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Abstract 

Introduction: Shoulder dysfunction is prevalent and frequently managed through exercise, but the effect of exercise intensity 

its effects are still uncertain. This review explored the effects of low, moderate, and high intensities on biomechanics, pain, 

and functionality in healthy people, athletes, and individuals with shoulder issues.  

Methods: A comprehensive review encompassing 45 studies conducted between 2000 and 2025 was performed. The studies 

were categorized based on the type of population and exercise intensity, with results combined for strength, flexibility, 

neuromuscular coordination, and injury prevention. 

Results: Low- to moderate-intensity exercise proved most beneficial for rehabilitation, especially for conditions like rotator 

cuff issues, subacromial pain, and adhesive capsulitis. It improved mobility, reduced pain, and enhanced function without 

overloading the joints. In athletes, programs focusing on high loads and proprioception improved performance and lowered 

the risk of injuries, while too much loading led to increased instability. For healthy individuals, using moderate loads 

maximizes muscle activation and control without causing excessive stress. 

Discussion: Research suggests that training intensity must be tailored to specific populations. Rehabilitation is most effective 

with low-to-moderate loads, whereas athletes might need to engage in higher intensities within regulated environments. 

Important gaps in research are the absence of long-term studies, few comparisons between different intensities, and a lack of 

distinction based on sex, age, and occupation. 

Conclusion: The intensity of exercise plays a crucial role in maintaining shoulder health. For rehabilitation, using low  

to moderate weights is best, whereas appropriately managed heavier weights can be advantageous for athletes.  

Future research should emphasize long-term results and uniform biomechanical assessments to develop evidence-based 

guidelines. 

 

Keywords: shoulder joint; exercise intensity; athletic training; load management; joint stability; injury prevention; range of 
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Introduction 

Shoulder pain is one of the most common 

musculoskeletal issues, affecting up to 67% of people at 

some point in their lives [1]. Due to its high prevalence and 

significant impact on daily activities, physical therapy and 

exercise-based treatments are often recommended as the 

first option. However, despite their widespread use, it is 

still unclear how different exercise intensities—low, 

moderate, or high—affect shoulder pain, biomechanics, and 

overall function. Early rehabilitation usually emphasizes 

low-intensity exercise to reduce symptoms and tissue stress 

[2], while higher intensities help improve strength and 

performance but can increase the risk of injury. Many 

studies have looked at these approaches separately, but far 

fewer have compared the effects of different intensity levels 

across various populations [3]. This highlights the need for 

a more integrated understanding. 

The shoulder is the most mobile joint in the human 

body. It allows a wide range of movements, including 

flexion, extension, abduction, adduction, and rotation [4]. 

Structurally, it operates as a ball-and-socket synovial joint 

formed by the humeral head and the glenoid cavity [5]. 

Additional parts, such as the scapula, clavicle, 

acromioclavicular joint, sternoclavicular joint, ligaments, 

and the muscles that stabilize the rotator cuff and scapula, 

work together to provide both stability and mobility [6–10]. 

This complex balance makes the joint very functional but 

also prone to injury. 

Common shoulder problems include rotator cuff-

related shoulder pain (RCRSP), subacromial pain syndrome 

(SAPS), and adhesive capsulitis. These conditions all limit 

movement and strength [11–13]. Other factors that 

contribute to dysfunction are hypermobility [14, 15], poor 

scapular control [8], and post-stroke subluxation [16]. 
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Exercise works well for many of these issues, but the best 

loading intensity is still unclear. Lower loads decrease pain 

and improve basic function [17]. Moderate loads improve 

neuromuscular coordination, while high loads can boost 

performance, especially in athletes. However, high loads 

also come with a higher risk of injury [18, 19]. 

Despite considerable research, several knowledge gaps 

still exist. There is limited comparison between similar 

demographic groups, a lack of long-term follow-ups, under-

examined responses based on sex and age, and inconsistent 

measurements of biomechanics, such as EMG, torque, and 

scapular motion. This review investigates how low, 

moderate, and high-intensity exercise impacts shoulder 

biomechanics, pain, and functions in three specific groups: 

healthy individuals, athletes, and those with shoulder 

disorders. 

These groups were chosen because they represent the 

full range of shoulder use in real life. Injured individuals 

show rehabilitation needs and reduced tissue tolerance. 

Healthy participants offer a baseline for normal shoulder 

function and prevention. Athletes represent high-demand 

situations that require strength, power, and precise control. 

Looking at all three groups gives a well-rounded view from 

recovery to daily activities, to elite performance. 

 

Research Question 

Our research question is pivotal to our study: How 

does the intensity of physical exercise influence the 

biomechanics of the shoulder joint, the level of discomfort, 

and functional outcomes in healthy individuals, 

professional athletes, and patients with shoulder diseases? 

This question forms the basis of our systematic review, 

where we analyze and synthesize data from the existing 

scientific literature. 

 

Methods 

This systematic review was conducted in accordance 

with established methodological principles to ensure 

comprehensive and reproducible identification of relevant 

evidence on the effects of exercise intensity on the 

glenohumeral (shoulder) joint. A structured search was 

performed across three major electronic databases — 

Google Scholar, PubMed, and MEDLINE (via OVID) — 

using a predefined set of keywords and Boolean operators, 

including shoulder joint, training, high-intensity, and 

low-intensity loads. The initial search yielded 50 

English-language articles. Eligibility assessment followed 

strict inclusion and exclusion criteria. Included studies had 

to be peer-reviewed original research articles conducted 

exclusively on human participants, published between 2000 

and 2025, and written in English. They were required to 

examine the effect of exercise intensity (low, moderate, or 

high) on the shoulder joint and involve at least one of the 

following populations: healthy individuals, athletes, or 

individuals with shoulder pathologies (either comparatively 

or as standalone cohorts). Furthermore, studies needed to 

report at least one of the key outcomes: pain (using 

validated scales such as VAS or NRS), range of motion 

(ROM), electromyography (EMG) data, scapular 

kinematics, torque (isometric or isokinetic), or injury 

risk/incidence. Conversely, the exclusion criteria 

encompassed animal studies, research limited to 

postoperative rehabilitation, case reports or series with 

fewer than 10 participants, articles without full-text access, 

studies lacking explicit intensity specification, and research 

focused on non-shoulder anatomical regions. 

The screening and data extraction process was carried 

out systematically. Titles and abstracts were independently 

reviewed by two investigators to assess initial eligibility, 

followed by detailed evaluation of full texts for potentially 

relevant studies. Data extraction utilized a standardized 

form to capture essential variables: year and country of 

publication, participant characteristics (healthy, injured, 

athlete), presence and type of shoulder pathology, specific 

anatomical focus within the shoulder complex, type and 

intensity of intervention, primary and secondary outcome 

measures, and injury risk metrics (when available). The 

extracted data were then synthesized to evaluate the 

differential impact of exercise intensity across population 

subgroups. Findings were organized thematically to address 

the review’s primary objective — to elucidate how varying 

levels of physical loading influence shoulder biomechanics, 

function, and injury risk in different populations (healthy 

individuals, athletes, and those with shoulder pathologies). 

This systematic approach enabled a comprehensive, 

evidence-based analysis of current knowledge in the field, 

ensuring robustness and transparency in assessing the 

relationship between exercise intensity and shoulder joint 

outcomes. 

 

Results 

Selection of Sources 

A comprehensive analysis of the scientific literature 

revealed 38,022 publications in the PubMed, Medline 

OVID, and Google Scholar databases. After a rigorous 

selection process, we included 50 studies in our review, of 

which five were duplicates, allowing us to use 45 unique 

articles. These studies were diverse, covering three main 

groups: patients with joint problems (n = 24), professional 

athletes (n = 8), and healthy individuals without shoulder 

girdle pathologies (n = 13). The studies were conducted in 

various countries, mainly the United States, Denmark, and 

South Korea. The time range of publications spanned from 

2000 to 2025, with a noticeable surge in the number of 

studies in 2024, indicating a growing interest in physical 

activity and shoulder girdle health in recent years. 
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Figure 1. Flow diagram illustrating the classification of articles included in the review, created with Microsoft PowerPoint. A 

total of 50 articles were initially identified and categorized into three main groups based on population type: 24 articles 

addressed injured shoulder joints, 13 focused on healthy joints, and eight involved athletic populations. Five duplicate articles 

were identified and removed during the screening process, resulting in 45 unique studies used in the final analysis. 

 

Injured Joints 

Table 1 summarizes the outcomes from 24 studies 

investigating rehabilitation methods for shoulder injuries. 

Programs based on the FITT principle demonstrated 

continuous improvement in pain reduction and increased 

functionality in rotator cuff-related shoulder pain (RCRSP) 

[2], whereas protocols requiring pain-free exercise showed 

no additional benefits—painless exercise yielded similar 

results [20]. In individuals with subacromial pain syndrome 

(SAPS), scapula stabilization was consistently associated 

with decreased pain levels and enhanced functionality [21, 

22]; a meta-analysis further confirmed that stabilization led 

to lower pain scores and improved disability metrics, 

particularly when combined with glenohumeral exercises 

rather than implemented as standalone scapular programs 

[17, 23]. Five studies evaluating manual therapy reported 

moderate benefits, with the most pronounced effects 

observed during long-term follow-up, though these did not 

exceed the efficacy of exercise [24, 25]. Neuromuscular 

control exercises improved active range of motion (ROM) 

and reduced pain intensity [26], while protocols focusing on 

grip strength significantly increased shoulder torque when 

direct rotator cuff loading was not feasible [27]. 

High-intensity training proved effective in managing 

hypermobility spectrum disorders by enhancing stability 

and decreasing pain [14], and for post-stroke individuals, 

sling-based methods reduced subluxation severity and 

improved upper limb assessment scores [28]. Overall, 20 

out of 24 studies on injured joints (83%) reported notable 

reductions in pain and disability: low-load interventions 

were particularly effective for conditions such as adhesive 

capsulitis, diabetes-related capsulitis, and early post-stroke 

stages, whereas higher loads offered advantages for chronic 

instability syndromes. 

 

Athlete Joints 

Eight studies investigated exercise interventions among 

athletic populations (Table 2). In overhead athletes with 

impingement, suspension training (TRX) was found to be 

more effective than open kinetic chain exercises in 

enhancing proprioception [19], while strength training 

regimens improved eccentric external rotation strength and 

addressed glenohumeral imbalances commonly observed in 

overhead sports [29]. For high school baseball pitchers, a 

structured strength training program resulted in a 51.1% 

reduction in combined shoulder and elbow injuries 

compared to programs that included only stretching [18], 

and volleyball players participating in the 11+S program 

did not show notable improvements in proprioception but 

demonstrated enhanced dynamic stability [30]. Multiple 

reports emphasized the importance of training frequency 

consistency, with one to two weekly sessions proving 

sufficient to maintain strength gains after the initial 

conditioning phases. Recent research has also explored 

innovative sport-specific stabilization techniques in 

conjunction with traditional scapular exercises, with initial 

findings indicating equal or enhanced improvements in 

dynamic control [31]. Overall, in athlete studies, programs 
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focusing on strength and proprioception were associated 

with decreased injury rates and better performance 

indicators; six out of the eight studies (75 %) reported 

significant reductions in pain or injury risk. 

 

Healthy Joints 

Thirteen studies investigated the effects of exercise in 

healthy individuals without any history of shoulder issues 

(Table 3). Exercises targeting lying scapular retraction were 

found to engage stabilizing muscles—including the middle 

and lower trapezius and serratus anterior—thereby 

enhancing scapular movement patterns [32]. When 

comparing resistance levels, medium-intensity external 

rotation produced the optimal balance of torque and EMG 

activity without compensatory movements, whereas 

high-intensity exercise increased EMG activity but did not 

lead to further improvements in torque [33]. Aerobic 

exercises for the lower body were shown to temporarily 

raise shoulder pain thresholds, providing evidence of 

systemic hypoalgesic effects [34]. In older adults, a 

combined regimen of walking and elastic-band exercises 

improved scapular posture and alignment [35]. 

 

Study Designs 

Among the 45 studies analyzed, randomized controlled 

trials (RCTs) made up the largest share, with 34 studies 

representing 76%. The other studies included five meta-

analyses and systematic reviews (11%), two pilot studies 

(4.5%), three protocol descriptions (7%), and one case 

report (2%). Participant numbers ranged from 15 to 200. 

Small sample studies were those with 15 to 30 participants 

and typically focused on specific athletic groups. 

Rehabilitation-oriented research usually involved moderate 

sample sizes of 30 to 80 participants. Studies examining 

healthy individuals often included larger groups, with 80 to 

200 participants. The duration of interventions generally 

ranged from 4 to 12 weeks, with training sessions held two 

to four times a week. Only six studies lasted more than six 

months, mainly looking at long-term outcomes or 

preventing reinjury. Control groups usually received basic 

care, stretching routines, or standard physiotherapy. 

Targeted interventions, such as TRX training, 

neuromuscular training, or manual therapy, often included 

multiple comparison groups. 

 

Intervention Features 

The usual interventions included various exercise 

methods, such as scapular stabilization, neuromuscular 

training, TRX or suspension-based stability exercises, 

resistance training with different weights, isokinetic 

eccentric programs, and hand-grip exercises [2, 19, 27]. 

Light loads were mainly used in rehabilitation and pain-

management programs [24, 25]. The focus here was on safe 

movement and reducing symptoms. Moderate loads were 

generally utilized in studies with healthy participants. The 

goal was to improve torque production and optimize EMG 

activity, showing better neuromuscular efficiency [32, 33]. 

High loads were mostly recommended for athletes and 

people with hypermobility. These loads showed benefits for 

power, tendon stiffness, and joint control. However, they 

also carried a higher risk if not supervised [18, 36]. 

 

Measurement Instruments 

The SPADI scales, the Constant-Merli scale, and the 

simplified shoulder test were used to assess pain. Torque 

and force were measured using manual muscle testing and 

isokinetic dynamometry. Biomechanical studies included 

measuring electromyographic activity and finite element 

modeling. The kinematic analysis focused on observing the 

scapula and the acromial movement patterns. 

 

Summary Statistics and Patterns 

Of the 45 studies examined, 53 % (n = 24) involved 

populations with injuries, 29% (n = 13) included healthy 

participants, and 18% (n = 8) focused specifically on 

athletes. Across all categories, 88% (n = 40) reported 

significant positive outcomes in terms of pain relief, range 

of motion (ROM), or functional performance, with 

low-to-moderate-intensity exercise most associated with 

beneficial effects, whereas high-intensity programs 

demonstrated more targeted but limited benefits. Regarding 

intervention design, integrated multi-joint approaches 

accounted for 58% of the programs, while isolated 

single-joint methods comprised 42%. Publication trends 

revealed a notable increase in research output after 2020, 

with 2024 marking the year with the highest number of 

relevant studies. 

 

Discussion 

This review examined 45 studies on how different 

exercise intensities affect shoulder mechanics, pain, and 

function in injured patients, healthy people, and athletes. 

The overall findings suggest that exercise intensity should 

be tailored to the individual based on their group, diagnosis, 

and training needs. 

Low-intensity exercise was consistently the most 

effective for injured individuals, including those with 

rotator cuff issues, subacromial pain syndrome, and 

adhesive capsulitis. This type of exercise minimizes 

mechanical stress on inflamed tissues, reduces compression 

of the rotator cuff and subacromial space, and supports 

early healing by improving circulation and activating 

stabilizing muscles without causing pain. These factors help 

explain why scapular-focused and neuromuscular control 

programs reliably reduce pain and restore function in 

clinical populations [2, 23, 26]. Grip-strength approaches 

also showed value, especially when direct loading was not 

tolerated [17, 27]. 

For healthy individuals, moderate-intensity loading 

produced the best biomechanical outcomes. It offered a 

good balance between EMG activation and torque 

generation [32, 33]. This intensity range improves 
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neuromuscular efficiency and strength while reducing 

fatigue and tissue strain. In contrast, high intensity loading 

increased tendon stress [36], which makes it less suitable 

for general strengthening. 

High-intensity programs that include proprioceptive 

and eccentric components are most effective for meeting 

athletic performance needs. Athletes saw benefits such as 

improved tendon stiffness, increased power output, and 

lower injury rates, with a greater than 50% drop in 

throwing-related injuries among baseball pitchers [18]. 

TRX-based and neuromuscular training also improved 

proprioceptive ability [19]. However, these programs need 

supervision and gradual load increases because of their 

higher mechanical demands and related injury risks. 

Despite generally positive outcomes, there are still 

significant inconsistencies in the literature. Studies varied 

in their training protocols, population characteristics, and, 

importantly, in how they defined “high and moderate” 

intensity. Differences in EMG, ROM, and torque 

measurement methods also make it hard to compare studies 

directly. These inconsistencies show that there is a lack of 

standardized criteria and a need for more consistent 

methods in future research. 

 

Clinical Implications 

Exercise intensity must be individualized according to 

diagnosis, tissue tolerance, and stage of recovery. Low 

loads suit early rehabilitation, moderate loads support 

functional strengthening, and high loads should be reserved 

for prepared athletes under supervision, with careful 

progression to maintain safety. 

 

Future Research 

Future research should standardize intensity 

definitions, include long-term follow-up, and examine sex- 

and age-specific responses to loading. More precise 

biomechanical assessment, including 3D scapular motion 

and muscle activation, is needed, as well as development of 

sport-specific RTS criteria. 

 
 

Figure 2. Articles about injured joints per year, created with Microsoft PowerPoint and Excel. This figure illustrates the 

yearly distribution of published articles focusing on injured shoulder joints from 2000 to 2025. The number of publications 

remained relatively low and stable until 2017, followed by a noticeable upward trend starting in 2020. A significant spike is 

observed in 2024, which reflects a surge of research interest in rehabilitation and therapeutic approaches for shoulder injuries. 

This aligns with broader trends in sports medicine and musculoskeletal research emphasizing conservative, exercise-based 

treatments in recent years. 
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Figure 3. This slide presents the geographic distribution of studies on shoulder joint health across different population 

groups, created with Microsoft PowerPoint and Excel. Most of the research on injured joints comes from the United States 

and Denmark. Articles on athlete joints are more evenly distributed, with key contributions from Iran and the U.S. Studies on 

healthy joints were mainly conducted in Canada, the U.S., and South Korea. Together, the charts highlight global trends in 

shoulder joint research by country and population type. 

 

 
 

Figure 4. Shows the cumulative analysis of training parameters and outcomes across the reviewed literature, created with 

Microsoft PowerPoint and Excel. It demonstrates that most interventions utilized low to moderate intensity loads (69%), with 

a preference for multi-joint (integrated) exercises (58%) over isolated movements. Notably, 89% of the studies reported 

clinical improvement in pain, range of motion, or function, underscoring the high efficacy of these approaches. The data 

further suggests that conservative, functionally integrated loading strategies are most associated with positive rehabilitation 

outcomes. 
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Conclusions 

 This review notes that the intensity of physical 

exercise plays a key role in maintaining shoulder health, 

injury recovery, and overall performance. Low- and 

moderate-load programs, especially those focusing on 

shoulder blade stabilization and neuromuscular control, are 

most effective for people with injuries. At the same time, 

more intense training combined with proprioceptive 

training helps to increase strength and reduce the risk of 

injury in athletes. For uninjured individuals, moderate-

intensity exercise is most effective for optimizing muscle 

activity and control, and alternative indirect training 

ensures safety. These results emphasize the necessity of 

tailored, context-specific training programs. Future studies 

should explore long-term effects, establish standardized 

definitions of intensity, and create sport-specific return-to-

sport (RTS) protocols to support evidence-based practice. 

 

Abbreviations 

EMG: electromyography (muscle activity measurement) 

FITT principle: frequency, intensity, time, type (exercise 

prescription guideline) 

RCRSP: rotator cuff–related shoulder pain 

RCT: randomized controlled trial 

ROM: range of motion 

RTS: return to sport 

SAPS: subacromial pain syndrome 

SPADI: shoulder pain and disability index 

SST: simple shoulder test 

TRX: total resistance exercises (suspension training 

system) 
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