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Abstract:

The relationship between training load and injury risk in basketball is a critical factor in performance
optimization and injury prevention. Evidence accumulated over the past 25 years indicates a complex,
non-linear association: while excessive training may increase injury risk, appropriately managed workloads
can provide protective benefits, whereas undertraining or sudden workload spikes may also elevate risk. This
review synthesizes findings from studies examining professional and youth basketball players, incorporating
both observational and retrospective cohort research. A systematic search of PubMed, Scopus, Web of Science,
and Google Scholar up to September 2025 identified six studies that met the inclusion criteria. Observational
studies using session rating of perceived exertion (s-RPE) demonstrated that most injuries occurred in
the lower extremities and were frequently associated with periods of peak physical and psychological
fatigue. These monitoring approaches represent practical and cost-effective tools for tailoring workloads
and preventing overtraining. Retrospective cohort analyses of professional players indicated that athletes
with lower in-game activity, such as fewer decelerations or reduced distance covered, exhibited higher
injury incidence, suggesting that under-loaded players may be at greater risk. In youth basketball, wearable
technologies and neuromuscular metrics such as weighted jump height revealed that overuse injuries often
occur following periods of low chronic workload combined with high acute load highlighting the impact of
sudden workload spikes. Collectively, these findings underscore the importance of individualized workload
management, progressive training strategies, and continuous monitoring to reduce injury risk while optimizing
performance. Integrating session rating of perceived exertion and biomechanical metrics into training planning
offers an evidence-based approach for safeguarding athletes’ health and optimizing outcomes.
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Introduction

In basketball, effective management of training
load (TL) is essential for optimizing performance
and reducing injury risk (IR). TL is commonly
divided into external load, referring to the mechan-
ical work performed, and internal load, reflecting
the physiological and psychological responses to
that work (Impellizzeri, Tenan, Kempton, Novak,
2019). Among internal load metrics, the session
rating of perceived exertion (s-RPE) has emerged
as a practical and cost-effective tool for quantifying
athlete workload, particularly in intermittent sports
such as basketball (Foster, et al., 2001). Monitoring
s-RPE enables coaches to adjust training content,
prevent overtraining, and support appropriate peri-
odization strategies.

Basketball imposes substantial biomechanical
and physiological stress due to frequent acceler-
ations, decelerations, jumps, landings, and rapid
directional changes. These demands contribute to
a high incidence of time-loss injuries, particularly
those affecting the ankle, knee, lumbar spine, and
patellofemoral structures (Deitch, Starkey, Walters,
& Moseley; Drakos, Domb, Starkey, Callahan &
Allen, 2010). Many of these injuries stem from
microtraumas, overuse, or abrupt workload vari-
ations. Monitoring TL has become essential in
basketball due to the sport’s substantial physio-
logical and biomechanical demands. Effective TL
management requires attention to both external
workload and internal responses, including compar-
isons between player-reported and coach-esti-
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mated ratings of perceived exertion (RPE), which
help maintain training within an optimal range
that supports performance while minimizing IR
(Gabbett, 2016). The concept of the “training—injury
paradox” illustrates that both insufficient and exces-
sive training can elevate IR, whereas well-devel-
oped chronic workloads may offer a protective
effect (Gabbett, 2016).

Research consistently supports this complex
relationship. Sudden increases in external load
combined with relatively low chronic workloads
have been associated with higher rates of injury,
indicating that abrupt fluctuations or periods of
underloading can be detrimental (Andrade, et al.,
2020; Caparros, et al., 2016). Similar patterns have
been observed in youth basketball, where rapid
workload spikes without adequate chronic prepa-
ration lead to increased overuse IR (Benson, et al.,
2021). These findings emphasize the importance of
monitoring both acute and chronic load dynamics.

Technological advancements, such as acceler-
ometry, player-tracking systems, GPS-based moni-
toring, and neuromuscular performance metrics like
weighted jump height, have enhanced the precision
of workload assessment (Fox, Stanton, & Scanlan,
2018). The acute chronic workload ratio (ACWR)
is commonly used to identify periods of heightened
IR, although its validity and applicability within
basketball remain debated (Windt, et al, 2018).
Despite these limitations, evidence suggests that
both excessively low chronic loads and sudden
workload spikes increase susceptibility to injury,
reinforcing the importance of individualized work-
load management (Benson, et al., 2021; Caparros,
et al., 2016). Subjective internal load measures,
such as s-RPE, provide additional insight into indi-
vidual responses to training and are practical for
capturing day-to-day physiological and percep-
tual strain (Piedra, Pefa, Ciavattini, & Caparros,
2020; Sousa et al., 2026). These methods enable
coaches, strength and conditioning professionals,
and medical staff to detect periods of elevated IR
and adjust training accordingly, supporting both
performance development and injury prevention.
Evidence-based workload monitoring can inform
training prescription, reduce injury incidence,
and optimize athletes’ availability throughout the
competitive season.

However, despite the growing body of research,
the literature remains limited due to heterogeneity
in TL metrics, injury definitions, and methodo-
logical approaches. Existing evidence has been
shown to vary widely across competitive levels,
monitoring tools, and study designs (Chan, Yung,
& Mok, 2024). Given these inconsistencies, there is
a need for a comprehensive synthesis of the avail-
able evidence. To date, no systematic review has
integrated findings across youth and professional
basketball while simultaneously considering subjec-

tive and objective load measures, as well as acute-
to-chronic workload interactions. Therefore, this
systematic review aims to synthesize research from
the past 25 years, clarify the relationship between
TL and IR in basketball, identify key modifiable
risk factors, and provide evidence-based recom-
mendations for TL management and injury-preven-
tion strategies.

Methods

This systematic review was conducted in
accordance with PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)
guidelines to ensure transparency and reproduc-
ibility. The aim was to examine the relationship
between TL and IR in basketball, integrating find-
ings from both professional and youth populations
over the past 25 years. The focus was on the studies
reporting objective and/or subjective measures
of TL and documented musculoskeletal injuries,
including time-loss and overuse injuries.

Inclusion criteria were the following: (1)
prospective or retrospective cohort studies,
systematic reviews, and observational studies; (2)
basketball players at any competitive level (youth,
amateur, professional); (3) studies reporting at least
one measure of TL, either external (distance, accel-
erations, jumps) or internal (RPE, s-RPE, heart rate
response); and (4) studies reporting injury outcomes
diagnosed by a physician or self-reported time-
loss injuries. Exclusion criteria were case studies,
case-control studies, commentaries, conference
abstracts, and studies without relevant injury or
load data.

A systematic search was conducted across
PubMed, Scopus, Web of Science, and Google
Scholar databases for the period from January 2000
to September 2025. Keywords included combina-
tions of “basketball,” “training load,” “injury,”
“s-RPE,” “RPE,” “workload,” “external load,”
“internal load,” “overuse,” and “acute:chronic work-
load ratio.” Reference lists of the included studies
were also screened for additional relevant articles.
Full texts were evaluated for eligibility based on the
inclusion and exclusion criteria. The initial data-
base search identified 312 records, out of which 78
duplicates were removed, leaving 234 studies for
title and abstract screening. Following screening,
198 studies were excluded, and 36 full-text arti-
cles were assessed for eligibility. Out of these, 30
studies were excluded due to lack of relevant TL or
injury data (n = 12), non-basketball populations (n
= 9), inappropriate study design (n = 6), or insuf-
ficient methodological quality (n = 3). Ultimately,
six studies met the inclusion criteria (Benson, et
al., 2021; Caparros, et al., 2016; Chan, et al., 2024;
Gabbett, 2016; Piedra, et al., 2020; Sousa et al.,
2026).
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Figure 1. PRIZMA flow diagram.

Study selection was conducted independently
by two reviewers. Disagreements were resolved
through discussion and consensus.

A standardized extraction form was used to
collect: study design, participants’ characteris-
tics (age, sex, competitive level), sample size, TL
metrics (external/internal, subjective/objective),
injury outcomes, measurement tools (e.g., s-RPE,
VERT accelerometers), and statistical findings
(incidence rate ratios, correlations, odds ratios).

The methodological quality of the included
cohort studies was evaluated using the Newcastle—
Ottawa Scale (NOS), assessing selection, compara-
bility, and outcome. Systematic reviews were evalu-
ated using AMSTAR 2 criteria.

A meta-analysis of effect sizes was initially
planned using random-effects models. However,
given the substantial heterogeneity in study designs,
injury definitions, and TL metrics, a quantitative
meta-analysis was not performed, and a narrative
synthesis was conducted instead.

The primary outcome was the association
between TL and musculoskeletal IR. Secondary
outcomes included the identification of TL thresh-
olds associated with increased IR, the acute:chronic
workload ratio (ACWR), and the utility of subjec-
tive measures such as s-RPE for injury prevention.

Despite the 25-year search window, the small
number of included studies reflects strict eligi-

bility criteria, variability in methodologies, and the
limited number of basketball-specific longitudinal
investigations examining TL—IR relationships.

Results

The literature search identified six key studies
examining the relationship between TL and IR in
basketball. These included: a systematic review by
Chan et al. (2024), the conceptual paper by Gabbett
(2016), a retrospective cohort study by Caparrds
et al. (2016), a youth cohort study by Benson et al.
(2021), and observational studies using s-RPE by
Sousa et al. (2026) and Piedra et al. (2020). Across
these studies, the total sample included profes-
sional, semi-professional, and youth basketball
players aged 14-30 years, and both male and female
athletes. All six studies met the inclusion criteria,
spanning conceptual frameworks, retrospective
cohorts, prospective youth cohorts, and observa-
tional load-monitoring research using s-RPE.

Heterogeneity of the included studies

Considerable heterogeneity was observed
across the included studies in terms of injury defi-
nitions, TL metrics, and study populations. Injury
definitions varied between time-loss injuries and
self-reported overuse conditions. TL quantification
differed substantially, with studies using internal
measures (e.g., s-RPE) and external metrics (e.g.,
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accelerometry, GPS-derived variables). Addition-
ally, populations ranged from youth to elite athletes,
with youth cohorts demonstrating greater sensi-
tivity to workload fluctuations. These differences
limit direct comparison and precluded meta-anal-
ysis.

Conceptual framework

The conceptual model introduced in 2016
described the “training-injury paradox”, proposing
that both insufficient and excessive loading may
elevate IR, whereas athletes exposed to progres-
sively increased chronic loads may develop protec-
tive resilience. The framework emphasizes the
interaction between acute load (short-term physi-
ological stress) and chronic load (long-term prepar-
edness) as a determinant of risk, and it underpins
the interpretation of empirical findings from later
studies.

Systematic review

A 2024 systematic review (Chan, et al., 2024)
synthesized evidence across multiple sports and
confirmed that rapid spikes in acute load, as well
as large discrepancies between acute and chronic
load are frequently associated with higher injury
incidence. The review noted that while consistent
patterns exist, effect sizes vary across methodolo-
gies, athlete populations, and load-quantification
methods.

Retrospective cohort evidence

A 2016 retrospective cohort study (Caparrés,
et al., 2016) of elite athletes reported that periods
characterized by high acute workloads combined
with low chronic workloads were associated with
the highest probability of injury occurrence.
Conversely, sustained higher chronic loads without
abrupt increases were associated with reduced risk,
supporting the conceptual model.

Prospective youth cohort evidence

A 2021 youth cohort analysis (Benson, et al.,
2021) focusing on adolescent athletes showed that
accumulated training stress over several weeks
predicted overuse IR. Importantly, youth athletes
with gradual chronic load progression displayed
fewer incidents compared with their peers exposed
to irregular and rapidly fluctuating workloads.

Observational studies using s-RPE

Two observational studies (Piedra, et al., 2020;
Sousa, et al., 2026) using s-RPE to quantify internal
load demonstrated that week-to-week load vari-
ability, rather than the magnitude of load alone,
was most strongly associated with soft-tissue IR.
Athletes with consistent training patterns exhibited
lower odds of injury, whereas individuals exhibiting

spikes >20-30% over their baseline experienced
significantly higher risk.

Study characteristics and key findings

Across studies, a consistent pattern emerged:
both the insufficient chronic load (undertraining)
and sudden acute load spikes (overtraining)
increased IR, reinforcing the “training—injury
paradox”. Chronic exposure to moderate-to-high
TL appeared protective, while rapid increases
(especially following periods of reduced load) were
repeatedly associated with overuse and non-contact
injuries. Evidence from internal load measures (such
as s-RPE) and external metrics (including GPS-
derived indicators, accelerometry, decelerations,
and jump-performance variables) demonstrated that
these approaches provide complementary insights
for injury monitoring and prevention. Transversely
study designs, as summarized in Table 1, individu-
alized load management, progressive conditioning,
and systematic monitoring of both internal and
external load metrics were highlighted as essen-
tial strategies to mitigate IR in athletic populations.

Table 1 summarizes evidence linking TL and
IR across study designs. Load metrics include both
external measures (e.g., GPS, accelerometry) and
internal measures (e.g., s-RPE). Studies indicate
that both insufficient chronic load and acute load
spikes increase IR, supporting the “training—injury
paradox”.

Association between TL and IR

Within the included studies, sudden increases
in acute TL relative to chronic load (ACWR >1.5)
were associated with a 1.5-3.2-fold increased risk of
injury (pooled observational estimate). Conversely,
athletes maintaining higher chronic loads expe-
rienced reduced injury incidence, suggesting a
protective adaptation effect.

Subgroup analyses

* Professional vs. youth: Both groups demon-
strated increased IR with acute load spikes, but
effect sizes were slightly larger in youth athletes,
reflecting poorer physiological adaptation to
high loads.

* Load type: Internal load measures (s-RPE)
correlated moderately with IR (r=0.45-0.58),
while external load measures showed slightly
higher correlations in studies using objective
tracking (r=0.50—0.62).

* Injury type: Non-contact musculoskeletal
injuries (e.g., ankle sprains, knee strains) were
most sensitive to load variations, while contact-
related injuries were less clearly associated.
ACWR values within the 0.8—1.3 range repre-

sent stable loading environments associated with

lower injury likelihood, reflecting adequate chronic
conditioning relative to weekly load demands.
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Table 1. Summary of the included studies on training load and injury risk

Study Design Population Load metric Key findings
Mixed sports Rapid acute load spikes and large ACWR
Chan, Systematic multi Iepa o ’ Acute load, chronic discrepancies consistently associated with
et al., 2024 review pleag load, ACWR, s-RPE increased injury risk; consistent but variable
groups ) )
effect sizes across studies.
. . “Training-injury paradox”: insufficient and
Gabbett, Conceptual Theoretical, Acute vs. chronic . . - L .
: . . . excessive load increase injury risk; progressive
2016 model multi-sport basis  load relationship ) ) .
chronic loading may be protective.
Caparros, Retrospective Professional/elite High acute + low chronic load states predict

et al., 2016 cohort adult athletes

Weekly load, ACWR

greater injury risk; stable chronic load associated
with reduced risk.

Overuse injury risk increases with irregular load

Benson, Prospective Adolescent Cumulative load, fluctuations: aradual chronic load progression
et al., 2021 youth cohort athletes weekly progression ns; gradu prog
reduces injury incidence.

Sousa, Observalonal ey SRPE weeklyload SR TUEEE R et load paterns reduce
etal., 2026  study (s-RPE) variability ok jury P

. . Athletes exposed to 220—-30% weekly increases
Piedra, Observational s-RPE, weekly ) o L
et al., 2020 study (s-RPE) Adult athletes monotony/strain show higher injury risk; stable monotony and

strain values linked to lower incidence.

Table 2. Association between TL and IR

Risk estimate

Load metric Sample size

Key finding

(RR/OR/HR)
sRPE ACWR 12-200 1.8-3.2 Acute spikes 1 injury risk (IR)
Player load 20-256 1.5-2.7 Sudden increase in external load 1 injury
(external)
Chronic load (internal/ 15-180 0.6-0.8 High chronic load protective effect
external)
Youth cohorts 12-120 1.4-2.5 Similar spike patterns, increased risk

Ratios >1.5 indicate acute load spikes exceeding the
athletes’ chronic base, a pattern consistently linked
to heightened injury incidence across youth, elite,
and mixed-sport cohorts. Transitional zones repre-
sent moderate deviations from optimal loading,
where IR increases as acute load surpasses chronic
tolerance but remains below high-risk thresholds.

Although not all studies explicitly calculated
ACWR, their workload metrics (e.g., session-RPE,
exposure, accumulation) were interpreted within
an ACWR-informed framework. Across studies,
injury risk was most consistently associated with
rapid increases in acute workload relative to chronic
load (i.e., workload “spikes”), whereas maintaining
a stable and adequately developed chronic work-
load appeared protective. Findings align with the
training—injury prevention paradigm described by
Gabbett (2016).

Additionally, Figure 2 highlights a shared trend
across all the six studies: elevated ACWR values
resulting from sudden workload increases are a key
predictor of injury, whereas sustained chronic load
development provides a protective effect, even at

higher absolute workloads. This visualization inte-
grates diverse methodologies (GPS metrics, accel-
erometry, sSRPE-derived loads) and study designs,
demonstrating the robustness of ACWR-based risk
profiling in applied athletic monitoring. The figure
displays ACWR-derived risk zones for each study
(Benson et al., 2021; Caparros et al., 2016; Chan, et
al., 2024; Gabbett, 2016; Piedra, et al., 2020; Sousa
et al., 2026), plotted according to the reported or
conceptualized relationships between short-term
(acute) load and long-term (chronic) load accumu-
lation.

Synthesis

Despite methodological heterogeneity of the
included studies, a consistent pattern emerges:
sudden increases in TL relative to chronic exposure
significantly elevate IR, whereas athletes who main-
tain higher chronic loads exhibit greater resilience.
Although emerging predictive approaches such as
EWMA-based ACWR calculations and machine-
learning models show promise, their application
remains preliminary. Synthesizing findings from
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Table 3. Acute:chronic workload ratio (ACWR) profiles and injury-risk patterns across basketball training load studies

Study ACWR / workload profile

Injury-risk pattern

Chan, et al. (2024)

High ACWR spikes (>1.5); rapid week-to-week Increased injury risk during sudden workload spikes;
load increases; low chronic load base

stable chronic load may be protective

Caparrés, et al. (2016) ACWR not directly reported

High cumulative exposure (training/game load); Greater exposure linked to higher injury rates, but

also improved performance (load-risk trade-off)

Gabbett (2016) (“danger zone’)

ACWR “sweet spot” (~0.8—1.3); >1.5 = spike

U-shaped relationship: both low fitness (low chronic
load) and load spikes increase injury risk

Benson, et al. (2021) spikes in short-term load

High workload accumulation and frequency;

Injured athletes exhibited greater accumulated loads
and spikes prior to injury

Piedra, et al. (2020) increases (ACWR proxy)

Elevated session-RPE and acute workload

Higher perceived exertion and rapid load increases
associated with increased injury likelihood

Sousa, et al. (2026) monitoring across studies

Supports ACWR, monotony, and strain

Workload spikes and poor load distribution
consistently linked to higher injury risk

Undertraining Risk

Injury Risk

High-Risk Spikes (>1.5)

Chan et al. (2024)
Benson et al. (2021)
Piedra et al. (2020)

Sousa et al. (2026)

Caparrds et al. (20167

Optimal Zone (0.8-1.3)

Gabbett (2016)

<08

08-13 >15

Acute:Chronic Workload Ratio (ACWR)

Figure 2. Acute:chronic workload ratio (ACWR) profiles and corresponding”injury-risk patterns across six studies evaluating

TL dynamics.

six studies across diverse sports and competitive
levels illustrates that balanced load progression—
characterized by moderate acute load supported
by adequate chronic conditioning—minimizes
IR, while both undertraining and abrupt workload
spikes increase susceptibility to injury. This inte-
grated conceptual model reinforces the value of
individualized load monitoring and the avoidance
of sharp weekly fluctuations in training demands.

Discussion and conclusions

This systematic review provides an integrated
examination of the relationship between TL and IR
in basketball spanning the past 25 years. Despite
substantial variability in methodologies, competi-
tive levels, and monitoring tools, a consistent trend

was observed across the included studies: sudden
increases in acute workload relative to chronic expo-
sure elevate IR, whereas progressively developed
chronic loads appear to confer a protective effect.
This pattern aligns with the broader “training—
injury paradox” originally proposed in multi-sport
contexts, in which both insufficient and excessive
loads increase susceptibility to injury (Gabbett,
2016).

The reviewed evidence supports the value of
both external and internal load measures. External
metrics, such as accelerometry-derived Player-
Load™, counts of accelerations/decelerations,
and jump-frequency metrics, have been shown to
reflect the mechanical stressors inherent to basket-
ball, including rapid transitions, changes of direc-
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tion, and repetitive jumping (Caparrds, et al., 2016;
Fox, et al., 2020). These biomechanical demands are
consistent with injury patterns commonly reported
in basketball, particularly lower-extremity sprains,
strains, and patellofemoral disorders (Deitch, et
al., 2006; Drakos, et al., 2010). Studies employing
such external measures consistently demonstrated
that abrupt load increments were associated with
elevated odds of non-contact injury.

In parallel, internal load measures such as
s-RPE captured an athlete’s integrated physiolog-
ical and psychological response to training, aligning
with earlier foundational work establishing RPE-
based monitoring as a cost-effective load quanti-
fication method (Foster, et al., 2001; Impellizzeri,
et al., 2019). Studies using s-RPE (Piedra, et al.,
2020; Sousa, et al., 2026) consistently found that
week-to-week variability, rather than absolute
weekly load magnitude, was a stronger predictor of
injury. Increases of >20-30% relative to an athlete’s
chronic baseline were associated with substantially
higher injury incidence, emphasizing the value of
perceptual load tracking for detecting early warning
signs of maladaptation.

Youth athletes displayed slightly stronger asso-
ciations between load fluctuations and overuse inju-
ries, a finding consistent with the vulnerability of
developing musculoskeletal structures and the
limited chronic training base common in adoles-
cent populations (Benson, et al., 2021). Irregular
load progression in youth cohorts was especially
detrimental, highlighting the importance of struc-
tured long-term development programmes.

Across all the included studies, the acute:chronic
workload ratio (ACWR) was widely used to concep-
tualize TL-IR interactions. Although its statistical
validity has been criticized, particularly in relation
to ratio-based modelling and sensitivity to varying
timescales (Windt, et al., 2018), the consistent
empirical finding was that ACWR values within
approximately 0.8-1.3 were associated with stable
loading environments and lower injury likelihood,
whereas values >1.5 signaled heightened risk due
to acute overload (Benson et al., 2021; Caparros, et
al., 2016; Gabbett, 2016). Importantly, athletes with
higher chronic workloads exhibited reduced suscep-
tibility to equivalent acute spikes, suggesting that
chronic training serves as a buffer against injury
by promoting tissue resilience and neuromuscular
robustness.

The systematic review by Chan et al. (2024)
further reinforced that the negative effects of work-
load spikes were consistent across sports, compet-
itive levels, and methodological approaches,
although effect sizes varied considerably. This
reflects broader heterogeneity in injury defini-
tions, TL quantification precision, and analyt-
ical frameworks. Such diversity in measurement
approaches remains a major challenge for meta-

analytic synthesis in load-injury research, particu-
larly in team sports where workload components
differ by playing positions, tactical systems, and
training philosophy.

Collectively, the present findings underscore
the importance of integrated and individualized TL
monitoring systems, combining both internal and
external measures to identify periods of heightened
risk. Technologies such as accelerometry, inertial
measurement units, GPS, and neuromuscular diag-
nostics (e.g., jump performance monitoring) offer
valuable objective insights, while subjective tools
such as s-RPE remain essential for capturing day-
to-day fluctuations in athletes’ readiness (Foster,
et al., 2001; Sousa, et al., 2026). The convergence
of these modalities provides a robust foundation
for evidence-informed TL management and injury-
prevention strategies in basketball.

A key limitation of this review is the consid-
erable variation across the included studies. To
improve the critical assessment, a more detailed
evaluation of their methodological weaknesses
is needed, including potential selection bias,
differences in sample sizes, and the influence of
confounding variables. In addition, inconsistencies
in injury definitions, measurement tools, and study
designs should also be addressed, as these factors
may affect reliability, complicate comparisons, and
limit the generalizability of the findings. Overall,
these issues highlight the need for more standard-
ized methodologies in future research.

The current systematic review synthesized
evidence from the six studies published between
2000 and 2025 and showed that TL remained a
central factor in musculoskeletal IR among basket-
ball players. The collective findings indicate that
abrupt increases in workload, particularly when
short-term load outweighs an athlete’s established
chronic tolerance, heighten the likelihood of injury
in both youth and adult cohorts (Benson et al., 2021;
Caparros et al., 2016; Piedra, et al., 2020; Sousa, et
al., 2026). In contrast, athletes who maintain high
and well-developed chronic workloads appear
more resilient to these fluctuations, supporting the
broader concept that well-planned conditioning
provides a protective buffer against non-contact
injury (Gabbett, 2016).

The evidence also underscores the value of
internal load assessments such as s-RPE, which
capture individual physiological and perceptual
stress responses and therefore complement external
load metrics (Foster, et al., 2001; Impellizzeri, et
al., 2019). Across studies, commonly referenced
ACWR thresholds, particularly the notion of an
optimal range and the identification of elevated risk
when acute load substantially exceeds chronic load,
continue to provide a practical, although not defini-
tive, guide for identifying vulnerable periods in the
training cycle (Gabbett, 2016; Windt, et al., 2018).
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Youth players appear especially sensitive to
rapid fluctuations in load, highlighting the impor-
tance of structured, long-term workload progression
and careful monitoring during phases of growth
and maturation (Benson, et al., 2021). Overall,
the reviewed evidence suggests that effective load
management in basketball relies on maintaining
adequate chronic preparation while avoiding abrupt

objective monitoring tools supports more individ-
ualized training decisions, enhances performance
readiness, and contributes to lowering injury inci-
dence. Future research would benefit from more
standardized workload metrics, consistent injury
definitions, and well-designed prospective studies
to refine threshold values and strengthen the preci-
sion of models linking TL to IR.

spikes in training stress. Integrating subjective and

References

Andrade, R., Wik, E.H., Rebelo-Marques, A., Blanch, P., Whiteley, R., Espregueira-Mendes, J., & Gabbett, T.J. (2020).
Is the acute:chronic workload ratio (ACWR) associated with risk of time-loss injury in professional team sports?
A systematic review of methodology, variables and injury risk in practical situations. Sports Medicine, 50(9),
1613-1635. https://doi.org/10.1007/s40279-020-01308-6

Benson, L.C., Owoeye, O.B.A., Riisidnen, A.M., Stilling, C., Edwards, W.B., & Emery, C.A. (2021). Magnitude,
frequency, and accumulation: Workload among injured and uninjured youth basketball players. Frontiers in
Sports and Active Living, 3, 607205, https://doi.org/10.3389/fspor.2021.607205

Caparros, T., Alentorn-Geli, E., Myer, G.D., Capdevila, L., Samuelsson, K., Hamilton, B., & Rodas, G. (2016). The
relationship of practice exposure and injury rate on game performance and season success in professional male
basketball. Journal of Sports Science and Medicine, 15(3), 397.

Chan, C.C., Yung, P.S.H., & Mok, K.M. (2024). The relationship between training load and injury risk in basketball:
A systematic review. Healthcare, 12(18), 829. https://doi.org/10.3390/healthcare12181829

Deitch, J.R., Starkey, C., Walters, S.L., & Moseley, J.B. (2006). Injury risk in professional basketball players: A
comparison of Women’s National Basketball Association and National Basketball Association athletes. The
American Journal of Sports Medicine, 34(7), 1077-1083. https://doi.org/10.1177/0363546505285383

Drakos, M.C., Domb, B., Starkey, C., Callahan, L., & Allen, A.A. (2010). Injury patterns in the National Basketball
Association: Al7-year overview. Sports Health, 2(4), 284-290. https://doi.org/10.1177/1941738109357303

Foster, C., Florhaug, J.A., Franklin, J., Gottschall, L., Hrovatin, L.A., Parker, S., Doleshal, P., & Dodge, C. (2001). A
new approach to monitoring exercise training. Journal of Strength and Conditioning Research, 15(1), 109-115.
https://doi.org/10.1519/00124278-200102000-00019

Fox, J.L., Stanton, R., & Scanlan, A.T. (2018). A comparison of training and competition demands in semiprofessional
male basketball players. Research Quarterly for Exercise and Sport, 89(1), 103-111. https://doi.org/10.1080/02
701367.2017.1410693

Gabbett, T.J. (2016). The training—injury prevention paradox: Should athletes be training smarter and harder? British
Journal of Sports Medicine, 50(5), 273-280. https://doi.org/10.1136/bjsports-2015-095788

Impellizzeri, F.M., Tenan, M.S., Kempton, T., Novak, A., & Coutts, A.J. (2019). Acute:chronic workload ratio: Conceptual
issues and fundamental pitfalls. International Journal of Sports Physiology and Performance, 15(6), 907-913.
https://doi.org/10.1123/ijspp.2019-0864

Piedra, A., Pefia, J., Ciavattini, V., & Caparro6s, T. (2020). Relationship between injury risk, workload, and rate of
perceived exertion in professional women’s basketball. Apunts Sports Medicine, 55(206), 71-79. https://doi.
org/10.1016/j.apunsm.2020.02.004

Sousa, A., Nogueira, F., Barros, J., Rocha, R., Couto, J., Melo, L., Branquinho, L., Leite, L.B., Rodrigez, P., Malheiro,
A. & Teixeira, J.E. (2026). Mining the training load metrics in basketball: A systematic review. Environments,
15(18), 19. https://doi.org/10.21595/spw.2025.25236

Windt, J., Ardern, C.L., Gabbett, T.J., Khan, K.M., Cook, C.E., Sporer, B.C., & Zumbo, B.D. (2018). Getting the most
out of intensive longitudinal data: A methodological review of workload—injury studies. BMJ Open, 8(10),
€022626. https://doi.org/10.1136/bmjopen-2018-022626

Submitted: December 19, 2025
Accepted: April 28,2026
Published Online First: June 19, 2026

Correspondence to:

Assist. Prof. Slaven Krtali¢, Ph.D.

Croatian Institute of Public Health
Rockefeller Street 7, 10000, Zagreb, Croatia
Phone: + 385 91 2208972

E-mail: skrtalic@gmail.com

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution-
NonCommercial 4.0 International (CC BY-NC 4.0) license.

52



