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THE IMPACT OF SHOULDER ROTATIONAL ENDURANCE AND GLENOHUMERAL INTERNAL ROTATION ON WRITING SPEED AMONG COLLEGE STUDENTS: AN OBSERVATIONAL STUDY



ABSTRACT
[bookmark: _GoBack]BACKGROUND AND OBJECTIVE: Handwriting proficiency remains essential for academic success, requiring coordinated fine motor control, upper limb endurance, and optimal shoulder joint function. The shoulder complex provides critical proximal stability for efficient handwriting performance, yet the specific relationships between shoulder rotational endurance, glenohumeral internal rotation, and writing speed remain inadequately investigated in college populations. This study aimed to examine the correlations between shoulder rotational endurance, glenohumeral internal rotation range of motion, and handwriting speed among college students.
METHODOLOGY: An observational cross-sectional study recruited 100 college students aged 18-25 years following predetermined inclusion and exclusion criteria. Comprehensive demographic data were collected including age, anthropometric measurements, gender, and hand dominance. Handwriting speed was quantified using the standardized Word Per Minute (WPM) test, shoulder rotational endurance was assessed via the Shoulder Endurance Test (SET), and glenohumeral internal rotation was measured using universal goniometry techniques. Statistical analyses were performed using SPSS version 21.0, with data normality verified through Kolmogorov-Smirnov testing and Pearson correlation coefficients calculated to determine variable associations.
RESULTS: The study included 100 participants (30 males, 70 females) with mean age 19.61 ± 1.79 years, and handwriting speed 25.96 ± 4.84 words per minute. Mean shoulder endurance was 60.65 ± 22.32 seconds, while dominant hand internal rotation averaged 62.77 ± 6.10 degrees. Statistically significant positive correlations were identified between handwriting speed and shoulder endurance (r = 0.248, p = 0.013) and between handwriting speed and dominant hand glenohumeral internal rotation (r = 0.366, p = 0.010). 
CONCLUSION: Enhanced shoulder muscle endurance and improved internal rotation mobility are associated with increased writing speeds, establishing the importance of proximal upper limb function in fine motor task performance. 
KEYWORDS: Shoulder endurance, Glenohumeral internal rotation, Writing speed, College students, Upper limb function, Academic performance.

INTRODUCTION
Handwriting remains one of the most fundamental and distinctive aspects of human cultural development, serving as a cornerstone for academic achievement, professional communication, and daily functional activities. Despite the increasing digitization of modern society, the ability to produce legible, efficient handwriting continues to be crucial for students’ at all educational levels, directly correlating with academic success and the capacity to effectively communicate knowledge across various subjects. Research consistently demonstrates that handwriting speed significantly influences student achievement regardless of individual ability levels, making it an essential skill that warrants comprehensive investigation and understanding.1
The complex neuromotor process of handwriting involves intricate coordination between multiple physiological systems, requiring seamless integration of cognitive processing, visual-motor coordination, and precise musculoskeletal control. This multifaceted skill depends on numerous interconnected factors, including neuromuscular coordination, fine motor control, postural stability, anatomical considerations of the upper extremity, overall health status, cognitive capacity, and environmental factors such as writing instruments and surface characteristics. Effective handwriting performance fundamentally relies on the coordinated function of the entire kinetic chain, with particular emphasis on the proximal stabilization provided by the shoulder complex to enable optimal distal motor control.1,2
From a biomechanical perspective, successful handwriting execution depends primarily on coordinated movements of the forearm and shoulder girdle, while minimizing excessive compensatory movements at the fingers and wrist joints. The shoulder complex serves as the foundational platform for upper limb stability, creating the necessary proximal control that allows for precise distal movements required in handwriting tasks. This proximal-to-distal control principle underscores the critical importance of shoulder girdle stability in facilitating optimal motor control during precision-demanding activities such as writing.1,3
The kinetic chain concept provides valuable insight into understanding handwriting biomechanics, emphasizing the kinematic interconnection between proximal and distal segments of the upper extremity. Even during tasks where direct shoulder involvement appears minimal, research indicates increased activation of primary shoulder stabilizers during intensive hand activities, attributed to the co-activation patterns between proximal and distal muscle groups. This relationship highlights how shoulder dysfunction can create cascading effects throughout the entire upper limb kinetic chain, potentially compromising handwriting performance and efficiency.3
Among the various factors influencing shoulder function during handwriting tasks, shoulder endurance and glenohumeral internal rotation emerge as particularly critical components for achieving consistent, smooth handwriting movements. Shoulder endurance represents the ability of shoulder musculature, including the deltoid, rotator cuff complex, and scapular stabilizers, to maintain prolonged activity without experiencing premature fatigue. This endurance capacity is essential for sustaining proper upper limb posture and function during extended writing sessions commonly encountered in academic settings.4
Inadequate shoulder endurance can lead to several detrimental consequences affecting handwriting performance, including the development of compensatory movement patterns, increased energy expenditure, early onset of muscle fatigue, and subsequent deterioration in writing speed and quality. When shoulder muscles fatigue prematurely, the resulting breakdown in postural control and altered arm positioning forces the neuromuscular system to adopt less efficient compensatory strategies, ultimately compromising handwriting legibility and speed while potentially increasing the risk of overuse injuries.5,6
Glenohumeral internal rotation represents another crucial component of shoulder function that significantly influences handwriting biomechanics. This movement, characterized by inward rotation of the upper arm toward the body's midline, is essential for achieving optimal arm and hand positioning during writing tasks. Glenohumeral Internal Rotation Deficit (GIRD), typically defined as a loss of internal rotation exceeding 20 degrees in the dominant shoulder compared to the non-dominant side, has been extensively studied in athletic populations, particularly overhead athletes where it correlates strongly with injury risk and performance decrements.7
While GIRD has been well-documented in athletic contexts, its implications for everyday functional tasks such as handwriting remain poorly understood despite the potential for significant impact on upper limb mechanics during writing activities. Limitations in glenohumeral internal rotation could potentially alter normal upper extremity kinematics during handwriting, leading to suboptimal wrist positioning, compensatory trunk movements, and increased fatigue in distal joints including the wrist and fingers. These biomechanical alterations may progressively compromise handwriting efficiency and contribute to musculoskeletal discomfort during prolonged writing tasks.1,7
The relevance of understanding these relationships becomes particularly evident when considering the academic demands placed on college students, who routinely engage in prolonged writing activities that impose repetitive stress on the shoulder complex. The sustained nature of academic writing tasks, combined with often suboptimal ergonomic conditions, creates an environment where shoulder function deficits may significantly impact both academic performance and musculoskeletal health.7
Furthermore, effective note-taking, which relies heavily on adequate handwriting speed and endurance, has been shown to improve comprehension, listening skills, and overall study effectiveness. Students with superior handwriting speed demonstrate faster adaptation to academic demands and achieve higher academic grades, suggesting that optimizing the underlying biomechanical factors supporting handwriting performance could yield significant educational benefits.8
The investigation of relationships between shoulder rotational endurance, glenohumeral internal rotation, and handwriting speed represents a crucial step toward understanding the musculoskeletal foundations of academic performance. This knowledge holds important implications for developing evidence-based preventive strategies, ergonomic interventions, and rehabilitative approaches aimed at enhancing writing efficiency while reducing the risk of upper limb dysfunction among student populations. By elucidating how specific aspects of shoulder mechanics influence handwriting performance, this research contributes to the broader understanding of functional anatomy and its applications in educational and clinical settings.
METHODOLOGY
Study Design and Sample Size Calculation: This research employed an observational study design to investigate the potential correlation between shoulder endurance, glenohumeral internal rotation, and writing speed among college students. The sample size was calculated using the standard statistical formula: n = [(Zα/2)² ×σ²]/E², where Zα/2=1.96, σ=28.59, and E=6, based on reference values from Khushbakhat Butt et al. (2022).6 This calculation yielded an estimated sample size of 96 participants, though the study ultimately recruited 100 individuals to account for potential dropouts and ensure adequate statistical power. The study was conducted at Tejasvini Hospital Group of Institution, Mangalore, with the primary purpose of determining correlations between shoulder functional parameters and handwriting performance in young adults.
Participants and Recruitment: A total of 100 young individuals between the ages of 18 and 25 years were voluntarily recruited for the study, adhering to strict inclusion and exclusion criteria to ensure a well-defined and representative sample. The inclusion criteria specified that all participants must be healthy young adults within the 18-25 year age range, encompassing both males and females to provide gender representation in the study population. Exclusion criteria were carefully established to eliminate potential confounding variables, ruling out individuals with fractures or any deformity of the upper extremity, history of visual or hearing impairments, and presence of skin lesions or pathology in the dominant hand.3,9 These criteria ensured that all participants possessed the necessary physical and sensory capabilities to perform the required assessments accurately and safely.
Ethical Considerations and Data Collection Protocol: Prior to commencing any data collection procedures, informed consent was obtained from all participants to ensure they fully comprehended the nature of the study, the procedures involved, potential risks, and their right to withdraw at any point without facing any penalties. Once informed consent was secured, comprehensive descriptive data were collected from each participant, including age (years), weight (kilograms), height (meters), gender, and hand dominance. The data collection protocol was designed to systematically assess multiple variables including the Shoulder Endurance Test (SET), word per minute test results, and glenohumeral internal rotation measurements. After providing participants with a brief explanation of the study procedures, each individual completed the Hit the Dot test to establish hand dominance, followed by sequential assessment of handwriting speed, shoulder internal rotation range of motion, and shoulder rotational endurance capacity.
Hand Dominance Assessment: The Hit the Dot Test served as a well-established and reliable method for assessing hand dominance in this study population. An offline version of the test was utilized to evaluate participants' hand preferences under controlled conditions. The test procedure involved providing each participant with a printed worksheet featuring a series of blank circles arranged in systematic rows and columns. Participants were instructed to place a dot as accurately as possible in the center of each circle within a strict 30-second time limit, performing this task as quickly and accurately as possible using both dominant and non-dominant hands separately. The challenge required participants to demonstrate both speed and precision while maintaining consistent performance standards across both hands. Following completion of the test with each hand, the number of dots placed accurately in the center of the circles was counted, and total scores were calculated for comparative analysis. The hand achieving the higher score was designated as the dominant hand based on its superior performance in placing dots accurately and rapidly within the allocated time frame.10
Writing Speed Assessment: Writing speed was evaluated using a standardized word per minute test designed to assess handwriting efficiency under controlled conditions. All participants were provided with identical writing surfaces and standardized seating arrangements to minimize environmental variables that could influence performance. Each participant received a standardized ballpoint pen, an A4 sheet, and a printed paragraph serving as the source material for the writing task. The assessment protocol required participants to transcribe as many words as possible from the provided paragraph within a one-minute time period, emphasizing both speed and legibility in their handwriting performance. Following completion of the timed writing task, the total number of words successfully transcribed was carefully counted and recorded for subsequent statistical analysis, providing a quantitative measure of individual handwriting speed capabilities.3
Shoulder Endurance Assessment: The Shoulder Endurance Test (SET) was implemented to evaluate the rotational endurance capacity of the shoulder complex using a standardized protocol with specific positioning and resistance parameters. Participants were instructed to stand upright with their back positioned against a wall, barefoot, with the non-tested hand placed at the lumbar spine level (L4-L5) and the contralateral foot positioned forward for stability. The tested arm was positioned in 90° forward flexion while holding a one-meter long Thera-band that was securely fixed at shoulder height on a graduated measurement stick. The test protocol required participants to perform rhythmic pulling movements, transitioning the Thera-band from the starting position of 90° forward flexion to an ending position of 90° external rotation and 90° abduction (90°-90° position) at a cadence controlled by a metronome. Repetitions continued until participant fatigue was evident, indicated by either inability to maintain the prescribed pace or reach the ending position after two verbal cues, or verbal report of inability to continue. Thera-band resistance was standardized according to participant gender, with males using green Thera-bands (2.1 kg resistance) and females using red Thera-bands (1.7 kg resistance). The metronome cadence progressively increased every 20 seconds, beginning at 60 beats per minute and advancing through 90 bpm and 120 bpm stages before reaching a maximum of 150 bpm, which was maintained until test completion.5
Glenohumeral Internal Rotation Measurement: Shoulder internal rotation range of motion was assessed using standardized goniometric techniques to ensure accurate and reproducible measurements. The assessment focused on medial (internal) rotation of the shoulder, which occurs in the transverse plane around a vertical axis in anatomical position and transitions to the sagittal plane around a medial-lateral axis during the testing position. Normal range of motion expectations were established as 70-90° for the shoulder complex and 50-60° specifically for the glenohumeral joint. The measurement protocol positioned participants in supine lying with the shoulder abducted to 90° and the forearm maintained in a vertical position with the palm facing toward the feet. A supportive pad was placed under the humerus to ensure proper alignment with the acromion process, while manual stabilization was provided at the distal humerus and scapular region to prevent compensatory movements that could compromise measurement accuracy. The testing motion involved rotating the shoulder medially by moving the forearm forward while maintaining both shoulder and elbow positions at 90° throughout the entire range of motion. Goniometer alignment followed established protocols with the center fulcrum positioned over the olecranon process, the proximal arm aligned either perpendicular to or parallel with the floor, and the distal arm aligned with the ulna using the olecranon process and ulnar styloid as anatomical reference points.11
Statistical Analysis: All collected data underwent comprehensive statistical analysis using SPSS version 21.0 software to ensure accurate interpretation of results and appropriate statistical conclusions. Prior to conducting correlation analyses, data normality was assessed using the Kolmogorov-Smirnov test to determine the appropriate statistical approaches for the dataset. Since the data demonstrated normal distribution patterns, all demographic and outcome variables were expressed as means, standard deviations, and percentages to provide comprehensive descriptive statistics. To investigate the primary research objective of determining correlations between shoulder endurance, glenohumeral internal rotation, and writing speed, Pearson correlation coefficient analysis was employed due to the parametric nature of the data. The significance level for all statistical analyses was established at 95% confidence interval with p < 0.05 considered statistically significant, ensuring appropriate statistical rigor in interpreting relationships between the measured variables.
RESULTS
A total of 100 college students participated (30 males, 70 females) with mean age 19.61 ± 1.79 years. Hand dominance analysis revealed 98% right-handed and 2% left-handed participants (Table 2). Mean writing speed was 25.96 ± 4.84 words per minute, while shoulder endurance averaged 60.65 ± 22.32 seconds. Shoulder internal rotation measurements showed 63.23 ± 5.93 degrees for left shoulders and 62.74 ± 6.08 degrees for right shoulders, with dominant hand internal rotation averaging 62.77 ± 6.10 degrees (Table 1).
Pearson correlation analysis revealed statistically significant positive relationships between writing speed and both shoulder parameters (Table 3). Writing speed demonstrated a weak positive correlation with shoulder endurance (r = 0.248, p = 0.013) and a moderate positive correlation with dominant hand internal rotation (r = 0.366, p = 0.010). These findings indicate that participants with greater shoulder endurance and superior internal rotation range of motion consistently achieved higher handwriting speeds, establishing significant relationships between proximal shoulder function and fine motor writing performance (Figure 1).
	Variables
	Mean ± SD

	Age (Years)
	19.61 ± 1.79

	Height (cm)
	162.24 ± 9.18

	Weight (Kg)
	54.52 ± 12.67

	Writing Speed (words/min)
	25.96 ± 4.84

	Shoulder Endurance Test (sec)
	60.65 ± 22.32

	Shoulder Internal
Rotation (Degree)
	Left
	63.23 ± 5.93

	
	Right
	62.74 ± 6.08

	Dominant Shoulder Internal Rotation
(Degree)
	62.77 ± 6.10


Table 1: Demographic data of the study sample
	Variables
	Frequency (%)

	Gender
	Male
	30 (30%)

	
	Female
	70 (70%)

	Hand Dominance
	Right
	98 (98%)

	
	Left
	2 (2%)


Table 2: Frequency distribution table of participants’ gender and hand dominance
	Pearson Correlation
	Shoulder Endurance
	Dominant Side Shoulder Internal Rotation

	Writing Speed
	r Value
	Sig. (2-tailed)
	r Value
	Sig. (2-tailed)

	
	0.248
	0.013*
	0.366
	0.010*

	*Statistically significant positive correlation


Table 3: Correlation of shoulder endurance and dominant side internal rotation on writing speed

Figure 1: Shoulder Internal Rotation (IR) differences by hand dominance.
DISCUSSION
The primary objective of this study was to investigate the relationship between shoulder endurance, glenohumeral internal rotation, and writing speed among college students. The findings revealed statistically significant positive correlations between writing speed and both shoulder abduction endurance (r = 0.248, p = 0.013) and dominant side shoulder internal rotation (r = 0.366, p = 0.010). These results provide compelling evidence that shoulder joint function, encompassing both muscular endurance and internal range of motion, plays a meaningful contributory role in the execution of fine motor tasks such as handwriting.
Shoulder Endurance and Writing Performance: The statistically significant, albeit weak, correlation between shoulder endurance and writing speed observed in this study aligns with and extends previous research findings in this domain. Raut et al. (2021) conducted a comprehensive investigation examining the relationship between scapular muscle endurance and handwriting legibility in school children, revealing a moderate positive correlation (r = 0.5, p < 0.0001) between these variables. This finding suggested that enhanced shoulder endurance was significantly associated with improved handwriting performance outcomes. While the populations examined differ substantially college students in the current investigation versus school children in Raut et al.'s research, the underlying biomechanical principle remains remarkably consistent across age groups. The evidence consistently demonstrates that enhanced shoulder endurance contributes positively to handwriting task performance, supporting the fundamental concept that proximal muscle endurance, particularly within the shoulder girdle complex, plays a crucial and measurable role in facilitating fine motor skills such as handwriting.12
The observed weak yet statistically significant correlation in the current study reinforces existing literature while contributing valuable insights specific to the college student population. This finding is particularly relevant considering the prolonged writing demands placed on students in higher education settings, where sustained shoulder endurance becomes increasingly important for maintaining consistent writing performance throughout extended academic tasks. The correlation, while modest in magnitude, suggests that even relatively small improvements in shoulder muscle endurance may translate to observable enhancements in writing speed and efficiency.13,14
Glenohumeral Internal Rotation and Writing Mechanics: The current study demonstrates a moderate positive correlation between dominant shoulder internal rotation and writing speed, providing important insights into the biomechanical requirements of efficient handwriting. This relationship can be attributed to the essential biomechanical role of the glenohumeral joint in facilitating efficient upper limb movement patterns during writing activities. Greater internal rotation range of motion allows for more natural and biomechanically efficient posturing of the upper extremity, potentially reducing musculoskeletal strain and optimizing movement patterns throughout the kinetic chain. This enhanced positioning capability enables writers to maintain optimal arm and hand alignment while minimizing compensatory movements that could impede writing efficiency.
These findings resonate strongly with research conducted by Cross et al. (2023), who investigated the relationships between shoulder rotational strength, range of motion, pitching kinetics, and pitch velocity in collegiate baseball pitchers.4 Their study identified significant correlations between shoulder rotational strength and pitching performance, highlighting the critical importance of shoulder internal rotation in activities requiring precise and efficient upper limb movements. While their research focused specifically on athletic performance in baseball pitchers, the underlying biomechanical principles translate directly to fine motor tasks such as handwriting. Both activities require coordinated shoulder function to optimize distal segment performance, whether for athletic precision or academic productivity.13
The moderate correlation observed between internal rotation and writing speed suggests that adequate glenohumeral mobility is a prerequisite for optimal handwriting performance. Limited internal rotation may force writers to adopt compensatory postures or movement patterns that compromise efficiency and potentially contribute to fatigue during prolonged writing tasks. This has important implications for identifying students who may benefit from targeted interventions to improve shoulder mobility and subsequently enhance their academic performance through improved writing capabilities.
Demographic Considerations and Functional Variations: Gender and hand dominance distribution in this study followed expected demographic patterns, with 70% of participants being female and 98% demonstrating right-hand dominance. Interestingly, the data revealed a marginal increase in internal rotation range of motion among left-handed participants compared to their right-handed counterparts. While this difference was not the central focus of the investigation, it highlights important anatomical and functional variance between dominant and non-dominant limbs that is consistent with established literature. This observation aligns with findings from Mahnoor Jamil et al., who reported improvements in handwriting speed following intervention regardless of gender, though grip strength improvements were more prominent in males. These findings collectively suggest both anatomical and training-response variability across genders and dominance patterns, emphasizing the need for individualized approaches to handwriting performance enhancement.9
The predominance of right-hand dominance in the study population reflects typical population distributions and provides a solid foundation for understanding the relationship between shoulder function and writing performance in the majority demographic. However, the subtle differences observed in left-handed participants suggest that handedness may influence shoulder mechanics during writing tasks, warranting further investigation in future studies with larger left-handed cohorts.
Implications for Upper Limb Conditioning and Intervention: The findings of this study strongly support the value of upper limb strengthening and conditioning programs for improving writing performance, with several previous investigations corroborating this relationship. Khushbakhatt Butt et al. reported a moderate correlation between handgrip strength, endurance, and handwriting speed in young adults, emphasizing that improved physical attributes of the hand and forearm can positively influence writing performance outcomes.3 Similarly, Nilukshika et al. demonstrated a remarkable 21% improvement in handwriting speed following a structured 4-week upper limb exercise program. These findings collectively suggest that upper limb strength and coordination are directly and measurably associated with writing proficiency, providing a strong rationale for incorporating physical conditioning into academic performance enhancement strategies.15
The research conducted by Kamalanathan and Banu provides particularly compelling evidence for the effectiveness of targeted interventions. Their study investigated the impact of upper limb strengthening exercises on handwriting performance and revealed that participants who engaged in a structured regimen of upper limb strengthening exercises exhibited significantly greater improvements in handwriting speed compared to those who solely practiced writing activities. This finding underscores the critical role that physical strength, particularly in the shoulder muscles, plays in optimizing motor tasks such as handwriting.1
Clinical and Educational Implications: The shoulder muscles, as integral components of the upper limb kinetic chain, contribute substantially to motor control, coordination, and endurance during writing activities. This relationship supports the study's primary hypothesis that shoulder muscle endurance serves as a key component of upper limb function and exerts a direct and beneficial influence on writing efficiency. The findings highlight the importance of incorporating strength and endurance training into interventions aimed at improving fine motor skills, particularly for individuals who experience difficulty maintaining consistent writing speed and legibility over extended periods.
Scapular stability, while not directly measured in this study, has been demonstrated to play an important complementary role in writing mechanics. The research by Shivani Raut et al. investigating scapular muscle endurance found a moderate correlation (r = 0.5) with handwriting legibility, reinforcing the concept that proximal stability provided by both the scapula and shoulder facilitates optimal distal motor task performance.1 While the current study focused primarily on shoulder rotation and endurance rather than scapular function directly, it is reasonable to interpret that these systems are functionally interconnected and contribute synergistically to overall upper limb performance during writing tasks.
Practical Applications and Future Directions: The findings suggest that even modest improvements in shoulder muscle function and joint mobility may produce clinically meaningful gains in fine motor tasks such as handwriting. This observation has significant practical implications for physiotherapists and occupational therapists working with students or individuals whose academic or occupational performance is compromised by inadequate handwriting speed or endurance. Based on the evidence presented in this study and supporting literature, implementing targeted shoulder and upper limb strengthening programs can serve as an effective intervention strategy to enhance writing speed while potentially reducing writing-related fatigue and musculoskeletal strain.
The results also suggest valuable applications in educational settings, where writing demands are substantial and sustained. Incorporating upper limb conditioning exercises into educational curricula or providing targeted interventions for students demonstrating writing difficulties could yield significant improvements in academic performance and reduce the physical strain associated with prolonged writing activities. Future research should explore the optimal parameters for such interventions, including exercise specificity, duration, intensity, and frequency to maximize benefits for writing performance enhancement.
Limitations: Several limitations should be acknowledged when interpreting the findings of this study. The study population consisted exclusively of college students aged 18-25 years, which limits generalizability to other age groups or non-student populations. Notable demographic imbalances existed, including unequal gender distribution (70% female, 30% male) and minimal left-handed representation (2%), potentially affecting shoulder strength outcomes and preventing meaningful conclusions regarding hand dominance effects.
The cross-sectional design obtained measurements at a single point in time, failing to account for temporal variations such as fatigue, motivation, or daily performance fluctuations. The study did not evaluate other potentially influential factors including cognitive function, psychological stress, ergonomic setup considerations, or specific hand fine motor control capabilities. Finally, shoulder internal rotation measurements using a universal goniometer may have introduced minor inter-observer and intra-observer errors, potentially affecting measurement accuracy and correlation strength interpretation.
CONCLUSION
This study of 100 college students demonstrated statistically significant positive correlations between writing speed and shoulder endurance (r = 0.248, p = 0.013) and dominant hand internal rotation (r = 0.366, p = 0.010). The findings establish that shoulder functional parameters significantly influence handwriting performance, with enhanced shoulder endurance and greater glenohumeral internal rotation range of motion contributing to improved writing efficiency. These results provide evidence for developing targeted shoulder conditioning interventions to enhance academic performance and reduce writing-related musculoskeletal strain in college students.
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