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Abstract: Background/Objectives: Clinicians have employed various therapeutic exercises to
enhance the function and strength of the subscapularis muscle (SSC). Numerous studies have
explored their effectiveness using diverse methodologies. However, the most effective exercise for
selectively activating the SSC, while minimizing compensation from surrounding shoulder
musculatures, remains unclear. Methods: Forty healthy participants (20 men, 20 women; age = 38.95
+ 3.32 years, height = 166.44 + 6.72 cm, mass = 65.55 + 11.38 kg) performed three exercises: (1) Belly
Press, (2) Lift Off, and (3) Prone Wiper, ultrasound was then performed to assess the SSC and
infraspinatus (IS) muscle thickness. Surface electromyography was used to record anterior deltoid
(AD), pectoralis major (PM), and posterior deltoid (PD) muscle activity. Radiographic imaging was
employed to evaluate the path of the instantaneous center of rotation (PICR). Data were analyzed
using a one-way repeated-measures analysis of variance (ANOVA), followed by Bonferroni
adjustment. Results: A significant reduction in IS thickness only occurred following the Belly Press
(p<.05). All other exercises significantly increased SSC and IS thickness relative to baseline (p<.05).
Electromyographic activity of AD, PM, and PD increased significantly across all exercises (p<.05),
with AD activity differing significantly from the Belly Press and Prone Wiper (p<.05). PICR decreased
significantly after the Belly Press (p<.05), but increased significantly following the Lift Off and Prone
Wiper (p<.05). Conclusions: The Belly Press was most effective in selectively activating the SSC while
minimizing surrounding shoulder rotator muscles activity and reducing PICR. This finding may help
clinicians identify and treat patients with shoulder internal rotation injuries.
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1. Introduction

The rotator cuff (RC) is a critical musculotendinous structure that reinforces the glenohumeral
joint capsule and plays an essential role in facilitating normal shoulder movement. Because of its
proximity to the shoulder joint, the RC moves in coordination with the joint and can assist in
preventing joint translation [1]. Among the RC muscles, the subscapularis (SSC) functions as a
powerful internal rotator and stabilizer of the shoulder joint, exerting a compressive force that
positions the humeral head within the glenoid fossa during shoulder movements [2]. Additionally,
the SSC exerts a downward force on the humeral head, counteracting the upward pull generated by
the deltoid muscle contraction during shoulder abduction [3], and exerts forward pressure on the
humeral head to prevent translation caused by extensors during shoulder extension [4,5].

SSC weakness or injury is commonly observed in athletes and non-athletes, particularly in
individuals who frequently perform repetitive overhead arm movements [6]. During such movements,
the overall arc of the shoulder joint shifts posteriorly to increase the range of external rotation, causing
the greater tuberosity to be pulled further beyond the glenoid fossa, thereby reducing the internal
rotation range [7,8]. Sustained repetitive movements increase the range of external rotation and
contribute to retroversion of the humeral head and glenoid fossa, resulting in anterior capsular laxity
and reduced internal rotation. [9-11]. Jobe et al. (1989) termed this condition “subtle instability” and
identified it as contributing factor to labral tear and RC rupture [12]. Paley et al. (2000) further reported
that anterior instability is the most significant contributor to internal impingement during shoulder
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internal rotation [13]. Limitations in the internal rotation range of motion may restrict overall shoulder
mobility and are considered key contributors to soft tissue dysfunction, pain, and muscle atrophy.
Therefore, it is necessary to find the most effective exercise method and provide evidence to restore and
maintain normal shoulder internal rotation function [14].

Researchers have evaluated the function and strength impairments of the shoulder internal
rotation muscles using various tests. The Belly Press and Lift Off tests are commonly used
assessments for SSC, and therapeutic exercises based on these two evaluation methods have been
shown to significantly strengthen the SSC [15,16]. Some studies have also shown that internal rotation
range of motion training during rehabilitation after the RC surgery strengthens the SSC [17,18]. Fritz
et al. (2017) demonstrated daily shoulder rotation exercises following the RC surgery increased RC
muscle strength, including the SSC, and improved rotation range, as assessed via 3D motion analysis
and surface electromyography (EMG) [19].

Unlike EMG, ultrasound can measure changes in muscle contraction by assessing soft tissue
thickness, and its application to RC assessment is well known [20,21]. Smith et al. (2011) reported that
the sensitivity of ultrasound in detecting full-thickness rotator cuff tears ranged from 92.4% to 96%,
while the specificity ranged from 93.0% to 94.4% [21]. For partial-thickness tears, the sensitivity
ranged from 66.7% to 84%, and the specificity ranged from 89% to 93.5% [21]. Researchers also have
investigated ultrasound-based techniques for probing RC muscles and surrounding musculature
from multiple angles [22], and for monitoring post-operative muscle recovery [23].

According to Sahrmann, the movement of any joint creates a path of instantaneous center of
rotation (PICR) [24]. When the PICR is minimized, stability and normal movement are provided to
the joint. A previous study reported that the minimized PICR of the glenohumeral joint during
shoulder external rotation was achieved through activation of the infraspinatus muscle (IS), which
acts as both a stabilizer and a prime mover for shoulder external rotation. As a result, the posterior
deltoid muscle (PD) was able to perform shoulder external rotation more stably and generate a large
torque. [25]. In a study aimed at strengthening the shoulder external rotation muscles in patients with
shoulder impingement syndrome, Park (2018) reported that precise joint movement could occur
when the center of rotation of the glenohumeral joint was maintained in the same position during
arm movement [26]. However, few studies have investigated the influence of the SSC on PICR as a
stabilizer and prime mover during shoulder internal rotation.

Although various SSC exercises have been studied, there is insufficient evidence regarding
which exercises can selectively strengthen the SSC compared to other shoulder rotator muscles.
Therefore, this study aimed to compare the effects of the SSC strengthening exercises and to
determine which exercise most effectively activates the SSC selectively. The SSC exercises were Lift
Off, Belly Press, and Prone Wiper. We have developed Prone Wiper, which was performed with the
shoulder and elbow flexed to 90° in prone position. This study measured changes in the activation of
the SSC and IS using ultrasound, as these muscles are not easily measured with surface EMG. The
activity of superficial shoulder rotator muscles was measured using surface EMG and compared to
SSC and IS activation. We also analyzed PICR during shoulder internal rotation using diagnostic
imaging equipment to identify the relationship between PICR and muscle activation patterns.

2. Materials and Methods

2.1. Participants

We used G*Power version 3.1.9.2 software to calculate the required sample size. A minimum of 28
participants was required to attain an ot level of .05 and a statistical power of .8. A total of 40 participants
(20 males, 20 females; age =38.95 + 3.32 years, height =166.447 + 6.72 cm, weight = 65.55 + 11.38 kg) without
any shoulder complex conditions were recruited for this study. Individuals with a history of shoulder
pain, or musculoskeletal or neurological conditions affecting shoulder internal rotation were excluded.
All participants read and signed the university-approved human subjects consent form. The study was
approved by the Daegu University Institutional Review Board (1040621-201901-HR-009-02).
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2.2. Ultrasonography

A diagnostic ultrasound system (ACCUVIX V10, Samsung Medison, South Korea) equipped
with a 6-12 MHz broadband linear probe (L5-13IS) was used to measure the muscle thickness of the
SSC and IS. To measure SSC thickness, the probe was positioned on the lesser tubercle of the humerus
at the beginning of each exercise. For IS thickness, the probe was positioned on the infraspinous fossa,
approximately 4 cm below the scapular spine and aligned parallel to it [22,23]. The participants
performed each exercise with the probe in a fixed position. The criteria for measuring muscle
thickness were defined as follows: for the SSC, the distance between the highest point of the lesser
tubercle and the lowest point of the fascia overlying the SSC; for the IS, the distance between the
highest point of the superior fascia of the IS and the highest point of the infraspinous fossa [22,27].

2.3. Surface Electromyography

Surface EMG (TeleMyo DTS, Noraxon Inc., Scottsdale, AZ, U.S.A) was used to measure the
activity of the anterior deltoid (AD), pectoralis major (PM), and PD muscles. The TeleMyo DTS
directly transmits myoelectric data from the electrodes to a belt-worn receiver. EMG electrode
placement for each muscle followed established protocols from previous studies [4,28]. For the AD,
electrodes were placed 4 cm below the clavicle on the anterior aspect of the humerus. For the PM,
electrodes were placed 2 cm medial to the axillary fold, toward the sternum. For the PD, electrodes
were placed 2 cm below the lateral border of the scapular spine and angled obliquely toward the
humerus. Before attaching electrodes, the skin was shaved and then cleaned with alcohol-soaked
paper cotton. The EMG data were acquired at a sampling rate of 1,000 Hz. Signal preprocessing
included band-pass filtering using a finite impulse response filter (40-250 Hz), a 60 Hz notch filter to
eliminate power line interference, and an infinite impulse response filter for additional noise
suppression. Finally, the signals were full-wave rectified to prepare for subsequent analysis.

For signal normalization, the root mean square (RMS) values were calculated from 5-second
maximal voluntary isometric contractions (MVICs) performed three times for each muscle. For the
AD test, participants were seated in a short sitting position with the arms at their sides, elbows
slightly flexed, and forearms pronated. They then flexed the shoulder to 90° without rotation or
horizontal movement. Scapular abduction and upward rotation were permitted during the
movement. Manual resistance was applied by the examiner, with one hand positioned over the
participant’s distal humerus just proximal to the elbow, while the other hand stabilized the shoulder.
[29]. For the PM test, participants were positioned in a supine position with the shoulder abducted
to 90° and the elbow flexed to 90°. They then performed shoulder horizontal adduction through the
available range of motion. Manual resistance was applied by the examiner, with one hand positioned
around the participant’s forearm just proximal to the wrist [29]. For the PD test, participants were
seated in a short sitting position with the shoulder abducted to 90° and the elbow flexed to 90°.
Manual resistance was applied by the examiner, with one hand positioned around the participant’s
wrist, while the other hand supported the elbow to provide counterpressure at the end of the range
of motion [29]. Each contraction was sustained maximally for 5 seconds. For data analysis, the middle
3 seconds of each MVIC were used, excluding the first and last second to eliminate transitional
artifacts. Each test was repeated three times, with a 2-minute rest between repetitions to minimize
muscular fatigue. The examiner carefully monitored the participants during the isometric
contractions to prevent any compensatory movements. EMG data from each trial were normalized
to the RMS value obtained from the MVIC and expressed as a percentage of MVIC (%MVIC). The
mean %MVIC across the three trials was used for statistical analysis [28].
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2.4. Radiography

Radiographic imaging (Accuray D5, DK Medical Systems Co. Ltd., Korea) was performed to
measure the displacement of the glenohumeral joint axis during the shoulder internal rotation exercises.
All radiographs were acquired by the same radiologist to ensure consistency in image acquisition. A
radiographic grid was positioned over the participant’s glenohumeral joint by the radiologist, and
images were acquired both before and after the shoulder internal rotation. The center of joint rotation
was defined as the midpoint of the line connecting the greater and lesser tubercles of the humeral head.
Displacement of the center of rotation was determined by measuring the positional shift of the defined
midpoint in a direction perpendicular to the line connecting the superior and inferior margins of the
glenoid fossa. The magnitude of displacement was calculated by subtracting the vertical position of the
joint center before internal rotation from its position after internal rotation [26].

2.5. Procedure

This study was aimed to identify the most effective exercise for selectively strengthening the
SSC, which functions as a stabilizer during shoulder internal rotation. All exercises were performed
using the participants’ dominant arm, identified as the arm typically used for eating and writing. The
three exercises - Lift Off, Belly Press, and Prone Wiper (Figure 1) - were performed in randomly
assigned order. Before exercise familiarization, the examiner measured the resting muscle thickness
of the SSC and IS for each participant. The participants then practiced for 30 minutes to become
familiar with maintaining a 5-second isometric contraction for each of the three rotation exercises.
After completing the familiarization session, the participants rested for 15 minutes prior to the
measurement phase, which was performed using a 1-kg dumbbell. Each participant completed three
trials of each exercise with a 1-minute rest between trials and a 3-minute rest between exercises to
minimize muscle fatigue [28]. For the Lift Off, participants stood upright and placed the dorsum of
the tested hand on the midpoint of the lumbar spine, assuming a position of shoulder internal
rotation. Upon a verbal cue from the examiner, participants lifted the hand away from the spine as
far as possible, performing additional internal rotation while maintaining the shoulder in a fixed
position. The lifted position was held for 5 seconds and then returned to the starting position
following a second verbal cue. [4,16]. For the Belly Press, participants stood upright with the palm of
the tested hand placed just below the xiphoid process and the elbows aligned horizontally,
maintaining the trunk in the sagittal plane. Upon a verbal cue from the examiner, participants pressed
the abdomen with the palm while keeping the shoulder stabilized, and extended the elbow forward
away from the trunk as far as possible. The position, which reflects shoulder internal rotation, was
held for 5 seconds and then released to the starting posture following a second verbal cue. [4,16]. For
the Prone Wiper, participants were positioned prone with the shoulders abducted to 90° in the
horizontal plane and the elbows flexed to 90°. Upon a verbal cue from the examiner, participants
performed maximal shoulder internal rotation while maintaining the shoulder in a stabilized
position. The internally rotated position was held for 5 seconds, after which participants returned to
the starting position following a second verbal cue. [30].
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(a) (b) (©)
Figure 1. The three exercises: (a) Lift Off; (b) Belly Press; (c) Prone Wiper.

2.6. Statistical Analysis

A one-way repeated-measures analysis of variance (ANOVA) was conducted to compare the
changes in muscle activity, muscle thickness, and PICR among the three exercises. Post hoc
comparisons were performed using Bonferroni adjustment. A value of p<.05 was considered to
indicate statistical significance. Effect sizes (Cohen’s d) were calculated to compare standardized
mean differences among exercise conditions. Effect sizes were interpreted as small (0.20), medium
(0.50), or large (0.80), based on Cohen’s conventional thresholds. Statistical analyses were conducted
using SPSS version 18.0 for Windows (SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Muscle Thickness

A significant decrease in IS thickness during shoulder internal rotation was observed only in the
Belly Press condition (p<.05). Except for this case, the thickness of all measured muscles significantly
increased following shoulder internal rotation across all exercise conditions (p<.05) (Table 1). When
comparing the three exercises, most changes in the muscle thickness of the SSC and IS showed
significant differences (p<.05). A significant difference in SSC thickness was found between the Belly
Press and Lift Off (p<.05), whereas no significant differences were observed between Belly Press and
Prone Wiper or between the Lift Off and Prone Wiper. Changes in IS thickness showed significant
differences among all three exercises (p<.05)(Figure 2).

Table 1. Change of muscle thickness during movement in each exercise (N=40)(Unit: mm).

pre- post- Effect
diff t p
movement movement Size

Belly SSC 0.31£0.08! 0.43+0.09  0.11£0.03 -21.58 .000* 1.43

Press IS 0.31£0.08 0.41£0.09  0.10£0.03 -19.5 .000* 1.17

SSC 0.36x0.11 0.52+0.21  0.16+0.14 -7.27 .000* 0.95
Lift Off
IS 0.38+0.08 0.3£0.09  -0.08%+0.03 15.36 .000* 0.93

Prone SSC 0.35x0.1 0.49+0.15  0.13£0.08 -16.46 .000* 1.09

Wiper IS 0.3£0.1 0.33£0.09  0.03£0.08 -3.9 .000* 0.31

SSC, Subscapularis; IS, Infraspinatus; diff, difference. 'Mean+SD, "p<.05.
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Figure 2. Comparison of muscle thickness among the three different exercises: (a) Subscapularis; (b)

Infraspinatus. * indicates the difference between exercises.

3.2. Muscle Activity

Muscle activity of the AD, PM, and PD significantly increased following shoulder internal
rotation across all exercises (p<.05)(Table 2). A significant difference in AD activity was observed
between the Belly Press and Prone Wiper (p<.05), whereas no significant differences were found in
the other pairwise comparisons. In contrast, changes in PM and PD activity showed significant
differences among all three exercises (p<.05)(Figure 3).

Table 2. Change of muscle activity during movement in each exercise (N=40)(Unit: %MVIC).

pre- post- Effect
diff t p

movement movement Size

AD 8.58+3.57 55.32+20.71 46.74+3.10 -15.05 .000* 3.14

Belly
PM 13.38+8.73  58.56%23.77 45.18+21.22 -13.46 .000* 2.52
Press

PD 14.76+7.14  75.48%11.11 60.72£8.62 -44.55 .000* 6.50

AD 13.65+7.13  58.64%+22.06 44.98%£3.07 -14.61 .000* 2.74
Lift Off PM 15.01£7.22  70.63£15.84 55.62*+11.62 -20.25 .000* 4.50

PD 13.15£6.93 81.20£9.11 68.04t11.62 -37.01 .000* 8.40
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AD 16.69£109  55.66+19.21 4297£17.67 -26.62

Prone

PM 18.35+£10.86 61.50£21.71 43.15%21.79 -21.69

Wiper

PD 14.91+£7.76 72.38%t15.1 57.47+15.61 -40.31

2.60
2.51

478

AD, Anterior Deltoid; PM, Pectoralis Major; PD, Posterior Deltoid; diff, difference. '"Mean+SD, "p<.05.
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Figure 3. Comparison of muscle activity among the three different exercises: (a) Anterior deltoid; (b) Pectoralis

major; (c¢) Posterior deltoid. * indicates the difference between exercises.

3.3. PICR

The PICR significantly decreased during the Belly Press (p<.05), whereas it significantly
increased following movement in both the Lift Off and Prone Wiper (p<.05)(Table 3). Comparative
analysis revealed significant differences in PICR changes of the glenohumeral joint across all three

exercises (p<.05)(Figure 4).
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Table 3. Displacement of center of rotation during movement in each exercise (N=40)(Unit: mm).

pre- post- Effect
diff t p
movement movement Size
Belly
12.58+4.391 10.13+3.84 -2.44+1.26 6.27 .000° 0.59
Press

ICR  Lift Off 14.18+4.82 15.08+6.22 0.89+3.16 -3.11  .002" 0.16

Prone
14.18+4.82 15.08+6.22 0.89+3.16 -3.11  .002" 0.16
Wiper

ICR, Instantaneous Center of Rotation; diff, difference. '"Mean+SD, "p<.05.

6 *
B3R Lift off

4 — — E=3 Belly press
E E3 Prone wiper
E 5]
3
= 0 s | =]
®
-

24

N 1

Figure 4. Comparison of the center of rotation among the three different exercises. Abbreviation: ICR,

instantaneous center of rotation. * indicates the difference between exercises.

4. Discussion

The importance of the SSC in the treatment and management of RC injuries is well established.
This study aimed to determine which exercise most effectively targets the SSC and to provide
evidence for its use. To this end, we compared three exercises that are commonly used to improve
shoulder internal rotation function: the Lift Off, the Belly Press, and the Prone Wiper. We then
compared their effects on muscle thickness, muscle activity, and PICR changes.

Previous studies have shown that the IS functions as a stabilizer by generating a compressive
force to maintain the humeral head within the glenoid fossa during shoulder abduction and external
rotation [28]. The SSC also acts as a stabilizer by pulling the humeral head inferiorly to prevent
superior translation during abduction, and by resisting anterior translation during shoulder
extension, thereby helping to center the humeral head in the glenoid fossa [4]. In a study on post-
operative rehabilitation exercises for patients with RC injuries, Sgroi et al. (2018) found that prone
external rotation with the shoulder abducted to 90° produced the greatest activation of the IS.
Additionally, internal rotation performed in a standing position with the shoulder abducted to 90°
was found to elicit greater activation of the supraspinatus, IS, and SSC [18]. The observed increase in
thickness in both the SSC and IS during the Lift Off and Prone Wiper exercises may reflect the
coordinated action of these muscles functioning as stabilizers to maintain humeral head positioning
within the glenoid fossa [31]. Another study compared the effects of various internal shoulder
rotation exercises - including the Lift off and Belly Press - on strengthening the SSC, and found that
the SSC was strengthened to a similar extent regardless of the exercise posture [4]. However, the
study also reported a significant reduction in the activation of other rotator muscles, with the
exception of the SSC, during the Belly Press. This aligns closely with our findings, where the Belly
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Press significantly increased SSC thickness while decreasing IS thickness. Given the antagonistic
relationship between the SSC, an internal rotator, and the IS, an external rotator, activation of one
muscle may inhibit the activity of the other. [32]. Therefore, the significant decrease in IS thickness
observed during the Belly Press may have facilitated more efficient SSC activation, as reflected by the
greater increase in SSC thickness compared to the others.

The muscle activity of the AD, PM and PD increased significantly across all exercises. The AD
and PD function as a force couple with the RC, contributing to shoulder elevation and rotation.
Additionally, the PM contributes to shoulder elevation and abduction through the coordination with
the latissimus dorsi and teres major muscles [33]. The SSC acts synergistically with these muscles to
stabilize the humeral head inferiorly during shoulder elevation and abduction. Proper functioning of
the scapular stabilizer muscles is critical for maintaining the center of rotation of the glenohumeral
joint. Achieving an optimal balance between mobility and functional stability during shoulder
rotation is essential for the effective distribution of the substantial forces acting on the shoulder joint
[33]. Reinold et al. (2007) found that PD activation was significantly higher in the internally rotated
empty-can position compared to the externally rotated full-can position [34]. Malanga et al. (1996)
also reported that the AD and PM activation significantly increased in the Jobe position, which
involves internal rotation of the shoulder [1]. In addition, Kelly et al. (1996), in a manual muscle
testing study of the RC, observed that internal rotation led to increased activation of the IS and PD
[35]. These findings support the present results, which showed increased activation of the AD, PM,
and PD across all three internal rotation exercises, along with increased IS thickness during the Lift
Off and Prone Wiper.

Significant differences were also found in PICR across the three exercises. PICR increased during
the Lift Off and Prone Wiper, whereas it decreased during the Belly Press. Variations in PICR during
joint movement reflect shifts in the joint’s rotational center, and minimizing these shifts is essential
for maintaining stable and normal joint mechanics [3]. During shoulder movement, the RC plays a
key role in centering the humeral head within the glenoid fossa and generating compressive forces
that help stabilize the joint’s center of rotation [11]. A previous study reported that the force couple
generated by the RC muscles constrains the humeral head’s position of PICR to within +1 mm relative
to the glenoid fossa [26]. Furthermore, another study demonstrated that minimizing PICR deviations
through activation of the IS enabled the deltoid muscle to produce high torque in a stable manner,
thereby facilitating normal external rotation of the shoulder [25]. In this study, the SSC thickness
increased across all exercises, with the greatest increase observed during the Belly Press. In contrast,
the IS thickness decreased only during role in preventing functional disorders such as impingement
syndrome by centering the humeral head and limiting its forward and upward translation during
shoulder movement [37,38]. Depending on shoulder posture, the IS contributes to posterior the Belly
Press, while it increased with the other exercises. The SSC plays a critical shoulder stability by
reinforcing posterior structures and preventing humeral head subluxation during internal rotation
[37]. It is hypothesized that the increased activity of the SSC - functioning both as a stabilizer and a
primary mover in internal rotation — combined with reduced IS activity, its antagonist, enabled the
AD and PM to generate torque more efficiently and with greater stability during the Belly Press.
Consequently, a reduction in PICR distance was observed during this exercise, as confirmed by
radiographic imaging — contrasting with the increases observed during the other exercises.

This study has some limitations. First, all participants were healthy adults, which limits the
generalizability of the findings to clinical populations with shoulder pathologies. Future research
should include individuals presenting with shoulder dysfunction to determine whether the observed
neuromuscular responses are consistent in symptomatic populations. Second, the relatively small
sample size may reduce the statistical power and restrict the external validity of the findings. Studies
with larger and more diverse samples are needed to validate and extend these results. Finally, the
cross-sectional design of the study only allowed for the assessment of immediate, short-term effects.
As such, it remains unclear whether the observed changes in muscle activity and PICR are sustained


https://doi.org/10.20944/preprints202504.2630.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 May 2025

10 of 12

over time. Longitudinal studies are warranted to investigate the long-term efficacy and clinical
relevance of these exercises in both healthy individuals and patient populations.

5. Conclusions

This study investigated which of three shoulder internal rotation exercises most selectively
activates the SSC. Among the exercises examined, the Belly Press uniquely resulted in a significant
increase in SSC thickness, a concurrent decrease in IS thickness, and a reduction in the PICR. Our
results suggest that the Belly Press is the most effective of the three exercises in selectively activates
the SSC while enhancing joint stability through minimized PICR distance. These findings may assist
clinicians in designing more effective exercise programs.
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