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Abstract:

Background: Rotator cuff injuries are common and can lead to significant pain and functional
impairment. Effective rehabilitation strategies are crucial for recovery, with strength training and
endurance training being widely used approaches.

Objective: This study aimed to compare the effects of strength training and endurance training on pain,
shoulder range of motion (ROM), muscle strength, and functional performance in individuals with
rotator cuff injuries.

Methods: A randomized controlled trial was conducted with 60 participants diagnosed with rotator
cuff injuries, randomly assigned to either the strength training group (STG, n=30) or the endurance
training group (ETG, n=30). Both groups underwent a 12-week rehabilitation program, with outcomes
measured at baseline, 6 weeks, and 12 weeks. Primary outcomes included pain intensity (VAS),
shoulder ROM, muscle strength (handheld dynamometer), and functional performance (SPADI).

Results: Both groups showed significant improvements in pain reduction, shoulder ROM, muscle
strength, and functional performance over the 12-week period (p < 0.001 for all). No significant
differences were found between the groups in terms of overall outcomes (p > 0.05).

Conclusion: Strength training and endurance training are both effective for the rehabilitation of rotator
cuff injuries, with similar outcomes in pain reduction, improved ROM, increased muscle strength, and
enhanced functional performance. The choice of training modality can be tailored to individual patient
needs and clinical considerations.

Keywords: rotator cuff injuries, strength training, endurance training, rehabilitation, shoulder pain,
muscle strength, range of motion, functional performance

Introduction

Rotator cuff injuries are a common musculoskeletal problem, especially among athletes and individuals
engaged in repetitive overhead activities. These injuries can significantly impair shoulder function, leading to
pain, decreased range of motion, and reduced quality of life. Effective rehabilitation strategies are crucial for
restoring shoulder function and preventing recurrent injuries.

Rehabilitation of rotator cuff injuries typically involves various therapeutic approaches, with strength training
and endurance training being two of the most commonly employed methods. Strength training focuses on
increasing the power and capacity of the rotator cuff muscles, which are essential for shoulder stability and
movement. This type of training often involves progressive resistance exercises designed to enhance muscle
hypertrophy and neuromuscular coordination (Camargo et al., 2015).
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Endurance training, on the other hand, aims to improve the muscular endurance of the rotator cuff muscles,
allowing them to sustain prolonged activity without fatigue. This approach is particularly beneficial for
individuals whose daily activities require sustained shoulder function, such as manual laborers and athletes
involved in endurance sports (Holmgren et al., 2014). Endurance training typically includes high-repetition,
low-resistance exercises that enhance the oxidative capacity of muscle fibers (Reinold et al., 2009).

Despite the widespread use of both strength and endurance training in rotator cuff rehabilitation, there is
limited consensus on which approach yields superior outcomes. Some studies suggest that strength training
may lead to greater improvements in muscle power and functional performance (Holmgren et al., 2014), while
others advocate for the benefits of endurance training in reducing pain and enhancing muscle fatigue
resistance (Camargo et al., 2015). The lack of a clear consensus underscores the need for a comparative
analysis to determine the relative effectiveness of these two training modalities.

The present study aims to fill this gap by comparing the effects of strength training and endurance training on
the rehabilitation outcomes of individuals with rotator cuff injuries. By evaluating parameters such as pain
reduction, range of motion, muscle strength, and functional performance, this research seeks to provide
evidence-based recommendations for clinicians and therapists in optimizing rehabilitation protocols for
rotator cuff injuries.

Literature Review

Rotator cuff injuries are prevalent, particularly among athletes and individuals engaged in repetitive overhead
activities. These injuries can cause significant pain and functional limitations, necessitating effective
rehabilitation strategies. This literature review examines existing research on strength training and endurance
training as rehabilitation methods for rotator cuff injuries, highlighting their effectiveness and underlying
mechanisms.

Strength Training in Rotator Cuff Rehabilitation

Strength training is a fundamental component of rotator cuff rehabilitation. It aims to increase the strength
and power of the rotator cuff muscles, which are essential for shoulder stability and function. Progressive
resistance exercises are commonly used to achieve these goals. Research by Camargo et al. (2015)
demonstrated that strength training can significantly improve muscle hypertrophy and neuromuscular
coordination, leading to enhanced shoulder function. Their study involving patients with shoulder
impingement syndrome found that targeted strengthening exercises resulted in reduced pain and improved
performance in simulated sports tasks.

A randomized controlled trial by Holmgren et al. (2014) further supports the efficacy of strength training. The
study compared the outcomes of a specific exercise strategy focusing on strengthening the rotator cuff and
scapular muscles to standard care in patients with subacromial impingement syndrome. The results showed
that the strength training group had significantly better outcomes in terms of pain reduction, range of motion,
and functional performance. These findings underscore the importance of incorporating strength training into
rehabilitation protocols for rotator cuff injuries.

Endurance Training in Rotator Cuff Rehabilitation

Endurance training, which focuses on improving the muscular endurance of the rotator cuff muscles, is
another widely used rehabilitation approach. This type of training typically involves high-repetition, low-
resistance exercises aimed at enhancing the oxidative capacity of muscle fibers. Reinold et al. (2009)
highlighted that endurance training could improve muscle fatigue resistance, which is crucial for maintaining
shoulder function during prolonged activities. Their review of current concepts in shoulder rehabilitation
emphasized the role of endurance exercises in promoting muscular adaptations that support sustained shoulder
activity.
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A study by Holmgren et al. (2014) examined the effects of an exercise program emphasizing endurance
training on patients with subacromial impingement syndrome. The results indicated that the endurance
training group experienced significant improvements in pain levels and shoulder function compared to the
control group. This study suggests that endurance training can effectively reduce symptoms and enhance the
functional capacity of individuals with rotator cuff injuries.

Comparative Studies

Despite the documented benefits of both strength and endurance training, comparative studies are limited.
Most research focuses on the individual effects of these training modalities rather than directly comparing
their outcomes. One notable exception is a study by Camargo et al. (2015), which compared the effects of
stretching, strengthening, and endurance exercises on shoulder impingement syndrome. The study found that
while both strengthening and endurance exercises were effective in reducing pain and improving function,
there were no significant differences between the two approaches in terms of overall outcomes. This suggests
that both methods may be similarly effective, but further research is needed to establish definitive conclusions.

Gaps in the Literature

The current literature indicates that both strength and endurance training are effective for rotator cuff
rehabilitation, but there is a lack of comprehensive comparative studies. Most existing research focuses on
isolated aspects of these training modalities, without providing a holistic comparison. Additionally, the long-
term effects of these rehabilitation strategies remain underexplored. Further studies are needed to compare
the outcomes of strength and endurance training over extended periods and to identify the most effective
protocols for specific patient populations.

Conclusion

The existing literature highlights the efficacy of both strength and endurance training in the rehabilitation of
rotator cuff injuries. While strength training enhances muscle hypertrophy and neuromuscular coordination,
endurance training improves muscle fatigue resistance and supports sustained shoulder activity. However, the
comparative effectiveness of these approaches remains unclear due to limited direct comparisons. This
literature review underscores the need for further research to establish evidence-based recommendations for
optimizing rotator cuff rehabilitation protocols.

Methodology

This study aimed to compare the effects of strength training and endurance training on the rehabilitation
outcomes of individuals with rotator cuff injuries. The methodology employed in this research included
participant selection, study design, intervention protocols, outcome measures, and statistical analysis.

Participant Selection

A total of 60 participants with diagnosed rotator cuff injuries were recruited from the outpatient orthopedic
clinic at rehabilitation department in military hospital. Inclusion criteria included adults aged 18-65 years with
a clinical diagnosis of rotator cuff tendinopathy or partial-thickness tears confirmed by MRI. Exclusion
criteria included full-thickness rotator cuff tears, recent shoulder surgery within the past 6 months, and any
other concurrent musculoskeletal or neurological disorders affecting the upper extremity.

Participants were randomly assigned to either the strength training group (n=30) or the endurance training
group (n=30). Randomization was performed using a computer-generated randomization sequence to ensure
equal allocation.
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Study Design

This study was a randomized controlled trial with a parallel-group design. Both groups underwent a 12-week
rehabilitation program tailored to their respective training modalities. Baseline measurements were taken prior
to the intervention, with follow-up assessments conducted at 6 weeks and 12 weeks.

Intervention Protocol

Strength Training Group: Participants in this group performed progressive resistance exercises targeting the
rotator cuff and scapular stabilizers. The exercises included shoulder abduction, external rotation, internal
rotation, and scapular retraction using resistance bands and free weights. The protocol involved three sets of
8-12 repetitions for each exercise, with resistance progressively increased based on the participant's tolerance
and strength gains. Training sessions were conducted three times per week under the supervision of a trained
physical therapist.

Endurance Training Group: Participants in this group engaged in high-repetition, low-resistance exercises
aimed at enhancing muscular endurance. Exercises included shoulder abduction, external rotation, internal
rotation, and scapular retraction using light resistance bands. The protocol involved three sets of 20-25
repetitions for each exercise, maintaining a low resistance to focus on endurance. Training sessions were also
conducted three times per week under the supervision of a trained physical therapist.

Outcome Measures

The primary outcome measures included:

- Pain Intensity: Assessed using the Visual Analog Scale (VAS), where participants rated their shoulder pain
on a scale from 0 (no pain) to 10 (worst pain imaginable).

- *Shoulder Range of Motion (ROM): Measured using a goniometer, focusing on flexion, abduction, and
external rotation.

- Muscle Strength: Evaluated using a handheld dynamometer for shoulder abduction, external rotation, and
internal rotation.

- Functional Performance: Assessed using the Shoulder Pain and Disability Index (SPADI), which evaluates
both pain and functional impairment.

Statistical Analysis

Data were analyzed using SPSS version 26.0. Descriptive statistics were used to summarize baseline
characteristics. Between-group comparisons were conducted using independent t-tests for continuous
variables and chi-square tests for categorical variables. Repeated measures ANOVA was employed to
evaluate changes over time within and between groups for each outcome measure. A significance level of p
< 0.05 was set for all analyses.

Ethical Considerations

The study was approved by the ethics committee. All participants provided written informed consent prior to
participation. Confidentiality and anonymity of participant data were ensured throughout the study.

Findings
The purpose of this study was to compare the effects of strength training and endurance training on the

rehabilitation outcomes of individuals with rotator cuff injuries. The findings are presented in terms of pain
intensity, shoulder range of motion (ROM), muscle strength, and functional performance.
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Participant Characteristic

Baseline characteristics of the participants in the strength training group (STG) and endurance training group
(ETG) are presented in Table 1.

Characteristic STG (n=30) ETG (n=30) p-value
Age (years) 45.3 +£10.2 46.1 +9.8 0.732
Gender (M/F) 16/14 15/15 0.796
Duration of symptoms | 6.4 +3.1 6.7 £2.8 0.691
(months)

Baseline VAS score 6.7 £1.2 6.5 +1.3 0.561
Baseline SPADI score | 55.3 +11.5 54.8 +10.8 0.846

No significant differences were observed between the groups in terms of age, gender distribution, duration of
symptoms, baseline pain intensity, or functional performance scores.

Pain Intensity

Pain intensity, measured using the Visual Analog Scale (VAS), significantly decreased in both groups over
the 12-week intervention period. The results are shown in Table 2.

Time Point STG (Mean £SD ETG (Mean +SD) p-value
Baseline 6.7 £1.2 6.5 +1.3 0.561
6 Weeks 4.3 +1.1 45 +£1.2 0.674
12 Weeks 2.1 +0.9 2.3 £1.0 0.578

Both groups showed significant pain reduction over time (p < 0.001), with no significant difference between
the groups at any time point (p > 0.05).

Shoulder Range of Motion (ROM)

Shoulder ROM improved significantly in both groups. The changes in shoulder flexion, abduction, and
external rotation are presented in Table 3.

ROM Time Point STG (Mean + |ETG (Mean <=+ |p-value
Measurement SD) SD)
Flexion (degrees) | Baseline 145.6 £10.4 144.8 +11.1 0.755
6 Weeks 158.2 +£9.3 157.6 +£9.8 0.782
12 Weeks 165.1 +8.6 164.5 +£8.9 0.806
Abduction Baseline 136.2 +11.0 135.8 +10.7 0.894
(degrees)
6 Weeks 148.7 +9.8 148.2 +9.6 0.824
12 Weeks 158.4 +8.7 158.0 +8.9 0.876
External Rotation | Baseline 70.3 8.5 69.8 +8.2 0.812
(degrees)
6 Weeks 77.6 £7.9 77.0 £7.8 0.732
12 Weeks 82.3 £7.5 81.8 +7.6 0.764

Significant improvements were observed in shoulder flexion, abduction, and external rotation over time in
both groups (p < 0.001), with no significant differences between the groups (p > 0.05).
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Muscle Strength

Muscle strength, assessed using a handheld dynamometer, increased significantly in both groups. The results
are shown in Table 4.

Strength Time Point STG (Mean + |ETG (Mean <= |p-value
Measurement SD) SD)
Abduction (kg) Baseline 75 14 7.3 £1.3 0.658
6 Weeks 10.2 £1.5 9.9 +1.6 0.481
12 Weeks 125 +£1.6 12.2 £1.7 0.546
External Rotation | Baseline 6.8 £1.3 6.6 £1.2 0.623
(kg)
6 Weeks 8.9 +1.4 8.6 £1.5 0.432
12 Weeks 10.8 £1.5 10.5 +1.6 0.512
Internal Rotation | Baseline 7.1 +£1.3 6.9 £1.2 0.598
(kg)
6 Weeks 9.6 +1.4 9.3 £15 0.378
12 Weeks 11.7 £1.5 11.3 +1.6 0.472

Both groups exhibited significant increases in muscle strength for shoulder abduction, external rotation, and
internal rotation over time (p < 0.001), with no significant differences between the groups (p > 0.05).

Functional Performance

Functional performance, measured using the Shoulder Pain and Disability Index (SPADI), showed significant
improvement in both groups. The results are presented in Table 5.

Time Point STG (Mean £SD) ETG (Mean +SD) p-value
Baseline 55.3 £11.5 54.8 +10.8 0.846
6 Weeks 40.2 +9.6 41.0 £9.7 0.691
12 Weeks 28.7 £8.5 29.3 +8.8 0.792

Both groups showed significant reductions in SPADI scores over time (p < 0.001), indicating improved
functional performance, with no significant differences between the groups (p > 0.05).

Discussion

The purpose of this study was to compare the effects of strength training and endurance training on the
rehabilitation outcomes of individuals with rotator cuff injuries. Our findings indicate that both training
modalities significantly reduced pain, improved shoulder range of motion (ROM), increased muscle strength,
and enhanced functional performance over a 12-week intervention period. Importantly, no significant
differences were observed between the groups in terms of overall outcomes.

Comparison with Existing Literature

The reduction in pain observed in both groups aligns with previous studies that have demonstrated the efficacy
of exercise-based interventions for rotator cuff injuries (Holmgren et al., 2014; Camargo et al., 2015). The
significant improvement in shoulder ROM in both groups is consistent with the findings of Reinold et al.
(2009), who highlighted the benefits of exercise therapy in enhancing shoulder mobility. Our study also
supports the work of Holmgren et al. (2014), who found that specific exercise strategies, including both
strengthening and endurance exercises, lead to significant improvements in shoulder function.

|6
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The increase in muscle strength observed in the strength training group is in line with the principles of
progressive resistance training, which is known to promote muscle hypertrophy and neuromuscular
adaptations (Camargo et al., 2015). Similarly, the endurance training group showed significant improvements
in muscle strength, which could be attributed to the increased oxidative capacity and enhanced fatigue
resistance of the muscle fibers (Reinold et al., 2009). These findings suggest that both training modalities are
effective in improving muscle strength, albeit through different physiological mechanisms.

Functional Performance and Clinical Implications

The improvements in functional performance, as measured by the Shoulder Pain and Disability Index
(SPADI), were significant in both groups. This indicates that both strength and endurance training can
effectively reduce disability and improve the quality of life in individuals with rotator cuff injuries. Our results
are consistent with the study by Holmgren et al. (2014), which demonstrated that exercise-based rehabilitation
could significantly enhance functional outcomes in patients with shoulder impingement syndrome.

Given the lack of significant differences between the two training modalities, our findings suggest that
clinicians and therapists have the flexibility to choose either strength or endurance training based on individual
patient needs and preferences. For patients who require greater muscle power and strength, a strength training
protocol may be more appropriate. Conversely, for patients whose daily activities demand sustained muscle
endurance, an endurance training approach may be more beneficial.

Strengths and Limitations

This study has several strengths, including its randomized controlled trial design, the use of validated outcome
measures, and the supervision of trained physical therapists during the intervention. These factors enhance
the reliability and validity of our findings. However, some limitations should be noted. The study's sample
size was relatively small, and the follow-up period was limited to 12 weeks. Future studies with larger sample
sizes and longer follow-up periods are needed to confirm our findings and to assess the long-term effects of
these rehabilitation strategies.

Future Directions

Further research is warranted to explore the combined effects of strength and endurance training on rotator
cuff rehabilitation. It is possible that a hybrid approach, incorporating elements of both training modalities,
could yield superior outcomes compared to either modality alone. Additionally, studies should investigate the
specific patient characteristics that may predict better responses to either strength or endurance training,
allowing for more personalized rehabilitation protocols.

Conclusion

In conclusion, both strength training and endurance training are effective in reducing pain, improving shoulder
range of motion, increasing muscle strength, and enhancing functional performance in individuals with rotator
cuff injuries. The lack of significant differences between the two modalities suggests that both approaches
can be beneficial, and the choice of training protocol can be tailored to individual patient needs and clinical
considerations. These findings provide valuable insights for clinicians and therapists in optimizing
rehabilitation strategies for rotator cuff injuries.
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