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Abstract

The first aim of this investigation was to quantify the distribution of trapezius muscle activity with
different scapular postures while seated. The second aim of this investigation was to examine the
association between changes in cervical and scapular posture when attempting to recruit different
subdivisions of the trapezius muscle. Cervical posture, scapular posture, and trapezius muscle
activity were recorded from 20 healthy participants during three directed shoulder postures.
Planar angles formed by reflective markers placed on the acromion process, C7, and tragus

were used to quantify cervical and scapular posture. Distribution of trapezius muscle activity was
recorded using two high-density surface electromyography (HDSEMG) electrodes positioned over
the upper, middle, and lower trapezius. Results validated the assumption that directed scapular
postures preferentially activate different subdivisions of the trapezius muscle. In particular,
scapular depression was associated with a more inferior location of trapezius muscle activity (r=
0.53). Scapular elevation was coupled with scapular abduction (r= 0.52). Scapular adduction was
coupled with cervical extension (r= 0.35); all other changes in cervical posture were independent
of changes in scapular posture. This investigation provides empirical support for reductions in
static loading of the upper trapezius and improvements in neck posture through verbal cueing of
scapular posture.
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Introduction

Poor neck and shoulder postures may contribute to the high incidence of chronic neck
pain in visual display unit (VDU) users (Falla et al., 2007; Gerr et al., 2004; Kimura

et al., 2007; McLean, 2005; Szeto et al., 2002). Poor neck posture is defined as a

forward head posture, which is a combination of lower cervical flexion and upper cervical
extension (Yip et al., 2008). Poor shoulder posture is defined as a combination of scapular
abduction and elevation. Coupling of these two poor postures results in a “hunched” posture,
which abnormally loads surrounding muscles (Chiu et al., 2002; Szeto et al., 2002; Falla
et al., 2004; McLean, 2005; Yoo and Kim, 2010). Clinical signs of trapezius myalgia,
characterized by tightness and palpable tender points in the trapezius muscle, have been
documented in approximately one third of workers with chronic neck or shoulder pain
(Sjegaard et al., 2006). In addition, poor postures in the cervical spine and scapulae during
prolonged static sitting postures have been linked to pain development (Falla et al., 2004;
Szeto et al., 2005).

Postural correction is aimed toward reducing the static load on surrounding muscles, and
correction of cervical posture is often recommended for treatment and prevention of chronic
neck pain (Enwemeka et al., 1986; Falla et al., 2007). An advantage of postural correction
compared to other therapies, such as analgesics, is that retraining of motor control strategies
may have longer lasting effects and may prevent the recurrence of pain caused by cumulative
overuse. Despite the primary function of the trapezius in scapular stabilization and evidence
of scapular muscle weakness in patients with chronic neck pain compared to healthy
controls (Petersen and Wyatt, 2011; Shahidi et al., 2012), correction of scapular posture has
received less attention than correction of cervical posture in studies of neck pain (Wegner et
al., 2010).

The primary anatomic connections of the trapezius are to both the scapulae and the
cervicothoracic spine; however, potential coupling of cervical and scapular motions with
trapezius activation has not been examined during postural tasks. The muscle architecture

in the trapezius is complex and varies across three functional subdivisions (upper, middle,
and lower). Primary functions of the trapezius are: 1) scapular adduction and depression; and
2) cervical extension and rotation (Johnson et al., 1994). In static seated postures, such as
during VDU use, the upper trapezius activates to stabilize the cervical spine and scapulae.
Although the subdivisions of the trapezius can be recruited independently with biofeedback
training (Holtermann et al., 2009), the widespread assumption that trapezius activation can
be redistributed with verbal cueing of scapular postures to activate individual subdivisions of
the muscle has not been validated.

The primary aim of this study was to compare the distribution of trapezius muscle activity
across a broad range of scapular motion. We hypothesized that inferior—superior shifts in
the distribution of trapezius muscle activity would occur with movements of the scapulae in
the frontal plane, and that these shifts would be more strongly associated with changes in
scapular posture than with changes in cervical posture. The second aim was to examine the
association between changes in cervical and scapular posture across the scapular postures.
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We hypothesized that changes in cervical and scapular posture would be correlated due to
coupling of neck and scapular motions with trapezius activation.

2. Methods

2.1. Participants

Twenty participants (10 males, age: 30.4 + 9.9 years, height: 183.8 £ 8.0 cm, mass: 84.1

+ 12.8 kg and 10 females, age: 36.5 + 13.9 years, height: 171.1 + 5.9 cm, mass: 77.5 £

9.5 kg) without a history of chronic neck or shoulder pain participated in this single cohort
investigation. Each participant provided a written, informed consent in accordance with the
University of Denver Institutional Review Board and the Colorado Multiple Institutional
Review Board prior to the start of the experimental session. Each participant visited the
laboratory for one data collection in which cervical posture, scapular posture, and trapezius
muscle activity were collected during three test positions.

2.2. Instrumentation

Each participant was instrumented with 25 reflective markers (Fig. 1a) used to record
motion (100 Hz sampling frequency) with eight cameras surrounding the motion capture
area (Vicon, Centennial, CO). High-density surface electromyography (HDSEMG) signals
were recorded from two semi-disposable adhesive electrode arrays (ELSCH064NM2 Pin
Out, OT Bioelettronica, Torino, Italy). The superior electrode array was placed overlying the
upper and middle trapezius, and the inferior electrode array was placed overlying the middle
and lower trapezius (Fig. 1b). Each electrode array was composed of 64 electrodes in a 13 x
5 orientation, with an 8-mm inter electrode distance (IED) and a 3-mm electrode diameter. A
missing electrode in the inferior-lateral corner of each array was designated as the origin for
assigning relative electrode positions (Fig. 2a). EMG signals were amplified (EMG-USB2
amplifier, OT Bioelettronica, Torino, Italy; bandwidth 10-500 Hz) by 5000, sampled at 2048
Hz, and converted to a digital signal by a 12-bit A/D converter. Visual inspection of the raw
EMG signals was performed in post-processing to identify any channels with poor contact
or short circuits, and low quality signals were linearly interpolated using adjacent channels
(Gallina et al., 2013).

The innervation zone of the upper trapezius was used to standardize electrode array
placement across participants (Farina et al., 2002). The main innervation zone of the upper
trapezius was identified using a dry linear array (SA 16/5, OT Bioelettronica, Torino, Italy)
with 16 silver bar electrodes (5-mm IED, 1 mm width). The superior electrode array was
placed parallel to muscle fiber direction, with the 4th electrode row along the C7-acromion
line and the most medial electrode column 10-mm distal from the innervation zone (Fig.
2a) (Farina et al., 2008). The skin beneath the electrode arrays was lightly abraded before
placement. A reference electrode was placed on the ulnar styloid process of the dominant
side of the participant.

2.3. Experimental protocol

Each participant was instructed to sit in a chair without trunk or arm support in an upright
position, with the hips and knees at approximately 90° and the feet resting on the floor.
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The participant was instructed by a researcher to maintain a “neutral” posture in which their
trunk was upright, chin was tucked, and scapulae were slightly depressed and adducted.
After coaching and practice the participant maintained the neutral posture for 1 minute while
marker position and EMG signals were recorded.

Starting from the neutral posture, the participant adopted three test positions that were
intended to activate different anatomic subdivisions of the trapezius muscle: (1) scapular
elevation (upper trapezius), (2) scapular adduction (middle trapezius), and (3) scapular
adduction and depression (lower trapezius). These three postures were chosen because

they create a broad range of motion of the scapulae, and are thought to activate distinct
subdivisions of the muscle. No instructions were given to the participant with regard to head
posture. The order of test positions was randomized. Each posture was performed to the end
range of movement and held for 30 s. The participant rested for approximately 60 s between
each posture. The duration of the directed scapular postures is less than the coached neutral
posture to avoid potential effects of fatigue when holding the posture at the maximum range
of mation. We chose a longer duration for the coached neutral posture to obtain robust data
used for standardizing all dependent variables (see Section 2.5).

2.4. Data processing

The HDSEMG signals were filtered using a 2nd order Butterworth filter (10-400 Hz). Fifty-
one bipolar signals were calculated from each electrode array. The average rectified value
was computed from each bipolar recording from adjacent, non-overlapping signal epochs

of 0.5 s. To characterize the spatial distribution of trapezius muscle activity, the center of
gravity (COG) was calculated from the 51 bipolar average rectified values recordings (Farina
et al., 2008) in the medial-lateral direction (Xcpg) and the inferior—superior direction

(Ycoo) (Fig. 2b).

Cervical and scapular postures were quantified during each test position by three angle
measures. Marker data were filtered with a 4th order, zero phase lag, Butterworth filter (5
Hz lowpass cutoff frequency). The cranial-vertebral angle (6¢y) was calculated as the angle
of a line from C7 to the tragus with respect to the frontal plane defined in a torso-fixed
reference frame (Fig. 3a). Because overlying soft tissue and an irregular bone shape preclude
accurate measurement of the position of the scapulae with motion capture, scapular posture
was quantified by the angle of a line from C7 to the acromion process. This line was
projected onto frontal and transverse planes defined in a torso reference frame. The angle
between C7 and the acromion in the frontal plane (6 ) represented scapular elevation and
depression (Fig. 3b). The angle between C7 and the acromion in the transverse plane (645)
represented scapular adduction and abduction (Fig. 3c).

Trapezius muscle activity, cervical posture, and scapular posture were averaged across a
15-s window, that began 10 s after assuming the test position to ensure the measurements
reflected a stable end range posture (Fig. 4).

2.5. Statistical analysis

To standardize the dependent variables across participants, all measurements were
referenced to the coached neutral posture where a value of zero represents no change in
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the dependent variable with respect to the coached neutral posture. Changes in trapezius
muscle activity were defined as AXcpogand A Yepog. Positive AXcpogand A Ypog values
indicated a more medial and superior location of trapezius muscle activity with respect to the
coached neutral posture, respectively. Changes in cervical and scapular posture were defined
as A6y, ABg;, and AB4p. Positive A6y indicated cervical flexion, and negative A8y
indicated cervical extension. Positive AGg; indicated scapular elevation, and negative ABg;
indicated scapular depression. Positive A8 4z indicated scapular abduction, and negative
A8 pindicated scapular adduction.

Two ensure that each participant achieved three separate postures, two-tailed one sample
Etests were used to determine if trapezius activation (AXcog, A Ycog) and cervical and
scapular posture (AB¢y; ABg;, ABapg) Were different from the neutral posture in each

of the three test positions (scapular elevation, scapular adduction, scapular adduction

and depression). Differences in trapezius activation (AXcog, A Ycog) and cervical and
scapular posture (ABcv; ABg;, ABapg) between test positions were compared using separate
one-factor analysis of variance (ANOVA) tests with repeated measures, in which scapular
posture (3 levels) was treated as a fixed effect and subjects were treated as a random

factor. Significant main effects were followed by pairwise comparisons with a Bonferroni
correction (a = 0.017). The level of significance was set at 0.05 for all inferential tests.

The associations between trapezius activation (AXcoa A Ycoe) and cervical and scapular
posture (ABCV, ABg;, AB4p) were quantified with Pearson product-moment correlations.
The associations between cervical posture (A8¢y) and scapular postures (ABg; and ABap)
were quantified with Pearson product-moment correlations. Latin hypercube sampling (Laz
and Browne, 2010) followed by a bootstrap was used to ensure that repeatability would not
affect the correlations (Efron and Tibshirani, 1993; Curran-Everett, 2009). Sixty Pearson
product-moment correlations were calculated with one randomly selected data point per
participant using orthogonal Latin hypercube random sampling. Bias-corrected accelerated
bootstrap 99% confidence intervals were estimated from 10,000 bootstrap replications of
the 60 Pearson product-moment correlations. Correlations were considered significantly
different from zero if the 99% confidence interval did not cross zero (a = 0.01). The strength
of the association was qualitatively interpreted as uncorrelated (r< 0.25), fairly correlated
(0.25 < r< 0.50), moderately correlated (0.5 < r< 0.75), or highly correlated (0.75 < r<
1.0) (Portney and Watkins, 2000).

3. Results

3.1. Effect of test position on trapezius muscle activity, cervical posture, and scapular

posture

There was a significant difference in Y-pg between postures (F=12.111, < 0.001). Yo
was 22.98 + 34.86 mm lower during scapular adduction than compared to scapular elevation
(¢=-2.948, P=10.008). YcosWas 36.29 + 36.11 mm lower during scapular adduction and
depression than compared to scapular elevation (#= -4.494, P< 0.001) (Fig. 5b).

There was a significant difference in 6.\, between postures (F= 16.052, P< 0.001). 6.,
was 3.6 + 4.8° smaller during scapular adduction than compared to scapular adduction and
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depression (£=-3.29, P=0.004). 6 was 9.5 + 9.0° smaller during scapular adduction
than compared to scapular elevation (= -4.60, £<0.001). 8.\, ,was 5.9 £ 7.7° smaller
during scapular adduction and depression than compared to scapular elevation (#=-3.331, P
=0.004) (Fig. 5¢).

There was a significant difference in 6, between postures (F= 64.692, < 0.001). 6

was 4.2 + 3.3° larger during scapular adduction than compared to scapular adduction and
depression (f=5.655, P< 0.001). 65 was 10.4 £ 6.6° smaller during scapular adduction
than compared to scapular elevation (¢=-6.996, £< 0.001). 6 was 14.6 £ 6.7° smaller
during scapular adduction and depression than compared to scapular elevation (#=-9.795, P
< 0.001) (Fig. 5d).

There was a significant difference in in 845 between postures (F=14.178, P=0.001). 845
was 3.4 + 4.9° smaller during scapular adduction than compared to scapular adduction and
depression (£=-3.131, P=0.006). 845 was 19.8 = 7.3° smaller during scapular adduction
than compared to scapular elevation (#=-12.122, P< 0.001). 845 was 16.4 + 8.4° smaller
during scapular adduction and depression than compared to scapular elevation (£=-8.797, P
< 0.001) (Fig. 5e).

3.2. Associations between cervical posture, scapular posture, and trapezius muscle

activity

All correlation coefficients were statistically different from zero except for the association
between AXcpocand ABq. ABg; was moderately correlated with A Y-pog (r=0.53 [0.49,
0.56]) (Table 1, Fig. 6). ABg; was moderately correlated with A@45 (r=0.52 [0.48, 0.56])
(Table 2, Fig. 6). A8 45 was fairly correlated with A Yoog (r=0.27 [0.22, 0.32]) (Table 1).
DBy was fairly correlated with A84gand ABg; (r=0.35[0.29, 0.35], r=10.28 [0.19, 0.34],
respectively) (Table 2). All other combinations were uncorrelated (r< 0.25).

4. Discussion

We investigated the association between cervical posture, scapular posture, and the
distribution of trapezius muscle activity during anatomically directed test positions that
aimed to activate the three functional subdivisions of the trapezius muscle. The assumption
that trapezius muscle activity can be redistributed between different functional subdivisions
with verbal cueing was validated by directional shifts in the distribution of trapezius muscle
activity between test positions. Scapular position in the frontal plane was moderately
correlated with inferior—superior shifts in the distribution of trapezius muscle activity

and scapular elevation was moderately correlated with scapular abduction. These findings
indicate that an inferior shift in the distribution of trapezius muscle activity can be achieved
by altering the position of the scapulae.

Each of the three test postures was intended to activate a different subdivision of the
trapezius, and resulted in the expected changes in scapular posture and redistribution of
trapezius muscle activity in the inferior—superior direction. This finding validates the use of
verbal cueing, which is commonly used in clinical settings, to selectively activate functional
subdivisions of the trapezius muscle by altering the position of the scapula. Interestingly,
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we observed no change in the distribution of trapezius muscle activity in the medial-lateral
direction across test positions. This result may reflect a uniform propagation of action
potentials along muscle fibers running in a medial—-lateral direction from the spine to the
scapula, present in all subdivisions of the trapezius muscle.

Correlation analyses demonstrate that scapular elevation was coupled to scapular abduction,
indicating motion in both frontal and sagittal planes, which is consistent with previous
findings (Ebaugh et al., 2005). In addition, fair correlations existed between cervical flexion
and scapular abduction as well as between cervical flexion and scapular elevation. Although
correlations between cervical and scapular posture were fair among healthy individuals,

we anticipate that patients with neck or shoulder pathology may demonstrate stronger
associations due to regional interdependence of the cervicoscapular region. Consistent with
clinical theory (Behrsin and Macguire, 1986; Griegel-Morris et al., 1992; Szeto et al., 2002;
Ha et al., 2011; Desai et al., 2013), these findings provide the first empirical evidence that
cervical posture may be coupled to scapular posture such that a reduction in forward head
posture can be achieved through verbal cues to adduct and depress the scapulae.

A shift in activation to the upper portion of the trapezius muscle was associated with
scapular elevation, but not cervical extension. The lack of association between changes in
trapezius muscle activity and changes in cervical posture is consistent with previous findings
(Shahidi et al., 2013), and may suggest that efforts to reduce loading of the upper trapezius
should emphasize retraining of scapular posture. The upper trapezius appears to play a
primary role in scapular stabilization, whereas the intrinsic cervical muscles may play a
more prominent role in neck posture during static sitting postures. We are aware of only one
observational study of scapulae postural correction for the treatment of chronic neck pain
(Wegner et al., 2010); therefore, additional research is needed to investigate the efficacy of
postural training of the scapular muscles.

Scapular elevation was associated with activation of the upper trapezius, which supports
the recommendation to avoid scapular elevation to help reduce static loading of the

upper trapezius during tasks that require prolonged sitting. This shift in activation in the
inferior—superior direction is consistent with previous investigations (Kleine et al., 2000;
Madeleine et al., 2006; Farina et al., 2008). The lack of change in scapular depression and
inferior activation during the test position intended to activate the lower trapezius (scapular
adduction and depression) was an exception to the expected pattern of change based on

the anatomic function of this muscle. This may have occurred because all variables were
referenced to a neutral posture in which the lower trapezius was already active to position
the scapula in a slightly adducted and depressed position.

Currently, the most accurate method to measure cervicoscapular posture is through
radiographic techniques. The cranial-vertebral flexion angle is a poor surrogate for
quantifying forward head postures because this position is achieved through a combination
of lower cervical flexion (C7-C4) and upper cervical extension (C3-C1) (Szeto et al., 2002).
To represent scapular adduction/abduction and elevation/depression, we related the acromion
to C7 in the frontal and transverse planes of the torso, respectively. This method has been
used as a reliable surrogate of scapular position (Meskers et al., 2007; van Andel et al.,
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2009); however, these investigations relied on marker clusters placed on rigid frames on the
acromion, which may interfere with upper-extremity motion. The current method used two-
dimensional planar angles, which could be implemented in clinical or occupational settings
with two photographic cameras positioned behind and above the patient to measure scapular
elevation/depression and abduction/adduction, respectively, during simulated or actual job
tasks (illustrated in Fig. 3). This may provide a feasible and objective method of assessing
impaired scapular posture during ergonomic evaluations, as well as monitoring the response
to postural interventions designed to reduce loading of scapular muscles throughout the
workday.

Several limitations to this investigation should be considered. First, the postures were
performed to the end range of scapular motion. Large excursions in scapular posture
increased the power of correlation analyses, but may overestimate the effects of more subtle
postural changes on muscle activation patterns. Second, we did not consider the potential
effects of fatigue on measures of muscle activation. A previous investigation on the effects
of fatigue on the spatial distribution of trapezius muscle activity demonstrated a superior
shift in COG throughout contraction duration (Farina et al., 2008). Because the order of test
postures was randomized, the contractions were submaximal and short in duration (30 s) and
participants were healthy, we do not consider fatigue to be a major confounding factor. Last,
although the present findings may inform efforts to prevent the development of chronic neck
pain in healthy individuals, the results cannot be generalized to patients who are currently
experiencing pain because motor control strategies may differ in these individuals (Szeto et
al., 2005; Goudy and McLean, 2006).

5. Conclusion

This study demonstrates that selective activation of individual subdivisions of the trapezius
muscle may improve cervicoscapular posture and reduce the risk of injury caused by over
activation of the upper trapezius. In addition, this is the first investigation to demonstrate
coupling between cervical and scapular motions during three distinct shoulder postures.
These findings indicate that scapular posture is more correlated with the distribution of
trapezius muscle activity in comparison to cervical posture.
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Fig. 1.
Reflective marker placement used to track cervical and scapular postures during three

anatomically directed test positions: (a) anterior view, (b) posterior view, and (c) high-
density surface EMG (HDSEMG) electrode array placement to record changes in the
distribution of trapezius muscle activity across three test positions.
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(a) Schematic of HDSEMG electrode array with position on trapezius. Array placement was
normalized across all participants using a superior array with the 4th row placed along the
C7-acromion line. (b) Example of topographical map (interpolation by a factor of 8) of 51
bipolar average rectified values of superior array, showing the center of gravity (white dot)

and innervation zone (oval).
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Fig. 3.
Three postures were measured during the experiment: (a) cervical posture (8¢, where

positive angle indicates cervical flexion and negative angle indicates cervical extension; (b)
scapular elevation/depression (8g;) where positive angle indicates scapular elevation and
negative angle indicates scapular depression; (c) scapular abduction/adduction (84p) where
positive angle indicates scapular abduction and negative angle indicates scapular adduction.
A local coordinate system origin was defined by a marker placed on the C7 vertebrae.
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Fig. 4.

Example of data window used to obtain every dependent variable (averaged across 10-25
s). Scapular elevation (6g;) and the distribution of trapezius muscle activity in the superior—
inferior direction ( Ycpg) during scapular elevation for a representative subject.
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Fig. 5.

Mgean (SD) change in trapezius muscle activity in the (a) medial-lateral direction (AXcog),
(b) inferior—superior direction (A Ycog), (€) cervical flexion/extension (ABcy), (d) scapular
elevation/depression (A8g;), and (e) scapular abduction/adduction (A64g) with respect to
the coached neutral posture during three anatomically directed test positions. A value of
zero indicates a variables value during coached neutral posture. * Indicates a statistically
significant difference from neutral posture (P< 0.05). ¢ Indicates a statistically significant
difference between postures (P < 0.05).
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Fig. 6.

Correlation between (a) cervical posture (A8, and scapular abduction/adduction (A84g)
and (b) distribution of trapezius muscle activity in the inferior—superior direction (A Ycoc)
and scapular elevation/depression (A8g;). All data were referenced to the coached neutral
posture and are grouped according to the three anatomically directed test positions (scapular

elevation, scapular adduction, and scapular adduction and depression).

J Electromyogr Kinesiol. Author manuscript; available in PMC 2022 December 02.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Gaffney et al. Page 18

Table 1
Latin-hypercube random sampling was used to generate 60 Pearson-product moment correlation coefficients
associating changes in scapular posture (ABas, ABg;), cervical posture (AB¢y), and changes in the distribution
of trapezius muscle activity (AXcog A Ycog) across all three distinct shoulder postures. Bias-corrected

accelerated bootstrap confidence intervals were estimated from 10,000 bootstrap replications of 60 Pearson
product-moment correlations coefficients (99% confidence interval). Bold indicates correlation coefficient (/)
was significantly different from zero.

AXcoc AYcos
DOsy r=-0.01 r=0.17

(-0.07,0.04)  (0.10, 0.24)
A6 r=-0.19 r=053

(-0.25,-0.13)  (0.49, 0.56)
ANGaz r=0.09 r=027

(0.03,0.14) (0.22,0.32)
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Table 2

Latin-hypercube random sampling was used to generate 60 Pearson-product moment correlation coefficients
associating changes in scapular posture (AB84z ABg;) and cervical posture (A8cy) across all three distinct
shoulder postures. Bias-corrected accelerated bootstrap confidence intervals were estimated from 10,000
bootstrap replications of 60 Pearson product-moment correlation coefficients (99% confidence interval). Bold
indicates correlation coefficient (/) was significantly different from zero.

DGy D6 AN
ABcy, r=0.28 r=0.35
(0.19,0.34)  (0.29, 0.42)
A6Bg r=0.52
(0.48, 0.56)

IAYCY:)
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