Supplementary Table S4. Feasibility assessment of quantitative pooling for shoulder-burden and burden-like outcome strata
This table covers all 27 studies included in the main synthesis. The n column refers to the number of studies within each candidate stratum, not participant sample size.
	Candidate outcome stratum
	Population stratum
	Outcome / case definition
	Recall or follow-up window
	Study design
	Studies in stratum
	n
	Pooling decision

	Shoulder pain history and GIRD/TROM comparison in professional players
	Sex not reported; professional volleyball players
	[bookmark: _GoBack]History of shoulder pain and glenohumeral internal rotation deficit. The pain-history group comprised players with shoulder pain causing absence from at least one match or training session.
	Shoulder pain history within previous 6 months; cross-sectional ROM assessment
	Cross-sectional comparative study
	Alqarni et al. (2022)
	1
	Not pooled; single study only. The selected pain-history and no-pain comparison groups were not interpreted as prevalence denominators.

	Shoulder pain prevalence and functional disability in adult competitive players
	Sex not clearly reported; Premier League / competitive players
	Shoulder pain prevalence and DASH-defined functional disability
	Point, 6-month, 12-month, and lifetime prevalence
	Cross-sectional prevalence study
	Bandpei et al. (2012)
	1
	Not pooled; single study only.

	Position-specific shoulder injury and pain/disability in elite youth male players
	Male; elite youth players
	Acute shoulder injury, chronic shoulder injury, and shoulder pain/disability by playing position
	Retrospective injury and symptom history
	Retrospective descriptive study
	Babaei Khorzoghi et al. (2021)
	1
	Not pooled; single study only and outcome was reported descriptively by playing position.

	Previous shoulder injury experience in competitive players
	Sex not clearly reported; competitive volleyball players
	Previous shoulder injury experience examined alongside shoulder ROM and dynamic stability
	Cross-sectional assessment with retrospective shoulder injury history
	Cross-sectional study
	Kim et al. (2023)
	1
	Not pooled; single study only. The outcome was burden-like injury-history information used with associated-factor measures rather than a standalone prevalence estimate.

	Previous shoulder injury history and rotator strength asymmetry in high-level players
	Male and female; high-level / professional volleyball players
	Previous shoulder injury history, ER/IR ratio, and shoulder strength asymmetry
	Cross-sectional assessment with retrospective shoulder injury history
	Cross-sectional laboratory study
	Hadzic et al. (2014)
	1
	Not pooled; single study only and shoulder history was used primarily as an associated-factor grouping variable.

	Suprascapular neuropathy in male high-level or professional players
	Male; high-level or professional volleyball players
	Latent, manifest, or severe suprascapular neuropathy
	Clinical and/or electrophysiological assessment
	Clinical cross-sectional studies
	Holzgraefe et al. (1994); Witvrouw et al. (2000)
	2
	Not pooled. Both studies addressed suprascapular neuropathy in male volleyball players, but they differed in diagnostic emphasis, sampling, and reported pathology definition, and the number of studies was below the minimum of three.

	Non-traumatic or self-reported shoulder pain in female high-school players
	Female; high-school volleyball players
	Non-traumatic shoulder pain or self-reported volleyball-related shoulder pain
	Mizoguchi et al.: previous 24 h during attacking or serving; Frisch et al.: retrospective shoulder pain history
	Cross-sectional / self-report survey
	Frisch et al. (2017); Mizoguchi et al. (2025)
	2
	Not pooled. This was one of the largest potentially comparable burden-like clusters, but the case definitions and recall windows differed, and the number of studies was below the prespecified minimum of three.

	Shoulder impingement syndrome in professional male players
	Male; professional players
	Shoulder impingement syndrome, posture, ROM, and shoulder-girdle strength
	Cross-sectional case-control assessment
	Case-control study
	Mousavi Sadati and Yazdani (2020)
	1
	Not pooled; selected case-control sample without a prevalence denominator.

	Previous shoulder injury history and rotator peak torque in young male players
	Male; youth / competitive players
	Previous shoulder injury history and peak torque of shoulder rotators
	Cross-sectional assessment with retrospective shoulder injury history
	Comparative cross-sectional study
	Nascimento et al. (2018)
	1
	Not pooled; single study only. Shoulder injury history was used as a comparison variable rather than a directly poolable burden estimate.

	Postero-superior impingement and GIRD-related pathology in male competitive players
	Male; competitive volleyball subgroup
	GIRD, PSI, training years, and shoulder pathology
	Cross-sectional clinical assessment
	Cross-sectional clinical study
	Schmalzl et al. (2022)
	1
	Not pooled; single study only.

	Shoulder pain and spike kinematics in collegiate players
	Male and female; amateur collegiate / competitive players
	Shoulder pain status and spike kinematics; selected pain and matched control groups
	Cross-sectional assessment grouped by shoulder pain status
	Cross-sectional biomechanical comparison study
	Shih and Wang (2019)
	1
	Not pooled; selected pain and control groups were not interpreted as prevalence denominators.

	Shoulder-related limited participation in NCAA female players
	Female; NCAA Division I players
	Shoulder-related musculoskeletal injury / limited participation in relation to swing volume
	Prospective season monitoring
	Prospective surveillance / load-monitoring study
	Wolfe et al. (2019)
	1
	Not pooled; single study only and outcome was limited participation rather than pain or injury prevalence.

	Anterior shoulder instability in competitive female players
	Female; competitive players
	Anterior shoulder instability and core muscular endurance
	Cross-sectional case-control assessment
	Case-control study
	Zandi et al. (2018)
	1
	Not pooled; selected case-control sample without a prevalence denominator.

	Prospective dominant-shoulder pain in adolescent male players
	Male; adolescent elite / training-centre players
	Dominant-side shoulder pain defined as NRS >3 during follow-up
	Prospective 16-week follow-up
	Prospective observational cohort study
	de Lira et al. (2023)
	1
	Not pooled; single study only.

	Prospective shoulder pain, injury, and functional disability in adult volleyball athletes
	Male and female; professional and masters-level players
	Shoulder pain defined as VAS >0; injury defined as at least 1 day of absence; shoulder-related functional disability defined as ASES <100
	Prospective 8-month follow-up across three seasons
	Prospective cohort study
	de Toledo et al. (2025)
	1
	Not pooled; single study only.

	Prospective dominant-side shoulder pain in high-level players
	Male and female; high-level volleyball players
	Dominant-side shoulder pain during the competitive season; preseason strength and morphostatic features
	Prospective 6-month follow-up
	Prospective cohort study
	Forthomme et al. (2013)
	1
	Not pooled; single study only. The outcome was prospective shoulder pain but differed from other cohorts in population, exposure window, and measured predictors.

	Shoulder problems and pain/dysfunction in collegiate club players
	Male and female; collegiate club players
	History of shoulder problems, shoulder pain/dysfunction, SST score, VAS score, and associated physical factors
	Cross-sectional assessment; previous season and shoulder-problem history
	Cross-sectional observational study
	Reeser et al. (2010)
	1
	Not pooled; single study only.

	All-complaints shoulder problems in male collegiate/professional players
	Male; NCAA Division I and professional / premier-league players
	OSTRC-defined shoulder problems, including pain, aching, stiffness, looseness, or other complaints; substantial problems defined by reduced training volume/performance or inability to participate
	Prospective weekly monitoring across three seasons
	Prospective repeated-measures prevalence study
	Skazalski et al. (2024)
	1
	Not pooled; single study only.

	Shoulder pain history, GIRD, ERG, and TROM asymmetry in professional/semi-professional players
	Male and female; professional / semi-professional players
	Shoulder pain history within the previous year with impact on strength and performance; GIRD, ERG, TROM, and TROM asymmetry examined in relation to pain
	Cross-sectional assessment; shoulder pain history during the previous year
	Cross-sectional study
	Sa et al. (2026)
	1
	Not pooled; single study only. Pain-history proportion was burden-like but was analysed primarily in relation to ROM variables.

	Self-reported shoulder injury and symptoms by spike technique
	Male and female; regional, national, and international competitive levels
	Self-reported shoulder injuries and shoulder symptoms in relation to spike technique; bow-and-arrow and circular techniques compared
	Online questionnaire conducted from December 2024 to February 2025
	Cross-sectional online questionnaire study
	Tilp et al. (2026)
	1
	Not pooled; single study only and outcome was technique-stratified self-report.

	Shoulder injury incidence and characteristics in elite male players
	Male; top-level / elite players
	Shoulder injuries, including prevalence, incidence, injury type, and volleyball action associated with injury
	Two-season follow-up
	Prospective descriptive epidemiological cohort study
	Wang and Cochrane (2001a)
	1
	Not pooled; single study only.

	Shoulder injury and/or pain with mobility, strength imbalance, and scapular asymmetry in elite male players
	Male; elite players
	Shoulder injury and/or pain associated with shoulder mobility, muscle imbalance, muscle weakness, and scapular asymmetry
	Cross-sectional assessment
	Small-sample cross-sectional / case-control-style functional assessment
	Wang and Cochrane (2001b)
	1
	Not pooled; single small study only and no compatible burden denominator for quantitative pooling.

	Shoulder injury history and rotator strength ratios in adolescent female players
	Female; adolescent club / competitive players
	Shoulder injury history and isokinetic peak torque ratios
	Cross-sectional assessment with retrospective shoulder injury history
	Cross-sectional study
	Stickley et al. (2008)
	1
	Not pooled; single study only and injury history was used mainly for group comparison.

	Shoulder pain and scapular/strength/capsular findings in competitive attackers
	Male and female; competitive volleyball attackers and recreational non-overhead controls
	Shoulder pain associated with muscular imbalance, scapular position, and capsular tightness
	Cross-sectional assessment grouped by shoulder pain status
	Case-control-type cross-sectional study
	Kugler et al. (1996)
	1
	Not pooled; selected pain-status groups and external controls were not interpreted as a prevalence denominator.

	Spike kinematics by shoulder injury history in elite players
	Male; elite players
	Spike kinematic differences between players with and without a history of shoulder injury
	Cross-sectional assessment grouped by shoulder injury history
	Cross-sectional biomechanical comparison / case-control-style grouping
	Mitchinson et al. (2013)
	1
	Not pooled; selected injury-history groups and biomechanical outcomes were not compatible with burden pooling.


Note. Pooling was considered feasible only when at least three studies shared the same population stratum, outcome/case definition, recall or follow-up window, study design, and compatible effect measure. Burden-like strata included shoulder status used as an outcome, grouping variable, or denominator; selected case-control or comparative groups were listed for transparency but were not interpreted as prevalence estimates. No stratum met the threshold for quantitative pooling. DASH, Disabilities of the Arm, Shoulder and Hand; SST, Simple Shoulder Test; VAS, visual analogue scale; OSTRC, Oslo Sports Trauma Research Centre; ASES, American Shoulder and Elbow Surgeons score; NRS, Numerical Rating Scale; ROM, range of motion; GIRD, glenohumeral internal rotation deficit; ERG, external rotation gain; TROM, total range of motion; PSI, postero-superior impingement; ER/IR, external/internal rotation; NCAA, National Collegiate Athletic Association.
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