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Hamstring injuries (HSIs) are common in female athletes and are associated with a 
lengthy recovery period and a high rate of reinjury. Currently, the majority of existing 
literature investigating HSI rehabilitation has been conducted using male participants. 
However, female athletes display intrinsic anatomical and biomechanical differences 
compared to males that influences the way this population experiences HSIs and HSI 
rehabilitation. HSI rehabilitation and injury prevention guidelines for female athletes 
must take these differences into account. Female athletes display anatomical differences 
such as increased anterior pelvic tilting, gluteus maximus weakness, an increased pelvic 
width-to-femoral length ratio, and an increased degree of femoral anteversion, all of 
which can predispose females to HSIs. Maneuvers designed to strengthen the gluteal 
musculature and transverse abdominis can overcome these risk factors. Females show 
increased joint laxity and a greater range of motion of hip flexion and internal rotation 
compared to males. Females have lower passive hamstring stiffness than males, therefore 
hamstring flexibility exercises may not be as necessary during rehabilitation for females 
as in the male athlete population. Female athletes may instead benefit from trunk 
stabilization exercises and agility training due to neuromuscular control deficits that 
arise from the maturation and growth of the female pelvis. Existing literature on 
hamstring injury prevention shows consistent use of the Nordic Hamstring Exercise and 
balance exercises may reduce the risk of sustaining an HSI in both males and females, 
though more studies are needed to ascertain the optimal regimen for injury prevention in 
the female athlete population specifically. The goal of this clinical commentary is to 
discuss sex-specific anatomic and biomechanical differences of the lumbar, pelvic, and 
hip regions with the aim of providing guidelines for rehabilitation and injury prevention 
of HSIs in female athletes. 

Level of Evidence    
5 

INTRODUCTION 

Hamstring injuries consistently rank as one of the most 
frequent injuries sustained by female athletes and can re
sult in lengthy amounts of time off from sport.1–4 Women 
are underrepresented in many sports and exercise medicine 
studies, including those focused on hamstring injury reha
bilitation and prevention.5 Male-only research studies may 

not translate effectively due to sex-based differences in bio
mechanical properties, hormones, and sporting environ
ments.6 O’Sullivan et al. have emphasized the importance 
of recognizing intrinsic differences between males and fe
males in the risk factors that lead to hamstring injury.7 Fe
male athletes demonstrate increased hamstring flexibility, 
lower hamstring musculotendinous stiffness, and increased 
resistance to skeletal muscle fatigue compared to male ath
letes.7 These differences, along with the high incidence and 
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burden of hamstring injuries in this population, demon
strate the need for implementation of effective female-spe
cific rehabilitation and injury prevention programs. 

Proper prevention and rehabilitation are especially cru
cial for HSIs because the rate of re-injury is so high. Ap
proximately 1/3rd of all HSIs result in reoccurrence and ath
letes are 4.8 times more likely to sustain an HSI if an HSI 
had occurred within the previous season.8,9 Additionally, 
athletes often experience significant and persistent deficits 
in the injured hamstring after sustaining an HSI.10,11 No 
studies directly compare the extent of injured limb deficits 
in male athletes versus female athletes and how that may 
impact rehabilitation. Therefore, the purpose of this clin
ical commentary is to discuss sex-specific anatomic and 
biomechanical differences of the lumbar, pelvic, and hip 
regions with the goal of providing guidelines for rehabilita
tion and injury prevention of HSIs in female athletes. 

HAMSTRING INJURY REHABILITATION 

A strong rehabilitation program should focus on restoring 
an athlete’s pre-injury functionality and performance as 
well as correct for any deficits that may have led to the 
injury. Eccentrically strengthening the injured hamstring 
muscle has been shown to reduce the time to return to play 
in both men and women, as well as decreasing the risk of 
reinjury.12,13 Strengthening during HSI rehabilitation and 
prevention includes facilitation of muscle hypertrophy in 
the hamstring musculature as well as addressing functional 
requirements of the hamstrings through eccentric loading 
and stretch/shorten cycle exercises.14,15 Of equal impor
tance is identifying impairments that may contribute to in
creased provocative load on the hamstrings.15 Increasing 
flexibility and neuromuscular control of the lumbopelvic 
region has also been shown to be beneficial for HSI reha
bilitation.16 Consideration of the sex-specific anatomical 
and biomechanical features in the lumbopelvic and hip re
gion are necessary when building effective HSI rehabilita
tion and prevention programs for female athletes. 

ANTERIOR PELVIC TILT 

The acetabulum exhibits sexual dimorphism. Acetabular 
anteversion is significantly greater in females, ranging from 
21-23 degrees compared to 17-18 degrees in males.17–19 A 
greater degree of acetabular anteversion is thought to be 
compensated for by increasing the degree of anterior pelvic 
tilt.20,21 In fact, females are found to have increased an
terior pelvic tilting compared to men, both while stand
ing and during the gait cycle.22–25 The increased degree of 
anterior pelvic tilt in the female pelvis has been linked to 
HSI.15,26–29 Due to the proximal attachment of the ham
strings to the ischial tuberosities of the pelvis, an increased 
anterior pelvic tilt places the hamstrings in a relatively 
lengthened position. This will also lengthen the gluteus 
maximus (GMax) and gluteus medius (GMed) muscles due 
to their distal attachments to the femur and posterior ori
entation on the innominate.15 

Figure 1. Glute sets in prone with a pillow. Activate         
TrA isometrically by performing the abdominal       
drawing in maneuver then activate GMax isometrically        
without engaging the hamstrings.     
TrA: transversus abdominis, GMax: gluteus maximus 

Restricted hip flexor muscle length can be associated 
with a more pronounced anterior pelvic tilt in the female 
pelvis. Shortened hip flexors will limit hip extension, de
crease primary hip extensor recruitment and increase reli
ability on the secondary hip extensors.30 In the presence of 
GMax weakness, there is an increased dependency on the 
hamstrings to work. This is referred to as “synergistic dom
inance” and places greater stress on the hamstring tissue 
resulting in higher risk of HSI.30 Identifying and address
ing shortened hip flexors will facilitate GMax recruitment 
and strengthening in order to reduce provocative load on 
the hamstrings. 

The abdominal drawing-in maneuver combined with hip 
strengthening exercises has been found to increase activa
tion of the gluteal musculature.31 Activating the TrA can 
help to stabilize against compensatory movements in the 
lumbar spine and pelvis including lumbar hyperextension 
and excessive anterior pelvic tilt, minimize lengthening of 
the GMax, GMed and hamstrings and maximize recruitment 
of the GMax and GMed. TrA activation through the abdom
inal drawing-in maneuver is an essential modification to 
hip strengthening in female-specific HSI rehabilitation and 
prevention programs. 

GMax strengthening is initially addressed through iso
metrics and initiated in early HSI rehabilitation.32,33 Glute 
sets in prone with a pillow under the pelvis (Figure 1) to 
reduce an anterior pelvic tilt promotes TrA activation and 
facilitates GMax activation. Once GMax activation is prop
erly established, dynamic strengthening is initiated. As the 
hip is abducted to 15-30 degrees, GMax activation increases 
and hamstring activation decreases.34 Hamstring activation 
is the greatest with the hip in neutral alignment. The bridge 
exercise, which has high levels of EMG activity in the GMax, 
is performed in 15-30 degrees of hip abduction to encour
age GMax activation and discourage hamstring recruit
ment. This can be facilitated in the female athlete by plac
ing a band just proximal to the knees to promote hip 
abduction (Figure 2). 

HIP ABDUCTOR STRENGTH 

Compared to the adult male pelvis, the adult female pelvis 
is broader with a wider pelvic outlet and a wider and more 
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Figure 2. Gluteal bridge. Place heels close to buttocks with hips abducted to 15-30 degrees with a band just                  
proximal to the knees. Press through the heels and abduct hips isometrically against the band while lifting hips                   
and pelvis by engaging the GMax.       
GMax: gluteus maximus 

circular pelvic inlet.35–37 The larger pelvic width-to-
femoral length ratio in the female anatomy is in part a rea
son why females tend to have weaker hip abductors com
pared to their male counterparts.38,39 Greater degrees of 
femoral anteversion in females have been associated with 
decreased utilization of the gluteus medius mus
cles.17–19,40 Weakness in the GMed has been associated 
with HSI suggesting that an increase in hip adduction and 
difficulty controlling contralateral pelvic drop places ad
ditional strain on the hamstrings. Female athletes with 
stronger hip abductors and external rotators have been 
shown to be less likely to experience lower extremity in
jury.41 

In the female athlete, activation of the TrA to stabilize 
the pelvis and lumbar spine and minimize anterior pelvic 
tilting has been shown to maximize GMed strengthening.31 

Side stepping with a resistance band in a squat position 
(Figure 3) has been shown to increase GMed recruitment 
and decrease hip flexor activity which can be an effective 
modification during HSI rehabilitation and prevention for 
female athletes with hip flexor length deficits.42 

HAMSTRING STRENGTH 

Guidelines for hamstring strengthening during rehabilita
tion and injury prevention programs are similar for females 
and males; however basic modifications to exercises are 
given to correct for any proximal alignment and trunk con
trol needs specific to the female anatomy and biomechan
ics. Females are at higher risk for lower extremity injury 
when there is a knee flexor/knee extensor ratio of less than 
0.75. Knapik et al studied 138 female collegiate athletes, 
40% of whom experienced one or more lower extremity in
juries.43 This imbalance between knee extensors and flex
ors highlights how relative posterior kinetic chain weakness 
contributes to lower extremity injury and the importance of 
fully rehabilitating the injured hamstring in order to reduce 
risk of injury prior to return to sport in the female athlete.39 

The Nordic hamstring exercise (NHE) (Figure 4) is the 
most popular eccentric loading exercise for both HSI reha
bilitation and prevention. When performed with good trunk 

control, this exercise produces the highest activation levels 
in all three of the hamstring muscles when compared with 
other common hamstring eccentric exercises like the dead
lift and ball leg curl.44 With an increase in anterior pelvic 
tilt, a higher degree of femoral and acetabular anteversion 
and higher likelihood of joint hypermobility, there needs to 
be more emphasis on establishing adequate trunk control 
in order for the female athlete to effectively perform the 
NHE. 

The 45-degree hip extension exercise (Figure 5) is an
other commonly prescribed eccentric hamstring loading ex
ercise. Messer et al. evaluated hamstring muscle activation 
during the NHE and the 45-degree hip extension exercise 
in women. While they found that both the 45-degree hip 
extension exercise and the NHE produced activation of all 
three hamstring muscles, the NHE elicited higher activa
tion in the semitendinosus with the 45-degree hip exten
sion exercise eliciting a higher biceps femoris long head to 
semitendinosus activation ratio.45 The long head of the bi
ceps femoris has been shown to be more active at the hip, 
and when strained, is associated with persistent deficits in 
muscle activation.46,47 Furthermore, it has been proposed 
that the semitendinosus may play a more significant role 
than the other hamstrings in unloading the ACL,24 due to 
its role in preventing excessive anterior tibial translation 
and knee valgus which are movement patterns associated 
with non-contact ACL injury.48 Both the NHE and 45-de
gree hip extension exercise should be considered in HSI re
habilitation and prevention programs for female athletes. 
When prescribing these two exercises, another considera
tion is to place a band just proximal to the knees to pro
mote hip abduction further reducing the tendency to col
lapse into hip adduction and femoral internal rotation. 

HYPERMOBILITY 

Hypermobility and differences in laxity of surrounding soft 
tissue structures in the hip have been described in the fe
male athlete. Females tend to show greater range of motion 
in hip flexion and hip internal rotation at 90 degrees of flex
ion than males.18 This can place additional demand on the 
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Figure 3. Side stepping with a resistance band in a squat position. Place a band around the feet standing in a                    
mini squat position. Take steps laterally maintaining stability through the lumbopelvic region and maintaining               
resistance on the band without dragging the feet.         

Figure 4. Nordic hamstring exercise. Begin in a tall kneeling position with a band proximal to the knees and hips                   
abducted isometrically against the band. Using a partner to stabilize the feet and ankles, lower the trunk with                   
control maintaining neutral lumbopelvic and hip alignment using the arms to break the “fall”.               

muscles of the posterior kinetic chain to control excessive 
hip internal rotation including the biceps femoris. Though 
not as well understood in regard to hip injury and dysfunc
tion in the female athlete, females are also more likely to 
have generalized joint laxity, lower passive hamstring stiff
ness, and higher tolerance to stretch.49–52 Furthermore, in
stability and laxity of the sacroiliac joint may contribute to 
hamstring muscle pathology and injury.53–55 Knee and hip 
range of motion along with hamstring flexibility are com
monly addressed during HSI rehabilitation; however, feel
ings of hamstring “tightness” is a common report in the 
female athlete when the hamstrings are repetitively over

loaded.56 In the presence of joint hypermobility, lower pas
sive hamstring stiffness and normal hamstring length, the 
tendency to incorporate flexibility exercises for the ham
strings should be avoided with female athletes. 

BIOMECHANICAL/NEUROMUSCULAR CONTROL 

The neuromuscular control differences between females 
and males have been well documented with a focus on 
how these differences impact non-contact knee injuries, 
but the relationship to hip and hamstring injuries have 
not been commonly described. Deficits in neuromuscular 
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Figure 5. 45-degree hip extension. Begin in a standing position. Lower the trunk with control towards the                
ground.  

control have been shown to be correlated to the specific 
anatomical changes that occur through puberty as the fe
male pelvis matures.38 

During a single leg task, females can demonstrate the 
improper movement pattern of decreased trunk flexion, in
creased hip adduction, increased femoral internal rotation, 
increased knee abduction and trunk lean towards the 
weight bearing limb.38,39 Female athletes have weaker hip 
abductors and decreased hip extensor moments associated 
with this faulty movement pattern related to an increase in 
femoral internal rotation and adduction. This can be exac
erbated in the setting of increased anterior pelvic tilt and 
larger pelvic width-to-femoral length ratio. Decreases in 
proximal strength measures suggest that females may have 
a less stable foundation upon which to develop or resist 
force in the lower extremities.41 Biomechanical studies in
dicate that hip muscle activation significantly affects the 
ability of the hamstrings to generate force or resist forces 
experienced by the entire leg during a single leg task.41,57 

This tendency for core instability has been suggested to 
predispose females to lower extremity injury.41,58,59 

Trunk stabilization and agility training have an added 
benefit to HSI rehabilitation and prevention. Sherry and 
Best demonstrated that a rehabilitation program consisting 
of progressive agility and trunk stabilization exercises was 
more effective in promoting return to sport and preventing 
re-injury than isolated hamstring stretching and strength
ening in males and females after sustaining an acute ham
string strain.16 

HAMSTRING INJURY PREVENTION 

Neuromuscular training programs have been shown to be 
effective in the prevention of non-contact ACL injuries in 
female athletes. These programs incorporate lower extrem
ity strengthening, eccentric hamstring loading, trunk stabi
lization and agility training. This highlights the importance 
of posterior kinetic chain strength, HS eccentric strength 
and trunk stability and its role in reducing lower extremity 
injury in female athletes.60,61 The Prevent Injury and En
hance Performance (PEP) program specifically utilizes the 
NHE as their primary exercise for hamstring eccentric 
strengthening.58 

Petersen et al. followed 942 male soccer players for 10 
weeks; the players were either allocated to a control group 
and performed their usual training program or allocated to 
an intervention group and performed an additional 27 ses
sions of the NHE during the 10-week period.62 The NHE 
program reduced the rate of new HSI injuries in the inter
vention group athletes by over 60%, from 8.1 injuries per 
100 player-seasons in the control group to 3.1 in the inter
vention group.62 It was also highly effective at reducing the 
rate of recurrent HSIs, which was 45.8 per 100 player-sea
sons in the control group compared to 7.1 in the NHE in
tervention group (an approximate 85% reduction).62 While 
Petersen et. all performed this study with only male sub
jects, their results emphasize the effectiveness of the NHE. 

Soligard et al., studied 1,892 female adolescent soccer 
players who were divided into intervention and control 
groups and followed for eight months. The intervention 
group performed a comprehensive warm-up program be
fore every training session which included running, 
strength, and balance exercises, one of which was the NHE. 
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While there were fewer HSIs recorded in the control group 
(eight versus five), these results were not significant.63 

However, the authors did find there was a significantly 
lower risk of injuries overall, overuse injuries, and severe 
injuries in the intervention group.63 A randomized con
trolled trial consisting of 43 professional women soccer 
players tested the effect of a 21-week eccentric strength 
training program which consisted of the Nordic Hamstring 
exercise and eccentric band exercises. Five players who did 
not undergo the training program later sustained an HSI, 
compared to only one player in the intervention group; the 
training program therefore reduced the risk of HSI by 81%. 
However, the results did not reach significance due to the 
small number of participants in the study.64 As sex-specific 
differences exist in HSI risk factors and rehabilitation, fu
ture studies are needed to identify the optimal preventa
tive training program to reduce hamstring injuries in fe
male athletes. 

CONCLUSION 

Effective hamstring injury rehabilitation and prevention 
programs are crucial considering the significant burden 
HSIs can place on a female athlete.1–4 Existing literature 
regarding hamstring rehabilitation demonstrates that ec
centric hamstring strengthening, flexibility training, and 
agility and trunk stabilization exercises may reduce return-
to-play time and rates of re-injury and that use of the 

Nordic Hamstring Exercise in HSI prevention programs suc
cessfully reduces the rate of HSIs.12,13,16,62–66 Sex-specific 
hamstring injury rehabilitation guidelines that acknowl
edge and address anatomical differences such as increased 
anterior pelvic tilt, greater degree of both femoral and ac
etabular anteversion and greater pelvic width to femoral 
length ratio should be considered, as should biomechanical 
differences such as decreased utilization of the hip abduc
tor muscles, decreased neuromuscular control, and hyper
mobility. Future comparative studies on the efficacy of sex-
specific rehabilitation protocols can help optimize the 
management and prevention of HSI in female athletes. 

CONFLICTS OF INTEREST 

Lucy R. O’Sullivan: None 

Jamie A. Preszler: None 

Miho J. Tanaka: Grants from Arthroscopy Association of 
North America and Fuji Film; Consultant Medical Reviewer 
at Verywell Fit; Editorial Board of ASJM and Arthroscopy 
Journal; Associate Editor CME Panel at JBJS; Editor at Jour
nal of Women’s Sports Medicine; Committee member at 
AOSSM, AANA, AAOS, ISAKOS 

Submitted: March 17, 2022 CDT, Accepted: July 24, 2022 CDT 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre

ativecommons.org/licenses/by-nc/4.0/legalcode for more information. 

Hamstring Injury Rehabilitation and Prevention in the Female Athlete

International Journal of Sports Physical Therapy



REFERENCES 

1. Cross KM, Gurka KK, Conaway M, Ingersoll CD. 
Hamstring strain incidence between genders and 
sports in NCAA athletics. Athl Train Sports Health 
Care. 2010;2(3):124-130. doi:10.3928/19425864-2010
0428-06 

2. O’Connor S, Bruce C, Teahan C, McDermott E, 
Whyte E. Injuries in collegiate ladies gaelic 
footballers: A 2-season prospective cohort study. J 
Sport Rehabil. 2021;30(2):261-266. doi:10.1123/jsr.20
19-0468 

3. 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. doi:10.1136/bjsports-2019-1
01587 

4. Söderman K, Alfredson H, Pietilä T, Werner S. Risk 
factors for leg injuries in female soccer players: a 
prospective investigation during one out-door 
season. Knee Surg Sports Traumatol Art. 
2001;9(5):313-321. doi:10.1007/s001670100228 

5. Costello JT, Bieuzen F, Bleakley CM. Where are all 
the female participants in sports and exercise 
medicine research? Eur J Sport Sci. 
2014;14(8):847-851. doi:10.1080/17461391.2014.9113
54 

6. Emmonds S, Heyward O, Jones B. The challenge of 
applying and undertaking research in female sport. 
Sports Med - Open. 2019;5(1):51. doi:10.1186/s4079
8-019-0224-x 

7. O’Sullivan L, Tanaka MJ. Sex-based differences in 
hamstring injury risk factors. J Wom Sports Med. 
2021;1(1):20-29. doi:10.53646/jwsm.v1i1.8 

8. Ekstrand J, Hägglund M, Waldén M. Epidemiology 
of muscle injuries in professional football (soccer). 
Am J Sports Med. 2011;39(6):1226-1232. doi:10.1177/
0363546510395879 

9. Orchard J, Seward H. Epidemiology of injuries in 
the Australian Football League, seasons 1997-2000. 
Br J Sports Med. 2002;36(1):39-44. doi:10.1136/bjsm.3
6.1.39 

10. Maniar N, Shield AJ, Williams MD, Timmins RG, 
Opar DA. Hamstring strength and flexibility after 
hamstring strain injury: a systematic review and 
meta-analysis. Br J Sports Med. 2016;50(15):909-920. 
doi:10.1136/bjsports-2015-095311 

11. O’Sullivan K, O’Ceallaigh B, O’Connell K, Shafat 
A. The relationship between previous hamstring 
injury and the concentric isokinetic knee muscle 
strength of Irish Gaelic footballers. BMC 
Musculoskelet Disord. 2008;9(1):30. doi:10.1186/147
1-2474-9-30 

12. Askling CM, Tengvar M, Thorstensson A. Acute 
hamstring injuries in Swedish elite football: a 
prospective randomised controlled clinical trial 
comparing two rehabilitation protocols. Br J Sports 
Med. 2013;47(15):953-959. doi:10.1136/bjsports-201
3-092165 

13. Askling CM, Tengvar M, Tarassova O, 
Thorstensson A. Acute hamstring injuries in Swedish 
elite sprinters and jumpers: a prospective randomised 
controlled clinical trial comparing two rehabilitation 
protocols. Br J Sports Med. 2014;48(7):532-539. doi:1
0.1136/bjsports-2013-093214 

14. Malliaropoulos N, Mendiguchia J, Pehlivanidis H, 
et al. Hamstring exercises for track and field athletes: 
injury and exercise biomechanics, and possible 
implications for exercise selection and primary 
prevention. Br J Sports Med. 2012;46(12):846-851. do
i:10.1136/bjsports-2011-090474 

15. Goom TSH, Malliaras P, Reiman MP, Purdam CR. 
Proximal hamstring tendinopathy: Clinical aspects of 
assessment and management. J Orthop Sports Phys 
Ther. 2016;46(6):483-493. doi:10.2519/jospt.2016.598
6 

16. Sherry MA, Best TM. A comparison of 2 
rehabilitation programs in the treatment of acute 
hamstring strains. J Orthop Sports Phys Ther. 
2004;34(3):116-125. doi:10.2519/jospt.2004.34.3.116 

17. Nakahara I, Takao M, Sakai T, Nishii T, Yoshikawa 
H, Sugano N. The gender difference of normal hip 
joint anatomy. 

18. Nakahara I, Takao M, Sakai T, Nishii T, Yoshikawa 
H, Sugano N. Gender differences in 3D morphology 
and bony impingement of human hips. J Orthop Res. 
2011;29(3):333-339. doi:10.1002/jor.21265 

19. Atkinson HD, Johal KS, Willis-Owen C, Zadow S, 
Oakeshott RD. Differences in hip morphology 
between the sexes in patients undergoing hip 
resurfacing. J Orthop Surg Res. 2010;5(1):76. doi:10.11
86/1749-799x-5-76 

Hamstring Injury Rehabilitation and Prevention in the Female Athlete

International Journal of Sports Physical Therapy

https://doi.org/10.3928/19425864-20100428-06
https://doi.org/10.3928/19425864-20100428-06
https://doi.org/10.1123/jsr.2019-0468
https://doi.org/10.1123/jsr.2019-0468
https://doi.org/10.1136/bjsports-2019-101587
https://doi.org/10.1136/bjsports-2019-101587
https://doi.org/10.1007/s001670100228
https://doi.org/10.1080/17461391.2014.911354
https://doi.org/10.1080/17461391.2014.911354
https://doi.org/10.1186/s40798-019-0224-x
https://doi.org/10.1186/s40798-019-0224-x
https://doi.org/10.53646/jwsm.v1i1.8
https://doi.org/10.1177/0363546510395879
https://doi.org/10.1177/0363546510395879
https://doi.org/10.1136/bjsm.36.1.39
https://doi.org/10.1136/bjsm.36.1.39
https://doi.org/10.1136/bjsports-2015-095311
https://doi.org/10.1186/1471-2474-9-30
https://doi.org/10.1186/1471-2474-9-30
https://doi.org/10.1136/bjsports-2013-092165
https://doi.org/10.1136/bjsports-2013-092165
https://doi.org/10.1136/bjsports-2013-093214
https://doi.org/10.1136/bjsports-2013-093214
https://doi.org/10.1136/bjsports-2011-090474
https://doi.org/10.1136/bjsports-2011-090474
https://doi.org/10.2519/jospt.2016.5986
https://doi.org/10.2519/jospt.2016.5986
https://doi.org/10.2519/jospt.2004.34.3.116
https://doi.org/10.1002/jor.21265
https://doi.org/10.1186/1749-799x-5-76
https://doi.org/10.1186/1749-799x-5-76


20. Okuzu Y, Goto K, Okutani Y, Kuroda Y, Kawai T, 
Matsuda S. Hip-Spine Syndrome: Acetabular 
anteversion angle is associated with anterior pelvic 
tilt and lumbar hyperlordosis in patients with 
acetabular dysplasia. JBJS Open Access. 
2019;4(1):e0025. doi:10.2106/jbjs.oa.18.00025 

21. Zahn RK, Grotjohann S, Ramm H, et al. Pelvic tilt 
compensates for increased acetabular anteversion. Int 
Orthop. 2016;40(8):1571-1575. doi:10.1007/s00264-0
15-2949-6 

22. Lewis CL, Laudicina NM, Khuu A, Loverro KL. The 
human pelvis: Variation in structure and function 
during gait. Anat Rec. 2017;300(4):633-642. doi:10.10
02/ar.23552 

23. Cho SH, Park JM, Kwon OY. Gender differences in 
three dimensional gait analysis data from 98 healthy 
Korean adults. Clin Biomech. 2004;19(2):145-152. do
i:10.1016/j.clinbiomech.2003.10.003 

24. Youdas JW, Garrett TR, Harmsen S, Suman VJ, 
Carey JR. Lumbar lordosis and pelvic inclination of 
asymptomatic adults. Phys Ther. 
1996;76(10):1066-1081. doi:10.1093/ptj/76.10.1066 

25. Hertel J, Dorfman JH, Braham RA. Lower 
extremity malalignments and anterior cruciate 
ligament injury history. J Sports Sci Med. 
2004;3(4):220-225. 

26. Mendiguchia J, Flor AGD la, Mendez-Villanueva 
A, Morin JB, Edouard P, Garrues MA. Training-
induced changes in anterior pelvic tilt: potential 
implications for hamstring strain injuries 
management. J Sports Sci. 2021;39(7):760-767. doi:1
0.1080/02640414.2020.1845439 

27. Hoskins W, Pollard H. The management of 
hamstring injury—Part 1: Issues in diagnosis. Man 
Ther. 2005;10(2):96-107. doi:10.1016/j.math.2005.0
3.006 

28. Hoskins W, Pollard H. Hamstring injury 
management—Part 2: Treatment. Man Ther. 
2005;10(3):180-190. doi:10.1016/j.math.2005.05.001 

29. Daly C, Persson UM, Twycross-Lewis R, Woledge 
RC, Morrissey D. The biomechanics of running in 
athletes with previous hamstring injury: A case-
control study. Scand J Med Sci Sports. 
2016;26(4):413-420. doi:10.1111/sms.12464 

30. Mills M, Frank B, Goto S, et al. Effect of restricted 
hip flexor muscle length on hip extensor muscle 
activity and lower extremity biomechanics in college-
aged female soccer players. Int J Sports Phys Ther. 
2015;10(7):946-954. 

31. Chan MK, Chow KW, Lai AY, Mak NK, Sze JC, 
Tsang SM. The effects of therapeutic hip exercise 
with abdominal core activation on recruitment of the 
hip muscles. BMC Musculoskelet Disord. 
2017;18(1):313. doi:10.1186/s12891-017-1674-2 

32. Sahrmann S, Azevedo DC, Dillen LV. Diagnosis 
and treatment of movement system impairment 
syndromes. Braz J Phys Ther. 2017;21(6):391-399. do
i:10.1016/j.bjpt.2017.08.001 

33. Wagner T, Behnia N, Ancheta WKL, Shen R, 
Farrokhi S, Powers CM. Strengthening and 
neuromuscular reeducation of the gluteus maximus 
in a triathlete with exercise-associated cramping of 
the hamstrings. J Orthop Sports Phys Ther. 
2010;40(2):112-119. doi:10.2519/jospt.2010.3110 

34. Goins J. Optimal patient position to maximize 
gluteus maximus activation during prone hip 
extension: A critically appraised topic. Int J Athl Ther 
Train. 2021;26(2):71-74. doi:10.1123/ijatt.2019-0111 

35. Young M, Ince JGH. A radiographic comparison of 
the male and female pelvis. J Anat. 1940;74(Pt 
3):374-385. 

36. Wang SC, Brede C, Lange D, et al. Gender 
differences in hip anatomy: Possible implications for 
injury tolerance in frontal collisions. Annu Proc Assoc 
Adv Automot Med. 2004;48:287-301. 

37. Nwoha PU. The anterior dimensions of the pelvis 
in male and female Nigerians. Afr J Med Med Sci. 
1995;24(4):329-335. 

38. Casey E, Rho M, Press J. Sex Differences in Sports 
Medicine. 1st ed. Desmos Medical; 2016. doi:10.1891/
9781617052491 

39. Borgstrom H, McInnis KC. Female athlete hip 
injuries: a narrative review. Clin J Sport Med. 
2020;32(1):62-71. doi:10.1097/jsm.000000000000085
7 

40. Nyland J, Kuzemchek S, Parks M, Caborn DNM. 
Femoral anteversion influences vastus medialis and 
gluteus medius EMG amplitude: composite hip 
abductor EMG amplitude ratios during isometric 
combined hip abduction-external rotation. J 
Electromyogr Kinesiol. 2004;14(2):255-261. doi:10.101
6/s1050-6411(03)00078-6 

41. Leetun DT, Ireland ML, Willson JD, Ballantyne BT, 
Davis IM. Core stability measures as risk factors for 
lower extremity injury in athletes. Med Sci Sports 
Exerc. 2004;36(6):926-934. doi:10.1249/01.mss.00001
28145.75199.c3 

Hamstring Injury Rehabilitation and Prevention in the Female Athlete

International Journal of Sports Physical Therapy

https://doi.org/10.2106/jbjs.oa.18.00025
https://doi.org/10.1007/s00264-015-2949-6
https://doi.org/10.1007/s00264-015-2949-6
https://doi.org/10.1002/ar.23552
https://doi.org/10.1002/ar.23552
https://doi.org/10.1016/j.clinbiomech.2003.10.003
https://doi.org/10.1016/j.clinbiomech.2003.10.003
https://doi.org/10.1093/ptj/76.10.1066
https://doi.org/10.1080/02640414.2020.1845439
https://doi.org/10.1080/02640414.2020.1845439
https://doi.org/10.1016/j.math.2005.03.006
https://doi.org/10.1016/j.math.2005.03.006
https://doi.org/10.1016/j.math.2005.05.001
https://doi.org/10.1111/sms.12464
https://doi.org/10.1186/s12891-017-1674-2
https://doi.org/10.1016/j.bjpt.2017.08.001
https://doi.org/10.1016/j.bjpt.2017.08.001
https://doi.org/10.2519/jospt.2010.3110
https://doi.org/10.1123/ijatt.2019-0111
https://doi.org/10.1891/9781617052491
https://doi.org/10.1891/9781617052491
https://doi.org/10.1097/jsm.0000000000000857
https://doi.org/10.1097/jsm.0000000000000857
https://doi.org/10.1016/s1050-6411(03)00078-6
https://doi.org/10.1016/s1050-6411(03)00078-6
https://doi.org/10.1249/01.mss.0000128145.75199.c3
https://doi.org/10.1249/01.mss.0000128145.75199.c3


42. Berry JW, Lee TS, Foley HD, Lewis CL. Resisted 
side stepping: The effect of posture on hip abductor 
muscle activation. J Orthop Sports Phys Ther. 
2015;45(9):675-682. doi:10.2519/jospt.2015.5888 

43. Knapik JJ, Bauman CL, Jones BH, Harris JM, 
Vaughan L. Preseason strength and flexibility 
imbalances associated with athletic injuries in female 
collegiate athletes. Am J Sports Med. 
1991;19(1):76-81. doi:10.1177/036354659101900113 

44. Guruhan S, Kafa N, Ecemis ZB, Guzel NA. Muscle 
activation differences during eccentric hamstring 
exercises. Sports Health. 2021;13(2):181-186. doi:10.1
177/1941738120938649 

45. Messer DJ, Bourne MN, Williams MD, Al Najjar A, 
Shield AJ. Hamstring muscle use in women during 
hip extension and the nordic hamstring exercise: A 
functional magnetic resonance imaging study. J 
Orthop Sports Phys Ther. 2018;48(8):607-612. doi:10.2
519/jospt.2018.7748 

46. Bourne MN, Opar DA, Williams MD, Al Najjar A, 
Shield AJ. Muscle activation patterns in the Nordic 
hamstring exercise: Impact of prior strain injury. 
Scand J Med Sci Sports. 2016;26(6):666-674. doi:10.11
11/sms.12494 

47. Opar DA, Williams MD, Timmins RG, Dear NM, 
Shield AJ. Knee flexor strength and bicep femoris 
electromyographical activity is lower in previously 
strained hamstrings. J Electromyogr Kinesiol. 
2013;23(3):696-703. doi:10.1016/j.jelekin.2012.11.004 

48. Zebis MK, Andersen LL, Bencke J, Kjær M, 
Aagaard P. Identification of athletes at future risk of 
anterior cruciate ligament ruptures by neuromuscular 
screening. Am J Sports Med. 2009;37(10):1967-1973. d
oi:10.1177/0363546509335000 

49. Russek LN, Errico DM. Prevalence, injury rate 
and, symptom frequency in generalized joint laxity 
and joint hypermobility syndrome in a “healthy” 
college population. Clin Rheumatol. 
2016;35(4):1029-1039. doi:10.1007/s10067-015-295
1-9 

50. Marshall PWM, Mannion J, Murphy BA. 
Extensibility of the hamstrings is best explained by 
mechanical components of muscle contraction, not 
behavioral measures in individuals with chronic low 
back pain. PM R. 2009;1(8):709-718. doi:10.1016/j.pm
rj.2009.04.009 

51. Blackburn JT, Bell DR, Norcross MF, Hudson JD, 
Kimsey MH. Sex comparison of hamstring structural 
and material properties. Clin Biomech. 
2009;24(1):65-70. doi:10.1016/j.clinbiomech.2008.1
0.001 

52. Marshall PW, Siegler JC. Lower hamstring 
extensibility in men compared to women is explained 
by differences in stretch tolerance. BMC 
Musculoskelet Disord. 2014;15(1):223. doi:10.1186/147
1-2474-15-223 

53. Cibulka MT, Rose SJ, Delitto A, Sinacore DR. 
Hamstring muscle strain treated by mobilizing the 
sacroiliac joint. Phys Ther. 1986;66(8):1220-1223. do
i:10.1093/ptj/66.8.1220 

54. MassoudArab A, RezaNourbakhsh M, 
Mohammadifar A. The relationship between 
hamstring length and gluteal muscle strength in 
individuals with sacroiliac joint dysfunction. J Man 
Manip Ther. 2011;19(1):5-10. doi:10.1179/106698110
x12804993426848 

55. Saunders J, Hungerford B, Wisbey-Roth T, Cusi M, 
Wall HV der. Recurrent hamstring injuries in elite 
athletes - A paradigm shift to mechanical 
dysfunction of the sacroiliac joint as one causation. 
Int J Hum Mov Sports Sci. 2019;7(2):33-42. doi:10.131
89/saj.2019.070203 

56. Heiderscheit BC, Sherry MA, Silder A, Chumanov 
ES, Thelen DG. Hamstring strain injuries: 
Recommendations for diagnosis, rehabilitation and 
injury prevention. J Orthop Sports Phys Ther. 
2010;40(2):67-81. doi:10.2519/jospt.2010.3047 

57. Bobbert MF, van Zandwijk JP. Dynamics of force 
and muscle stimulation in human vertical jumping. 
Med Sci Sports Exerc. 1999;31(2):303-310. doi:10.109
7/00005768-199902000-00015 

58. 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. doi:10.5435/00124635-20000500
0-00001 

59. Ireland ML, Willson JD, Ballantyne BT, Davis IM. 
Hip strength in females with and without 
patellofemoral pain. J Orthop Sports Phys Ther. 
2003;33(11):671-676. doi:10.2519/jospt.2003.33.11.67
1 

60. Gilchrist J, Mandelbaum BR, Melancon H, et al. A 
randomized controlled trial to prevent noncontact 
anterior cruciate ligament injury in female collegiate 
soccer players. Am J Sports Med. 
2008;36(8):1476-1483. doi:10.1177/036354650831818
8 

61. Mandelbaum BR, Silvers HJ, Watanabe DS, et al. 
Effectiveness of a neuromuscular and proprioceptive 
training program in preventing anterior cruciate 
ligament injuries in female athletes: 2-year follow-
up. Am J Sports Med. 2005;33(7):1003-1010. doi:10.11
77/0363546504272261 

Hamstring Injury Rehabilitation and Prevention in the Female Athlete

International Journal of Sports Physical Therapy

https://doi.org/10.2519/jospt.2015.5888
https://doi.org/10.1177/036354659101900113
https://doi.org/10.1177/1941738120938649
https://doi.org/10.1177/1941738120938649
https://doi.org/10.2519/jospt.2018.7748
https://doi.org/10.2519/jospt.2018.7748
https://doi.org/10.1111/sms.12494
https://doi.org/10.1111/sms.12494
https://doi.org/10.1016/j.jelekin.2012.11.004
https://doi.org/10.1177/0363546509335000
https://doi.org/10.1177/0363546509335000
https://doi.org/10.1007/s10067-015-2951-9
https://doi.org/10.1007/s10067-015-2951-9
https://doi.org/10.1016/j.pmrj.2009.04.009
https://doi.org/10.1016/j.pmrj.2009.04.009
https://doi.org/10.1016/j.clinbiomech.2008.10.001
https://doi.org/10.1016/j.clinbiomech.2008.10.001
https://doi.org/10.1186/1471-2474-15-223
https://doi.org/10.1186/1471-2474-15-223
https://doi.org/10.1093/ptj/66.8.1220
https://doi.org/10.1093/ptj/66.8.1220
https://doi.org/10.1179/106698110x12804993426848
https://doi.org/10.1179/106698110x12804993426848
https://doi.org/10.13189/saj.2019.070203
https://doi.org/10.13189/saj.2019.070203
https://doi.org/10.2519/jospt.2010.3047
https://doi.org/10.1097/00005768-199902000-00015
https://doi.org/10.1097/00005768-199902000-00015
https://doi.org/10.5435/00124635-200005000-00001
https://doi.org/10.5435/00124635-200005000-00001
https://doi.org/10.2519/jospt.2003.33.11.671
https://doi.org/10.2519/jospt.2003.33.11.671
https://doi.org/10.1177/0363546508318188
https://doi.org/10.1177/0363546508318188
https://doi.org/10.1177/0363546504272261
https://doi.org/10.1177/0363546504272261


62. Petersen J, Thorborg K, Nielsen MB, Budtz-
Jørgensen E, Hölmich P. Preventive effect of eccentric 
training on acute hamstring injuries in men’s soccer: 
a cluster-randomized controlled trial. Am J Sports 
Med. 2011;39(11):2296-2303. doi:10.1177/036354651
1419277 

63. 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:a2469. do
i:10.1136/bmj.a2469 

64. Espinosa G del A, Pöyhönen T, Aramendi JF, 
Samaniego JC, Knörr JIE, Kyröläinen H. Effects of an 
eccentric training programme on hamstring strain 
injuries in women football players. Biomed Hum Kinet. 
2015;7(1). doi:10.1515/bhk-2015-0019 

65. Erickson LN, Sherry MA. Rehabilitation and 
return to sport after hamstring strain injury. J Sport 
Health Sci. 2017;6(3):262-270. doi:10.1016/j.jshs.201
7.04.001 

66. Al Attar WSA, Soomro N, Sinclair PJ, Pappas E, 
Sanders RH. Effect of injury prevention programs 
that include the nordic hamstring exercise on 
hamstring injury rates in soccer players: A systematic 
review and meta-analysis. Sports Med. 
2017;47(5):907-916. doi:10.1007/s40279-016-0638-2 

Hamstring Injury Rehabilitation and Prevention in the Female Athlete

International Journal of Sports Physical Therapy

https://doi.org/10.1177/0363546511419277
https://doi.org/10.1177/0363546511419277
https://doi.org/10.1136/bmj.a2469
https://doi.org/10.1136/bmj.a2469
https://doi.org/10.1515/bhk-2015-0019
https://doi.org/10.1016/j.jshs.2017.04.001
https://doi.org/10.1016/j.jshs.2017.04.001
https://doi.org/10.1007/s40279-016-0638-2

	Level of Evidence
	INTRODUCTION
	HAMSTRING INJURY REHABILITATION
	Anterior pelvic tilt
	Hip abductor strength
	Hamstring strength
	Hypermobility
	Biomechanical/Neuromuscular Control

	HAMSTRING INJURY PREVENTION
	CONCLUSION
	Conflicts of Interest

	References

