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Supplementary material Figure 1: 

 

 

Supplementary Figure 1: PubMed Search strategy using keywords related to “menstrual cycle”, “contraception”, 

“injury” 
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Supplementary Table 1: Overview of eligibility criteria 

Population Included: 

 Human female athletes (defined as one who (i) actively engages in individual or team sports training, 

where the main motivation or goal is to improve sport-specific skills, performance, or results (technical, 

physical or tactical) for competition  (ii) regularly competes against others unless injured or in 

competition break; (iii) formally registered in a local, regional or national sport federation (iv) have 

sport training and competition as his/her main physical activity or focus of personal interest, devoting 

several hours per week or more, depending on the phase of season/competition)[1].  

 Active female recruits in the military. 

 Female exercisers (defined as one who engages in physical activity with the will to: (i) augment their 

fitness level; (ii) improve their health; (iii) ameliorate their physique, and (iv) acquire or improve 

skills)[2] of reproductive age (ie., postmenarche and premenopausal) will be included.  

 Eumenorrheic women, women with menstrual irregularities (e.g., oligomenorrhoea, polymenorrhoea, 

amenorrhoea, anovulatory and luteal phase deficient cycles), and HC users (e.g., combined and 

progestogen-only OCPs, injections, implants, patches, intra-uterine systems) were included.  

Excluded: 

 Pregnant, perimenopausal and menopausal females were excluded. 

 Participants who have used any medication known to affect ovarian hormone profiles (except for HCs) 

or the musculoskeletal system.  

Concept  Studies investigating both exposures affecting the endogenous reproductive hormone status of the participants 

(i.e. MC phases, associated disturbances, and HCs) and sporting injuries were included. An injury was defined 

as musculoskeletal tissue damage or other derangement of normal physical function due to participation in 

sports, resulting from rapid or repetitive transfer of kinetic energy.[3]  

Context Females participating in any individual or team sport, at any level (elite, amateur, recreational, high school, 

collegiate), in any country were included.  

Study designs This scoping review considered both experimental and quasi-experimental study designs, including 

randomised controlled trials, non-randomised controlled trials, before and after studies and interrupted time-

series studies. In addition, analytical observational studies including prospective and retrospective cohort 

studies, case-control studies and analytical cross-sectional studies was considered for inclusion. Descriptive 

observational study designs including case series, individual case reports and descriptive cross-sectional 

studies for inclusion. 

Observational studies will be considered for inclusion if they meet the following inclusion criteria: (i) published, 

in full, in a peer-reviewed journal; (ii) have the objective of assessing injury risk in response to MCP, MI and/or 

HC use and (iii) report the incidence of injuries aligned with phases of the MC and/or menstrual regularity and/or 

HC usage. 

 

Experimental studies will be considered for inclusion if they are: (i) published, in full, in a peer-reviewed journal 

(ii) have the objective of assessing the efficacy of measures employed to mitigate MC and/or HC related injury 

risk (iii) report the change in injury incidence after implementation of the specific preventative strategies. 

Qualitative studies were not included in this review. 

 
MI = Menstrual irregularity; HCU = Hormonal contraceptive use; MC= menstrual cycle; MCP = Menstrual cycle phase 
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Supplementary Table 2a: Studies investigating the association between menstrual cycle phases (MCP) and musculoskeletal injury. 
 

Author and 
Year  

Study Aim Sport/Activity Summary of main findings 

Adachi et al. 
2008[4] 

Determine association between ACL 
injuries and MCP in teenaged female 
athletes. 

Multiple including 
Basketball; volleyball, 
handball 

Significant increase in non-contact ACL injuries in teenage female athletes during the ovulatory 
phase of the menstrual cycle. 

Bambaeichi 
et al. 2010[5] 

Investigate rate of female athletes’ injuries 
in different MCP. 

Multiple unspecified The rate of injuries, ligament injury and ACL injuries were significantly higher in the luteal phase, 
compared to ovulation and follicular phases. When data were analysed based on the duration of 
each phase, more injuries were observed in the ovulation phase. 

Beynnon et 
al. 2006[6] 

Establish if the likelihood of suffering an 
ACL injury is affected by the MCP. 

Alpine skiing ACL injury significantly more likely in preovulatory compared to post-ovulatory phase. Menstrual 
history data found similar results, but the difference was not statistically significant. 

Lago-
Fuentes et al. 
2021[7] 

To describe and compare the injury 
incidence to MCP in professional futsal 
players over two consecutive season and, 
secondly, compare injury risk between 
MCPs. 

Futsal This study suggests the relevance to track the MC, but reduces its possible relationship or 
influence on the injury distribution during each phase of the MC.  

Lefevre et al. 
2013[8] 

Describe the distribution of ACL lesions 
according to MCP in a large population of 
female recreational skiers. 

Alpine skiing ACL tear was 2.4-fold more likely in pre- (follicular and ovulatory) than post-ovulatory phase. 
ACL tears were more frequent in pre-ovulatory phase, whether in patients using OCP or another 
contraceptive methods. 

Martin et al. 
2021[9] 

Investigate the association between injury 
incidence and MCP and length of menstrual 
cycle. 

Football/Soccer Injury incidence rates were 47 and 32% greater in the late follicular phase compared to the 
follicular phase and luteal phase, with muscle and tendon injury incidence rates in the late 
follicular phase being almost double that of the other phases. Furthermore, a relatively large 
proportion of all injuries (20%) occurred after the expected date of menstruation. 

Pelkowski et 
al. 2020[10] 

Description of monozygotic twin sisters 
sustained ACL injuries within 48 hours of 
one another. 

Basketball Both were in ovulatory phase, and had a regular menstrual cycle. 

Reyes et al. 
2023[11] 
 

Describe the relationship between the 
MCPs and the ACL injury. 

Football/Soccer Most injuries occurred during the luteal phase and menstruation. 

Sommerfield 
et al. 
2020[12] 

Examine sports and physical education 
injury rates in young females during a 
school year and to investigate if an 
association exists between injury and phase 
of the menstrual cycle. 

Multiple unspecified There was no significant association between the stage of the menstrual cycle and the likelihood 
of injury (P = 0.18). 

Stijak et al. 
2014[13] 

Determine effect of concentrations of 
testosterone, 17-b estradiol and 
progesterone between female patients with 
and without ACL rupture. 

Track and field; 
Football/Soccer; Other: 
handball, volleyball 

Young female athletes with lower concentrations of sex hormones are more prone to ACL 
rupture which is why they need to reduce their sports activities during the pre-ovulatory phase of 
the menstrual cycle, when these concentrations are additionally reduced. 

MCP = Menstrual cycle phase; ACL = Anterior cruciate ligament; OCP = Oral contraceptive pill 
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Supplementary Table 2b: Studies investigating the association between menstrual irregularities (MI) and musculoskeletal injury. 
 

Author and 
Year  

Study Aim Sport/Activity Summary of main findings 

Ackerman et al. 
2014[14] 

Compare fracture prevalence in oligo-amenorrheic,  
eumenorrheic, and non-athletes and determine 
relationships with bone density, structure, and strength 
estimates. 

Athletes ran at least 20 
miles every week or were 
engaged in weight-bearing 
aerobic activity or at least 4 
hours/week for at least 6 
months. 

Weight-bearing athletic activity increases bone mass density, but may increase 
stress fracture risk in those with menstrual dysfunction. 

Armstrong et al. 
2004[15] 

Compare men and women at the US Naval Academy who 
sustained lower extremity stress fractures during a military 
summer training program with a matched group of uninjured 
recruits to identify factors that may increase the risk factors 
(including female athlete triad). 

Military Among female plebes, there was no evidence of the female athlete triad (eating 
disorders, menstrual dysfunction, or low bone density) and is therefore not a risk 
factor for stress fracture. 

Barrack et al. 
2014[16] 

Identify risk factors, including MC dysfunction, associated 
with stress reactions and stress fractures, among exercising 
girls and women. 

2 h/week of purposeful 
exercise as documented in 
a 4-week exercise log at 
baseline 

Risk of bone stress injury increased from 15% to 20% for single risk factors and to 
30% to 50% for combined female athlete triad–related risk factor variables. 

Beals et al. 
2002[17] 

Determine if there is an increased incidence of menstrual 
dysfunction and MSK injuries among female athletes 
identified with disordered eating. 

Track and field; Endurance 
running; Gymnastics; 
Cheerleading; Basketball; 
Football/Soccer; Diving, 
golf, volleyball, swimming, 
waterpolo, tennis, softball, 
field hockey. 

Although the difference failed to reach significance athletes reporting MI suffered 
more bone and muscle injuries (40.0% and 67.4%, respectively) during their 
collegiate career compared to those with normal menses (31.4% and 60.8%, 
respectively). 

Bennell et 
al.1995[18] 

To investigate risk factors (including MI) for stress fractures 
in Track and Field athletes. 

Track and field Women with a history of stress fracture were significantly more likely to have a 
history of oligomenorrhea. 
No significant difference between the two groups in the frequency of amenorrhea, 
duration of amenorrhea for >6months. Menarche after 14 years of age or dietary 
restriction to maintain weight. 
Those with oligomenorrhea had 6x greater risk of sustaining a stress fracture than 
those without oligomenorrhea.

Benson et 
al.1989[19] 

Investigate the relationship between nutrient intake, body 
mass index, menstrual function, and ballet injury. 

Dancing; Ballet – minimum 
of 10 class hours of dance 
per week 

Dancers with abnormal menses had more bone injuries than normally menstruating 
dancers.  

Cooper et al. 
2005[20] 

Present a case of a female Cross-country Runner with 
femoral neck stress fracture 

Endurance running This case demonstrates the importance of screening for amenorrhea and disordered 
eating when seeing a female patient with a stress fracture and the importance of not 
only asking about current menstrual history and weight, but to ask about previous 
menstrual history and weight. 

Constantinou et 
al. 2021[21] 

Present a case of bilateral navicular stress fractures in a 
juvenile patient. 

Track and field With regard to history, she reported having an irregular menstrual cycle. 
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Author and 
Year  

Study Aim Sport/Activity Summary of main findings 

Edama et al. 
2021[22] 

Clarify the relationship between the triad 
risk assessment score and the sports injury rate in 116 
female college athletes. 

Track and field; Endurance 
running; Basketball; 
Football/Soccer; 
Swimming, Volleyball 

Significantly more athletes at moderate and high-risk categories (that include 
amenorrhea and delayed menarche) and had bone stress fractures and bursitis than 
athletes at low risk. 

Fryar et al. 
2023[23] 

Evaluate the impact of two of the female athlete triad 
components, MI and disordered eating leading to low 
energy availability, on (1) the number and location of time 
loss injuries and (2) injuries that required surgery. 

Gymnastics Those who reported disordered eating had higher injury rates than those with MI. 
The female athlete triad can increase overall injury risk and can also have lifelong 
impacts beyond MSK injuries. 

Goolsby et al. 
2012[24] 

Demonstrate the potential serious consequences of the 
female athlete triad and its effects on bone. 

Endurance running This injury could have been prevented if the signs and symptoms of her injury had 
been addressed and there had been better knowledge of her risk factors.  

Haddad et al. 
1997[25] 

Present a case of a displaced stress fracture of the femoral 
neck in an active amenorrhoeic adolescent. 

Endurance running Although patients' endocrine work up was unremarkable should be noted clinical 
history includes primary amenorrhea. 

Heikura et al. 
2018[26] 

Report energy availability (EA), metabolic/reproductive 
function, bone mineral density, and injury/illness rates in 
national/world-class female and male distance athletes. 

Track and field; Endurance 
running; Race walkers 

Bone injuries were 4.5-fold more prevalent in amenorrhoeic. 

Hutson et al. 
2021[27] 

Investigate the association between menstrual function and 
BSI (Bone stress injuries) and explore whether plyometric 
training may protect against BSI in individuals with 
menstrual disturbances. 

Endurance running BSI incidence rate was similar in oligo/ amenorrhoeic and eumenorrhoeic runners 
that did plyometric training, but 3.78 (p = 0.001, 95% CI: 1.68–8.5) times greater in 
oligo/amenorrhoeic vs eumenorrhoeic runners that did not. OA vs EUM 2.25x higher 
for BSIs without accounting for plyometric training. 

Ihalainen et al. 
2021[28] 

Determine body composition, energy availability, training 
load, and menstrual status in young elite endurance running 
athletes and, in a secondary analysis, to investigate how 
these factors differ between non-running controls, and 
amenorrhoeic and eumenorrheic athletes. 

Endurance running More than half of this group of runners was amenorrhoeic, and they were injured 
more and ran less than their eumenorrheic counterparts. And AME had more injury 
days than EUM.  

Johnson et al. 
2001[29] 

Describe an unusual cause of persistent low back/sacroiliac 
pain: a fatigue-type sacral stress fracture.  

Endurance running; 
Basketball; 
Football/Soccer; Other: 
Eight athletes engaged in 
different sports: 1x soccer, 
1 basketball, 6 endurance 
runners 

The most significant risk factor for fatigue-type sacral stress fractures was an 
increase in impact activity due to a more vigorous exercise program. Potential risk 
factors such as abnormal menstrual history, dietary deficiencies, and low bone 
mineral density were examined. The clinical course was protracted, with an average 
6.6 months of prolonged low back pain before resolution of symptoms. Sacral 
fatigue-type stress fractures did not preclude the athletes from returning to their 
previous level of participation once healing had occurred. 

Kandemir et al. 
2018[30] 

Evaluate and compare the effects of anorexia nervosa and 
exercise-induced amenorrhea on bone parameters and to 
identify groups at high risk for fracture.  

Endurance running; Other: 
weight-bearing exercise 

A high stress fracture rate in normal-weight oligomenorrheic athletes, who have 
comparable bone mineral density measures to controls, indicates that bone mineral 
density in these women may need to be even higher to avoid fractures. A higher 
proportion of OAs than AN and controls had stress fractures. 
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Author and 
Year  

Study Aim Sport/Activity Summary of main findings 

Korpelainen et 
al. 2001[31] 

Identify factors predisposing athletes to multiple stress 
fractures with the emphasis on biomedical factors. 

Endurance running; Other: 
Long distance running, 
sprinting, jumping, 
orienteering, cross-country 
skiing, power events, ball 
games 

Nearly half (40%) of the females with stress fractures reported menstrual 
irregularities. 

Laframboise et 
al. 2013[32] 

Illustrate the varying presentations of the female athlete 
triad (FAT) in four athletes who sustained fractures or stress 
fractures. 

Track and field; Endurance 
running; Dancing 

The case series concluded that the female triad may be a tetrad of coexisting 
conditions including disordered eating, menstrual dysfunction, low bone mineral 
density, and endothelial dysfunction. OCP medication may be considered to prevent 
further loss of bone mineral density in athletes with functional hypothalamic 
amenorrhea over the age of 16 and only if bone mineral density is decreasing 
despite nutrition. 

Lambert et al. 
2020[33] 

Characterise bone health in relation to stress fracture 
history, body composition, eating disorder risk, and blood 
biomarkers in professional male and female ballet dancers. 

Dancing There was no difference in bone mass density or frequency of stress fracture 
between dancers who had irregular cycles and those who did not. None of the 
female dancers in the present investigation reported amenorrhea. 

Myer et al. 
2009[34] 

To present a unique case of a young pubertal female 
athlete who was prospectively monitored for previously 
identified ACL injury risk factors for three years before 
sustaining an ACL injury. 

Endurance cycling; 
Basketball 

The athlete reported that menarche occurred at age 12, between the measurements 
for years 2 and 3. At the interview, she indicated that she had missed 3 successive 
menstrual cycles at the time of injury, with more than three months since the last 
menses. 

Native et al. 
2013 

To examine the relationships between MRI grading of bone 
stress injury with clinical risk factors (including MI and HC 
use) and time to return to sport in collegiate track and field 
athletes 

Track and field; Endurance 
running 

Among the female athletes, MRI grade was significantly higher among those 
classified with oligo/amenorrhea compared to eumenorrhea. 
Fracture history, menstrual status, age at menarche, and gender were not 
significantly associated with time to return to sport.

Nose-Ogura et 
al. 2018[35] 

To examine whether the Triad increases the risk of stress 
fractures, athletes were assigned to a “teenage” group and 
a “20s” group. 

Multiple unspecified The percentage of stress fractures in the amenorrhoeic group (22/120, 18.3%) was 
significantly higher than that in the EA group (14/180, 7.8%, p<0.0001).  increased 
odds of SF. 

Okamoto et al. 
2010[36] 

Case of a displaced stress fracture of the femoral neck in 
an adolescent female distance runner with amenorrhea.  

Endurance running Amenorrhea might have been a contributing factor to athletes’ stress fracture. 

O'Leary et al. 
2023[37] 

Investigate associations between menstrual function, eating 
disorders, and risk of low energy availability with MSK 
injuries in British Service women. 

Military Menstrual disturbances (oligomenorrhoea/amenorrhoea, history of amenorrhoea, 
and delayed menarche) were not associated with injury. 

Prather et al. 
2016[38] 

To determine the prevalence of stress fractures within the 
previous 2 years, menstrual dysfunction one year following 
the onset of menses, and disordered attitudes towards body 
perception and eating attitudes in an elite group of female 
soccer athletes. 

Football/Soccer There was no difference in the reported incidence of stress fractures between 
athletes with menstrual dysfunction as compared to those with no menstrual 
dysfunction. 

Steinberg et al. 
2013[39] 

Investigate the association between joint range of motion, 
anatomical anomalies, body structure, dance discipline, and 
injuries in a large sample of female recreational dancers 
and to identify potential risk factors (including age of 
menarche) for injury. 

Dancing An association was found between early age of onset of menarche and rate of 
injuries 38% of the dancers who had an early age of onset of menarche were injured 
versus 45% of the dancers with an average (12–14 years) or late (>14 years) age of 
onset of menarche. 
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Author and 
Year  

Study Aim Sport/Activity Summary of main findings 

Tenforde et al. 
2011[40] 

Evaluate lifetime prevalence and risk factors for overuse 
injuries in high school athletes currently participating in 
long-distance running. 

Track and field; Other: 
cross country running 

No differences in menstrual history, including age of menarche or menstrual 
irregularities, were seen in female subjects with a history of injury. 

Thein-
Nissenbaum et 
al. 2011[41] 

Determine the association between disordered eating,  
menstrual dysfunction (MD), and MSK injury (in females 
participating in various high school-sponsored sports. 

Track and field; 
Gymnastics; Cheerleading; 
Dancing; Basketball; 
Football/Soccer; Other: 
diving, cross country, 
tennis, volleyball, swim, 
softball, golf 

There was no relationship between MD and MSK injury. 

Thein-
Nissenbaum et 
al. 2012[42] 

To determine the prevalence of and relationship between 
MI and injury in high school athletes. 

Track and field; Endurance 
running; Endurance 
cycling; Gymnastics; 
Cheerleading; Dancing; 
Football/Soccer; Other: 
diving, cross country, 
tennis, volleyball, 
swimming, golf 

Athletes with MI reported a greater percentage of severe MSK injuries than did 
athletes with normal menses. 

Tomten et al. 
1996[43] 

To estimate the prevalence of athletic amenorrhea in a wide 
range of long-distance runners and the relation to possible 
risk factors. 

Endurance running The runners with menstrual disorders had a significantly higher incidence of stress 
fractures. 

Vajapey et al. 
2019[44] 

Reporting on sacral stress fractures among. Endurance running; Other: 
cross country runner 

1 of the 3 female runners who in the case-series had irregular menses. 

Voss et 
al.1997[45] 

To report on an unusual case of bilateral femoral stress 
fractures in an amenorrhoeic female athlete.

Triathlon Hormonal disorders may increase the risk for fatigue fractures.  

Wilson et 
al.1994[46] 

To report on the case of a 30-yr-old amenorrhoeic athlete 
with significantly reduced bone density who developed 
stress fractures and then sustained a full fracture of the 
humerus. 

Endurance running Bone loss that occurs in amenorrhoeic athletes may be severe enough to lead 
to osteoporotic fractures many years before the menopause and therefore this 
condition should not be regarded as benign. 

Witkos et al. 
2022[47] 

Determined whether menstrual cycle disorders occurring in 
female swimmers overlap with the occurrence of sports 
injuries. 

Swimming Disturbances in the normal menstruation cycle, occurring among a certain 
percentage of the swimmers, positively correlated with the number of injuries that 
were recorded among these athletes. 

Wolman et al. 
1989[48] 

Report on a 17 year old runner with primary amenorrhoea 
who had a slipped upper femoral epiphysis. 

Track and field Female athletes with primary amenorrhoea and pubertal delay are probably at high 
risk of these disorders. 

BSI = Bone stress injuries; MI = Menstrual irregularity; ACL = Anterior Cruciate ligament; MD = Menstrual dysfunction; MSK = Musculoskeletal; FAT = Female athlete triad; AME = amennorhoea; 
EUM = eumennorhea; OA = oligomenorrheic athletes; AN =anorexia nervosa; OCP = Oral contraceptive pill;  HC =  hormonal contraceptive;  EA =  eumenorrehea athlet
 

Supplementary Table 2c: Studies investigating the association between hormonal contraceptive use and musculoskeletal injury. 

Author and 
Year  

Study Aim Sport/Activity Summary of main findings 
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Agel et al. 
2006[49] 

To determine if the use of OCPs affects the rate of non-
contact ACL injury and ankle sprains. 

Basketball; Football/Soccer No difference in the rate of injuries between athletes using hormonal therapy and not 
using hormonal therapy. 

Liederbach et al. 
2008[50] 

Compare selected intrinsic and extrinsic variables 
(including HC use) between the dancers who 
experienced ACL injury with those who did not. 

Dancing No difference between injured and non-injured women with regard to OCP use. 

Niyonsenga et 
al. 2013[51] 

Establish risk factors (including OC use) for soccer 
injuries among first-division Rwandan female soccer 
players. 

Football/Soccer OC use was associated with injury. 

Redinger et al. 
2023[52] 

To identify if competitive heavyweight female rowers 
who were OC users had altered bone quality compared 
with their teammates who did not use OCs. 

Rowing The self-reported stress fracture incidence between OC users and non-OC users 
was 21.4 and 22.9%, respectively. Additionally, both OC groups and fracture groups 
were similar in respect to their self-reported age at menarche. 

OCP = oral contraceptive pill; OC = oral contraception; ACL=Anterior cruciate ligament; HC = Hormonal contraception 

 
Supplementary Table 2d: Studies investigating the association between menstrual cycle phase and hormonal contraceptive use and musculoskeletal injury 

Author and 
Year  

Study Aim Sport/Activity Summary of main findings 

Arendt et al. 
2002[53] 

Analyse 28-day periodicity of non-contact ACL injuries in athletes 
using and not using OC. 

Basketball; 
Multiple 
unspecified 

Significant relationship between the occurrence of non-contact ACL injuries and MC 
(earlier in cycle) regardless of OC use status. 

Dragoo et al. 
2011[54] 

To investigate whether collegiate female athletes (HC users and 
athletes who do not use HC)  with elevated serum relaxin 
concentrations (SRC) sustain ACL tears at an increased rate 
compared with those with lower SRC. Fluctuations in SRC is related 
to MCP. 

Gymnastics; 
Basketball; 
Football/Soccer; 
Lacrosse, field 
hockey, 
volleyball

Elite female athletes (HC users and athletes who do not use HC) with ACL tears have 
higher SRC (during late luteal phase) than those without tears. Those with an SRC 
greater than 6.0 pg/mL had over 4 times increased risk for a tear. 
HC use was not associated with ACL tears, and controlling for HC use led to larger 
differences with SRC levels and ACL tears. 

Myklebust et 
al. 1998[55] 

Injury mechanisms of ACL injuries and possible risk factors including 
menstrual status and hormonal contraceptive use. 

Handball The researchers also spilt the HC users time of injury into MCP’s and not HC-phase 
and concluded that most injuries occurred in the late luteal phase. There may be an 
increased risk of ACL injury during the week prior to or after the start of the menstrual 
period.  

Moller-
Nielsen et al. 
1989[56] 

To investigate women soccer players traumatic injuries in 
premenstrual and menstrual phases during the rest of the cycle. Also 
regarding contraceptive use. 

Football/Soccer Increase in injury rates in premenstrual/menstrual vs rest. Still held true when 
separated out into HC use and not. 

Ruedl et al. 
2009[57] 

The objective of this study is twofold: (1) to investigate a possible 
protective effect of OCP use against ACL injuries in recreational 
skiers and (2) to compare the frequencies of non-contact ACL 
injuries in the preovulatory phase with that in the postovulatory 
phase of the menstrual cycle in recreational skiers. 

Alpine skiing Of the ACL-injured skiers, 57% were in the preovulatory phase at the time of injury, 
whereas 41% of the controls were in the preovulatory phase at the time of 
questioning. An odds ratio of 1.92 (CI: 1.07–3.44) was calculated. 
Regarding subjects and controls without OC use, only a trend (P = .084) toward a 
1.88 (CI: 0.92–3.88) increase in ACL injuries in the preovulatory phase was detected. 

Slauterbeck 
et al. 
2002[58] 

To determine if ACL injuries in female athletes occur randomly or 
correlate with a specific MCP. 

Multiple 
unspecified 

ACL injuries occurred most frequently on days 1 and 2 of menses, suggesting that 
ACL injury is not random but occurs more often around the time of menses. 16% of 
athletes injured their ACLs while on OCPs. Researchers included OCP users in the 
main sample statistical analysis i.e. also divided time of injury according to MCP and 
not HC. 
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Wojtys et al. 
1998[59] 

To investigate the variation in ACL injury rates during the female 
monthly cycle. 

Basketball; 
Football/Soccer; 
Karate, skiing, 
softball, 
volleyball, 
tennis 

A significant association was found between the stage of the menstrual cycle and the 
likelihood for an ACL injury (P=0.03). There were more injuries during the ovulatory 
phase of women with regular cycles (days 10 to 14) than expected. In contrast, 
significantly fewer injuries occurred during the follicular phase (days 1 to 9) (4 injuries; 
13% observed, 32% expected). Because of the small number of subjects who used 
OCPs (N=5), they were unable to stratify by contraceptive use in the analysis. 

Wojtys et al. 
2002[60] 

To determine the association between MCP and ACL tears. Multiple 
unspecified 

Increased susceptibility for ACL injury in the ovulatory phase of the menstrual cycle in 
women who did not use OCPs. OCP use appears to diminish the disproportionate 
distribution of ACL injuries during the menstrual cycle 

 
OC = oral contraception; ACL=Anterior cruciate ligament; HC = Hormonal contraception; MCP = Menstrual cycle phase; SRC = serum relaxin concentrations 
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Supplementary Table 2e: Studies investigating the association between menstrual irregularity and hormonal contraceptive use and musculoskeletal injury 

Author and 
Year  

Study Aim Sport/Activity Summary of main findings 

Barrow et al. 
1998[61]  

Determine the prevalence of stress fractures and its 
relationship to menstrual history in a sample of 
collegiate female distance runners. 

Track and field; Endurance 
running 

Females distance runners who have a history of irregular or absent menses 
and who never used OCs may be at increased risk of developing a stress 
fracture. 

Bennell et 
al.1996[62] 

To investigate risk factors (including MI) for stress 
fractures in Track and Field athletes. 

Track and field Female athletes who sustained stress fractures had a significantly later age of 
menarche, fewer menses in the year preceding the study, and lower menstrual 
index, indicating fewer menses per year since menarche.  
No difference between female groups for years since menarche, participation 
in premenarcheal training, and past or current use of OCP. 

Cheng et al. 
2021[63] 

Establish the relationship between MI, HC-use and 
bone stress injuries among collegiate athletes in the 
US. 

Track and field; Endurance 
running; Gymnastics; 
swimming, diving 

The prevalence of primary amenorrhea was higher in athletes with stress 
fractures than in those without stress fractures. 
OCP use was associated with lower odds of having a history of stress 
fractures. 
Compared with OCP use, injectable HC use was significantly associated 
history of stress fractures. 
No association between past MI and a history of stress fractures.

Cline et 
al.1998[64] 

To identify characteristics and factors associated with 
increased risk for stress fractures in military women. 

Military No relationship was evident between bone density values and stress fractures 
in amenorrheic soldiers. 63% of injured subjects were on OCP prior to entering 
the Army. 

Duckham et 
al. 2012[65] 

To identify psychological and physiological correlates of 
stress fracture in female endurance athletes. 

Endurance running; Triathlon The prevalence of current a/oligomenorrhoea and past amenorrhoea was 
higher in athletes who sustained stress fractures than in control groups. This 
remained even when adjusted with HC use. 

Duckham et 
al. 2015[65] 

The purpose of this study was to determine the annual 
incidence of SF in female endurance athletes based in 
the United Kingdom. 

Endurance running; Triathlon In two stress fracture cases women were eumenorrheic with no history of 
menstrual dysfunction or HC use. 1 of the two had late onset menarche (16 
years). 

Dugowson et 
al. 1991[66] 

Present a case of a non-traumatic femur fracture in an 
amenorrhoeic athlete. 

Endurance running The study demonstrates the contributing effect of amenorrhea on the outcome 
(i.e. femur fracture) following minor trauma. 

Eller et al. 
1997[67] 

 Present a case study of amenorrhoeic female athlete 
with a sacral stress fracture. 

Endurance running The female athletes with sacral stress fractures were amenorrheic and were 
taking OCPs for the treatment of amenorrhea.  

Gehman et 
al. 2022[68] 

To explore whether energy availability, menstrual 
function, measures of bone health, and a modified 
Female Athlete Triad Cumulative Risk Assessment 
(CRA) tool are associated with a history of multiple 
BSIs. 

Endurance running; There were no differences in prevalence of primary or secondary amenorrhea 
between groups.  
Age of menarche and contraceptive use patterns were also similar between 
groups. 
Among women who did not use contraceptives, most reported regular menses 
in the year prior to enrolment. 
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Guest et al. 
2005[69] 

Investigate the associations between high cognitive 
dietary restraint (CDR) scores and subtle MI, increased 
cortisol, and lower BMD, increased risk for stress 
fractures among active women. 

Endurance running There were no significant differences in age, physical, and menstrual cycle 
characteristics (including the proportion using oral contraceptives), or BMI 
values between the injured and non-injured groups. 

Heather et 
al. 2021[70] 

The aim of this study was to quantify the health status 
of elite female athletes, and understand sociocultural 
factors influencing that status. 

Track and field; Endurance 
cycling; Rugby; Rowing, field 
hockey 

Stress fractures and iron deficiency were common and associated with 
oligomenorrhoea/amenorrhea. 

Henriksson 
et al. 
2000[71] 

This study investigated whether menstrual dysfunction 
was related to MSK injuries among Swedish 
middle/long distance runners. 

Track and field; Endurance 
running 

Women athletes with menstrual dysfunction were found to have had a longer 
interruption of training due to MSK injuries than those with regular cycles. 
Athletes using OCs had the highest BMI values, but did not differ in other 
respects from the other groups (i.e. regular menstruating group and menstrual 
dysfunction group).

Kelsey et al. 
2007[72] 

To identify risk factors for stress fracture among young 
female distance runners. 

Endurance running Risk factors for stress fracture among young female runners include previous 
stress fractures, lower bone mass, and, although not statistically significant in 
this study, MI.  

Leinberry et 
al.1992[73] 

To report a stress fracture in the subtrochanteric area of 
the hip in an amenorrheic runner 

Endurance running Amenorrheic runner, who used OCP for two years sustained a subtrochanteric 
stress fracture of the hip. 

Lloyd et al. 
1986[74] 

To evaluate the effect of menstrual status upon MSK 
injuries in women athletes. 

Endurance running Stress fractures and fractures were associated with menstrual history. 
Any injury was associated with no contraceptive use and absent/irregular 
menstrual status. 

Micklesfield 
et al. 
2007[75] 

To investigate factors associated with menstrual 
dysfunction, self-reported bone stress injuries and 
energy balance in women runners. 

Endurance running There was no difference in age, weight, BMI or menstrual function between the 
runners who did, and did not, report a bone stress injury. The results did not 
change significantly when the 25% of women using OCPs were excluded. 

Movaseghi 
et al. 
2012[76] 

To evaluate clinical manifestations of the female athlete 
triad among some elite Iranian athletes. 

Track and field; Endurance 
running; Endurance cycling; 
Basketball; Football/Soccer; 
Rugby; All sporting codes in 
33 federations (Combat 
sports, rowing, swimming, 
Climbing sports, golf, 
volleyball, bat and ball 
sports)

Four athletes (33%) had both stress fracture and an ED. 
One had both stress fracture and low BMD, as well as all three clinical 
manifestations of the Triad (MI, ED, and low BMD). In general, however, we 
found no significant association between stress fracture and presence of 
amenorrhea, oligomenorrhea, age at menarche, or OCP use. 

Myburgh et 
al. 1990[77] 

To determine whether bone density and other risk 
factors for osteoporosis associated with stress fractures 
in athletes 

Track and field; Endurance 
running; Aerobics 

Current and past MI, and OCP use was associated with injuries.  

Prouteau et 
al. 2004[78] 

To identify specific bone characteristics of stress 
fracture (SF) cases in sportswomen. 

Track and field; Triathlon; 
Dancing; Basketball; Tennis, 
judo, kick-boxing, golf, step 
classes  

Total duration of amenorrhea in months was also more important in the SF 
group compared with the C group: 6ꞏ7(± 10ꞏ7) and 1ꞏ2 (± 4ꞏ1), respectively (P 
< 0ꞏ05). Use of the contraceptive pill did not differ between groups: SF (n = 10) 
79ꞏ5 ± 73ꞏ8 months C (n = 9) 48ꞏ5 ± 46ꞏ2 months. These results suggest that 
the fractal parameter and the BMI at birth may be able to identify female 
athletes most at risk for this overuse bone injury, as their low indexes might 
reflect a greater skeletal sensitivity.
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Puranda et 
al. 2022[79] 

To characterize reproductive health factors in female 
Canadian Armed Forces (CAF) members and their 
relationship with MSK injury. 

Military Female members with menstrual cycles reported as never regular, irregular for 
a few months, who never had a period, and whose periods stopped while 
serving presented a greater likelihood of RSI were compared to the ones who 
had regular menstrual cycles. There were associations between use of 
hormones for birth control and giving birth while serving and injury risk.  

Rauh et al. 
2006[80] 

To examine rates and risk factors for overuse injuries 
among 824 women. 

Military Women who reported secondary amenorrhea (six or more consecutive missed 
menses during the past 12 months) demonstrated almost a threefold increase 
in lower-extremity stress fracture risk. No significant associations were found 
for menstrual variables or birth control hormone use 

Rauh et al. 
2010[81] 

To examine the relationship among disordered eating, 
menstrual dysfunction, and low bone mineral density 
(BMD) and MSK injury among girls in high school sports 

Multiple unspecified Oligomenorrhea or Amenorrhoea increased risk of injury. No association with 
menstrual or OCP.  

Ravi et al. 
2021 

To investigate the prevalence of self-reported restrictive 
eating, current or past eating disorder, and menstrual 
dysfunction and their relationships with injuries. 

Multiple unspecified Menstrual dysfunction associated with longer RTP (falls away if adjusted for 
lots of other things).Athletes using HCs were grouped with athletes with other 
menstrual dysfunctions. 

Rudolph et 
al. 2021[82] 

To determine differences in health and physical activity 
history, bone density, microarchitecture, and strength 
among female athletes with a history of multiple BSI, 
athletes with ≤1 BSI, and non-athletes. 

Multiple unspecified Age of menarche and current menstrual status (including HC use) were similar 
among groups. Women with ≥ 3 BSIs had a higher prevalence of amenorrhea 
compared to both those with ≤1 BSI (p=0.04) and non-athletes (p=0.03; Table 
2). Interestingly, among women with ≥ 3 BSIs who reported a history of 
amenorrhea, 40% reported current menstrual dysfunction compared to 25% of 
women with ≤1 BSI, and 0% of non-athletes. 

Cobb et al. 
2007[83] 

To determine the effect of OCPs on bone mass and 
stress fracture incidence in young female distance 
runners. 

Endurance running We found that randomisation to OC had no effect on BMD or BMC in 
oligo/amenorrhoeic or eumenorrheic female runners, and it yielded a 43% 
reduction (not statistically significant) in the rate of stress fractures across 
menstrual groups. 

Scheinowitz 
et al. 
2017[84] 

To evaluate the effects of health habits (including OC-
use, MI and age of menarche) and physical activity 
before recruitment on the fitness level and the incidence 
of stress fracture during the 4-month army basic 
training. 

Military The incidence of SF among contraceptive users who exercised before 
recruitment was 10% compared with 6.4% among those who did not exercise 
before recruitment (p > 0.05). Although related MI and age of menarche 
collected (as stated in methods), results were not reported. 

Thein-
Nissenbaum 
et al. 
2014[85] 

To determine the prevalence of DE, MI, and MSK injury 
(INJ; other than stress fractures) in the high school 
population in OCP users and non-OCP users. 

Track and field; Gymnastics; 
Cheerleading; Dancing; 
Basketball; Football/Soccer; 
Multiple unspecified; Tennis, 
volleyball, swimming, 
softball, golf 

There was no difference in prevalence of MI or MSK injury rate between OCP 
users and non-users. 

von Rosen 
et al. 
2017[86] 

To survey menarche, MI and use of OCs in female 
adolescent athletes in the National Sports High Schools 
in Sweden. A further aim was to study the associations 
between current sport injury and MI as well as use of 
OCPs. 

Track and field; Triathlon; 
American football, bowling, 
cycling, cross country skiing, 
downhill skiing, freestyle 
skiing, golf, handball, 
orienteering, water skiing, 
wrestling 

Current injury was equally distributed in the OC and the non-OC group 
but athletes with MI had fewer sports injuries compared to eumenorrheic 
women. 
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von Rosen 
et al. 
2020[87] 

To study the associations between current sport injury 
and MI as well as use of OCPs. 

Endurance running; 
Endurance cycling; Skiing, 
triathlon, orienteering 

Eumenorrheic women had more current injuries (p = 0.024)  
OC was not looked at in conjunction with injury. 

Wentz et al. 
2012[88] 

To compare female runners with and without a history 
of stress fractures to determine possible predictors of 
such fractures. 

Endurance running; cross 
country running 

When considered as individual risk factors no differences were observed for 
training factors, prior menstrual history, current menstrual status, or use of 
OCPs between subjects. In logistic regression, stress-fracture risk was 
increased by the combination of lower dietary calcium intake, history of MI, 
lower BMD, longer history of running, and running predominantly on hard 
ground. 

Wu et al. 
2022[89] 

To characterize the prevalence of running-related 
injuries and factors associated with running-related 
injuries in middle school runners. 

Endurance running Significant associations with injury for higher age of menarche, lower menses 
in the past 12 months, history of 3 or more missed periods. 

 OCP= Oral contraceptive pill; DE =Disordered eating; MI = Menstrual irregularity; BSI= Bone stress index; HC = hormonal contraceptive; SF = stress fracture; BMI = body mass index; BMD = 
bone mineral density;  ED = eating disorder; MSK = musculoskeletal; RSI = relative strength index;  RTP = return to play;  BMC = bone mineral content; 
 

Supplementary Table 2f : Studies investigating the association between more than one theme (menstrual cycle phase, menstrual irregularity) and musculoskeletal injury 

Author and 
Year  

Study Aim Sport/Activity Summary of main findings 

Petschnig et 
al. 1997[90] 

Stress fracture in a secondary 
amenorrhea athlete 

Table tennis Athlete with secondary amenorrhea with stress fracture 

Vico-Moreno et 
al. 2022[91] 

Evaluate associations between 2D 
biomechanics during landing and 
proprioception with ankle and knee 
injuries of female basketball players, 
considering their menstruation regularity. 

Basketball Data showed that 16% of players sustained an ankle or knee injury, being more frequent in players with 
irregular menstruation compared to regulars 

2D = Two dimensional
 

Supplementary Table 2g : Studies investigating the association between more than one theme (menstrual cycle phase, Menstrual irregularity, and hormonal contraceptive use) and 
musculoskeletal injury 

Author and 
Year  

Study Aim Sport/Activity Summary of main findings 

Doyle et al. 
2004[92] 

To document and analyse injuries 
sustained over a competitive season by 
an elite squad of female 
rugby players. 

Rugby Data for injury occurrence during specific MCPs were equivocal with eight 
injuries reported in the first half (follicular phase), 10 injuries reported in the second half (luteal phase) 
of the menstrual cycle, and for nine injuries, participants could not recall in which part of the cycle their 
injury occurred. The injury pattern in those subjects who were OCP users, menstrual cycle of regular 
length and menstrual cycle of irregular length, was consistent with the overall squad injury breakdown. 
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Johnston et al. 
2020[93] 

The purpose of the study was to compare 
physiological measures and running-
related factors between women of various 
ages and running abilities with and without 
a history of running-related stress 
fractures. 

Endurance running Female runners with low hip bone mineral density, menstrual changes during peak training, and 
elevated bone turnover markers may be at increased risk of stress fractures. 

Kadel et al. 
1992[94] 

To compare dancers with and without 
stress fractures, considering menstrual 
status, menstrual history, use of OCPs, 
calcium intake and daily hours of training. 

Dancing Prolonged amenorrhoeic intervals and heavy training schedules may predispose ballet dancers to 
stress fractures. 
Amenorrhea >6months increased odds of stress fractures. 

Koenig et al. 
2008[95] 

To report on prospectively collected data 
pertaining to injuries of the diaphyseal 
femur occurring at a National Collegiate 
Athletic Association Division I university. 

Track and field; Field 
hockey, lacrosse, 
cross country, crew, 
track 

The higher proportion of injured females in this study, and the histories of menstrual irregularities and 
disordered eating, raised the concern that the female athlete triad may be a factor. 

Ruedl et al. 
2011[96] 

The aim of this study was to investigate 
the interaction of potential intrinsic and 
extrinsic risk factors in ACL injured 
recreational female skiers 

Skiing OCP use (P > 0.05) did not affect the ACL injury risk.  
Menstrual cycle showed a significant association (P < 0.03). The risk of sustaining an ACL injury is 
unadjusted 1.9 fold higher in the preovulatory phase compared to the postovulatory phase. 

ACL=Anterior cruciate ligament; OCP=Oral contraceptive pill; MCP = menstrual cycle phase 
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