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Anterior cruciate ligament (ACL) injuries are among the most common and debilitating
knee injuries in professional athletes with an incidence in females up to eight-times higher
than their male counterparts. ACL injuries can be career-threatening and are associated
with increased risk of developing knee osteoarthritis in future life. The increased risk of
ACL injury in females has been attributed to various anatomical, developmental, neuromus-
cular, and hormonal factors. Anatomical and hormonal factors have been identified and
investigated as significant contributors including osseous anatomy, ligament laxity, and
hamstring muscular recruitment. Postural stability and impact absorption are associated
with the stabilizing effort and stress on the ACL during sport activity, increasing the risk of
noncontact pivot injury. Female patients have smaller diameter hamstring autografts than
males, which may predispose to increased risk of re-rupture following ACL reconstruction
and to an increased risk of chondral and meniscal injuries. The addition of an extra-articular
tenodesis can reduce the risk of failure; therefore, it should routinely be considered in young
elite athletes. Prevention programs target key aspects of training including plyometrics,
strengthening, balance, endurance and stability, and neuromuscular training, reducing the
risk of ACL injuries in female athletes by up to 90%. Sex disparities in access to training
facilities may also play an important role in the risk of ACL injuries between males and
females. Similarly, football boots, pitches quality, and football size and weight should be
considered and tailored around females’ characteristics. Finally, high levels of personal and
sport-related stress have been shown to increase the risk of ACL injury which may be related
to alterations in attention and coordination, together with increased muscular tension, and
compromise the return to sport after ACL injury. Further investigations are still necessary to
better understand and address the risk factors involved in ACL injuries in female athletes.

Take home message
• Anterior cruciate ligament (ACL) injuries

are among the most common knee
injuries in professional athletes, with an
incidence in females up to eight-times
higher than their male counterparts.A
personalized approach that includes
anatomical, biomechanical, and external
factors should be considered to prevent
ACL injuries.

• Sex disparities in access to training
facilities may also play an essential role in
the risk of ACL injuries between males
and females and require increased
attention.

Introduction
Anterior cruciate ligament (ACL) injuries are
among the most common and debilitating
knee injuries in young adults. The annual
incidence of these injuries in professio-
nal athletes is 0.21 to 3.67% compared
with 0.03% in the general population.1,2

In professional athletes, ACL injuries can
be career-threatening owing to time lost
from play, lower return to preinjury level
of function, and increased risk of concur-
rent knee injuries after resuming sporting
activity.3-6 In addition to the early physical
and psychological morbidity, these injuries
are also associated with increased risk
of developing knee osteoarthritis in later
life.1,7,8 As the large majority of ACL injuries
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are sustained from a noncontact pivot injury, identifying risk
factors and developing appropriate preventative strategies
may help to reduce the burden of these injuries on the patient,
sporting institution and healthcare system.

Female athletes have a two- to eight-fold increase
in the incidence of ACL injuries compared with their male
counterparts.9-13 In addition, as the number of female athletes
participating in sporting activities continues to increase
worldwide, the number of ACL injuries continues to rise
annually. This trend is likely to continue owing to several
global initiatives promoting sex equality in sporting activi-
ties and national funding programmes to increase female
participation in competitive sports.14,15 Importantly, patient
outcomes in relation to return to sporting activity and risk
of reinjury have been shown to be significantly worse in
female athletes compared with male athletes. A recent study
of 1,338 patients undergoing ACL reconstruction (ACLR) in
Australia reported that female athletes had a significantly
lower rates of return-to-sport compared with their male
counterparts (65% vs 75%; p = 0.001).16 The increased risk of
ACL injury in female patients has been attributed to vari-
ous anatomical, developmental, neuromuscular and hormonal
factors.3-517,,18

This review explores the evidence-based risk factors,
clinical outcomes of ACLR, current training programmes, and
preventative strategies in relation to ACL injuries in female
athletes.

Anatomical factors
An important anatomical difference in male and females is
the size of osseous anatomy. It has been postulated that
the smaller femoral anatomy translates to a smaller femoral
notch that impinges on the ACL and this increases the risk
of ACL injury.19 Other authors have suggested that a smaller
notch-width index translates directly to a smaller ACL, which
theoretically has reduced tensile strength and increased risk
of rupture.20 Another important anatomical consideration has
been the tibial slope as this helps to determine the position
of the tibia relative to the femur. It has been shown that
female patients with ACL injures have increased tibial slopes
compared with male patients with ACL injuries, and patients
with ACL injuries tend to have greater tibial slopes compared
with the general population.21,22 The increased posterior tibial
slope may translate to increased strain on the ACL with greater
peak anterior tibial acceleration. More recently, there has been
increasing interest on differences between male and female
athletes in relation to ligamentous laxity that may affect the
risk of ACL injury. Ligamentous laxity has been identified as
a risk factor for ACL injury, with knee hyperextension and
increased mediolateral knee laxity identified as risk factors for
ACL injuries in in professional athletes.21,22

Hormonal factors
There has been renewed interest in endogenous hormonal
fluctuations during the menstrual cycle, and how these
changes in hormone levels impact the risk of ACL injuries.
Fibroblasts located on the ACL have oestrogen receptors, and
oestrogen directly impacts the laxity of ligaments and the
overall limb alignment. Variations in the levels of oestrogen
during the menstrual cycle may therefore play a significant
role in the risk of ACL injury, particularly during the follicular

and ovulatory phases, when the levels of progesterone are
insufficient to suppress the effects of oestrogen on the ACL.17

It has also been suggested that hormonal fluctuations in
other hormones, such as relaxin, may increase the risk of ACL
rupture.17,23 The ACL of female patients has been shown to
have concentrations of relaxin receptors, and the levels of
relaxin have been shown to peak during the luteal phase
of the menstrual cycle. This may increase laxity in the ACL
and increase the risk of rupture.24,25 Importantly, there is no
conclusive evidence on how fluctuations in hormone levels
impact the risk of ACL rupture. The existing evidence is mostly
based primarily on predicted hormone levels and not on
actual serum measurements, which would require continuous
sampling of blood samples from athletes pre- and post-ACL
injury.

It has been shown in retrospective studies that patients
taking the oral contraceptive pill may be reduced risk of ACL
injury. This may be attributable to the oral contraceptive pill
reducing hormonal fluctuations and any changes in the laxity
of the ACL during the menstrual cycle. Data from the Danish
Knee Ligament Reconstruction Registry showed that the
adjusted relative risk of having ACL reconstruction was 0.82
in female athletes taking the oral contraceptive pill compared
to those that were not.26 Similar findings have been reported
in a large retrospective study of 82,874 female athletes, which
reported taking the oral contraceptive was associated with a
63% reduction in the risk of sustaining an ACL injury.27 It is
important to note that many of these studies are retrospective
in nature and prone to sampling errors, potential confounders,
and limited reporting of adverse events and complications. At
present, there is no clear role for the use of the oral contracep-
tive as a protective measure for reducing ACL injury.28 Albright
et al29 reported a significant association between a previous
diagnosis of hypovitaminosis D and increased rates of both
index ACL tears (+ 81% within two years of diagnosis) and
revision ACLR (+ 28%), together with relevant physical and
psychological consequences, including depression.30,31

Biomechanical factors
It has been postulated that the hamstring muscles act as
an agonist by preventing anterior tibial translation, while
the quadriceps act as an antagonist by straining the ACL.
When female patients land, they preferentially contract their
quadriceps muscles than their male counterparts. This results
in a stiff-legged extended landing posture that increases
the risk of ACL injury compared with the knee flexed and
more ACL-protective position.32-37 The latency between ACL
activation at the time of foot contact and hamstring activation
is 50 to 180 ms, while the time from initial foot contact to
ACL disruption is 40 to 105 ms.38 Therefore, any additional
latency in hamstring recruitment may increase the difficulty
of resisting the ACL stress caused by the increased ground
reaction (GRF) during the landing phase. In addition, males
have the ability to increase their hamstring to quadriceps ratio
(representing the strength of the hamstring muscle – peak
torque) during sport motion.

Female athletes have a propensity to land with
increased hip flexion and sustain this hip flexion angle
for longer periods compared with male athletes; this may
significantly contribute to their higher risk to experience
a non-contact ACL injury.39-41 Hewett et al32 prospectively
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studied knee kinematics during a vertical drop jump (VDJ) in
a cohort of 205 female athletes, and reported that increased
knee abduction, higher GRFs, and shorter stance times were
observed in athletes that sustained ACL injuries during the
season. Similarly, Krosshaug et al42 prospectively investiga-
ted kinematics and kinetics variables in elite handball and
Norwegian football players, and found that medial knee
displacement during the contact phase was associated with
up to 40% increase in the risk of ACL injury. Kamitani et
al43 followed 20 female elite football players, and found that
fatigue was associated with increased risk of not being able
to sustain a stable landing posture with VDJ. The authors also
found that increasing levels of fatigue were associated with
decreased hip flexion and ankle dorsiflexion. Ogasawara et al44

reported repetition and training improved postural stability
and impact absorption in a single leg landing phase within
a physical and cognitive environment designed to mirror a
non-contact pivot injury.

Several other biomechanical risk factors for ACL injury
have gained interest, including dynamic knee valgus, weak
hip abductor musculature, increased femoral anteversion and
tibial torsion, and increased midfoot mobility, as they place
the resting ACL under significant higher tensile strain.42,45-48 In
female athletes, the wider pelvis leads to a greater quadriceps-
angle (Q-angle), with some studies reporting that Q-angles
greater than 19° are associated with increased risk of ACL
rupture.17,39,40,49,50 Similarly, athletes with poor core strength
and trunk control may lack dynamic stability, which allows for
greater movements and moment arms outside the safe zone
of the lower limb. Weak quadriceps musculature, increased
Q-angle, poor core strength, and lateral trunk displacement
are therefore important risk factors for ACL injury.

It has been shown that females have a lower hip
abductor strength by percentage of body weight, delayed
vastus medialis activation during a single leg vertical drop
jump (VDJ) than male athletes,41,50 and a higher degree of
knee abduction in the landing phase.39,51 Moreover, poor
postural control leading to a more upright landing and a lower
contribution of the hamstrings in restraining the anterior
translation of the tibia on the femur, increases the stabilizing
effort and stress on the ACL during sport activity.

Clinical outcomes after ACLR in female athletes
It has been shown that female athletes have 2.26-times
increased risk of graft re-rupture following ACLR with
hamstring autografts compared with bone-patellar tendon-
bone (BPTB) autograft (95% confidence interval 1.15 to
4.44).52-54 Similarly, Salem et al55 reported that BPTB grafts
in female patients aged 15 to 20 years are associated with
reduced graft rupture rates when compared with hamstring
autografts, but there was no difference in re-rupture rates in
females aged 21 to 25 years. The authors suggested BPTB
autografts were preferable in female patients aged under
21 years. Similarly, data obtained from the Norwegian Cruciate
Ligament Registry has shown that ACLR with hamstring
autografts are associated with 2.3-times greater risk compared
with BPTB graft, with the largest difference in reinjury rates
in patients aged between 15 and 19 years.56 Furthermore,
it has been shown that female patients have smaller diame-
ter hamstring autografts than males, which may predispose
them to increased risk of re-rupture following ACLR.57-61 Some

authors have suggested that hamstring grafts in female
athletes should be prepared to ensure that their diameter is
greater than 8 mm.62,63 Persistent laxity from suboptimal graft
diameter may also lead to an increased risk of chondral and
meniscal injuries after return to activity.64-67

There is growing body of evidence that the addition of
a lateral extra-articular tenodesis (LET) to the ACL reconstruc-
tion improves graft incorporation,68 reduces rotatory instabil-
ity,69 and decreases the risk of graft failure by almost three
times in elite athletes.70 In female athletes, it has been shown
that ACL reconstruction with LET is associated with excellent
clinical outcomes and associated with no risk of re-rupture
at immediate term follow-up.71 The LET should be consid-
ered during ACL reconstruction in female athletes with small
autografts, positive pivot shift tests, and high levels of sporting
activity to minimize the risk of ACL reinjury.

Training and prevention programmes
Prevention programmes target key aspects of training
including plyometrics, strengthening, balance, endurance
and stability, and neuromuscular training. It has been
reported that in combination, these programmes may help
to reduce the risk of ACL injuries in female athletes by up
to 90%,72  and decrease the overall  risk of football injuries
in females by approximately 20%.73  Recent publications
on injuries in elite footballers have suggested screening
tests to help identify risk factors, and focused on specific
preventative exercises to help mitigate the effects  of these
risk factors.74-76  It  has been reported that up to 65% of
non-contact ACL injuries may be prevented with individ-
ualized programmes focusing on neuromuscular control,
strength, and technique.39,42

The FIFA 11+ warm up programme, designed by FIFA
Medical Assessment and Research Centre (F-MARC), has been
shown to reduce sports-related injuries in up to one-third of
young female athletes.77 More specifically, neuromuscular and
proprioceptive preseason protocol designed to train female
athletes to avoid placing their knees in “at-risk positions”
when landing has been shown to reduce the risk of ACL
injury by 1.83-times compared with female athletes who did
not participate in the prevention programme.78,79 Similarly,
Sugimoto et al37 showed that a structured neuromuscular
training programme may reduce the risk of ACL injury in
young female athletes by 17%. The authors identified that
the key elements of the training programme were training
for longer than 20 minutes in duration, exercises more than
twice per week, ensuring variation in exercises performed, and
providing verbal feedback.

Sex disparities and extrinsic factors
Sex disparities in access to training facilities may play an
important role in the risk of ACL injuries between males and
females. It has been suggested that females have a lower
training age considering the amount of time and exposure
an athlete has had to structured, coached, and progressive
training.80

Okholm Kryger et al81 showed that only 32 scientific
studies have been published on technology in women’s
football, reflecting the little attention and knowledge on
the topic. On the other hand, research and development is
progressing fast on the men’s side.82
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Football boots have 35% forefoot higher plantar
pressure compared with standard running trainers, and
optimal fit is necessary to stabilize the foot and the mobility
of the lower limb.83 However, football boots are designed
primarily around the male foot anatomy, gait, and running
kinematics, and these characteristics are distinctly different to
those of their female counterparts.84,85 Compromising proper
fit of footwear in female athletes affects fatigue, mobility,
and performance, and potentially increases the risk of injury.81

A recent survey coordinated by the European Club Associa-
tion’s high performance advisory group on 350 female football
players across Europe reported that 82% regularly experience
discomfort wearing football boots.86 Also, studs design and
size affect the rotational traction, which varies depending
on shoe outsoles, grass types, and climatic conditions. As
shoe-surface traction has been recognized as a risk factor for
ACL injury,83,87 an outsole that produces increased traction (the
boot getting stuck in the surface) may also increase the risk of
injury. Thus, football boot selection is one of the few immedi-
ately modifiable factors that a player can influence based on
the surface properties and climate conditions.87

Similarly, increased attention should be focused on
pitch quality. International level players recognized poor pitch
quality and artificial turf as the second and third main reasons
for injury, after only poor muscle conditioning.88 In addition,
pitches can often be compromised because used the day after
men's game, even though little evidence has been published
on the contribution of artificial surfaces on injury rates.89

Although no research has been done on the effect of football
size and weight, it might be time to consider adjustments for
a smaller and lighter ball like it has been done in basketball
and handball.83 Whether this is associated with increased ACL
injury risk we cannot say it yet, but it is time for more kit and
technology to be tailored to female needs and body shape.

Psychological factors in ACL injury and return to sport
High levels of personal and sport-related stress have been
shown to increase the risk of ACL injury. This may be related
to alterations in attention and coordination, together with
increased muscular tension.90 Bruder et al91 found female
athletes were 25% less likely to return to sport within the
first five years after an ACL injury compared with their male
counterparts. It has been suggested that fear of reinjury and
lack of knee confidence are more likely to inhibit female
athletes from returning to sports compared to males.91,92 Also,
while both males and females are motivated to be physi-
cally active, male athletes may be more likely to endorse
competition and winning as motivators for sports participa-
tion and, therefore, exhibit more risk-taking behaviours.93

Milewski et al94 reviewed 176 patients with a mean age of
17 years undergoing ACLR and found that female athletes had
significantly higher levels of injury-related stress and lower
levels of perceived psychological readiness to return to sport
compared with at six months after surgery.

In conclusion, a personalized approach that includes
anatomical, biomechanical, and external factors should be
considered to prevent ACL injuries in all young female
athletes. Identifying key risk factors directly allows for the
development of evidence-based prevention strategies. High
levels of personal and sport-related stress are also shown to
increase injury risk, which may be related to altered levels

of attention and coordination, together with an increased
muscular tension.95 Further investigations are still necessary
to better understand the effect of age, sex, graft type, sports
participation, and functional performance on psychological
recovery and rehabilitation after an ACLR.

References
1. Moses B, Orchard J, Orchard J. Systematic review: Annual incidence of

ACL injury and surgery in various populations. Res Sports Med. 
2012;20(3–4):157–179.

2. Bram JT, Magee LC, Mehta NN, Patel NM, Ganley TJ. Anterior cruciate
ligament injury incidence in adolescent athletes: a systematic review
and meta-analysis. Am J Sports Med. 2021;49(7):1962–1972.

3. Ardern CL, Taylor NF, Feller JA, Webster KE. Fifty-five per cent return
to competitive sport following anterior cruciate ligament reconstruction
surgery: an updated systematic review and meta-analysis including
aspects of physical functioning and contextual factors. Br J Sports Med. 
2014;48(21):1543–1552.

4. Webster KE, Feller JA, Whitehead TS, Myer GD, Merory PB. Return to
sport in the younger patient with anterior cruciate ligament reconstruc‐
tion. Orthop J Sports Med. 2017;5(4):2325967117703399.

5. Wiggins AJ, Grandhi RK, Schneider DK, Stanfield D, Webster KE,
Myer GD. Risk of secondary injury in younger athletes after anterior
cruciate ligament reconstruction: a systematic review and meta-analysis.
Am J Sports Med. 2016;44(7):1861–1876.

6. Fältström A, Hägglund M, Kvist J, Mendonça LD. Risk factors for
sustaining a second ACL injury after primary ACL reconstruction in
female football players: a study investigating the effects of follow-up
time and the statistical approach. Sports Med Open. 2023;9(1).

7. Mancino F, Gabr A, Plastow R, Haddad FS. Anterior cruciate ligament
injuries in female athletes: is it time for a new approach. Bone Joint J. 
2023;105-B:1033–1037.

8. Cance N, Erard J, Shatrov J, et al. Delaying anterior cruciate ligament
reconstruction increases the rate and severity of medial chondral
injuries. Bone Joint J. 2023;105-B(9):953–960.

9. Larwa J, Stoy C, Chafetz RS, Boniello M, Franklin C. Stiff landings, core
stability, and dynamic knee valgus: a systematic review on documented
anterior cruciate ligament ruptures in male and female athletes. Int J
Environ Res Public Health. 2021;18(7):3826.

10. Agel J, Rockwood T, Klossner D. Collegiate ACL injury rates across 15
sports: National Collegiate Athletic Association injury surveillance
system data update (2004-2005 through 2012-2013). Clin J Sport Med. 
2016;26(6):518–523.

11. Arendt E, Dick R. Knee injury patterns among men and women in
collegiate basketball and soccer. NCAA data and review of literature. Am
J Sports Med. 1995;23(6):694–701.

12. Griffin LY, Agel J, Albohm MJ, et al. Noncontact anterior cruciate
ligament injuries: risk factors and prevention strategies. J Am Acad
Orthop Surg. 2000;8(3):141–150.

13. Hewett TE, Myer GD, Ford KR. Anterior cruciate ligament injuries in
female athletes: part 1, mechanisms and risk factors. Am J Sports Med. 
2006;34(2):299–311.

14. Huang Y-L, Jung J, Mulligan CMS, Oh J, Norcross MF. A majority of
anterior cruciate ligament injuries can be prevented by injury preven‐
tion programs: a systematic review of randomized controlled trials and
cluster: randomized controlled trials with meta-analysis. Am J Sports Med
2020;48(6):1505–1515.

15. Fabricant PD, Kocher MS. Anterior cruciate ligament injuries in children
and adolescents. Orthop Clin North Am. 2016;47(4):777–788.

16. Klemm HJ, Feller JA, Webster KE. Comparison of return-to-sports rates
between male and female Australian athletes after ACL reconstruction.
Orthop J Sports Med. 2023;11(6):23259671231169199.

17. Raj RD, Fontalis A, Grandhi TSP, Kim WJ, Gabr A, Haddad FS. The
impact of the menstrual cycle on orthopaedic sports injuries in female
athletes. Bone Joint J. 2023;105-B(7):723–728.

18. Rajput V, Haddad FS. Is the die cast? Anterior cruciate ligament injury
and osteoarthritis. Bone Joint J. 2022;104-B(5):529–531.

19. Sonnery-Cottet B, Archbold P, Cucurulo T, et al. The influence of the
tibial slope and the size of the intercondylar notch on rupture of the
anterior cruciate ligament. J Bone Joint Surg Br. 2011;93-B(11):1475–1478.

Anterior cruciate ligament injuries in female athletes: risk factors and strategies for prevention
F. Mancino, B. Kayani, A. Gabr, A. Fontalis, R. Plastow, F. S. Haddad

97



20. Dienst M, Burks RT, Greis PE. Anatomy and biomechanics of the
anterior cruciate ligament. Orthop Clin North Am. 2002;33(4):605–620.

21. Hashemi J, Chandrashekar N, Mansouri H, et al. Shallow medial tibial
plateau and steep medial and lateral tibial slopes: new risk factors for
anterior cruciate ligament injuries. Am J Sports Med. 2010;38(1):54–62.

22. Lipps DB, Wilson AM, Ashton-Miller JA, Wojtys EM. Evaluation of
different methods for measuring lateral tibial slope using magnetic
resonance imaging. Am J Sports Med. 2012;40(12):2731–2736.

23. Parker EA, Meyer AM, Goetz JE, Willey MC, Westermann RW. Do
relaxin levels impact hip injury incidence in women? a scoping review.
Front Endocrinol. 2022;13:827512.

24. Dragoo JL, Castillo TN, Braun HJ, Ridley BA, Kennedy AC, Golish SR.
Prospective correlation between serum relaxin concentration and
anterior cruciate ligament tears among elite collegiate female athletes.
Am J Sports Med. 2011;39(10):2175–2180.

25. Somerson JS, Isby IJ, Hagen MS, Kweon CY, Gee AO. The menstrual
cycle may affect anterior knee laxity and the rate of anterior cruciate
ligament rupture: A systematic review and meta-analysis. JBJS Rev. 
2019;7(9):e2.

26. Herzberg SD, Motu’apuaka ML, Lambert W, Fu R, Brady J, Guise J-M.
The effect of menstrual cycle and contraceptives on ACL injuries and
laxity: a systematic review and meta-analysis. Orthop J Sports Med. 
2017;5(7):2325967117718781.

27. DeFroda SF, Bokshan SL, Worobey S, Ready L, Daniels AH, Owens
BD. Oral contraceptives provide protection against anterior cruciate
ligament tears: a national database study of 165,748 female patients.
Phys Sportsmed. 2019;47(4):416–420.

28. Teal S, Edelman A. Contraception selection, effectiveness, and adverse
effects: a review. JAMA. 2021;326(24):2507–2518.

29. Albright JA, Chang K, Byrne RA, et al. A diagnosis of vitamin d
deficiency is associated with increased rates of anterior cruciate
ligament tears and reconstruction failure. Arthroscopy. 2023;39(12):2477–
2486.

30. AlFaris NA, AlKehayez NM, AlMushawah FI, AlNaeem AN, AlAmri
ND, AlMudawah ES. Vitamin D deficiency and associated risk factors in
women from Riyadh, Saudi Arabia. Sci Rep. 2019;9(1):20371.

31. Kerr DCR, Zava DT, Piper WT, Saturn SR, Frei B, Gombart AF.
Associations between vitamin D levels and depressive symptoms in
healthy young adult women. Psychiatry Res. 2015;227(1):46–51.

32. Hewett TE, Myer GD, Ford KR, et al. Biomechanical measures of
neuromuscular control and valgus loading of the knee predict anterior
cruciate ligament injury risk in female athletes: a prospective study. Am J
Sports Med. 2005;33(4):492–501.

33. Zazulak BT, Hewett TE, Reeves NP, Goldberg B, Cholewicki J. Deficits
in neuromuscular control of the trunk predict knee injury risk: a
prospective biomechanical-epidemiologic study. Am J Sports Med. 
2007;35(7):1123–1130.

34. Hewett TE, Paterno MV, Myer GD. Strategies for enhancing proprio‐
ception and neuromuscular control of the knee. Clin Orthop Relat Res. 
2002;402(402):76–94.

35. Li G, Rudy TW, Sakane M, Kanamori A, Ma CB, Woo S-Y. The
importance of quadriceps and hamstring muscle loading on knee
kinematics and in-situ forces in the ACL. J Biomech. 1999;32(4):395–400.

36. Renström P, Arms SW, Stanwyck TS, Johnson RJ, Pope MH. Strain
within the anterior cruciate ligament during hamstring and quadriceps
activity. Am J Sports Med. 1986;14(1):83–87.

37. Sugimoto D, Myer GD, Barber Foss KD, Pepin MJ, Micheli LJ, Hewett
TE. Critical components of neuromuscular training to reduce ACL injury
risk in female athletes: meta-regression analysis. Br J Sports Med. 
2016;50(20):1259–1266.

38. Tsuda E, Okamura Y, Otsuka H, Komatsu T, Tokuya S. Direct evidence
of the anterior cruciate ligament-hamstring reflex arc in humans. Am J
Sports Med. 2001;29(1):83–87.

39. Krosshaug T, Nakamae A, Boden BP, et al. Mechanisms of anterior
cruciate ligament injury in basketball: video analysis of 39 cases. Am J
Sports Med. 2007;35(3):359–367.

40. Boden BP, Torg JS, Knowles SB, Hewett TE. Video analysis of anterior
cruciate ligament injury: abnormalities in hip and ankle kinematics. Am J
Sports Med. 2009;37(2):252–259.

41. Marotta N, Demeco A, de Scorpio G, Indino A, Iona T, Ammendolia
A. Late activation of the vastus medialis in determining the risk of
anterior cruciate ligament injury in soccer players. J Sport Rehabil. 
2020;29(7):952–955.

42. Krosshaug T, Steffen K, Kristianslund E, et al. The vertical drop jump is
a poor screening test for ACL injuries in female elite soccer and handball
players: a prospective cohort study of 710 athletes. Am J Sports Med. 
2016;44(4):874–883.

43. Kamitani A, Hara K, Fujii Y, Yoshida S. Landing posture in elite female
athletes during a drop vertical jump before and after a high-intensity
ergometer fatigue protocol: a study of 20 Japanese women’s soccer
league players. Orthop J Sports Med. 2023;11(6):23259671231171859.

44. Ogasawara I, Revankar GS, Konda S, Matsuo T, Aoyama C, Nakata K.
Individual variation in adaptive ability of the anticipated postural
stability during a dual-task single-leg landing in female athletes. Orthop J
Sports Med. 2023;11(7):23259671231177312.

45. Sutton KM, Bullock JM. Anterior cruciate ligament rupture: differences
between males and females. J Am Acad Orthop Surg. 2013;21(1):41–50.

46. Koga H, Bahr R, Myklebust G, Engebretsen L, Grund T, Krosshaug T.
Estimating anterior tibial translation from model-based image-matching
of A noncontact anterior cruciate ligament injury in professional
football: A case report. Clin J Sport Med. 2011;21(3):271–274.

47. Koga H, Nakamae A, Shima Y, et al. Mechanisms for noncontact
anterior cruciate ligament injuries: knee joint kinematics in 10 injury
situations from female team handball and basketball. Am J Sports Med. 
2010;38(11):2218–2225.

48. Stockton DJ, Schmidt AM, Yung A, et al. Tibiofemoral contact and
alignment in patients with anterior cruciate ligament rupture treated
nonoperatively versus reconstruction: an upright, open MRI study. Bone
Joint J. 2021;103-B(9):1505–1513.

49. Mohamed E, Useh U, Mtshali B. Q-angle, Pelvic width, and Intercondy‐
lar notch width as predictors of knee injuries in women soccer players in
South Africa. Af Hlth Sci. 2012;12(2):174–180.

50. Khayambashi K, Ghoddosi N, Straub RK, Powers CM. Hip muscle
strength predicts noncontact anterior cruciate ligament injury in male
and female athletes: a prospective study. Am J Sports Med. 2016;44(2):
355–361.

51. Hewett TE, Torg JS, Boden BP. Video analysis of trunk and knee motion
during non-contact anterior cruciate ligament injury in female athletes:
lateral trunk and knee abduction motion are combined components of
the injury mechanism. Br J Sports Med. 2009;43(6):417–422.

52. Maletis GB, Inacio MCS, Funahashi TT. Risk factors associated with
revision and contralateral anterior cruciate ligament reconstructions in
the Kaiser Permanente ACLR Registry. Am J Sports Med. 2015;43(3):641–
647.

53. Maletis GB, Inacio MCS, Desmond JL, Funahashi TT. Reconstruction
of the anterior cruciate ligament: association of graft choice with
increased risk of early revision. Bone Joint J. 2013;95-B(5):623–628.

54. Inclan PM, Brophy RH. Revision anterior cruciate ligament reconstruc‐
tion. Bone Joint J. 2023;105-B(5):474–480.

55. Salem HS, Varzhapetyan V, Patel N, Dodson CC, Tjoumakaris FP,
Freedman KB. Anterior cruciate ligament reconstruction in young
female athletes: patellar versus hamstring tendon autografts. Am J Sports
Med. 2019;47(9):2086–2092.

56. Persson  A,  Fjeldsgaard  K,  Gjertsen  J-E,  et  al.  Increased  risk  of
revision  with  hamstring  tendon  grafts  compared  with  patellar
tendon  grafts  after  anterior  cruciate  ligament  reconstruction:  a
study  of  12,643  patients  from  the  Norwegian  Cruciate  Ligament
Registry,  2004-2012.  Am  J  Sports  Med.  2014;42(2):285–291.

57. Kamien PM, Hydrick JM, Replogle WH, Go LT, Barrett GR. Age, graft
size, and Tegner activity level as predictors of failure in anterior cruciate
ligament reconstruction with hamstring autograft. Am J Sports Med. 
2013;41(8):1808–1812.

58. Boisvert CB, Aubin ME, DeAngelis N. Relationship between anthropo‐
metric measurements and hamstring autograft diameter in anterior
cruciate ligament reconstruction. Am J Orthop (Belle Mead NJ). 2011;40:
293–295.

59. Tuman JM, Diduch DR, Rubino LJ, Baumfeld JA, Nguyen HS, Hart
JM. Predictors for hamstring graft diameter in anterior cruciate ligament
reconstruction. Am J Sports Med. 2007;35(11):1945–1949.

60. Magnussen RA, Lawrence JTR, West RL, Toth AP, Taylor DC, Garrett
WE. Graft size and patient age are predictors of early revision after
anterior cruciate ligament reconstruction with hamstring autograft.
Arthroscopy. 2012;28(4):526–531.

98 Bone & Joint Open  Volume 5, No. 2  February 2024



61. Nogaro M-C, Abram SGF, Alvand A, Bottomley N, Jackson WFM,
Price A. Paediatric and adolescent anterior cruciate ligament recon‐
struction surgery: results from a national cohort of 16,000 patients over
20 years. Bone Joint J. 2020;102-B:239–245.

62. Snaebjörnsson T, Hamrin-Senorski E, Svantesson E, et al. Graft
diameter and graft type as predictors of anterior cruciate ligament
revision: a cohort study including 18,425 patients from the Swedish and
Norwegian National Knee Ligament Registries. J Bone Joint Surg Am. 
2019;101-A(20):1812–1820.

63. Spragg L, Chen J, Mirzayan R, Love R, Maletis G. The effect of
autologous hamstring graft diameter on the likelihood for revision of
anterior cruciate ligament reconstruction. Am J Sports Med. 2016;44(6):
1475–1481.

64. Allen CR, Wong EK, Livesay GA, Sakane M, Fu FH, Woo S-Y.
Importance of the medial meniscus in the anterior cruciate ligament-
deficient knee. J Orthop Res. 2000;18(1):109–115.

65. Burrus MT, Werner BC, Crow AJ, et al. Increased failure rates after
anterior cruciate ligament reconstruction with soft-tissue autograft-
allograft hybrid grafts. Arthroscopy. 2015;31(12):2342–2351.

66. Mariscalco MW, Flanigan DC, Mitchell J, et al. The influence of
hamstring autograft size on patient-reported outcomes and risk of
revision after anterior cruciate ligament reconstruction: a Multicenter
Orthopaedic Outcomes Network (MOON) cohort study. Arthroscopy. 
2013;29(12):1948–1953.

67. Robinson JR, Haddad FS. ACL graft failure: surgical technique may
affect outcomes. Bone Joint J. 2021;103-B(9):1439–1441.

68. Cavaignac E, Mesnier T, Marot V, et al. Effect of lateral extra-articular
tenodesis on anterior cruciate ligament graft incorporation. Orthop J
Sports Med. 2020;8(11):2325967120960097.

69. Getgood  AMJ,  Bryant  DM,  Litchfield  R,  et  al.  Lateral  extra-
articular  tenodesis  reduces  failure  of  hamstring  tendon  autograft
anterior  cruciate  ligament  reconstruction:  2-year  outcomes  from  the
STABILITY  study  randomized  clinical  trial.  Am  J  Sports  Med.
2020;48(2):285–297.

70. Borque  KA,  Jones  M,  Laughlin  MS,  et  al.  Effect  of  lateral  extra-
articular  tenodesis  on  the  rate  of  revision  anterior  cruciate
ligament  reconstruction  in  elite  athletes.  Am  J  Sports  Med.
2022;50(13):3487–3492.

71. Guzzini M, Mazza D, Fabbri M, et al. Extra-articular tenodesis
combined with an anterior cruciate ligament reconstruction in acute
anterior cruciate ligament tear in elite female football players. Int Orthop.
2016;40(10):2091–2096.

72. Silvers  HJ,  Mandelbaum  BR.  Prevention  of  anterior  cruciate
ligament  injury  in  the  female  athlete.  Br  J  Sports  Med.  ‐
2007;41(Suppl  1):i52–9.

73. Crossley KM, Patterson BE, Culvenor AG, Bruder AM, Mosler AB,
Mentiplay BF. Making football safer for women: a systematic review
and meta-analysis of injury prevention programmes in 11 773 female
football (soccer) players. Br J Sports Med. 2020;54(18):1089–1098.

74. McCall A, Carling C, Nedelec M, et al. Risk factors, testing and
preventative strategies for non-contact injuries in professional football:
current perceptions and practices of 44 teams from various premier
leagues. Br J Sports Med. 2014;48(18):1352–1357.

75. McCall  A,  Davison  M,  Andersen  TE,  et  al.  Injury  prevention
strategies  at  the  FIFA  2014  World  Cup:  perceptions  and  practices
of  the  physicians  from  the  32  participating  national  teams.  Br  J
Sports  Med.  2015;49(9):603–608.

76. McCall  A,  Carling  C,  Davison  M,  et  al.  Injury  risk  factors,
screening  tests  and  preventative  strategies:  a  systematic  review  of
the  evidence  that  underpins  the  perceptions  and  practices  of  44

football  (soccer)  teams  from  various  premier  leagues.  Br  J  Sports
Med.  2015;49(9):583–589.

77. Soligard T, Myklebust G, Steffen K, et al. Comprehensive warm-up
programme to prevent injuries in young female footballers: cluster
randomised controlled trial. BMJ. 2008;337(dec09 2):a2469.

78. Brophy R, Silvers HJ, Gonzales T, Mandelbaum BR. Gender influences:
the role of leg dominance in ACL injury among soccer players. Br J Sports
Med. 2010;44(10):694–697.

79. Ramirez RN, Baldwin K, Franklin CCD. Prevention of anterior cruciate
ligament rupture in female athletes. JBJS Rev. 2014;2(9).

80. Parsons JL, Coen SE, Bekker S. Anterior cruciate ligament injury:
towards a gendered environmental approach. Br J Sports Med. 
2021;55(17):984–990.

81. Okholm Kryger K, Wang A, Mehta R, et al. Can we evidence-base
injury prevention and management in women’s football? A scoping
review. Res Sports Med. 2023;31(5):687–702.

82. Almulla J, Takiddin A, Househ M. The use of technology in tracking
soccer players’ health performance: a scoping review. BMC Med Inform
Decis Mak. 2020;20(1):184.

83. Okholm  Kryger  K,  Thomson  A,  Tang  A,  et  al.  Ten  questions  in
sports  engineering:  technology  in  elite  women’s  football.  Sports
Eng.  2022;25(1).

84. Clermont CA, Benson LC, Osis ST, Kobsar D, Ferber R. Running
patterns for male and female competitive and recreational runners
based on accelerometer data. J Sports Sci. 2019;37(2):204–211.

85. Ferber R, Davis IM, Williams DS. Gender differences in lower extremity
mechanics during running. Clin Biomech (Bristol, Avon). 2003;18(4):350–
357.

86. Wrack S. Survey finds 82% of female players experience pain wearing
football boots. The Guardian. 2023.

87. Thomson A. Same same, but different? should football boot selection
be a consideration after ACLR. Aspetar Sports Med J. 2020;9:50–55.

88. Geertsema C, Geertsema L, Farooq A, et al. Injury prevention
knowledge, beliefs and strategies in elite female footballers at the FIFA
Women’s World Cup France 2019. Br J Sports Med. 2021;55(14):801–806.

89. Roberts JR, Osei-Owusu P, Mears AC, Harland AR. Elite players’
perceptions of football playing surfaces: a qualitative study. Res Q Exerc
Sport. 2020;91(2):239–251.

90. No authors listed. Psychological issues related to illness and injury in
athletes and the team physician: a consensus statement-2016 update.
Med Sci Sports Exerc. 2017;49(5):1043–1054.

91. Bruder AM, Culvenor AG, King MG, et al. Let’s talk about sex (and
gender) after ACL injury: a systematic review and meta-analysis of self-
reported activity and knee-related outcomes. Br J Sports Med. 
2023;57(10):602–610.

92. Lindanger  L,  Strand  T,  Mølster  AO,  Solheim  E,  Inderhaug  E.
Return  to  play  and  long-term  participation  in  pivoting  sports  after
anterior  cruciate  ligament  reconstruction.  Am  J  Sports  Med.
2019;47(14):3339–3346.

93. Deaner  RO,  Geary  DC,  Puts  DA,  et  al.  A  sex  difference  in  the
predisposition  for  physical  competition:  males  play  sports  much
more  than  females  even  in  the  contemporary  U.S.  PLoS  One.
2012;7(11):e49168.

94. Milewski MD, Traver JL, Coene RP, et al. Effect of Age and Sex on
Psychological Readiness and Patient-Reported Outcomes 6 Months
After Primary ACL Reconstruction. Orthop J Sports Med. 2023;‐
11(6):23259671231166012.

95. De A, Joy E, Misra M, Williams NI, Mallinson RJ, et al. Female athlete
triad coalition consensus statement on treatment and return to play of
the female athlete triad. Br J Sports Med. 2014;48(4):289.

Author information
F. Mancino, MD, Senior Clinical Fellow Orthopaedic Surgery
B. Kayani, MBBS, BSc, FRCS (Tr&Orth), PhD, Senior Clinical Fellow
Orthopaedic Surgery
A. Gabr, MBChB, MRCS(Ed), MD(Res), FRCS(Orth), DipSEM, Senior
Clinical Fellow Orthopaedic Surgery
A. Fontalis, MD, MSc (Res), MRCS (Eng), PhD student, Junior Fellow
R. Plastow, MBChB, FRCS (Eng), Consultant Orthopaedic Surgeon
F. S. Haddad, BSc, MD(Res), MCh(Orth), FRCS (Orth), FFSEM,
Professor of Orthopaedic Surgery, Editor in Chief

Department of Trauma and Orthopaedic Surgery, University
College London Hospitals, The Princess Grace Hospital, London,
UK.

Author contributions
F. Mancino: Data curation, Investigation, Writing – original draft.
B. Kayani: Data curation, Investigation, Writing – review & editing.
A. Gabr: Supervision, Validation, Writing – review & editing.
A. Fontalis: Supervision, Validation, Writing – review & editing.
R. Plastow: Supervision, Validation, Writing – review & editing.

Anterior cruciate ligament injuries in female athletes: risk factors and strategies for prevention
F. Mancino, B. Kayani, A. Gabr, A. Fontalis, R. Plastow, F. S. Haddad

99



F. S. Haddad: Conceptualization, Project administration,
Supervision, Validation, Writing – review & editing.

Funding statement
The author(s) received no financial or material support for the
research, authorship, and/or publication of this article.

ICMJE COI statement
A. Fontalis declares a Freemasons’ Royal Arch Fellowship, with
support of the Arthritis Research Trust, under Onassis Foundation
– Scholarship ID: F ZR 065-1/2021-2022. F. S. Haddad reports
research grants from Stryker, Smith & Nephew, Corin, the
International Olympic Committee, and the National Institute
for Health and Care Research (NIHR); royalties or licenses from
Stryker, Smith & Nephew, Corin, and MatOrtho; consulting fees
from Stryker; payment or honoraria for lectures, presentations,
speakers bureaus, manuscript writing, or educational events from
Stryker, Smith & Nephew, Zimmer Biomet, and AO Recon; support
for attending meetings and/or travel from Stryker, Smith &
Nephew, AO Recon, and The Bone and Joint Journal; and having
a leadership or fiduciary role on The Bone and Joint Journal editorial

board, being a trustee for the British Orthopaedic Association,
and being on the BOSTAA executive committee.

Data sharing
The data that support the findings for this study are available
to other researchers from the corresponding author upon
reasonable request.

Twitter
Follow F. Mancino @orthofabioman
Follow A. Fontalis @AFontalis
Follow F. S. Haddad @bjjeditor

© 2024 Mancino et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution Non-
Commercial No Derivatives (CC BY-NC-ND 4.0) licence, which
permits the copying and redistribution of the work only, and
provided the original author and source are credited. See https://
creativecommons.org/licenses/by-nc-nd/4.0/

100 Bone & Joint Open  Volume 5, No. 2  February 2024

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

	Anterior cruciate ligament injuries in female athletes: risk factors and strategies for prevention
	Introduction
	Anatomical factors
	Hormonal factors
	Biomechanical factors
	Clinical outcomes after ACLR in female athletes
	Training and prevention programmes
	Sex disparities and extrinsic factors
	Psychological factors in ACL injury and return to sport



