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Limited Evidence Suggests a Protective 
Association Between Oral Contraceptive 
Pill Use and Anterior Cruciate Ligament 
Injuries in Females: A Systematic Review
Kathleen Samuelson, ScM,† Ethan M. Balk, MD, MPH,‡ Erika L. Sevetson, MS,§  
and Braden C. Fleming, PhD*||¶

Context: Female athletes aged 14 to 18 years are at particular risk for anterior cruciate ligament (ACL) injuries. Hormonal 
factors are thought to predispose them to this injury. Oral contraceptive pills (OCPs) might reduce ACL injury risk, although 
the literature appears controversial.

Objective: To evaluate the association between OCP use and ACL injuries in women. The secondary objective was to 
determine the rates of ACL injuries in the pre- and postovulatory phases of the menstrual cycle in OCP and non-OCP 
(NOCP) users.

Data Sources: Searches were performed across 4 reference databases (PubMed, CINAHL, Embase, Cochrane), abstracts 
from 6 specialty societies, ClinicalTrials.gov, and reference lists of relevant papers.

Study Selection: We included studies investigating the association between OCP use and ACL injuries in females of any 
age or the distribution of ACL injuries across the menstrual cycle in OCP and NOCP users.

Study Design: Systematic review.

Level of Evidence: Level 3.

Data Extraction: Data regarding study design, population characteristics, OCP details, outcome definitions, analytic 
methods, and results were extracted from the included studies. The methodological quality of each study was assessed using 
the Newcastle-Ottawa scale.

Results: The search yielded 1305 citations, of which 7 retrospective observational studies met the inclusion criteria. Two 
large case-control studies with higher methodological quality suggested that OCP use may reduce the risk of sustaining an 
ACL injury. Five comparative studies examining injury distribution across the menstrual cycle in OCP and NOCP users had 
conflicting findings, were heterogeneous, and were limited by low methodological quality.

Conclusion: The evidence suggests OCP use may reduce the risk of ACL injury; however, no conclusions can be drawn 
regarding differences in risk of ACL injuries between OCP and NOCP users across the menstrual cycle. Studies were limited 
by small sample sizes, heterogeneity, and methodological concerns.
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Approximately 1.4 million “noncontact” anterior cruciate 
ligament (ACL)  tears occur annually worldwide.17,31 The 
highest incidence occurs in female athletes aged 14 to 18 

years.28 There is currently no definitive explanation for the 
higher rate of ACL injuries in females.12 Recent attention to 
hormonal risk factors is based on the known effects of ovarian 
steroid hormones on ligament and tendon properties,16,20 the 
monthly circadian fluctuations of serum hormone 
concentrations,5 and that these fluctuations are modulated when 
using oral contraceptive pills (OCPs).25

The prevalence of OCP use among female athletes has been 
estimated at 40% to 50%.6,35 Because of the general acceptance 
of OCPs by female athletes,4 the rising number of ACL injuries 
in the athletic population,18 and the possible benefits of OCP 
use on sports performance,27 further investigation into the 
preventative effect of OCP use against ACL injuries is essential.

Möller-Nielsen and Hammar23 reported that soccer players 
who use OCPs have less traumatic injuries compared with 
non-OCP (NOCP) players, and suggested a causal association 
between premenstrual symptoms and injuries. In women who 
reported premenstrual symptoms, injury rates were greater 
during the premenstrual and menstrual periods. When the 
authors separated women by contraceptive status, a pattern of 
injury risk during the premenstrual and menstrual phases was 
not evident among women using OCPs.22,23 However, this study 
was not specific to ACL injuries.

The current literature relating OCPs to soft tissue injury risk 
appears equivocal, and no causal associations between OCP use 
and ACL injury have been established. There are many potential 
factors that need to be considered when designing a study to 
establish the relationship between OCP use, the menstrual 
cycle, and ACL injury risk. The menstrual cycle (duration and 
magnitude) is highly variable across individuals. The cycle can 
be divided into 2 or 3 phases or evaluated by cycle day. 
Self-reported menstrual history is required to establish the 
timing of injury relative to the menstrual cycle. However, 
exclusively using self-reported information (eg, date of prior 
onset of menses) is less reliable than using other methods such 
as hormone measurements.32 Menstrual dysfunction is not 
uncommon in athletic women.3 Details regarding contraceptive 
use, including confirmed use at the time of injury, duration  
of use prior to injury, and contraceptive type (eg, oral vs 
non-oral hormonal-based contraceptive), are also important 
considerations. In addition, ACL injury verification may vary 
across studies, as not all ACL injuries result in reconstruction.34 
Given the number of factors and covariates that may affect ACL 
injury risk, large sample sizes are a necessity. Thus, an 
evidence-based review pooling existing studies could potentially 
provide valuable insight into the effects of OCP use on ACL 
injury risk. A confirmed prophylactic effect could have an 
enormous impact on ACL injury prevention strategies.

The primary objective of this systematic review was to 
evaluate the association between OCP use and ACL injuries in 
women. The secondary objective was to determine the rates of 

ACL injuries in the pre- and postovulatory phases of the 
menstrual cycle in OCP and NOCP users.

Methods

This systematic review was based on PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) 
standards.21

Study Eligibility Criteria

Articles that investigated the key question and subquestion were 
included: those that evaluated an association between OCP  
use and ACL injuries in females of any age, and those that 
investigated the distribution of ACL injuries across the menstrual 
cycle in OCP and NOCP users. Studies did not need to 
necessarily specify the injury mechanism (eg, noncontact or 
contact) or severity (eg, partial or complete tear/rupture). 
However, they were required to include ACL injuries that 
occurred only after the start of OCP use. Studies did not need to 
characterize OCP exposure among the cohort deemed OCP 
users (eg, recent use, cumulative duration of use, dosage, and 
formulation). Clinical endpoints of interest included ACL injury 
diagnosed via clinical or imaging examination or documented 
ACL reconstruction surgery. All study designs were eligible, 
regardless of sample size.

Literature Searches

A literature search was performed in collaboration with 2 
reference librarians at Brown University on December 2, 2016. 
Searches were conducted in 4 electronic databases: PubMed, 
Cumulative Index of Nursing and Allied Health Literature 
(CINAHL), Embase, and the Cochrane Central Trials Registry. 
Search strategies (see Appendix 1, available in the online 
version of this article) included terms for ACL, knee, and athletic 
injuries crossed with terms for oral contraceptives, hormones, 
and the menstrual cycle. Searches were not restricted by 
language or publication dates. A search for unpublished 
literature was performed in ClinicalTrials.gov and among 
abstracts since 2000 from 6 seminal research societies: American 
Orthopaedic Society for Sports Medicine, Orthopaedic Research 
Society, American College of Sports Medicine, Society for 
Endocrinology, American Association of Clinical 
Endocrinologists, and the European Society of Endocrinology. 
Reference lists from existing systematic reviews on ACL injury 
risk and included studies were also screened.

Literature Screening

A single researcher (K.S.) screened abstracts using the open-
source software, Abstrackr (www.abstrackr.cebm.brown.edu).37 
Potentially eligible articles were exported into an evidence map 
to collect bibliographic information, study design, population 
characteristics, study duration, exposure, intervention, and 
reported outcomes. The primary exposure of interest was the 
protection factor, OCP. The secondary exposure of interest was 
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the risk factor, menstrual cycle. The outcome of interest was 
ACL injury (ie, noncontact or unspecified injury mechanism).

Data Extraction

Data from eligible studies were extracted into an a priori–
designed data extraction form that included bibliographic 
information, study characteristics (eg, study design), population 
and intervention (OCP) characteristics, outcome definitions, 
baseline characteristics, results, and methodological quality.

Methodological Quality  
(Risk of Bias) Assessment

We assessed the methodological quality of observational studies 
with the validated Newcastle-Ottawa Scale (NOS).38 The NOS 
assesses bias with regard to the selection of participants, 
comparability of study groups, and ascertainment of the 
exposure/outcome of interest. We adapted the rubrics for case-
control studies and for cohort studies (see Appendix 2, available 

in the online version of this article). Studies were assessed to 
have low, high, or unclear risks of bias for each question.

Results

The search yielded 1305 citations, of which 7 retrospective 
observational studies met the inclusion criteria (Figure 1): 3 
case-control,14,26,29 1 cross-sectional,40 and 3 longitudinal 
comparative studies.1,2,19 Four studies investigated the 
association between OCP use and ACL injury (objective 
1)1,14,26,29; 5 studies assessed the timing of ACL injury in OCP 
and NOCP users over the menstrual cycle (objective 2).1,2,19,29,40 
Two of these studies evaluated both the association and timing 
of injury.1,29

Overall, the study designs and analyses were heterogeneous 
(Table 1). Studies varied greatly in population size (range, 
65-51,276 females), data collection methods (eg, self-report 
questionnaire, hormone metabolite measurements via urine 

Figure 1.  Literature flow based on the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. 
The flowchart was adapted from Moher et al21 (http://www.prisma-statement.org). *Two of the 7 studies evaluated both the 
association (objective 1) and timing of injury (objective 2).
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assay, or commercial insurance database), participant athletic 
status (eg, type of sport and level of activity), clinical endpoint 
for ACL injury (ie, explicit definition of clinical endpoint and 
diagnosis), and statistical estimates used to report findings.

Two case-control studies were at a lower risk of bias (Table 
2).14,26 The third case-control study was deemed to be of greater 
risk due to the lack of adjustments for confounders and 
ascertainment of OCP use.29 The cross-sectional40 and 3 
longitudinal comparative cohort studies1,2,19 were determined to 
be at greater risk of bias because of their representativeness of 
OCP users and no adjustments for confounders. It was unclear 
whether OCP users had used OCPs for at least 3 consecutive 
months prior to injury in the 4 studies1,2,19,40 and whether ACL 
injury occurred prior to OCP use in 3 of those studies.2,19,40 The 
case-control studies of Rahr-Wagner et al26 and Gray et al14 were 
deemed to possess the greatest methodological quality.

Studies Investigating the Association 
Between OCP Use and ACL Injury

The most recent case-control study by Gray et al14 aimed to 
determine whether OCP use conferred a protective effect 
against the need for ACL reconstruction in women from an 
insurance provider database spanning an 11-year period (see 
Table 1). The outcome of interest was ACL or posterior cruciate 
ligament reconstruction in 12,819 women (age range, 15-39 
years) who were enrolled in the database for at least 12 months 
prior to the surgical date. The control population (n = 38,457), 
which did not undergo surgery, was matched 3:1 by age and 
region. OCP use was defined as redeeming a prescription within 
the 12 months prior to the index date and was further 
characterized with regard to any use, duration of use (≥90 days 
or <90 days), dosage (monophasic or triphasic), and formulation 
(progesterone only or combined estrogen and progesterone). 
Several covariates and confounders were considered (asthma; 
type 1 diabetes; injectable, oral, or inhaled corticosteroids or 
antibiotics; comorbidities; previous lower extremity injuries; 
OCP dosage; and OCP formulation). Injury data were stratified 
into five, 5-year age groups for cases and controls. Conditional 
logistic regression determined that the cases in the 15- to 
19-year-old age group were less likely to have used OCPs than 
controls (adjusted odds ratio [OR], 0.82; 95% CI, 0.75-0.91) 
(Table 3). The opposite was true for patients 25 to 34 years of 
age. No power analysis was presented.

Likewise, the case-control study by Rahr-Wagner et al26 
evaluated the association between OCP use and likelihood of 
undergoing ACL reconstruction injury in patients over a 6-year 
study period (see Table 1). The case population consisted of 
4497 women who underwent ACL reconstruction. The control 
population was matched 2:1 by age and consisted of 8858 
women who did not undergo reconstruction. OCP use was 
defined as redeeming a prescription for OCPs within the 5 years 
leading up to the index date and was further characterized with 
regard to any use, recent use, and cumulative use within a 
5-year look-back period from the index date. The authors 
accounted for several confounders (age, immigrant status, 

obesity, pregnancy/birth, nonsteroidal anti-inflammatory drugs, 
and gross income). Raw injury data were stratified by 5-year age 
groups. Conditional logistic regression determined that ever 
users (adjusted OR, 0.82; 95% CI, 0.75-0.90), recent users 
(adjusted OR, 0.81; 95% CI, 0.72-0.89), and long-term users 
(adjusted OR, 0.80; 95% CI, 0.74-0.91) had significantly lower 
likelihoods of undergoing ACL reconstruction compared with 
never users (Table 3).26 The authors found no dose-dependent 
association between cumulative duration of OCP use and the 
likelihood of undergoing ACL reconstruction, though a trend 
was noted. No power analysis was presented.

Ruedl et al29 performed a case-control study investigating the 
influence of OCP use on ACL injury risk in female recreational 
skiers (see Table 1). The case population consisted of 93 injured 
skiers over the course of 2 winter seasons at an Austrian ski 
resort. The control population was matched 1:1 by age and 
randomly selected from the same resort. OCP exposure was 
ascertained by a self-report questionnaire, though OCP use was 
undefined. Using chi-square analysis, the authors found no 
significant difference in OCP use at the time of injury between 
cases and controls (34.4% and 35.5%, respectively), and they 
concluded there was no protective association between OCP 
use and ACL injuries in skiers (Table 3).29 A power analysis 
determined that the study was adequately powered (90%).

The longitudinal comparative study by Agel et al1 sought to 
determine whether OCP use conferred a protective effect 
against ACL and ankle injuries (see Table 1). Hormonal therapy 
status (defined as continuous use over the course of a season) 
of 3150 female National Collegiate Athletic Association (NCAA) 
athletes (basketball and soccer players) across 2 seasons was 
determined. OCP dosage was classified (monophasic or 
triphasic). The NOCP arm of this study included women on 
nonoral hormonal-based contraceptives. Using chi-square 
analysis, the authors reported no protective association between 
hormonal therapy use and ACL or ankle injuries (Table 3).1 
While the study provided insight into injury rates by sport, it 
was inadequately powered to evaluate the effect of OCP use on 
ACL injury risk.

Studies Investigating the Timing of ACL 
Injury Over the Menstrual Cycle

Lefevre et al19 performed a longitudinal comparative study over 
1 season across 8 Alpine ski resorts to assess the distribution of 
ACL tears across the menstrual cycle in female skiers and 
investigate OCP use within this population (see Table 1). OCP 
use was generally undefined except for dosage and formulation. 
A total of 172 injured females were included in the analysis (53 
OCP users, 119 NOCP users). The NOCP arm included women 
on nonoral hormonal-based contraceptives. Women were 
excluded if their prior onset of menses was greater than 30 days 
before injury or if their menstrual cycle was irregular. Self-
reported date of prior onset of menses was used to determine 
cycle phase at the time of injury. The authors reported the 
menstrual cycle as 3 phases for the combined group analysis 
and 2 phases for the subpopulation (OCP vs NOCP) analyses. 
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Chi-square analysis determined that a majority of OCP users and 
NOCP users were injured during the preovulatory phase of the 
cycle (67.9% and 71.4%, respectively), though there was no 
significant difference in tear rates between them (Table 4).19 No 
power analysis was presented.

The case-control study by Ruedl et al29 was designed to 
compare the frequencies of ACL injuries in the pre- and 
postovulatory phases of the menstrual cycle (see Table 1) and 
included 93 cases (32 OCP users, 61 NOCP users) and 93 
controls (33 OCP users, 60 NOCP users). Cycle phase was 
determined using self-reported date of prior onset of menses. 
Chi-square analysis determined no statistical difference in injury 
distribution between the pre- and postovulatory phases across 
case and control NOCP users (P = 0.08).29 There was a trend 
suggesting that NOCP users were 1.88 times more likely to 
injure their ACL in the preovulatory phase of the menstrual 
cycle, though this was not significant (Table 4). The study was 
underpowered to make final conclusions.

The study by Agel et al1 was designed to evaluate the 
incidence of injury over the menstrual cycle (see Table 1). 
Periodicity was defined as a pattern that could be identified 
over a given time frame and repeated over several time frames. 
Of the 3150 females included, 906 were OCP users and 2244 
were NOCP users. Athletes were excluded if they reported more 
than 28 days between either time of injury and prior onset of 
menses, time of injury and next onset of menses, or if their 
contraception status was classified as “other” (nonoral 
hormonal-based contraceptive users, women who changed their 
contraceptive status over the course of the season, or women 
who quit the team). There were 26 OCP users (8 ACL injuries, 
16 ankle injuries) and 30 NOCP users (12 ACL injuries, 18 ankle 
injuries) included in this analysis. To analyze raw injury 
distribution data, periodicity analyses were conducted using a 
centered moving average with a span of 4 days and a nonlinear 
regression analysis with bootstrap estimation of the confidence 
intervals. While no periodicity was found in OCP users whose 
timing of injury was determined using either prospective or 
retrospective assessment of menses onset, periodicity was found 
among NOCP users whose timing of injury was determined 
using retrospective data collection, with the peak occurrence of 
injury between days 7 and 9 of the menstrual cycle (follicular 
phase) (Table 4).1 No power analysis was provided.

Arendt et al2 also performed a longitudinal comparative study 
to analyze the 28-day periodicity of ACL injuries in female 
athletes using and not using OCPs (see Table 1). Data were 
collected from the NCAA Injury Surveillance System (ISS) over 2 
NCAA seasons. OCP use was self-reported and defined as 
“current use” or “any use” within the year leading up to injury. 
A total of 83 injured females (25 OCP users, 58 NOCP users) 
were included. Female athletes were excluded if they did not 
have at least 10 to 12 menstrual cycles per year or if their most 
recent menstrual cycle prior to injury lasted for more than 28 
days. Investigators used self-reported date of prior menses to 
determine cycle phase at time of injury. The authors subdivided 
the menstrual cycle into phases, using 2 separate phase 

classification schemes (days 1-9, 10-14, and 15-28; days 1-7, 
8-14, 15-21, and 22-28). All analyses were normalized to a 
28-day menstrual cycle. Using chi-square analyses for OCP and 
NOCP users,2 there were no significant associations between 
injury distribution and cycle phase with either phase 
classification scheme (Table 4). However, there was significant 
variation in the number of injuries by cycle day in both groups, 
with the greatest number of injuries occurring at the beginning 
of the cycle. The location of the high-risk time interval for OCP 
users was reported to be “earlier in the cycle” than it was for 
NOCP users, though the exact location of the “high-risk time 
interval” was not determined. No power analysis was provided.

Wojtys et al40 sought to determine whether an association 
existed between the menstrual cycle phase and distribution of 
ACL injuries (see Table 1). High school and college female 
athletes were recruited within 24 hours of injury over a 2-year 
period. A questionnaire was used to determine OCP use, though 
no definition of OCP use was specified. Women with irregular 
cycles or missed menstrual cycles were excluded. A total of 65 
injured females (14 OCP users, 51 NOCP users) were included. 
Self-reported date of prior onset of menses and hormone assay 
via urine sample were used to determine cycle phase at time of 
injury. The authors classified the menstrual cycle by 3 phases 
(follicular phase, ovulatory phase, luteal phase) and used 
chi-square analysis to determine that there was no significant 
association between ACL injury distribution and menstrual cycle 
phase in OCP users (Table 4). However, a significant association 
between the distribution of ACL injuries and menstrual cycle 
phase was found in NOCP users (P < 0.001), in which 47% of 
injuries were observed during the ovulatory phase—2.5 times 
the expected number (14%). A power analysis based on 80% 
power to detect an effect size of 0.40 suggested adequate 
sample size. Since the number of women using OCPs was low 
(n = 14), the study was not powered to determine whether OCP 
use contributed to the lower rate of injuries during the 
ovulatory phase in OCP users compared with NOCP users.

Discussion

The systematic review identified 7 studies that targeted the 2 
study objectives. Overall, 2 of the 4 studies relevant to the first 
objective (associations between OCP use and ACL injuries) 
concluded that there is an association between OCP use and a 
reduction of ACL injuries. These 2 studies14,26 demonstrated that 
young women (15-20 years old) using OCPs underwent fewer 
ACL reconstructions compared with a matched control group. In 
contrast, the other 2 studies,1,29 which were determined to be of 
lower quality, did not report differences in ACL injuries with 
OCP use. The 5 studies1,2,19,29,40 pertaining to the second 
objective (varying rates of ACL injuries over the course of the 
menstrual cycle in OCP and NOCP users) were, overall, 
inconclusive due to limited sample sizes and greater risk of bias.

The 2 higher-quality case-control studies14,26 addressing the 
first objective used large sample sizes and adjusted for 
covariates and confounders, though neither fully addressed the 
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research question. Both used ACL reconstruction as a proxy for 
ACL injury. Adjusted analyses were performed to determine 
odds ratios. The age group that had the highest incidence of 
ACL reconstruction and that benefitted from OCP use was in 
agreement with that reported for the general female patient 
population (15-19 years).13 The key findings of these 2 studies, 
however, are only generalizable to women who undergo ACL 
reconstruction. This is important to distinguish as not every 
woman who sustains an ACL injury will undergo surgery.34 
Furthermore, the authors could not gather information on a 
number of relevant lifestyle confounders such as athletic status, 
body mass index, smoking status, ethnicity, and cause of injury 
due to the sources used for data collection (large national 
registries and commercial insurance databases). It was also 
unclear whether these 2 studies were restricted to noncontact 
ACL injuries. As for the other 2 studies addressing the first 
objective,1,29 the finding of no significant effect of OCP use on 
ACL injury risk was likely because of a number of factors, 
including the heterogeneity of the methods and the greater risks 
for bias, as determined by the NOS.38 Therefore, it seems 
reasonable to assume that the differences in study quality may 
be responsible for the conflicting results of the studies 
addressing the first objective.

The study by Rahr-Wagner et al26 was the only study to verify 
that women were using OCPs at the time of injury. Women who 
used OCPs at any point during the look-back period, women 
who used OCPs prior to the year leading up to the index date 
(but not within the year leading up to index date), and women 
who started using OCPs 1 year prior to the index date had a 
lower likelihood of undergoing ACL reconstruction.26 The study 
by Gray et al14 was the only study to adjust for type of OCP in 
analysis, specifically OCP dosage and formulation. They 
determined that injured females (cases) were significantly more 
likely to use OCPs for longer than 90 days and more likely to 
use triphasic OCPs compared with uninjured females (controls).

While the 5 studies examining the ACL injury distribution 
across the menstrual cycle (secondary objective) provide 
interesting data, heterogeneity across studies and risk of bias 
were the primary concerns. We initially included this question 
in this review to determine whether there was a statistical 
association between the menstrual cycle and noncontact ACL 
injuries in OCP and NOCP users so that conclusions could be 
drawn about the effect of OCP use on injury rates in these 
subpopulations. Unfortunately, there was little consistency in 
how the 5 studies classified the menstrual cycle in their 
analyses: 2 phases (preovulatory, postovulatory),19,29 3 phases 
(follicular, ovulatory, luteal),19,40 or day intervals.1,2

Among the 2 studies19,29 that divided the cycle into 2 phases, 
only Ruedl et al29 conducted a separate analysis on the injury 
distribution for NOCP users. No comparisons could be made 
between ACL injury distribution for OCP and NOCP users. 
Furthermore, Ruedl et al29 did not determine significance for 
NOCP users, only a trend to suggest that NOCP users have 1.88 
times more ACL injuries during the preovulatory phase. Lefevre 
et al19 did not find significance for either subgroup, though they 

reported that a majority of OCP and NOCP users were injured 
during the preovulatory phase.

Wojtys et al40 divided the cycle into 3 phases and found no 
significant differences relating to the ACL injury distribution 
within OCP users. However, OCP users sustained fewer injuries 
during the ovulatory phase compared with NOCP users. No 
further conclusions could be drawn because the OCP group 
was too small to determine whether OCP use had an effect on 
injury rate. Among NOCP users, there was significant variation 
in injury distribution by cycle phase, with more than 2.5 times 
the expected number of injuries during the ovulatory phase.

Agel et al1 classified the cycle by days and reported findings 
based on periodicity, which was defined as a pattern that could 
be identified over a given time frame and repeated over several 
time frames. They determined that periodicity did not exist 
among OCP users, so no comparisons were made between OCP 
and NOCP users. However, periodicity existed for NOCP users. 
The authors asserted that the greatest risk of injury in this 
subpopulation was between days 7 and 9 of the menstrual 
cycle, though the authors did not explicitly state whether this 
finding was significant.

Arendt et al2 used ambiguous terms to report their findings on 
injury distribution across the menstrual cycle. The authors 
determined there was significant variation in injury distribution 
by cycle day for both OCP and NOCP users. OCP and NOCP 
users were at increased risk for sustaining injuries at the 
“beginning of the cycle.” The high-risk period for OCP users 
was earlier in the cycle compared with the high-risk period for 
NOCP users, although the authors could not determine the 
exact location of the high-risk interval for either subgroup due 
to the multiple smoothing efforts (centered moving average and 
2 regression models). The statistical models used by Arendt  
et al2 seemed to fit the injury incidence data better than the 
statistical models used by Agel et al.1 However, the small pooled 
sample sizes in both studies called into question the 
interpretation of these data.

Another major limitation of the studies evaluating the second 
objective was the determination of cycle length.1,2,19,30,40 
Self-reported methods are known not to be accurate for 
determining menstrual cycle length.32 Four studies1,2,19,40 also 
excluded women with abnormal cycle histories. However, many 
studies point to 28 days as the average length of the menstrual 
cycle.7,8,11,32,33 There is a substantial body of literature 
demonstrating that both inter- and intraindividual variability in 
total cycle and phase lengths are normal in the general 
population.7,8,11,15 Thus, using the results of 1 hormone assay to 
determine timing of injury, as was done in the study by Wojtys 
et al,40 may also be a limitation. Furthermore, it is known that 
there is a greater prevalence of menstrual dysfunction among 
active women.3,10,24,35 Subtle menstrual disturbances associated 
with exercise, including luteal-phase defect or anovulation, are 
also prevalent in this population9,39 and not detectable using 
menstrual history questionnaires.36 Therefore, these studies1,2,19,40 
may lack generalizability even across the athletic population. In 
addition, injury mechanism (eg, contact vs noncontact) was not 
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clearly established in all articles. It is possible that the 
relationship between OCP use and injury risk could vary based 
on the mechanism of injury. Nonetheless, the majority of ACL 
injuries in female athletes are considered to be noncontact.17

There are other limitations inherent to this systematic review. 
Only 1 investigator (K.S.) performed the review. However, the 
search strategy and data interpretation were performed under 
the direction of a research professional in public health (E.M.B.) 
with extensive experience in performing systematic reviews. 
Another limitation is that the conclusions of a systematic review 
are only as strong as the studies comprising it. All 7 studies 
were nonrandomized, and only 2 of them adjusted for 
covariates and confounders.14,26 Several of the studies were 
either inadequately powered to draw definitive conclusions1,40 
or did not report power.2,19 Low methodological quality (ie, high 
risk of bias) was determined using the NOS for 4 of the 7 
studies included (see Table 2).1,2,19,40 Documentation of ACL 
injury, menses onset, cycle definition, and other covariates were 
not consistent between studies. Furthermore, the mechanisms of 
ACL injury among skiers (3 studies19,29,40) are different from 
those experienced by athletes participating in team sports. The 
mean age of skiers sustaining ACL injuries is also greater.14,29 An 
additional discrepancy between the studies was the designation 
of OCP versus NOCP users. Studies differed in whether they 
provided a clear definition of what it meant to be called an OCP 
user and whether OCP use was further classified (eg, any use vs 
never use, duration of use, recent use, OCP formulation, or OCP 
dosage). With regard to the NOCP arm, studies differed as to 
whether they delineated NOCP users as having ever or never 
used OCPs and whether NOCP users were on nonoral 
hormonal-based contraceptives at time of injury.

Conclusion

Limited evidence from the 2 studies with greater methodological 
quality suggests OCP use may reduce the risk of sustaining an 
ACL injury. However, injury distribution findings across the 
menstrual cycle between OCP and NOCP users do not support 
a protective effect, largely because of heterogeneity of the 
studies and risk of study bias. A better understanding of the 
relationship between OCP use and ACL injury risk is warranted.
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