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Scapular upward rotation is essential for movement
of the shoulder complex.1 During arm elevation,
movement of the glenohumeral joint and scapular
upward rotation occur at a 2:1 ratio (i.e., scapulo-
humeral rhythm), producing normal shoulder abduc-
tion/flexion movement.1-3 However, if scapular
upward rotation is not accompanied by glenohumeral
joint movement during arm elevation, then scapulo-
humeral rhythm is broken and the subacromial space
narrows, resulting in subacromial impingement.4,5

Thus, scapular upward rotators play important roles
in normal shoulder complex functions.
Scapular upward rotators include the upper trapez-

ius, serratus anterior, and lower trapezius muscles.1,2

In addition to scapular upward rotation, the lower

trapezius contributes to scapular stability during
shoulder movement in combination with the middle
trapezius to produce normal scapular movement.6

Therefore, to prevent shoulder injuries such as sub-
acromial impingement, many shoulder exercises focus
on strengthening the middle and lower trapezius for
scapular upward rotation and scapular stability.7–12

Previous studies have indicated that prone arm lift-
ing with 120–125° shoulder abduction is an effective
lower trapezius strengthening exercise due to the
parallel muscle fiber direction of the lower trapezius.
10,11 Ekstrom et al. demonstrated that prone arm lifting
with 120° shoulder abduction was the most effective
of nine shoulder exercises for both the middle and
lower trapezius.12 However, another study reported
that backward rocking diagonal arm lifting (BRDAL)
showed greater muscle activity in the lower
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trapezius than prone arm lifting, suggesting that
flexed upper trunk position during BRDAL is a more
challenging posture than the prone position during
scapular posterior tilt induction, resulting in greater
muscle activity in the lower trapezius during BRDAL.
13 Subsequently, many studies include modified ver-
sions of BRDAL as lower trapezius strengthening
exercises.14–17

The lower trapezius acts as a scapular upward rota-
tor and an agonist of scapular posterior tilt.1

Scapular posterior tilt movement is important during
arm elevation, because it minimizes the impingement
of soft tissues, including rotator cuffs, between the
humeral head and anterior acromion.18 Considering
that muscle contraction produces segment move-
ments, scapular posterior tilt may increase muscle
activation among agonists of scapular posterior tilt
such as the lower trapezius. However, no study has
examined the effects of prone arm lifting with scapu-
lar posterior tilt (PALSPT). Therefore, the objective of
this study was to compare the effects of BRDAL,
which has been reported to be effective for lower
trapezius muscle activation, and PALSPT, on lower
trapezius and middle trapezius activity measured by
electromyography (EMG).

Subjects
In total, 17 healthy male subjects (age: 24.12 ± .99

years; height: 171.18 ± 5.40 cm; body weight: 70.76
± 10.47 kg) without shoulder pain at the time of
participation in this study were recruited. Exclusion
criteria included history of tendinitis, adhesive cap-
sulitis, or subacromial impingement. All subjects were
recruited from September 17 to October 8, 2019 via
advertisement on the message board at the local uni-
versity in Korea. The study protocol was approved by
a public institutional review board designated by the
Ministry of Health and Welfare (P01-201908-11-
004).

EMG Measurements
We measured EMG activity of the middle trapezius

and lower trapezius on the dominant arm during
exercises to compare the effects of BRDAL and PAL-
SPT. A surface EMG system (TeleMyo Mini DTS;
Noraxon, Inc., Scottsdale, AZ, USA) was used to
record activity data at a sampling rate of 1500 Hz and
bandwidth filter of 10–450 Hz. EMG electrodes were
placed at the middle and lower trapezius landmarks

suggested by De Mey et al.19 All EMG data were nor-
malized using maximal voluntary isometric contrac-
tion (MVIC) maneuvers.2 MVIC trials were repeated
twice for 5 s, and data recorded in the middle 3 s
were used to calculate MVIC for each muscle. The
mean value of two MVIC trials for each muscle was
used as the MVIC value.

Scapular Movement Training
To train scapular posterior tilt movements, an

examiner guided scapular posterior tilt movements
using both hands.20 After guiding scapular posterior
tilt movements, the examiner attached a motion sen-
sor (4D-MT; Relive Co., Korea) on the landmark
between the root of the spine and the inferior angle
of the scapulae.21 The motion sensor, which included
a gyroscope, then calculated the angle of sensor tilt in
three dimensions.22 Sensor tilt angle data were trans-
ferred to an Android tablet PC using 4D-MT analysis
software (Relive Co.) in real time. The motion sensor
was used to provide subjects with real-time visual
biofeedback of scapular posterior tilt movement. To
train subjects in scapular posterior tilt movement,
subjects were asked to practice with the assistance of
an examiner, and then performed the movement
unaided while monitoring the scapular posterior tilt
angle in real time using a tablet PC in a sitting posi-
tion for 10 min (Fig. 1). 

SUBJECTS AND METHODS

Fig. 1. Scapular posterior tilt.
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Backward Rocking Diagonal Arm Lifting Exercise
Subjects assumed the quadruped position on a table

and were asked to move the hip backward so that the
buttocks contacted with the heels. Subjects flexed the
trunk with neutral head and neck posture, while the
forehead was supported on the dorsal side of the
non-dominant hand on the table.13 The dominant
arm was placed with 125° of shoulder abduction, with
shoulder external rotation and elbow extension.
Subjects were asked to raise the dominant arm as
high as possible without trunk rotation. Subjects
maintained the end position for 5 s, and repeated
BRDAL three times.

Prone Arm Lifting with Scapular Posterior Tilt 
Exercise
Subjects assumed the prone position, with 125° of

shoulder abduction, shoulder external rotation, and
elbow extension in the dominant arm side. Subjects
were asked to perform active scapular posterior tilt to
the greatest extent possible and then raised the dom-
inant arm as high as possible without trunk rotation.
An examiner monitored compensatory movements,
including scapular adduction and/or depression with-
out scapular posterior tilt, as well as trunk rotation.
Subjects maintained the end position for 5 s, and
repeated PALSPT three times.

Statistical Analyses
Mean EMG values for middle and lower trapezius

activity in each exercise condition were calculated for
data analysis. Data normality was determined using
the Shapiro–Wilk test. To compare the effects of two
exercises on middle and lower trapezius EMG activity,
paired t-tests were performed, at a significance level
of .05 using the PASW Statistics 18 software (SPSS
Inc., Chicago, IL, USA).

The EMG data collected in this study satisfied the

assumption of a normal distribution (p>.05). Lower
trapezius EMG activity was significantly higher dur-
ing PALSPT than during BRDAL (p=.006). Greater
middle trapezius EMG activity was observed during
PALSPT than during BRDAL; however, this differ-
ence was not significant (p=.055) (Table 1).

The objective of the present study was to compare
the effects of BRDAL and PALSPT exercises on lower
and middle trapezius muscle activity. The results
showed significantly greater muscle activity in the
lower trapezius but not middle trapezius during PAL-
SPT than during BRDAL.

Scapular posterior tilt is a crucial movement facili-
tating lower trapezius muscle activation. A previous
study examined the effects of various scapular poste-
rior tilt exercises including scapular retraction with
arm elevation in standing, prone arm lifting, and arm
lifting with modified quadruped position, e.g.,
BRDAL, and recommended BRDAL exercises as
inducing the greatest lower trapezius muscle activi-
ty.13 Flexed thoracic position leads to scapular anterior
tilt,23 making scapular posterior tilt movement diffi-
cult. Therefore, it is possible that greater muscle
activity is required in the lower trapezius to overcome
a challenging posture for scapular posterior tilt dur-
ing BRDAL. Similarly, greater EMG activity has been
reported for the lower trapezius in the slouched posi-
tion than in the upright position during 90° shoulder
abduction in the scapular plane, probably as the
result of increased scapular stabilizer muscle activa-
tion, including that of the lower trapezius, to over-
come faulty alignment.24 Based on these previous
findings, BRDAL may be an effective exercise to
facilitate lower trapezius muscle activation, including
in the flexed thoracic position.

Despite its advantages, secondary musculoskeletal
impairments can be induced during BRDAL due to
excessive trunk flexion. Therefore, we examined the

Middle trapezius (% MVIC)

Lower trapezius (% MVIC)

53.15 ± 13.35

58.20 ± 19.09

Backward rocking diagonal
arm lifting (BRDAL)

60.26 ± 19.09

69.89 ± 19.53

Prone arm lifting with scapular
posterior tilt (PALSPT)

.055

.006*

p

Table 1. Middle and lower trapezius muscle activity during arm lifting exercises.

*p<.05.
MVIC: maximal voluntary isometric contraction.

RESULTS

DISCUSSION
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effects of a new exercise incorporating scapular pos-
terior tilt, and found that PALSPT induced greater
activity in the lower trapezius than BRDAL (p=.006).
During intended functional action of a specific mus-
cle, its activation is increased due to firing of the
muscle fibers. Previous studies have shown that
increased thickness of the transverse abdominis dur-
ing abdominal hollowing increased its functional
action.25,26 Therefore, scapular posterior tilt, which is
the functional action of the lower trapezius, is
thought to facilitate lower trapezius muscle activa-
tion, resulting in increased activity of the lower
trapezius during PALSPT. Because PALSPT is per-
formed in the neutral trunk position and induces
greater activity of the lower trapezius than BRDAL,
this exercise may be a useful and safe alternative
exercise to BRDAL. 
In the present study, muscle activity was greater in

the middle trapezius (about 7% MVIC) during PALSPT
than during BRDAL, although this difference was not
significant. The lower trapezius is active during
scapular posterior tilt as well as scapular adduction,1

which is the primary function of the middle trapezius.
1,2 Thus, increased lower trapezius activity may lead to
scapular adduction as well as scapular posterior tilt,
inducing greater EMG activity in the middle trapez-
ius. Our findings may also be explained by the use of
the flexed thoracic position during BRDAL, which
lengthens back muscles, including the erector spinae,
rhomboids, and middle trapezius.27 theoretically,
lengthening specific muscles decreases their force due
to the length–tension relationship.1 Therefore, the use
of the flexed thoracic position during BRDAL may
have interfered with proper middle trapezius con-
traction. 

In this study, we recruited only healthy male sub-
jects. Future studies should aim to recruit female
subjects and subjects with lower trapezius weakness.
This study compared only BRDAL to PALSPT; future
studies should include a range of exercises to clarify
the effects of PALSPT on lower trapezius activity.
Lastly, because only trapezius muscle activity was
measured, EMG activity of other muscles, including
agonist and antagonist muscles needs to be examined
during BRDAL and PALSPT.

The results of this study demonstrate that a combi-
nation of scapular posterior tilt movements and prone
arm lifting leads to greater activity of the lower

trapezius than BRDAL exercise, as measured by
EMG. Therefore, clinicians must consider scapular
posterior tilt movement to facilitate lower trapezius
activation.

This work was supported by the National Research
Foundation of Korea (NRF) grant funded by the
Korea government (MSIT) (No. 2018R1C1B5085529).
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