physical Medicine and Rehabilitation, vol. 86, no. 7,
pp. 1349-1355, 2005.

E Struyf, J. Nijs, J.-P. Baeyens, S. Mottram, and R. Meeusen,
“Scapular positioning and movement in unimpaired shoulders,
shoulder impingement syndrome, and glenohumeral instabil-
ity;” Scandinavian Journal of Medicine and Science in Sports, vol.
21, no. 3, pp. 352-358, 2011.

E Struyf, J. Nijs, J. De Graeve, S. Mottram, and R. Meeusen,
“Scapular positioning in overhead athletes with and without
shoulder pain: a case-control study,” Scandinavian Journal of
Medicine and Science in Sports, vol. 21, no. 6, pp. 809-818, 2011.
D. C. Sobush, G. G. Simoneau, K. E. Dietz, J. A. Levene, R. E.
Grossman, and W. B. Smith, “The Lennie test for measuring
scapular position in healthy young adult females: a reliability
and validity study;” Journal of Orthopaedic and Sports Physical
Therapy, vol. 23, no. 1, pp. 39-50, 1996.

D. Morrissey, “Proprioceptive shoulder taping,” Journal of
Bodywork and Movement Therapies, vol. 4, no. 3, pp. 189-194,
2000.

L. G. Portney and M. P. Watkins, Foundations of Clinical
Research: Applications to Practice, Prentice Hall Health, Upper
Saddle River, NJ, USA, 3rd edition, 2009.

L. G. Horsley, J. Pearson, A. Green, and C. Rolf, “A comparison of
the musculoskeletal assessments of the shoulder girdles of pro-
fessional rugby players and professional soccer players.,” Sports
Medicine, Arthroscopy, Rehabilitation, Therapy & Technology,
vol. 4, no. 1, article 32, 2012.

A. M. Cools, E. E. Witvrouw, L. A. Danneels, and D. C. Cambier,
“Does taping influence electromyographic muscle activity in the
scapular rotators in healthy shoulders?” Manual Therapy, vol. 7,
no. 3, pp. 154-162, 2002.

J.-J. Lin, C.-J. Hung, and P-L. Yang, “The effects of scapular tap-
ing on electromyographic muscle activity and proprioception
feedback in healthy shoulders,” Journal of Orthopaedic Research,
vol. 29, no. 1, pp. 53-57, 2011.

G. E. Morin, D. Tiberio, and G. Austin, “The effect of upper
trapezius taping on electromyographic activity in the upper and
middle trapezius region,” Journal of Sport Rehabilitation, vol. 6,
no. 4, pp. 309-318, 1997.

R. M. Paine and M. Voight, “The role of the scapula,” Journal of
Orthopaedic and Sports Physical Therapy, vol. 18, no. 1, pp. 386-
391, 1993.

C. Hall, “The shoulder girdle,” in Therapeutic Exercise. Moving
Toward Function, C. Hall and L. T. Brody, Eds., Lippincott
Williams and Wilkins, Philadelphia, Pa, USA, 1999.



12

(63]

C. M. Alexander, M. McMullan, and P. J. Harrison, “What is
the effect of taping along or across a muscle on motoneurone
excitability? A study using triceps surae,” Manual Therapy, vol.
13, no. 1, pp. 57-62, 2008.

C. M. Alexander, S. Stynes, A. Thomas, J. Lewis, and P. J.
Harrison, “Does tape facilitate or inhibit the lower fibres of
trapezius?” Manual Therapy, vol. 8, no. 1, pp. 37-41, 2003.

E. Kaya, M. Zinnuroglu, and I. Tugcu, “Kinesio taping com-
pared to physical therapy modalities for the treatment of
shoulder impingement syndrome,” Clinical Rheumatology, vol.
30, no. 2, pp. 201-207, 2011.

ISRN Rehabilitation



MEDIATORS

INFLAMMATION

The Scientific Gastroenterology Fou Journal of .
World Journal Research and Practice Diabetes Research Disease Markers

et
International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
http://www.hindawi.com

BioMed
PPAR Research Research International

Journal u,f
Obesity

Evidence-Based p : _ {:

Journal of Stem Ce”S Complementary and 8 ' 1 3 Journal of
Ophthalmology International Alternative Medicine < ) Oncology

Parkinson’s
BINEENE

Computational and . z
Mathematical Methods Behavioural AI DS C dicine and

in Medicine Neurology Research and Treatment



