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Abstract

The scaption exercise (elevation of the arm in the scapular plane) is often performed in
shoulder rehabilitation and preventive exercise programs. Three studies were performed to better
understand the activation characteristics of the upper trapezius (UT) and lower trapezius (L T)
muscles during scaption. The purpose of these studies was to 1) quantify and compare trapezius
muscle activation ratios and onset of activation in normal subjects, 2) compare the findings from
normal subjects with overhead athletes, and 3) compare the activation ratios and onset of the
trapezius with 2 modes of resistance (elastic and isotonic) in overhead athletes.

Methods. Healthy college-aged subjects performed scaption to 90° with (W) and without
(UW) standardized resistance. The average activation of the UT and LT was determined with
surface electromyography (EMG) over 30° increments in concentric and eccentric directions.
The UT:LT ratio was then determined for each interval and condition, as well as the average
onset of activation. Statistical analysis using repeated measures and t-tests were used to
determine significant differences.

Results. The UT:LT ratios of both (W) and (UW) conditions demonstrated a u-shaped
curve over 90°. The UW condition consistently demonstrated significantly higher UT:LT ratios
ranging from 1.5 to 4.5, while the W ranged from 0.9 to 2.4. There was no significant difference
in activation ratios between athletes and non-athletes, or between elastic and isotonic resistance.
The UT demonstrated earlier activation than the LT in the UW condition. The LT reduced its
latency with the addition of resistance, reversing the firing order in overhead athletes. Isotonic
resistance provided slightly faster activation of the LT compared to elastic resistance.

Conclusion. These 3 studies suggest that overhead athletes demonstrate the same UT:LT
ratios as non-athletes over 90° during scaption with and without resistance. Adding resistance to



the scaption exercise significantly reduces the UT:LT ratio and reverses the firing order,
activating the LT significantly earlier than the UT. Both elastic and isotonic resistances
demonstrate similar activation ratios in overhead athletes, although isotonic resistance activates
the LT faster than elastic resistance. Using these results, clinicians may improve their clinical

decision-making in prescribing scaption exercises.



General Introduction

Shoulder impingement is a common condition affecting overhead athletes due to the
mechanics of the throwing motion. The combination of internal rotation with elevation of the
shoulder to 90°, inherent in the overhead motion, can create subacromial impingement due to a
decrease in the subacromial space (SAS). Shoulder impingement, first described by Neer (Neer,
1972), can be classified into two main categories: structural and functional. Subacromial
impingement can be caused by narrowing of the SAS either by a reduction in the space due to
bony growth (“structural” impingement) or superior migration of the humeral head caused by
weakness and/or muscle imbalance (“functional” impingement) (Brossmann, et al., 1996;
Hallstrom & Karrholm, 2006; Jerosch, Castro, Sons, & Moersler, 1989; Ludewig & Cook, 2002).
Functional impingement is related to glenohumeral instability (Jobe, Kvitne, & Giangarra, 1989),
which is sometimes described as “Functional Instability,” occurring mostly in overhead athletes
less than 35 years old (Belling Sorensen & Jorgensen, 2000). Tissues below the coracoacromial
arch may sustain microtrauma in overhead athletes, leading to inflammation and tendinitis
(Bigliani, Ticker, Flatow, Soslowsky, & Mow, 1991; Hawkins & Kennedy, 1980).

The shoulder relies on muscles to provide dynamic stability during its large range of
mobility. Freely movable joints in the human body require proper muscle balance for normal
function. Opposing muscle groups surrounding a joint must be balanced in both length and
strength. Proper muscle balance surrounding the shoulder is also necessary for flexibility and
strength; a deficit in flexibility or strength in an agonistic muscle must be compensated by the
antagonist muscle, leading to dysfunction. These muscular imbalances lead to changes in
arthrokinematics and movement impairments, which may ultimately cause structural damage.

Agonist and antagonist muscle groups surrounding joints typically provide opposing

movements, such as flexion/extension or abduction/adduction. Proper muscle balance between



agonists and antagonists in the shoulder is necessary for balanced muscle force production; any
alteration in this balance can lead to dysfunction, including functional impingement. Muscular
strength balance is particularly important for synergistic muscle activations known as “force
couples.” One of the most important force couples in the shoulder involves the scapular
muscles: the trapezius and serratus anterior.

Different parts of the trapezius (upper, middle and lower sections) have different fascicular
orientations representing different functional demands for head, shoulder, and neck movements.
For example, the middle and lower fibers maintain vertical and horizontal equilibrium, rather
than generate torque (Johnson, Bogduk, Nowitzke, & House, 1994; Kibler, 1998; Lindman,
Eriksson, & Thornell, 1990; Mottram, 1997; Wadsworth & Bullock-Saxton, 1997). The upper
portions of the trapezius (UT) are coupled with the serratus anterior (SA) to produce upward
rotation of the scapula. Contrary to popular opinion, the lower trapezius (LT) is not a scapular
rotator, but acts as a stabilizer to counteract the lateral pull of the serratus anterior as it upwardly
rotates the scapula (Johnson, et al., 1994). The lower trapezius is particularly important because
it can dynamically modify forces on the scapula during mid-elevation (Bagg & Forrest, 1986).

The dynamic scapular stabilizers coordinate the position of the glenoid with the humerus
(Belling Sorensen & Jorgensen, 2000; Kibler, 1998). Rotation of the scapula positions the
glenoid during flexion and abduction, provides mechanical stability of the glenohumeral (GH)
joint, and maintains the length-tension relationship of the rotator cuff and deltoid (Doody,
Freedman, & Waterland, 1970; Lucas, 1973; Mottram, 1997; van der Helm, 1994). Upward
scapular rotation helps maintain the SAS by lifting the acromion (Ludewig & Cook, 2000).
Altered muscle activation patterns of the trapezius may change the scapulohumeral rhythm,
leading to narrowing of the SAS as scapular rotation lags behind humeral elevation (Wadsworth

& Bullock-Saxton, 1997).



Electromyographic (EMG) analysis of the shoulder muscles is commonly used to assess
muscle activation levels and patterns. Muscle activity during shoulder motion may vary among
different loads and speeds of movement. During scaption with progressive normalized loads, the
peak EMG of the rotator cuff and deltoid shifts to earlier in the motion, suggesting earlier
recruitment of motor units (Alpert, Pink, Jobe, McMahon, & Mathiyakom, 2000). Increasing the
speed also causes a rise in EMG activity earlier in the motion; however, Alpert et al. did not
assess the trapezius muscle for its response to increased load or speed. In addition, the
researchers did not assess the eccentric (lowering) phase of scaption.

Muscle activation patterns are important for normal shoulder biomechanics. As stated
previously, different parts of the trapezius can perform differently during the same motion.
Several researchers have investigated the activation patterns of the trapezius during elevation in
normal subjects (Bagg & Forrest, 1986; Filho, Fulani, & De Freitas, 1991; Wiedenbauer &
Mortensen, 1952); however, these studies leave several questions unanswered. For example,
Wiedenbauer and Mortensen reported that the lower trapezius was especially active during
abduction through 180° but they did not evaluate changes in activation with resistance or during
the eccentric phase. Filho et al. found a gradual increase in all portions of the muscle during
abduction and a decrease during the return eccentric phase, but their data was only descriptive
and was not normalized.

Researchers refer to the muscle balance between the upper and lower portions as the
UT:LT ratio. There remains little information on normative EMG values for UT:LT ratios.
Recently, researchers have started to report the ratios of upper and lower trapezius activation,
rather than isolated muscle values alone (Cools, Declercq, Cambier, Mahieu, & Witvrouw,
2007). This change in reporting may demonstrate recognition that the UT:LT ratio represents the

true function of the trapezius. By reporting on UT:LT ratios rather than individual activation



levels of each muscle, researchers can provide information on the function of the trapezius as a
whole. In addition, some patients demonstrate high UT:LT ratios which may be indicative of
muscle imbalance contributing to pathology. An overactive UT or underactive LT can provide
valuable clinical clues, but both values must be known in order to determine the relative increase
or decrease in activation. Cools and colleagues reported al.2 to 1.4 UT:LT ratio during maximal
isokinetic-resisted scaption. Using EMG ratios, clinicians may make better clinical decisions on
choosing appropriate exercises that restore muscle balance.

The change in trapezius muscle activation characteristics with the addition of external
resistance remains unknown. This information would be important to clinicians for several
reasons. First, understanding the normal activation pattern in healthy individuals may provide a
clinical baseline to examine pathological conditions. Scaption performed with and without
resistance may serve as a standard clinical EMG examination to assess pathological trapezius
activation patterns. Secondly, understanding changes in muscle activation timing may provide
better clinical decision making in choosing the appropriate exercise. For example, if shoulder
patients demonstrate altered trapezius activation patterns, it would be critical to know if a
particular exercise replicates the appropriate pattern or facilitates a dysfunctional pattern. Other
external factors of trapezius activation to investigate include the influence of speed of movement,
different planes of movement, and different degrees of shoulder rotation during scaption. This
information may improve better clinical decision making for therapeutic exercise prescription.

There is a need for more clinically-oriented research on changes in trapezius muscle
activation patterns under different internal and external conditions. This might include
investigation of the effects of resistance, speed, and plane of motion, as well as the influence of
pain and fatigue on trapezius activation patterns. Such information may improve diagnosis of

shoulder dysfunction and help determine appropriate exercise prescription.



Electromyographic analysis is also used to determine onset of activation (“latency”) and
coordination with other muscles. The shoulder EMG literature is dominated by studies
evaluating muscle activation levels, rather than activation patterns, as well as changes to those
patterns with different exercises, loads, or other conditions. There is little agreement among
researchers on what constitutes the onset of muscle activation; for example, some report onset as
5% of the MVIC (Wadsworth & Bullock-Saxton, 1997), while others report 10% of MVIC
above resting potential as the onset (Cools, et al., 2002). Still others (Santos, Belangero, &
Almeida, 2007) have used a computer algorithm to define onset of activation as the point when
the EMG signal first rises to three standard deviations above the resting level.

Timing of scapular muscle recruitment is critical in positioning the glenoid during shoulder
rotation (Kibler, 1998). The actual pattern of trapezius muscle activation during shoulder
elevation is not well established in the literature, primarily because individual motor patterns are
quite varied and difficult to standardize. In addition, the variety of EMG measurement
techniques (surface vs. intramuscular needle EMG), different muscles tested, and different
distinctions of muscle onset provide the disparate results found in the literature. During shoulder
elevation in the scapular plane for example, some researchers report the upper trapezius is
activated 217 ms before movement starts and the lower trapezius is activated 349 ms after
movement starts (at approximately 15°) (Wadsworth & Bullock-Saxton, 1997), while others
(Santos, et al., 2007) find the same pattern but shorter latencies (40 ms prior and 20-40 ms after,
respectively).

Few researchers have evaluated the activation of the trapezius during weighted exercises
(Moseley, Jobe, Pink, Perry, & Tibone, 1992). Moseley et al. assessed the EMG of exercises
using light-weight dumbbells in normal subjects. During the scaption exercise, the UT:LT ratio

reached 0.9 during 120-150° in the motion. Their study has several shortcomings, however.



There was no report on a comparison of the increase in activation from non-weighted movement
patterns. This would help quantify any changes in muscle activation levels after adding
resistance to establish normative levels; such levels may then be used to compare with
pathological populations. In addition, the weights used by subjects were not standardized; they
were self-selected by the subjects. Using self-selected weights rather than standardized weights
between subjects does not allow for comparison between subjects, since these values are
individualized, rather than normalized between all subjects.

Imbalances or deficits in muscular strength and activation levels can lead to functional
impingement. Both glenohumeral and scapulothoracic muscle imbalance can cause dysfunction.
The pathomechanics of functional impingement may involve one or both of the shoulder force
couples: deltoid/rotator cuff and scapular rotators. Because of the lack of prospective studies,
few if any researchers have determined if muscle imbalance is a cause or effect of impingement.

Scapular muscle imbalances can also affect rotator cuff function. The rotator cuff originates
on the scapula. Weakness of scapular stabilizers may lead to “pseudo-weakness” of the rotator
cuff because of a lack of proximal stabilization for the rotator cuff to provide a stable origin. The
effect of scapular muscle imbalance on rotator cuff strength has not been evaluated; however,
fatigue of scapular retractors does reduce rotator cuff strength (Cuoco, Tyler, & McHugh, 2004).

Scapular rotator force couple imbalance leads to weakness and altered activation patterns.
Most researchers have demonstrated an increase in upper trapezius activation and decrease of the
middle and lower trapezius, as well as the serratus anterior in impingement subjects (Cools,
Declercq, et al., 2007; Cools, et al., 2002; Cools, Witvrouw, Declercq, Danneels, & Cambier,
2003; Cools, Witvrouw, Declercq, Vanderstraeten, & Cambier, 2004; Ludewig & Cook, 2000;
Moraes, Faria, & Teixeira-Salmela, 2008; Wadsworth & Bullock-Saxton, 1997). In contrast,

some have reported increased activation in both the upper and lower trapezius in patients with



impingement, compared to normal subjects (Ludewig & Cook, 2000). Ludewig and Cook
hypothesized that the increased lower trapezius activation compensated for decreased serratus
anterior activation. Interestingly, one study found similar decreased serratus anterior activity and
increased upper trapezius activity with no change in lower trapezius activity in a group of
subjects with various shoulder dysfunctions compared to normals (Lin, et al., 2005).

The specific reason for these conflicting results remains unclear, but may be related to the
testing techniques and different subject populations. Ludewig & Cook assessed EMG during
weighted scaption in construction workers; Lin et al. evaluated EMG during 4 different
functional tasks without added resistance; and Cools, Declercq et al. used maximal isokinetic
resistance during abduction in overhead athletes. Different movements and resistance levels may
influence activation levels, and various populations may demonstrate different activation
patterns. Future studies should evaluate the influences of different movement patterns and
resistance levels in various populations.

The lower trapezius perhaps plays the most important role in scapular rotation because it acts
as a stabilizer (Bagg & Forrest, 1986; Johnson, et al., 1994). Decreased activation of lower
trapezius or increased activation of the upper trapezius may lead to upward migration of the axis
of rotation of the glenohumeral joint, thus causing impingement. It is assumed that the lower
trapezius will be more active than normal if the humeral head migrates upward during shoulder
elevation (Bagg & Forrest, 1986); however, research has not verified this notion. Researchers
have measured simultaneous trapezius EMG and 3-dimensional kinematics in patients with
shoulder dysfunction (Lin, et al., 2005; Ludewig & Cook, 2000). These studies found no
significant change in humeral elevation, and either no change (Lin, et al., 2005) or an increase

(Ludewig & Cook, 2000) in lower trapezius activation; however, Ludewig and Cook reported



small but significant increases in anterior-posterior translation of the humerus, possibly leading
to decreased SAS.

In general, most studies on strength imbalances use static muscle tests or standardized
isokinetic dynamic strength tests; however, these types of measurement are very limited in their
relation to function. Maximal strength testing may not be appropriate, particularly in a patient
population. Instead, a submaximal effort throughout the range of motion may provide additional
neuromuscular clues on muscle activation and timing, rather than isolated muscle strength, which
only gives a partial picture of muscle function. For example, testing the serratus anterior on an
isokinetic dynamometer at 90° of elevation in a swimmer gives little information about muscle
performance during the actual swimming motion. Other measurement techniques such as EMG
can provide more valuable information on muscle function.

Delays or imbalances in activation can lead to shoulder dysfunction. EMG analysis is useful
in quantifying muscle activation and onset during movement. As stated previously, muscle
latency and activation patterns are generally considered important factors in shoulder
dysfunction, although few studies have investigated this. While changes in scapular latencies in
subjects with impingement have been described by some (Cools, et al., 2003; Moraes, et al.,
2008; Wadsworth & Bullock-Saxton, 1997), others report no difference in muscle latency
between patients with shoulder instability and normal subjects during elevation in the scapular
plane (Santos, et al., 2007).

Several researchers have evaluated the effect of submaximal external resistance on
glenohumeral and scapular muscle activation patterns during elevation in impingement patients,
simulating light loads used during rehabilitation (Ludewig & Cook, 2000; Machner, et al., 2003;
Myers, et al., 2003; Reddy, Mohr, Pink, & Jobe, 2000). Impingement patients exhibit altered co-

activation of the rotator cuff both with and without loads, compared to normals (Myers, et al.,



2003). Similarly, Reddy et al. found rotator cuff and deltoid EMG was decreased in impingement
patients. While these researchers did not assess scapular muscle EMG, the authors noted that
periscapular muscles may compensate for deficiency in rotator cuff and deltoid activation. This
conclusion is partially supported by the finding of altered scapular muscle activation patterns in
impingement patients, including increased upper trapezius activity at higher loads, and reduced
serratus anterior activity at all loads (Ludewig & Cook, 2000). The major limitation of these
studies is their lack of simultaneous glenohumeral and scapulothoracic EMG, limiting the ability
to establish any compensatory relationships between the two muscle groups. The effects of
adding resistance during scaption on scapular muscle activation and balance remain unknown.
Several studies on athletes with shoulder pain indicate altered EMG patterns and muscle
imbalance (Pink, et al., 1993; Ruwe, Pink, Jobe, Perry, & Scovazzo, 1994; Scovazzo, Browne,
Pink, Jobe, & Kerrigan, 1991; Wadsworth & Bullock-Saxton, 1997). Overhead athletes with
shoulder dysfunction typically have increased upper trapezius activation (Cools, Declercq, et al.,
2007), as well as decreased activation levels of the serratus anterior (Cools, et al., 2004), and
decreased lower trapezius (Cools, Declercq, et al., 2007; Cools, et al., 2004), supporting the
belief that the lower trapezius and serratus are most prone to weakness (Janda, 1993).
Researchers have compared the EMG activity of the trapezius in normal individuals,
overhead athletes, and those with impingement (Cools, Declercq, et al., 2007; Cools, et al., 2002;
Cools, et al., 2003). Cools, Declercq, et al. reported that athletes with impingement have a
significantly higher upper trapezius activation compared to normal subjects, a significant
decrease in lower and middle trapezius activation, and altered trapezius muscle balance. That
study, however, was limited to maximal isokinetic concentric contraction during scaption, which

does not represent more functional activities with submaximal resistances. Using isokinetic



testing equipment, the eccentric activity of muscles could not be assessed since subjects had to
perform maximal concentric adduction to return to the starting position.

Overhead athletes with impingement have delayed onset of middle and lower trapezius fibers
in response to a sudden downward movement (Cools, et al., 2003). If the lower trapezius reacts
too slowly compared to the upper trapezius, the upper trapezius may become overactive, leading
to scapular elevation rather than upward rotation (Cools, et al., 2003). Freestyle swimmers with
impingement are reported to have increased variability in timing of the onset of scapular rotators
compared to healthy swimmers (Wadsworth & Bullock-Saxton, 1997).

In summary, strength imbalances have been identified in subjects with impingement.
Scaption to 90° with resistance is common exercise performed both to prevent impingement in
athletes, and for rehabilitation patients with shoulder pathology. EMG and kinematic data are
useful in quantifying these imbalances; however, many questions remain unanswered, including
changes in the trapezius muscle balance and activation during different load conditions. Since
muscle activation and timing are critical to normal shoulder function, it is important to
understand the specific changes to these patterns in different conditions, as well as different
populations.

Based on the literature, the following research question was proposed: How does external
resistance (with a handheld weight or elastic resistance) change the upper and lower trapezius
activation ratio (ie, muscle balance) during shoulder scaption to 90° in shoulders of overhead
athletes? The answers to this question may have implications in both prevention and
rehabilitation as clinicians try to maximize SAS and improve muscular ratios during shoulder
exercises with resistance.

The purpose of this dissertation was to identify the characteristics of trapezius activation

during the scaption exercise in normal subjects and overhead athletes. Three distinct studies were
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performed to better understand the activation levels and patterns of the trapezius. The first study
was performed to quantify and compare trapezius muscle activation ratios and onset of activation
in normal subjects. The second study compared the findings from first study on normal subjects
with overhead athletes, while the third and final study compared the activation ratios and onset of
the trapezius with 2 modes of resistance (elastic and isotonic) during scaption in overhead

athletes.
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Study 1
EMG Characteristics of the Trapezius Muscle during the Scaption Exercise
Therapeutic exercise for the shoulder is important for rehabilitation and injury prevention.
One of the most common shoulder pathologies is subacromial impingement. There are generally
2 types of impingement: structural and functional. In structural impingement, the soft tissue is
actually pinched between the acromion and humerus. On the other hand, functional impingement
is often caused by muscle imbalance. Typically, functional impingement patients demonstrate an
increase in upper trapezius activation and decrease of the middle and lower trapezius, as well as
the serratus anterior (Cools, Declercq, et al., 2007; Cools, et al., 2002; Cools, et al., 2003; Cools,
et al., 2004; Ludewig & Cook, 2000; Moraes, et al., 2008; Wadsworth & Bullock-Saxton, 1997).
Decreased activation of lower trapezius or increased activation of the upper trapezius may lead to
upward migration of the axis of rotation of the glenohumeral joint, thus causing impingement.
Research shows that shoulder exercises are effective at treating impingement (Desmeules,

Cote, & Fremont, 2003; Michener, Walsworth, & Burnet, 2004). The goal of therapeutic exercise
for functional impingement is to restore muscle balance, particularly of the trapezius. A popular
rehabilitation exercise for shoulder dysfunction is “scaption,” or elevation of the arm in the
scapular plane. Scaption is preferred because elevation in the scapular plane is thought to
provide the best alignment of the glenohumeral joint. This exercise is often prescribed for
impingement patients. Because the pathomechanics of impingement often involve imbalance of
the upper trapezius (UT) and lower trapezius (LT), it’s important to understand the effects of this
exercise on trapezius muscle balance. The UT:LT ratio is often used to describe the relative
activation of each muscle. For example, a ratio of 1.0 indicates that both the UT and LT have the

same level of activation.
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The existing literature contains little information regarding the electromyography (EMG)
of shoulder exercise on trapezius muscle balance. Using UT:LT activation ratios, clinicians may
make better clinical decisions on choosing appropriate exercises that restore muscle balance.
Recently, researchers have reported the ratios of upper and lower trapezius activation, rather than
isolated muscle values alone (Cools, Declercq, et al., 2007). This change in reporting may
demonstrate recognition that the UT:LT represents the true function of the trapezius. By
reporting on UT:LT ratios rather than individual activation levels of each muscle, researchers can
provide information on the function of the trapezius as a whole.

Timing of scapular muscle recruitment is critical in positioning the glenoid during shoulder
rotation (Kibler, 1998). The actual pattern of trapezius muscle activation during shoulder
elevation is not well established in the literature, primarily because individual motor patterns are
quite varied and difficult to standardize. During shoulder elevation in the scapular plane for
example, some researchers report the upper trapezius is activated 217 ms before movement starts
and the lower trapezius is activated 349 ms after movement starts (at approximately 15°)
(Wadsworth & Bullock-Saxton, 1997), while others (Santos, et al., 2007) find the same pattern
but shorter latencies (40 ms prior and 20-40 ms after, respectively). The change in trapezius
muscle activation patterns with the addition of external resistance remains unknown.

Clinicians should choose therapeutic exercises that optimize the UT:LT balance, although
few EMG studies report this ratio. Furthermore, no studies have compared the timing of upper
and lower trapezius activation with and without resistance during scaption exercise. The purpose
of this study was to determine the characteristics of trapezius muscle activation during scaption
during unweighted (UW) and weighted (W) conditions, including activation levels, muscle

balance ratios and timing of onset.
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Methods

Healthy male and female subjects (n=17) without shoulder pain were recruited to
participate in the study. Dual AgCl electrodes were placed on the upper and lower trapezius of
the dominant arm (Cram & Kassman 1998). An inclinometer was affixed to the lateral upper
arm. EMG and shoulder angle data was collected using a MyoSystem 1400 and MyoResearch
XP 1.3 software (Noraxon, Scottsdale, AZ). Electrode placement was verified with active
contraction of the tested muscles. EMG data was sampled at 1000 Hz.

Subjects were seated and a Plexiglas screen was placed in the scapular plane,
approximately 30° anterior to the frontal plane; the stopping point of 90 degrees was verified
with a goniometer and a marker was placed on the Plexiglas. Subjects performed 3 repetitions of
scaption to 90° with the palm on the Plexiglas to maintain neutral humeral rotation. For both
conditions, subjects completed each repetition in approximately 6 seconds (3 seconds for
concentric and 3 seconds for eccentric phases) at a rate of 30°/s. For the W condition, subjects
were given a dumbbell resistance that was standardized to each individual using an
anthropometric formula (Li, Landin, Grodesky, & Myers, 2002) and then repeated the 3
repetitions with the dumbbell. The order of the testing was always UW before the W condition to
minimize the effects of fatigue with the resistance condition.

Data Analysis

MyoResearch XP 1.3 software was used to rectify, filter, and smooth EMG data with a
2" order low-pass Butterworth filter at 500 Hz and RMS smoothing with a 1200ms window. The
average EMG level over 30 degree increments (30-60°, 60-90°, 90°, 90-60°, and 60-30°) was
determined over the 3 repetitions for both UW and W conditions in each subject and then
averaged. The UT:LT ratio was then determined for each interval and condition. Next, the
average onsets of activation of the UT and LT were determined for each condition using the

14



MyoResearch software as the time when activation exceeded 3 standard deviations of resting
levels. Using SPSS 17.0 (Chicago, IL), t-tests were used to determine if the W and UW
conditions were significantly different in activation, ratio, and onset of activation. Statistical
significance was set at p<.05.

Results

Activation Levels. The percent increase in UT and LT activation levels from the UW and

W conditions is presented in Table 1.1. The UT activation increased between 118 and 164%,
while the LT increased between 248 and 325% after adding a standardized weight. The largest
increases in activation in both muscles occurred at 90°. All W conditions were significantly
greater than UW conditions for both muscles and all intervals (p=.000).

Table 1.1: Percent increase in UT & LT activation levels after adding weight to scaption for each
interval. (* indicates significant difference, p=.000)

30-60° 60-90° 90° 90-60° 60-30°
Upper Trap | 118% 149.8% 163.9% 137.9% 158.2%
Lower Trap | 285%* 289.8%* 325.2%* 285.8%* 248%*

Activation Ratios. The average UT:LT ratios in both UW and W conditions is presented

in Table 1.2 and Figure 1.1. The UT:LT ratio was maximal during the concentric phase, less
during the eccentric phase, and minimal at the mid-range of motion. Subjects demonstrated a “u-
shaped” profile of the ratio in both conditions, but the UT:LT ratio consistently was lower in the
W condition. Statistically significant lower activation ratios were noted in the 30-60° concentric,
90°, and 90-60° eccentric intervals.

Timing. The average onset of muscle activation in both UW and W conditions is
presented in Table 1.3. During the UW condition, the UT was activated first in 12 of 13 subjects,

with average latency of 589 ms. In the W condition, the LT was activated first in 11 out of 13
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Table 1.2: Average UT:LT ratios (+ SD), percent difference between UW and W conditions, and
p-values (*statistically significant)

Concentric Eccentric
30-60° 60-90° 90° 90-60° 60-30°
Unweighted 32+34| 18+1.75| 15+1.24 1.6+1.6 2.2+2.2
Weighted 16+1.47| 1.2+1.28 0.9 +.84 1+.65 1.6 +.97
Difference -100% -50% -66.60% -60% -37.50%
p-value .010* .105 .035* .022* .208
UT:LT Ratio
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Figure 1.1: UT:LT ratio of UW and W conditions

Table 1.3: Average onset of muscle activation (in seconds)

Unweighted Weighted p-value
Upper Trapezius .589 + .46 942 + .46 .008
Lower Trapezius 1.147 + .70 .646 + .27 .062

subjects. Comparing the UW and W conditions, the UT was 63% slower in the W condition,
while the LT was 56% faster. Onset of activation was significantly longer in the UT in the
weighted condition, while the LT was earlier, but only approaching statistical significance.
Figure 1.2 demonstrates the reversal in firing order of the UT and LT between UW and W

conditions.
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Figure 1.2: Average onset of muscle activation (in seconds)

Discussion

The scaption exercise is commonly used in rehabilitation of shoulder impingement
patients. This study has quantified the changes in upper and lower trapezius activation levels,
ratio, and timing during scaption exercise to 90° with and without resistance in healthy normal
subjects. Adding weight to the scaption exercise improves each variable through increased
activation of the LT. Findings related to activation levels are discussed first, then the results of
the UT:LT ratio will be discussed, followed by the results of onset timing.

Activation Levels. As one would expect, both muscles significantly increased in

activation with the addition of a standardized weight. Interestingly, the UT increased in
activation between 118-164%, while the LT increased in activation nearly twice as much,
between 248 and 325%. It may be possible that the larger increase in LT is due to an increased
need for scapular stabilization, since it functions more as a stabilizer than mover (Bagg &
Forrest, 1986; Johnson, et al., 1994). The disproportionate increase in LT compared to UT may
also be related to changes in activation of other muscles, such as the serratus anterior (Ludewig
& Cook, 2000) or strategies to maintain the subacromial space (SAS) with added resistance. The

serratus anterior is synergistic with the UT as a primary upward rotator of the scapula; adding
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resistance during the exercise likely increases activation of the SA to assist the UT in rotating the
scapula.

It is assumed that the LT will be more active than normal if the humeral head migrates
upward during shoulder elevation (Bagg & Forrest, 1986), however research has not verified this
notion. In addition, the LT may posteriorly tilt the scapula, or oppose anterior tilt. Anterior
scapular tilt reduces the SAS; it’s possible that the LT is activated more during weighted
scaption to maintain the SAS during shoulder elevation. This hypothesis is countered by the
findings of Graichen and colleagues (Graichen, et al., 2005), who noted a decrease in SAS
during weighted abduction, although those patients were in a supine position. The supine
position may have reduced the activation of the UT because of the lack of gravity on the
shoulder girdle.

In the current study, the greatest increase in activation level was seen at 90° in both
muscles. This may be due to the fact that subjects changed direction from concentric scaption to
eccentric scaption; this change in direction may have also required increased muscle activation to
stabilize the scapula to change muscle activation as the direction of motion was reversed.

While this study evaluated scapular activation patterns in healthy shoulders, other
researchers have evaluated the effect of external resistance on scapular muscle EMG in patients
with impingement. Using submaximal loads, Ludewig and Cook (Ludewig & Cook, 2000) found
increased UT activity at higher loads, and reduced SA activities at all loads. In comparison,
Cools et al. (Cools, Declercq, et al., 2007) found significantly higher UT activation and reduced
LT activation in athletes with impingement compared to control subjects during maximal
isokinetic scaption.

Muscle activity during shoulder motion may also vary among different load and speed

conditions. During 180 degrees of scaption with progressive normalized loads, the peak EMG of
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the rotator cuff and deltoid shifts to earlier in the motion, suggesting earlier recruitment of motor
units (Alpert, et al., 2000). The current study did not demonstrate such a shift in the trapezius,
instead finding the greatest activation levels at 90°. In comparison to Alpert et al., this study only
used one resistance load through 90 degrees.

Subjects performed 90 degrees of motion because this is the typical limit on the scaption
exercise performed in patients with impingement. Raising the arm above 90° is thought to further
decrease the SAS, possibly aggravating impingement symptoms. Because this study may be
replicated in impingement patients, only 90° of scaption was used; such limited ROM may not
give full representation of the trapezius activation, since Moseley et al. (Moseley, et al., 1992)
reported peak activation of the upper and lower trapezius at 120-150° during resisted scaption.

The activation levels reported here are not normalized for several reasons. First, the
purpose was to evaluate changes in activation of the same muscle in 2 conditions; therefore, the
muscle was compared to itself, and did not need to be normalized for comparison between
subjects. Using a percentage of EMG during a submaximal movement to compare between
subjects has been suggested (Palmerud, et al., 1995). In addition, this study did not normalize
EMG levels to maximum voluntary isometric contraction (MVIC) because this study should be
replicated in subjects with shoulder impingement. It would be difficult to attain true MVIC of
patients experiencing painful impingement. In addition, the reproducibility and stability of
MVIC testing is questionable (Aaras, Veierod, Larsen, Ortengren, & Ro, 1996; Jensen,
Vasseljen, & Westgaard, 1993).

Ratio. It is important to compare relative activation between the UT and LT, rather than
assessing their activation independently. These regions of the trapezius can be synergistic in
frontal-plane rotation or antagonistic in elevation/depression. This relationship is a primary
factor in the development of muscle imbalances and subsequent dysfunction. For example, the
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LT is often found clinically to be weak, while the UT is often found to be tight and overactive
(Janda, 1993). If a weak LT cannot counteract the upward pull of a tight UT, the subacromial
space may become reduced, leading to impingement.

Both UW and W conditions demonstrate a “u-shaped” profile. The UW ratio ranged from
3.2 to 1.5, while the W ratio ranged from 0.9 to 1.6. There remains little information on
normative values for UT:LT ratios, although Cram & Kassman (Cram & Kasman, 1998) suggest
a 1:1 ratio during shoulder abduction in their textbook. This suggestion has not been validated in
any published study, and seems oversimplified considering the results of this study. Recently,
Cools et al. (Cools, Declercq, et al., 2007) reported on the UT:LT ratios of overhead athletes
with and without impingement during maximal isokinetic scaption. They noted a 2.19 ratio in the
painful shoulder and 1.56 in the uninvolved shoulder. In comparison, they found overhead
athletes without impingement exhibited ratios between 1.23 an