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Hamstring strain injury (HSI) is one of the most common injuries encountered in running sports and can 
lead to significant morbidity, with time lost from participation and high rates of recurrence.  Though the 
incidence is high in both sexes, male athletes appear to have a two to four-fold greater risk of HSI compared 
to female athletes, with a longer recovery.  Multiple potential risk factors have been studied, and age, 
history of hamstring injury, ACL injury and calf injury appear to be the most significant factors in 
predicting index injury and recurrence.  Female athletes may be relatively protected by less hamstring unit 
stiffness and greater muscle endurance.  Other potential sex-influenced risk factors including differences 
in pelvic, hip and knee structural morphology and limb alignment, musculotendinous flexibility and joint 
mobility, and kinetic chain (primary posterior) strength imbalances require further investigation.  Further 
research focusing both exclusively on female athlete as well as more robust comparative studies with male 
athletes will help us to better understand differences in HSI profile.  Future investigation is necessary to 
determine whether a sex-specific approach to HSI rehabilitation and prevention programs will optimize 
clinical care for both male and female athletes. 
 

 
 

Hamstring strain injury (HSI) is one of the 
most common sports-related injuries with a 
prevalence that appears to be increasing annually1.  
This injury deserves a high level of attention and 
investigation given the significant time lost from 
sports participation and high risk of injury 
recurrence in both male and female athletes.  The 
risk of HSI recurrence from 16-32% is simply not 
acceptable2,3. According to a recent systematic 
review and meta-analysis4, the most significant risk 
factors for HSI are age, history of hamstring injury 
(Risk ratio (RR)=2.7), anterior cruciate ligament 
(ACL) injury (RR=1.7) and calf injury (RR=1.5). 
Though sex alone does not appear to be a significant 
intrinsic risk factor, female athletes sustain a lower 
rate of HSI than male counterparts and may 
experience shorter recovery time and less time lost 
from sports participation. This has been 

demonstrated in several sex-comparable sports 
including collegiate and professional soccer and 
track and field5,6. Overall, like much of the sports 
medicine literature, females are largely 
underrepresented in hamstring injury studies with 
respect to risk factor analysis, intervention, and 
prevention.  We need to understand the 
complexities and interplay of the modifiable risk 
factors to better care for our female and male 
athletes. 

In their study, “Sex-based Differences in 
Hamstring Injury Risk Factors,” O’Sullivan et al7 
reviews the sex-influenced differences in intrinsic 
risk factors associated with HSI. The authors 
highlight three factors that may be protective and 
contribute to the discrepancy in injury rate. Women 
exhibit (1) increased hamstring flexibility, (2) 
decreased hamstring musculotendinous stiffness 
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and (3) greater resistance to skeletal muscle fatigue 
compared to male counterparts.  The authors also 
point out other known sex differences such as 
quadriceps to hamstring strength ratio and lower 
extremity morphologic variables (quadriceps angle, 
pelvic tilt) that may have an influence on HSI, with 
a less straightforward, logical relationship to 
decreased relative risk in female athletes.  

The authors present an important initial 
investigation to add to a growing body of literature 
exploring sex-differences in sports injury, a critical 
step to promote awareness that different risk factor 
profiles may exist for men and women with HSI.  A 
better understanding of modifiable factors and the 
complexities of their relationships will drive injury 
management and prevention programs.  And a sex-
specific component may prove essential to 
successful primary and secondary prevention. 
However, there is much work to be done in this 
arena and this paper underscores our gaps in 
knowledge. For example, we know that female 
athletes have both increased hamstring flexibility 
and generalized hip and knee joint hypermobility 
compared to male counterparts, but it is currently 
unclear how these factors influence specific lower 
extremity injury rates8. As the authors note, there 
are mixed studies regarding increased hamstring 
flexibility as a risk factor for hamstring injury. 
Green et al4 evaluated over 150 risk factors for index 
and recurrent HSI in sport and found that no factor 
related to flexibility, mobility and range of motion 
showed a clear relationship with risk of index HSI. 
In contrast, there was evidence (limited level) that 
hamstring muscle-tendon stiffness and reduced 
hamstring strength endurance, more commonly 
exhibited by male atheletes, are risk factors for 
index HSI4. 

In addition, increased risk for lower 
extremity injuries (including ACL) has been 
demonstrated in collegiate female athletes with 
knee flexor to extensor strength ratios less than 
0.759.  Though hamstring strength is likely 
protective, women who are generally weaker in this 
muscle group and more quadriceps dominant, have 
less risk of HSI than males. Therefore, there must be 
more to the story. We know that female athletes 
more commonly exhibit a relative posterior kinetic 
chain weakness and hip abductor weakness that can 
lead to dynamic core instability10. Moreover, female 
athletes more commonly have a leg dominance, and 

this often includes asymmetric maximal hip 
extension, reported to increase risk of overall lower 
extremity injury11.  Vannatta et al12 recently looked 
at the sex differences in gluteal muscle forces 
during running and found that males produced 
greater peak gluteus maximus force, but lesser peak 
hamstring force than females during running. 
Future directions may focus on these discrepancies 
in strength as well as patterns of neuromuscular 
control and running/sprinting biomechanics that 
may help to explain the relationship to HSI. The 
balance between core, gluteal and hamstring 
muscles may have a significant influence. 
Moreover, additional studies are needed to explain 
the role of muscle fatigue, which females may be 
more resistant, with both speed and endurance 
training. 

The authors point out two lower extremity 
static/dynamic alignment factors more commonly 
exhibited by female athletes: quadriceps angle and 
anterior pelvic tilt.  They may both affect the length, 
tension, and stiffness of the hamstring unit, but it is 
unclear at this time how they impact hamstring 
injury rate in males and females. There are several 
bony morphologic differences at the level of the 
pelvis and hip joint that may also play a role given 
the biarticular anatomic course of the hamstring 
muscle group, originating at the ischial tuberosity. 
Females have greater subpubic angle, 
intertuberosity distance and narrower 
ischiofemoral space than male counterparts. At the 
hip joint, females have a greater risk of acetabular 
dysplasia as well as acetabular and femoral 
anteversion which have been shown to cause 
asymmetry in maximal activation of muscles 
crossing the hip joint13.  The articular surface area of 
both the hip joint and knee joint are generally less 
in women. And there may be differences in muscle 
size and architecture.  It is not yet understood how 
these sex discrepancies in structure may contribute 
to hamstring injury risk and rates; another area 
poised for future research. 

Though identification of individual risk 
factors for HSI is important for guiding care, we 
must also understand the complex and fluid 
interplay between factors, including the 
relationship to sex, to optimize management of both 
male and female athletes.  While rates of HSI are 
lower in women compared to men, it is a common 
index and recurrent injury for both in sports 
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medicine. Future research focused both exclusively 
on female athletes as well as comparative studies 
(correcting the existing disparity in sex 
representation) will help us to better understand 
whether we need more of a sex-specific approach to 
HSI rehabilitation, and whether our existing 
prevention programs should be modified for female 
athletes.  Our investigation and understanding of 
sex differences in sports injury profiles and patterns 
must continue to grow and reflect the exponential 
rise of female athlete participation worldwide.  
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