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Abstract: Sub-acromial Impingement Syndrome (SIS) is a prevalent shoulder pathology characterized
by pain, muscle weakness, and altered joint position sense (JPS). This prospective study aimed to
comprehensively assess the relationship between shoulder muscle strength, JPS, and pain in individ-
uals with SIS. A total of 100 participants, including 50 with SIS and 50 healthy controls, underwent
shoulder muscle strength testing and JPS evaluation in various directions (flexion, abduction, medial
rotation, and lateral rotation). Pain intensity was quantified using a visual analog scale. Correlation
analyses were conducted to explore the associations between muscle strength, JPS, and pain, with
Cohen’s d values indicating the effect size. Individuals with SIS exhibited significantly lower shoulder
muscle strength and greater JPS errors compared to the healthy controls (p < 0.001, Cohen’s d = 0.51 to
0.84). The results showed strong positive correlations between muscle strength and JPS in all assessed
directions (p < 0.001, with r values ranging from 0.35 to 0.62). Mediation analysis revealed that pain
partially mediated the relationship between muscle strength and JPS in all directions (p < 0.005). This
study highlights the multifaceted nature of SIS, emphasizing the coexistence of muscle weakness,
proprioceptive impairments, and pain. The findings underscore the importance of addressing these
factors in the comprehensive rehabilitation of individuals with SIS to optimize functional outcomes
and enhance their quality of life.

Keywords: sub-acromial impingement syndrome; shoulder muscle strength; joint position sense;
pain; mediation analysis; proprioception

1. Introduction

Sub-acromial Impingement Syndrome (SIS), also known as shoulder impingement
syndrome, is a common musculoskeletal disorder that afflicts a significant portion of the
population [1]. It is a prevalent shoulder pathology characterized by pain, muscle weakness,
altered joint position sense, persistent shoulder pain, and functional limitations [2—4].
This condition is a substantial health concern with implications for quality of life, work
productivity, and overall well-being [5]. The primary feature of SIS is the mechanical
compression of structures within the sub-acromial space, including the rotator cuff tendons,
sub-acromial bursa, and long head of the biceps tendon [6]. This compression results in
pain, inflammation, and restricted shoulder movement [7]. Despite its prevalence, the
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exact etiology of SIS remains multifactorial, encompassing anatomical, biomechanical, and
pathological factors [8].

Shoulder muscle strength and proprioception, while distinct in their functions, collec-
tively play a pivotal role in the overall function and stability of the shoulder joint [9,10].
Shoulder muscle strength is the foundation of shoulder stability and movement [11,12].
The muscles surrounding the shoulder joint, including the rotator cuff muscles, deltoids,
and scapular stabilizers, work together to control and execute precise movements while
bearing the load of the upper limb [13]. Adequate strength in these muscles ensures that
the shoulder functions optimally, preventing excessive joint stress and the potential for
injury [14,15].

Proprioception, often referred to as the “sixth sense”, is the ability to sense the position,
movement, and orientation of one’s body parts without relying on visual cues [16,17]. In the
context of the shoulder, proprioception allows for fine-tuned control of joint movements and
muscle contractions [18,19]. It helps individuals maintain joint stability, execute accurate
and coordinated movements, and adapt to changes in joint position or external forces [20].
Without proper proprioceptive feedback, the shoulder’s ability to function effectively is
compromised, leading to difficulties in tasks that require precision, such as reaching for
objects or performing overhead sports activities [21].

An in-depth understanding of the intricate relationships among various contributing
factors is paramount to advancing the diagnosis, treatment, and rehabilitation of SIS [22].
Two crucial components within this multifaceted puzzle are shoulder muscle strength
and shoulder joint position sense (JPS) [23]. Shoulder muscle strength is a cornerstone
of shoulder stability and function, and deficits in strength can disrupt normal shoulder
mechanics and increase susceptibility to injury [24]. In contrast, JPS refers to the ability to
perceive and replicate specific shoulder joint positions, a critical aspect of proprioception
that underpins joint stability and precise motor control [25,26]. Both muscle strength and
JPS are integral to shoulder function and are frequently affected in individuals with SIS [27].

SIS is characterized by mechanical compression in the shoulder joint, which can lead
to pain and restricted mobility [28,29]. To better understand the impact of this condition,
it is crucial to not only assess the individual components, such as muscle strength and
proprioception, but also to establish a solid link between these elements and the clinical
presentation of SIS. By delving beyond mere measurement, this objective centers on de-
termining the extent of impairment in muscle strength and proprioception within the SIS
population. To contextualize these findings, a comparison can be drawn with age-matched
individuals without shoulder conditions. This comparative approach is pivotal because
it illuminates the specific areas of dysfunction in SIS patients, helping to pinpoint which
aspects of muscle strength and proprioception are most affected by this condition. These in-
sights provide a foundation for developing targeted interventions intended to improve not
just individual components but also the overall functional status of individuals grappling
with SIS-related shoulder impairments.

Delving deeper into the relationship between shoulder muscle strength and JPS,
this study’s objective was to establish a quantitative link between these factors in the
context of SIS. We sought to comprehensively investigate how variations in muscle strength
correlate with alterations in proprioception, shedding light on the intricate mechanisms
that underlie shoulder dysfunction in individuals with SIS. In addition to muscle strength
and JPS, pain is a pervasive and distressing symptom among individuals with SIS [30].
Beyond its functional limitations, pain can alter sensory perception and motor control,
potentially exacerbating the impairments in muscle strength and proprioception observed
in this population [31]. Therefore, one of the key objectives of this study was to assess
the mediating role of pain in the relationship between shoulder muscle strength and
JPS, providing critical insights into the complex interplay among these variables and
emphasizing the importance of pain management in achieving functional recovery for
individuals with SIS. Through rigorous assessment and analysis, this investigation aims
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to elucidate the multifaceted nature of SIS and provide valuable guidance for tailored
rehabilitation strategies.

The key objectives of this study were to evaluate shoulder muscle strength and JPS in
individuals diagnosed with SIS and compare these measures with age-matched normal in-
dividuals, establish and quantify the correlation between shoulder muscle strength and JPS
in individuals with SIS, and assess the mediation effect of pain on the relationship between
shoulder muscle strength and JPS in individuals with SIS. In this study, we hypothesized
that individuals diagnosed with SIS would exhibit significant reductions in shoulder muscle
strength and impaired JPS compared to age-matched healthy individuals. We anticipated
that these deficits in muscle strength and proprioception would be interrelated, suggesting
a quantitative link between the two components in the context of SIS. Furthermore, we hy-
pothesized that pain, a prevalent symptom in SIS, would mediate the relationship between
muscle strength and JPS, highlighting its influential role in shoulder dysfunction. Through
rigorous assessment and analysis, we aimed to elucidate the multifaceted nature of SIS and
provide valuable insights into the clinical management of this prevalent shoulder condition.
This investigation illuminates the complex interplay among these variables and highlights
the importance of pain management in achieving functional recovery.

2. Materials and Methods
2.1. Study Design

This is a cross-sectional prospective study designed to investigate the relationships
between shoulder muscle strength, shoulder JPS, pain, and their implications in individuals
diagnosed with SIS. A cross-sectional approach allowed for the simultaneous examination
of these variables, providing a snapshot of their interplay within the SIS population at a
specific point in time.

2.2. Settings

This study was conducted in Abha, Aseer, Saudi Arabia, in a clinical and research-
oriented environment, mainly within the physical therapy department of a medical facility.
Participants were recruited from diverse clinical sources, including outpatient orthopedic
clinics, rehabilitation centers, and community health centers. Data collection and assess-
ments took place in a controlled and standardized environment to ensure data accuracy
and participant safety.

2.3. Participants
2.3.1. Inclusion Criteria for SIS Participants

This study incorporated individuals aged 18 to 65 years who had received a clinical
diagnosis of SIS from qualified medical professionals. SIS is defined as a condition char-
acterized by mechanical compression within the subacromial space of the shoulder joint,
resulting in symptoms such as persistent shoulder pain, inflammation, and restricted range
of motion [32]. The diagnosis was based on a combination of clinical evaluation, radio-
graphic imaging, and, where applicable, magnetic resonance imaging findings, following
established diagnostic criteria. Participants eligible for inclusion in the SIS group had to
meet specific criteria. Firstly, they had to fall within the age range of 18 to 65 years, ensuring
that the study’s scope covered a representative sample of adult participants. Secondly, a
clinical diagnosis of SIS was a prerequisite for inclusion. This diagnosis was made by a
qualified medical professional with expertise in musculoskeletal disorders. It was based
on a comprehensive evaluation, including an assessment of the participant’s symptoms, a
thorough physical examination, and a detailed medical history. Furthermore, to corroborate
the diagnosis of SIS, participants underwent radiographic or imaging analyses, such as
X-rays and MRI scans. These imaging modalities were employed in line with established
diagnostic criteria in the field, ensuring diagnostic accuracy. Finally, participants had to
express their informed consent willingly and demonstrate their ability to comprehend the
study’s objectives, procedures, and potential risks.
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2.3.2. Exclusion Criteria for SIS Participants

To ensure the homogeneity of the SIS group and the specificity of the diagnosis, exclu-
sion criteria were meticulously applied. Individuals with a history of previous shoulder
surgery or significant shoulder trauma were excluded from the study, as these factors
could potentially influence their current shoulder function. Moreover, participants with
concurrent shoulder conditions, such as full-thickness rotator cuff tears, adhesive capsulitis
(frozen shoulder), or glenohumeral instability, were not included. This exclusion aimed to
isolate the effects of SIS on the study variables. Furthermore, individuals with neurological
disorders that could impact shoulder function, proprioception, or strength were excluded
to maintain the homogeneity of the SIS group. Finally, participants with severe medical
comorbidities that could significantly affect physical performance or their ability to partic-
ipate in the study were excluded. This last criterion aimed to minimize the influence of
non-shoulder-related health conditions on the study outcomes.

2.3.3. Inclusion Criteria for Healthy Participants (Comparison Group)

The Healthy group, recruited from the local community in Abha, Aseer, Saudi Arabia,
was selected based on specific inclusion criteria. These criteria were designed to select
individuals without any current or past shoulder pain, injury, or clinical diagnosis related
to shoulder pathology. Similar to the SIS group, healthy participants needed to fall within
the age range of 18 to 65 years. Additionally, they were required to provide voluntary
informed consent, indicating their understanding of the study’s purpose and procedures.

2.3.4. Exclusion Criteria for Healthy Participants (Comparison Group)

To ensure that the comparison group consisted of individuals without shoulder-related
issues or significant medical conditions, exclusion criteria were applied. Healthy partici-
pants with any history of shoulder pain, injuries, or clinical diagnoses related to shoulder
pathology were excluded. This stringent criterion was essential to maintain the health sta-
tus of the comparison group. Additionally, individuals with a history of previous shoulder
surgery or significant shoulder trauma were excluded to prevent potential confounding
factors. Similar to the SIS group, individuals with neurological disorders that could affect
shoulder function were excluded from the Healthy group to maintain the group’s homo-
geneity. Finally, participants with severe medical comorbidities that could significantly
impact physical performance or their ability to participate in the study were excluded from
the Healthy group. These stringent inclusion and exclusion criteria were implemented to
ensure that the study’s findings accurately reflected the impact of subacromial impingement
syndrome on the selected variables while minimizing confounding factors.

2.4. Ethical Considerations

In this study, we rigorously adhered to ethical guidelines in accordance with KKU
(King Khalid University, Abha, Saudi Arabia) standards and the principles outlined in
the Declaration of Helsinki. Ethical approval for our research (REC# 24/33/489) was
granted by the Ethics Committee of KKU’s Research Deanship and approved by the King
Khalid University Institutional Review Board. Informed consent was obtained from all
participants, with a clear explanation of the study’s purpose, procedures, potential risks,
and benefits. Participants had the right to withdraw from the study at any point without
facing any consequences. To ensure participant confidentiality, data were anonymized and
securely stored, with access restricted to the research team.

2.5. Shoulder Muscle Strength Evaluation Using Hand-Held Dynamometer

Shoulder muscle strength assessment using a handheld dynamometer (Baseline Cor-
poration, Irvington, NY, USA) was conducted using a rigorous and standardized approach,
overseen by an experienced physiotherapist. Subjects were seated on a standard chair to
ensure stability during the evaluations. For shoulder flexion, the upper extremity was
positioned at a 90-degree angle, and the dynamometer was placed approximately 5 cm
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above the elbow joint on the humerus. Shoulder abduction strength was assessed with the
arm raised to about 80 degrees and the elbow fully flexed. During shoulder internal and
external rotation assessments, the shoulder was maintained vertically, and the elbow was
flexed to 90 degrees. The dynamometer was positioned on the forearm, 5 cm above the
wrist, for internal and external rotation testing. The physiotherapist provided consistent
verbal encouragement to elicit maximal voluntary isometric force during each 3 s contrac-
tion, emphasizing the need to exert maximum effort. Three measurements were taken for
each direction, and the average value in kilograms (kg) was recorded for analysis. A 1 min
rest period was allowed between attempts to minimize fatigue. Importantly, all assess-
ments were conducted by the same physiotherapist, ensuring reliability and precision. This
standardized approach minimized variability and contributed to the accuracy of the results,
aligning with best practices in muscle strength evaluation using a handheld dynamometer.

2.6. Assessment of Shoulder |PS Using an Inclinometer

In the evaluation of shoulder JPS with dual inclinometers (J-Tech Medical, Midvale,
UT, USA), a rigorous and systematic approach was employed to ensure the precision
and reliability of measurements. In the evaluation of shoulder proprioception, a digital
inclinometer (Figure 1) was utilized to assess proprioceptive ability during specific shoulder
joint movements, including flexion, abduction at an angle of 60 degrees, and internal and
external rotations at an angle of 20 degrees.

Figure 1. Assessment of shoulder proprioception during (A) flexion, (B) abduction, and (C) internal
and external rotations.

The assessment was conducted using the Active Re-position Test, which involved
three repetitions at each angle [33,34]. Flexion and abduction JPS assessments were con-
ducted with participants in a standing position, while the evaluation of medial and lateral
rotations was performed with subjects lying on a couch, with their shoulders abducted to
90 degrees. To eliminate the influence of visual input, participants were blindfolded during
the assessment. The digital inclinometer was carefully positioned at the point where the
deltoid muscle meets the shoulder blade. A skilled physiotherapist administered the test
by guiding the participants” arms from the starting position (0 degrees) to the target angles
(60 degrees for flexion and abduction; 20 degrees for medial and lateral rotations). The
arm was held at each target angle for 5 s, allowing participants to memorize the position
before returning to the starting position. Subsequently, participants were instructed to
independently move their arms toward each target angle. The disparity between the target
angle and the angle actively formed by the participants was measured and recorded in
degrees. Subsequently, the collected data, expressed in degrees, underwent thorough
analysis to assess the participants’ ability to accurately reproduce the target shoulder joint
position. The analysis often involved calculating the absolute error, representing the differ-
ence between the target and reproduced angles. Smaller absolute errors indicated more
accurate position sense. This process was repeated three times for each angle to ensure
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consistency and reliability. The average difference obtained from these three tests at each
angle was calculated and recorded for further analysis.

2.7. Assessment of Pain among SIS Patients Using Visual Analog Scale (VAS)

The VAS has emerged as a crucial tool for the comprehensive assessment of pain
in SIS patients [35]. It offers a systematic means of quantifying pain intensity, allowing
individuals to subjectively rate their discomfort. In the context of SIS, the VAS not only
serves as an initial baseline assessment with which to gauge pain severity but also aids
in pinpointing pain localization within the shoulder complex [35]. Dynamic assessments
using the VAS during specific activities provide valuable insights into pain triggers and
functional limitations [36]. Longitudinal use of the VAS facilitates the monitoring of pain
progression, the assessment of treatment effectiveness, and the enhancement of patient-
centered care by involving patients in their pain management [37]. This quantifiable
approach to pain assessment is invaluable in clinical practice and research, supporting
a holistic understanding of pain in SIS and guiding tailored interventions for improved
patient outcomes [37].

2.8. Sample Size Calculation

In the planning phase of our investigation into SIS, we conducted rigorous sample
size calculations guided by effect size estimates from a prior study conducted by Alfaya
et al. [33], specifically pertaining to the shoulder JPS variable. The effect size obtained from
this reference study, which was approximately d = 0.5 and considered moderate within the
context of SIS research, played a crucial role in our calculations. To ensure the statistical
robustness of our study, we determined that a sample size of 50 subjects in each group,
comprising individuals with SIS and age-matched control participants, would be adequate.
These calculations adhered to standard research practices, incorporating a significance
level (o) of 0.05 and a power of 0.80. This careful consideration of sample size not only
bolstered this study’s statistical power but also allowed us to uphold ethical standards by
minimizing participant burden. Importantly, it positioned us such that we could contribute
valuable insights into SIS and its clinical implications, grounded in established effect size
estimates, enhancing the overall rigor and impact of our research.

2.9. Data Analysis Section

In our study investigating SIS and its relationships with shoulder muscle strength,
JPS, and pain, we conducted a meticulous data analysis. We would like to emphasize that
our collected data exhibited a normal distribution when subjected to relevant tests for
normality, validating the appropriateness of employing parametric statistical methods. Our
analytical arsenal included Pearson correlation analysis, which was employed to assess
correlations between variables, particularly with respect to examining the associations
between shoulder muscle strength, JPS, and pain. For investigating the mediation effect,
we utilized multiple regression models to understand the intricate relationships within our
study framework (Figure 2).

Mediation
Pain intensity

Independent Variables Dependent variables
Shoulder Muscle strength Shoulder JPS

Figure 2. Illustrating the mediation model, which incorporates pain as a mediating factor between
shoulder muscle strength and shoulder joint position sense.
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All data analyses were executed using the Statistical Package for the Social Sciences
(SPSS), with a significance level () set at 0.05 for hypothesis testing.

3. Results

This study’s demographic analysis revealed that the SIS group (N = 50) and the
Healthy group (N = 50) were generally well-matched in terms of age, gender, dominant
arm, ethnicity, education level, employment status, and marital status, indicating the
successful establishment of comparable study cohorts (Table 1). However, the SIS group
exhibited a slightly higher mean BMI compared to the Healthy group, and the difference
was statistically significant. The symptom duration was specific to the SIS group and
showed a mean duration of 12.3 £ 6.8 months. These demographic findings provided a
solid foundation for subsequent analyses, allowing for the assessment of the influence of
these characteristics on the study’s primary outcomes related to shoulder muscle strength,
joint position sense, and pain mediation effects.

Table 1. Demographic characteristics of study participants.

. SIS Group (n = 50) Healthy Group (1 = 50)
Variable (Mean + SD) (Mean + SD) p-Value
Age (years) 452+71 438+ 6.5 0.214
Gender
e Male 26 (52%) 28 (56%) 0.678
e  Female 24 (48%) 22 (44%) 0.438
Dominant
e  Right 44 (88%) 45 (90%) 0.754
o Left 6 (12%) 5 (10%) 0.467
BMI (kg/m?) 274+ 3.6 258+29 0.039
Symptom Duration (months) 123+ 6.8 - -
Education Level
e  High School 15 (30%) 10 (20%) 0.211
e  College/University 35 (70%) 40 (80%) 0.341
Employment Status
e  Employed 18 (36%) 37 (74%) 0.325
¢ Unemployed 13 (26%) 32 (64%) 0.453
Marital Status
e  Married 28 (56%) 33 (66%) 0.429
e Single 22 (44%) 17 (34%) 0.386

SIS, sub-acromial impingement syndrome; 11, sample size; BMI, body mass index. Values are presented as mean
+ standard deviation (SD) or n (%), as appropriate. p-values indicate statistical significance between SIS and
healthy groups.

The results of the comparison between the SIS group and the Healthy group for
shoulder muscle strength and joint position sense are summarized in Table 2.

In the comparison between individuals with SIS and a healthy control group, signifi-
cant differences were observed in both shoulder muscle strength and joint position sense.
The SIS group exhibited substantially lower shoulder muscle strength in flexors, abductors,
medial rotators, and lateral rotators compared to the healthy group, with large effect sizes
(Cohen’s d ranging from 0.51 to 0.84) and p-values less than 0.001. Furthermore, the individ-
uals with SIS displayed significantly larger degrees of error in shoulder joint position sense
during flexion, abduction, medial rotation, and lateral rotation, with effect sizes ranging
from 1.45 to 2.69, all indicating a highly significant impairment in proprioceptive ability
(p < 0.001). These results underscore the substantial functional deficits associated with
SIS, emphasizing the need for targeted rehabilitation strategies to address both muscle
weakness and proprioceptive impairments in this patient population. The correlations
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between shoulder muscle strength and joint position sense in various directions revealed
significant associations (Table 3 and Figure 3).

Table 2. Comparison of shoulder muscle strength and joint position sense between SIS and

Healthy groups.
_ Healthy .
Variable (sl\I/[seﬁ:Oiug](),; =50) Group (n=50) Mean Difference fégif;ns,lszg) p-Value
(Mean + SD)

Flexors (Kg) 116 £7.2 223 +8.1 —6.7 0.84 <0.001
Shoulder Muscle Abductors (Kg) 10.8 £9.2 184 +8.7 —4.6 0.51 <0.001
Strength Medial Rotators (Kg) 07.3 £6.1 13.7 £5.5 —34 0.58 <0.001

Lateral Rotators (Kg) 089 £5.7 151+ 6.2 —-3.2 0.52 <0.001

Flexion (Degrees of Error) 35+1.2 1.2+09 2.3 1.91 <0.001
Shoulder JPS Abduction (Degrees of Error) 40+15 1.5+1.1 2.5 1.45 <0.001

Medial Rotation (Degrees of Error) 10.2 £ 3.1 45+22 5.7 2.61 <0.001

Lateral Rotation (Degrees of Error) 9.8 £29 42+20 5.6 2.69 <0.001

SIS, sub-acromial impingement syndrome; n, sample size; Kg, kilograms; JPS, joint position sense. Values are
presented as mean =+ standard deviation (SD).

Table 3. Correlations between shoulder muscle strength (kg) and JPS in various directions.

Variable Correlation (r) p-Value
Flexors vs. Flexion 0.62 <0.001
Flexors vs. Abduction 0.35 0.027
Flexors vs. Medial Rotation 0.58 <0.001
Flexors vs. Lateral Rotation 0.52 <0.001
Abductors vs. Flexion 0.45 0.005
Abductors vs. Abduction 0.32 0.045
Abductors vs. Medial Rotation 0.59 <0.001
Abductors vs. Lateral Rotation 0.55 <0.001
Medial Rotators vs. Flexion 0.55 <0.001
Medial Rotators vs. Abduction 0.43 0.007
Medial Rotators vs. Medial Rotation 0.62 <0.001
Medial Rotators vs. Lateral Rotation 0.48 0.003
Lateral Rotators vs. Flexion 0.51 <0.001
Lateral Rotators vs. Abduction 0.39 0.015
Lateral Rotators vs. Medial Rotation 0.54 <0.001
Lateral Rotators vs. Lateral Rotation 0.63 <0.001

Kg, kilograms; JPS, joint position sense.

Strong positive correlations were observed between flexor strength and joint position
sense during flexion (r = 0.62, p < 0.001) as well as between medial rotators and joint position
sense during medial rotation (r = 0.62, p < 0.001). Similarly, moderate positive correlations
were found between abductors and joint position sense during medial rotation (r = 0.59,
p < 0.001) and between lateral rotators and joint position sense during lateral rotation
(r=0.63, p < 0.001). These results suggest that greater muscle strength is associated with
improved proprioceptive ability in specific directions. The significance of these correlations
underscores the interplay between muscle strength and proprioception in shoulder function,
providing valuable insights for developing tailored rehabilitation strategies for individuals
with SIS.

The Mediation effect of pain on the relationship between shoulder muscle strength
joint position sense, and pain in different directions and sway parameters are summarized
in Table 4.
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Figure 3. Correlation between shoulder muscle strength and joint position sense: (A) flexion muscle
strength vs. JPE during flexion; (B) abduction muscle strength vs. JPE during abduction; (C) medial
rotator muscle strength vs. JPE during medial rotation; (D) lateral rotator muscle strength vs. JPE
during lateral rotation.
Table 4. Mediation effect of pain on the relationship between shoulder muscle strength (kg), joint
position sense, and pain in different directions and sway parameters.
Test Variabl Total Effect (c +a x b) Direct Effect (c-Path) Indirect Effect (b-Path)
est Variables B SE p-Value B SE p-Value B SE p-Value
Pain x Shoulder Flexion x JPS Flexion 0.60 0.15 0.001 0.23 0.03 <0.001 0.07 0.02 0.005
Pain x Shoulder Abduction x JPS Abduction 0.58 0.12 0.001 0.21 0.02 <0.001 0.08 0.01 0.004
Pain x Medial Rotation x JPS Medial Rotation 0.42 0.11 0.002 0.15 0.02 <0.001 0.04 0.01 0.001
Pain x Lateral Rotation x JPS Lateral Rotation 0.38 0.10 0.003 0.14 0.02 <0.001 0.03 0.01 0.001

Kg, kilograms; JPS, joint position sense; B = Coefficient, SE = Standard Error.

For the interaction of Pain x Shoulder Flexion x JPS Flexion, the total effect (c + a X b)
was 0.60 (p = 0.001). This effect was partially mediated, with a direct effect (c-Path) equal
to 0.23 (p < 0.001) and an indirect effect (b-Path) equal to 0.07 (p = 0.005). In the case of
Pain x Shoulder Abduction x JPS Abduction, the total effect was equal to 0.58 (p = 0.001).
This effect was also partially mediated, with a direct effect equal to 0.21 (p < 0.001) and
an indirect effect equal to 0.08 (p = 0.004). For Pain x Medial Rotation x JPS Medial
Rotation, the total effect was equal to 0.42 (p = 0.002). This effect was partially mediated,
with a direct effect equal to 0.15 (p < 0.001) and an indirect effect equal to 0.04 (p = 0.001).
Similarly, for Pain x Lateral Rotation x JPS Lateral Rotation, the total effect was equal
to 0.38 (p = 0.003). This effect was partially mediated, with a direct effect equal to 0.14
(p < 0.001) and an indirect effect equal to 0.03 (p = 0.001). These results indicate that pain
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significantly influences the relationship between shoulder muscle strength, JPS, and pain
in various directions among individuals with SIS. Our mediation analysis highlights the
intricate connections between these variables, shedding light on the role of pain in shaping
shoulder function and proprioception in individuals with SIS.

4. Discussion

This study’s objectives were comprehensively addressed, presenting the following
key findings: The individuals with SIS exhibited significantly lower shoulder muscle
strength and JPS in various directions compared to healthy controls. Additionally, strong
positive correlations were identified between shoulder muscle strength and JPS among
the SIS individuals, emphasizing the interplay between these factors. Furthermore, pain
was found to partially mediate the relationship between muscle strength and JPS in SIS,
highlighting the crucial role of pain management in SIS rehabilitation. These results
enhance our understanding of the intricate dynamics among these variables and their
clinical implications for managing SIS.

In line with previous research [38—40], the findings of our study provide crucial in-
sights into the profound functional deficits experienced by individuals with SIS when
compared to a healthy control group. These deficits are evident in two fundamental as-
pects of shoulder function, namely, muscle strength and joint position sense, each playing
a critical role in shoulder biomechanics and overall upper extremity function [41]. The
reduced muscle strength observed among individuals with SIS is multifactorial. It is pri-
marily attributed to the presence of pain and inflammation, which can lead to pain-related
inhibition of muscle activation and subsequent disuse atrophy [42,43]. Additionally, altered
neuromuscular control patterns induced by pain can compromise coordinated muscle re-
cruitment during shoulder movements, further contributing to strength deficits [43]. These
findings are consistent with those reported in previous studies, highlighting the importance
of addressing pain management and performing muscle-strengthening interventions in
the rehabilitation of individuals with SIS in order to improve their functional capacity and
quality of life [42,43].

The compromised proprioceptive ability of SIS individuals can be attributed to several
factors, including pain-induced alterations in sensory feedback mechanisms and struc-
tural changes within the shoulder joint that mechanically interfere with proprioceptive
receptors [44]. These proprioceptive deficits can negatively impact motor control and
joint stability, potentially contributing to recurrent episodes of shoulder impingement and
pain [33,45,46]. The observed reductions in muscle strength and proprioception among in-
dividuals with SIS find substantial support in the existing body of research within the realm
of shoulder pathology and rehabilitation [47—49]. These studies, including those reported
by Ludewig and Braman [50], Struyf et al. [51], Maenhout et al. [52], and Cools et al. [53],
collectively corroborate our findings. They emphasize the prevalence of biomechanical
alterations, muscle weaknesses, scapular dysfunctions, altered shoulder kinematics, and
muscle imbalances and the clinical relevance of addressing muscle strength and propri-
oception for individuals with impingement-related symptoms [54,55]. The substantial
effect sizes and highly significant p-values in our study further underscore the functional
deficits associated with SIS. These insights emphasize the imperative for comprehensive
rehabilitation approaches intended to ameliorate both muscle weakness and proprioceptive
impairments in SIS patients, ultimately enhancing their overall shoulder function and
quality of life.

Our findings illuminate intriguing connections between muscle strength and proprio-
ception in various shoulder directions. Notably, we observed a strong positive correlation
between shoulder flexor strength and JPS during flexion (r = 0.62, p < 0.001), indicating
that individuals with greater flexor strength tend to have more accurate proprioceptive
perception during flexion movements. This finding underscores the interplay between
muscle strength and proprioception, suggesting that improved muscle strength may con-
tribute to enhanced proprioceptive acuity [56,57]. Similar positive correlations between
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muscle strength and JPS were identified for other muscle groups and movement directions
within the SIS cohort [58,59]. These results echo previous research findings reported by
Struyf et al. [60], emphasizing the pivotal role of muscle strength in augmenting proprio-
ceptive capabilities [61]. The mechanism underlying this correlation may involve sensory
feedback from muscle spindles and mechanoreceptors, which are sensitive to changes in
muscle length and tension [62]. Increased muscle strength could enhance the precision of
proprioceptive signals, ultimately leading to more accurate joint position perception [63].

Our mediation analysis unearthed a compelling discovery: pain plays a pivotal role in
mediating the connection between muscle strength and proprioception, primarily operating
through the indirect pathway (b-path). This signifies that pain acts as a mediator, partially
explaining the relationship between muscle strength and JPS across different shoulder
movements among individuals with SIS [64,65]. It is important to note that even though
the direct effect (c-path) of pain with respect to both muscle strength and JPS remained
statistically significant, the mediation effect accentuated the nuanced influence of pain. This
mediation effect underscores the multidimensional impact of pain on shoulder function
and proprioceptive abilities, indicating that pain is not merely a by-product but an active
contributor to the interplay between muscle strength and proprioception in individuals
with SIS [64,65]. This finding resonates with the broader literature, highlighting the intri-
cate connection between pain, muscle function, and proprioception in musculoskeletal
conditions [66-68]. Previous studies have suggested that pain can disrupt neuromuscular
control, altering muscle recruitment patterns and, consequently, affecting proprioceptive
feedback [33,69,70]. Furthermore, pain-related fear and avoidance behaviors may lead to
the disuse of certain muscle groups, exacerbating muscle weakness and further compro-
mising proprioceptive acuity [71].

Our results underscore the significance of comprehensive pain management strategies
in the rehabilitation of individuals with SIS. Beyond its direct impact on pain reduction,
effective pain management may indirectly enhance muscle strength and proprioception
by mitigating the mediating role of pain. This holistic approach aligns with contemporary
paradigms in musculoskeletal rehabilitation, emphasizing the importance of addressing
the symptoms of and underlying mechanisms contributing to functional impairment.

4.1. Clinical Significance

Our study provides valuable clinical insights into SIS through the comprehensive
assessment of shoulder muscle strength, JPS, and their relationship with pain in affected
individuals. These findings offer several significant contributions to clinical practice. First,
they underscore the importance of tailored rehabilitation strategies, allowing clinicians to
develop targeted exercise programs addressing specific muscle deficits and proprioceptive
impairments, ultimately optimizing functional outcomes for SIS patients [72]. Additionally,
our identification of pain as a mediator highlights the need for effective pain management
strategies in SIS treatment, guiding clinicians in implementing comprehensive pain man-
agement approaches. Furthermore, our study emphasizes the clinical relevance of assessing
both muscle strength and JPS as diagnostic and monitoring tools, facilitating objective,
measurement-based treatment decisions. Ultimately, our research is intended to enhance
the quality of life and functional capacity of individuals with SIS via providing information
for evidence-based clinical practices, ultimately leading to improved patient outcomes.

4.2. Strengths of the Study

We employed a comprehensive approach in our study by assessing multiple aspects of
shoulder function in individuals with SIS, including muscle strength, JPS, and pain. With a
substantial sample size and rigorous methodology, including standardized assessments
and statistical analyses, our research method ensures the reliability and validity of our
findings. This emphasis on clinical relevance and the strength of our work directly address
the challenges posed by SIS, making it highly applicable to healthcare practitioners working
with affected individuals.
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4.3. Limitations of the Study

This study has several limitations, including a cross-sectional design, limiting the
establishment of causality, and a relatively small sample size, which may affect the general-
izability of our findings. While our results indicate associations between shoulder muscle
strength, JPS, and pain in individuals with SIS, it is important to recognize that our study
design does not allow for the determination of causality. Future research should employ
longitudinal designs and larger cohorts to further investigate the causal relationships be-
tween pain, muscle strength, and proprioception in individuals with SIS. Additionally,
interventions targeting pain management and muscle strength improvement should be
explored to provide more definitive insights into their clinical efficacy. Furthermore, our
study focused on a specific age group (18-65 years), which may not represent the full
spectrum of individuals with SIS, and future investigations should consider broader age
ranges to better represent the SIS population. Lastly, we did not assess other potentially
relevant factors, such as the influence of comorbidities or the duration of symptoms, which
could impact shoulder function and warrant consideration in future studies.

5. Conclusions

In conclusion, this study provides valuable insights into the relationships between
shoulder muscle strength, JPS, and pain in individuals with SIS. The findings highlight the
importance of addressing muscle weakness and pain in the management of SIS to enhance
both function and proprioceptive abilities. This multifaceted approach can contribute
to improved clinical outcomes and better quality of life for individuals grappling with
SIS-related shoulder impairments.
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