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Abstract

certainty of its evidence base.

The claim that anterior cruciate ligament and other injury risk varies by menstrual cycle phase,
particularly around ovulation, has become widely repeated in sports medicine practice and media
coverage of women's sport. The underlying evidence base, however, is markedly heterogeneous: a large
majority of included studies estimate cycle phase by calendar counting alone rather than confirmatory
serum hormone assay, sample sizes are frequently small, and systematic reviews pooling this literature
report inconsistent direction and magnitude of effect across studies. This review synthesises the
case-control, cohort, and systematic review literature on menstrual cycle phase and injury risk in team
sport, examining specifically the methodological quality underlying a claim that has outpaced the
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Introduction

The claim that menstrual cycle phase, particularly proximity to
ovulation, meaningfully influences anterior cruciate ligament
and other injury risk in female team-sport athletes has become
widely repeated in sports medicine practice, athlete education
materials, and media coverage of women's sport. This claim
originates from a genuine and long-standing research
literature, beginning with early case-control studies finding a
higher proportion of ACL injuries occurring during specific
cycle phases, and continuing through systematic reviews
attempting to synthesise this growing but methodologically
heterogeneous evidence base [1,2,4].

The methodological quality underlying this literature
deserves close scrutiny precisely because of how widely the
underlying claim has been repeated. A substantial proportion
of the included studies estimate cycle phase using calendar

counting from self-reported cycle length alone, rather than

confirmatory serum hormone assay, a methodological
limitation multiple reviewers in this field have explicitly
flagged as a barrier to confident interpretation [5,11]. Sample
sizes across the primary literature are frequently small, and
systematic reviews pooling this literature report inconsistent
direction and magnitude of effect across the included studies

[4,5,6].

This review synthesises the case-control, cohort, and
systematic review literature on menstrual cycle phase and
injury risk in team sport, examining specifically the
methodological quality underlying a claim whose public and
clinical repetition has, in important respects, outpaced the
certainty of its underlying evidence base.
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Material and Methods

This is a narrative review rather than a systematic review
conducted against a pre-registered protocol. Sources were
identified through targeted searches of MEDLINE, Embase,
and SPORTDiscus, combined with forward and backward
citation tracking from the foundational menstrual cycle and
ACL injury-risk case-control literature, the systematic review
and meta-analytic literature pooling this evidence, and the
methodological standards literature for sport and exercise
research involving women. All percentages and effect
estimates reported here are taken directly from the cited
sources; none has been independently pooled, recalculated, or
extrapolated. Figure 1 sets out the two-stage screening logic
used to identify the roughly 30 sources informing this
synthesis; because this is a narrative rather than a completed
systematic search, the counts shown are illustrative rather than
a fully reproducible PRISMA accounting.
Screening logic used to identify the menstrual cycle and injury-risk literature

Records identified via
MEDLINE / Embase / SPORTDiscus
(n~565)

Screened on title/abstract
(n~222)
Full text assessed
(n~69)
Included in this narrative
synthesis (n=30)

Figure 1: Screening logic used to identify the menstrual cycle phase,
injury-risk, and methodological-standards literature informing this
synthesis (illustrative counts; not a completed systematic search).

Results

Most primary studies estimate cycle phase
without confirmatory hormone assay

A recurring methodological limitation across this literature is
how cycle phase is determined. A working guide for
methodological standards in sport and exercise research
involving women specifically recommends confirmatory
serum or urinary hormone assay over calendar-based
estimation alone, given the well-documented variability in
individual cycle length and the frequency of anovulatory
cycles even in eumenorrheic athletes [11]. Despite this
recommendation, the substantial majority of studies feeding
into this literature's systematic reviews rely on calendar
counting from self-reported last menstrual period alone [5].
Figure 2 sets out this reported verification-method pattern.
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Figure 2: Reported cycle-phase verification method across the menstrual
cycle injury-risk literature, drawn from the cited systematic review and
methodological-standards literature (illustrative synthesis) [5,11].

This methodological limitation is not a minor technicality:
a systematic review and meta-analysis of menstrual cycle
effects on exercise performance more broadly found that
studies using confirmatory hormone verification reported
systematically different, generally smaller and less consistent,
effects than studies relying on calendar estimation alone, a
pattern with direct relevance to interpreting the injury-risk
literature's mixed findings [13].

Systematic reviews report inconsistent
direction and magnitude of effect

The foundational systematic review in this specific area found
a trend toward greater ACL injury risk around the
periovulatory and early follicular phases across the included
studies, but explicitly noted substantial heterogeneity in both
direction and magnitude of effect across the underlying
primary studies, several of which found no significant
cycle-phase association at all [4]. A subsequent, more recent
systematic review and meta-analysis reached a similarly
qualified conclusion, finding a statistically significant but
modest association with considerable between-study
heterogeneity that the authors attributed substantially to
methodological variation in cycle-phase determination [5].
Figure 3 sets out reported relative ACL injury risk range by
cycle phase across the included studies.

eported relative ACL injury risk range by menstrual cycle phase across studies (
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Figure 3: Reported relative ACL injury risk range by menstrual cycle
phase across the primary case-control and cohort literature, drawn from
the cited systematic review synthesis (illustrative range, not a single
pooled estimate) [1,2,4,5,16].
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Individual primary studies illustrate this inconsistency
directly: a case-control study of recreational alpine skiers
found no significant association between cycle phase and ACL
injury risk when hormone-confirmed phase was used, while an
earlier calendar-based study in a different sporting population
reported a significant periovulatory association, a direct
contrast that itself illustrates how methodology can shape the
conclusion drawn from superficially similar study designs
[16,20].

Contraceptive use, performance context, and
the broader research landscape

An early study directly linking sex hormone levels to ACL
injury risk found the pattern held even when hormonal
contraceptive use was accounted for, an important control
given that oral contraceptive use itself alters the endogenous
hormone profile the injury-risk hypothesis depends on [3].
Subsequent work examining oral contraceptive use specifically
found mixed results: one case-control study of recreational
skiers found neither cycle phase nor contraceptive use
significantly predicted ACL injury risk, while an earlier study
in soccer players reported a protective association with oral
contraceptive use, illustrating the same cross-study
inconsistency already noted for cycle phase itself [19,21].
Contraceptive use has also been linked to altered muscle
stiffness across the cycle in controlled physiological studies,
another plausible, if resolved,

offering incompletely

mechanistic pathway distinct from ligament laxity alone [26].

Studies examining muscle strength, soreness, and joint
kinetics across the cycle add further mechanistic context
without resolving the underlying epidemiological uncertainty:
work linking oestradiol and progesterone to muscle strength
and soreness in football players, and a biomechanical study of
knee joint kinetics across the cycle, both found measurable
cycle-associated physiological variation, though a more recent,
methodologically rigorous review found no clear influence of
cycle phase on acute strength performance specifically,
underscoring that different outcome domains within this
broader research area show different degrees of consistency
[8,12,22]. An international current-concepts statement on
non-contact ACL injury in female athletes situated the
menstrual cycle hypothesis within the wider, multifactorial
injury-risk picture rather than treating it as a standalone
explanation, a framing later commentators revisiting the
gender bias in ACL injury research have reinforced [18,24].
Broader reviews of exercise performance across the cycle, and
of physiological responses to exercise specifically, together
with more recent work emphasising the importance of cycle
transitions rather than fixed phases alone, collectively suggest
the field is moving toward more nuanced, individually variable
models of cycle-related effects than the simple phase-based
injury-risk claim this review has examined [28,29,30].

Discussion

Three conclusions follow from this synthesis. First, the widely
repeated claim linking menstrual cycle phase to injury risk in
team sport rests on a genuine but methodologically
heterogeneous evidence base, with a substantial majority of
primary studies wusing calendar-based rather than
hormone-confirmed cycle-phase estimation [5,11]. Second,
systematic reviews pooling this literature consistently report a
modest average association accompanied by substantial
between-study heterogeneity, not the strong, consistent effect
the claim's public repetition sometimes implies [4,5]. Third,
studies using confirmatory hormone verification tend to report
smaller, less consistent effects than calendar-based studies,
suggesting some of the reported association may reflect
measurement imprecision rather than a genuine biological

effect of the magnitude sometimes claimed [13].

The practical implication is not that menstrual cycle phase
is irrelevant to injury risk, but that the evidence currently
supports a cautious, methodologically qualified statement
rather than the confident, cycle-timed training or competition
recommendations sometimes drawn from this literature in
practice.

Study limitations

This is a narrative review, not a systematic review conducted
against a pre-registered protocol, and the screening counts in
Figure 1 are illustrative rather than a fully reproducible
database accounting. The verification-method, risk-by-phase,
and sample-size figures synthesised in Figures 2 through 4 are
drawn from heterogeneous studies with different sports,
cycle-phase definitions, and injury-ascertainment methods,
and are presented as an illustrative synthesis rather than pooled
quantitative estimates.

Recommendations for future research

Three gaps stand out as priorities. First, larger prospective
cohort studies using confirmatory hormone assay to determine
cycle phase, rather than calendar estimation, are needed to
establish whether the modest pooled association reported in
existing systematic reviews reflects a genuine biological effect
or is substantially attenuated once measurement imprecision is
addressed [5,11,13]. Second, studies adequately powered at the
level of individual sports and injury types, rather than pooling
heterogeneous sports and injury definitions together, would
allow more sport-specific and injury-specific conclusions than
the current literature can support [6,7]. Third, prospective
work modelling cycle transitions rather than fixed discrete
phases, consistent with the more nuanced framing recent
commentary in this field has proposed, may better capture the
individually variable physiological pattern the emerging
literature increasingly underlies

suggests any genuine

injury-risk signal [30]. 3
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What this means for how the claim should be
framed in practice

The gap between how confidently this claim is often stated in
athlete-facing materials and coaching education, and how
genuinely uncertain the underlying evidence remains, is itself
worth naming explicitly. A claim repeated confidently enough,
often enough, can come to be treated as settled science
regardless of the strength of its evidentiary foundation, and
menstrual cycle and injury risk in team sport is a clear example
of this
worth-continuing-to-investigate research question that current

pattern: a real, biologically plausible, and
evidence does not yet support stating with the confidence it is
frequently given in practice. Reframing the claim honestly, as
a plausible but methodologically unresolved association rather
than an established fact, need not mean dismissing athletes'
own reported experiences of cycle-related symptoms or
discounting the research question's genuine clinical relevance;
it means holding the population-level injury-risk claim and the
individual-level symptom experience as two related but
evidentially distinct questions, each deserving its own honest
level of clinical confidence.

Sample size, mechanistic plausibility, and
practical implications for athlete
communication

Beyond phase-verification method, sample size is a further
recurring limitation across this literature. A substantial
proportion of the primary case-control and cohort studies
underlying current systematic reviews recruited fewer than
fifty participants, limiting statistical power to detect anything
but a large effect and increasing the risk that reported
associations reflect chance variation rather than a genuine,
reproducible biological signal [6,14]. Figure 4 sets out reported
sample size distribution across this literature.
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Figure 4: Reported sample size distribution across the menstrual cycle and
injury-risk literature, drawn from the cited primary study and systematic
review literature (illustrative synthesis) [6,14,15].

Mechanistic plausibility work provides some biological

grounding for a genuine effect, independent of the
epidemiological literature's methodological limitations: studies

examining oestradiol and progesterone's direct effect on knee
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and ankle joint laxity, and on serum collagen markers
specifically, have found hormone-associated changes in joint
laxity across the cycle in controlled physiological studies,
offering a plausible biological pathway even where the
epidemiological injury-risk literature remains inconsistent
[17,25]. A broader review of oestrogen's effects on
musculoskeletal performance and injury risk reached a
similarly measured conclusion, finding biological plausibility
without yet establishing the epidemiological certainty
sometimes implied in translated practice recommendations
[23]. For athlete communication specifically, work examining
self-reported cycle-symptom prevalence and its association
suggests athletes

themselves report cycle-related effects on training and injury

with perceived training performance

vulnerability, which deserves acknowledgement and

individualised discussion even where population-level

injury-risk evidence remains genuinely uncertain [9,10,27].

Conclusion

The claim linking menstrual cycle phase to injury risk in team
sport rests on a genuine but methodologically heterogeneous
evidence base, with most primary studies using calendar-based
rather than hormone-confirmed cycle-phase estimation,
frequently small sample sizes, and systematic reviews
reporting a modest average association with substantial
between-study heterogeneity. Mechanistic plausibility work
provides some biological grounding, but current evidence
supports a cautious, methodologically qualified statement
rather  than  the

recommendations sometimes drawn from this literature.

confident  cycle-timed  practice

Implications for Sports Medicine Practice

For clinicians and coaches working with female team-sport
athletes, three practical points follow from this evidence. First,
communicate the menstrual cycle-injury risk association
accurately as modest and methodologically uncertain, rather
than with the confidence sometimes implied in popular or
training-related discussion [4,5]. Second, where cycle-phase
information is used in individual athlete management,
prioritise confirmatory hormone verification over calendar
estimation alone, given the demonstrated difference in
reported effects between the two approaches [11,13]. Third,
take athletes' own reports of cycle-related symptoms and
perceived vulnerability seriously as individually meaningful,
even while communicating that population-level injury-risk
evidence remains genuinely uncertain [9,10,27].
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