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Abstract Oral contraceptive use and menstrual cycle

phase are suggested to influence the risk of anterior cruciate

ligament (ACL) injuries in female athletes. However, only

few data are available for recreational sports. Therefore,

female recreational skiers with a non-contact ACL injury

and age-matched controls completed a self-reported ques-

tionnaire relating to menstrual history, oral contraceptive

use and previous knee injuries. Menstrual history data were

used to group subjects into either preovulatory or postovu-

latory phases of menstrual cycle. Our findings suggest that

oral contraceptive use did not show any protective effect

against ACL injuries nor did self-reported previous knee

injuries show any association with ACL injury rate in rec-

reational alpine skiing. Analysis of menstrual history data

revealed that recreational skiers in the preovulatory phase

were significantly more likely to sustain an ACL injury than

were skiers in the postovulatory phase.

Keywords Anterior cruciate ligament (ACL) �
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Introduction

Alpine skiing is the most popular winter sport in the Alps.

About 8 million recreational skiers visit the Austrian Alps

annually, accounting for more than 500 million ski lift

transports [10, 11]. The Austrian ski accident survey 2002/

2003 showed an overall incidence of alpine ski injuries of

1.30 per 1,000 skier days [12]. The overall incidence rate,

also as a result of the introduction of carving skis, has

decreased in the last decade [12]. In contrast, severe knee

injuries have increased significantly since the early 1970s

[8, 21]. Female recreational skiers and competitive female

skiers have a twofold greater incidence in knee injuries and

a threefold higher risk to sustain an ACL injury than male

skiers [8, 12, 24]. The cause of this gender difference may

be related to anatomical, neuromuscular and hormonal

factors [14]. Regarding hormonal factors, recent studies

indicate possible associations of menstrual cycle phase on

the ACL-injury risk in female athletes of various sports

[1, 3, 4, 7, 19, 20, 23, 25, 26]. Injuries seem to occur more

frequently than expected in the preovulatory phase com-

pared to the postovulatory phase [15], but the influence of

hormone fluctuations on ACL injury risk seems inconsis-

tent [15, 20, 23]. Additionally, oral contraceptive (OC) use

has been suggested to decrease ACL injury rate by stabi-

lizing the hormonal fluctuation over the menstrual cycle.

Moller-Nielson and Hammar [18] reported that athletes on

OC had a lower injury rate. However, a cause–effect

relationship has not been established [22]. To the best of

our knowledge, no study has yet investigated the influence

of OC use and menstrual cycle phase on the ACL injury

risk in recreational female skiers. We hypothesize a

modulating influence of hormonal factors on this risk.

Therefore, the objective of this study is twofold: (1) to

investigate a possible protective effect of oral contraceptive
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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.

Materials and methods

This study was conducted as a case–control study of female

recreational alpine skiers in the 2006/2007 and 2007/2008

winter seasons in a ski resort in the western part of Austria.

The study was performed in conformity with the ethical

standards of the 1964 Declaration of Helsinki. Informed

consent was obtained from all subjects prior to the begin-

ning of this research.

Subjects

Many of the injured female recreational alpine skiers are

treated in a ski clinic, which is located in close proximity to

the ski resort studied. Only non-contact ACL injuries were

included. MRI was used for the diagnosis of ACL injury.

On and off pill users were included. We only recorded

frequencies of OC use and not the different types of pills.

Subjects were excluded if they were in menopause or used

other hormone-stimulating medications. Out of 136

females with non-contact ACL injuries 102 fulfilled the

inclusion criteria. Because of some missing data, we were

able to classify the menstrual cycle in only 93 patients.

Controls

Uninjured female skiers were randomly selected in the

same ski area on five different days over a period of

2 months in the 2007/2008 winter season. Persons were

invited to participate in this study as controls. Out of 277

interviewed female skiers, 157 fulfilled the inclusion cri-

teria; 93 controls were randomly matched to the subjects

with regard to age.

Questionnaire

We recorded information on age, height, weight and pre-

vious knee injuries of either leg for all persons. Injured

subjects received and answered the questionnaire within

2 days of the occurrence of injury. We classified self-

reported previous knee injuries according to their severity.

Only grade II and III injuries to the knee ligaments and

injuries of the meniscus and cartilage were attributed to

previous knee injuries. Additionally, the phase of men-

strual cycle was recorded using a questionnaire developed

and validated by Wojtys et al. [25]. This questionnaire

included questions on the age at the start of menstruation,

date of last menstruation, average length of menstruation

and the use of OC.

The menstrual cycle was divided into preovulatory and

postovulatory phases according to other studies [7, 15]. We

assumed that the postovulatory (luteal) phase of menstrual

cycle is constant in length (14 days) regardless of the dif-

ferent length (21–36 days) of menstrual cycle in women.

For example, for a 21-day cycle the split would be 7/14

(preovulatory/postovulatory) and for a 32-day cycle the

split would be 18/14. Knowing the date of the last menses

and the average length of an individual cycle, we could

allocate the date of the injury into preovulatory or pos-

tovulatory phase of the menstrual cycle.

Statistical analysis

Power analysis based on the results of Beynnon et al. [7]

revealed a 90% power for the used sample size. In addition,

Hewett et al. [15] revealed in their review article that for

90% power the number of subjects must have been at least

48. Unpaired t tests and Mann–Withney U test, as appro-

priate, were used to compare subjects and controls with

regard to age, height, weight, age at onset of menses and

mean length of menstrual cycle. v2 tests were used to assess

different frequencies between groups with regard to previ-

ous knee injuries, oral contraceptive use and phase of

menstrual cycle. All P values were two-tailed and values less

than 0.05 were considered to indicate statistical significance.

Results

A total of 93 female recreational skiers with a non-contact

ACL injury and 93 age matched controls participated in

this study. Persons in the ACL-injured and control groups

did not differ significantly in age, height and weight. Both

groups were similar with regard to the age of onset of

menstruation and mean length of their menstrual cycle

(Table 1).

v2 tests (Table 2) showed no differences between sub-

jects and controls with regard to previous knee injuries and

oral contraceptive use. A reinjury of the same knee was

seen in 9.4% of subjects.

Analysis of the menstrual history data indicated a sta-

tistical difference between phases in the combined group

(P \ 0.03). 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 (Table 2). 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.
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Discussion

The principal findings of the present study were that OC

use showed no protective effect against ACL injuries,

while the preovulatory phase is associated with a twofold

elevated ACL injury risk. To our knowledge, only one

study investigated the ACL-injury risk related to menstrual

cycle phase in recreational skiers [7]. However, these

authors excluded female skiers on OC and those with

previous knee injuries. According to the recommendations

of Hewett et al. [15], we investigated a larger spectrum of

female recreational skiers regardless of OC use and pre-

vious injuries.

We found similar OC use rates of 34.4 and 35.5% in

subjects and controls, respectively. In comparison, Agel

et al. [2] reported an OC use rate of 32.5% in 3,150 female

soccer and basketball players. Lebrun [16] stated that in the

general population, 20–30% of women of reproductive age

(15–44 years) use OC, whereas the current OC use in

Germany is about 40% [13]. In our study, no significant

association between ACL injuries and OC use could be

detected. These findings are well in accordance with the

study by Agel et al. [2] where no difference in the rate of

ACL and ankle injuries between those athletes using hor-

monal therapy and those not using hormonal therapy was

found. In contrast, Moller-Nielson and Hammar [18]

reported that athletes taking OC had a lower ACL injury

rate. They speculated that OC may have significant influ-

ences on neuromuscular coordination and joint laxity [18].

Similarly, injured runners were less likely to use OC during

their training programs [17]. However, other studies

showed no preventive effects of OC use on soft tissue

injuries [5, 9]. To date, a strong evidence for the preventive

effect of the oral contraceptive pill against ACL injuries is

missing [6, 15, 22]. Furthermore, most studies investigating

OC use and injury risk focused on athletes in sports such as

soccer and basketball [2], whereas we investigated recre-

ational skiers. Although ACL injury mechanisms in alpine

skiing [21] are different from other sports, our findings also

indicate that OC did not have any protective effect against

ACL injuries in recreational skiers.

Therefore, we divided the combined group of OC users

and non-user in the preovulatory and postovulatory groups

and compared the subjects and controls. Our results

showed a significantly statistical association between the

phase of the menstrual cycle and ACL injury. Significantly

more ACL-injured subjects were in the preovulatory phase

than control subjects (57 vs. 41%, P = 0.028). In accor-

dance with our findings, Hewett et al. [15] showed a

significant effect of the preovulatory phase for increased

ACL injuries with OC users and non-users together when

analyzing seven studies concerning menstrual phase and

ACL injury risk in female athletes. Recreational female

skiers in our study were estimated to be about 1.9 times

more likely to tear their ACL in the preovulatory phase. In

comparison, Beynnon et al. [7] revealed that the likelihood

of recreational female skiers without OC use is estimated to

be three times greater in the preovulatory phase of the

menstrual cycle when analyzing serum concentrations of

progesterone and estradiol. Interestingly, we found a

striking similarity between our menstrual history data and

Table 1 Mean, standard deviation (SD), range and P values from data of subjects and controls

Subjects Controls P value

Mean (SD), range Mean (SD), range

Age (years) 38.8 (7.9), 14–53 38.1 (6.6), 28–56 n.s.

Height (cm) 167.0 (5.6), 156–180 168.4 (6.4), 152–185 n.s.

Weight (kg) 67.1 (9.7), 48–96 65.9 (9.6), 52–98 n.s.

Age at start of menses (years) 13.4 (1.4), 11–16 13.1 (1.3), 10–17 n.s.

Mean length of menstrual cycle (days) 27.2 (3.1), 21–38 26.6 (3.1), 21–32 n.s.

n.s. not significant

Table 2 Number (N), proportion (%) and P values of subjects and

controls with regard to previous knee injuries, oral contraceptive use

and menstrual phase

Subjects

N (%)

Controls

N (%)

P value

Previous knee injuries

Yes 20 (23.3) 27 (29.3)

No 66 (76.7) 65 (70.7) n.s.

Missing 7 1

Oral contraceptive use

Yes 32 (34.4) 33 (35.5)

No 61 (65.6) 60 (64.5) n.s.

Phase of menstrual cycle in OC users and non-users

Preovulatory 53 (56.9) 38 (40.9)

Postovulatory 40 (43.0) 55 (59.1) 0.028

Phase of menstrual cycle in OC non-users

Preovulatory 35 (57.4) 25 (41.7)

Postovulatory 26 (42.6) 35 (58.3) 0.084

n.s. not significant
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the questionnaire data by Beynnon et al. [7]. In our

investigation, 57% of ACL-injured subjects were in the

preovulatory phase and 43% in the postovulatory phase.

Exactly the same distribution was seen in the questionnaire

data by Beynnon et al. [7]. Regarding the analysis of the

menstrual history data by Beynnon et al. [7], they showed

only a trend (P = .086) toward a 2.4 increase in ACL

injuries in the preovulatory phase. Similarly, we showed

also a statistical trend (P = .084) toward a 1.9 increase in

ACL injury in the preovulatory phase when analyzing OC

non-users only.

In accordance with other studies, our findings show an

increase in non-contact ACL injuries in the preovulatory

phase of menstrual cycle, i.e., the time period between

menses and ovulation, but the influence of hormone fluc-

tuations on ACL injury risk seems inconsistent. In women

not using OC, the hormonal fluctuation of the estrogen

concentration with a peak just before ovulation has been

thought to be associated with greater ACL injury risk in the

ovulatory phase (day 10–14 within an average cycle length

of 28 days) [1, 26]. In contrast, Slauterbeck et al. [23] and

Myklebust et al. [20] reported a significantly greater

number of ACL injuries during the menstrual phase (day

1–7) when estrogen and progesterone concentrations are

both low. Hewett et al. [15] showed that OC users are more

prone to ACL injuries in the preovulatory phase as oral

contraceptives stabilize hormone fluctuations during the

menstrual cycle. Additionally, Wojtys et al. [26] reported

that the estrogen levels at the time of the injury did not vary

between OC users and non-users. Thus, the influence of

hormone concentrations and fluctuations on ACL injury

rate in the preovulatory phase remains unclear. It is spec-

ulated that the high-risk interval of suffering a non-contact

ACL injury might be the phase with low progesterone level

[1].

There are at least five limitations, which have to be

considered. Firstly, due to the restriction of our patients to

the ski clinic, we cannot exclude a possible selection of

ACL-injured skiers. But most of the knee injuries occurring

in the study area were treated in the ski clinic and there are

no indications of any source of selection. Secondly, con-

cern may arise regarding the classification of menstrual

cycle phase using a questionnaire, because the accuracy of

menstrual history data seems unclear [15]. The analysis of

the menstrual history data by Beynnon et al. [7] found

similar results as the analyzed blood sample, but the

difference was not statistically significant. Additionally,

Wojtys et al. [26] showed a large discrepancy between

urine assay and questionnaire. However, Wojtys et al. [26]

divided the menstrual cycle into three main phases:

follicular, ovulatory and luteal. If we summarize the ACL-

injured subjects from the follicular and ovulatory phases in

the study by Wojtys et al. [26], menstrual history data

contain 42 subjects in the preovulatory phase, whereas the

urine assay contains 43 subjects indicating a good accor-

dance between the two methods. Furthermore, Slauterbeck

et al. [23] reported a 95% correlation between the

questionnaire and hormone level estimation. Thus, we

concluded that menstrual history data are accurate when

classifying preovulatory and postovulatory phases in a

large sample of subjects and controls. Thirdly, we did not

record the various types of OC. Different oral contracep-

tives have different means of preventing ovulation [6].

These may lead to different associations with the ACL

injury. However, Agel et al. [2] did not use classification of

OC when analyzing the association of OC use on the rate of

noncontact ACL injury and ankle sprains, although their

subjects classified the OC in mono or triphasic pills.

Fourthly, we used pooled data of OC users and non-users.

Although subjects on OC do not ovulate, we divided sub-

jects and controls into preovulatory and postovulatory

phases according to other studies in this research area [15].

Fifthly, we studied a relatively low number of subjects (less

than 100), which might be insufficient to draw a firm

conclusion. Nevertheless, this investigation used the high-

est sample size in this research area [1, 7, 15] and

represents one of only two case control studies [7].

Conclusion

The results of this study showed that the likelihood to

sustain an ACL injury in recreational female skiers is

greater in the preovulatory phase of the menstrual cycle,

while OC use and previous knee injuries showed no

association with the ACL injury rate. Therefore, female

skiers, especially in the preovulatory phase of their

menstrual cycle, should consider general recommenda-

tions to reduce the incidence of knee injuries, e.g.,

appropriate warming up, skiing at speeds conforming to

individual skills and stopping skiing before the occurrence

of muscle fatigue.
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