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Abstract
Background  Female-specific research in sport science is gaining momentum, addressing a historical gap where evidence 
has predominantly stemmed from male participants. Understanding how female sex hormones influence performance and 
injury risk is essential for developing training and rehabilitation strategies to the menstrual cycle. 
Objective  This systematic review aimed to evaluate the effects of female sex hormones on knee joint laxity, neuromuscular 
function, and performance, identifying patterns, methodological limitations, and implications for athletic practice.
Methods  Following PRISMA 2020 guidelines, systematic searches of PubMed, MedLine, and CINAHL databases were 
conducted using defined MESH terms. Studies published between January 2010 and June 2025 were screened against strict 
inclusion criteria, focusing on eumenorrheic women aged 18–45 years old (26.91 years old ± 4.18). Quality appraisal and 
risk of bias were performed using the PEDro scale, with a cut-off score of ≥ 6/10.
Results  Evidence suggests that female sex hormones may influence aerobic performance and recovery, with exogenous 
testosterone supplementation showing notable enhancement. Aerobic training may benefit from alignment with mid-cycle 
phases, while anaerobic and strength training appear less affected. Neuromuscular function remains largely stable across 
menstrual phases, though some studies indicate improved rehabilitation outcomes during the ovulatory phase. No consistent 
evidence was found linking menstrual hormones to changes in knee joint laxity.
Conclusion  Emerging evidence supports hormone-sensitive modulation of aerobic performance and recovery, findings 
across neuromuscular function and joint laxity remain inconclusive and underpowered. Practical applications are emerging, 
particularly in endurance training and cycle-informed rehabilitation. Further high-quality, longitudinal research is needed 
to validate insights and inform evidence-based practice.
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Introduction

Despite the growing number of women participating in 
sports, the female population remains significantly under-
represented in sports and exercise research, particularly ran-
domised control trials [1]. In this review, the term “female” 
as used in its scientific meaning refers to individuals 
assigned female at birth. Only 35–37% of study participants 
are female across articles [2, 3], posing a serious challenge 
for evidence-based practice in female sport, performance, 
and rehabilitation, making it difficult for coaches, clinicians, 

and practitioners to make informed decisions tailored to 
female athletes. This deficit in the research is concerning, 
particularly given the overall injury statistics observed in 
female sports, where recent data indicates an injury inci-
dence rate of 4.4 injuries per 1000 h of exposure with an 
average of 10 days lost per injury [4]. Females are more 
likely to sustain an overuse injury, such as a sprain or strain, 
than males (19.7 vs 13.6 per 100,000 athletic exposures) 
across all sports, particularly in sports such as basketball 
and soccer (82%, 37% higher risk) [5]. Furthermore, females 
experienced at least one time loss injury and were at a sig-
nificantly higher risk of knee injuries compared to males 
[3]. In sport, the noun “performance” can be defined as an 
individual's competence or achievement in such a perfor-
mance that may involve winning, achieving personal bests 
or achieving an increase in a measurable outcome [6]. These 
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are the typical benchmarks of outstanding achievements; 
however, performance is subjective (through athlete percep-
tion or judged sports such as gymnastics) and therefore is 
often difficult to truly define [7].

Males and females exhibit physiological differences due 
to both genetic and hormonal factors [8]. While certain per-
formance-enhancing polymorphisms (PEPs) occur at com-
parable frequencies in both sexes [9], fundamental differ-
ences in sex chromosomes (XX in females vs XY in males) 
lead to sex-specific development and endocrine profiles. 
Females’ two X chromosomes facilitate the development 
of ovaries and the cyclical production of female sex hor-
mones (oestrogen, progesterone, luteinising hormone [LH], 
follicle-stimulating hormone [FSH], and smaller amounts of 
testosterone) [10, 11].

At puberty, the hypothalamus begins pulsatile release of 
gonadotropin-releasing hormone (GnRH), which prompts 
the pituitary to secrete FSH and LH; these gonadotropins 
stimulate the ovaries to produce oestrogen and progesterone 
in a cyclical pattern [11]. This initiates ovulation, menarche, 
and the onset of the menstrual cycle, characterised by fluc-
tuating levels of female sex hormones [10] (Fig. 1). The 
cycle begins with menstruation (day 1), when falling pro-
gesterone and oestrogen levels (due to lack of fertilisation) 
trigger shedding of the uterine lining (menses, the start of 
the follicular phase) [12]. In the follicular phase (approxi-
mately days 1–14), rising FSH stimulates ovarian follicular 
growth. A dominant follicle emerges by ~ day 7 and pro-
duces oestradiol (17-β E2) and inhibin B to suppress fur-
ther FSH release [13]. Increasing oestrogen also stimulates 

endometrial thickening (the uterine proliferative phase) and 
produces thin, elastic cervical mucus to facilitate sperm pas-
sage [14, 15]. Around day ~ 14, an LH surge triggers ovula-
tion (oocyte release) [16]. At this time, female total and free 
testosterone levels peak, remaining elevated into the early 
luteal phase [17]. Following ovulation, the luteal phase is 
dominated by progesterone as the ruptured follicle forms the 
corpus luteum, which secretes predominantly progesterone 
and some oestrogen while estradiol levels fall [18]. If no fer-
tilisation occurs, the corpus luteum regresses and hormone 
levels decline, causing the next menstrual period [12]. If 
pregnancy occurs, the embryo’s human chorionic gonado-
tropin (hCG) sustains the corpus luteum and its hormone 
production [12]. High luteal-phase progesterone matures the 
endometrium (secretory phase, with thickened uterine lining 
and viscid cervical mucus) [16].

Menstrual cycle length is typically 26–35 days (mean 
≈28 days, SD ± 3.4) among eumenorrheic (regular-cycling) 
females [18, 19]. About 95% of cycles last 22–36 days, 
and ~ 42.5% of women experience an intra-cycle length 
variability greater than 7 days [21]. Menstrual cycles may 
be considered “irregular” if their length varies by more 
than ~ 8–10 days, depending on age group [19, 20]. Irregular 
cycles can stem from hormonal imbalances, changes in life-
style or environment, or underlying medical conditions [22]. 
Importantly, the cyclical fluctuations in female hormones 
can induce physiological, psychological, and perceptual 
changes that affect athletic performance [23, 24]. For exam-
ple, rising oestrogen in the follicular (pre-ovulatory) phase is 
associated with increased collagen synthesis and improved 

Fig. 1   The pattern of hormonal fluctuations over a standard 28 day menstrual cycle. Adapted from McNaulty [12]
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skin hydration [23–25]. In contrast, the progesterone-dom-
inant luteal phase is linked to diminished muscle strength 
compared to the oestrogen-rich follicular phase [8, 26]. Fur-
thermore, one study found that female athletes with naturally 
high free testosterone (upper tertile) performed ~ 2–4% better 
in 400 m, 800 m, and pole vault events, suggesting a com-
petitive performance advantage from greater endogenous 
testosterone [27]. These observations support the concept 
that fluctuating female sex hormones may influence perfor-
mance and possibly alter injury risk across different phases 
of the menstrual cycle [27].

Females consistently exhibit a greater anterior knee laxity 
than males [28]. Hormonal changes throughout the men-
strual cycle have been hypothesised to increase anterior cru-
ciate ligament (ACL) injuries in females [29]. Research has 
shown an increase in knee joint laxity during the follicular 
phase due to an increase in oestrogen, and again in the early 
luteal phase when progesterone peaks [29, 30]. Contrasting 
research suggests significantly higher genu recurvatum and 
joint laxity in the ovulatory phase than the follicular phase 
based on the rise in concentration of oestradiol [31]. Even 
small increases in anterior knee laxity (≈1.3 mm) can mark-
edly elevate joint loading during dynamic tasks, including a 
30% greater adduction impulse during cutting and 20–45% 
higher external rotation loads during jumping and stopping 
[32]. Complementary evidence shows that greater laxity is 
also linked to poorer balance performance during ovulation 
[33], suggesting that increased joint laxity may alter move-
ment mechanics in ways that impair performance and elevate 
injury risk.

Stable hormone levels are associated with consistent neu-
romuscular function, whereas hormonal fluctuations across 
the menstrual cycle led to notable changes in the function-
ality of the central nervous system (CNS) [34]. Oestrogen 
can be seen to increase neural excitability and voluntary 
activation, while progesterone increases inhibition and 
reduces activation [34, 35]. As these hormones rise and fall 
throughout the menstrual cycle, corresponding changes in 
neuromuscular activity and muscle function can occur. Early 
research [36] observed significant differences in the maxi-
mal voluntary contraction in the mid-cycle/ovulatory phase 
compared to other phases of the menstrual cycle (p ≤ 0.05). 
Weidauer et al. [26] supports this, by stating that as oestro-
gen rises and progesterone is low in the follicular phase, 
the isokinetic peak torque (60°/sec) at the knee was lower 
(83 ± 14 nM) compared the ovulation phase (86 ± 15 nM, 
p ≤ 0.05). Collectively, these findings indicate that hormonal 
fluctuations across the menstrual cycle can influence neuro-
muscular performance and motor control.

The current research investigating the influence of the 
menstrual cycle on performance presents mixed and often 
conflicting findings. Research suggests that fluctuations in 
oestrogen, progesterone, and testosterone may influence 

strength, endurance, coordination, and fatigue [26, 29, 
33–35]. Other reports minimal or no significant phase-
related effects [37].

This review is timely given the growing focus on female-
specific research in sport science and the need to address 
the historical reliance on male-derived evidence. Although 
several systematic reviews have attempted to synthesise 
existing findings, conclusions remain inconsistent. A brief 
examination of the literature suggests that some associations 
do exist, and this discrepancy highlights how relying on iso-
lated studies can lead to a skewed understanding of female 
physiology. To address this, the review aims to critically 
evaluate how fluctuations in female sex hormones influ-
ence knee laxity, neuromuscular function, and performance 
with a specific focus on identifying whether these hormonal 
effects meaningfully alter injury risk or require adjustments 
to training and rehabilitation practise. This includes analys-
ing methodological strengths and limitations across studies 
and determining the extent to which current evidence can 
inform applied decision making.

Given that much of the existing research is derived from 
athletic populations, limiting its applicability to the wider 
female population, the review also considers the applica-
bility of findings beyond sport. The insights gained aim to 
guide athletes, coaches, and medical teams in tailoring train-
ing and injury-prevention strategies to the menstrual cycle.

Methods

Study design

A systematic review was conducted following the rec-
ommendations of Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) 2020 crite-
ria [38]. This review was registered in PROSPERO 2025 
(CRD420251045911).

Data source

The searches were performed by two independent investiga-
tors, HW and CH, in the PubMed, MedLine and CINAHL 
databases.

Search strategy

A search equation using Medical Subject Headings (MeSH) 
terms was defined to obtain a precise search: “menstrual 
cycle” OR “sex hormones” AND “injuries” AND “knee” 
OR “lower limb” OR “lower extremity” AND “female”. A 
publication date filter was added from January 2010 to June 
2025 along with the following filters were applied: free full 
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text, randomised control trial, English, Humans, and Adult 
19–44 years.

Inclusion and exclusion criteria

After duplicates were removed, studies were excluded if they 
did not match the following inclusion: (i) article written in 
English; (ii) population: females aged 18–45 years; (iii) a 
defined menstrual cycle (eumenorrheic); (iii) at least a year 
post-menarche; (iv) studies examining knee laxity, neuro-
muscular function, or performance; (v) randomised control 
trials and primary studies only; (vi) peer reviewed and full 
published journals; and (vii) publication date between Janu-
ary 2010 and June 2025. Exclusion criteria were as follows: 
(i) post-menopausal females; (ii) pregnant or breastfeeding 
females; (iii) studies not written in English; (iv) participants 
outside the 18–45 age range, (v) non-primary research; (vi) 
non-peer-reviewed sources; and (vii) studies published out-
side the January 2010 and June 2025 window.

Review process and quality of studies

The review process was conducted in accordance with the 
PRISMA guidelines. The initial search was completed by 
HW using the defined inclusion and exclusion criteria and 
Boolean operators. The resultant article list was screened 
independently by HW and CH and the selected articles were 
cross-referenced to establish the studies to be included in 
the Physiotherapy Evidence Database (PEDro) analysis. A 
PRISMA flow diagram was used to document the identifica-
tion, screening, eligibility, and inclusion of studies (Fig. 2). 
Data extraction, quality appraisal, and risk of bias were 
assessed using the PEDro 11-point scale independently by 
HW to ensure objectivity and consistency across articles. 
On the PEDro scale, item 1 (eligibility criteria) although 
analysed it is not included in the calculation of the score 
[39]. The PEDro cut-off score was set at > 6/10 based upon 
recommendations from Cashin and McAuley [39] to ensure 
the standard of the methodological criteria for internal valid-
ity and statistical reporting [40].

Fig. 2   PRISMA workflow dia-
gram for this systematic review
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Data extraction and Synthesis

The following parameters were extracted from the collected 
studies: (a) author and year of publication, (b) study design, 
(c) participant details, (d) protocols, (e) results, and (f) con-
clusion. Data were extracted from the included studies and 
collated into a table for further analysis.

Results

Search results

Eight articles were selected in this systematic review accord-
ing to the inclusion and exclusion criteria (Table 1). The 
sample sizes ranged from 12 to 391 women aged 18 to 
35 years old (26.91 years old ± 4.18). The studies included 
in this review had scores based on the PEDro guidelines 
for appraising studies between 6/10 and 9/10 (Table 1). 
Two studies scored 6/10 [41, 42], five studies scored 7/10 
[43–47], and one study scored 9/10 [48].

Menstrual cycle phase and verification

Across the eight studies selected, researchers used a com-
bination of methods to determine menstrual cycle phase. 
Six of the studies relied on self-tracking, in the form of 
menstrual diaries [43–47]. Five studies verified cycle phase 
using blood serum analysis, measuring oestradiol (E2), 
progesterone (P4), and/or testosterone [41, 42, 45, 47, 48]. 
Although Shahid and Noor [43] also used blood serum, their 
focus was on how integrated exercise affected testosterone 
rather than on identifying cycle phase. Pfeifer et al. [47] and 
O’Loughlin et al. [46] used ovulation kits, and O'Loughlin 
et al. [46] also tested basal body temperature. Finally, saliva 
sampling was used by Dias et al. [42] to measure oestradiol 
(E2) and progesterone (P4) levels to verify menstrual cycle 
phases.

Effect of exercise on hormonal levels

Three studies monitored hormonal fluctuations across the 
menstrual cycle in relation to exercise performance. Two 
focused specifically on natural and supplemented [43, 48], 
whereas another assessed a broader panel of sex hormones 
(testosterone, progesterone, oestrone sulphate, SHBG) [41]. 
In the natural testosterone studies, exercise caused a tran-
sient rise in testosterone 15 min post-exercise, especially 
during mid-cycle phase, followed by a drop below baseline 
24 h later, again strongest in mid-cycle (p ≤ 0.05 for group, 
time, and phase interactions) [43]. When testosterone was 
provided as a supplement, increasing levels from 4.8 times 
to 4.3 nmol/L produced measurable performance benefits 

with a 6.2% improvement in time to exhaustion and higher 
maximal aerobic speed, equivalent to running 7.7 s faster 
over 1500 m and 10.8 s over 2000 m [48]. In contrast, Smith 
et al. [41] report no significant change in testosterone fol-
lowing exercise. Instead, exercise led to a small increase in 
oestradiol (exercisers 2.3 ± 2.8 pg/mL, control 1.4 ± 3.0 pg/
mL, (p = 0.83) and a modest decrease in progesterone in the 
exercise group (p ≤ 0.05), though this reduction did not differ 
significantly from the control group.

Knee joint laxity

Only Pfeifer et al. [47] referred to joint laxity at all, not-
ing in their discussion that oestrogen phases may lead to 
increased joint laxity and instability. However, the study's 
findings mainly indicated an increased vulnerability of mus-
cle fibres during the late follicular phase rather than changes 
in joint structures.

Neuromuscular function

From the included articles, six discussed the impact hor-
mones can have on strength in females; resistance training 
was consistently associated with strength gains over time, 
regardless of hormonal intervention. O’Loughlin et  al. 
[46] reported a significant time effect for knee extension 
strength in the non-injured leg (p ≤ 0.01) across both control 
and menstrual cycle phase-based rehabilitation (MCPBR) 
groups, indicating that strength improved with training over 
time. Although the MCPBR group showed higher knee 
extension 1RM in the injured leg (38.8 kg) compared to 
controls (30.40 kg), the difference narrowly missed sta-
tistical significance (p = 0.06). Improvements in strength, 
specifically knee extension, were primarily driven by the 
training itself, not by the menstrual cycle-related hormonal 
variations.

Dias [42] saw significant increases in muscle cross-sectional 
area (CSA) during the later phases of the menstrual cycle (O2, 
L2, M3), with moderate effect sizes (d = 0.65–0.76), suggest-
ing that resistance training may be more effective during the 
luteal or mid-luteal phases. In contrast, Colenso–Semple et al. 
[45] found no significant differences in muscle protein break-
down (MPB) across phases, although a slight, non-significant 
increase was noted in the luteal phase (p = 0.24). Similarly, 
Shahid and Noor [44] reported only small changes in quadri-
ceps strength across menstrual phases in the control group 
following a BRACTS exercise approach. For example, right 
quadriceps strength in the follicular phase post-intervention 
was 68.31 ± 11.07  kg (d = 0.47), with minimal variation 
across mid-cycle and luteal phases, suggesting that natural 
hormonal fluctuations alone do not drive meaningful strength 
adaptations. Taken together suggest that natural fluctuations 
in ovarian hormones exert only a limited influence on key 
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determinants of muscle adaptation, such as protein turnover 
and strength development [44, 45]. Although small, non-sig-
nificant trends may occur across phases, these do not appear 
sufficient to drive meaningful differences in training outcomes. 
This indicates that consistent resistance training remains the 
dominant stimulus for strength and hypertrophy, with hormo-
nal phase exerting only a modest modulatory effect rather than 
a primary determinant of adaptation.

Both found significant improvements in aerobic endur-
ance, measured by time to exhaustion, following increases 
in testosterone (21.1 s and 21.2 s, respectively) [33, 48]. 
Hirschberg et al. [48] also reported a significant gain in lean 
mass (+ 398 g, p ≤ 0.05); however, neither study demon-
strated improvements in maximal strength, as measured by 
knee extension torque (p = 0.267). Collectively, these find-
ings suggest that elevations in testosterone may enhance 
aerobic capacity and body composition, specifically lean 
tissue accretion, rather than maximal strength in females. 
The observed improvements in time to exhaustion and mod-
est gains in lean muscle mass suggest that testosterone may 
support metabolic efficacy and endurance capacity, yet its 
influence on strength output appears limited. This reinforces 
the notion that hormonal variations alone are insufficient 
to drive substantial strength adaptation; therefore, more 
research is needed into the direct effect female hormones 
can have on strength throughout the phases of the menstrual 
cycle.

Performance and rehabilitation

O’Loughlin [46] compared rehabilitation outcomes follow-
ing ACL reconstruction following usual care and a men-
strual cycle-based protocol (MCPBR). While between-group 
differences in strength were not statistically significant, the 
MCPBR group showed higher limb symmetry (81.2% vs 
73.5%) and greater knee extension strength in both limbs. 
Strength improved over time in both groups (p ≤ 0.05), sug-
gesting a general training effect. These findings suggest that 
although overall training effects account for most rehabilita-
tion gains, incorporating hormone-informed timing could 
enhance functional outcomes and interlimb balance, both of 
which are critical for safe return to sport. Thus, menstrual 
cycle-based rehabilitation represents a promising, individu-
alised strategy that warrants further investigation in larger, 
more controlled trials.

Discussion

Hormone testing

Across the reviewed literature, a wide range of meth-
ods were employed to determine menstrual cycle phase Ta
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and measure hormone concentrations, each with distinct 
advantages and limitations. Serum-based hormone anal-
ysis emerged as the most robust and reliable approach, 
particularly when combined with objective ovulation-
detection methods, such as urinary LH kits [41, 44, 45]. 
These methods enabled precise phase classification and 
detailed hormonal profiling, particularly for oestradiol, 
progesterone, and testosterone. The use of liquid chroma-
tography–tandem mass spectrometry (LC–MS/MS) is con-
sidered the gold standard for testosterone measurement, 
which provides high analytical specificity and sensitivity, 
while accompanying electrochemiluminescence assays for 
follicular stimulating hormone (FSH), luteinising hormone 
(LH), and sex hormone binding globulin (SHBG) further 
strengthened methodological rigour [48]. In contrast, 
Dias et al. [42] tested using salivary hormone assays, a 
non-invasive and practical alternative, especially for field-
based or large-scale studies, but were limited by lower hor-
mone concentrations and susceptibility to variability from 
saliva flow rate, pH, and collection techniques. Despite 
reporting acceptable intra-assay precision (CV: 8.8% for 
E2; 4.9% for P4), salivary methods remain less reliable 
than serum assays. Serum-based assays, particularly when 
paired with ovulation confirmation and LC–MS/MS, pro-
vide the most accurate representation of hormonal fluc-
tuations, thereby enhancing confidence in phase-specific 
analyses. In contrast, the salivary method, while more 
practical for applied or large-scale settings, can introduce 
greater variability.

Urinary ovulation kits and basal body temperature 
tracking provided accessible, low-cost phase estimation 
tools, yet their accuracy varied with user compliance and 
interpretation [42, 46, 47]. Self-tracking methods such as 
menstruation diaries, symptom logs, and app-based calen-
dars [41, 44, 45] were frequently used to guide or comple-
ment sampling but carried risks of recall bias and phase 
misclassification when not biologically validated [41, 44, 
45].

The most methodologically rigorous studies integrated 
multiple approaches combining self-reports with ovula-
tion kits and confirmatory serum testing to enhance phase 
accuracy and hormonal insight. However, it is important 
to acknowledge the misclassification risks which cannot be 
controlled, for example, the LH surge, oestradiol peak, or 
rapid luteal progesterone rise, as outcomes are time sensi-
tive to these short hormonal windows which could pose 
a threat to the validity of research findings. The variabil-
ity in methods across studies, highlighted in Sects. "Knee 
joint laxity" and "Neuromuscular function", emphasises 
the need for validated, multimodal assessment approaches 
in future research to more accurately examine hormone 
performance relationships in females.

Knee joint laxity

Notably, only one study by Pfeifer et al. [47] explicitly men-
tioned the commonly held assumption that elevated oestro-
gen levels primarily increase injury risk through heightened 
tissue laxity within the discussion. While acknowledging 
that high oestrogen phases could lead to increased joint 
laxity and instability, Pfeifer et al. [47] reported that their 
finding suggest that the late follicular phase may confer a 
vulnerability to the muscle myofibers themselves. Thus, 
highlighting a significant gap in current research, despite 
the widespread speculation about hormone-mediated laxity.

Neuromuscular function

The influence of female sex hormones on neuromuscular 
function and muscular strength appears to be modest and 
context dependent, with consistent evidence across studies 
indicating that hormonal fluctuations alone do not signifi-
cantly enhance strength but may modulate training respon-
siveness. In intervention studies involving exogenous testos-
terone administration, significant improvements in aerobic 
performance (e.g. time to exhaustion) were observed, but no 
meaningful increases in strength, as measured by isokinetic 
knee extension torque (p ≥ 0.26 in both cases) [43, 48]. These 
findings suggest that although testosterone, a key female sex 
hormone, appears to support lean muscle gains (with tes-
tosterone group increasing lean mass by 923 g compared 
to only 135 g in the placebo group, p = 0.040) and improve 
endurance performance (evidenced by a 15.2 W increase in 
Wingate average power in the testosterone group), it does 
not directly enhance maximal strength output during short 
duration efforts such as maximal muscle strength [48]. These 
findings suggest that female sex hormones play a support-
ive rather than primary role in muscular strength. While 
hormones, such as testosterone, may enhance lean muscle 
mass and endurance, they do not directly increase maxi-
mal strength. However, studies examining natural hormonal 
fluctuations across the menstrual cycle report that muscle 
protein synthesis (MPS) and muscle strength are not signifi-
cantly altered by menstrual phase [45, 47]. However, there 
were no differences in MPS or MPB between the follicular 
and luteal phases, indicating that strength-relevant metabolic 
processes are not hormone-phase dependent [45]. When 
investigating the integrated exercise approach of bending, 
roll-ups, arm swings with loads, crunches, tandem walks, 
and squats (BRACTS), it suggests that strength varies across 
phases of the menstrual cycle, with quadriceps strength 
increased in exercise intervention groups, although more 
research is needed into this method to provide validity. How-
ever, the interaction between hormones and resistance train-
ing tells a more nuanced story [44]. The MCPBR found that 
menstrual cycle-based resistance training produced higher 
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(though not statistically significant) knee extension 1RM and 
LSI compared to usual care [46]. Dias et al. [42] further 
demonstrated that muscle CSA increased significantly dur-
ing later cycle phases (ovulation, luteal and menses) in the 
resistance training group, but not earlier phases or in con-
trols. However, the studies fail to explain how later phases 
of the menstrual cycle might enhance the responsiveness of 
oestrogens role in reducing inflammation and muscle repair 
and progesterone’s effect on ligament laxity and why psy-
chological readiness is enhanced. Thus, there are conflict-
ing views in the research as to why hormonal environments 
during the mid-luteal and ovulatory phases may enhance the 
muscle's responsiveness to training.

Taken together, these findings highlight a possible dis-
tinction between hormonal influence on baseline strength 
and hormonal modulation of training adaptations. For 
instance, an athlete might maintain similar maximal strength 
throughout the menstrual cycle but experience greater exer-
cise-induced hypertrophy when resistance sessions are more 
concentrated in the mid-luteal or ovulatory phase.

Female sex hormones do not appear to significantly alter 
strength in the absence of training, but their timing may 
influence the effectiveness of resistance training, especially 
during phases with favourable hormonal profiles. Therefore, 
while strength gains are primarily driven by exercise, align-
ing training with specific menstrual phases could optimise 
adaptation in some females.

Performance

The relationship between the menstrual cycle hormones and 
neuromuscular performance remains complex and subtle. 
Oestrogen is understood to have neuro-excitatory properties 
that could enhance central nervous system activation and 
muscle firing efficiency [47]. However, evidence on con-
sistent neuromuscular performance enhancement across the 
menstrual cycle remains mixed.

Acute hormonal responses to training, such as transient 
increases in testosterone, may positively increase neuro-
muscular drive. Exercise-induced surges in total testoster-
one occurred across all phases of the menstrual cycle, with 
the highest absolute levels during mid-cycle. These acute 
hormonal shifts have been associated with enhanced motor 
output and neuromuscular responsiveness in other contexts, 
though the effect in eumenorrheic females appears tran-
sient and phase dependent [43]. However, randomised trials 
examining phase-based training interventions failed to show 
a statistically significant neuromuscular strength advantage 
from follicular phase-targeted rehabilitation [46]. Likewise, 
Colenso-Semple et al. [45] found that resistance exercise 
stimulated muscle protein synthesis equally in both folli-
cular and luteal phases, suggesting that the neuromuscular 

adaptations to training were not constrained by menstrual 
cycle phase.

While hormonal fluctuations can exert subtle, phase-spe-
cific effects on neuromuscular performance, the core capac-
ity for motor output and adaptation to resistance training 
remains robust across the menstrual cycle. Oestrogen and 
testosterone may transiently enhance neural activation, but 
there is no consistent evidence suggesting major constraints 
or advantages tied to any one phase.

The influence testosterone has on females’ performance 
as distinct patterns emerge depending on the nature of hor-
monal modulation, whether exogenous or endogenous, and 
the type of performance outcome measured. Testosterone 
supplementation study provides the strongest evidence 
for a causal relationship between increased serum testos-
terone and aerobic performance enhancement, reporting 
a 4.8-fold rise in testosterone in the experimental group 
(to 4.3 nmol/L) that led to a 6.2% improvement in time to 
exhaustion and gains in maximal aerobic speed (MAS) [48]. 
These results suggest central or peripheral adaptations, such 
as enhanced cardiac output or oxidative capacity, may medi-
ate testosterone's ergogenic effects. In contrast, endogenous 
hormonal fluctuations and found significant testosterone 
variation across menstrual phases, with peak levels 15 min 
post-exercise during the mid-cycle phase (from 36.48 ng/
dl ± 2.80 at pre exercise to 40.80 ng/dl ± 7.12 post-interven-
tion) compared to the follicular phase (25.80 ng/dl ± 2.57 at 
pre exercise to 33.04 ng/dl ± 8.67 post-intervention) and the 
luteal phase (31.10 ng/dl ± 3.44 at pre exercise to 34.97 ng/
dl ± 5.60 post-intervention), supporting the effect testoster-
one can have on performance in females [44]. These acute 
responses, absent in control participants, suggest a transient 
hormonal window that may be advantageous for recovery or 
performance adaptation, though no direct link to measurable 
performance outcomes was established. Meanwhile, Smith 
et al. [41] conducted an intervention study which highlights 
that aerobic fitness improvements (increase of 0.90 METs) 
and favourable changes in body composition occurred in the 
absence of significant changes in key sex hormones, apart 
from a reduction in oestrone sulphate and a minor, statisti-
cally comparable decrease in progesterone. This indicates 
that exercise stimulus, rather than hormonal fluctuations, is 
the primary driver of cardiovascular and metabolic adapta-
tion. The minor reductions observed in oestrone sulphate 
and progesterone likely reflect secondary physiological 
adjustments rather than causal mechanisms; however, further 
research is needed to support the extent of this.

Notably, all three studies converge on the finding that 
anaerobic performance shows limited responsiveness to both 
testosterone supplementation and natural hormonal varia-
tion, as recognised by the research itself. A conclusion based 
on a short intervention duration, making it difficult to cap-
ture the long-term hormonal adaptations. Therefore, while 
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exogenous testosterone can directly enhance aerobic capac-
ity, endogenous hormonal rhythms may play a more subtle, 
modulatory role, and anaerobic performance remains largely 
unaffected by either mechanism [44, 48]. These contrasting 
findings highlight the need for future research to determine 
whether other hormones, such as oestrogen or progester-
one, as well as hormone-driven versus training-driven per-
formance adaptations, are associated with these outcomes, 
and to ensure that both hormonal context and performance 
domain are considered when interpreting results in female 
athletes.

Rehabilitation considerations

The study by O’Loughlin et al. [46] provides preliminary 
evidence that aligning rehabilitation with phases of the 
menstrual cycle, through menstrual cycle-based progres-
sive resistance training (MCPBR), may enhance strength 
recovery following ACL reconstruction. Participants in the 
MCPBR group demonstrated greater improvements in knee 
extension 1RM and limb symmetry index (LSI) compared 
to usual care. However, the lack of statistically significant 
between-group differences and the presence of a general 
time effect (p ≤ 0.05) indicate that strength gains were pri-
marily driven by consistent training over time, rather than 
the timing of training alone.

While MCPBR is not yet supported as a standard proto-
col, these findings suggest that menstrual cycle phase could 
be a meaningful variable in optimising rehabilitation out-
comes for female athletes. Professionals should consider 
individual hormonal profiles or cycle timing when designing 
rehabilitation or performance programmes.

Limitations of the evidence base

Across eight studies, the most consistent limitation was a 
small sample size with seven studies having a sample of 50 
participants or less, this restricts the statistical power and 
generalisability of the research [42–48]. Another univer-
sal issue was short intervention or observation windows, 
ranging from acute tracer or exercise protocols [44, 45] to 
slightly longer interventions of only 10–16 weeks [41, 48]. 
The short duration of the studies limits the ability to observe 
long-term hormonal or performance adaptations, highlight-
ing the need for future research to move beyond the current 
field-wide reliance on short-term designs. Similarly, studies 
show inconsistent results and sometimes limited hormonal 
profiling. While some studies use robust hormone assays 
[42, 47, 48], others relied on salivary testing [42] or some 
only measured a single hormone, testosterone [43]. Moreo-
ver, phase verification was inconsistent, ranging from mul-
timodal strategies [45, 47] to self-reported cycle tracking 
[43, 44]. This introduces risks of phase misclassification, 

particularly when trying to capture finite hormonal surges, 
for example. Finally, the findings are restricted to young, 
healthy, eumenorrheic females and therefore lack general-
isability. Several studies further reduced generalisability 
by narrowing inclusion criteria to very specific groups, for 
example, sedentary females in Smith et al. [41] or ACL 
reconstructed patients in O’Loughlin et al. [46]. Overall, 
the evidence is constrained by small, underpowered sam-
ples, short-term interventions, inconsistent hormonal profil-
ing and limited generalisability, thus reducing confidence in 
the findings and limiting comparability across studies.

Practical implications

Despite methodological limitations, several practical impli-
cations emerge for athletes, coaches, and clinicians. Evi-
dence suggests anaerobic performance and maximal strength 
are largely unaffected by short-term hormonal fluctuations, 
allowing consistent training across the menstrual cycle [44, 
45, 47, 48]. In contrast, aerobic capacity and recovery may 
be influenced by hormones, particularly testosterone and 
oestrogen, indicating endurance training could benefit from 
alignment with mid-cycle phases when these hormones peak 
[41, 44, 48].

From a rehabilitation perspective, menstrual cycle-
informed strategies may improve adaptation post-injury, 
especially ACL reconstruction, where knee laxity and neu-
romuscular control are critical [46]. While evidence remains 
preliminary, these findings highlight the need to consider 
aerobic demands, injury risk, and individual symptom pat-
terns when designing progressive resistance and neuromus-
cular programmes for female athletes.

Future research directions

This review identifies key gaps in the literature and outlines 
a framework to advance research on the effects of female 
sex hormones on knee laxity, strength, neuromuscular per-
formance, and aerobic/anaerobic capacity. Future studies 
should prioritise methodological refinement and deeper 
exploration of performance outcomes to improve under-
standing of strength adaptations and inform rehabilitation 
strategies.

Hormone testing remains essential. Standardising sam-
pling protocols is critical to enhance cross-study comparabil-
ity. Menstrual cycle phase should be validated using mul-
timodal approaches that combine serum analysis, ovulation 
kits, and self-tracking techniques. Longer-term interventions 
should integrate hormone monitoring with physiological 
markers to determine whether aerobic and anaerobic per-
formance is truly hormone sensitive.

Longitudinal studies tracking muscle hypertrophy and 
strength across multiple menstrual phases are needed to 
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distinguish acute hormonal effects from cumulative training 
adaptations, as the current research does not clearly establish 
hormones’ direct impact on baseline strength. Furthermore, 
mechanistic insights into oestrogen’s role in muscle repair 
and inflammation versus progesterone’s effect on connective 
tissue laxity could support rehabilitation strategies aligned 
with menstrual phases.

Synthesis in relation to the aim of the review

This review aimed to evaluate the effects of female sex hor-
mones on knee laxity, neuromuscular function, and perfor-
mance by examining patterns in the literature, methodologi-
cal strengths and weaknesses, and implications for training, 
rehabilitation, and competition. Evidence suggests hormo-
nal influence is inconsistent. Aerobic capacity appears most 
sensitive, with exogenous testosterone significantly enhanc-
ing performance [43, 48]. This indicates aerobic training 
may benefit from mid-cycle alignment, while anaerobic and 
strength training can occur across all phases [45, 46].

Findings on neuromuscular function and muscle adapta-
tion are mixed: Colenso-Semple et al. [45] report no phase-
based differences in muscle protein synthesis, whereas Dias 
et al. [42] and O’Loughlin et al. [46] suggest improved 
rehabilitation outcomes during mid-cycle. Overall, baseline 
neuromuscular function seems stable, but hormones may 
influence training responsiveness and recovery. Menstrual 
cycle-based rehabilitation strategies could support ACL 
recovery, though further evidence is needed.

Conclusion

The current evidence supports the impact female sex hor-
mones can have on performance, as aerobic function and 
recovery appear to be more hormone-sensitive than anaero-
bic performance or maximal strength, and training respon-
siveness may be phase modulated. There was no consistent 
evidence to conclude that menstrual hormones meaning-
fully affect joint laxity. Overall, the scientific evidence is 
still inconclusive, underpowered, and inconsistent due to 
the nature of the method. Emerging clinical implications 
include tailoring endurance training, monitoring injury risk, 
and exploring cycle-informed rehabilitation. Robust, long-
term studies are required to confirm these effects and guide 
evidence-based practice.
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