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Hamstring Injury: What Is It? 
What Should I Do About It? When 

Can I Get Back to My Sport?
J Orthop Sports Phys Ther 2022;52(3):129. doi:10.2519/jospt.2022.0502

H
ow do I know if I have a hamstring injury? Typical-
ly, people feel a sudden pain in the back of the thigh. 
In sports, hamstring injuries often occur when the 
hamstring muscles are stretched quickly (eg, kicking 
or sprinting). Walking or other daily activities may 

reproduce the pain.
How long will my hamstring injury take to recover? The 

good news is that most hamstring injuries resolve within 6 

weeks, and you can get back to doing the sports and recre-
ational activities that you enjoy without lasting problems. You 
may notice some swelling and pain around the injured part in 
the hamstring for 1 or 2 weeks. Muscle stiffness and weakness 
are also common, and you may not be able to do the things 
you normally do, such as running or playing sports, for a few 
weeks. The time it takes to recover fully is different for differ-
ent people.

JOSPT PERSPECTIVES FOR PATIENTS is a public service of the Journal of Orthopaedic & Sports Physical Therapy®. The information and recommendations contained 
here are a summary of the referenced research article and are not a substitute for seeking proper health care to diagnose and treat this condition. For more information 
on the management of this condition, contact your physical therapist or other health care provider specializing in musculoskeletal disorders. JOSPT Perspectives for 
Patients may be photocopied noncommercially by physical therapists and other health care providers to share with patients. The official journal of the Academy of 
Orthopaedic Physical Therapy and American Academy of Sports Physical Therapy of the American Physical Therapy Association (APTA) and a recognized journal of 
more than 31 international partners, JOSPT strives to offer high-quality research, immediately applicable clinical material, and useful supplemental information on 
musculoskeletal and sports-related health, injury, and rehabilitation. Copyright ©2022 JOSPT®, Inc

(A) Start by lying on your back with both knees slightly bent and feet resting on a chair or bench. Lift your buttocks off the floor to straighten your hips. Lower slowly, and 
repeat. Progress to a single-leg exercise when your hamstring is stronger. (B) Kneel on a soft surface with your hips extended and body upright. Have someone hold your 
ankles steady. Keep your spine straight while you slowly lower your chest toward the floor. Use your arms to break your fall when you can no longer control the movement of 
your upper body. Use your arms to push yourself back to the start position. Repeat. (C) A skips and B skips with high knees are part of a return-to-running program; focus 
on the knee straightening as you kick out with each step. (D) Sport-specific drills are the last step in preparing your hamstring for returning to sport.

This JOSPT Perspectives for Patients is based on clinical practice guidelines by Martin et al: “Hamstring Strain Injury in Athletes” (J Orthop Sports Phys Ther. 2022;52(3):CPG1-CPG44. 
https://doi.org/10.2519/jospt.2022.0301). This JOSPT Perspectives for Patients article was produced by Patient and Public Partnerships Editor Joletta Belton and a team of JOSPT’s editorial 
board and staff, led by Editor-in-Chief Clare Ardern, and illustrated by Jeanne Robertson. For this and more topics, visit JOSPT Perspectives for Patients online at www.jospt.org.

WHAT THE GUIDELINES MEAN FOR MANAGING YOUR HAMSTRING INJURY

Early in your recovery (1-2 weeks), fo-
cus on reducing pain and swelling; build 
up to walking and slow jogging without 
pain. Next, build strength, flexibility and 
balance with exercises like bridges (A) 
and Nordic hamstring exercises (B). Fi-
nally, focus on preparing your body to 
return to full activities, including sports 

with A and B skips (C) and sport-specific 
movements (D).

When can I play my sport again? A 
slow and steady progression of your re-
habilitation is key to successful return 
to sport. You should have no pain, full 
movement, full strength, and complet-
ed your sport-specific movements (eg, 

sprints, direction changes, and kicks) at 
full speed with no hamstring pain before 
returning to full participation. Return to 
sport can take weeks to months. Ask your 
rehabilitation provider about incorporat-
ing the Nordic hamstring exercise (image 
B) into your normal sport training to help 
you avoid future hamstring injuries.
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Hamstring Strain Injury in Athletes: 
A Summary of Clinical Practice 
Guideline Recommendations

Using the Evidence to Guide Physical Therapist Practice
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jospt perspectives for practice

H
amstring strain injuries (HSIs) are common in sports 
that involve high-speed running, jumping, kicking, 
explosive lower extremity movements, or lifting ob-
jects from the ground. The injury typically involves 
some type of eccentric overloading or overstretching 

in a position of hip flexion and knee extension.1,2 The injured in-
dividual typically experiences a sudden, sharp pain in the posteri-

or thigh, with a popping or pulling sensation.5 For athletes, HSIs 
frequently cause absence from competition, generally ranging 
from 3 to 28 days or more, depending on injury severity.6 Those 
with a history of HSI have a 3.6-times higher risk of sustaining 
a future HSI.7 The long head of the biceps femoris muscle is the 
most commonly injured hamstring muscle in both first-time and 
recurrent injuries, being involved in 79% to 84% of HSIs.4,9-11

WHAT WE KNEW
Hamstring strain injuries may result in considerable 
impairment, activity limitation, and participation 
restriction, including time lost from competitive 
sports. In professional sports, HSIs may impose 
substantial financial costs.3 The high reinjury rate is 
also a challenge.7 Improving reinjury risk assessment 
and decision making for safe return to play is a high 
priority for all stakeholders.

WHAT WE DID
This clinical practice guideline8 focused on sports-
related HSI to myofascial or musculotendinous 
structures, and excluded isolated proximal and 
distal tendon injuries. The ultimate success of 
rehabilitation is reflected by safe return to sport,  
with no reinjury. Therefore, we focused on studies 
that directly assessed time to return to play and 
reinjury rates. We reviewed over 14 000 articles to 
produce recommendations for return to play and 
reinjury risk, examination, injury prevention, and 
interventions.

WHAT WE FOUND
Hamstring muscle architecture (eg, higher pennation 
angle and smaller fascicle length) and strength, 
high-speed running exposure, abnormal trunk and 
pelvic posture, and/or abnormal motor control may 
contribute to HSI, whereas hamstring flexibility 
does not. When clinicians suspect HSI, physical 
examination should include measures of hamstring-
related impairments (strength and muscle length) 
and direct and self-reported assessments of sport-
specific activities.

BOTTOM LINE FOR PRACTICE
Injury prevention exercise programs must 
include the Nordic hamstring exercise, plus 
other components of warm-up, stretching, 
stability training, strengthening, and func-
tional movements (sport specific, agility, and 
high-speed running). Initiate hamstring-
strengthening exercises after an HSI, in-
cluding eccentrics, early in the rehabilitation 
process, as guided by patient pain tolerance. 
Effective interventions included 6 to 12 rep-
etitions, depending on the intensity of the 
exercise, with both load and range of motion 
increasing as tolerated. Patients should per-
form the exercises 2 to 3 times per week. The 
evidence supporting eccentric hamstring 
exercises after injury includes, but is not 
limited to, the Nordic hamstring exercise. 
Introduce progressive agility and trunk sta-
bilization exercises and a running program 
that involves acceleration and deceleration 
phases, with progressive increases in speed 
and distance as tolerated.

JOSPT PERSPECTIVES FOR PRACTICE is a service of the Journal of Orthopaedic & Sports Physical Therapy®. The information and recommendations 
summarize the impact for practice of the referenced research article. For a full discussion of the findings, please see the article itself. The official journal of 
the Academy of Orthopaedic Physical Therapy and the American Academy of Sports Physical Therapy of the American Physical Therapy Association (APTA) 
and a recognized journal with 31 international partners, the JOSPT strives to offer high-quality research, immediately applicable clinical material, and useful 
supplemental information on musculoskeletal and sports-related health, injury, and rehabilitation. Copyright ©2022 JOSPT®, Inc 

This JOSPT Perspectives for Practice article is based on the guideline by Martin et al8 and was written by RobRoy L. 
Martin, PT, PhD and illustrated by Jeanne Robertson. The flow chart on the next page was produced by Alex Scott, PT, 
PhD. For this and more topics, visit JOSPT Perspectives for Practice online at www.jospt.org.
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Examination

Diagnosis

Diagnose HSI when an individual presents with the following: sudden onset of posterior thigh pain during activity, pain reproduced when the hamstring is stretched and/or 
activated, muscle tenderness with palpation, and loss of function – B

Include the Nordic hamstring exercise as part of an HSI prevention program, along with other components of warm-up, stretching, stability training, strengthening, and functional 
movements (sport specific, agility, and high-speed running) – B

Outcome Measures

• Quantify knee flexor strength using a handheld or isokinetic dynamometer – A
• Assess hamstring length with the hip flexed to 90°, using an inclinometer – A
• May use the length of muscle tenderness and proximity to the ischial tuberosity to assist in predicting timing of return to play – C
• May assess trunk and pelvic posture and control during functional movements – F

Interventions

• Include objective measures of walking, running, and sprinting when documenting changes during treatment – B
• In acute HSI, use the FASH before and after interventions intended to alleviate impairments of body function and structure, activity limitations, and participation 

restrictions – B

Prevention

• To reduce time to return to play, use eccentric training to patient tolerance, along with stretching, strengthening, stabilization, and progressive running programs – B
• To reduce the reinjury rate, use progressive agility and trunk stabilization, added to a comprehensive impairment-based treatment program with stretching, strengthening, 

and functional exercises – B

Hamstring Injuries in Athletes: Care Process Model

Based on the guidelines, the grades in this flow chart may be translated as follows: A, strong evidence; B, moderate evidence; C, weak evidence; F, expert opinion. 
Abbreviations: FASH, Functional Assessment Scale for Acute Hamstring Injuries; HSI, hamstring strain injury.

jospt perspectives for practice
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H
amstring strain injuries (HSIs) are the main cause of the 
unavailability of athletes in running-based sports16,44,57 and 
have substantial performance and financial consequences for 
professional teams.21,41 Sports injury practitioners are regularly

required to prescribe HSI rehabilitation 
interventions that facilitate fast return to 
sport with minimal risk of reinjury.15,20,40 
Deficits in hamstring structure and func-
tion often persist, sometimes long after 
athletes have completed HSI rehabilita-
tion and returned to sport. These deficits 
likely contribute to reinjury risk and im-
paired sporting performance.9,32,53 Over 
the past decade, researchers have focused 
on the efficacy of different HSI rehabili-
tation interventions for reducing time to 
return to sport and reinjury risk.52

Exercise is the most evidence-based 
HSI rehabilitation intervention and 
the one demonstrated to be most effec-
tive in reducing time to return to sport 
and reinjury risk.25 Exercise-based HSI 
rehabilitation typically focuses on im-
proving hamstring flexibility, strength, 
running performance, agility, or trunk 
stability.24,29,32,48 However, the quality of 
reporting and specific content of differ-
ent exercise interventions applied in con-
temporary HSI rehabilitation research 
are uncertain.23,52

Evaluating the quality of exercise in-
tervention reporting for HSI rehabilita-

	U OBJECTIVE: To review the quality of reporting 
and identify the content of exercise interven-
tions prescribed for hamstring strain injury (HSI) 
rehabilitation in the scientific literature from 2010 
to 2020.

	U DESIGN: Scoping review.

	U LITERATURE SEARCH: We searched the 
bibliometric databases Web of Science, CINAHL, 
SPORTDiscus, Scopus, Cochrane Library, MED-
LINE, and Embase.

	U STUDY SELECTION CRITERIA: Original 
research articles (randomized controlled trials and 
cohort studies) published from 2010 to 2020 that 
described an exercise rehabilitation intervention 
for participants with acute HSIs were included. 
Injuries must have been confirmed within 7 days 
of occurrence via clinical assessment and/or 
diagnostic imaging.

	U DATA SYNTHESIS: The quality of reporting, 
in terms of completeness of exercise intervention 
description, was evaluated using the Consensus 
on Exercise Reporting Template (CERT), and the 
content of interventions was categorized into 
exercise types.

	U RESULTS: Fourteen studies were included; 
exercise intervention quality of reporting was 
moderate in 3 studies and low in 11 studies. Using 
the 19-item CERT, an average of 8.8 items (range, 
4-14) were reported across all studies. Two studies 
reported sufficient exercise content and progres-
sion information to allow replication. Exercises 
categorized as hamstring flexibility, hamstring 
strength, running related, and non–hamstring 
specific were prescribed in 13, 11, 10, and 10 
studies, respectively. Half of the included studies 
incorporated all 4 exercise types in their exercise 
interventions.

	U CONCLUSION: There is a wide variety of 
exercise interventions applied in published 
research that has addressed HSI rehabilitation. 
Researchers must improve reporting quality to 
support other professionals in replicating exercise 
interventions and help practitioners to effectively 
implement research in practice. J Orthop Sports 
Phys Ther 2022;52(3):130-141. Epub 21 Sep 2021. 
doi:10.2519/jospt.2022.10641

	U KEY WORDS: CERT, exercise interventions, 
hamstring strain injury, rehabilitation, reporting 
quality
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tion included in contemporary research 
is necessary to ensure that professionals 
who implement evidence-based practice 
can replicate the interventions in reha-
bilitation. The Consensus on Exercise 
Reporting Template (CERT) was devel-
oped to improve the quality of reporting 
in the scientific literature by assessing 
the completeness of descriptions of ex-
ercise interventions.50 Reviews of exer-
cise interventions for musculoskeletal 
conditions such as groin pain,8 Achilles 
tendon rupture,10 and osteoarthritis5 
have applied the CERT. Considering 
the abundant applied research in HSI 
rehabilitation over the past decade, in-
vestigating the quality of reporting and 
specific content of HSI exercise inter-
ventions is warranted.

The primary aim of this scoping re-
view was to assess the quality of reporting 
of exercise interventions in HSI rehabili-
tation literature over the past decade, 
using the CERT. The secondary aim was 
to describe the specific content of differ-
ent exercise interventions applied to HSI 
rehabilitation.

METHODS

Protocol and Registration

T
his review was registered with 
the PROSPERO international regis-
try for systematic reviews on July 7, 

2020 (CRD42020190831), and the Pre-
ferred Reporting Items for Systematic 
reviews and Meta-Analyses (PRISMA) 
guidelines were followed.38 Based on 
feedback obtained via the peer-review 
process, we reframed our review as a 
scoping review (originally registered as a 
systematic review).39

Literature Search
A systematic search of 7 electronic da-
tabases (Web of Science, CINAHL, 
SPORTDiscus, Scopus, Cochrane Library, 
MEDLINE, and Embase) from 2010 to 
2020 was conducted on July 14, 2020. 
To capture a contemporary approach to 
implementing exercise interventions in 
clinical practice, we limited our search to 

articles published from 2010 to 2020, as 
HSI knowledge has advanced consider-
ably within the past decade.52 Key words 
were grouped in 3 concepts (muscle, in-
jury, and intervention), then variations 
of key words and controlled vocabulary 
were searched using each database (AP-

PENDIX A, available at www.jospt.org). All 
references were imported to EndNote X9 
(Clarivate Analytics, Philadelphia, PA) 
and duplicates removed.

Study Eligibility
We included original research written in 
English that described the implementa-
tion of an exercise intervention for par-
ticipants with an acute HSI. Injury had to 
be confirmed within 7 days of occurrence, 
using clinical assessment and/or diagnos-
tic imaging, so that the timing of differ-
ent exercise interventions in the context 
of acute HSI rehabilitation could be as-
sessed. We excluded studies in which 
participants experienced other causes of 
posterior thigh pain, such as proximal 
hamstring tendon avulsion, tendinopa-
thy, or contusion injury. Case studies, 
clinical commentaries, recommendation 
papers, and consensus statements were 
also excluded.

Study Selection
Titles and abstracts were initially 
screened for relevance, followed by a 
full-text review by 2 authors (R.B. and 
J.H.), using the predetermined eligibility 
criteria. Any inconsistencies regarding 
eligibility were discussed and, if required, 
resolved in consultation with a third au-
thor (D.O.).

Exercise Intervention Reporting Quality
Reporting quality for the exercise inter-
ventions applied in each study was as-
sessed with the CERT.50 The CERT is a 
19-item checklist (maximum score, 19 
points) that evaluates quality of reporting 
in terms of completeness of describing 
an exercise intervention.50 Two authors 
(R.B. and J.H.) independently extracted 
data from each study relevant to each 
CERT item and evaluated the informa-

tion based on the CERT elaboration 
statement.50 Differences in CERT results 
were discussed and, if necessary, a third 
author (D.O.) was consulted to reach 
consensus.

Exercise Intervention Content
Data related to the content, supervision, 
and progression of exercise interventions 
applied in each included study were in-
dependently extracted and collated by 2 
authors (R.B. and J.H.). Exercises were 
categorized as (1) hamstring flexibility, 
(2) hamstring strength, (3) running re-
lated, and (4) non–hamstring specific, 
based on author consensus (R.B. and 
J.H.) (APPENDIX B, available at www.jospt.
org). Within each of these categories, ex-
ercises were further classified based on 
the specific mode (eg, stretch type, con-
traction mode), prescription (eg, sets, 
repetitions, and intensity), and progres-
sion (eg, changes in regimen throughout 
rehabilitation), and for each exercise the 
data relevant to these categories were 
extracted.

Data Synthesis
Overall CERT scores for each study were 
converted to a percentage, and the qual-
ity of reporting for each study was classi-
fied as high (greater than 75%), moderate 
(60%-74%), or low (less than 60%).8 
Based on previous work, exercise inter-
ventions were considered reproducible if 
they met items 8 and 13, related to de-
scribing each exercise and the interven-
tion/program in detail, as well as items 
7a and 7b, related to the progression of 
each exercise.8 The overall methodologi-
cal quality of each included study was not 
assessed, as this scoping review was not 
reporting on a quantitative outcome that 
could be impacted by issues such as sam-
ple size, randomization, or sample type.56

RESULTS

T
he database searches identified 
3755 articles once duplicates were 
removed (FIGURE). Following the 

screening of titles and abstracts, 35 arti-
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cles were eligible for full-text review, with 
12 of these subsequently meeting criteria 
for inclusion. Two additional eligible 
articles were identified after screening 
the reference lists of the included ar-
ticles, resulting in a total of 14 included 
studies.3,4,6,19,22,26-28,33,36,42,43,46,53

Description of Included Studies
An overview of the design, participants, in-
jury diagnosis, and rehabilitation interven-
tions of the 14 included studies is provided 
in TABLE 1. Across all studies, 559 partici-
pants with acute HSIs were included, of 
whom 89% were male; 7 studies3,4,6,27,28,43,46 
included male and female participants. 
Eleven studies described a single exer-
cise intervention that was applied across 
all participants.6,19,22,26-28,33,42,43,46,53 Three 
studies compared 2 different exercise 
interventions after randomizing partici-
pants into 1 of 2 groups.3,4,36 One of these 
studies36 compared a multifactorial re-
habilitation algorithm (including various 
exercise types) to hamstring-lengthening 
exercises.4 However, as the hamstring-
lengthening exercises were not described, 
only exercises described in the multifacto-

rial rehabilitation algorithm were eligible 
for data extraction.36

Exercise Intervention Reporting Quality
TABLE 2 shows the overall CERT score and 
percentage for each study, along with the 
number and percentage of studies meet-
ing each item. The average CERT score 
was 8.8 of the maximum 19 points across 
all 14 studies. No study achieved high 
exercise intervention reporting quality. 
Exercise intervention reporting quality 
was moderate in 3 studies6,22,46 and low in 
the remaining 11 studies.3,4,19,26-28,33,36,42,43,53 
Four of the 19 CERT items related to the 
progression of exercise interventions 
were met by at least 11 of the 14 included 
studies (greater than 75%),  reporting 
whether exercises were generic or tai-
lored, how exercises were individualized, 
progression of exercise intervention, and 
the starting level of the exercise. Three 
or fewer of the 14 included studies (less 
than 25%) did not meet 8 of the CERT 
items: the supervisor’s qualifications and 
experience, reporting whether the ex-
ercises were performed individually or 
in a group, participant adherence, any 

motivational strategies used, any adverse 
events that occurred during the program, 
the setting in which the exercises were 
performed, the fidelity of the interven-
tion, and whether the intervention was 
delivered as planned. Exercise interven-
tions were deemed to be reproducible 
in 2 studies,22,36 which satisfactorily de-
scribed each exercise, the overall inter-
vention, and progression of each exercise.

Exercise Intervention Content
An overview of the type, supervision, and 
progression of exercise interventions de-
scribed in each study is shown in TABLE 3. 
All 4 exercise types were included in 7 
studies.3,6,26,33,36,43,53 The most common 
exercise intervention type was ham-
string flexibility (13 studies), followed 
by hamstring strength (11 studies), run-
ning related (10 studies), and non–ham-
string specific (10 studies). Supervision 
of exercise interventions varied, with 5 
studies not clearly reporting whether the 
intervention was supervised.26,28,33,36,42 
All exercises were progressed concur-
rently through stages of rehabilitation 
in 10 studies, either based on time from 
injury6,19,26,27,42 or passing specific criteria 
(eg, pain-free completion of the previous 
stage or clinical tests).28,33,36,43,53

Hamstring Flexibility Exercises  Passive 
stretching was implemented in 7 stud-
ies3,4,6,27,42,46,53 and active stretching/range-
of-motion exercises were prescribed 
in 10 studies3,4,19,26,28,33,36,42,43,53 (TABLE 4). 
Hamstring flexibility exercises were in-
troduced within the first 7 days following 
HSI in 10 studies.3,4,19,26,27,33,36,42,46,53 The 
most common hamstring flexibility exer-
cises were a static stretch while standing 
with the injured leg raised on an object 
(with variations in heights and forward 
trunk lean)3,4,6,27,46 and a supine active 
knee extension with the hip at approxi-
mately 90° of flexion.3,4,33,36,42,53

Hamstring Strength Exercises  Ten of 
the 11 studies that included hamstring 
strength exercises prescribed at least 1 ec-
centric exercise3,4,6,22,27,33,36,42,43,53 (TABLE 5). 
Hamstring strength exercises prescribed 
within the first 7 days following HSI were 

Records identified through 
database searching, 
n = 10 645

Full-text articles assessed for 
eligibility, n = 35

Records after duplicates 
removed, n = 3755

Excluded, n = 3720

Studies included in quantitative 
synthesis, n = 14

Articles excluded,  n = 23
• Conference abstract, n = 1
• No description of exercise 

rehabilitation protocol, n = 5
• Diagnosis time from injury >7 

days or not reported, n = 5
• Studies reporting on the same 

data set from another 
included article published at 
an earlier date, n = 9

• Protocol paper or not original 
research, n = 3

Articles added 
through 
reference list 
search, n = 2
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FIGURE. Article selection process.
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generally isometric or bilateral conven-
tional exercises that were progressed in 
load or by an eccentric emphasis. The 
most common hamstring strength ex-
ercises were variations of a hamstring 
bridge3,4,22,33,42,53 and the Nordic ham-
string exercise.6,22,33,36,53

Running-Related Exercises  Of the 
10 studies that included running-re-
lated exercise, 9 reported using some 
form of running technique or agility 
drill,3,6,26-28,33,36,43,53 8 included progres-
sive straight-line running,3,22,26,27,33,36,43,53 

and 5 incorporated plyometrics6,27,33,36,53 
(TABLE 6). Fast foot stepping or high 
knees,3,6,28,43 grapevines, sidestepping, 
and forward and backward sidestepping 
over a line27,28,36,43 were the most common 
running techniques or agility drills. Some 
form of high-speed running (eg, intensity 
greater than 90%) or sprinting was pre-
scribed in 7 studies,3,22,26,27,33,36,53 although 
description and prescription varied.
Non–Hamstring-Specific Exercises  Of 
the 10 studies that incorporated non–
hamstring-specific exercises, 7 prescribed 

general lower-limb strengthening and 
flexibility exercises,6,19,26,33,36,42,53 4 in-
cluded lumbopelvic strength and stabil-
ity exercises,28,33,36,43 and 5 implemented 
general conditioning via aquatics19 and 
ergometer cycling3,19,42,43,53 (APPENDIX C, 
available at www.jospt.org).

DISCUSSION

W
e evaluated the quality of re-
porting and described the specific 
content of exercise interventions 

	

TABLE 1 Characteristics of the Included Studies

Abbreviations: LLLT, low-level laser therapy; MRI, magnetic resonance imaging; PPP, platelet-poor plasma; PRP, platelet-rich plasma; RCT, randomized 
controlled trial; US, ultrasound.

Study, Design Participants Injury Diagnosis Rehabilitation Interventions

Askling et al4

RCT
n = 75 (92% male) elite soccer athletes in Sweden; mean ± 

SD age, 25 ± 5.5 y
Clinical exam, ≤2 d; MRI, ≤5 d L-protocol: emphasis on lengthening exercises

C-protocol: conventional exercises

Askling et al3

RCT
n = 56 (68% male) elite track-and-field athletes in Sweden; 

mean ± SD age, 20 ± 3.5 y
Clinical exam, ≤2 d; MRI, ≤5 d L-protocol and general exercise program

C-protocol and general exercise program

Bayer et al6

RCT
n = 42 (86% male) amateur athletes participating in various 

sports in Denmark; mean ± SD age, 33.6 ± 10.1 y
Clinical exam and US, ≤2 d; 

MRI, ≤7 d
Early exercise program (2 d after injury)
Delayed exercise program (9 d after injury)

Gaballah et al19

RCT
n = 17 (100% male) well-trained soccer athletes in Egypt; 

mean ± SD age, 22.3 ± 0.4 y
MRI, ≤7 d PRP injection and exercise program

Exercise program

Hickey et al22

RCT
n = 43 (100% male) amateur athletes participating in various 

sports in Australia; mean ± SD age, 26.1 ± 5.2 y
Clinical exam, ≤7 d Pain-free exercise program

Pain-threshold exercise program

Jiménez-Rubio et al26

Prospective cohort
n = 19 (100% male) professional soccer athletes in Spain; 

mean ± SD age, 24.2 ± 5.4 y
US and MRI, ≤2 d Off-field and on-field exercise program

Kilcoyne et al27

Retrospective cohort
n = 48 (83% male) recreational to collegiate-level athletes 

participating in various sports in the United States; age, 
18-25 y

Clinical exam, ≤2 d Exercise program

Lai et al28

RCT
n = 10 (70% male) recreational to national-level athletes 

participating in various sports in Malaysia; mean ± SD 
age, 23.8 ± 5.2 y

Clinical exam and US, ≤7 d PRP injection and exercise program
Exercise program

Medeiros et al33

RCT
n = 22 (100% male) amateur athletes participating in various 

sports in Brazil; mean ± SD age, 29.2 ± 7.2 y
Clinical exam, ≤5 d LLLT and exercise program

Placebo treatment and exercise program

Mendiguchia et al36

RCT
n = 48 (100% male) semiprofessional to professional soccer 

athletes in Spain; mean ± SD age, 23.4 ± 5.2 y
Clinical exam and US, ≤4 d Multifactorial algorithm exercise program

L-protocol

Rettig et al42

Retrospective case-control
n = 10 (100% male) professional American football athletes 

in the United States; age, 24.5 y (range, 22-28 y)
MRI, ≤2 d PRP injection and exercise program

Exercise program

Reurink et al43

RCT
n = 80 (95% male) recreational or competitive athletes 

participating in a range of sports in the Netherlands; mean 
± SD age, 29 ± 7.5 y

Clinical exam and MRI, ≤5 d PRP injection and exercise program
Placebo injection and exercise program

Sefiddashti et al46

RCT
n = 37 (57% male) athletes participating in sport activity for 

at least 2 y (3 times per week) in Iran; mean ± SD age, 
24.7 ± 4 y

Clinical exam, ≤2 d Cryotherapy
Cryotherapy and stretching exercise program

Tol et al53

Prospective study of a 
cohort of participants in a 
larger RCT

n = 52 (100% male) professional soccer athletes in Qatar; 
age, 24.9 y (range, 18-38 y)

MRI, ≤5 d PRP injection and exercise program
PPP injection and exercise program
Exercise program
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TABLE 2
Results Summary of the Consensus on Exercise Reporting 

Template, Applied to Each Included Study

Abbreviations: ✓, a clear/detailed description was provided; L, low; M, moderate.
aItems: 1, Exercise equipment used; 2, Supervisor’s background; 3, Group or individual; 4, Supervision; 5, Adherence; 6, Motivational strategies; 7a, Exercise 
progression rules; 7b, Program progression; 8, Description of each exercise; 9, Home program component; 10, Nonexercise component; 11, Any adverse events; 
12, Exercise setting; 13, Exercise intervention; 14a, generic or tailored exercises; 14b, Individualization; 15, Starting level; 16a, Exercise fidelity; 16b, Interven-
tion delivered as planned.

Itemsa

Study 1 2 3 4 5 6 7a 7b 8 9 10 11 12 13 14a 14b 15 16a 16b
Total, n 

(%)
Reporting 
Quality

Askling et al4 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 8 (42) L

Askling et al3 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 9 (47) L

Bayer et al6 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 13 (68) M

Gaballah et al19 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 8 (42) L

Hickey et al22 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 14 (74) M

Jiménez-Rubio et al26 ✓ ✓ ✓ ✓ ✓ 5 (26) L

Kilcoyne et al27 ✓ ✓ ✓ ✓ ✓ ✓ ✓ 7 (37) L

Lai et al28 ✓ ✓ ✓ ✓ ✓ ✓ 6 (32) L

Medeiros et al33 ✓ ✓ ✓ ✓ ✓ ✓ 6 (32) L

Mendiguchia et al36 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 9 (47) L

Rettig et al42 ✓ ✓ ✓ ✓ 4 (21) L

Reurink et al43 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 11 (58) L

Sefiddashti et al46 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 13 (68) M

Tol et al53 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 10 (53) L

Studies, n (%) 9 
(64)

3 
(21)

0  
(0)

9 
(64)

3 
(21)

1  
(7)

10 
(71)

12 
(86)

6 
(43)

5 
(36)

10 
(71)

2 
(14)

3 
(21)

6 
(43)

14 
(100)

11 
(79)

13 
(93)

3 
(21)

3 
(21)

	

TABLE 3 Overview of Exercise Intervention Type, Supervision, and Progression

Abbreviation: ✓, the category reported.
aNonexclusive category: 1, Hamstring flexibility; 2, Hamstring strength; 3, Running related; 4, Non–hamstring specific.
bCategory: 1, All sessions supervised; 2, Some sessions supervised; 3, Not clearly reported.
cCategory: 1, All exercises concurrently progressed in stages based on time from injury; 2, All exercises progressed concurrently in stages based on pain-free com-
pletion of previous stage or clinical criteria; 3, Each exercise progressed individually based on performance within limits of pain; 4, No progression described.

Type of Exercise Intervention Includeda Supervision of Exercise Interventionb Progression of Exercise Interventionc

Study 1 2 3 4 1 2 3 1 2 3 4

Askling et al4 ✓ ✓ ✓ ✓
Askling et al3 ✓ ✓ ✓ ✓ ✓ ✓
Bayer et al6 ✓ ✓ ✓ ✓ ✓ ✓
Gaballah et al19 ✓ ✓ ✓ ✓
Hickey et al22 ✓ ✓ ✓ ✓
Jiménez-Rubio et al26 ✓ ✓ ✓ ✓ ✓ ✓
Kilcoyne et al27 ✓ ✓ ✓ ✓ ✓
Lai et al28 ✓ ✓ ✓ ✓ ✓
Medeiros et al33 ✓ ✓ ✓ ✓ ✓ ✓
Mendiguchia et al36 ✓ ✓ ✓ ✓ ✓ ✓
Rettig et al42 ✓ ✓ ✓ ✓ ✓
Reurink et al43 ✓ ✓ ✓ ✓ ✓ ✓
Sefiddashti et al46 ✓ ✓ ✓
Tol et al53 ✓ ✓ ✓ ✓ ✓ ✓
Studies, n (%) 13 (93) 11 (79) 10 (71) 10 (71) 4 (29) 5 (36) 5 (36) 5 (36) 5 (36) 3 (21) 1 (7)
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applied in HSI rehabilitation in contem-
porary research. Overall, complete exer-
cise interventions were reported to a low 
to moderate degree. Most studies included 
a range of exercise types, with details relat-
ed to prescription and progression varying 
widely, limiting the scope for replication.

Quality of Exercise Intervention Reporting
The low to moderate quality of reporting 
of exercise interventions included in con-
temporary HSI literature is consistent 
with previous reviews that have applied 
the CERT to other musculoskeletal con-
ditions.5,8,10,30 For example, exercise inter-

ventions for managing groin injury were 
reported to a moderate quality in only 1 of 
14 studies,8 with the remaining 13 stud-
ies of low reporting quality. The most 
important CERT item is the description 
of exercises to a level that allows replica-
tion, which was met by only 6 of 14 (43%) 
studies included in our scoping review. 
This CERT item was also poorly reported 
in interventions targeting osteoarthritis 
(26%), groin injuries (14%), rotator cuff 
disorders (29%), and Achilles tendon 
ruptures (26%).5,8,10,30 Therefore, poor 
quality of reporting is not unique to the 
HSI field, and researchers across all areas 

of musculoskeletal rehabilitation should 
consider using tools such as the CERT to 
help future researchers and practitioners 
replicate and apply evidence-based exer-
cise interventions.5,51

Practitioners require the following in-
formation to replicate an exercise inter-
vention: description of each exercise to 
include intensity and load, sets, repeti-
tions, and frequency; and progression of 
exercises and interventions.8 Only 2 stud-
ies reported exercise intervention content 
with sufficiently detailed descriptions 
and key prescription principles of sets, 
repetitions, frequency, and progression 

	

TABLE 4
Hamstring Flexibility Exercises for HSI Rehabilitation, Categorized 

as Passive Stretching or Active Stretching/ROM

Abbreviations: HSI, hamstring strain injury; reps, repetitions; ROM, range of motion.

Study Passive Stretching Active Stretching/ROM

Askling et al4 C-protocol (2 times per day from 5 d after HSI): standing 
hamstring stretch, leg raised (3 × 4 reps; 10 s contracted/10 s 
relaxed; 20-s hold)

L-protocol (2 times per day from 5 d after HSI): “extender” active knee extension 
in supine, with 90° of hip flexion (3 × 12 reps)

Askling et al3 C-protocol (2 times per day from 5 d after HSI): standing 
hamstring stretch, leg raised (3 × 4 reps; 10 s contracted/10 s 
relaxed; 20-s hold)

L-protocol (2 times per day from 5 d after HSI): “extender” active knee extension 
in supine, with 90° of hip flexion (3 × 12 reps)

Bayer et al6 Phase 1 (3 times per day from week 1 of rehabilitation, starting 2 
or 9 d after HSI): standing hamstring stretch with (a) bent knee 
and (b) straight knee (3 × 30-s hold)

Gaballah et al19 From 0 to 7 d after HSI: active light hamstring stretching

Jiménez-Rubio et al26 Day 3 after HSI: controlled mobilizations to achieve full hip and knee ROM

Kilcoyne et al27 Daily from 2 d after HSI: standing hamstring stretch, leg raised 
(60- to 90-s hold)

Lai et al28 Stage 2 (daily): single-leg standing windmill touch (4 × 20 s)

Medeiros et al33 Phase 1 (3 times per week from 5 d after HSI): extender
Phase 2 (3 times per week): high kicks
Phase 3 (3 times per week): swing (2 × 15 reps)

Mendiguchia et al36 Algorithm phase 1 (daily from 5 d after HSI):
•	 Hamstring dynamic mobility with FitBALL (2 × 8 reps)
•	 Hamstring dynamic mobility in supine (2 × 8 reps)
Algorithm phase 2 (twice per day for 3 d):
•	 Hamstring dynamic mobility and contralateral psoas flexibility (2 × 5 reps)
•	 Hamstring ballistic stretching (2 × 6 reps)
•	 Hamstring wall flexibility push/pull (3 × 3 reps)

Rettig et al42 Days 4 to 7 after HSI: light passive hamstring stretch
Days 7 to 14 after HSI: passive stretch

Days 1 to 4 after HSI: active hamstring stretch in supine 90°/90° position
Days 4 to 7 after HSI: active hamstring stretch

Reurink et al43 Phase 2 (daily): single-leg standing windmill touch (4 × 20 s)

Sefiddashti et al46 Cryotherapy and stretching (4-5 times daily, starting within 5 d of 
HSI): standing hamstring stretch, leg raised (3 × 30-s holds)

Tol et al53 Stage 2 (5 times per week): hamstring stretching (supine, 90° of 
hip flexion, knee extension)

Straight leg raise (supine to onset of discomfort, adding ankle 
dorsiflexion)

Stage 1 (5 times per week, starting within 5 d of HSI): supine active knee 
flexion and extension, then prone active flexion and extension
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to enable the content to be reproduced 
in HSI rehabilitation.22,36 There is a clear 
need for studies of exercise interventions 
to incorporate standardized reporting of 
exercise prescription.

Content of Exercise Interventions
Most of the studies in our scoping re-
view included a variety of exercise types 
(eg, hamstring flexibility, hamstring 
strengthening, running-related, and 

non–hamstring-specific exercises). A 
range of exercise types could be consid-
ered a strength of these rehabilitation in-
terventions, as it increases the likelihood  
that the numerous factors associated 

	

TABLE 5
Hamstring Strength Exercises for HSI Rehabilitation, 
Categorized as Isometric, Conventional, or Eccentric

Abbreviations: HSI, hamstring strain injury; reps, repetitions; RM, repetition maximum; ROM, range of motion.

Study Isometric Conventional Eccentric

Askling et al4 C-protocol (from 5 d after HSI):
•	 Standing cable hip extension (3 × 6 reps 

every second day)
•	 Hamstring bridge (3 × 8 reps every third day, 

bilateral to unilateral)

L-protocol (from 5 d after HSI):
•	 Diver (3 × 6 reps every second day, slow to 

fast)
•	 Glider (3 × 4 reps every third day, restricted 

ROM to full ROM)
Askling et al3 C-protocol (from 5 d after HSI):

•	 Standing cable hip extension (3 × 6 reps 
every second day)

•	 Hamstring bridge (3 × 8 reps every third day, 
bilateral to unilateral)

L-protocol (from 5 d after HSI):
•	 Diver (3 × 6 reps every second day, slow to 

fast)
•	 Glider (3 × 4 reps every third day, restricted 

ROM to full ROM)
Bayer et al6 Phase 2 (daily from weeks 2 to 4):

•	 Prone isometric at 90° of knee flexion (light 
to heavy elastic band)

•	 Isometric pelvic lift (bilateral to unilateral)

Phase 3 (3 times per week from weeks 5 to 8): 
bilateral prone machine leg curl (15RM to 
10RM)

Phase 4 (3 times per week from weeks 9 to 12):
•	 Supine slider (bilateral to unilateral)
•	 Nordic hamstring exercise (low to high repeti-

tions)
Hickey et al22 2 times per week, starting within 7 d of HSI:

•	 Hamstring bridge: bilateral (3 × 10-12 reps) to 
unilateral (3 × 8-10 reps)

•	 45° hip extension: bilateral (3 × 8-10 reps) to 
unilateral (3 × 6-8 reps)

2 times per week, starting within 7 d of HSI:
•	 Supine slider: bilateral (3 × 6-8 reps) to 

unilateral (3 × 4-6 reps)
•	 Nordic hamstring exercise (3 × 4-6 reps)

Jiménez-Rubio et al26 Days 6 and 7 after HSI: deadlift from a height
Days 8 to 17 after HSI: unilateral deadlift

Kilcoyne et al27 3 times per week from 7 d after HSI: prone 
eccentric (2 × 10 reps)

Medeiros et al33 Phase 1 (3 times per week from 5 d after HSI): 
isometric contractions (15 reps of 6-s holds 
at 15°, 45°, and 90° of knee flexion)

Phase 2 (3 times per week):
•	 Seated hamstring curl (2 × 10-15 reps)
•	 Unilateral hamstring bridge (2 × 10-15 reps)
Phase 3 (3 times per week): unilateral ham-

string bridge (3 × 15 reps)

Phase 2 (3 times per week): Nordic hamstring 
exercise (2 × 8-10 reps)

Phase 3 (3 times per week): Nordic hamstring 
exercise (3 × 8-12 reps)

Mendiguchia et al36 Algorithm phase 1 (daily from 5 d after HSI):
•	 Prone isometric (2 × 5 reps of 5-s hold)
•	 Standing long length (2 × 5 reps of 5-s hold)
•	 Supine isometric (2 × 5 reps of 3-s hold)

Algorithm phase 2 (once daily for 3 d):
•	 Bilateral slide curl (2 × 6 reps)
•	 Bilateral deadlift with a 4-kg medicine ball (2 

× 8 reps)
•	 Unilateral deadlift with a 15-kg weight and 

step-up (2 × 6 reps)

Algorithm phase 1 (daily from 5 d after HSI): 
submaximal eccentric in prone (2 × 8 reps)

Algorithm phase 2 (once daily for 3 d):
•	 Nordic hamstring exercise (2 × 4 reps)
•	 Sprinter eccentric leg curl (2 × 6 reps)

Rettig et al42 Days 1 to 4 after HSI: standing leg curl, prone 
hip extension

Days 4 to 7 after HSI: hip extension with band
Days 7 to 14 after HSI: unilateral Romanian 

deadlift and bridge with FitBALL leg curls

Days 4 to 7 after HSI: eccentric tubing hamstring 
curls

Days 7 to 14 after HSI: eccentric weighted leg 
curls

Reurink et al43 Phase 2 (2 times per week): submaximal ec-
centric exercises near mid length

Phase 3 (2 times per week): eccentric exercises 
near end ROM

Tol et al53 Stage 1 (5 times per week, starting within 5 d 
of HSI):

•	 Supine heel dig through range of angles
•	 Prone manual resisted at varying knee angles

Stage 2 (5 times per week): resisted hamstring 
(4 × 15 reps)

Stage 3 (5 times per week): unilateral bridge foot 
on a Swiss ball (4 × 8 reps)

Stage 3 (5 times per week): Nordic hamstring 
exercise, manual-resisted eccentric 
exercise, prone catches, arabesque
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with HSI are addressed.18,40 However, it 
is difficult to assess the efficacy of specific 
exercises for improving HSI rehabilita-
tion outcomes.48 Practitioners must also 
consider the time required to implement 
an intervention with various types of 
exercises in the clinical practice setting. 
Prescribing an excessive number of exer-
cises may affect adherence, particularly 
for recreational or subelite athletes, who 
may perform rehabilitation unsuper-
vised.14,34 Only 3 studies in our review re-

ported adherence and fidelity of exercise 
interventions, which highlights the need 
to focus on implementation issues from 
research to practice.2,6

The high prevalence of hamstring flex-
ibility exercises is consistent with general 
rehabilitation guidelines for acute muscle 
injury.20,54 There is some evidence that 
more frequent hamstring stretching can 
accelerate recovery of active knee exten-
sion range of motion and reduce over-
all rehabilitation time following HSI.31 

However, it is unclear whether hamstring 
flexibility exercises are essential for re-
storing range of motion following HSI, 
and evidence for flexibility as a risk fac-
tor for HSI is conflicting.15,18,32 Hamstring 
flexibility exercises seem to be a logical 
inclusion in an HSI rehabilitation proto-
col, but future research should focus on 
clarifying the necessity and timing of this 
intervention.

Unlike flexibility, hamstring strength 
has a clear link with HSI risk, particularly 

	

TABLE 6
Running-Related Exercises for HSI Rehabilitation, Categorized as Progressive 

Running, Running Technique and Agility Drills, or Plyometrics

Study Progressive Running Running Technique and Agility Drills Plyometrics

Askling et al3 General program stage 2 (3 times per week): high-speed 
running (6 × 20 m, 4 × 40 m, 2 × 60 m)

General program stage 1 (3 times per week from 5 
d after HSI):

•	 Fast feet in place (10 × 20 s)
•	 Jogging with short strides (10 × 40 m)
•	 Forward/backward accelerations (10 × 10 m)

Bayer et al6 Phase 4 (3 times per week from weeks 9 to 12): sprints 
with high knees (stationary to moving)

Phase 4 (3 times per week from 
weeks 9 to 12): jumps

Hickey et al22 2 times per week, starting within 7 d of HSI: accelerate/
hold/decelerate over 50 m, progressing intensity from 
jog (50% maximum) to run (70% maximum) to sprint 
(100% maximum)

Jiménez-Rubio et al26 On-field program (days 8 to 17 after HSI):
•	 Running <14 km/h (6 × 10 s)
•	 Fartlek run: 15 s at >14 km/h, 10 s at <14 km/h (3 × 

70-90 s)
•	 Run at 100%-120% maximum aerobic velocity (3 × 80 

s, 40-s rest)
•	 Repeated sprints over 40 m, with varying rest periods
•	 Soccer-specific running and ball skills

Day 5 after HSI: sled pushes and forward/backward 
running

On-field program (days 8 to 17 after HSI):
•	 Various soccer-specific agility and coordination 

drills
•	 Planned change of direction (4 × 8-14 m with  

15-s rest)
•	 Sled tow (10 kg; 4 × 20 m, with 8-s rest)

Kilcoyne et al27 Day 2 after HSI: jog until fatigued (approximately 1 mi)
From 1 to 2 wk after HSI: rolling sprints (4-6 reps at 90%-

95% maximum)

From day 3 after HSI:
•	 Butt kicks and carioca run over 50 yd
•	 Forward/backward/lateral drills between cones, 

10-50 yd apart
•	 Stair-bounding drills on the affected leg only, single 

steps

From day 3 after HSI:
•	 Tuck jumps (2 × 8 reps)
•	 Kangaroo hops (2 × 15 reps)
•	 Bounding (8-15 reps)

Lai et al28 Stages 1 and 2 (daily, starting within 7 d of HSI): side-
step, grapevines, forward/backward step sideways 
(2-3 × 1 min each at low/moderate to moderate/high 
intensity)

Stage 2 (daily after passing criteria): fast feet in place 
(4 × 20 s)

Medeiros et al33 Phase 3 (3 times per week): 10-m sprint Phase 1 (3 times per week from 5 d after HSI): ladder 
drills

Phase 2 (3 times per week): ladder drills and resistance-
band running (moderate intensity)

Phase 3 (3 times per week): “X” drill, “W” drill, and 
resistance-band running (high intensity)

Phase 1 (3 times per week from 5 
d after HSI): box jump (30 cm, 
up/down)

Phase 2 (3 times per week): squat 
jumps with support

Phase 3 (3 times per week): squat 
jumps

Table continues on page 138.

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

2 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



138  |  march 2022  |  volume 52  |  number 3  |  journal of orthopaedic & sports physical therapy

[ literature review ]

during eccentric contractions.12,40,44,57 
Therefore, it is not surprising that 
most studies that prescribed hamstring 
strength exercises included at least 1 
with an eccentric emphasis. Though 
it is a matter of contention among re-
searchers and practitioners,37 the Nordic 
hamstring exercise was one of the most 
common strength interventions. Several 
studies have shown the exercise to reduce 
the risk of HSI in uninjured popula-
tions.1,55,57 Of the conventional hamstring 
strength exercises prescribed, variations 
of the hamstring bridge were most com-
mon. Compared to the Nordic hamstring 
exercise, hamstring bridge variations 
have a lower metabolic and mechanical 
exercise intensity7 and require minimal 

equipment, making it an easy exercise to 
implement and modify during the initial 
stages of HSI rehabilitation.

One of the key principles in return-
to-play decision making is whether the 
athlete is ready or prepared to meet the 
demands of the sport activity, such as 
high-speed running (a common mecha-
nism of HSI).11,13 However, only half of 
the studies explicitly prescribed any high-
speed running and/or sprinting drills 
during rehabilitation. There were varia-
tions in the definitions of high-speed run-
ning or sprinting, and only 3 studies22,27,53 
clearly reported prescription of high-
speed running intensity as a percent-
age of maximum velocity (eg, 90%-95% 
maximum speed). Exposure to progres-

sive high-speed running and sprinting is 
advisable during rehabilitation, as sprint 
exposure may be a protective mechanism 
for reducing the risk of HSI.35

Most studies included exercises that 
were not hamstring specific or running 
related. Exercises targeting muscles of the 
lumbopelvic region were common (eg, the 
gluteus maximus and gluteus medius), 
including those originally described in 
the progressive agility and trunk stabil-
ity (PATS) protocol by Sherry and Best47 
in 2004. When applied to HSI rehabilita-
tion, the PATS protocol can reduce reinju-
ry risk compared to relatively conservative 
exercises47 and has outcomes equal to 
those of progressive running and eccentric 
exercise.49 There is emerging evidence of 

	

TABLE 6
Running-Related Exercises for HSI Rehabilitation, Categorized as Progressive 

Running, Running Technique and Agility Drills, or Plyometrics (continued)

Abbreviations: BW, body weight; HSI, hamstring strain injury; reps, repetitions.

Study Progressive Running Running Technique and Agility Drills Plyometrics

Mendiguchia et al36 Algorithm phase 1 (daily from 5 d after HSI): running (4 × 
5 m, 3 × 10 m, 2 × 15 m, all with 5-m deceleration)

Algorithm phase 2 (once daily for 3 d): sprinting (3 × 5 m, 
3 × 10 m, 4 × 15 m, 3 × 20 m, 2 × 30 m, 1 × 40 m, with 
15 s of rest for every 1 s of sprinting)

Algorithm phase 1 (daily from 5 d after HSI):
•	 Sidestep, grapevines, forward/backward step 

sideways (5 × 10 m each)
•	 Various sagittal plane running drills in place and  

over 8 m
•	 Bilateral and unilateral hamstring/gastrocnemius 

dissociation drills (2-3 × 6 reps)
•	 Step bounding from side to side (25% BW,  

2 × 10 reps)
Algorithm phase 2 (once daily for 3 d):
•	 Static “B” drill with resistance band (2 × 5 reps)
•	 Hurdle drills, military march (2 × 15 m)
•	 Skip to run (4 × 20 m)
•	 Sled push (30% BW, 3 × 5 m/2 × 10 m)
•	 Ankle drills 1 and 2 (10% BW, 4 × 10 m)

Algorithm phase 2 (once daily 
for 3 d):

•	 Bilateral hurdle hop (2 × 4 reps)
•	 Bilateral broad jump (5 kg; 2 × 4 

reps)
•	 Scissor jump (3 × 2 reps)
•	 Unilateral horizontal jump (2 × 3 

reps)

Reurink et al43 Phase 2 (2 times per week): run <50% maximum Phase 1 (daily from 5 d after HSI): sidestep, grapevines, 
forward/backward step sideways (2-3 × 1 min each  
at low to moderate intensity)

Phase 2 (daily):
•	 Fast feet in place (4 × 20 s)
•	 Sidestep, grapevines, forward/backward step 

sideways (2-3 × 1 min each at moderate to high 
intensity)

Phase 3 (2 times per week): agility and sport-specific 
drills involving quick direction changes

Tol et al53 Stage 2 (5 times per week): walk/jog at 25%-70% 
maximum speed

Stage 3 (5 times per week): high-intensity running 
intervals (20-m jog/30-m run at 70%-95% maximum 
speed)

Stage 2 (5 times per week): triple extension walk, “A” drill 
with knee extension

Stage 3 (5 times per week): “T” drill (70%-95% maxi-
mum effort)

Soccer-specific stage: change of direction with/without 
ball (40 min)

Soccer-specific stage: jumping 
drills (10-15 min)
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a link between lumbopelvic kinematics 
during running and HSI risk.17,45 How-
ever, there is no direct evidence that these 
variables can be altered by implementing 
lumbopelvic exercises like the PATS proto-
col during HSI rehabilitation, and the pos-
sibility to accurately and reliably measure 
these outcomes is limited to the laboratory 
environment.36,47-49

Limitations
The CERT was developed in 2016, so it is 
possible that included articles published 
after this date may have a greater chance 
of reporting their exercise interventions 
with a higher standard. However, a man-
ual search of the reference lists of all in-
cluded articles revealed that none cited 
the CERT, which further emphasizes the 
need for improved awareness of report-
ing quality. When the level of detail about 
the intervention was insufficient, we clas-
sified the exercises based on our inter-
pretation of the exercise purpose, which 
might not have been the original intent 
of the researchers. Exercises were only 
included in an intervention if they were 
explicitly reported. Therefore, the poten-
tial inclusion of studies with inadequate 
reporting of methodological approaches 
and study outcomes might have limited 
and biased our findings. Four authors of 
this scoping review (J.H., R.T., N.M., and 
D.O.) were authors of 1 study included in 
this review.22 Risk of bias was minimized 
by using a pre-established method of data 
extraction and the validated CERT tool, 
which were applied by 2 authors (R.B. 
and J.H.), 1 of whom (R.B.) was not in-
volved in the aforementioned study.

Clinical Implications
We recommend a standard and structured 
approach to reporting exercise inter-
ventions so that researchers and practi-
tioners can implement evidence-based 
programs. At a minimum, authors should 
describe each exercise, including the sets, 
repetitions, intensity, frequency, and pro-
gression, to a level of detail that allows rep-
lication in clinical and research settings. In 
many exercise rehabilitation programs, a 

variety of exercises are used without sup-
porting evidence of the types and modes 
that are contributing to the restoration of 
full hamstring function. Therefore, practi-
tioners should carefully consider the inter-
vention duration, adherence, motivation, 
and the competitive level of the athlete 
when selecting each exercise.

CONCLUSION

E
xercise interventions in con-
temporary HSI rehabilitation re-
search are poorly reported. Use 

of exercise prescription and reporting 
guidelines, such as sets, repetitions, load, 
and frequency, must improve to ensure a 
minimum standard of reporting and to 
support implementing exercise interven-
tions in research or practice. t

KEY POINTS
FINDINGS: Exercise interventions applied 
in contemporary hamstring strain injury 
(HSI) rehabilitation research are poorly 
reported. Most HSI rehabilitation pro-
tocols use multiple exercise intervention 
types; however, the rationale for the dif-
ferent stimuli is not always clear.
IMPLICATIONS: Authors must improve 
reporting quality and should include 
key prescription variables, such as sets, 
repetitions, frequency, and intensity, to a 
standard that enables replication of ex-
ercise interventions for HSI rehabilita-
tion. When designing HSI rehabilitation 
programs, carefully consider and priori-
tize exercise types within the constraints 
of clinical practice.
CAUTION: We did not examine the effect 
of each exercise intervention, so we are 
unable to draw conclusions regarding 
the effectiveness of the HSI rehabilita-
tion protocols. The lack of quality re-
porting of exercise interventions limited 
the extraction and classification of 
exercises to aid our interpretation of the 
information provided.
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SEARCH STRATEGY, APPLIED TO THE SCIENTIFIC LITERATURE FROM 2010 ONWARD
Database Muscle AND Injury Type AND Intervention Type

Web of Science
CINAHL
SPORTDiscus
Scopus
Cochrane Library

Hamstring*
“Posterior Thigh”
“Biceps Femoris”
Semimembranosus
Semitendinosus

Strain*
Injur*
Tear*
Torn

Intervention*
Rehab*
Therap*
Manag*
Treat*
Exercis*
Prescri*
Program*
Progress*
Physiotherap*

Ovid Embase (Emtree/mp) Hamstring muscle/ or hamstring.mp.
Posterior thigh.mp.

Strain.mp.
Injury/ or Injury.mp.

Intervention*.mp.
Rehabilitation/
Therapy/
Management/
Exercise/
Prescription/
Program*.mp.
Progress*.mp.
Physiotherapy/

Ovid MEDLINE (MeSH/mp) Hamstring muscles/ or hamstring.mp.
Posterior thigh.mp.

Strain.mp. or “Sprains and Strains”/
Injury.mp. or “Wounds and Injuries”/

Intervention*.mp.
Rehabilitation/
Therapeutics/
Management/
Exercise/
Prescriptions/
Program*.mp.
Progress*.mp.
Physical Therapy Modalities/

Abbreviation: MeSH, Medical Subject Headings.

APPENDIX A
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APPENDIX B

DEFINITIONS FOR CLASSIFYING EACH EXERCISE INTO 4 BROAD CATEGORY TYPESa

Category of Exercise Definition of Category

Hamstring flexibility Exercise aimed at improving flexibility of the hamstring muscles, directly via stretching or with active range-of-motion interventions

Hamstring strength Exercise aimed at improving strength of the hamstring muscles, directly via interventions emphasizing either hip extension or knee flex-
ion as the primary movement. Exercises involving simultaneous hip and knee extension (eg, leg press, lunges) were not considered to 
be hamstring specific

Running related Exercise that was running related, such as straight-line acceleration, sprinting, technique or agility drills, and lower-limb plyometrics

Non–hamstring specific Exercise not specifically targeting the hamstring muscles, but rather other lower-limb or trunk muscles, via strength, flexibility, coordina-
tion, or general conditioning interventions

aExercises were classified based on the perception of 2 authors (R.B. and J.H.) who were responsible for study data extraction: R.B. has over 20 years’ experience 
working in exercise prescription and delivery of training programs for adolescent and high-performance athletes in sport, and J.H. has 10 years’ experience 
working in exercise prescription and delivery for musculoskeletal and sports injury prevention and rehabilitation.
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INTERVENTION MODE AND PRESCRIPTION DETAILS FROM STUDIES INCLUDING 
NON–HAMSTRING-SPECIFIC EXERCISES DURING REHABILITATION

Study Lower-Limb Exercises Lumbopelvic Exercises General Conditioning

Askling et al3 General program, stage 2 (3 times 
per week): stationary cycling 
(10 min)

Bayer et al6 Phase 3 (3 times per week from weeks 5 to 8): bilateral leg 
press, high-foot position (15RM to 4RM)

Phase 4 (3 times per week from weeks 9 to 12): unilateral leg 
press, high-foot position (15RM to 4RM)

Gaballah et al19 From 0 to 7 d after HSI: bilateral bridge exercise From 0 to 7 d after HSI: stationary 
cycling

Phase 1 (5 times per week from 
weeks 2 to 6): aquatic exercises

Jiménez-Rubio 
et al26

Day 3 after HSI: lower-limb isometrics, focusing on the gluteus 
maximus

Days 6 and 7 after HSI: unilateral and Bulgarian squats, pelvis 
slide and elevation

Lai et al28 Stage 1 (daily, starting within 7 d of HSI): prone bridge, 
supine bridge, and side bridge (all, 4 × 20 s)

Stage 2 (daily): push-up/trunk rotation and PNF trunk 
pull-downs (both, 2 × 15 reps)

Medeiros et al33 Phase 1 (3 times per week from 5 d after HSI): wall squat (2 
× 10-15 reps), monster walk (1 × 10-15 reps), wall sit (1 × 
30-45 s)

Phase 2 (3 times per week): kettlebell front squat (2 × 15 reps), 
lunge (2 × 10-15 reps), monster walk (2 × 10-15 reps), wall sit 
(1 × 30-60 s)

Phase 3 (3 times per week): monster walk (2 × 10-15 reps), wall 
sit (1 × 30-60 s)

Phase 1 (3 times per week from 5 d after HSI): front 
plank (1 × 30-45 s), side plank (1 × 30-45 s), supine 
bridge (1 × 10-15 reps), bird dog (1 × 10-15 reps)

Phase 2 (3 times per week): front plank (1 × 45-60 
s), side plank (1 × 45-60 s), supine bridge (2 × 15 
reps), isometric supine bridge (2 × 60 s), bird dog 
(2 × 15 reps)

Phase 3 (3 times per week): front plank (1 × 45-60 
s), side plank (1 × 45-60 s), supine bridge (2 × 15 
reps), isometric supine bridge (2 × 60 s)

Mendiguchia et al36 Algorithm phase 1 (daily from 5 d after HSI):
•	 Flexibility: psoas static flexibility with pelvic retroversion (4 × 

15 s), quadriceps dynamic mobility (2 × 8 reps)
•	 Gluteus maximus A: prone hip extension (2 × 10 reps × 3 s), 

unilateral bridge and kick (2 × 5 reps × 3 s), bilateral bridge 
(50% BW; 3 × 6 reps × 3 s)

•	 Gluteus maximus B: hip thrust (40% BW; 3 × 6 reps × 3 
s), unilateral bridge and kick (10% BW; 2 × 4 reps × 3 s), 
unilateral hip thrust and kick (10% BW; 2 × 4 reps × 3 s)

•	 Gluteus medius: clam with band, side hip abduction with 
band (both, 3 × 6 reps × 3 s)

Algorithm phase 2 (once for 3 d):
•	 Lunge (15% BW; 2 × 6 reps)
•	 Gluteus maximus A: unilateral hip thrust (10% BW; 3 × 4 

reps × 3 s), bilateral hip thrust (60% BW; 3 × 8 reps × 3 s), 
walking sled push (75% BW; 2 × 15 m)

•	 Gluteus maximus B: elevated hip thrust: unilateral with kick 
(2 × 4 reps × 3 s), unilateral back extension with perturbation 
(2 × 4 reps), swing-leg hip extension (2 × 3 reps)

•	 Gluteus medius: sidestep with band, monster run with band 
(5 × 5 m)

Algorithm phase 1 (daily from 5 d after HSI):
•	 Side bridge with perturbation (2 × 5 reps × 5 s), 

bird dog (2 × 5 reps × 5 s), supine plank (2 × 4 reps 
× 5 s), leg scissors (2 × 5 reps × 5 s)

Algorithm phase 2 (twice for 3 d):
•	 Stir the pot with FitBALL (3 × 2 reps), leg scissors 

(2 × 5 reps × 5 s), single-leg rotating reach (4 kg; 
2 × 6 reps), TRX helicopter (2 × 4 reps), sprinter 
push/pull with pulley (2 × 6 reps)

APPENDIX C

Table continues on page a4.
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APPENDIX C

Study Lower-Limb Exercises Lumbopelvic Exercises General Conditioning

Rettig et al42 Days 1 to 4 after HSI: clams
Days 7 to 14 after HSI: slide-board lunges

Days 4 to 7 after HSI: stationary 
cycling

Days 7 to 14 after HSI: elliptical/
stepper, progressing to treadmill

Reurink et al43 Phase 1 (daily): isometric exercises for lumbopelvic 
musculature, prone bridge, supine bridge, side 
bridge (all, 4 × 20 s)

Phase 2 (daily): trunk rotation/push-up position, PNF 
trunk pull-downs (2 × 15 reps)

Phase 1 (daily): stationary cycling

Tol et al53 Stage 1 (5 times per week, starting within 5 d of HSI): bilateral 
bridge (4 × 15 reps)

Stage 2 (5 times per week): unilateral bridge (4 × 15 reps, then 
4 × 8 reps)

Stage 1 (5 times per week, starting 
within 5 d of HSI): stationary 
cycling

Abbreviations: BW, body weight; HSI, hamstring strain injury; PNF, proprioceptive neuromuscular facilitation; reps, repetitions; RM, repetition maximum.
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P
ain is a subjective experience: patients are experts on their own 
experience of pain. Nociception, the ideal trigger for acute pain, 
can be studied only through complex methods: basic scientists 
are experts on nociception and its relation to pain-related 

phenomena (eg, allodynia). Health care providers need the knowledge 
and skills to serve as experts who synthesize information from patients
and science (clinical and basic) to deliver 
evidence-based practice.5 What are the 
principles from the neurosciences that 
inform health care providers about the 
pain that patients experience? The an-
swer is not static.

In this series, we highlight core princi-
ples from basic neuroscience and discuss 
how clinicians can harness neuroscience 
to deliver high-quality musculoskel-
etal rehabilitation in their daily clinical 
practice.

While the idea of pain neuroscience 
education (PNE) has only been around 
for 2 decades, the concept of using basic 
science to inform clinical reasoning has 
been integrated into the management 
of musculoskeletal pain for many years,7 
albeit the scientific basis used to be anat-
omy and biomechanics.3 Metaphors are 
essential in PNE. However, there are dis-

senting views about the value of PNE, 
suggesting that it is important for clini-
cians to understand scientific principles 
and their clinical relevance rather than 
metaphorical concepts of pain.1,9 One 
common misconception attributable to 
the widespread use of metaphors about 
pain-related neuroscience has been the 
attempt to diagnose “central sensitization 
(syndrome),”6 which continues to lack sci-
entific support.2

There is a dire need for more educa-
tion on pain and related sciences.4,8 So, as 
a supplement to PNE, this editorial series 
aims to provide basic neuroscience to (1) 
support clinical reasoning, (2) help clini-
cians generate useful narratives to validate 
the pain that is felt and reported by pa-
tients (also in the absence of pathologies), 
and (3) explicitly state the limitations of 
applying neuroscience to clinical practice.

The “pain science in practice” series 
will help current and future clinicians 
who are working with patients with 
musculoskeletal pain to describe and 
discuss pain from the standpoint of 
neuroscience. The first editorials will 
focus on explaining essential concepts, 
such as what transduction is and how 
receptors work. Subsequent editorials 
will build on these concepts to explain 3 
scientific discoveries and their relation 
to musculoskeletal pain: (1) peripheral 
sensitization, (2) central sensitization, 
and (3) descending modulation. These 
principles are essential for understand-
ing not only primary and secondary 
hyperalgesia (eg, pain induced by pal-
pation), but also which cellular and mo-
lecular mechanisms are likely to explain 
clinical pain management.

We envision this series to be a resource 
for clinicians, students, and educators 
that will illuminate the role of basic sci-
ence and how it informs clinical practice, 
clinical research, and education. We ac-
knowledge the fact that our series is not 
a complete guide to the neuroscience of 
pain and invite the JOSPT community 
to interact with us directly in developing 
its format and content. Please follow and 
use #JOSPTScienceInPractice to con-
nect. We welcome the JOSPT communi-
ty to share in the experiences, codevelop 
resources, and shape opportunities that 
arise as we embrace neuroscience. t

Pain Science in Practice: Linking Basic 
Pain Science to the Clinic and Quality 
Musculoskeletal Rehabilitation Care

	U SYNOPSIS: To understand pain, professionals 
need a basic understanding of neuroscience. The 
“pain science in practice” series is aimed at clini-
cians and explains key elements of pain-related 
sciences and the role they play in clinical practice, 

from clinical reasoning to management. J Orthop 
Sports Phys Ther 2022;52(3):125-126. doi:10.2519/
jospt.2022.10992

	U KEY WORDS: neuroscience, pain education, 
pain neuroscience education
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List of Abbreviations

AASPT: American Academy of Sports Physical Therapy
AKE: active knee extension
AOPT: Academy of Orthopaedic Physical Therapy
APTA: American Physical Therapy Association
CI: confidence interval
CPG: clinical practice guideline

FASH : Functional Assessment Scale for Acute Hamstring 
Injuries
FIFA: International Federation of Association Football 
(Fédération Internationale de Football Association)
HaOS: hamstring outcome score
HHD: handheld dynamometer

Summary of Recommendations

REINJURY RISK AND RETURN TO PLAY

B Clinicians should use the history of a hamstring strain in-
jury (HSI) in return-to-play (RTP) progression, as a previ-

ous HSI is a risk factor for a future reinjury.

B Clinicians should use caution in RTP decisions for individ-
uals who did not complete an appropriately progressed, 

comprehensive impairment-based functional exercise program 
that specifically included eccentric training.

B Clinicians should use hamstring strength, pain level at the 
time of injury, number of days from injury to pain-free 

walking, and area of tenderness measured on initial evaluation to 
estimate time to RTP.

DIAGNOSIS/CLASSIFICATION

B Clinicians should make a diagnosis of HSI when an indi-
vidual presents with a sudden onset of posterior thigh 

pain during activity, with pain reproduced when the hamstring is 
stretched and/or activated, muscle tenderness with palpation, 
and loss of function.

EXAMINATION: PHYSICAL IMPAIRMENT MEASURES

A Clinicians should quantify knee flexor strength following 
HSI by using either a handheld or isokinetic dynamometer.

A Clinicians should assess hamstring length by measuring 
the knee extension deficit with the hip flexed to 90°, using 

an inclinometer.

C Clinicians may use the length of muscle tenderness and 
proximity to the ischial tuberosity to assist in predicting 

timing of RTP.

F Clinicians may assess for abnormal trunk and pelvic pos-
ture and control during functional movements.

EXAMINATION: ACTIVITY LIMITATION AND  
PARTICIPATION RESTRICTION

B Clinicians should include objective measures of an individ-
ual’s ability to walk, run, and sprint when documenting 

changes in activity and participation over the course of treatment.

EXAMINATION: OUTCOME MEASURES

B Clinicians should use the Functional Assessment Scale for 
Acute Hamstring Injuries before and after interventions, 

intended to alleviate the impairments of body function and struc-
ture, activity limitations, and participation restrictions in those 
diagnosed with an acute HSI.

INTERVENTIONS: INJURY PREVENTION

A Clinicians should include the Nordic hamstring exercise as 
part of an HSI prevention program, along with other com-

ponents of warm-up, stretching, stability training, strengthening, and 
functional movements (sport specific, agility, and high-speed running).

INTERVENTIONS: AFTER INJURY

B Clinicians should use eccentric training to the patient’s 
tolerance, added to stretching, strengthening, stabiliza-

tion, and progressive running programs, to improve RTP time af-
ter an individual sustains an HSI.

B Clinicians should use progressive agility and trunk stabili-
zation, added to a comprehensive impairment-based 

treatment program of stretching, strengthening, and functional ex-
ercises, to reduce reinjury rate after an individual sustains an HSI.

F Clinicians may perform neural tissue mobilization after 
injury to reduce adhesions to surrounding tissue and ther-

apeutic modalities to control pain and swelling early in the heal-
ing process.
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H/Q: hamstring-quadriceps
HR: hazard ratio
HSI: hamstring strain injury
ICC: intraclass correlation coefficient
ICF: International Classification of Functioning, Disability 
and Health
JOSPT: Journal of Orthopaedic & Sports Physical Therapy
MDC: minimal detectable change
MRI: magnetic resonance imaging

NHE: Nordic hamstring exercise
OR: odds ratio
RCT: randomized controlled trial
ROM: range of motion
RR: relative risk
RTP: return to play
SEM: standard error of measurement
SLR: straight leg raise
US: ultrasound

Introduction

AIM OF THE GUIDELINES
The Academy of Orthopaedic Physical Therapy (AOPT) 
and the American Academy of Sports Physical Therapy 
(AASPT) of the American Physical Therapy Association 
(APTA) has an ongoing effort to create evidence-based 
clinical practice guidelines (CPGs) for orthopaedic and 
sports physical therapist management of patients with 
musculoskeletal impairments described in the World 
Health Organization’s International Classification of 
Functioning, Disability and Health (ICF).108 The purposes 
of these CPGs are as follows:
•	 Describe evidence-based physical therapist practice, in-

cluding diagnosis, prognosis, intervention, and assessment 
of outcome, for musculoskeletal disorders commonly man-
aged by orthopaedic physical therapists

•	 Classify and define common musculoskeletal conditions 
using the World Health Organization’s terminology relat-
ed to impairments of body function and structure, activity 
limitations, and participation restrictions

•	 Identify interventions supported by current best evidence 
to address impairments of body function and structure, ac-
tivity limitations, and participation restrictions associated 
with common musculoskeletal conditions

•	 Identify appropriate outcome measures to assess chang-
es resulting from physical therapist interventions in body 
function and structure, as well as in activity and participa-
tion of these individuals

•	 Provide a description to policy makers, using internation-
ally accepted terminology, of the practice of orthopaedic 
physical therapists

•	 Provide information for payers and claims reviewers re-
garding the practice of orthopaedic physical therapy for 
common musculoskeletal conditions

•	 Create a reference publication for orthopaedic physical 
therapy clinicians, academic instructors, clinical instruc-
tors, students, interns, residents, and fellows regarding the 
best current practice of orthopaedic physical therapy

STATEMENT OF INTENT
These guidelines are not intended to be construed or to serve 
as a standard of medical care. Standards of care are based 
on all clinical data available for an individual patient and 
are subject to change, as scientific knowledge and technolo-
gy advance and patterns of care evolve. These parameters of 
practice should be considered guidelines only. Adherence to 
them will not ensure a successful outcome in every patient, 
nor should they be construed as including all proper methods 
of care or excluding other acceptable methods of care aimed 
at the same results. The ultimate judgment regarding a par-
ticular clinical procedure or treatment plan must be made 
based on clinician experience and expertise, considering the 
clinical presentation of the patient, the available evidence, 
available diagnostic and treatment options, and the patient’s 
values, expectations, and preferences. However, we suggest 
that significant departures from accepted guidelines should 
be documented in the patient’s medical records at the time 
the relevant clinical decision is made.

SCOPE AND RATIONALE OF THE GUIDELINE
The hamstring muscle group consists of 3 muscles in the 
posterior thigh: the semitendinosus, semimembranosus, 
and biceps femoris. Hamstring strain injury (HSI) may 
result in considerable impairment, activity limitation, and 
participation restriction, including time lost from compet-
itive sports. In professional sports, HSIs may be associated 
with significant financial costs.18 The high reinjury rate is 
also an important issue.55 Typically, HSIs are classified by 
the involved muscle, anatomical location, and severity of 
damage.3,18 Classifications also may consider whether there 
is myofascial, musculotendinous, and/or intratendinous 
involvement.3,18 A variety of injury mechanisms for HSIs 
have been described and typically involve some type of ec-
centric overloading and/or overstretching in a position of 
hip flexion and knee extension.4 Different mechanisms of 
injury may be associated with unique injury locations and 
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specific structural impairments. For example, overloading 
injuries typically occur in a lengthened position, as in high-
speed running, when the hamstring is eccentrically con-
tracting across the hip and knee, and late in swing phase/
early heel strike.11 This overload injury usually involves the 
biceps femoris and surrounding tissue. In contrast, over-
stretching injuries occur with combined hip flexion and 
knee extension movements, as in kicking or reaching to 
pick up and lift something off the ground with the knee 
extended. This overstretching injury typically involves the 
proximal semimembranosus.6 This CPG includes sports-re-
lated overloading and overstretching injuries to myofascial 
or musculotendinous structures in any combination of the 
3 hamstring muscles. Injuries exclusive to the proximal or 

distal hamstring tendons with primarily intratendinous 
involvement are different from HSIs that involve the my-
ofascial and musculotendinous structures with respect to 
incidence, mechanism of injury, pathoanatomical features, 
clinical course, and treatment strategies.3 Given these dif-
ferences, this CPG will exclude isolated tendon injuries. 
While the effect of interventions for those with an HSI can 
be measured in a variety of ways, including but not limited 
to strength, range of motion (ROM), and pain levels, the 
ultimate success of the rehabilitation process is determined 
by the individual’s ability to return to sports participation 
while preventing reinjury. Therefore, only studies that di-
rectly assessed time to return to play (RTP) and reinjury 
rates were included when discussing interventions for HSIs.

Methods

The AOPT and AASPT appointed content experts to con-
duct a review of the literature and develop an HSI CPG. The 
aims of this review were to provide a concise summary of the 
contemporary evidence and to develop recommendations to 
support evidence-based practice. The authors of this guide-
line worked with the CPG editors and medical librarians for 
methodological guidance. The research librarians were cho-
sen for their expertise in systematic review and rehabilita-
tion literature searching and to perform systematic searches 
for concepts associated with classification, examination, and 
intervention strategies for HSI. Briefly, the following data-
bases were searched from database inception to June 2021: 
PubMed, Embase, CINAHL, Cochrane Library, Ovid, and 
SPORTDiscus (see APPENDIX A for full search strategies, dates, 
and results, available at www.jospt.org).

The authors declared relationships and developed a con-
flict management plan, which included submitting a con-
flict-of-interest form to the AOPT. Articles authored by a 
reviewer were assigned to an alternate reviewer. The CPG 
authors did not draft recommendations when their research 
was included in that topic area. The AOPT and AASPT 
funded the CPG development team for travel and CPG de-
velopment training. The CPG development team maintained 
editorial independence.

Articles used to support recommendations were reviewed 
based on prespecified inclusion and exclusion criteria, with 
the goal of identifying evidence relevant to clinical decision 
making for managing adults with HSI. Two members of the 
CPG development team independently reviewed the title and 
abstract of each article for inclusion (see APPENDIX B for inclu-

sion and exclusion criteria, available at www.jospt.org). Full-
text review was then similarly conducted to obtain the final 
set of articles used to make the recommendations. The team 
leader (R.L.M.) provided the final decision for discrepancies 
that were not resolved by the review team (see APPENDIX C for 
flow charts of articles, available at www.jospt.org). Articles 
for selected relevant topics that were not sufficient for devel-
oping recommendations (eg, incidence and imaging) were 
not subject to the systematic review process and were not 
included in the flow chart. Evidence tables for this CPG are 
available on the CPG page of the AOPT and AASPT of the 
APTA websites (www.orthopt.org and www.aaspt.org).

This guideline was issued in 2022, based on the published 
literature through June 2021, and will be considered for 
review in 2026, or sooner if important evidence becomes 
available. Any updates to the guideline in the interim period 
will be noted on the AOPT and AASPT of the APTA web-
sites (www.orthopt.org and www.aaspt.org).

LEVELS OF EVIDENCE
Individual clinical research articles were graded according to 
criteria adapted from the Centre for Evidence-Based Med-
icine (Oxford, UK) for diagnostic, prospective, and thera-
peutic studies. In teams of 2, each reviewer independently 
assigned a level of evidence and evaluated the quality of each 
article using a critical appraisal tool (see APPENDICES D and 
E for the levels-of-evidence table and details on procedures 
used for assigning levels of evidence, available at www.jospt.
org). The evidence update was organized from the highest 
level of evidence to the lowest level of evidence. An abbre-
viated version of the grading system is provided in TABLE 1.
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STRENGTH OF EVIDENCE AND GRADES OF RECOMMENDATION
The strength of the evidence supporting the recommendations 
was graded according to the established methods provided be-
low (TABLE 2). Each team developed recommendations based 
on the strength of evidence, including how directly the studies 
addressed the question relating to HSIs. In developing their 

recommendations, the authors considered the strengths and 
limitations of the body of evidence and the health benefits, side 
effects, and risks of tests and interventions.

GUIDELINE REVIEW PROCESS AND VALIDATION
Identified reviewers who are experts in HSI management 
and rehabilitation reviewed the CPG draft for integrity and 
accuracy, and to ensure that it fully represented the current 
evidence for the condition. The guideline draft was also 
posted for open review on www.orthopt.org, and a notifica-
tion of this posting was sent to the members of the AOPT. 
In addition, reviewers were invited from a panel including 
consumer/patient representatives and external stakeholders, 
claims reviewers, medical coding experts, academic educa-
tors, clinical educators, physician specialists, researchers, 
and CPG methodologists. All comments, suggestions, and 
feedback from the reviews were provided to the authors and 
editors for consideration and revision. The AOPT Clinical 
Practice Guideline Advisory Panel reviews guideline devel-
opment methods, policies, and implementation processes on 
a yearly basis.

DISSEMINATION AND IMPLEMENTATION TOOLS
In addition to publishing this CPG in the Journal of Ortho-
paedic & Sports Physical Therapy (JOSPT), it will be posted 
on the CPG pages of the JOSPT, AASPT, and AOPT websites, 
which are free-access website areas, and submitted for free 
access on the ECRI Guidelines Trust (guidelines.ecri.org) 
and the Physiotherapy Evidence Database (www.PEDro.org.
au). The planned implementation tools for patients, clini-
cians, educators, payers, policy makers, and researchers, and 
the associated implementation strategies, are listed in TABLE 3.

ORGANIZATION OF THE GUIDELINE
When systematic reviews were conducted to support specif-
ic recommendations, summaries of studies with the corre-
sponding evidence levels are followed by a synthesis of the 
literature and rationale for the recommendation(s), discus-
sion of gaps in the literature when appropriate, and the rec-
ommendation(s). Topics for which a systematic review was 
conducted and recommendations provided include RTP and 
reinjury risk, examination, injury prevention, and interven-
tions. For other topics where a systematic review was outside 
the scope of this CPG, a summary of the literature is pro-
vided. This includes incidence/prevalence, pathoanatomical 
features, risk factors, clinical course, differential diagnosis, 
and imaging.

CLASSIFICATION
The primary International Classification of Diseases-10th 
Revision codes associated with an HSI are as follows:
1.	 S76.01 Strain of muscle, fascia and tendon of hip

TABLE 1 Levels of Evidence

I Evidence obtained from high-quality diagnostic studies, prospective 
studies, systematic reviews, or randomized controlled trials

II Evidence obtained from lesser-quality diagnostic studies, systematic 
reviews, prospective studies, or randomized controlled trials (eg, weaker 
diagnostic criteria and reference standards, improper randomization, 
no blinding, less than 80% follow-up)

III Case-control studies or retrospective studies

IV Case series

V Expert opinion

TABLE 2 Grades of Recommendation

Grades of 
Recommendation Strength of Evidence

Level of 
Obligation

A Strong evidence A preponderance of level I and/or level 
II studies support the recommen-
dation. This must include at least 1 
level I study

Must or 
should

B Moderate 
evidence

A single high-quality randomized 
controlled trial or a preponderance 
of level II studies support the 
recommendation

Should

C Weak evidence A single level II study or a prepon-
derance of level III and IV studies, 
including statements of consensus 
by content experts, support the 
recommendation

May

D Conflicting 
evidence

Higher-quality studies conducted on 
this topic disagree with respect to 
their conclusions. The recommen-
dation is based on these conflicting 
study results

E Theoretical/
foundational 
evidence

A preponderance of evidence from 
animal or cadaver studies, from 
conceptual models/principles, or 
from basic sciences/bench research 
support this conclusion

May

F Expert opinion Best practice based on the clinical 
experience of the guidelines 
development team supports this 
conclusion

May
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2.	 S76.302A Unspecified injury of muscle, fascia and ten-
don of the posterior muscle group at thigh level, left thigh, 
initial encounter
a.	 S76.312 Strain of muscle, fascia and tendon of the 

posterior muscle group at thigh level, left thigh
b.	 S76.311 Strain of muscle, fascia and tendon of the 

posterior muscle group at thigh level, right thigh
3.	 S76.319D Strain of muscle, fascia and tendon of the pos-

terior muscle group at thigh level, unspecified thigh, sub-
sequent encounter

The primary ICF body function codes associated with HSI 
are b28015 Pain in lower limb and b7301 Power of muscles 
of one limb.

The primary ICF body structure code associated with HSI is 
S75002 Muscles of thigh.

The primary ICF activities and participation codes associ-
ated with HSI are d4105 Bending, d4153 Maintaining a 
sitting position, d4351 Kicking, d4509 Walking, unspeci-
fied, d4551 Climbing, d4552 Running, d4553 Jumping, and 
d9201 Sports.

TABLE 3
Planned Strategies and Tools to Support the 

Dissemination and Implementation of This CPG

Tool Strategy

JOSPT’s “Perspectives for Patients” and “Perspectives for Practice” articles Patient- and clinician-oriented guideline summaries available at www.jospt.org

Mobile app of guideline-based exercises for patients/clients and health care 
practitioners

Marketing and distribution of app via www.orthopt.org and www.aaspt.org

Clinician’s Quick-Reference Guide Summary of guideline recommendations available at www.orthopt.org and www.aaspt.org

JOSPT’s Read for CreditSM continuing education units Continuing education units available for physical therapists and athletic trainers at  
www.jospt.org

Webinars and educational offerings for health care practitioners Guideline-based instruction available for practitioners at www.orthopt.org

Mobile and web-based app of guideline for training of health care practitioners Marketing and distribution of app via www.orthopt.org

Non-English versions of the guidelines and guideline implementation tools Development and distribution of translated guidelines and tools to JOSPT’s international 
partners and global audience via www.jospt.org

APTA CPG+ Dissemination and implementation aids
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Pathoanatomical Features
Skeletal muscle consists of slow (type I) and fast (type II) mus-
cle fibers. It is believed that the hamstring muscle group has 
a higher percentage of type II fibers than other thigh muscles, 
making the muscle more susceptible to injury.30,64 However, the 
actual percentage of type II fibers may vary, depending on age 
and other individual anatomical variations.64 The long head 
of the biceps femoris muscle is the most commonly involved 
hamstring muscle in both first-time and recurrent injuries, be-
ing involved in 79% to 84% of HSIs.23,86,103,106 Anatomically, an 
increased anterior pelvic tilt may place the hamstring muscle 
group in a more lengthened position and potentially increase 
the likelihood of an HSI.49,64 Timmins et al90 studied 20 rec-
reationally active athletes with no history of HSI and 16 elite 
athletes with a history of a unilateral HSI and compared ul-

trasound (US) imaging measures of the biceps femoris muscle 
architecture (eg, muscle thickness, pennation angle, and fas-
cicle length) during graded isometric contractions at 0°, 30°, 
and 60° of knee flexion. The researchers found (1) significantly 
shorter fascicle length and fascicle length relative to muscle 
thickness on the injured side compared to the uninjured side 
at all contraction intensities, and (2) significantly greater pen-
nation angle on the injured biceps femoris compared to the 
uninjured side at all contraction intensities.90

SUMMARY
Most HSIs occur in the long head of the biceps femoris. Evi-
dence suggests that muscle architecture (eg, higher pennation 
angle and shorter fascicle length) may contribute to an HSI.

CLINICAL PRACTICE GUIDELINES

Incidence/Prevalence
Hamstring strain injuries are common in activities that involve 
high-speed running, jumping, kicking, and/or explosive lower 
extremity movements with rapid changes in direction, includ-
ing lifting objects from the ground. Therefore, sports such as 
track and field, soccer, Australian rules football, American 
football, and rugby have the highest frequency of reported in-
juries.8,50,89,93 The estimated incidence of HSIs per 1000 hours 
of exposure is 0.87 in noncontact sports and 0.92 to 0.96 in 
contact sports.50 Incidence rate estimates are 3 to 4.1 per 1000 
competition hours and 0.4 to 0.5 per 1000 training hours for 
professional male European soccer players.29 Some groups 
have reported an increasing incidence of HSIs. For example, 
in professional male European soccer players between 2001 
and 2014, there was an increase in HSIs per year of 2.3% (95% 
confidence interval [CI]: 0.6%, 4.1%) during competition and 

4.0% (95% CI: 1.1%, 7.0%) during training.25 Dalton et al17 
reported that 68.2% of HSIs occurred during practice in men’s 
football, men’s soccer, and women’s soccer. A professional soc-
cer team of 25 players can expect about 7 HSIs per season.50 
Australian rules football players have a 1.3-fold higher risk 
of HSI with each additional year of age, while soccer players 
have a 1.9-fold higher risk with each increasing year of age.64 
Hamstring strain injuries frequently cause a significant loss of 
time from competition, generally ranging from 3 to 28 days or 
more, depending on injury severity.50 Reinjury rates are high 
and range between 13.9% and 63.3% across Australian rules 
football and track and field athletes.21,50 Furthermore, those 
with a history of HSI have a 3.6-times higher risk of sustaining 
a future HSI.55 The high incidence of recurrent HSIs may be 
attributable to inadequate rehabilitation or premature RTP.17
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Risk Factors
Risk factors for acute HSI are categorized as being non-
modifiable or modifiable. Nonmodifiable factors describe 
characteristics of an individual that cannot be changed, 
such as history of previous HSI and age. Modifiable 
factors are factors that can be altered, such as muscle 
characteristics, muscle performance, and performance 
characteristics.38,98,100

NONMODIFIABLE RISK FACTORS
Previous Injury
Systematic reviews have consistently identified previous inju-
ry as a risk factor for a subsequent HSI.34,38,73 Studies within 
these reviews reported a 2- to 6-times higher rate of recur-
rence following a previous HSI.27,35 A prospective study not 
included in these reviews found that male sprinters with a 
prior HSI had a significantly higher injury rate than those 
who had never sustained an HSI (odds ratio [OR] = 2.85, 
P<.05).91 A recent HSI (within 8 weeks) was found to place 
individuals at greater risk for injury when compared to those 
with a nonrecent injury (OR = 13.1; 95% CI: 11.5, 14.9 versus 
OR = 3.5; 95% CI: 3.2, 3.9).69 Also, Green et al38 reported the 
risk of recurrent HSI to be greatest during the same season 
(relative risk [RR] = 4.8; 95% CI: 3.5, 6.6). Green et al38 also 
reported a history of anterior cruciate ligament injury (RR 
= 1.7; 95% CI: 1.2, 2.4) and calf strain (RR = 1.5; 95% CI: 
1.3, 1.7), as well as other knee injuries and ankle ligament 
sprains, to be risk factors for an HSI. A history of a quadri-
ceps strain and chronic groin pathology were not identified 
as risk factors.38

Physical Characteristics
Systematic reviews have identified increasing age to be a 
significant risk factor for HSI.34,38,73 One study included in 
these reviews found that athletes older than 23 years of age 
were at greater risk than those 23 years of age or young-
er (RR = 1.34; 95% CI: 1.14, 1.57).68 Another study found 
that Australian rules football athletes older than 25 years 
of age were at greater risk than those 25 years of age or 
younger (RR = 4.43; 95% CI: 1.57, 12.52).35 While systemat-
ic reviews have found height34,73 and preferred kicking leg34 
not to be risk factors, ethnicity represented a risk factor in 
African-American athletes and Aboriginal Australian rules 
footballers.73

MODIFIABLE RISK FACTORS
Weight and Body Mass Index
Findings from systematic reviews do not support weight or 
body mass index as risk factors for HSIs.34,73

Muscle Characteristics
Findings from systematic reviews and meta-analyses found 
no relationship between hamstring flexibility and HSI.34,38,73 
In addition, Green et al38 found no relationship between 
HSIs and passive knee extension ROM, active knee exten-
sion (AKE) ROM, passive straight leg raise (SLR), and slump 
tests. While flexibility does not play a role, lower-level stud-
ies suggest that biceps femoris fascicle length and hamstring 
muscle-tendon unit stiffness are related to HSIs.38 Green et 
al38 also found conflicting evidence regarding the effect of hip 
flexor tightness and limited ankle dorsiflexion ROM on HSIs.

Muscle Performance
Green et al38 reported limited evidence for hamstring weak-
ness as a risk factor for HSI, a finding potentially influenced 
by the method and timing of measurement. They includ-
ed a summary of previously published meta-analyses and 
noted no association between HSI and reduced knee flexor 
strength measured during the Nordic hamstring exercise 
(NHE) or with isokinetic testing.38 Similar findings were 
noted by Opar et al63 in their meta-analysis. The meta-anal-
ysis by Freckleton and Pizzari34 identified increased peak 
quadriceps torque as a risk factor for HSIs. Conflicting re-
sults from systematic reviews existed when examining ham-
string-to-quadriceps strength imbalances as a risk factor for 
HSI.34,73 Study findings did not seem to be related to mea-
surement, speed, or type of muscle contraction.34,73 Based 
on lower-level studies, Green et al38 found altered trunk and 
gluteus muscle activity and abnormal motor control to be 
potential risk factors for HSI.38

Performance Characteristics
The meta-analysis by Green et al38 found that increased po-
sitional high-speed running demands were a risk factor for 
HSIs, with moderate to strong evidence in soccer, American 
football, and rugby and lower levels of evidence in Gaelic foot-
ball and cricket. Athletes with rapid increases in high-speed 
running exposure may be especially at risk. Findings from low-
er-level studies showed that sprinting characteristics, with in-
creased anterior pelvic tilting and thoracic spine sidebending 
during the backswing, were also associated with HSIs. Within 
this meta-analysis, 1 study found a higher proportion (68%, 
P<.001) of HSIs sustained during running activities and more 
severe injuries during kicking.8 Systematic reviews have in-
cluded lower levels of evidence for predicting HSI using per-
formance measures, such as the single-leg hop for distance and 
the jumping percentage difference between noncountermove-
ment and countermovement jumping.34,38 Freckleton and Piz-
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zari34 examined a variety of sports and found that workload, 
with time spent in games versus practice, as well as frequency 
of off-season running were not risk factors for HSI.

SUMMARY
Previous HSI, age greater than 23 years, anterior cruciate 
ligament injuries, calf strains, and other knee and ankle lig-

ament injuries represent nonmodifiable risk factors for HSI. 
Hamstring fascicle length and stiffness, but not flexibility, 
are modifiable risk factors. High-speed running demands 
with abnormal trunk and pelvic posture and motor control 
may be risk factors for HSI. However, further research is 
needed to better define performance characteristics, such 
as hamstring weakness, that might be risk factors.

Clinical Course
An HSI can occur anywhere along the length of the muscle, 
but occurs most frequently in the proximal biceps femoris at 
the musculotendinous junction.14 At the time of injury, an 
individual experiences a sudden, sharp pain in the posterior 
thigh. Additionally, an audible or palpable popping sensa-
tion39 often occurs during an activity that overloads and/or 
overstretches the hamstring muscle.2,4 The individual may 
stop the event or activity due to the pain and limited func-
tion. The recurrence rate of HSI ranges between 13.9% and 
63.3% when followed over the same and subsequent sea-
sons.21 Also, injuries with more extensive myofascial damage 
extending into the tendon are more prone to reinjury and 
delayed RTP.72

The clinical course of an HSI depends on the extent and na-
ture of the muscle damage. In mild injuries, only the myofi-
brils are damaged.2 With greater injury severity, the extreme 
tensile and shear forces result in additional fascia, basal lam-
ina, and blood vessel tearing.49 Release of muscle enzymes, 
creatine kinase, and collagen, with proteoglycan degradation 
and inflammation, occurs following the injury. Blood vessel 
damage results in bleeding and clotting.49 The most common 
type of HSI occurs within the biceps femoris, where the my-
ofibers attach to the intramuscular fascia.13,53,102

The healing process includes 3 phases: inflammation, pro-
liferation, and remodeling.49 The inflammation phase occurs 
immediately after HSI and lasts approximately 3 to 5 days.53 
Vasodilation and increased capillary permeability during this 
phase cause fluid stasis, resulting in an ischemic local envi-
ronment, causing further muscle damage and edema. Two 
to 4 days after injury, phagocytic cells enter the damaged 

area to activate local undifferentiated (“stem”) cells that be-
gin rebuilding the collagen and vascular infrastructure (eg, 
fibroblasts and endothelial cells).53 Clinically, pain, swelling, 
bleeding, and loss of ROM typically characterize this phase.

The proliferation phase may overlap to varying degrees with 
the inflammation phase and last up to several weeks. During 
this phase, satellite cells contribute to repair damaged myo-
fibers61 as collagen and vascular infrastructures are rebuilt. 
At this time, individuals often experience muscle weakness, 
stiffness, swelling, and limited function.109 Suboptimal out-
comes occur when these symptoms and signs continue for an 
extended period.53

Depending on the extent of the HSI, the remodeling phase 
can continue for up to 2 years. This phase is characterized by 
final collagen formation, allowing for support to the injury 
site. A properly aligned extracellular matrix is required to 
maintain optimal myofibril orientation. With an intact or 
repaired basal lamina acting as a scaffold, myofibrils can re-
generate. Early ROM and soft tissue mobilization after injury 
may help promote more organized scar formation, with fewer 
adhesions to surrounding tissue. As the remodeling phase 
progresses, the individual will have minimal complaints and 
can tolerate greater stress to the muscle.53

SUMMARY
The normal healing process of an HSI is similar to other bio-
logical tissues and progresses through stages of inflammation, 
proliferation, and remodeling. The remodeling phase can last 
up to 2 years. Early hip and knee ROM may contribute to less 
disorganized scar formation and a lower reinjury rate.
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Return to Play and Reinjury Risk
OVERVIEW
The high rates of recurrent HSIs are associated with substan-
tial losses of time in training and competition for athletes and 
large costs to professional sports organizations. Optimizing 
reinjury risk assessment and RTP decision making is a high 
priority for all stakeholders. The importance of determining 
when the athlete can safely RTP while minimizing risk of 
reinjury remains high, especially following severe HSI that 
usually requires a longer recovery.

I
In a meta-analysis that included 71 324 athletes, a 
previous HSI was a risk factor for future injury (RR 
= 2.7; 95% CI: 2.4, 3.1).38 Multiple systematic re-

views31,34,95 and additional studies not included in these re-
views supported this finding.12,66 In Australian rules football 
players (n = 1932), those with a recent HSI (within 8 weeks) 
were at higher risk (OR = 13.1; 95% CI: 11.5, 14.9) for reinjury 
compared to those with a nonrecent injury (greater than 8 
weeks) (OR = 3.5; 95% CI: 3.2, 3.9).69 Green et al38 noted that 
the risk of recurrent HSI was greatest during the same season 
(RR = 4.8; 95% CI: 3.5, 6.6).

II
The systematic review by de Visser et al21 noted a 
lower risk of hamstring strain reinjury when indi-
viduals performed agility and stabilization exercis-

es after injury, compared to only stretching and strengthening 
exercises (7.7% versus 70%, respectively). In 48 semiprofes-
sional soccer players, Mendiguchia et al60 found that a com-
prehensive impairment-based treatment program reduced 
the risk of reinjury compared to a standard NHE program 
(RR = 6; 90% CI: 1, 35).

II
A systematic review by Hickey et al45 recommended 
a combination of clinical assessment (manual mus-
cle testing, ROM, palpation), performance (sprint-

ing, agility, hopping, sport-specific movements), and 
isokinetic dynamometry tests to inform RTP decision mak-
ing. Four studies included in the Hickey et al45 review used 
RTP criteria, based on a combination of clinical assessment 
and performance tests, and reported mean RTP times of 23 
to 45 days and reinjury rates between 9.1% and 63.3%.45 Two 
studies that implemented the Askling H-test as part of the 
decision-making criteria reported mean RTP times of 36 and 
63 days, with reinjury rates of 1.3% and 3.6%.45 The most 
practical findings were noted in 3 studies that used isokinetic 
dynamometry, in addition to clinical assessment and perfor-
mance tests, with reported mean RTP times of 12 to 25 days 
and reinjury rates between 6.25% and 13.9%.45 In their sys-

tematic review, Schut et al84 found limited evidence for initial 
findings of visible bruising, muscle pain during everyday ac-
tivities, a popping sound at injury, being forced to stop play 
within 5 minutes, width of palpation pain, pain on trunk 
flexion, and pain on active knee flexion in predicting RTP 
times. They also found limited evidence to support an asso-
ciation between RTP times and an individual’s height and 
weight.84

II
At the time of physical therapist initial evaluation, 
a combination of 3 demographic and 6 clinical vari-
ables explained 50% of the variance (±19 days) in 

predicting the time to RTP after grade I or II HSI.48 However, 
a combination of clinical and demographic variables, ob-
tained on physical therapy assessment 7 days after the initial 
evaluation, explained 97% of the variance (±5 days) in pre-
dicting time to RTP. In order of importance, the following 
variables were most predictive for RTP: (1) change in 
strength during the first week for the “mid-range” test, (2) 
peak isokinetic knee flexion torque of the uninjured leg at day 
1, (3) pain level at the time of injury, (4) days to walk pain 
free, (5) playing soccer, (6) “inner-range” hamstring strength 
at day 1, (7) the presence or absence of pain on a single-leg 
bridge at day 7, (8) delay in starting physical therapy, and (9) 
percentage of strength in the “outer-range” test compared to 
the healthy leg.48

II
Cross et al15 found no between-sex differences in the 
RTP time for first-time (median: men, 7.0 days; 
women, 6.0 days; P = .07) or recurrent (median: 

men, 11 days; women, 5.5 days; P = .06) HSIs. However, they 
reported that male soccer players had higher rates of reinjury 
compared to female players (men, 22%; women, 12%; P = 
.003).15 Similarly, Schut et al84 noted no association between 
RTP times and sex or previous HSI sustained within the last 
12 months. Related to characteristics of sport and time to 
RTP, moderate evidence showed no association between the 
level of sport activity or the intensity of sport activity per-
formed (3 or fewer times per week or more than 3 times per 
week).84 Conflicting evidence existed for type of sport and 
time to RTP from injury.84

II
Two lesser-quality randomized controlled trials 
(RCTs) identified in a meta-analysis found a signif-
icant reduction in time to RTP (hazard ratio [HR] 

= 3.22; 95% CI: 2.17, 4.77) when eccentric exercises were 
added to a conventional stretching, strengthening, and sta-
bilization program after HSI.70
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II
Hamstring strain injuries categorized by deficits in 
AKE ROM with the hip flexed demonstrated longer 
bouts of rehabilitation as the ROM deficit in-

creased. Grade I injuries had less than a 15° ROM deficit and 
required 25.9 days of rehabilitation. Grade II injuries had a 
16° to 25° ROM deficit and required 30.7 days of rehabilita-
tion, while grade III injuries had a 26° to 35° ROM deficit 
and required 75.0 days of rehabilitation.86 Normalization of 
isokinetic strength was not required to successfully complete 
a soccer-specific rehabilitation program.92

IV
The length of the area of tenderness measured on 
initial evaluation (R2 = 0.58, P<.001), area of ten-
derness (R2 = 0.36, P = .006), and age (R2 = 0.27, P 

= .024) were significant predictors for RTP, while width of 
tenderness (R2 = 0.006, P = .75) and location of injury were 
not (proximal/distal P = .62, medial/lateral P = .64).82 Com-
bining the individual’s age with length of injury into a multi-
ple regression analysis improved the prediction of RTP (R2 = 
0.73, P<.001).82

IV
A systematic review by Fournier-Farley et al32 iden-
tified lower levels of evidence for the following risk 
factors: (1) stretching-type injuries, (2) recreation-

al-level sport participant, (3) structural injuries (macroscopic 
muscle fiber damage), (4) a greater than 20° to 25° deficit of 
AKE, (5) a greater than 1-week time to first treatment consul-
tation, (6) higher maximal pain score on a 0-to-10 visual ana-
log scale, and (7) greater than 1 day to walk pain free after HSI. 
When specifically looking at criteria for RTP decisions, a sys-
tematic review by van der Horst et al97 found a wide variety of 
function-related criteria, none of which have been validated.

GAPS IN KNOWLEDGE
Despite some evidence, additional studies are needed to ac-
curately predict the clinical course as well as identify factors 

that predict time to RTP and risk for reinjury. An important 
limitation in this area is lack of consistency, reliability, and 
validity in defining RTP.

EVIDENCE SYNTHESIS AND RATIONALE
The CPG teams found the best evidence of a risk factor 
for reinjury to be the history of HSI, with those having 
sustained a more recent injury being at higher risk. There-
fore, RTP decisions should consider a previous HSI. Mod-
erate evidence supports the absence of an appropriately 
progressed, comprehensive impairment-based functional 
exercise program as a risk factor for reinjury. Moderate ev-
idence also identifies rehabilitation programs that do not 
specifically include eccentric training as a risk factor for 
reinjury and delayed RTP. An objective assessment with 
a criterion-based functional exercise progression may al-
low injured athletes to effectively RTP in a time-sensitive 
manner, while minimizing the risk of reinjury. Allowing 
athletes to RTP before they are ready increases the risk 
of reinjury.

RECOMMENDATIONS

B
Clinicians should use the history of an HSI when 
implementing RTP progression, as a previous HSI 
is a risk factor for a future reinjury.

B
Clinicians should use caution in RTP decisions for 
individuals who did not complete an appropriately 
progressed, comprehensive impairment-based 

functional exercise program that specifically included eccen-
tric training.

B
Clinicians should use hamstring strength, pain level 
at the time of injury, number of days from injury to 
pain-free walking, and area of tenderness mea-

sured at initial evaluation to estimate time to RTP.

Diagnosis/Classification
OVERVIEW
Early and accurate clinical diagnosis of an HSI is important 
for providing appropriate treatment, deciding on RTP, and 
preventing reinjury. Because HSIs are typically diagnosed and 
graded based on physical findings, clinicians should recognize 
both the clinical features and signs and symptoms associated 
with the different injury grades of HSI. It should be noted that 
detailed classification systems using diagnostic imaging have 
been described but are outside the scope of this CPG.

II
In 83 Australian rules football athletes with poste-
rior thigh pain, Verrall et al103 found the clinical 
features of an HSI (n = 68) to be a sudden onset of 

pain, an injury associated with running/acceleration, poste-
rior thigh tenderness, and pain on resisted hamstring muscle 
contraction. The report of a sudden onset of pain (91%) was 
the most useful finding.103
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II
In a prospective cohort of 180 male athletes, 
Schneider-Kolsky et al83 found that clinical exam-
ination (r = 0.69, P<.001) and magnetic resonance 

imaging (MRI) (r = 0.58, P<.001) were associated with time 
to RTP in 58 Australian rules football athletes. Wangensteen 
et al104,105 found that the addition of MRI to clinical examina-
tion alone explained only an additional 2.8% of the variance 
in time to RTP.

IV
Zeren and Oztekin111 defined the taking-off-the-
shoe test for grade I and II biceps femoris injuries 
(n = 140) and found it to be 100% accurate com-

pared to US diagnosis.

GAPS IN KNOWLEDGE
Although a clinical examination represents the gold standard 
for diagnosing an HSI, evidence to define the accuracy of this 
examination is limited. A clinical examination traditionally 
describes an HSI as grade I, II, or III, representing severity 
ranging from mild muscle damage without loss of structural 
integrity to complete muscle tearing with fiber disruption. 
The following criteria are used to identify each grade of 
injury.1,86,110

Grade I (Mild Strain)
1.	 Microtearing of a few muscle fibers
2.	 Local pain of smaller dimensions
3.	 Tightness and possible cramping in the posterior thigh
4.	 Slight pain with muscle stretching and/or activation
5.	 Stiffness that may subside during activity but returns fol-

lowing activity
6.	 Minimal strength loss
7.	 Less than a 15° deficit with the AKE test

Grade II (Moderate Strain)
1.	 Moderate tearing of muscle fibers, but the muscle is still 

intact
2.	 Local pain covering a larger area than in a grade I strain
3.	 Greater pain with muscle stretching and/or activation
4.	 Stiffness, weakness, and possible hemorrhaging and 

bruising
5.	 Limited ability to walk, especially for 24 to 48 hours after 

injury
6.	 A 16° to 25° deficit with the AKE test

Grade III (Severe Strain)
1.	 Complete tear of the muscle
2.	 Diffuse swelling and bleeding
3.	 A possible palpable mass of muscle tissue at the tear site
4.	 Extreme difficulty or inability to walk
5.	 A 26° to 35° deficit with the AKE test

The CPG team believes that clinicians practicing in a di-
rect-access model should refer individuals with suspected 
grade III injuries to a physician.

While the above grading criteria are commonly used as part 
of the clinical examination, research is needed to support 
their reliability and validity. Also, these criteria do not con-
sider the exact location of the injury, which can be identified 
with MRI and US imaging.

EVIDENCE SYNTHESIS AND RATIONALE
Although evidence for the use of clinical examination to di-
agnose an HSI is limited, an individual with an acute injury 
typically presents with a sudden onset of well-localized poste-
rior thigh pain, muscle tenderness, and loss of function. The 
mechanism of injury is commonly related to an overloading 
and/or overstretching of the hamstring muscle group. The 
injury may be associated with a popping and/or tearing sen-
sation and result in localized ecchymosis. Hamstring group 
stretching and/or activation may reproduce the pain. How-
ever, these symptoms may be absent in some individuals with 
complete tears. When the area of maximal tenderness is at 
either the origin or insertion of the hamstring muscle group, 
tendon pathology should be considered as part of the differ-
ential diagnosis. When direct trauma to the posterior thigh 
is the mechanism of injury, the clinician should consider 
a different diagnosis, such as a contusion. Although it can 
occur on rare occasions in those with an HSI, an insidious 
onset of vague posterior symptoms should raise concerns for 
referred pain from the lumbar spine. The benefits of prop-
erly diagnosing an HSI would allow for appropriate injury 
management, including RTP decisions and injury preven-
tion measures. The harms of not appropriately recognizing 
the clinical features of an HSI could result in further inju-
ry or reinjury if the individual is not removed from athletic 
participation.

RECOMMENDATION

B
Clinicians should make a diagnosis of HSI when an 
individual presents with a sudden onset of posteri-
or thigh pain during activity, pain reproduced with 

hamstring stretching and/or activation, muscle tenderness 
with palpation, and loss of function.

DIFFERENTIAL DIAGNOSIS
The differential diagnosis for those with primarily proximal 
or distal posterior thigh symptoms may need to include hip 
and knee pathologies, as well as isolated tendon lesions, 
apophysitis, and avulsion fractures. Specifically, for those 
with posterior thigh symptoms, differential diagnosis in-
cludes the following52:
•	 Lumbar radiculopathy
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•	 Sacroiliac dysfunction
•	 Deep gluteal syndrome with nerve entrapment
•	 Ischial tunnel syndrome
•	 Adductor muscle strain
•	 Contusion
•	 Compartment syndrome
•	 Thrombosis

Imaging
Imaging is typically not needed in those diagnosed with a 
grade I or II HSI, based on clinical examination. This may 
be especially true in those with less severe injuries, as stud-
ies have found that they may not be identifiable on MRI.24,83 
Magnetic resonance imaging assessment is recommended 
in those with a suspected grade III HSI.67 Detailed systems 
to classify HSIs based on MRI findings are available, such 
as the British Athletics Muscle Injury Classification,71 the 
modified Peetrons classification,23 and the anatomically 

based system described by Chan et al.9 However, the role of 
MRI in helping to determine the clinical course, including 
RTP and risk of reinjuries, is unclear. Evidence suggests 
that the addition of MRI does not improve the prediction 
of RTP beyond clinical examination.83,105 However, with 
suspicion of a nonmusculoskeletal pain source, such as a 
thrombosis, imaging may be indicated. While the Ameri-
can College of Radiology Appropriateness Criteria do not 
specifically outline guidelines for those with an HSI, the 
criteria for chronic hip pain note that MRI and US are 
“usually appropriate” in those with chronic symptoms and 
suspected extra-articular noninfectious soft tissue abnor-
malities (www.acr.org/). Therefore, MRI or US imaging can 
be useful in decision making in individuals with an atypical 
presentation of symptoms or who do not have satisfacto-
ry results with nonsurgical care. Radiographs are usually 
not required, unless the symptoms are proximal and radio-
graphs may be useful to rule out avulsion fractures.

Examination
PHYSICAL IMPAIRMENT MEASURES
Overview
Activities that involve eccentric overloading of the hamstring 
muscles in a lengthened position are not only associated with 
HSI, but may also remain impaired after injury. Examples 
include high-speed running, jumping, kicking, and/or other 
explosive lower extremity movements. These activities are 
integral to sports such as track and field, soccer, Australian 
rules football, American football, and rugby. Therefore, a 
physical examination should include measures of ham-
string-related impairments (strength and muscle length) 
and direct and self-reported assessments of sport-specific 
activities. An assessment of potential risk factors that may 
have contributed to injury also may be appropriate (TABLES 

4 though 10).

Gaps in Knowledge
Individuals with an HSI present with knee flexor weakness, 
hamstring tightness, and muscle tenderness. However, the 
best method for assessing hamstring muscle strength (eg, iso-
metric, eccentric, or isokinetic) and the clinical interpretation 
of strength deficits remain undetermined. Future studies also 
should examine the reliability of measures other than using 
an inclinometer to assess hamstring muscle length with the 
hip flexed to 90°. Mapping hamstring muscle tenderness is a 
valuable component of a clinical examination, but more evi-
dence is needed to define its usefulness in HSI management. 

While abnormal trunk and pelvic posture and control during 
movements may be risk factors for an initial HSI,38,49,64 further 
evidence is needed to support the usefulness of assessing these 
impairments over the course of treatment.

Evidence Synthesis and Rationale
There is strong evidence for strength and ROM measures 
after HSI. Current evidence suggests good reliability for 
measures of knee flexor weakness following HSI with 
isometric, isokinetic, and eccentric contractions, using a 
handheld dynamometer (HHD) or isokinetic dynamom-
eter, as well as for hamstring muscle length (hip flexed 
to 90° and SLR methods) using an inclinometer. The 
degree of knee extension deficit measured with the hip 
flexed to 90° is potentially useful for grading the severity 
of injury. Weak evidence exists for mapping the location 
and area of muscle tenderness. Percentage length of ten-
derness and age are predictors of days to RTP; athletes 
with more proximal pain had a longer time to RTP. Proper 
assessment of knee flexor strength, hamstring flexibility, 
and muscle tenderness may be used in conjunction with 
a criterion-based functional activity progression. This 
approach allows injured athletes to effectively RTP in a 
time-sensitive manner, while minimizing the risk of rein-
jury. A harm of inadequate injury assessment is allowing 
the athlete to  return to sport, which may put the athlete 
at risk for reinjury.
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Recommendations

A
Clinicians should quantify knee flexor strength fol-
lowing HSI by using either an HHD or an isokinet-
ic dynamometer.

A
Clinicians should use an inclinometer to assess 
hamstring length by measuring knee extension 
deficit with the hip flexed to 90°.

C
Clinicians may use the length of muscle tenderness 
and proximity to the ischial tuberosity to assist in 
predicting timing of RTP.

F
Clinicians may assess for abnormal trunk and pel-
vic posture and control during functional 
movements.

TABLE 4 Isometric Knee Flexor Muscle Strength

Abbreviations: CI, confidence interval; HHD, handheld dynamometer; HSI, hamstring strain injury; ICC, intraclass correlation coefficient; ICF, Interna-
tional Classification of Functioning, Disability and Health; MDC, minimal detectable change; SEM, standard error of measurement.

ICF category Measurement of impairment of body function, power of isolated muscles and muscle groups

Description Resistive measures of knee flexion strength with an isometric muscle contraction

Measurement method While positioned in prone or supine, the individual performs an isometric knee flexion contraction against an HHD that is 
placed on the posterior aspect of the distal tibia. The highest force of 3 trials is recorded for each position. Pain level during 
the test can be recorded using a visual analog scale. The hip and knee positions may be altered to affect the length of the 
hamstring muscle group

Specific testing positions include:
•	 Inner range: strength is measured with the individual positioned in prone, with the knee in 90° of flexion. The athlete gradu-

ally builds up force to a maximum generated knee flexor force, against an HHD, that creates a “make” force107

•	 Midrange: strength is measured in prone, with the knee extended and the dorsum of the foot on the table. The therapist 
passively lifts the leg off the table to a height equal to the distance of the foot length. The individual pushes up against the 
HHD for 3 seconds. The examiner applies a “break” force once peak force is achieved107

•	 Outer range: strength is measured with the individual supine, with the hip and knee in 90° of flexion. The individual pushes 
against the HHD for 3 seconds. The examiner applies a “break” force once peak force is achieved107

•	 15° of knee flexion: strength is measured with the individual positioned in prone, with the knee in 15° of flexion. The individu-
al gradually builds up force to a maximum generated knee flexor force, against an HHD, that creates a “make” force75

Nature of variable Continuous

Unit of measurement Kilograms or Newtons

Measurement properties (reliability)

Inner range Intrarater107

•	 ICC3,1 = 0.87; 95% CI: 0.84, 0.89; SEM, 1.78 kg; MDC95, 4.9 kg
Interrater
•	 ICC1,1 = 0.71; 95% CI: 0.62, 0.82; SEM, 26 N75

•	 ICC2,1 = 0.69; 95% CI: 0.45, 0.83; SEM, 2.01 kg; MDC95, 5.6 kg107

Midrange Intrarater107

•	 ICC3,1 = 0.89; 95% CI: 0.87, 0.90; SEM, 2.02 kg; MDC95, 5.6 kg
Interrater107

•	 ICC2,1 = 0.83; 95% CI: 0.68, 0.90; SEM, 1.05 kg; MDC95, 4.1 kg

Outer range Intrarater107

•	 ICC3,1 = 0.90; 95% CI: 0.88, 0.92; SEM, 2.19 kg; MDC95, 6.1 kg
Interrater107

•	 ICC2,1 = 0.79; 95% CI: 0.62, 0.88; SEM, 2.17 kg; MDC95, 6.0 kg

15° of knee flexion Interrater75

•	 ICC1,1 = 0.83; 95% CI: 0.73, 0.90; SEM, 29 N

Measurement properties (validity) Isometric strength deficits, when assessed less than 7 days post injury, were found in the injured limbs compared to the 
noninjured side (effect size, –1.72; 95% CI: –3.43, 0.00)57

Deficits in knee flexor strength were noted between the previously injured limb and the contralateral noninjured limb for mean force 
with an isometric contraction (effect size at 0°/0°, d = –1.06; 90% CI: –1.93, –0.19 and at 45°/45°, d = –0.88; 90% CI: –1.74, –0.02)43

Individuals with HSI generated significantly less isometric knee flexor force than those without HSI. Mean difference between groups: 
peak torque, –44.8 N; 95% CI: –86.3, –3 N; normalized, –22.2 Nm; 95% CI: –40.5, –3.7 Nm; normalized to body weight, –0.2; 95% 
CI: –0.4, 0.010
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ACTIVITY LIMITATION AND PARTICIPATION 
RESTRICTION

II
Hickey et al45 provided general guidelines for assess-
ing activity limitations that include a progression 
sequence of pain-free walking, pain-free normal jog-

ging, running at 70% perceived maximum speed, pain-free 
change of direction, and pain-free 100% running speed.

II
Røksund et al79 established excellent reliability (in-
traclass correlation coefficient [ICC] = 0.978; 95% 
CI: 0.96, 0.98; standard error of measurement 

[SEM], 0.008 seconds; minimal detectable change [MDC]95, 
0.022 seconds) for the repeated sprint test in 75 semiprofes-
sional and professional soccer players (19 ± 3 years of age). 
Athletes with a previous HSI showed a significant decrease 
in speed with repeated sprinting (0.07 seconds versus 0.02 
seconds, P = .007).79

III
Ishøi et al47 found that 11 soccer players with a prior 
history of an HSI had a higher mean maximal 
sprinting velocity when compared to 33 controls 

(mean difference, 0.45 m/s; 95% CI: 0.06, 0.85 m/s).

Gaps in Knowledge
Information is needed to allow clinicians to select and in-
terpret scores from measures of activity and participation in 
those with HSI. Because athletes make up the population 
that typically sustains an HSI, evidence to support the valid-
ity, reliability, and responsiveness of sport-related functional 
activities, including high-speed running, jumping, kicking, 
and/or explosive lower extremity movements, would be 
useful.

Evidence Synthesis and Rationale
Limited evidence exists regarding the most appropriate activ-
ity and participation measures that should be used to docu-

TABLE 5 Isokinetic Knee Extensor and Flexor Muscle Strength

ICF category Measurement of impairment of body function, power of isolated muscles and muscle groups

Description Resistive measures of the strength of the knee extensors and flexors, using an isokinetic dynamometer

Measurement method The individual is seated, with the hip and knee flexed to 90°. The distal tibia is fixed with a cuff attached to a load cell just 
proximal to the malleoli. Straps are used to secure the thigh just proximal to the knee. After a brief warm-up, the individual 
exerts a maximal contraction through an arc of motion for both knee extension and flexion at selected speeds

Nature of variable Continuous

Unit of measurement Newton meters, foot-pounds, or the H/Q ratio

Measurement properties (reliability) Intratester (noninjured individuals)54

•	 ICC2,1 = 0.82 for eccentric contractions; SEM, 2.84 Nm; MDC, 7.87 Nm

Measurement properties (validity) Individuals with an HSI generated significantly less knee flexor force than controls at speeds of 60°/s (P<.0013) and 180°/s 
(P<.0036). When comparing knee flexor strength between the uninjured (within the previous 12 months) and injured 
sides, injured-side knee flexors were weaker at 60°/s during concentric (P<.038) and eccentric (P<.03) contractions. They 
were also weaker with eccentric contractions at 180°/s (P<.038)65

A between-limb eccentric knee flexor muscle strength imbalance of greater than 15% to 20% was associated with an 
increased risk of HSI by 2.4 times (95% CI: 1.1, 5.5) and 3.4 times (95% CI: 1.5, 7.6), respectively7

At 60°/s, individuals with HSI showed eccentric hamstring-to-concentric quadriceps asymmetry, with imbalances of H/Q 
ratios less than 0.60 being able to best identify those with a previous HSI20

Concentric isokinetic testing at 60°/s showed a difference in injured versus noninjured knee flexor strength, with an area 
under the receiver operating characteristic curve of 0.773 (P<.05). No significant differences were noted at 120°/s46

Isokinetic quadriceps-hamstring strength ratios (concentric and eccentric) were not predictive of HSI19

At 60°/s, individuals with an HSI demonstrated a 9.6% deficit in peak torque and a 6.4% deficit in work, compared to the 
uninjured side, at the time of RTP81

Injured individuals also generated significantly less peak torque and work than the contralateral side when tested at 240°/s. 
The H/Q ratio (eccentric, 30°/s and concentric, 240°/s) revealed that the injured limb had a lower ratio than the uninjured 
limb81

Individuals with prior HSI demonstrated significantly lower eccentric strength (at 25° to 5° of knee flexion, 81.2 Nm/kg versus 
75.2 Nm/kg; P<.025)87

Greater peak quadriceps concentric torque, adjusted for body weight, at 300°/s (greater than 1 SD above the mean, 2.2-3.7 
Nm/kg) was identified as a risk factor for injury (HR = 2.06; 95% CI: 1.21, 3.51)99

A significant small effect for a lower conventional H/Q ratio was found in previously injured legs compared to the uninjured 
contralateral legs at 60°/s:60°/s (effect size, –0.32; 95% CI: –0.54, –0.11) and 240°/s:240°/s (effect size, –0.43; 95% CI: 
–0.83, 0.03), but not 180°/s:180°/s or 300°/s:300°/s57

Abbreviations: CI, confidence interval; H/Q, hamstring-quadriceps; HR, hazard ratio; HSI, hamstring strain injury; ICC, intraclass correlation coef-
ficient; ICF, International Classification of Functioning, Disability and Health; MDC, minimal detectable change; RTP, return to play; SEM, standard 
error of measurement.
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ment progress over the course of treatment. Because injuries 
often occur with high-speed running, combined with the fact 
that gait, running, and change in direction/cutting movements 
are typically impaired after an HSI, it would seem appropriate 
that objective measures of activity and participation should 
include these activities in sport-specific task analysis.

Recommendation

B
Clinicians should include objective measures of an 
individual’s ability to walk, run, and sprint when 
documenting changes in activity and participation 

over the course of treatment.

OUTCOME MEASURES

I
The Functional Assessment Scale for Acute Ham-
string Injuries (FASH) is a reliable and valid 10-
item questionnaire used to assess function after an 

acute HSI. The FASH has excellent test-retest reliability (ICC 
= 0.9), internal consistency (Cronbach’s α = .98), and respon-
siveness (3.8 and 5.32 using baseline and pooled SDs). The 
FASH also has established face validity, content validity, and 
construct validity (eg, its ability to discriminate between 
acute HSI and noninjured hamstrings).56

II
The hamstring outcome score (HaOS) is a 5-do-
main questionnaire that assesses an athlete’s sore-
ness, symptoms, pain, activities (sports), and 

quality of life. Questions on the HaOS are scored 0 to 4, from 
no complaints to maximum complaints. A score of 100% sug-
gests no complaints in all domains. A score of 80% or more 
indicates a low risk for HSI, while below 80% indicates a 
high risk for HSI. Based on a study of 365 amateur soccer 
players, the scale is a predictor of new HSI in athletes with 
lower HaOS scores (P<.005).28,96

TABLE 6 Nordic Eccentric Knee Flexor Muscle Strength Test

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient; ICF, International Classification of Functioning, Disability and Health; 
MDC, minimal detectable change.

ICF category Measurement of impairment of body function, power of isolated muscles and muscle groups

Description Resistive measure of eccentric knee flexor strength

Measurement method The individual is positioned in a tall kneeling position, with the arms across the chest and both ankles firmly secured to a 
load-cell instrumented device. The athlete performs a Nordic hamstring test by slowly lowering the trunk toward the floor, 
keeping the spine and hips in neutral

Nature of variable Continuous

Unit of measurement Kilograms or Newtons

Measurement properties (reliability)

Intertester (noninjured individuals) Left and right sides pooled62

•	 ICC95 = 0.87-0.92; MDC95, 55.6 N
Same day22

•	 ICC = 0.60; 95% CI: 0.38, 0.75 (left leg)
•	 ICC = 0.62; 95% CI: 0.41, 0.76 (right leg)
1 wk apart22

•	 ICC = 0.67; 95% CI: 0.38, 0.84 (left leg)
•	 ICC = 0.76; 95% CI: 0.53, 0.89 (right leg)

TABLE 7 Knee Flexor Muscle Strength: Single-Leg Bridge Test

Abbreviations: HSI, hamstring strain injury; ICF, International Classification of Functioning, Disability and Health.

ICF category Measurement of impairment of body function, power of isolated muscles and muscle groups

Description Resistive measure of concentric knee flexor strength

Measurement method The individual lies down on the ground, with one heel on a box measuring 60 cm high. The test leg is positioned in 20° of flex-
ion. The individual crosses the arms over the chest and pushes down through the heel to lift the buttocks off the ground, 
with as many repetitions as possible until failure

Nature of variable Continuous

Unit of measurement Number of repetitions fully completed

Measurement properties (validity) In 482 athletes tested prospectively, 28 developed an HSI. Those with a right HSI had a significantly lower mean right 
single-leg bridge test score (P = .029)33

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

2 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



journal of orthopaedic & sports physical therapy  |  volume 52  |  number 3  |  march 2022  |  cpg17

Hamstring Strain Injury in Athletes: Clinical Practice GuidelinesHamstring Strain Injury in Athletes: Clinical Practice Guidelines

TABLE 8 Knee Extension Test for Hamstring Length (Hip/Knee: 90°/90°)

Abbreviations: AKE, active knee extension; CI, confidence interval; HSI, hamstring strain injury; ICC, intraclass correlation coefficient; ICF, Internation-
al Classification of Functioning, Disability and Health; MDC, minimal detectable change; ROM, range of motion; SEM, standard error of measurement; 
US, ultrasound.

ICF category Measurement of impairment of body function, mobility of a single joint

Description Measures knee flexor muscle length

Measurement method The individual lies supine, with the hip and knee flexed to 90°; the knee is then maximally extended, either passively or actively, with 
the ankle in an open pack position. A goniometer or inclinometer can be used to measure the knee extension deficit. Compari-
sons are made with the uninjured side

Nature of variable Continuous

Unit of measurement Degrees

Measurement properties (reliability)

Inclinometer interrater (same day) With knee passive ROM76

•	 ICC1,1 = 0.77; 95% CI: 0.63, 0.86; SEM, 7.6°; MDC, 21°
With knee active ROM76

•	 ICC1,1 = 0.89; 95% CI: 0.81, 0.94; SEM, 5.3°; MDC, 15°

Measurement properties (validity) AKE test: individuals with an HSI were categorized into grades based on the lack of full AKE compared to the uninjured side. Individ-
uals with a grade I injury had less than a 15° deficit and required 25.9 days of rehabilitation. Those with a grade II injury exhibited 
a 16° to 25° deficit and required 30.7 days of rehabilitation. Athletes with a grade III injury demonstrated a 26° to 35° deficit and 
required 75.0 days of rehabilitation86

In those with a US-confirmed diagnosis of HSI, the AKE test found the injured limb to have a mean ± SD deficit of 12.8° ± 6.8° when 
compared to the uninjured side86

Modifications Maximum hip flexion AKE assesses hamstring flexibility with the athlete positioned in maximum hip flexion
Intrarater reliability107

•	 ICC3,1 = 0.83; 95% CI: 0.80, 0.86; SEM, 6.2°; MDC, 17.2°
Interrater reliability107

•	 ICC2,1 = 0.96; 95% CI: 0.92, 0.98; SEM, 3.3°; MDC, 9.3°

TABLE 9 SLR for Assessing Hamstring Length

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient; ICF, International Classification of Functioning, Disability and Health; 
MDC, minimal detectable change; RTP, return to play; SEM, standard error of measurement; SLR, straight leg raise.

ICF category Measurement of impairment of body function, mobility of a single joint

Description Measures of knee flexor muscle length

Measurement method The individual lies supine, with the hip and knee extended. The examiner passively flexes the hip to the individual’s pain 
tolerance, while keeping the knee extended. A modification is to perform the maneuver and stop when the individual 
reports pain in the posterior thigh of 3/10 (“moderate”) on a pain scale, with 0 as no pain and 10 as maximal pain

Nature of variable Continuous

Unit of measurement Degrees

Measurement properties (reliability)

Inclinometer (to pain tolerance) Intrarater107

•	 ICC3,1 = 0.88; 95% CI: 0.86, 0.90; SEM, 4.7°; MDC, 13.0°
Interrater107

•	 ICC 2,1 = 0.74; 95% CI: 0.52, 0.86; SEM, 6.54°; MDC, 18.1°

Inclinometer (stopping point of pain rated at 3/10) Intrarater4

•	 ICC3,1 = 0.98; 95% CI: 0.95, 0.99

Modification for determining RTP using an inclinome-
ter (Askling H-test)

The clinician passively flexes the hip, with the knee extended, to the individual’s tolerance. The individual then performs 3 
SLRs as fast and as high as possible to the point of not sustaining reinjury. The examiner records the highest value of 
the 3 trials5

•	 ICC 1,1 = 0.96; 95% CI: 0.84, 0.99
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Evidence Synthesis and Rationale
The FASH and HaOS are the only evidence-based instru-
ments designed to assess athletes with an HSI. While other 
potential instruments (eg, the Copenhagen Hip and Groin 
Outcome Score) are available, no evidence exists for their use 
in those with an HSI. Although the FASH has established 
reliability and validity, future works should determine the 
MDC and minimal clinically important difference for im-
proved score interpretation and responsiveness. The HaOS 
has established construct validity for predicting HSI in ath-
letes but does not have established reliability and is used pri-
marily before athletic sport participation begins to identify 
athletes who may be susceptible to an HSI.

Recommendation

B
Clinicians should use the FASH before and after 
interventions to alleviate the impairments of body 
function and structure, activity limitations, and 

participation restrictions in those diagnosed with an acute 
HSI.

INJURY PREVENTION
Prevention of First-Time Injury
Hamstring injuries are common in sports that require high-
speed running, jumping, kicking, explosive rapid changes in 
direction, and/or lifting objects from the ground. Prevention 
of a first-time HSI is important because of the considerable 
impairment, activity limitation, and participation restric-
tion, including time lost from competitive sports, that may 
occur after injury. Prevention may be particularly important 
in professional sports, where HSIs can be associated with 
significant financial costs.18

I
An umbrella review by Raya-Gonzalez et al74 identi-
fied 8 systematic reviews and concluded that exer-
cise prevention programs that included the NHE 

were effective in reducing the incidence of HSI. This included 
a systematic review and meta-analysis by van Dyk et al,101 who 
noted that the NHE reduced HSI by 51% (RR = 0.49; 95% CI: 
0.32, 0.74) in 15 studies with 8459 athletes. Also included was 
a systematic review by Goode et al37 that found that the effec-
tiveness of the NHE may be dependent on exercise compli-
ance. A systematic review not in the umbrella review also 
concluded that the NHE may be effective in reducing the in-
cidence of HSI.80

I
When specifically looking at female soccer players, 
a systematic review by Crossley et al16 found, in 5 
studies, that exercise-based (single-component and 

multicomponent) strategies significantly reduced the inci-
dence of HSIs (incidence rate ratio = 0.40; 95% CI: 0.17, 
0.95). They concluded that although the evidence was not as 
robust in female soccer players, exercise-based strategies can 
reduce HSI by 40% to 60%, similar to the rate found in their 
male counterparts.16

II
An RCT with 259 male high school soccer players 
found the time lost to injury to be lower in the NHE 
group (113.7/10000 hours) compared to the control 

group (1116.3/10000 hours) (P<.001).40

III
Within the umbrella review by Raya-Gonzalez et 
al,74 the systematic review by Rogan et al78 reported 
inconclusive evidence in low-level studies to sup-

port the role of hamstring stretching. Hibbert et al42 noted 
weak evidence for eccentric hamstring exercises other than 
the NHE in HSI prevention. Not included in the Raya-Gon-
zalez et al74 review, a systematic review by McCall et al59 also 
found weak evidence in 3 studies to support eccentric ham-
string exercises other than the NHE. While evidence sup-
ports the NHE in HSI prevention, Elerian et al26 did not find 
a significant difference in HSI rates between seasons when 

TABLE 10 Muscle Tenderness

Abbreviations: HSI, hamstring strain injury; ICF, International Classification of Functioning, Disability and Health; RTP, return to play.

ICF category Measurement of impairment of body structure

Description Assess the location of peak tenderness and the region of tenderness of the knee flexor muscles after an HSI
The individual lies prone on a treatment table, with the knee fully extended

Measurement method The examiner palpates the muscle to identify the location of peak hamstring tenderness and measures the distance from the 
ischial tuberosity. Next, marks are placed at the most proximal and distal and medial and lateral points of tenderness (at the 
point that tenderness subsides) to establish the length and width of tenderness. The area is “mapped” by expressing the 
length and width of tenderness as a percentage of the posterior thigh length and width82

Nature of variable Continuous

Unit of measurement Centimeters or inches

Measurement properties (validity) Percentage length of tenderness and age were the best predictors of days to RTP following HSI (R2 = 0.73, P<.001), with the 
following predictive equation: [number of days before return to sport = (% length of tenderness × 2.1) + (age × 1.5) – 43.4]82

Athletes who report more proximal pain have a longer time to RTP6
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34 soccer players performed the NHE and a season when 
they did not perform the NHE.

IV
In 613 male collegiate sprinters followed over a pe-
riod of 24 seasons by the same coach, the incidence 
of HSI decreased as agility and flexibility were add-

ed to strength training.88 Results from a case series further 
supported the use of isokinetic strengthening exercises for 
reducing HSI rate.41

Gaps in Knowledge
Further research is needed to specifically define the most 
effective prevention programs with warm-up, stretching, 
balance, strengthening, and functional movements, as 
well as potentially other eccentric hamstring exercises, 
that should be added to the NHE. Additionally, frequency 
and load progression of all preventive interventions need 
to be further defined. Recommendations regarding dosing 
of the NHE can vary, with volumes that range from 2 sets 
of 3 repetitions once per week to 3 sets of 10 repetitions 
twice a week and a gradual progression to 4 sessions per 
week. These exercises are generally performed after train-

ing and on days before a rest day to allow for adequate 
recovery.36

Evidence Synthesis and Rationale
Evidence supports injury prevention exercise programs that 
include the NHE and other components of warm-up, stretch-
ing, stability training, strengthening, and functional move-
ments (sport specific, agility, and high-speed running). The 
International Federation of Association Football (Fédération 
Internationale de Football Association [FIFA]) 11+, Harmo
Knee, and “New Warm-up Program” are examples of specific 
injury prevention programs.80 The FIFA 11+ and HarmoKnee 
programs include the NHE, as well as components of warm-
up, stretching, stability training, strengthening, and functional 
movements (sport specific, agility, and high-speed running).

Recommendation

A
Clinicians should include the NHE as part of an 
HSI prevention program, along with other compo-
nents of warm-up, stretching, stability training, 

strengthening, and functional movements (sport specific, 
agility, and high-speed running).

Interventions
INTERVENTION AFTER INJURY
Only studies of interventions within the scope of physical 
therapy that directly assessed time to RTP and reinjury rates 
were included in the review process. While clinicians mea-
sure intervention effectiveness in many ways (eg, strength, 
ROM, and pain levels), the ultimate success of the rehabil-
itation process is determined by the athlete’s ability to RTP 
while preventing reinjury.

I
A high-quality RCT found that individuals re-
turning to play following a standardized progres-
sive rehabilitation protocol, comprising 

hamstring-strengthening exercises and running per-
formed within either pain-free (n = 21) or pain-threshold 
limits (n = 22), reported 2 reinjuries per group, with no 
difference in RTP time. The median time from HSI to RTP 
was 15 days (95% CI: 13, 17) for the pain-free group and 17 
days (95% CI: 11, 24) for the pain-threshold group (P = 
.37).44

II
A systematic review and meta-analysis by Pas et al70 
identified 2 RCTs with fair evidence to support a 
program that added eccentric strengthening exer-

cises to a conventional program of stretching, strengthening, 
and stabilization after an HSI. Participating in these pro-
grams resulted in a significantly reduced time to RTP (HR = 
3.22; 95% CI: 2.17, 4.77) but had no effect on reinjury rate 
(RR = 0.25; 95% CI: 0.03, 2.20).

II
A systematic review of 5 studies found that pro-
gressive agility and trunk stabilization, added to 
a rehabilitation program focusing on stretching 

and strengthening, did not improve RTP time but may de-
crease reinjury rate.21 Included within this systematic re-
view, Sherry and Best85 specifically found a significant 
reduction in reinjury rates in favor of progressive agility 
and trunk stabilization exercises, as they found no reinju-
ries in 13 participants within 16 days after RTP and 1 re-
injury within 1 year, versus 6 reinjuries in 11 athletes and 
7 reinjuries in 10 athletes, respectively, in the static 
stretching, isolated progressive hamstring resistance exer-
cise, and icing group (P<.001).

II
Systematic reviews found insufficient evidence to 
support the use of stretching as an isolated treat-
ment in the management of HSI.21,58,70,73,77
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II
An RCT (n = 48 male semiprofessional soccer play-
ers) found that an individualized criterion-based 
treatment program consisting of comprehensive 

impairment-based treatments reduced the risk of reinjury 
compared to a standard NHE program (RR = 6; 90% CI: 1, 
35). However, there was no difference in RTP time (25.5 days 
versus 23.2 days, –13.8%; 90% CI: –34%, 3.4%).60

II
A systematic review by Hickey et al45 identified 9 
studies (n = 601) that examined individuals diag-
nosed with an acute HSI and concluded that specific 

criteria for progression of rehabilitation were not well 
defined.

III
In a case-control study that compared professional 
male soccer players (mean age, 24.3 years) over 2 
seasons, reinjury rate was reduced from 7 of 35 to 

1 of 34 in the season that the NHE was instituted.26

IV
A study found that 50 of 54 athletes (mean age, 36 
years; 30 male, 20 female) who were compliant 
with a rehabilitation program that emphasized ec-

centric hamstring strengthening in a lengthened position 
reported no reinjuries.94

IV
A retrospective case series consisting of 48 consec-
utive HSIs in intercollegiate athletes found that 
early mobilization with progressive stretching and 

sport-related functional exercises were successful in allowing 
athletes to return to sport after HSI at an average of 11.9 days 
(range, 5-23 days), with 3 reinjuries.51

V
It is the opinion of the CPG team that clinicians 
should incorporate neural tissue mobilization after 
injury to reduce adhesions to surrounding tissue 

and therapeutic modalities to control pain and swelling early 
in the healing process.

Gaps in Knowledge
While evidence supports exercise in the treatment of HSI, 
future works should examine the benefits of other common-
ly used treatments, such as soft tissue mobilization, nerve 
glides, and therapeutic modalities. These commonly used 
treatments may assist in the healing process and shorten the 

period of disability after an HSI. Research is needed to de-
termine the efficacy of these treatments in reducing time to 
RTP and decreasing reinjury rates.

Evidence Synthesis and Rationale
Evidence supports initiating hamstring-strengthening exer-
cises, including eccentrics, early in the rehabilitation process, 
guided by patient pain tolerance. Successful interventions 
included 6 to 12 repetitions, depending on the intensity of 
the exercise, with both load and ROM increased as tolerat-
ed. Patients should perform the exercises 2 to 3 times per 
week. The evidence behind eccentric hamstring exercises 
includes, but is not limited to, the NHE. Evidence also sup-
ports progressive agility and trunk stabilization exercises and 
a running program involving acceleration and deceleration 
phases, with a progressive increase in speed and distance, 
throughout the rehabilitation process as tolerated. The ben-
efits of eccentric training, added to stretching, strengthening, 
stabilization, and progressive running programs, are im-
proved RTP times and reduced reinjury rates. Although the 
harms of initiating and progressing exercise and running are 
poorly described, there is a potential to aggravate symptoms 
if the load of the activity is beyond the individual’s tolerance. 
Potential harms may be mitigated if the clinician recognizes 
the primary phase of healing (inflammatory, proliferation, or 
remodeling) and uses a logical systematic method to begin, 
monitor, and progress tissue loading.

Recommendations

B
Clinicians should use eccentric training to patient 
tolerance, added to stretching, strengthening, sta-
bilization, and progressive running programs, to 

improve RTP time after an individual sustains an HSI.

B
Clinicians should use progressive agility and trunk 
stabilization, added to a comprehensive impair-
ment-based treatment program with stretching, 

strengthening, and functional exercises, to reduce reinjury 
rate after an individual sustains an HSI.

F
Clinicians may perform neural tissue mobilization 
after injury to reduce adhesions to surrounding tis-
sue and use therapeutic modalities to control pain 

and swelling early in the healing process.
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Decision Tree
MEDICAL SCREENING (CLASSIFY CONDITION AND 
ASSESS REINJURY RISK)
Patient Examination
•	 Sudden onset of posterior thigh pain – B
•	 Reproduction of pain with hamstring stretching and acti-

vation – B
•	 Muscle tenderness with palpation – B
•	 Loss of function – B
•	 Use the following criteria to grade muscle injury – F

-	 Grade I (mild strain): (1) microtearing of a few muscle 
fibers, (2) local pain of smaller dimensions, (3) tightness 
and possible cramping in the posterior thigh, (4) slight 
pain with muscle stretching and/or activation, (5) stiff-
ness that may subside during activity but returns follow-
ing activity, (6) minimal strength loss, and (7) less than 
a 15° deficit with the AKE test

-	 Grade II (moderate strain): (1) moderate tearing of 
muscle fibers, but the muscle is still intact, (2) local 
pain covering a larger area than in grade I, (3) greater 
pain with muscle stretch and/or activation, (4) stiff-
ness, weakness, and possible hemorrhaging and bruis-
ing, (5) limited ability to walk, especially for 24 to 48 
hours after injury, and (6) a 16° to 25° deficit with the 
AKE test

-	 Grade III (severe strain): (1) complete tear of the muscle, 
(2) diffuse swelling and bleeding, (3) possible palpable 
mass of muscle tissue at the tear site, (4) extreme diffi-
culty or inability to walk, and (5) a 26° to 35° deficit with 
the AKE test

•	 Previous HSI – B
•	 Grade III HSIs are referred to a physician – F

OUTCOME MEASURES TO DOCUMENT PROGRESS
•	 Knee flexor strength using either an HHD or isokinetic 

dynamometer – A
•	 Hamstring length and measuring knee extension deficit 

with the hip flexed to 90° using an inclinometer – A
•	 Measure the length of muscle tenderness to palpation and 

the location relative to the ischial tuberosity
•	 Clinicians may assess for abnormal trunk and pelvic pos-

ture and control during functional movements – F
•	 Objective measures to quantify and grade an individual’s 

ability to walk, run, and sprint – B
•	 FASH – B

MEASURES TO ESTIMATE TIME TO RTP
•	 Knee flexor strength using either an HHD or isokinetic 

dynamometer – B
•	 Pain level at the time of injury – B
•	 Number of days to walk pain free after injury – B
•	 Area of tenderness to palpation measured at initial evalu-

ation – B

INTERVENTION STRATEGIES
•	 Eccentric training to patient tolerance, added to an impair-

ment-based treatment program with stretching, strength-
ening, stabilization, agility, and progressive running – B

•	 Nerve mobilization – F
•	 Therapeutic modalities for symptom management – F

INJURY PREVENTION
•	 The NHE, with other components of warm-up, stretch-

ing, stability training, strengthening, and functional move-
ments (sport specific, agility, and high-speed running) – A

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

2 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



cpg22  |  march 2022  |  volume 52  |  number 3  |  journal of orthopaedic & sports physical therapy

Hamstring Strain Injury in Athletes: Clinical Practice GuidelinesHamstring Strain Injury in Athletes: Clinical Practice Guidelines

AUTHORS
RobRoy L. Martin, PT, PhD
Editor
ICF-Based Clinical Practice Guidelines 
AOPT, APTA, Inc
La Crosse, WI
and
Professor
Department of Physical Therapy
Rangos School of Health Science
Duquesne University
and
Staff Physical Therapist
UPMC Center for Sports Medicine
Pittsburgh, PA
martinr280@duq.edu

Michael T. Cibulka, PT, DPT, OCS
Catherine Worthingham Fellow, APTA
and
Associate Professor, Physical Therapy
Myrtle E. and Earl E. Walker College of 

Health Professions
Maryville University
St Louis, MO
mcibulka@maryville.edu

Lori A. Bolgla, PT, PhD
Professor and Kellett Chair in Allied 

Health Sciences
Department of Physical Therapy in the 

College of Allied Health Sciences
Department of Orthopaedic Surgery at 

the Medical College of Georgia
The Graduate School
Augusta University
Augusta, GA
LBOLGLA@augusta.edu

Thomas A. Koc, Jr., PT, DPT
Assistant Professor
School of Physical Therapy
Kean University
Union, NJ
tkoc@kean.edu

Janice K. Loudon, PT, PhD
Professor
Saint Luke’s College of Nursing and 

Health Sciences

Rockhurst University
Kansas City, MO
janice.loudon@rockhurst.edu

Robert C. Manske, PT, DPT
Professor
Department of Physical Therapy
Wichita State University
Wichita, KS
Robert.Manske@wichita.edu

Leigh Weiss, PT, DPT, ATC, OCS, SCS
Director of Rehabilitation/Physical 

Therapist
New York Football Giants
East Rutherford, NJ
Leigh.Weiss@Giants.NFL.net

John J. Christoforetti, MD, FAAOS
Sports Medicine and Arthroscopic 

Surgery
Texas Health Sports Medicine
Allen, TX
johnchristoforetti@texashealth.org

Bryan C. Heiderscheit, PT, PhD, FAPTA
Fredrick Gaenslen Professor
Vice-Chair of Research, Department of 

Orthopedics and Rehabilitation
University of Wisconsin-Madison
Madison, WI
Heiderscheit@ortho.wisc.edu

REVIEWERS
Mike Voight, PT, DHSc, OCS, SCS, ATC, 

FAPTA
Professor
Belmont University School of Physical 

Therapy
Nashville, TN
and
Editor-in-Chief
International Journal of Sports Physical 

Therapy
Mike.voight@belmont.edu

John DeWitt, PT, DPT, AT
Associate Director, Education and 

Professional Development
Wexner Medical Center, Jameson Crane 

Sports Medicine Institute
and
Assistant Clinical Professor
School of Health and Rehabilitation 

Sciences, Physical Therapy Division
The Ohio State University
Columbus, OH
John.dewitt@osumc.edu

Brian Young, PT, DSc
Clinical Associate Professor
Assistant Program Director, Doctor of 

Physical Therapy Program
Graduate Program Director, Physical 

Therapy Department
Baylor University
Waco, TX
Brian_A_Young@baylor.edu

Liran Lifshitz, PT, MSc
Lecturer and Sport Clinic Manager
Physio & More
Tel Aviv, Israel
and
Chairman of the Sports Interest Group 

of the Israeli Physiotherapy Society
ptliran@gmail.com

Douglas White, PT, DPT, OCS, RMSK
Milton Orthopaedic & Sports Physical 

Therapy, PC
Milton, MA
Dr.white@miltonortho.com

David Killoran, PhD
Professor Emeritus
Loyola Marymount University
Los Angeles, CA
David.Killoran@lmu.edu

Sandra Kaplan, PT, DPT, PhD, FAPTA
Professor
Department of Rehabilitation and 

Movement Services
and
Vice-Chair, Curriculum and 

Accreditation
Stuart D. Cook, M.D. Master Educators’ 

Guild
Rutgers, The State University of New 

Jersey

New Brunswick, NJ
kaplansa@shp.rutgers.edu

Steve Paulseth, PT, DPT, SCS, ATC
Clinical Specialist
Paulseth & Associates Physical 

Therapy, Inc
Los Angeles, CA
Paulsethpt@yahoo.com

James A. Dauber, DPT, DSc
Associate Professor
School of Physical Therapy
Marshall University
Huntington, WV
dauber@marshall.edu

GUIDELINES EDITORS
Christine M. McDonough, PT, PhD, 

CEEAA
Editor
ICF-Based Clinical Practice Guidelines
AOPT, APTA, Inc
La Crosse, WI
and
Assistant Professor of Physical Therapy
School of Health and Rehabilitation 

Sciences
University of Pittsburgh
Pittsburgh, PA
cmm295@pitt.edu

Christopher Carcia, PT, PhD
Physical Therapy Program Director and 

Associate Professor
Department of Kinesiology
Colorado Mesa University
Grand Junction, CO
ccarcia@coloaradomesa.edu

Guy Simoneau, PT, PhD, FAPTA
Editor
ICF-Based Clinical Practice Guidelines
AOPT, APTA, Inc
La Crosse, WI
and
Professor
Physical Therapy
Marquette University
Marquette, WI
guy.simoneau@marquette.edu

AFFILIATIONS AND CONTACTS

ACKNOWLEDGMENTS: We thank the medical librarians at Augusta University for their assistance in researching the articles included in 
these guidelines.

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

2 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

mailto:martinr280@duq.edu
mailto:mcibulka@maryville.edu
mailto:LBOLGLA@augusta.edu
mailto:tkoc@kean.edu
mailto:janice.loudon@rockhurst.edu
mailto:Robert.Manske@wichita.edu
mailto:Leigh.Weiss@Giants.NFL.net
mailto:johnchristoforetti@texashealth.org
mailto:Heiderscheit@ortho.wisc.edu
mailto:Mike.voight@belmont.edu
mailto:John.dewitt@osumc.edu
mailto:Brian_A_Young@baylor.edu
mailto:ptliran@gmail.com
mailto:Dr.white@miltonortho.com
mailto:David.Killoran@lmu.edu
mailto:kaplansa@shp.rutgers.edu
mailto:Paulsethpt@yahoo.com
mailto:dauber@marshall.edu
mailto:cmm295@pitt.edu
mailto:ccarcia@coloaradomesa.edu
mailto:guy.simoneau@marquette.edu


journal of orthopaedic & sports physical therapy  |  volume 52  |  number 3  |  march 2022  |  cpg23

Hamstring Strain Injury in Athletes: Clinical Practice GuidelinesHamstring Strain Injury in Athletes: Clinical Practice Guidelines

	 1.	 Agre JC. Hamstring injuries. Proposed aetiological factors, pre-
vention, and treatment. Sports Med. 1985;2:21-33. https://doi.
org/10.2165/00007256-198502010-00003

	 2.	 Ahmad CS, Redler LH, Ciccotti MG, Maffulli N, Longo UG, Bradley J. 
Evaluation and management of hamstring injuries. Am J Sports Med. 
2013;41:2933-2947. https://doi.org/10.1177/0363546513487063

	 3.	 Arner JW, McClincy MP, Bradley JP. Hamstring injuries in athletes: 
evidence-based treatment. J Am Acad Orthop Surg. 2019;27:868-877. 
https://doi.org/10.5435/JAAOS-D-18-00741

	 4.	 Askling C, Saartok T, Thorstensson A. Type of acute hamstring strain af-
fects flexibility, strength, and time to return to pre-injury level. Br J Sports 
Med. 2006;40:40-44. https://doi.org/10.1136/bjsm.2005.018879

	 5.	 Askling CM, Nilsson J, Thorstensson A. A new hamstring test to comple-
ment the common clinical examination before return to sport after injury. 
Knee Surg Sports Traumatol Arthrosc. 2010;18:1798-1803. https://doi.
org/10.1007/s00167-010-1265-3

	 6.	 Askling CM, Tengvar M, Saartok T, Thorstensson A. Acute first-time ham-
string strains during high-speed running: a longitudinal study including 
clinical and magnetic resonance imaging findings. Am J Sports Med. 
2007;35:197-206. https://doi.org/10.1177/0363546506294679

	 7.	 Bourne MN, Opar DA, Williams MD, Shield AJ. Eccentric knee flexor 
strength and risk of hamstring injuries in rugby union: a prospec-
tive study. Am J Sports Med. 2015;43:2663-2670. https://doi.
org/10.1177/0363546515599633

	 8.	 Brooks JH, Fuller CW, Kemp SP, Reddin DB. Incidence, risk, and prevention 
of hamstring muscle injuries in professional rugby union. Am J Sports 
Med. 2006;34:1297-1306. https://doi.org/10.1177/0363546505286022

	 9.	 Chan O, Del Buono A, Best TM, Maffulli N. Acute muscle strain injuries: 
a proposed new classification system. Knee Surg Sports Traumatol Ar-
throsc. 2012;20:2356-2362. https://doi.org/10.1007/s00167-012-2118-z

	10.	 Charlton PC, Raysmith B, Wollin M, et al. Knee flexion not hip extension 
strength is persistently reduced following hamstring strain injury in 
Australian Football athletes: implications for Periodic Health Examina-
tions. J Sci Med Sport. 2018;21:999-1003. https://doi.org/10.1016/j.
jsams.2018.03.014

	 11.	 Chumanov ES, Schache AG, Heiderscheit BC, Thelen DG. Hamstrings are 
most susceptible to injury during the late swing phase of sprinting. Br J 
Sports Med. 2012;46:90. https://doi.org/10.1136/bjsports-2011-090176

	12.	 Cloke D, Moore O, Shah T, Rushton S, Shirley MD, Deehan DJ. Thigh 
muscle injuries in youth soccer: predictors of recovery. Am J Sports Med. 
2012;40:433-439. https://doi.org/10.1177/0363546511428800

	13.	 Comin J, Malliaras P, Baquie P, Barbour T, Connell D. Return to competitive 
play after hamstring injuries involving disruption of the central tendon. Am 
J Sports Med. 2013;41:111-115. https://doi.org/10.1177/0363546512463679

	14.	 Connell DA, Schneider-Kolsky ME, Hoving JL, et al. Longitudinal study 
comparing sonographic and MRI assessments of acute and healing 
hamstring injuries. AJR Am J Roentgenol. 2004;183:975-984. https://doi.
org/10.2214/ajr.183.4.1830975

	15.	 Cross KM, Saliba SA, Conaway M, Gurka KK, Hertel J. Days to re-
turn to participation after a hamstrings strain among American 
collegiate soccer players. J Athl Train. 2015;50:733-741. https://doi.
org/10.4085/1052-6050-50.2.12

	16.	 Crossley KM, Patterson BE, Culvenor AG, Bruder AM, Mosler AB, Men-
tiplay 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;54:1089-1098. https://doi.
org/10.1136/bjsports-2019-101587

	 17.	 Dalton SL, Kerr ZY, Dompier TP. Epidemiology of hamstring strains in 25 
NCAA sports in the 2009-2010 to 2013-2014 academic years. Am J Sports 
Med. 2015;43:2671-2679. https://doi.org/10.1177/0363546515599631

	18.	 Danielsson A, Horvath A, Senorski C, et al. The mechanism of hamstring 
injuries – a systematic review. BMC Musculoskelet Disord. 2020;21:641. 
https://doi.org/10.1186/s12891-020-03658-8

	19.	 Dauty M, Menu P, Fouasson-Chailloux A. Cutoffs of isokinetic strength ratio 
and hamstring strain prediction in professional soccer players. Scand J 
Med Sci Sports. 2018;28:276-281. https://doi.org/10.1111/sms.12890

	20.	 Dauty M, Potiron-Josse M, Rochcongar P. Identification of previous 
hamstring muscle injury by isokinetic concentric and eccentric torque 
measurement in elite soccer player. Isokinet Exerc Sci. 2003;11:139-144. 
https://doi.org/10.3233/IES-2003-0140

	21.	 de Visser HM, Reijman M, Heijboer MP, Bos PK. Risk factors of recurrent 
hamstring injuries: a systematic review. Br J Sports Med. 2012;46:124-130. 
https://doi.org/10.1136/bjsports-2011-090317

	22.	 dos Santos Oliveira G, de Araujo Ribeiro-Alvares JB, de Lima-e-Silva FX, 
Rodrigues R, Vaz MA, Baroni BM. Reliability of a clinical test for measuring 
eccentric knee flexor strength using a handheld dynamometer. J Sport 
Rehabil. 2022;31:115-119. https://doi.org/10.1123/jsr.2020-0014

	23.	 Ekstrand J, Healy JC, Waldén M, Lee JC, English B, Hägglund M. Ham-
string muscle injuries in professional football: the correlation of MRI 
findings with return to play. Br J Sports Med. 2012;46:112-117. https://doi.
org/10.1136/bjsports-2011-090155

	24.	 Ekstrand J, Lee JC, Healy JC. MRI findings and return to play in football: 
a prospective analysis of 255 hamstring injuries in the UEFA Elite Club 
injury study. Br J Sports Med. 2016;50:738-743. https://doi.org/10.1136/
bjsports-2016-095974

	25.	 Ekstrand J, Waldén M, Hägglund M. Hamstring injuries have increased 
by 4% annually in men’s professional football, since 2001: a 13-year 
longitudinal analysis of the UEFA Elite Club injury study. Br J Sports Med. 
2016;50:731-737. https://doi.org/10.1136/bjsports-2015-095359

	26.	 Elerian AE, El-Sayyad MM, Dorgham HAA. Effect of pre-training and 
post-training Nordic exercise on hamstring injury prevention, recurrence, 
and severity in soccer players. Ann Rehabil Med. 2019;43:465-473. 
https://doi.org/10.5535/arm.2019.43.4.465

	27.	 Engebretsen AH, Myklebust G, Holme I, Engebretsen L, Bahr R. Intrinsic 
risk factors for hamstring injuries among male soccer players: a pro-
spective cohort study. Am J Sports Med. 2010;38:1147-1153. https://doi.
org/10.1177/0363546509358381

	28.	 Engebretsen AH, Myklebust G, Holme I, Engebretsen L, Bahr R. 
Prevention of injuries among male soccer players: a prospective, ran-
domized intervention study targeting players with previous injuries or 
reduced function. Am J Sports Med. 2008;36:1052-1060. https://doi.
org/10.1177/0363546508314432

	29.	 Ernlund L, de Almeida Vieira L. Hamstring injuries: update article. Rev 
Bras Ortop. 2017;52:373-382. https://doi.org/10.1016/j.rboe.2017.05.005

	30.	 Evangelidis PE, Massey GJ, Ferguson RA, Wheeler PC, Pain MTG, Folland 
JP. The functional significance of hamstrings composition: is it really a 
“fast” muscle group? Scand J Med Sci Sports. 2017;27:1181-1189. https://
doi.org/10.1111/sms.12786

	31.	 Foreman T, Addy T, Baker S, Burns J, Hill N, Madden T. Prospective studies 
into the causation of hamstring injuries in sport: a systematic review. Phys 
Ther Sport. 2006;7:101-109. https://doi.org/10.1016/j.ptsp.2006.02.001

	32.	 Fournier-Farley C, Lamontagne M, Gendron P, Gagnon DH. Determinants 
of return to play after the nonoperative management of hamstring injuries 
in athletes: a systematic review. Am J Sports Med. 2016;44:2166-2172. 
https://doi.org/10.1177/0363546515617472

	33.	 Freckleton G, Cook J, Pizzari T. The predictive validity of a single leg bridge 

REFERENCES

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

2 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

https://doi.org/10.2165/00007256-198502010-00003
https://doi.org/10.2165/00007256-198502010-00003
https://doi.org/10.1177/0363546513487063
https://doi.org/10.5435/JAAOS-D-18-00741
https://doi.org/10.1136/bjsm.2005.018879
https://doi.org/10.1007/s00167-010-1265-3
https://doi.org/10.1007/s00167-010-1265-3
https://doi.org/10.1177/0363546506294679
https://doi.org/10.1177/0363546515599633
https://doi.org/10.1177/0363546515599633
https://doi.org/10.1177/0363546505286022
https://doi.org/10.1007/s00167-012-2118-z
https://doi.org/10.1016/j.jsams.2018.03.014
https://doi.org/10.1016/j.jsams.2018.03.014
https://doi.org/10.1136/bjsports-2011-090176
https://doi.org/10.1177/0363546511428800
https://doi.org/10.1177/0363546512463679
https://doi.org/10.2214/ajr.183.4.1830975
https://doi.org/10.2214/ajr.183.4.1830975
https://doi.org/10.4085/1052-6050-50.2.12
https://doi.org/10.4085/1052-6050-50.2.12
https://doi.org/10.1136/bjsports-2019-101587
https://doi.org/10.1136/bjsports-2019-101587
https://doi.org/10.1177/0363546515599631
https://doi.org/10.1186/s12891-020-03658-8
https://doi.org/10.1111/sms.12890
https://doi.org/10.3233/IES-2003-0140
https://doi.org/10.1136/bjsports-2011-090317
https://doi.org/10.1123/jsr.2020-0014
https://doi.org/10.1136/bjsports-2011-090155
https://doi.org/10.1136/bjsports-2011-090155
https://doi.org/10.1136/bjsports-2016-095974
https://doi.org/10.1136/bjsports-2016-095974
https://doi.org/10.1136/bjsports-2015-095359
https://doi.org/10.5535/arm.2019.43.4.465
https://doi.org/10.1177/0363546509358381
https://doi.org/10.1177/0363546509358381
https://doi.org/10.1177/0363546508314432
https://doi.org/10.1177/0363546508314432
https://doi.org/10.1016/j.rboe.2017.05.005
https://doi.org/10.1111/sms.12786
https://doi.org/10.1111/sms.12786
https://doi.org/10.1016/j.ptsp.2006.02.001
https://doi.org/10.1177/0363546515617472


cpg24  |  march 2022  |  volume 52  |  number 3  |  journal of orthopaedic & sports physical therapy

Hamstring Strain Injury in Athletes: Clinical Practice GuidelinesHamstring Strain Injury in Athletes: Clinical Practice Guidelines

test for hamstring injuries in Australian Rules Football players. Br J Sports 
Med. 2014;48:713-717. https://doi.org/10.1136/bjsports-2013-092356

	34.	 Freckleton G, Pizzari T. Risk factors for hamstring muscle strain injury 
in sport: a systematic review and meta-analysis. Br J Sports Med. 
2013;47:351-358. https://doi.org/10.1136/bjsports-2011-090664

	35.	 Gabbe BJ, Bennell KL, Finch CF, Wajswelner H, Orchard JW. Predictors of 
hamstring injury at the elite level of Australian football. Scand J Med Sci 
Sports. 2006;16:7-13. https://doi.org/10.1111/j.1600-0838.2005.00441.x

	36.	 Gentilcore DR. The minimal effective dose of Nordic hamstring exercise 
for reducing hamstring strain injuries in football (soccer). J Aust Strength 
Cond. 2018;26:8.

	37.	 Goode AP, Reiman MP, Harris L, et al. Eccentric training for prevention of 
hamstring injuries may depend on intervention compliance: a systematic 
review and meta-analysis. Br J Sports Med. 2015;49:349-356. https://doi.
org/10.1136/bjsports-2014-093466

	38.	 Green B, Bourne MN, van Dyk N, Pizzari T. Recalibrating the risk of 
hamstring strain injury (HSI): a 2020 systematic review and meta-anal-
ysis of risk factors for index and recurrent hamstring strain injury in 
sport. Br J Sports Med. 2020;54:1081-1088. https://doi.org/10.1136/
bjsports-2019-100983

	39.	 Hamilton B. Hamstring muscle strain injuries: what can we learn from 
history? Br J Sports Med. 2012;46:900-903. https://doi.org/10.1136/
bjsports-2012-090931

	40.	 Hasebe Y, Akasaka K, Otsudo T, Tachibana Y, Hall T, Yamamoto M. Effects 
of Nordic hamstring exercise on hamstring injuries in high school soccer 
players: a randomized controlled trial. Int J Sports Med. 2020;41:154-160. 
https://doi.org/10.1055/a-1034-7854

	41.	 Heiser TM, Weber J, Sullivan G, Clare P, Jacobs RR. Prophylaxis 
and management of hamstring muscle injuries in intercollegiate 
football players. Am J Sports Med. 1984;12:368-370. https://doi.
org/10.1177/036354658401200506

	42.	 Hibbert O, Cheong K, Grant A, Beers A, Moizumi T. A systematic review of 
the effectiveness of eccentric strength training in the prevention of ham-
string muscle strains in otherwise healthy individuals. N Am J Sports Phys 
Ther. 2008;3:67-81.

	43.	 Hickey JT, Hickey PF, Maniar N, et al. A novel apparatus to measure knee 
flexor strength during various hamstring exercises: a reliability and retro-
spective injury study. J Orthop Sports Phys Ther. 2018;48:72-80. https://
doi.org/10.2519/jospt.2018.7634

	44.	 Hickey JT, Timmins RG, Maniar N, et al. Pain-free versus pain-threshold 
rehabilitation following acute hamstring strain injury: a randomized 
controlled trial. J Orthop Sports Phys Ther. 2020;50:91-103. https://doi.
org/10.2519/jospt.2020.8895

	45.	 Hickey JT, Timmins RG, Maniar N, Williams MD, Opar DA. Criteria for pro-
gressing rehabilitation and determining return-to-play clearance following 
hamstring strain injury: a systematic review. Sports Med. 2017;47:1375-
1387. https://doi.org/10.1007/s40279-016-0667-x

	46.	 Houweling TAW, Head A, Hamzeh MA. Validity of isokinetic testing for 
previous hamstring injury detection in soccer players. Isokinet Exerc Sci. 
2009;17:213-220. https://doi.org/10.3233/IES-2009-0356

	47.	 Ishøi L, Thorborg K, Hölmich P, Krommes K. Sprint performance in football 
(soccer) players with and without a previous hamstring strain injury: an 
explorative cross-sectional study. Int J Sports Phys Ther. 2020;15:947-957.

	48.	 Jacobsen P, Witvrouw E, Muxart P, Tol JL, Whiteley R. A combination of 
initial and follow-up physiotherapist examination predicts physician-de-
termined time to return to play after hamstring injury, with no added 
value of MRI. Br J Sports Med. 2016;50:431-439. https://doi.org/10.1136/
bjsports-2015-095073

	49.	 Järvinen TA, Järvinen M, Kalimo H. Regeneration of injured skeletal muscle 

after the injury. Muscles Ligaments Tendons J. 2013;3:337-345.

	50.	 Kerkhoffs GM, van Es N, Wieldraaijer T, Sierevelt IN, Ekstrand J, van Dijk 
CN. Diagnosis and prognosis of acute hamstring injuries in athletes. 
Knee Surg Sports Traumatol Arthrosc. 2013;21:500-509. https://doi.
org/10.1007/s00167-012-2055-x

	51.	 Kilcoyne KG, Dickens JF, Keblish D, Rue JP, Chronister R. Outcome of 
grade I and II hamstring injuries in intercollegiate athletes: a novel 
rehabilitation protocol. Sports Health. 2011;3:528-533. https://doi.
org/10.1177/1941738111422044

	52.	 Kornberg C, Lew P. The effect of stretching neural structures on grade one 
hamstring injuries. J Orthop Sports Phys Ther. 1989;10:481-487. https://
doi.org/10.2519/jospt.1989.10.12.481

	53.	 Laumonier T, Menetrey J. Muscle injuries and strategies for improv-
ing their repair. J Exp Orthop. 2016;3:15. https://doi.org/10.1186/
s40634-016-0051-7

	54.	 Lee JWY, Li C, Yung PSH, Chan KM. The reliability and validity of a vid-
eo-based method for assessing hamstring strength in football players. J 
Exerc Sci Fit. 2017;15:18-21. https://doi.org/10.1016/j.jesf.2017.04.001

	55.	 Lee JWY, Mok KM, Chan HCK, Yung PSH, Chan KM. Eccentric hamstring 
strength deficit and poor hamstring-to-quadriceps ratio are risk factors for 
hamstring strain injury in football: a prospective study of 146 professional 
players. J Sci Med Sport. 2018;21:789-793. https://doi.org/10.1016/j.
jsams.2017.11.017

	56.	 Malliaropoulos N, Korakakis V, Christodoulou D, et al. Development and 
validation of a questionnaire (FASH—Functional Assessment Scale for 
Acute Hamstring Injuries): to measure the severity and impact of symp-
toms on function and sports ability in patients with acute hamstring 
injuries. Br J Sports Med. 2014;48:1607-1612. https://doi.org/10.1136/
bjsports-2014-094021

	57.	 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;50:909-920. https://doi.
org/10.1136/bjsports-2015-095311

	58.	 Mason D, Dickens V, Vail A. Rehabilitation for hamstring in-
juries. Scand J Med Sci Sports. 2007;17:191-192. https://doi.
org/10.1111/j.1600-0838.2007.00650_2.x

	59.	 McCall A, Carling C, Davison M, et al. Injury risk factors, screening tests 
and preventative strategies: a systematic review of the evidence that un-
derpins the perceptions and practices of 44 football (soccer) teams from 
various premier leagues. Br J Sports Med. 2015;49:583-589. https://doi.
org/10.1136/bjsports-2014-094104

	60.	 Mendiguchia J, Martinez-Ruiz E, Edouard P, et al. A multifactorial, 
criteria-based progressive algorithm for hamstring injury treatment. 
Med Sci Sports Exerc. 2017;49:1482-1492. https://doi.org/10.1249/
MSS.0000000000001241

	61.	 Murach KA, Fry CS, Dupont-Versteegden EE, McCarthy JJ, Peterson CA. 
Fusion and beyond: satellite cell contributions to loading-induced skeletal 
muscle adaptation. FASEB J. 2021;35:e21893. https://doi.org/10.1096/
fj.202101096R

	62.	 Opar DA, Piatkowski T, Williams MD, Shield AJ. A novel device using the 
Nordic hamstring exercise to assess eccentric knee flexor strength: a 
reliability and retrospective injury study. J Orthop Sports Phys Ther. 
2013;43:636-640. https://doi.org/10.2519/jospt.2013.4837

	63.	 Opar DA, Timmins RG, Behan FP, et al. Is pre-season eccentric strength 
testing during the Nordic hamstring exercise associated with future ham-
string strain injury? A systematic review and meta-analysis. Sports Med. 
2021;51:1935-1945. https://doi.org/10.1007/s40279-021-01474-1

	64.	 Opar DA, Williams MD, Shield AJ. Hamstring strain injuries: factors that 
lead to injury and re-injury. Sports Med. 2012;42:209-226. https://doi.

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

2 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

https://doi.org/10.1136/bjsports-2013-092356
https://doi.org/10.1136/bjsports-2011-090664
https://doi.org/10.1111/j.1600-0838.2005.00441.x
https://doi.org/10.1136/bjsports-2014-093466
https://doi.org/10.1136/bjsports-2014-093466
https://doi.org/10.1136/bjsports-2019-100983
https://doi.org/10.1136/bjsports-2019-100983
https://doi.org/10.1136/bjsports-2012-090931
https://doi.org/10.1136/bjsports-2012-090931
https://doi.org/10.1055/a-1034-7854
https://doi.org/10.1177/036354658401200506
https://doi.org/10.1177/036354658401200506
https://doi.org/10.2519/jospt.2018.7634
https://doi.org/10.2519/jospt.2018.7634
https://doi.org/10.2519/jospt.2020.8895
https://doi.org/10.2519/jospt.2020.8895
https://doi.org/10.1007/s40279-016-0667-x
https://doi.org/10.3233/IES-2009-0356
https://doi.org/10.1136/bjsports-2015-095073
https://doi.org/10.1136/bjsports-2015-095073
https://doi.org/10.1007/s00167-012-2055-x
https://doi.org/10.1007/s00167-012-2055-x
https://doi.org/10.1177/1941738111422044
https://doi.org/10.1177/1941738111422044
https://doi.org/10.2519/jospt.1989.10.12.481
https://doi.org/10.2519/jospt.1989.10.12.481
https://doi.org/10.1186/s40634-016-0051-7
https://doi.org/10.1186/s40634-016-0051-7
https://doi.org/10.1016/j.jesf.2017.04.001
https://doi.org/10.1016/j.jsams.2017.11.017
https://doi.org/10.1016/j.jsams.2017.11.017
https://doi.org/10.1136/bjsports-2014-094021
https://doi.org/10.1136/bjsports-2014-094021
https://doi.org/10.1136/bjsports-2015-095311
https://doi.org/10.1136/bjsports-2015-095311
https://doi.org/10.1111/j.1600-0838.2007.00650_2.x
https://doi.org/10.1111/j.1600-0838.2007.00650_2.x
https://doi.org/10.1136/bjsports-2014-094104
https://doi.org/10.1136/bjsports-2014-094104
https://doi.org/10.1249/MSS.0000000000001241
https://doi.org/10.1249/MSS.0000000000001241
https://doi.org/10.1096/fj.202101096R
https://doi.org/10.1096/fj.202101096R
https://doi.org/10.2519/jospt.2013.4837
https://doi.org/10.1007/s40279-021-01474-1
https://doi.org/10.2165/11594800-000000000-00000


journal of orthopaedic & sports physical therapy  |  volume 52  |  number 3  |  march 2022  |  cpg25

Hamstring Strain Injury in Athletes: Clinical Practice GuidelinesHamstring Strain Injury in Athletes: Clinical Practice Guidelines

SDFGSDFGSDFGDFG
ball players based on physical exercises: systematic review. J Clin Med. 
2021;10:2029. https://doi.org/10.3390/jcm10092029

	81.	 Sanfilippo JL, Silder A, Sherry MA, Tuite MJ, Heiderscheit BC. Ham-
string strength and morphology progression after return to sport from 
injury. Med Sci Sports Exerc. 2013;45:448-454. https://doi.org/10.1249/
MSS.0b013e3182776eff

	82.	 Schmitt BM, Tyler TF, Kwiecien SY, Fox MB, McHugh MP. Mapping tender-
ness to palpation predicts return to play following acute hamstring strain. 
Int J Sports Phys Ther. 2020;15:421-428.

	83.	 Schneider-Kolsky ME, Hoving JL, Warren P, Connell DA. A comparison 
between clinical assessment and magnetic resonance imaging of acute 
hamstring injuries. Am J Sports Med. 2006;34:1008-1015. https://doi.
org/10.1177/0363546505283835

	84.	 Schut L, Wangensteen A, Maaskant J, Tol JL, Bahr R, Moen M. Can clinical 
evaluation predict return to sport after acute hamstring injuries? A sys-
tematic review. Sports Med. 2017;47:1123-1144. https://doi.org/10.1007/
s40279-016-0639-1

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

	86.	 Smirnova L, Derinov A, Glazkova I. Hamstring structural injury in futsal 
players: the effect of active range of motion (AROM) deficit on rehabilita-
tion period. Muscles Ligaments Tendons J. 2020;10:645-650. https://doi.
org/10.32098/mltj.04.2020.12

	87.	 Sole G, Milosavljevic S, Nicholson HD, Sullivan SJ. Selective strength loss 
and decreased muscle activity in hamstring injury. J Orthop Sports Phys 
Ther. 2011;41:354-363. https://doi.org/10.2519/jospt.2011.3268

	88.	 Sugiura Y, Sakuma K, Sakuraba K, Sato Y. Prevention of hamstring injuries 
in collegiate sprinters. Orthop J Sports Med. 2017;5:2325967116681524. 
https://doi.org/10.1177/2325967116681524

	89.	 Timmins RG, Shield AJ, Williams MD, Lorenzen C, Opar DA. Biceps 
femoris long head architecture: a reliability and retrospective injury 
study. Med Sci Sports Exerc. 2015;47:905-913. https://doi.org/10.1249/
MSS.0000000000000507

	90.	 Timmins RG, Shield AJ, Williams MD, Opar DA. Is there evidence to sup-
port the use of the angle of peak torque as a marker of hamstring injury 
and re-injury risk? Sports Med. 2016;46:7-13. https://doi.org/10.1007/
s40279-015-0378-8

	91.	 Tokutake G, Kuramochi R, Murata Y, Enoki S, Koto Y, Shimizu T. The risk 
factors of hamstring strain injury induced by high-speed running. J Sports 
Sci Med. 2018;17:650-655.

	92.	 Tol JL, Hamilton B, Eirale C, Muxart P, Jacobsen P, Whiteley R. At return to 
play following hamstring injury the majority of professional football players 
have residual isokinetic deficits. Br J Sports Med. 2014;48:1364-1369. 
https://doi.org/10.1136/bjsports-2013-093016

	93.	 Tosovic D, Muirhead JC, Brown JM, Woodley SJ. Anatomy of the long 
head of biceps femoris: an ultrasound study. Clin Anat. 2016;29:738-745. 
https://doi.org/10.1002/ca.22718

	94.	 Tyler TF, Schmitt BM, Nicholas SJ, McHugh MP. Rehabilitation after ham-
string-strain injury emphasizing eccentric strengthening at long muscle 
lengths: results of long-term follow-up. J Sport Rehabil. 2017;26:131-140. 
https://doi.org/10.1123/jsr.2015-0099

	95.	 van Beijsterveldt AM, van de Port IG, Vereijken AJ, Backx FJ. Risk factors 
for hamstring injuries in male soccer players: a systematic review of pro-
spective studies. Scand J Med Sci Sports. 2013;23:253-262. https://doi.
org/10.1111/j.1600-0838.2012.01487.x

	96.	 van de Hoef PA, Brink MS, van der Horst N, van Smeden M, Backx FJG. 
The prognostic value of the hamstring outcome score to predict the risk 
of hamstring injuries. J Sci Med Sport. 2021;24:641-646. https://doi.

org/10.2165/11594800-000000000-00000

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

	66.	 Opar DA, Williams MD, Timmins RG, Hickey J, Duhig SJ, Shield AJ. 
Eccentric hamstring strength and hamstring injury risk in Australian foot-
ballers. Med Sci Sports Exerc. 2015;47:857-865. https://doi.org/10.1249/
MSS.0000000000000465

	67.	 Orchard J, Best TM, Verrall GM. Return to play following muscle 
strains. Clin J Sport Med. 2005;15:436-441. https://doi.org/10.1097/01.
jsm.0000188206.54984.65

	68.	 Orchard JW. Intrinsic and extrinsic risk factors for muscle strains in Aus-
tralian football. Am J Sports Med. 2001;29:300-303. https://doi.org/10. 
1177/03635465010290030801

	69.	 Orchard JW, Chaker Jomaa M, Orchard JJ, et al. Fifteen-week window for 
recurrent muscle strains in football: a prospective cohort of 3600 muscle 
strains over 23 years in professional Australian rules football. Br J Sports 
Med. 2020;54:1103-1107. https://doi.org/10.1136/bjsports-2019-100755

	70.	 Pas HI, Reurink G, Tol JL, Weir A, Winters M, Moen MH. Efficacy of reha-
bilitation (lengthening) exercises, platelet-rich plasma injections, and 
other conservative interventions in acute hamstring injuries: an updated 
systematic review and meta-analysis. Br J Sports Med. 2015;49:1197-1205. 
https://doi.org/10.1136/bjsports-2015-094879

	71.	 Pollock N, James SL, Lee JC, Chakraverty R. British Athletics Muscle Injury 
Classification: a new grading system. Br J Sports Med. 2014;48:1347-1351. 
https://doi.org/10.1136/bjsports-2013-093302

	72.	 Pollock N, Patel A, Chakraverty J, Suokas A, James SL, Chakraverty R. 
Time to return to full training is delayed and recurrence rate is higher 
in intratendinous (‘c’) acute hamstring injury in elite track and field 
athletes: clinical application of the British Athletics Muscle Injury Clas-
sification. Br J Sports Med. 2016;50:305-310. https://doi.org/10.1136/
bjsports-2015-094657

	73.	 Prior M, Guerin M, Grimmer K. An evidence-based approach to ham-
string strain injury: a systematic review of the literature. Sports Health. 
2009;1:154-164. https://doi.org/10.1177/1941738108324962

	74.	 Raya-Gonzalez J, Castillo D, Clemente FM. Injury prevention of hamstring 
injuries through exercise interventions. J Sports Med Phys Fitness. 
2021;61:1242-1251. https://doi.org/10.23736/S0022-4707.21.11670-6

	75.	 Reurink G, Goudswaard GJ, Moen MH, Tol JL, Verhaar JA, Weir A. Strength 
measurements in acute hamstring injuries: intertester reliability and 
prognostic value of handheld dynamometry. J Orthop Sports Phys Ther. 
2016;46:689-696. https://doi.org/10.2519/jospt.2016.6363

	76.	 Reurink G, Goudswaard GJ, Oomen HG, et al. Reliability of the active and 
passive knee extension test in acute hamstring injuries. Am J Sports Med. 
2013;41:1757-1761. https://doi.org/10.1177/0363546513490650

	77.	 Reurink G, Goudswaard GJ, Tol JL, Verhaar JA, Weir A, Moen MH. 
Therapeutic interventions for acute hamstring injuries: a systematic 
review. Br J Sports Med. 2012;46:103-109. https://doi.org/10.1136/
bjsports-2011-090447

	78.	 Rogan S, Wüst D, Schwitter T, Schmidtbleicher D. Static stretching of 
the hamstring muscle for injury prevention in football codes: a system-
atic review. Asian J Sports Med. 2013;4:1-9. https://doi.org/10.5812/
ASJSM.34519

	79.	 Røksund OD, Kristoffersen M, Bogen BE, et al. Higher drop in speed during 
a repeated sprint test in soccer players reporting former hamstring strain 
injury. Front Physiol. 2017;8:25. https://doi.org/10.3389/fphys.2017.00025

	80.	 Rosado-Portillo A, Chamorro-Moriana G, Gonzalez-Medina G, Perez-Cabe-
zas V. Acute hamstring injury prevention programs in eleven-a-side foot-

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

2 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

https://doi.org/10.3390/jcm10092029
https://doi.org/10.1249/MSS.0b013e3182776eff
https://doi.org/10.1249/MSS.0b013e3182776eff
https://doi.org/10.1177/0363546505283835
https://doi.org/10.1177/0363546505283835
https://doi.org/10.1007/s40279-016-0639-1
https://doi.org/10.1007/s40279-016-0639-1
https://doi.org/10.2519/jospt.2004.34.3.116
https://doi.org/10.32098/mltj.04.2020.12
https://doi.org/10.32098/mltj.04.2020.12
https://doi.org/10.2519/jospt.2011.3268
https://doi.org/10.1177/2325967116681524
https://doi.org/10.1249/MSS.0000000000000507
https://doi.org/10.1249/MSS.0000000000000507
https://doi.org/10.1007/s40279-015-0378-8
https://doi.org/10.1007/s40279-015-0378-8
https://doi.org/10.1136/bjsports-2013-093016
https://doi.org/10.1002/ca.22718
https://doi.org/10.1123/jsr.2015-0099
https://doi.org/10.1111/j.1600-0838.2012.01487.x
https://doi.org/10.1111/j.1600-0838.2012.01487.x
https://doi.org/10.1016/j.jsams.2021.01.001
https://doi.org/10.2165/11594800-000000000-00000
https://doi.org/10.1016/j.jelekin.2012.11.004
https://doi.org/10.1249/MSS.0000000000000465
https://doi.org/10.1249/MSS.0000000000000465
https://doi.org/10.1097/01.jsm.0000188206.54984.65
https://doi.org/10.1097/01.jsm.0000188206.54984.65
https://doi.org/10.
1177/03635465010290030801

https://doi.org/10.1136/bjsports-2019-100755
https://doi.org/10.1136/bjsports-2015-094879
https://doi.org/10.1136/bjsports-2013-093302
https://doi.org/10.1136/bjsports-2015-094657
https://doi.org/10.1136/bjsports-2015-094657
https://doi.org/10.1177/1941738108324962
https://doi.org/10.23736/S0022-4707.21.11670-6
https://doi.org/10.2519/jospt.2016.6363
https://doi.org/10.1177/0363546513490650
https://doi.org/10.1136/bjsports-2011-090447
https://doi.org/10.1136/bjsports-2011-090447
https://doi.org/10.5812/ASJSM.34519
https://doi.org/10.5812/ASJSM.34519
https://doi.org/10.3389/fphys.2017.00025


cpg26  |  march 2022  |  volume 52  |  number 3  |  journal of orthopaedic & sports physical therapy

Hamstring Strain Injury in Athletes: Clinical Practice GuidelinesHamstring Strain Injury in Athletes: Clinical Practice Guidelines

org/10.1016/j.jsams.2021.01.001

	97.	 van der Horst N, van de Hoef S, Reurink G, Huisstede B, Backx F. Return 
to play after hamstring injuries: a qualitative systematic review of defini-
tions and criteria. Sports Med. 2016;46:899-912. https://doi.org/10.1007/
s40279-015-0468-7

	98.	 van Doormaal MC, van der Horst N, Backx FJ, Smits DW, Huisstede BM. 
No relationship between hamstring flexibility and hamstring injuries in 
male amateur soccer players: a prospective study. Am J Sports Med. 
2017;45:121-126. https://doi.org/10.1177/0363546516664162

	99.	 van Dyk N, Bahr R, Burnett AF, et al. A comprehensive strength testing 
protocol offers no clinical value in predicting risk of hamstring injury: a 
prospective cohort study of 413 professional football players. Br J Sports 
Med. 2017;51:1695-1702. https://doi.org/10.1136/bjsports-2017-097754

	100.	van Dyk N, Bahr R, Whiteley R, et al. Hamstring and quadriceps isokinetic 
strength deficits are weak risk factors for hamstring strain injuries: a 
4-year cohort study. Am J Sports Med. 2016;44:1789-1795. https://doi.
org/10.1177/0363546516632526

	101.	 van Dyk N, Behan FP, Whiteley R. Including the Nordic hamstring exercise 
in injury prevention programmes halves the rate of hamstring injuries: a 
systematic review and meta-analysis of 8459 athletes. Br J Sports Med. 
2019;53:1362-1370. https://doi.org/10.1136/bjsports-2018-100045

	102.	Verrall GM, Kalairajah Y, Slavotinek JP, Spriggins AJ. Assessment of 
player performance following return to sport after hamstring muscle 
strain injury. J Sci Med Sport. 2006;9:87-90. https://doi.org/10.1016/j.
jsams.2006.03.007

	103.	Verrall GM, Slavotinek JP, Barnes PG, Fon GT. Diagnostic and prognostic 
value of clinical findings in 83 athletes with posterior thigh injury: compar-
ison of clinical findings with magnetic resonance imaging documentation 
of hamstring muscle strain. Am J Sports Med. 2003;31:969-973. https://
doi.org/10.1177/03635465030310063701

	104.	Wangensteen A, Almusa E, Boukarroum S, et al. MRI does not add value 
over and above patient history and clinical examination in predicting time 
to return to sport after acute hamstring injuries: a prospective cohort 
of 180 male athletes. Br J Sports Med. 2015;49:1579-1587. https://doi.
org/10.1136/bjsports-2015-094892

	105.	Wangensteen A, Guermazi A, Tol JL, et al. New MRI muscle classification 
systems and associations with return to sport after acute hamstring 
injuries: a prospective study. Eur Radiol. 2018;28:3532-3541. https://doi.
org/10.1007/s00330-017-5125-0

	106.	Wangensteen A, Tol JL, Witvrouw E, et al. Hamstring reinjuries occur at 
the same location and early after return to sport: a descriptive study of 
MRI-confirmed reinjuries. Am J Sports Med. 2016;44:2112-2121. https://
doi.org/10.1177/0363546516646086

	107.	 Whiteley R, van Dyk N, Wangensteen A, Hansen C. Clinical implications 
from daily physiotherapy examination of 131 acute hamstring injuries 
and their association with running speed and rehabilitation progres-
sion. Br J Sports Med. 2018;52:303-310. https://doi.org/10.1136/
bjsports-2017-097616

	108.	World Health Organization. International Classification of Functioning, Dis-
ability and Health: ICF. Geneva, Switzerland: World Health Organization; 
2001.

	109.	Worrell TW. Factors associated with hamstring injuries. An approach to 
treatment and preventative measures. Sports Med. 1994;17:338-345. 
https://doi.org/10.2165/00007256-199417050-00006

	110.	 Zarins B, Ciullo JV. Acute muscle and tendon injuries in ath-
letes. Clin Sports Med. 1983;2:167-182. https://doi.org/10.1016/
S0278-5919(20)31445-9

	111.	 Zeren B, Oztekin HH. A new self-diagnostic test for biceps femo-
ris muscle strains. Clin J Sport Med. 2006;16:166-169. https://doi.
org/10.1097/00042752-200603000-00014

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

2 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

https://doi.org/10.1016/j.jsams.2021.01.001
https://doi.org/10.1007/s40279-015-0468-7
https://doi.org/10.1007/s40279-015-0468-7
https://doi.org/10.1177/0363546516664162
https://doi.org/10.1136/bjsports-2017-097754
https://doi.org/10.1177/0363546516632526
https://doi.org/10.1177/0363546516632526
https://doi.org/10.1136/bjsports-2018-100045
https://doi.org/10.1016/j.jsams.2006.03.007
https://doi.org/10.1016/j.jsams.2006.03.007
https://doi.org/10.1177/03635465030310063701
https://doi.org/10.1177/03635465030310063701
https://doi.org/10.1136/bjsports-2015-094892
https://doi.org/10.1136/bjsports-2015-094892
https://doi.org/10.1007/s00330-017-5125-0
https://doi.org/10.1007/s00330-017-5125-0
https://doi.org/10.1177/0363546516646086
https://doi.org/10.1177/0363546516646086
https://doi.org/10.1136/bjsports-2017-097616
https://doi.org/10.1136/bjsports-2017-097616
https://doi.org/10.2165/00007256-199417050-00006
https://doi.org/10.1016/S0278-5919(20)31445-9
https://doi.org/10.1016/S0278-5919(20)31445-9
https://doi.org/10.1097/00042752-200603000-00014
https://doi.org/10.1097/00042752-200603000-00014


journal of orthopaedic & sports physical therapy  |  volume 52  |  number 3  |  march 2022  |  cpg27

Hamstring Strain Injury in Athletes: Clinical Practice GuidelinesHamstring Strain Injury in Athletes: Clinical Practice Guidelines

SEARCH STRATEGIES AND RESULTS

Physical Impairment Measures
All search results, n = 3610; original citations, n = 2686

Patient-Reported Outcome Measures
All search results, n = 1433; original citations, n = 1112

PubMed (June 7, 2020)
Search Term Result

1 “Hamstring Tendons”[Mesh] OR Biceps Femoris[tw] OR hamstring[tw] OR hamstrings[tw] OR Semimembranosus[tw] OR Semitendinosus[tw] OR 
thigh[tw]

45670

2 Myofascial pain syndromes[mh:noexp] OR soft tissue injuries[mh:noexp] OR strains[mh] OR myositis ossificans[mh] OR leg injuries[mh:noexp] OR 
Pain[mesh:noexp] OR Acute Pain[mesh] OR Chronic Pain[mesh] OR Musculoskeletal Pain[mesh:noexp] OR Pain[tiab] OR Painful[tw] OR Ache[tw] OR 
Injury[tw] OR Injuries[tw]

1796745

3 1 AND 2 13942

4 Hamstring strain[mesh] OR Hamstring strain[tw] OR Hamstring tear[tw] OR Torn Hamstring[tw] OR Hamstring injury[tw] OR Hamstring injuries[tw] OR 
Hamstring pain[tw] OR Hamstring ache[tw] OR Hamstring Myositis Ossificans[tw]

829

5 3 OR 4 13956

6 “Sensitivity and Specificity”[Mesh] OR sensitivity[tw] OR specificity[tw] OR “Evaluation Studies as Topic”[Mesh] OR evaluation indexes[tw] OR evaluation 
report[tw] OR evaluation reports[tw] OR evaluation research[tw] OR use-effectiveness[tw] OR use effectiveness[tw] OR preposttests[tw] OR pre 
post test[tw] OR preposttest[tw] OR pre post test[tw] OR qualitative evaluation[tw] OR qualitative evaluations[tw] OR quantitative evaluation[tw] OR 
quantitative evaluations[tw] OR theoretical effectiveness[tw] OR critique[tw] OR critiques[tw] OR evaluation methodology[tw] OR evaluation method-
ologies[tw] OR “Validation Studies as Topic”[Mesh] OR “Reproducibility of Results”[Mesh] OR reproducibility[tw] OR validity[tw] OR validation[tw] OR 
reliability[tw] OR “Data Accuracy”[Mesh] OR data accuracy[tw] OR data accuracies[tw] OR data quality[tw] OR data qualities[tw] OR precision[tw] 
OR responsiveness[tw] OR consistency[tw] OR consistencies[tw] OR consistent[tw] OR log-likelihood ratio[tw] OR likelihood-ratio[tw] OR likelihood 
ratio[tw] OR LR test[tiab] OR “Epidemiologic Research Design”[Mesh] OR “Research Design”[Mesh] OR research design[tw] OR research designs[tw] 
OR research strategy[tw] OR research strategies[tw] OR research techniques[tw] OR research technique[tw] OR research methodology[tw] OR research 
methodologies[tw] OR experimental design[tw] OR experimental designs[tw]

4199739

7 “Gait”[Mesh] OR “Gait Analysis”[Mesh] OR gait[tw] OR “strength test”[tw] OR isokinetic[tw] OR “range of motion”[tw] OR flexibility[tw] OR full move-
ment[tw] OR “lower extremity alignment”[tw] OR “posture”[tw] OR movement pattern[tw] OR movement patterns[tw] OR “straight leg raise”[tw] OR 
“McConnell test”[tw] OR “dynamic horizontal side support”[tw] OR “dynamic valgus”[tw] OR “single leg bride” [tw] OR “Active hamstring test”[tw] 
OR “Hamstring 90/90 Test”[tw] OR “endurance test”[tw] OR “single leg squat”[tw] OR “single-leg stance”[tw] OR “single leg balance”[tw] OR “step 
down”[tw] OR Agility testing[tw] OR sprinting[tw] OR jumping[tw] OR “Timed hop for distance”[tw] OR “Star Excursion balance test”[tw] OR “step-down 
test”[tw] OR “cross-over”[tw] OR “Copenhagen five second squeeze test”[tw] OR “Double straight leg lower test”[tw] OR “Rehabilitation”[Mesh] OR re-
habilitation[tw] OR physical function[tw] OR physical functions[tw] OR physical functioning[tw] OR performance status[tw] OR “Return to Sport”[Mesh] 
OR “back-to-sport”[tw] OR “return-to-sport”[tw] OR “back to sport”[tw] OR “return to sport”[tw] OR “back-to-sports”[tw] OR “return-to-sports”[tw] 
OR “back to sports”[tw] OR “return to sports”[tw] OR “sporting activity resumption”[tw] OR “recreational activities resumption”[tw] OR “return to 
recreation”[tw] OR “return to recreational”[tw] OR “return to play”[tw]

874126

8 “Pain”[Majr] OR pain rating[tw] OR pain scale[tw] OR visual analogue scale[tw] OR visual analog scale[tw] OR numerical rating scale[tw] OR number rating 
scale[tw] OR Perth Hamstring Assessment Tool[tw] OR “Copenhagen Hip and Groin Outcome Score”[tw] OR “Hip and Groin Outcome Score”[tw] OR 
NAHS[tiab] OR lower extremity functional scale[tw] OR LEFS[tiab] OR short form health survey[tw] OR short-form health survey[tw] OR SF36[tw] OR 
SF-36[tw] OR “SF 36”[tw] OR “short form 36”[tw] OR “shortform 36”[tw] OR shortform36[tw] OR “36 item short form”[tw] OR “36-item short form”[tw] 
OR SF12[tw] OR SF-12[tw] OR “SF 12”[tw] OR “short form 12”[tw] OR “shortform 12”[tw] OR shortform12[tw] OR “12 item short form”[tw] OR “12-item 
short form”[tw] OR tegner activity level scale[tw] OR hip sports activity scale[tw] OR HSAS[tiab]

329938

9 5 AND 6 AND 7 AND English[language] 681

10 5 AND 6 AND 8 AND English[language] 323
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Embase (June 7, 2020)
Search Term Result

1 ‘Hamstring Tendon’/exp OR ‘biceps femoris tendon’/exp OR “Biceps Femoris”: ti,ab,de,tn OR hamstring:ti,ab,de,tn OR hamstrings:ti,ab,de,tn OR ‘semimem-
branosus tendon’/exp OR Semimembranosus:ti,ab,de,tn OR Semitendinosus:ti,ab,de,tn OR thigh:ti,ab,de,tn

60500

2 ‘Myofascial pain’/de OR ‘soft tissue injury’/de OR ‘ossifying myositis’/exp OR ‘leg injury’/de OR ‘Pain’/de OR ‘Chronic Pain’/exp OR ‘Musculoskeletal Pain’/de 
OR Pain:ti,ab OR Painful:ti,ab,de,tn OR Ache:ti,ab,de,tn OR Injury:ti,ab,de,tn OR Injuries:ti,ab,de,tn

2610373

3 1 AND 2 19523

4 “Hamstring strain”:ti,ab,de,tn OR “Hamstring strains”:ti,ab,de,tn OR “Hamstring tear”:ti,ab,de,tn OR “Torn Hamstring”:ti,ab,de,tn OR “Hamstring inju-
ry”:ti,ab,de,tn OR “Hamstring injuries”:ti,ab,de,tn OR “Hamstring pain”:ti,ab,de,tn OR “Hamstring ache”:ti,ab,de,tn OR “Hamstring Myositis Ossifi-
cans”:ti,ab,de,tn

850

5 3 OR 4 19539

6 ‘sensitivity’/exp OR sensitivity:ti,ab,de OR ‘specificity’/exp OR specificity:ti,ab,de OR ‘evaluation indexes’/exp OR ‘evaluation indexes’:ti,ab,de OR ‘evaluation 
report’/exp OR ‘evaluation report’:ti,ab,de OR ‘evaluation reports’:ti,ab,de OR ‘evaluation research’/exp OR ‘evaluation research’:ti,ab,de OR ‘use 
effectiveness’/exp OR ‘use effectiveness’:ti,ab,de OR ‘pre post tests’/exp OR ‘pre post tests’:ti,ab,de OR ‘prepost test’:ti,ab,de OR ‘qualitative evaluation’/
exp OR ‘qualitative evaluation’:ti,ab,de OR ‘qualitative evaluations’:ti,ab,de OR ‘quantitative evaluation’/exp OR ‘quantitative evaluation’:ti,ab,de OR 
‘quantitative evaluations’:ti,ab,de OR ‘theoretical effectiveness’/exp OR ‘theoretical effectiveness’:ti,ab,de OR ‘critique’/exp OR critique:ti,ab,de OR cri-
tiques:ti,ab,de OR ‘evaluation methodology’/exp OR ‘evaluation methodology’:ti,ab,de OR ‘evaluation methodologies’:ti,ab,de OR ‘reproducibility’/exp OR 
reproducibility:ti,ab,de OR ‘validity’/exp OR validity:ti,ab,de OR ‘reliability’/exp OR reliability:ti,ab,de OR ‘data accuracy’/exp OR ‘data accuracy’:ti,ab,de 
OR ‘data accuracies’:ti,ab,de OR ‘data quality’/exp OR ‘data quality’:ti,ab,de OR ‘data qualities’:ti,ab,de OR ‘precision’/exp OR precision:ti,ab,de OR 
‘responsiveness’/exp OR responsiveness:ti,ab,de OR ‘consistency’/exp OR consistency:ti,ab,de OR consistencies:ti,ab,de OR consistent:ti,ab,de 
OR ‘log-likelihood ratio’ OR ‘likelihood-ratio’:ti,ab,de OR ‘likelihood ratio’/exp OR ‘likelihood ratio’:ti,ab,de OR ‘research design’/exp OR ‘research 
design’:ti,ab,de OR ‘research designs’:ti,ab,de OR ‘research strategy’:ti,ab,de OR ‘research strategies’:ti,ab,de OR ‘research techniques’:ti,ab,de OR 
‘research technique’:ti,ab,de OR ‘research methodology’/exp OR ‘research methodology’:ti,ab,de OR ‘research methodologies’:ti,ab,de OR ‘experimental 
design’/exp OR ‘experimental design’:ti,ab,de OR ‘experimental designs’:ti,ab,de

8608226

7 ‘Gait’/exp OR gait:ti,ab,de,tn OR “strength test”:ti,ab,de,tn OR isokinetic:ti,ab,de,tn OR “range of motion”:ti,ab,de,tn OR flexibility:ti,ab,de,tn OR “full 
movement”:ti,ab,de,tn OR “lower extremity alignment”:ti,ab,de,tn OR posture:ti,ab,de,tn OR “movement pattern”:ti,ab,de,tn OR “movement pat-
terns”:ti,ab,de,tn OR “straight leg raise”:ti,ab,de,tn OR “McConnell test”:ti,ab,de,tn OR “dynamic horizontal side support”:ti,ab,de,tn OR “dynamic 
valgus”:ti,ab,de,tn OR “single leg bride”:ti,ab,de,tn OR “Active hamstring test”:ti,ab,de,tn OR “Hamstring 90/90 Test”:ti,ab,de,tn OR “endurance 
test”:ti,ab,de,tn OR “single leg squat”:ti,ab,de,tn OR “single-leg stance”:ti,ab,de,tn OR “single leg balance”:ti,ab,de,tn OR “step down”:ti,ab,de,tn 
OR “Agility testing”:ti,ab,de,tn OR sprinting:ti,ab,de,tn OR jumping:ti,ab,de,tn OR “Timed hop for distance”:ti,ab,de,tn OR “Star Excursion balance 
test”:ti,ab,de,tn OR “step-down test”:ti,ab,de,tn OR cross-over:ti,ab,de,tn OR “Copenhagen five second squeeze test”:ti,ab,de,tn OR “Double straight 
leg lower test”:ti,ab,de,tn OR ‘Rehabilitation’/de OR rehabilitation:ti,ab,de,tn OR “physical function”:ti,ab,de,tn OR “physical functions”:ti,ab,de,tn OR 
“physical functioning”:ti,ab,de,tn OR “performance status”:ti,ab,de,tn OR ‘Return to Sport’/exp OR back-to-sport:ti,ab,de,tn OR return-to-sport:ti,ab,de,tn 
OR “back to sport”:ti,ab,de,tn OR “return to sport”:ti,ab,de,tn OR back-to-sports:ti,ab,de,tn OR return-to-sports:ti,ab,de,tn OR “back to sports”:ti,ab,de,tn 
OR “return to sports”:ti,ab,de,tn OR “sporting activity resumption”:ti,ab,de,tn OR “recreational activities resumption”:ti,ab,de,tn OR “return to recre-
ation”:ti,ab,de,tn OR “return to recreational”:ti,ab,de,tn OR “return to play”:ti,ab,de,tn

675912

8 ‘Pain’/exp/mj OR “pain rating”:ti,ab,de,tn OR “pain scale”:ti,ab,de,tn OR “visual analogue scale”:ti,ab,de,tn OR “visual analog scale”:ti,ab,de,tn OR “numeri-
cal rating scale”:ti,ab,de,tn OR “number rating scale”:ti,ab,de,tn OR “Perth Hamstring Assessment Tool”:ti,ab,de,tn OR “Copenhagen Hip and Groin Out-
come Score”:ti,ab,de,tn OR “Hip and Groin Outcome Score”:ti,ab,de,tn OR NAHS:ti,ab OR “lower extremity functional scale”:ti,ab,de,tn OR LEFS:ti,ab OR 
“short form health survey”:ti,ab,de,tn OR “short-form health survey”:ti,ab,de,tn OR SF36:ti,ab,de,tn OR SF-36:ti,ab,de,tn OR “SF 36”:ti,ab,de,tn OR “short 
form 36”:ti,ab,de,tn OR “shortform 36”:ti,ab,de,tn OR shortform36:ti,ab,de,tn OR “36 item short form”:ti,ab,de,tn OR “36-item short form”:ti,ab,de,tn 
OR SF12:ti,ab,de,tn OR SF-12:ti,ab,de,tn OR “SF 12”:ti,ab,de,tn OR “short form 12”:ti,ab,de,tn OR “shortform 12”:ti,ab,de,tn OR shortform12:ti,ab,de,tn OR 
“12 item short form”:ti,ab,de,tn OR “12-item short form”:ti,ab,de,tn OR “tegner activity level scale”:ti,ab,de,tn OR “hip sports activity scale”:ti,ab,de,tn OR 
HSAS:ti,ab

558290

9 5 AND 6 AND 7 AND [english]/lim AND [embase]/lim NOT ‘conference abstract’/it 887

10 5 AND 6 AND 8 AND [english]/lim AND [embase]/lim NOT ‘conference abstract’/it 619
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CINAHL (June 7, 2020)
Search Term Result

1 “Biceps Femoris” OR hamstring OR hamstrings OR Semimembranosus OR Semitendinosus OR thigh 14767

2 (MH “Myofascial pain syndromes”) OR (MH “soft tissue injuries”) OR (MH “Sprains and Strains”) OR (MH “Myositis Ossificans”) OR (MH “Leg Injuries”) OR 
(MH “Pain”) OR (MH “Chronic Pain”) OR Pain OR Painful OR Ache OR Injury OR Injuries

628076

3 1 AND 2 6892

4 “Hamstring strain” OR “Hamstring tear” OR “Hamstring injury” OR “Hamstring injuries” OR “Hamstring pain” OR “Hamstring ache” OR “Hamstring 
Myositis Ossificans”

633

5 3 OR 4 6896

6 ((MH “Sensitivity and Specificity+”) OR sensitivity OR specificity OR “evaluation indexes” OR “evaluation report” OR “evaluation reports” OR “evaluation 
research” OR use-effectiveness OR “use effectiveness” OR preposttests OR “pre post test” OR preposttest OR “pre post test” OR “qualitative evaluation” 
OR “qualitative evaluations” OR “quantitative evaluation” OR “quantitative evaluations” OR “theoretical effectiveness” OR critique OR critiques OR “eval-
uation methodology” OR “evaluation methodologies” OR reproducibility OR validity OR validation OR reliability OR “data accuracy” OR “data accuracies” 
OR “data quality” OR “data qualities” OR precision OR responsiveness OR consistency OR consistencies OR consistent OR “log-likelihood ratio” OR like-
lihood-ratio OR “likelihood ratio” OR TI “LR test” OR AB “LR test” OR (MH “Study Design+”) OR “research design” OR “research designs” OR “research 
strategy” OR “research strategies” OR “research techniques” OR “research technique” OR “research methodology” OR “research methodologies” OR 
“experimental design” OR “experimental designs”)

1943500

7 (MH “Gait+”) OR (MH “Gait Analysis+”) OR gait OR “strength test” OR isokinetic OR “range of motion” OR flexibility OR “full movement” OR “lower extrem-
ity alignment” OR posture OR “movement pattern” OR “movement patterns” OR “straight leg raise” OR “McConnell test” OR “dynamic horizontal side 
support” OR “dynamic valgus” OR “single leg bride” OR “Active hamstring test” OR “Hamstring 90/90 Test” OR “endurance test” OR “single leg squat” 
OR “single-leg stance” OR “single leg balance” OR “step down” OR “Agility testing” OR sprinting OR jumping OR “Timed hop for distance” OR “Star 
Excursion balance test” OR “step-down test” OR cross-over OR “Copenhagen five second squeeze test” OR “Double straight leg lower test” OR (MH 
“Rehabilitation+”) OR rehabilitation OR “physical function” OR “physical functions” OR “physical functioning” OR “performance status” OR (MH “Sports 
Re-Entry+”) OR back-to-sport OR return-to-sport OR “back to sport” OR “return to sport” OR back-to-sports OR return-to-sports OR “back to sports” 
OR “return to sports” OR “sporting activity resumption” OR “recreational activities resumption” OR “return to recreation” OR “return to recreational” OR 
“return to play”

512742

8 (MM “Pain”) OR “pain rating” OR “pain scale” OR “visual analogue scale” OR “visual analog scale” OR “numerical rating scale” OR “number rating scale” 
OR “Perth Hamstring Assessment Tool” OR “Copenhagen Hip and Groin Outcome Score” OR “Hip and Groin Outcome Score” OR TI NAHS OR AB NAHS 
OR “lower extremity functional scale” OR TI LEFS OR AB LEFS OR “short form health survey” OR “short-form health survey” OR SF36 OR SF-36 OR “SF 
36” OR “short form 36” OR “shortform 36” OR shortform36 OR “36 item short form” OR “36-item short form” OR SF12 OR SF-12 OR “SF 12” OR “short 
form 12” OR “shortform 12” OR shortform12 OR “12 item short form” OR “12-item short form” OR “tegner activity level scale” OR “hip sports activity 
scale” OR TI HSAS OR AB HSAS

96485

9 5 AND 6 AND 7 AND Language: English 1709

10 5 AND 6 AND 8 AND Language: English 317
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Cochrane Library (June 7, 2020)
Search Term Result

1 “Hamstring Tendons” OR “Biceps Femoris” OR hamstring OR hamstrings OR Semimembranosus OR Semitendinosus OR thigh 6171

2 “Myofascial pain syndromes” OR “soft tissue injuries” OR strains OR “myositis ossificans” OR “leg injuries” OR “Acute Pain” OR “Chronic Pain” OR “Muscu-
loskeletal Pain” OR Pain OR Painful OR Ache OR Injury OR Injuries

232755

3 1 AND 2 2858

4 “Hamstring strain” OR “Hamstring tear” OR “Hamstring injury” OR “Hamstring injuries” OR “Hamstring pain” OR “Hamstring ache” OR “Hamstring 
Myositis Ossificans”

128

5 3 OR 4 2861

6 (sensitivity OR specificity OR “evaluation indexes” OR “evaluation report” OR “evaluation reports” OR “evaluation research” OR use-effectiveness OR “use 
effectiveness” OR preposttests OR “pre post test” OR preposttest OR “pre post test” OR “qualitative evaluation” OR “qualitative evaluations” OR “quan-
titative evaluation” OR “quantitative evaluations” OR “theoretical effectiveness” OR critique OR critiques OR “evaluation methodology” OR “evaluation 
methodologies” OR reproducibility OR validity OR validation OR reliability OR “data accuracy” OR “data accuracies” OR “data quality” OR “data quali-
ties” OR precision OR responsiveness OR consistency OR consistencies OR consistent OR “log-likelihood ratio” OR likelihood-ratio OR “likelihood ratio” 
OR “LR test” OR “research design” OR “research designs” OR “research strategy” OR “research strategies” OR “research techniques” OR “research 
technique” OR “research methodology” OR “research methodologies” OR “experimental design” OR “experimental designs”)

159592

7 Gait OR “strength test” OR isokinetic OR “range of motion” OR flexibility OR “full movement” OR “lower extremity alignment” OR posture OR “movement 
pattern” OR “movement patterns” OR “straight leg raise” OR “McConnell test” OR “dynamic horizontal side support” OR “dynamic valgus” OR “single 
leg bride” OR “Active hamstring test” OR “Hamstring 90/90 Test” OR “endurance test” OR “single leg squat” OR “single-leg stance” OR “single leg bal-
ance” OR “step down” OR “Agility testing” OR sprinting OR jumping OR “Timed hop for distance” OR “Star Excursion balance test” OR “step-down test” 
OR cross-over OR “Copenhagen five second squeeze test” OR “Double straight leg lower test” OR rehabilitation OR “physical function” OR “physical 
functions” OR “physical functioning” OR “performance status” OR back-to-sport OR return-to-sport OR “back to sport” OR “return to sport” OR back-
to-sports OR return-to-sports OR “back to sports” OR “return to sports” OR “sporting activity resumption” OR “recreational activities resumption” OR 
“return to recreation” OR “return to recreational” OR “return to play”

167411

8 “pain rating” OR “pain scale” OR “visual analogue scale” OR “visual analog scale” OR “numerical rating scale” OR “number rating scale” OR “Perth Ham-
string Assessment Tool” OR “Copenhagen Hip and Groin Outcome Score” OR “Hip and Groin Outcome Score” OR NAHS OR “lower extremity functional 
scale” OR LEFS OR “short form health survey” OR “short-form health survey” OR SF36 OR SF-36 OR “SF 36” OR “short form 36” OR “shortform 36” OR 
shortform36 OR “36 item short form” OR “36-item short form” OR SF12 OR SF-12 OR “SF 12” OR “short form 12” OR “shortform 12” OR shortform12 OR 
“12 item short form” OR “12-item short form” OR “tegner activity level scale” OR “hip sports activity scale” OR HSAS

65171

9 5 AND 6 AND 7 333

10 5 AND 6 AND 8 174

Reinjury Risk
April 6, 2021: total results before duplicate removal, n = 1485; unique results after duplicate removal, n = 969. Updated on June 28, 
2021: total results before duplicate removal, n = 1526; new unique results after duplicate removal, n = 33

PubMed
Search Term Result

1 “Hamstring Tendons”[Mesh] OR Biceps Femoris[tw] OR hamstring[tw] OR hamstrings[tw] OR Semimembranosus[tw] OR Semitendinosus[tw] OR 
thigh[tw]

48808

2 Myofascial pain syndromes[mh:noexp] OR soft tissue injuries[mh:noexp] OR strains[mh] OR myositis ossificans[mh] OR leg injuries[mh:noexp] OR 
Pain[mesh:noexp] OR Acute Pain[mesh] OR Chronic Pain[mesh] OR Musculoskeletal Pain[mesh:noexp] OR Pain[tiab] OR Painful[tw] OR Ache[tw] OR 
Injury[tw] OR Injuries[tw]

1918350

3 1 AND 2 15217

4 Hamstring strain[mesh] OR Hamstring strain[tw] OR Hamstring tear[tw] OR Torn Hamstring[tw] OR Hamstring injury[tw] OR Hamstring injuries[tw] OR 
Hamstring pain[tw] OR Hamstring ache[tw] OR Hamstring Myositis Ossificans[tw]

939

5 3 OR 4 15230

6 (“Recurrence”[Mesh] OR recur*[tw] OR reoccur*[tw] OR re-occur*[tw] OR re-injur*[tw] OR reinjur*[tw] OR “secondary injury”[tw] OR “secondary 
injuries”[tw] OR “secondary prevention”[tw] OR “preventing secondary”[tw] OR recidiv*[tw] OR relaps*[tw]) AND (Risk Assessment[Mesh] OR “Risk 
Adjustment”[Mesh] OR “Health Risk Behaviors”[Mesh] OR “Odds Ratio”[Mesh]OR risk[tw] OR risks[tw] OR prospective[tw] OR longitudinal[tw] 
OR long-term[tw] OR longterm[tw] OR predict*[tw] OR prognostic[tw] OR prognosis[tw] OR epidemiolog*[tw] OR “multivariate analysis”[tw] OR 
prevent*[tw] OR “odds ratio”[tw])

515934

7 5 AND 6 AND English[language] NOT (“comment”[Publication Type] OR “editorial”[Publication Type] OR “letter”[Publication Type] OR “news”[Publication 
Type] OR “retracted publication”[Publication Type] OR “retraction of publication”[Publication Type] OR “Case Reports”[Publication Type])

513
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Embase
Search Term Result

1 ‘Hamstring Tendon’/exp OR ‘biceps femoris tendon’/exp OR “Biceps Femoris”:ti,ab,de,tn OR hamstring:ti,ab,de,tn OR hamstrings:ti,ab,de,tn OR ‘semimem-
branosus tendon’/exp OR Semimembranosus:ti,ab,de,tn OR Semitendinosus:ti,ab,de,tn OR thigh:ti,ab,de,tn

65504

2 ‘Myofascial pain’/de OR ‘soft tissue injury’/de OR ‘ossifying myositis’/exp OR ‘leg injury’/de OR ‘Pain’/de OR ‘Chronic Pain’/exp OR ‘Musculoskeletal Pain’/de 
OR Pain:ti,ab OR Painful:ti,ab,de,tn OR Ache:ti,ab,de,tn OR Injury:ti,ab,de,tn OR Injuries:ti,ab,de,tn

2801563

3 1 AND 2 21512

4 “Hamstring strain”:ti,ab,de,tn OR “Hamstring strains”:ti,ab,de,tn OR “Hamstring tear”:ti,ab,de,tn OR “Torn Hamstring”:ti,ab,de,tn OR “Hamstring inju-
ry”:ti,ab,de,tn OR “Hamstring injuries”:ti,ab,de,tn OR “Hamstring pain”:ti,ab,de,tn OR “Hamstring ache”:ti,ab,de,tn OR “Hamstring Myositis Ossifi-
cans”:ti,ab,de,tn

963

5 3 OR 4 21530

6 (‘recurrence risk’/exp OR recur*:ti,ab,de,tn OR reoccur*:ti,ab,de,tn OR re-occur*:ti,ab,de,tn OR re-injur*:ti,ab,de,tn OR reinjur*:ti,ab,de,tn OR “second-
ary injury”:ti,ab,de,tn OR “secondary injuries”:ti,ab,de,tn OR “secondary prevention”:ti,ab,de,tn OR “preventing secondary”:ti,ab,de,tn OR recidi-
v*:ti,ab,de,tn OR relaps*:ti,ab,de,tn) AND (‘recurrence risk’/exp OR ‘risk assessment’/exp OR ‘risk behavior’/exp OR ‘odds ratio’/exp OR risk:ti,ab,de,tn 
OR risks:ti,ab,de,tn OR prospective:ti,ab,de,tn OR longitudinal:ti,ab,de,tn OR long-term:ti,ab,de,tn OR longterm:ti,ab,de,tn OR predict*:ti,ab,de,tn OR 
prognostic:ti,ab,de,tn OR prognosis:ti,ab,de,tn OR epidemiolog*:ti,ab,de,tn OR “multivariate analysis”:ti,ab,de,tn OR prevent*:ti,ab,de,tn OR “odds 
ratio”:ti,ab,de,tn)

796351

7 5 AND 6 AND [english]/lim AND [embase]/lim NOT (‘conference abstract’/it OR ‘editorial’/it OR ‘letter’/it OR ‘note’/it) 420

CINAHL
Search Term Result

1 “Biceps Femoris” OR hamstring OR hamstrings OR Semimembranosus OR Semitendinosus OR thigh 14880

2 (MH “Myofascial pain syndromes”) OR (MH “soft tissue injuries”) OR (MH “Sprains and Strains”) OR (MH “Myositis Ossificans”) OR (MH “Leg Injuries”) OR 
(MH “Pain”) OR (MH “Chronic Pain”) OR Pain OR Painful OR Ache OR Injury OR Injuries

632767

3 1 AND 2 6936

4 “Hamstring strain” OR “Hamstring tear” OR “Hamstring injury” OR “Hamstring injuries” OR “Hamstring pain” OR “Hamstring ache” OR “Hamstring 
Myositis Ossificans”

634

5 3 OR 4 6941

6 ((MH “Recurrence+”) OR recur* OR reoccur* OR re-occur* OR re-injur* OR reinjur* OR “secondary injury” OR “secondary injuries” OR “secondary preven-
tion” OR “preventing secondary” OR recidiv* OR relaps*) AND ((MH “Risk Assessment+”) OR (MH “Risk Taking Behavior+”) OR (MH “Odds Ratio+”) 
OR risk OR risks OR prospective OR longitudinal OR long-term OR longterm OR predict* OR prognostic OR prognosis OR epidemiolog* OR “multivariate 
analysis” OR prevent* OR “odds ratio”)

131078

7 5 AND 6 AND Language: English and Source Type: Academic Journals 402

Cochrane Library
Search Term Result

1 “Hamstring Tendons” OR “Biceps Femoris” OR hamstring OR hamstrings OR Semimembranosus OR Semitendinosus OR thigh 6171

2 “Myofascial pain syndromes” OR “soft tissue injuries” OR strains OR “myositis ossificans” OR “leg injuries” OR “Acute Pain” OR “Chronic Pain” OR “Muscu-
loskeletal Pain” OR Pain OR Painful OR Ache OR Injury OR Injuries

232755

3 1 AND 2 2858

4 “Hamstring strain” OR “Hamstring tear” OR “Hamstring injury” OR “Hamstring injuries” OR “Hamstring pain” OR “Hamstring ache” OR “Hamstring 
Myositis Ossificans”

128

5 3 OR 4 2861

6 (recur* OR reoccur* OR re-occur* OR re-injur* OR reinjur* OR “secondary injury” OR “secondary injuries” OR “secondary prevention” OR “preventing sec-
ondary” OR recidiv* OR relaps*) AND (risk OR risks OR prospective OR longitudinal OR long-term OR longterm OR predict* OR prognostic OR prognosis 
OR epidemiolog* OR “multivariate analysis” OR prevent* OR “odds ratio”)

74768

7 5 AND 6 191
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Return to Play
April 6, 2021: total results before duplicate removal, n = 1690; unique results after duplicate removal, n = 1103. Updated June 28, 2021: 
total results before duplicate removal, n = 1765;  new unique results after duplicate removal, n = 53

PubMed
Search Term Result

1 “Hamstring Tendons”[Mesh] OR Biceps Femoris[tw] OR hamstring[tw] OR hamstrings[tw] OR Semimembranosus[tw] OR Semitendinosus[tw] OR 
thigh[tw]

48808

2 Myofascial pain syndromes[mh:noexp] OR soft tissue injuries[mh:noexp] OR strains[mh] OR myositis ossificans[mh] OR leg injuries[mh:noexp] OR 
Pain[mesh:noexp] OR Acute Pain[mesh] OR Chronic Pain[mesh] OR Musculoskeletal Pain[mesh:noexp] OR Pain[tiab] OR Painful[tw] OR Ache[tw] OR 
Injury[tw] OR Injuries[tw]

1918350

3 1 AND 2 15217

4 Hamstring strain[mesh] OR Hamstring strain[tw] OR Hamstring tear[tw] OR Torn Hamstring[tw] OR Hamstring injury[tw] OR Hamstring injuries[tw] OR 
Hamstring pain[tw] OR Hamstring ache[tw] OR Hamstring Myositis Ossificans[tw]

939

5 3 OR 4 15230

6 “Return to Sport”[Mesh] OR “Athletic Performance”[Mesh] OR “back-to-sport”[tw] OR “return-to-sport”[tw] OR “back to sport”[tw] OR “return to sport”[tw] 
OR “back-to-sports”[tw] OR “return-to-sports”[tw] OR “back to sports”[tw] OR “return to sports”[tw] OR “return to recreation”[tw] OR “return to recre-
ational”[tw] OR “return to play”[tw] OR “return to activity”[tw] OR “return to competition”[tw] OR “competition return”[tw] OR “resume competition”[tw] 
OR “resume play”[tw] OR “resume sport”[tw] OR “resume sports”[tw] OR “resume activity”[tw] OR “resume activities”[tw] OR “return to perfor-
mance”[tw] OR “sport resumption”[tw] OR “sports resumption”[tw] OR “sporting activity resumption”[tw] OR “play resumption”[tw] OR “competition 
resumption”[tw] OR “activity resumption”[tw] OR “activities resumption”[tw] OR “unrestricted sport”[tw] OR “unrestricted sports”[tw] OR “unrestricted 
activity”[tw] OR “unrestricted play”[tw] OR “full recovery”[tw] OR “level of play”[tw] OR “athletic performance”[tw] OR “sports performance”[tw] OR 
“sports re-entry”[tw]

75457

7 5 AND 6 AND English[language] NOT (“comment”[Publication Type] OR “editorial”[Publication Type] OR “letter”[Publication Type] OR “news”[Publication 
Type] OR “retracted publication”[Publication Type] OR “retraction of publication”[Publication Type] OR “Case Reports”[Publication Type])

673

Embase
Search Term Result

1 ‘Hamstring Tendon’/exp OR ‘biceps femoris tendon’/exp OR “Biceps Femoris”:ti,ab,de,tn OR hamstring:ti,ab,de,tn OR hamstrings:ti,ab,de,tn OR ‘semimem-
branosus tendon’/exp OR Semimembranosus:ti,ab,de,tn OR Semitendinosus:ti,ab,de,tn OR thigh:ti,ab,de,tn

65504

2 ‘Myofascial pain’/de OR ‘soft tissue injury’/de OR ‘ossifying myositis’/exp OR ‘leg injury’/de OR ‘Pain’/de OR ‘Chronic Pain’/exp OR ‘Musculoskeletal Pain’/de 
OR Pain:ti,ab OR Painful:ti,ab,de,tn OR Ache:ti,ab,de,tn OR Injury:ti,ab,de,tn OR Injuries:ti,ab,de,tn

2801563

3 1 AND 2 21512

4 “Hamstring strain”:ti,ab,de,tn OR “Hamstring strains”:ti,ab,de,tn OR “Hamstring tear”:ti,ab,de,tn OR “Torn Hamstring”:ti,ab,de,tn OR “Hamstring inju-
ry”:ti,ab,de,tn OR “Hamstring injuries”:ti,ab,de,tn OR “Hamstring pain”:ti,ab,de,tn OR “Hamstring ache”:ti,ab,de,tn OR “Hamstring Myositis Ossifi-
cans”:ti,ab,de,tn

963

5 3 OR 4 21530

6 ‘return to sport’/exp OR ‘athletic performance’/exp OR back-to-sport:ti,ab,de,tn OR return-to-sport:ti,ab,de,tn OR “back to sport”:ti,ab,de,tn OR “return to 
sport”:ti,ab,de,tn OR back-to-sports:ti,ab,de,tn OR return-to-sports:ti,ab,de,tn OR “back to sports”:ti,ab,de,tn OR “return to sports”:ti,ab,de,tn OR “return 
to recreation”:ti,ab,de,tn OR “return to recreational”:ti,ab,de,tn OR “return to play”:ti,ab,de,tn OR “return to activity”:ti,ab,de,tn OR “return to compe-
tition”:ti,ab,de,tn OR “competition return”:ti,ab,de,tn OR “resume competition”:ti,ab,de,tn OR “resume play”:ti,ab,de,tn OR “resume sport”:ti,ab,de,tn 
OR “resume sports”:ti,ab,de,tn OR “resume activity”:ti,ab,de,tn OR “resume activities”:ti,ab,de,tn OR “return to performance”:ti,ab,de,tn OR “sport re-
sumption”:ti,ab,de,tn OR “sports resumption”:ti,ab,de,tn OR “sporting activity resumption”:ti,ab,de,tn OR “play resumption”:ti,ab,de,tn OR “competition 
resumption”:ti,ab,de,tn OR “activity resumption”:ti,ab,de,tn OR “activities resumption”:ti,ab,de,tn OR “unrestricted sport”:ti,ab,de,tn OR “unrestricted 
sports”:ti,ab,de,tn OR “unrestricted activity”:ti,ab,de,tn OR “unrestricted play”:ti,ab,de,tn OR “full recovery”:ti,ab,de,tn OR “level of play”:ti,ab,de,tn OR 
“athletic performance”:ti,ab,de,tn OR “sports performance”:ti,ab,de,tn OR ‘sports re-entry’:ti,ab,de,tn

36409

7 5 AND 6 AND [english]/lim AND [embase]/lim NOT (‘conference abstract’/it OR ‘editorial’/it OR ‘letter’/it OR ‘note’/it) 382
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CINAHL
Search Term Result

1 “Biceps Femoris” OR hamstring OR hamstrings OR Semimembranosus OR Semitendinosus OR thigh 14880

2 (MH “Myofascial pain syndromes”) OR (MH “soft tissue injuries”) OR (MH “Sprains and Strains”) OR (MH “Myositis Ossificans”) OR (MH “Leg Injuries”) OR 
(MH “Pain”) OR (MH “Chronic Pain”) OR Pain OR Painful OR Ache OR Injury OR Injuries

632767

3 1 AND 2 6936

4 “Hamstring strain” OR “Hamstring tear” OR “Hamstring injury” OR “Hamstring injuries” OR “Hamstring pain” OR “Hamstring ache” OR “Hamstring 
Myositis Ossificans”

634

5 3 OR 4 6941

6 (MH “Sports Re-Entry”) OR (MH “Athletic Performance”) OR back-to-sport OR return-to-sport OR “back to sport” OR “return to sport” OR back-to-sports 
OR return-to-sports OR “back to sports” OR “return to sports” OR “return to recreation” OR “return to recreational” OR “return to play” OR “return to 
activity” OR “return to competition” OR “competition return” OR “resume competition” OR “resume play” OR “resume sport” OR “resume sports” OR 
“resume activity” OR “resume activities” OR “return to performance” OR “sport resumption” OR “sports resumption” OR “sporting activity resumption” 
OR “play resumption” OR “competition resumption” OR “activity resumption” OR “activities resumption” OR “unrestricted sport” OR “unrestricted 
sports” OR “unrestricted activity” OR “unrestricted play” OR “full recovery” OR “level of play” OR “athletic performance” OR “sports performance” OR 
“sports re-entry”

20789

7 5 AND 6 AND Language: English and Source Type: Academic Journals 562

Cochrane Library
Search Term Result

1 “Hamstring Tendons” OR “Biceps Femoris” OR hamstring OR hamstrings OR Semimembranosus OR Semitendinosus OR thigh 6171

2 “Myofascial pain syndromes” OR “soft tissue injuries” OR strains OR “myositis ossificans” OR “leg injuries” OR “Acute Pain” OR “Chronic Pain” OR “Muscu-
loskeletal Pain” OR Pain OR Painful OR Ache OR Injury OR Injuries

232755

3 1 AND 2 2858

4 “Hamstring strain” OR “Hamstring tear” OR “Hamstring injury” OR “Hamstring injuries” OR “Hamstring pain” OR “Hamstring ache” OR “Hamstring 
Myositis Ossificans”

128

5 3 OR 4 2861

6 back-to-sport OR return-to-sport OR “back to sport” OR “return to sport” OR back-to-sports OR return-to-sports OR “back to sports” OR “return to 
sports” OR “return to recreation” OR “return to recreational” OR “return to play” OR “return to activity” OR “return to competition” OR “competition 
return” OR “resume competition” OR “resume play” OR “resume sport” OR “resume sports” OR “resume activity” OR “resume activities” OR “return to 
performance” OR “sport resumption” OR “sports resumption” OR “sporting activity resumption” OR “play resumption” OR “competition resumption” 
OR “activity resumption” OR “activities resumption” OR “unrestricted sport” OR “unrestricted sports” OR “unrestricted activity” OR “unrestricted play” 
OR “full recovery” OR “level of play” OR “athletic performance” OR “sports performance” OR “sports re-entry”

4041

7 5 AND 6 148
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Intervention
September 6, 2019: all search results, n = 11 432; original citations, n = 9624. Updated on June 30, 2021: all search results, n = 6017; 
new original citations, n = 1825

2019 Search

PubMed
Search Term Result

1 (((thigh [mh] OR quadriceps muscle [mh] OR lower extremity [mh:noexp] OR hamstring tendons [mh] OR hamstring muscles [mh] OR gracilis muscle 
[mh]) OR (“Adductor” [tiab] OR “Biceps Femoris” [tiab] OR “Gracilis” [tiab] OR “hamstring” [tiab] OR “Iliotibial Band” [tiab] OR “Ischial” [tiab] OR 
“Quadriceps” [tiab] OR “Quadriceps Femoris” [tiab] OR “Rectus Femoris” [tiab] OR “Semimembranosus” [tiab] OR “Semitendinosis” [tiab] OR “Tensor 
fascia lata” [tiab] OR “thigh” [tiab] OR “Vastus” [tiab])) AND ((myofascial pain syndromes [mh:noexp] OR soft tissue injuries [mh:noexp] OR tendon 
injuries [mh:noexp] OR tendinopathy [mh:noexp] OR sprains and strains [mh] OR myositis ossificans [mh] OR leg injuries [mh:noexp]) OR (“Avulsion” 
[tiab] OR “Ischiofemoral impingement” [tiab] OR “Muscle Strain” [tiab] OR “Muscle Tear” [tiab] OR “Myositis Ossificans” [tiab] OR soft tissue injuries 
[tiab] OR “injury” [tiab] OR “sprains and strains” [tiab] OR sprain* [tiab] OR “strains” [tiab])) AND ((Acupuncture Therapy [mh:noexp] OR Chiropractic 
[mh] OR Combined Modality Therapy [mh] OR Cryotherapy [mh] OR Diathermy [mh] OR Iontophoresis [mh] OR Muscle Contraction [mh] OR Orthotic 
Devices [mh] OR Patient Education as Topic [mh:noexp] OR Physical Therapy Modalities [mh] OR Rehabilitation [mh:noexp] OR Self Care [mh] OR 
Telerehabilitation [mh] OR Ultrasonography [mh]) OR (“Astym Treatment” [tiab] OR “Augmented Soft-Tissue” [tiab] OR “Mobilization” [tiab] OR “Mobil-
isation” [tiab] OR Brace* [tiab] OR Chiropract* [tiab] OR “Compression” [tiab] OR “Contract-relax stretching” [tiab] OR “Cross-Friction Massage” [tiab] 
OR Dry needl* [tiab] OR “Dynamic stretching” [tiab] OR “Exercise” [tiab] OR “Graston” [tiab] OR “Joint Mobilization” [tiab] OR “ Kinesio tape” [tiab] 
OR “Manipulation” [tiab] OR Manual Therapy* [tiab] OR “Massage” [tiab] OR cryotherap* [Tiab] OR thermotherap* [Tiab] OR “Moist Heat” [tiab] OR 
“Ice” [tiab] OR “diathermy” [tiab] OR ultrasound* [Tiab] OR electrical* [Tiab] OR muscle stimul* [Tiab] OR neuromuscular stimulat* [Tiab] OR “electric 
muscle stimulation” [tiab] OR “functional electrical stimulation” [tiab] OR “neuromuscular electrical stimulation” [tiab] OR “transcutaneous electrical 
nerve stimulation” [tiab] OR “laser” [tiab] OR “iontophoresis” [tiab] OR “cryo-cuff” [tiab] OR “therapeutic modalities” [tiab] OR “physical agents” [tiab] 
OR “physical modalities” [tiab] OR “physical interventions” [tiab] OR Physical therap* [tiab] OR Physiotherap* [tiab] OR “passive modalities” [tiab] 
OR muscleso* [Tiab] OR “Nerve Mobilization” [tiab] OR “osteopathic manipulative treatment” [tiab] OR “orthotherapy” [Tiab] OR orthoti* [Tiab] OR 
“proprioceptive neuromuscular facilitation” [tiab] OR “stretching” [tiab] OR “Resistance Training” [tiab] OR “Soft-Tissue Therapy” [tiab] OR “Spray and 
stretch” [tiab] OR strength* [Tiab] OR stretch* [Tiab] OR “tape” [tiab] OR “taping” [tiab] OR trigger point* [Tiab] OR “Yoga” [tiab] OR “Platelet rich 
plasma injection” [tiab] OR “Shock wave therapy” [tiab] OR “Antiinflammatory medicine” [tiab] OR “Injection” [tiab] OR “Cortisone” [tiab] OR “repair” 
[tiab]) NOT (“animals”[MeSH Terms] NOT “humans”[MeSH Terms]))

4095

Ovid: Journals@Ovid
Search Term Result

1 ((exp thigh / OR muscle, skeletal / OR exp quadriceps muscle / OR lower extremity / OR exp hamstring tendons / OR exp hamstring muscles / OR 
exp gracilis muscle /) OR (Adductor.ti,ab. OR Biceps Femoris.ti,ab. OR Gracilis.ti,ab. OR hamstring.ti,ab. OR Iliotibial Band.ti,ab. OR Ischial.ti,ab. OR 
Quadriceps.ti,ab. OR Quadriceps Femoris.ti,ab. OR Rectus Femoris.ti,ab. OR Semimembranosus.ti,ab. OR Semitendinosis.ti,ab. OR Tensor fascia lata.
ti,ab. OR thigh.ti,ab. OR Vastus.ti,ab.)) AND ((myofascial pain syndromes / OR soft tissue injuries / OR tendon injuries / OR tendinopathy / OR sprains 
AND exp strains / OR exp myositis ossificans / OR myofascial pain syndromes / OR leg injuries /) OR (Avulsion.ti,ab. OR Ischiofemoral impingement.
ti,ab. OR Muscle Strain.ti,ab. OR Muscle Tear.ti,ab. OR Myositis Ossificans.ti,ab. OR soft tissue injuries.ti,ab. OR injury.ti,ab. OR sprains and strains.ti,ab. 
OR sprain*.ti,ab. OR strains.ti,ab.)) AND ((Acupuncture Therapy / OR exp Chiropractic / OR exp Combined Modality Therapy / OR exp Cryotherapy / OR 
exp Diathermy / OR exp Iontophoresis / OR exp Muscle Contraction / OR exp Orthotic Devices / OR Patient Education as Topic / OR exp Physical Thera-
py Modalities / OR Rehabilitation / OR exp Self Care / OR exp Telerehabilitation / OR exp Ultrasonography /) OR (Astym Treatment.ti,ab. OR Augmented 
Soft-Tissue.ti,ab. OR Mobilization.ti,ab. OR Mobilisation.ti,ab. OR Brace*.ti,ab. OR Chiropract*.ti,ab. OR Compression.ti,ab. OR Contract-relax stretching.
ti,ab. OR Cross-Friction Massage.ti,ab. OR Dry needl*.ti,ab. OR Dynamic stretching.ti,ab. OR Exercise.ti,ab. OR Graston.ti,ab. OR Joint Mobilization.ti,ab. 
OR Kinesio tape.ti,ab. OR Manipulation.ti,ab. OR Manual Therapy*.ti,ab. OR Massage.ti,ab. OR cryotherap*.ti,ab. OR thermotherap*.ti,ab. OR Moist Heat.
ti,ab. OR Ice.ti,ab. OR diathermy.ti,ab. OR ultrasound*.ti,ab. OR electrical*.ti,ab. OR muscle stimul*.ti,ab. OR neuromuscular stimulat*.ti,ab. OR EMS.
ti,ab. OR FES.ti,ab. OR NMES.ti,ab. OR TENS.ti,ab. OR laser.ti,ab. OR iontophoresis.ti,ab. OR cryo-cuff.ti,ab. OR therapeutic modalities.ti,ab. OR physical 
agents.ti,ab. OR physical modalities.ti,ab. OR physical interventions.ti,ab. OR Physical therap*.ti,ab. OR Physiotherap*.ti,ab. OR passive modalities.ti,ab. 
OR muscleso*.ti,ab. OR Nerve Mobilization.ti,ab. OR OMT.ti,ab. OR orthotherapy.ti,ab. OR orthoti*.ti,ab. OR PNF.ti,ab. OR proprioceptive neuromuscu-
lar facilitation.ti,ab. OR stretching.ti,ab. OR Resistance Training.ti,ab. OR Soft-Tissue Therapy.ti,ab. OR Spray and stretch.ti,ab. OR strength*.ti,ab. OR 
stretch*.ti,ab. OR tape.ti,ab. OR taping.ti,ab. OR trigger point*.ti,ab. OR Yoga.ti,ab. OR Platelet rich plasma injection.ti,ab. OR RPP.ti,ab. OR Shock wave 
therapy.ti,ab. OR Antiinflammatory medicine.ti,ab. OR Injection.ti,ab. OR Cortisone.ti,ab. OR repair.ti,ab.))
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http://Femoris.ti
http://Femoris.ti
http://Femoris.ti
http://strains.ti
http://strains.ti
http://Mobilization.ti
http://stretching.ti
http://stretching.ti
http://Massage.ti
http://stretching.ti
http://Mobilization.ti
http://tape.ti
http://Massage.ti
http://modalities.ti
http://agents.ti
http://modalities.ti
http://interventions.ti
http://modalities.ti
http://Mobilization.ti
http://facilitation.ti
http://stretching.ti
http://tape.ti
http://Injection.ti
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CINAHL
Search Term Result

1 (((MH “thigh +”) OR (MH “quadriceps muscle +”) OR (MH “lower extremity “) OR (MH “hamstring tendons +”) OR (MH “hamstring muscles +”) OR (MH 
“gracilis muscle +”)) OR (TI Adductor OR AB Adductor OR TI “Biceps Femoris” OR AB “Biceps Femoris” OR TI Gracilis OR AB Gracilis OR TI hamstring 
OR AB hamstring OR TI “Iliotibial Band” OR AB “Iliotibial Band” OR TI Ischial OR AB Ischial OR TI Quadriceps OR AB Quadriceps OR TI “Quadriceps 
Femoris” OR AB “Quadriceps Femoris” OR TI “Rectus Femoris” OR AB “Rectus Femoris” OR TI Semimembranosus OR AB Semimembranosus OR TI 
Semitendinosis OR AB Semitendinosis OR TI “Tensor fascia lata” OR AB “Tensor fascia lata” OR TI thigh OR AB thigh OR TI Vastus OR AB Vastus)) AND 
(((MH “myofascial pain syndromes “) OR (MH “soft tissue injuries “) OR (MH “tendon injuries “) OR (MH “tendinopathy “) OR sprains AND (MH “strains 
+”) OR (MH “myositis ossificans +”) OR (MH “myofascial pain syndromes “) OR (MH “leg injuries “)) OR (TI Avulsion OR AB Avulsion OR TI “Ischiofem-
oral impingement” OR AB “Ischiofemoral impingement” OR TI “Muscle Strain” OR AB “Muscle Strain” OR TI “Muscle Tear” OR AB “Muscle Tear” OR TI 
“Myositis Ossificans” OR AB “Myositis Ossificans” OR TI “soft tissue injuries” OR AB “soft tissue injuries” OR TI injury OR AB injury OR TI “sprains and 
strains” OR AB “sprains and strains” OR TI sprain* OR AB sprain* OR TI strains OR AB strains)) AND (((MH “Acupuncture Therapy “) OR (MH “Chiro-
practic +”) OR (MH “Combined Modality Therapy +”) OR (MH “Cryotherapy +”) OR (MH “Diathermy +”) OR (MH “Iontophoresis +”) OR (MH “Muscle 
Contraction +”) OR (MH “Orthotic Devices +”) OR (MH “Patient Education as Topic “) OR (MH “Physical Therapy Modalities +”) OR (MH “Rehabilitation 
“) OR (MH “Self Care +”) OR (MH “Telerehabilitation +”) OR (MH “Ultrasonography +”)) OR (TI “Astym Treatment” OR AB “Astym Treatment” OR TI 
“Augmented Soft-Tissue” OR AB “Augmented Soft-Tissue” OR TI Mobilization OR AB Mobilization OR TI Mobilisation OR AB Mobilisation OR TI Brace* 
OR AB Brace* OR TI Chiropract* OR AB Chiropract* OR TI Compression OR AB Compression OR TI “Contract-relax stretching” OR AB “Contract-relax 
stretching” OR TI “Cross-Friction Massage” OR AB “Cross-Friction Massage” OR TI “Dry needl*” OR AB “Dry needl*” OR TI “Dynamic stretching” OR AB 
“Dynamic stretching” OR TI Exercise OR AB Exercise OR TI Graston OR AB Graston OR TI “Joint Mobilization” OR AB “Joint Mobilization” OR TI “ Kinesio 
tape” OR AB “ Kinesio tape” OR TI Manipulation OR AB Manipulation OR TI “Manual Therapy*” OR AB “Manual Therapy*” OR TI Massage OR AB 
Massage OR TI cryotherap* OR AB cryotherap* OR TI thermotherap* OR AB thermotherap* OR TI “Moist Heat” OR AB “Moist Heat” OR TI Ice OR AB 
Ice OR TI diathermy OR AB diathermy OR TI ultrasound* OR AB ultrasound* OR TI electrical* OR AB electrical* OR TI “muscle stimul*” OR AB “muscle 
stimul*” OR TI “neuromuscular stimulat*” OR AB “neuromuscular stimulat*” OR TI “electric muscle stimulation” OR AB “electric muscle stimulation” 
OR TI “functional electrical stimulation” OR AB “functional electrical stimulation” OR TI “neuromuscular electrical stimulation” OR AB “neuromuscular 
stimulation” OR TI “transcutaneous electrical nerve stimulation” OR AB “transcutaneous electrical nerve stimulation” OR TI laser OR AB laser OR TI ion-
tophoresis OR AB iontophoresis OR TI cryo-cuff OR AB cryo-cuff OR TI “therapeutic modalities” OR AB “therapeutic modalities” OR TI “physical agents” 
OR AB “physical agents” OR TI “physical modalities” OR AB “physical modalities” OR TI “physical interventions” OR AB “physical interventions” OR TI 
“Physical therap*” OR AB “Physical therap*” OR TI Physiotherap* OR AB Physiotherap* OR TI “passive modalities” OR AB “passive modalities” OR TI 
muscleso* OR AB muscleso* OR TI “Nerve Mobilization” OR AB “Nerve Mobilization” OR TI “osteopathic manipulative treatment” OR AB “osteopathic 
manipulative treatment” OR TI orthotherapy OR AB orthotherapy OR TI orthoti* OR AB orthoti* OR TI “proprioceptive neuromuscular facilitation” OR AB 
“proprioceptive neuromuscular facilitation” OR TI stretching OR AB stretching OR TI “Resistance Training” OR AB “Resistance Training” OR TI “Soft-Tis-
sue Therapy” OR AB “Soft-Tissue Therapy” OR TI “Spray and stretch” OR AB “Spray and stretch” OR TI strength* OR AB strength* OR TI stretch* OR 
AB stretch* OR TI tape OR AB tape OR TI taping OR AB taping OR TI “trigger point*” OR AB “trigger point*” OR TI Yoga OR AB Yoga OR TI “Platelet rich 
plasma injection” OR AB “Platelet rich plasma injection” OR TI “Shock wave therapy” OR AB “Shock wave therapy” OR TI “Antiinflammatory medicine” 
OR AB “Antiinflammatory medicine” OR TI Injection OR AB Injection OR TI Cortisone OR AB Cortisone OR TI repair OR AB repair))

385

Cochrane Library
Search Term Result

1 (([mh thigh] OR [mh ^”muscle, skeletal”] OR [mh “quadriceps muscle”] OR [mh ^”lower extremity”] OR [mh “hamstring tendons”] OR [mh “hamstring 
muscles”] OR [mh “gracilis muscle”] OR Adductor:ti,ab OR “Biceps Femoris”:ti,ab OR Gracilis:ti,ab OR hamstring:ti,ab OR “Iliotibial Band”:ti,ab OR 
Ischial:ti,ab OR Quadriceps:ti,ab OR “Quadriceps Femoris”:ti,ab OR “Rectus Femoris”:ti,ab OR Semimembranosus:ti,ab OR Semitendinosis:ti,ab OR 
“Tensor fascia lata”:ti,ab OR thigh:ti,ab OR Vastus:ti,ab)) AND (([mh ^”myofascial pain syndromes”] OR [mh ^”soft tissue injuries”] OR [mh ^”tendon 
injuries”] OR [mh ^tendinopathy] OR sprains AND [mh strains] OR [mh “myositis ossificans”] OR [mh ^”myofascial pain syndromes”] OR [mh ^”leg 
injuries”]) OR (Avulsion:ti,ab OR “Ischiofemoral impingement”:ti,ab OR “Muscle Strain”:ti,ab OR “Muscle Tear”:ti,ab OR “Myositis Ossificans”:ti,ab OR 
“soft tissue injuries”:ti,ab OR injury:ti,ab OR “sprains and strains”:ti,ab OR sprain*:ti,ab OR strains:ti,ab)) AND (([mh ^”Acupuncture Therapy”] OR [mh 
Chiropractic] OR [mh “Combined Modality Therapy”] OR [mh Cryotherapy] OR [mh Diathermy] OR [mh Iontophoresis] OR [mh “Muscle Contraction”] 
OR [mh “Orthotic Devices”] OR [mh ^”Patient Education as Topic”] OR [mh “Physical Therapy Modalities”] OR [mh ^Rehabilitation] OR [mh “Self 
Care”] OR [mh Telerehabilitation] OR [mh Ultrasonography]) OR (“Astym Treatment”:ti,ab OR “Augmented Soft-Tissue”:ti,ab OR Mobilization:ti,ab OR 
Mobilisation:ti,ab OR Brace*:ti,ab OR Chiropract*:ti,ab OR Compression:ti,ab OR “Contract-relax stretching”:ti,ab OR “Cross-Friction Massage”:ti,ab 
OR “Dry needl*”:ti,ab OR “Dynamic stretching”:ti,ab OR Exercise:ti,ab OR Graston:ti,ab OR “Joint Mobilization”:ti,ab OR “ Kinesio tape”:ti,ab OR 
Manipulation:ti,ab OR “Manual Therapy*”:ti,ab OR Massage:ti,ab OR cryotherap*:ti,ab OR thermotherap*:ti,ab OR “Moist Heat”:ti,ab OR Ice:ti,ab OR 
diathermy:ti,ab OR ultrasound*:ti,ab OR electrical*:ti,ab OR “muscle stimul*”:ti,ab OR “neuromuscular stimulat*”:ti,ab OR “electric muscle stimula-
tion”:ti,ab OR “functional electric stimulation”:ti,ab OR “neuromuscular electric stimulation”:ti,ab OR “transcutaneous electrical nerve stimulation”:ti,ab 
OR laser:ti,ab OR iontophoresis:ti,ab OR cryo-cuff:ti,ab OR “therapeutic modalities”:ti,ab OR “physical agents”:ti,ab OR “physical modalities”:ti,ab OR 
“physical interventions”:ti,ab OR “Physical therap*”:ti,ab OR Physiotherap*:ti,ab OR “passive modalities”:ti,ab OR muscleso*:ti,ab OR “Nerve Mobiliza-
tion”:ti,ab OR “osteopathic manipulative treatment”:ti,ab OR orthotherapy:ti,ab OR orthoti*:ti,ab OR “proprioceptive neuromuscular facilitation”:ti,ab 
OR stretching:ti,ab OR “Resistance Training”:ti,ab OR “Soft-Tissue Therapy”:ti,ab OR “Spray and stretch”:ti,ab OR strength*:ti,ab OR stretch*:ti,ab OR 
tape:ti,ab OR taping:ti,ab OR “trigger point*”:ti,ab OR Yoga:ti,ab OR “Platelet rich plasma injection”:ti,ab OR “Shock wave therapy”:ti,ab OR “Antiinflam-
matory medicine”:ti,ab OR Injection:ti,ab OR Cortisone:ti,ab OR repair:ti,ab))
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SPORTDiscus
Search Term Result

1 (((MH “thigh +”) OR (MH “muscle, skeletal “) OR (MH “quadriceps muscle +”) OR (MH “lower extremity “) OR (MH “hamstring tendons +”) OR (MH 
“hamstring muscles +”) OR (MH “gracilis muscle +”)) OR (TI Adductor OR AB Adductor OR TI “Biceps Femoris” OR AB “Biceps Femoris” OR TI Gracilis 
OR AB Gracilis OR TI hamstring OR AB hamstring OR TI “Iliotibial Band” OR AB “Iliotibial Band” OR TI Ischial OR AB Ischial OR TI Quadriceps OR AB 
Quadriceps OR TI “Quadriceps Femoris” OR AB “Quadriceps Femoris” OR TI “Rectus Femoris” OR AB “Rectus Femoris” OR TI Semimembranosus OR 
AB Semimembranosus OR TI Semitendinosis OR AB Semitendinosis OR TI “Tensor fascia lata” OR AB “Tensor fascia lata” OR TI thigh OR AB thigh OR 
TI Vastus OR AB Vastus)) AND (((MH “myofascial pain syndromes “) OR (MH “soft tissue injuries “) OR (MH “tendon injuries “) OR (MH “tendinopathy “) 
OR sprains AND (MH “strains +”) OR (MH “myositis ossificans +”) OR (MH “myofascial pain syndromes “) OR (MH “leg injuries “)) OR (TI Avulsion OR 
AB Avulsion OR TI “Ischiofemoral impingement” OR AB “Ischiofemoral impingement” OR TI “Muscle Strain” OR AB “Muscle Strain” OR TI “Muscle Tear” 
OR AB “Muscle Tear” OR TI “Myositis Ossificans” OR AB “Myositis Ossificans” OR TI “soft tissue injuries” OR AB “soft tissue injuries” OR TI injury OR 
AB injury OR TI “sprains and strains” OR AB “sprains and strains” OR TI sprain* OR AB sprain* OR TI strains OR AB strains)) AND (((MH “Acupuncture 
Therapy “) OR (MH “Chiropractic +”) OR (MH “Combined Modality Therapy +”) OR (MH “Cryotherapy +”) OR (MH “Diathermy +”) OR (MH “Iontopho-
resis +”) OR (MH “Muscle Contraction +”) OR (MH “Orthotic Devices +”) OR (MH “Patient Education as Topic “) OR (MH “Physical Therapy Modalities 
+”) OR (MH “Rehabilitation “) OR (MH “Self Care +”) OR (MH “Telerehabilitation +”) OR (MH “Ultrasonography +”)) OR (TI “Astym Treatment” OR AB 
“Astym Treatment” OR TI “Augmented Soft-Tissue” OR AB “Augmented Soft-Tissue” OR TI Mobilization OR AB Mobilization OR TI Mobilisation OR AB 
Mobilisation OR TI Brace* OR AB Brace* OR TI Chiropract* OR AB Chiropract* OR TI Compression OR AB Compression OR TI “Contract-relax stretch-
ing” OR AB “Contract-relax stretching” OR TI “Cross-Friction Massage” OR AB “Cross-Friction Massage” OR TI “Dry needl*” OR AB “Dry needl*” OR TI 
“Dynamic stretching” OR AB “Dynamic stretching” OR TI Exercise OR AB Exercise OR TI Graston OR AB Graston OR TI “Joint Mobilization” OR AB “Joint 
Mobilization” OR TI “ Kinesio tape” OR AB “ Kinesio tape” OR TI Manipulation OR AB Manipulation OR TI “Manual Therapy*” OR AB “Manual Therapy*” 
OR TI Massage OR AB Massage OR TI cryotherap* OR AB cryotherap* OR TI thermotherap* OR AB thermotherap* OR TI “Moist Heat” OR AB “Moist 
Heat” OR TI Ice OR AB Ice OR TI diathermy OR AB diathermy OR TI ultrasound* OR AB ultrasound* OR TI electrical* OR AB electrical* OR TI “muscle 
stimul*” OR AB “muscle stimul*” OR TI “neuromuscular stimulat*” OR AB “neuromuscular stimulat*” OR TI “electric muscle stimulation” OR AB “elec-
tric muscle stimulation” OR TI “functional electrical stimulation” OR AB “functional electrical stimulation” OR TI “neuromuscular electrical stimulation” 
OR AB “neuromuscular electrical stimulation” OR TI “transcutaneous electrical nerve stimulation” OR AB “transcutaneous electrical nerve stimulation” 
OR TI laser OR AB laser OR TI iontophoresis OR AB iontophoresis OR TI cryo-cuff OR AB cryo-cuff OR TI “therapeutic modalities” OR AB “therapeutic 
modalities” OR TI “physical agents” OR AB “physical agents” OR TI “physical modalities” OR AB “physical modalities” OR TI “physical interventions” OR 
AB “physical interventions” OR TI “Physical therap*” OR AB “Physical therap*” OR TI Physiotherap* OR AB Physiotherap* OR TI “passive modalities” 
OR AB “passive modalities” OR TI muscleso* OR AB muscleso* OR TI “Nerve Mobilization” OR AB “Nerve Mobilization” OR TI “osteopathic manipulative 
treatment” OR AB “osteopathic manipulative treatment” OR TI orthotherapy OR AB orthotherapy OR TI orthoti* OR AB orthoti* OR TI “proprioceptive 
neuromuscular facilitation” OR AB “proprioceptive neuromuscular facilitation” OR TI stretching OR AB stretching OR TI “Resistance Training” OR AB 
“Resistance Training” OR TI “Soft-Tissue Therapy” OR AB “Soft-Tissue Therapy” OR TI “Spray and stretch” OR AB “Spray and stretch” OR TI strength* OR 
AB strength* OR TI stretch* OR AB stretch* OR TI tape OR AB tape OR TI taping OR AB taping OR TI “trigger point*” OR AB “trigger point*” OR TI Yoga 
OR AB Yoga OR TI “Platelet rich plasma injection” OR AB “Platelet rich plasma injection” OR TI “Shock wave therapy” OR AB “Shock wave therapy” OR 
TI “Antiinflammatory medicine” OR AB “Antiinflammatory medicine” OR TI Injection OR AB Injection OR TI Cortisone OR AB Cortisone OR TI repair OR 
AB repair))

741

2021 Search Update

PubMed
Search Term Result

1 (“Hamstring Tendons”[Mesh] OR “Biceps Femoris”[tw] OR hamstring[tw] OR hamstrings[tw] OR Semimembranosus[tw] OR Semitendinosus[tw] OR 
thigh[tw])

48828

2 (“Myofascial pain syndromes” [mh:noexp] OR “soft tissue injuries” [mh:noexp] OR strains[mh] OR “myositis ossificans”[mh] OR “leg injuries”[mh:noexp] 
OR Pain[mesh:noexp] OR “Acute Pain” [mesh] OR “Chronic Pain” [mesh] OR “Musculoskeletal Pain”[mesh:noexp] OR Pain[tiab] OR Painful[tw] OR 
Ache[tw] OR Injury[tw] OR Injuries[tw])

1918733

3 1 AND 2 15225

4 (“Hamstring strain”[mesh] OR Hamstring strain[tw] OR Hamstring tear[tw] OR Torn Hamstring[tw] OR Hamstring injury[tw] OR Hamstring injuries[tw] OR 
Hamstring pain[tw] OR Hamstring ache[tw] OR Hamstring Myositis Ossificans[tw])

846

5 3 OR 4 15244

Table continues on page cpg37.
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Search Term Result

6 (“Combined Modality Therapy”[Mesh:NoExp] OR Cryotherapy[mh] OR Diathermy[mh] OR Iontophoresis[mh] OR “Orthotic Devices”[mh] OR “Physical 
Therapy Modalities”[mh] OR Rehabilitation[mh:noexp]) OR (“Astym Treatment”[tiab] OR “Augmented Soft-Tissue”[tiab] OR “Mobilization”[tiab] OR 
“Mobilisation”[tiab] OR Brace[tiab] OR Braces[tiab] OR “Compression”[tiab] OR “Contract-relax stretching”[tiab] OR “Cross-Friction Massage”[tiab] OR 
“Dry needle”[tiab] OR “Dry needles”[tiab] OR “Dry needling”[tiab] OR “Dynamic stretching”[tiab] OR “Exercise”[tiab] OR “Graston”[tiab] OR “Joint Mo-
bilization”[tiab] OR “Manipulation”[tiab] OR “Manual Therapy*”[tiab] OR “Massage”[tiab] OR cryotherapy[tiab] OR cryotherapies[tiab] OR thermother-
apeutic[tiab] OR thermotherapy[tiab] OR thermotherapies[tiab] OR “Moist Heat”[tiab] OR “Ice”[tiab] OR “diathermy”[tiab] OR “muscle stimulation”[-
tiab] OR “neuromuscular stimulation”[tiab] OR “electric muscle stimulation”[tiab] OR “neuromuscular electrical stimulation”[tiab] OR “transcutaneous 
electrical nerve stimulation”[tiab] OR “laser therapy”[tiab] OR “laser therapies”[tiab] OR “iontophoresis”[tiab] OR “cryo-cuff”[tiab] OR “therapeutic 
modalities”[tiab] OR “physical agents”[tiab] OR “physical modalities”[tiab] OR “physical interventions”[tiab] OR “Physical therapeutic*”[tiab] OR 
“Physical therapy”[tiab] OR “Physical therapies”[tiab] OR Physiotherapy[tiab] OR Physiotherapies[tiab] OR Physiotherapeutic[tiab] OR “passive modali-
ties”[tiab] OR “Nerve Mobilization”[tiab] OR “osteopathic manipulative treatment”[tiab] OR “orthotherapy”[tiab] OR orthotic*[tiab] OR “proprioceptive 
neuromuscular facilitation”[tiab] OR “stretching”[tiab] OR “Resistance Training”[tiab] OR “Strength Training”[tiab] OR “Soft-Tissue Therapy”[tiab] OR 
“Spray and stretch”[tiab] OR “strengthen”[tiab] OR “strengthens”[tiab] OR “strengthening”[tiab] OR stretch[tiab] OR stretches[tiab] OR stretching[tiab] 
OR “kinesiology tape”[tiab] OR “kinesiology taping”[tiab] OR “kinesio tape”[tiab] OR “kinesio taping”[tiab] OR “therapeutic tape”[tiab] OR “therapeutic 
taping”[tiab] OR “trigger point*”[tiab] OR “Yoga”[tiab])

1142488

7 5 AND 6 AND English[language] NOT (“animals”[MeSH Terms] NOT “humans”[MeSH Terms]) 2801

CINAHL
Search Term Result

1 (“Biceps Femoris” OR hamstring OR hamstrings OR Semimembranosus OR Semitendinosus OR thigh) 14889

2 (MH “Myofascial pain syndromes”) OR (MH “soft tissue injuries”) OR (MH “Sprains and Strains”) OR (MH “Myositis Ossificans”) OR (MH “Leg Injuries”) OR 
(MH “Pain”) OR (MH “Chronic Pain”) OR Pain OR Painful OR Ache OR Injury OR Injuries

632844

3 1 AND 2 6942

4 “Hamstring strain” OR “Hamstring tear” OR “Hamstring injury” OR “Hamstring injuries” OR “Hamstring pain” OR “Hamstring ache” OR “Hamstring 
Myositis Ossificans”

634

5 3 OR 4 6947

6 (MH “Combined Modality Therapy +”) OR (MH “Cryotherapy +”) OR (MH “Diathermy +”) OR (MH “Iontophoresis +”) OR (MH “Muscle Contraction +”) OR 
(MH “Orthotic Devices +”) OR (MH “Physical Therapy Modalities +”) OR (MH “Rehabilitation “) OR ((TI “Astym Treatment” OR AB “Astym Treatment”) 
OR (TI “Augmented Soft-Tissue” OR AB “Augmented Soft-Tissue”) OR (TI Mobilization OR AB Mobilization) OR (TI Mobilisation OR AB Mobilisation) OR 
(TI Brace OR AB Brace) OR (TI Braces OR AB Braces) OR (TI Compression OR AB Compression) OR (TI “Contract-relax stretching” OR AB “Contract-re-
lax stretching”) OR (TI “Cross-Friction Massage” OR AB “Cross-Friction Massage”) OR (TI “Dry needle” OR AB “Dry needle”) OR (TI “Dry needles” 
OR AB “Dry needles”) OR (TI “Dry needling” OR AB “Dry needling”) OR (TI “Dynamic stretching” OR AB “Dynamic stretching”) OR (TI Exercise OR 
AB Exercise) OR (TI Graston OR AB Graston) OR (TI “Joint Mobilization” OR AB “Joint Mobilization”) OR (TI Manipulation OR AB Manipulation) OR (TI 
“Manual Therapy*” OR AB “Manual Therapy*”) OR (TI Massage OR AB Massage) OR (TI cryotherapy OR AB cryotherapy) OR (TI cryotherapies OR 
AB cryotherapies) OR (TI thermotherapeutic OR AB thermotherapeutic) OR (TI thermotherapy OR AB thermotherapy) OR (TI thermotherapies OR AB 
thermotherapies) OR (TI “Moist Heat” OR AB “Moist Heat”) OR (TI Ice OR AB Ice) OR (TI diathermy OR AB diathermy) OR (TI “muscle stimulation” OR 
AB “muscle stimulation”) OR (TI “neuromuscular stimulation” OR AB “neuromuscular stimulation”) OR (TI “electric muscle stimulation” OR AB “electric 
muscle stimulation”) OR (TI “neuromuscular electrical stimulation” OR AB “neuromuscular electrical stimulation”) OR (TI “transcutaneous electrical 
nerve stimulation” OR AB “transcutaneous electrical nerve stimulation”) OR (TI “laser therapy” OR AB “laser therapy”) OR (TI “laser therapies” OR AB 
“laser therapies”) OR (TI iontophoresis OR AB iontophoresis) OR (TI cryo-cuff OR AB cryo-cuff) OR (TI “therapeutic modalities” OR AB “therapeutic mo-
dalities”) OR (TI “physical agents” OR AB “physical agents”) OR (TI “physical modalities” OR AB “physical modalities”) OR (TI “physical interventions” 
OR AB “physical interventions”) OR (TI “Physical therapeutic*” OR AB “Physical therapeutic*”) OR (TI “Physical therapy” OR AB “Physical therapy”) OR 
(TI “Physical therapies” OR AB “Physical therapies”) OR (TI Physiotherapy OR AB Physiotherapy) OR (TI Physiotherapies OR AB Physiotherapies) OR 
(TI Physiotherapeutic OR AB Physiotherapeutic) OR (TI “passive modalities” OR AB “passive modalities”) OR (TI “Nerve Mobilization” OR AB “Nerve 
Mobilization”) OR (TI “osteopathic manipulative treatment” OR AB “osteopathic manipulative treatment”) OR (TI orthotherapy OR AB orthotherapy) OR 
(TI orthotic* OR AB orthotic*) OR (TI “proprioceptive neuromuscular facilitation” OR AB “proprioceptive neuromuscular facilitation”) OR (TI stretching 
OR AB stretching) OR (TI “Resistance Training” OR AB “Resistance Training”) OR (TI “Strength Training” OR AB “Strength Training”) OR (TI “Soft-Tissue 
Therapy” OR AB “Soft-Tissue Therapy”) OR (TI “Spray and stretch” OR AB “Spray and stretch”) OR (TI strengthen OR AB strengthen) OR (TI strengthens 
OR AB strengthens) OR (TI strengthening OR AB strengthening) OR (TI stretch OR AB stretch) OR (TI stretches OR AB stretches) OR (TI stretching OR 
AB stretching) OR (TI “kinesiology tape” OR AB “kinesiology tape”) OR (TI “kinesiology taping” OR AB “kinesiology taping”) OR (TI “kinesio tape” OR AB 
“kinesio tape”) OR (TI “kinesio taping” OR AB “kinesio taping”) OR (TI “therapeutic tape” OR AB “therapeutic tape”) OR (TI “therapeutic taping” OR AB 
“therapeutic taping”) OR (TI “trigger point*” OR AB “trigger point*”) OR (TI Yoga OR AB Yoga))

282834

7 5 AND 6 AND Language: English 1676
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Cochrane Library
Search Term Result

1 “Hamstring Tendons” OR “Biceps Femoris” OR hamstring OR hamstrings OR Semimembranosus OR Semitendinosus OR thigh 7072

2 “Myofascial pain syndromes” OR “soft tissue injuries” OR strains OR “myositis ossificans” OR “leg injuries” OR “Acute Pain” OR “Chronic Pain” OR “Muscu-
loskeletal Pain” OR Pain OR Painful OR Ache OR Injury OR Injuries

257943

3 1 AND 2 3275

4 “Hamstring strain” OR “Hamstring tear” OR “Hamstring injury” OR “Hamstring injuries” OR “Hamstring pain” OR “Hamstring ache” OR “Hamstring 
Myositis Ossificans”

151

5 3 OR 4 3278

6 ([mh ^”Combined Modality Therapy”] OR [mh Cryotherapy] OR [mh Diathermy] OR [mh Iontophoresis] OR [mh “Orthotic Devices”] OR [mh “Physical 
Therapy Modalities”] OR [mh ^Rehabilitation]) OR (“Astym Treatment”:ti,ab OR “Augmented Soft-Tissue”:ti,ab OR Mobilization:ti,ab OR Mobilisation:ti,ab 
OR Brace:ti,ab OR Braces:ti,ab OR Compression:ti,ab OR “Contract-relax stretching”:ti,ab OR “Cross-Friction Massage”:ti,ab OR “Dry needle”:ti,ab OR 
“Dry needles”:ti,ab OR “Dry needling”:ti,ab OR “Dynamic stretching”:ti,ab OR Exercise:ti,ab OR Graston:ti,ab OR “Joint Mobilization”:ti,ab OR Manipula-
tion:ti,ab OR “Manual Therapy”:ti,ab OR Massage:ti,ab OR cryotherapy:ti,ab OR cryotherapies:ti,ab OR thermotherapeutic:ti,ab OR thermotherapy:ti,ab 
OR thermotherapies:ti,ab OR “Moist Heat”:ti,ab OR Ice:ti,ab OR diathermy:ti,ab OR “muscle stimulation”:ti,ab OR “neuromuscular stimulation”:ti,ab 
OR “electric muscle stimulation”:ti,ab OR “neuromuscular electrical stimulation”:ti,ab OR “transcutaneous electrical nerve stimulation”:ti,ab OR “laser 
therapy”:ti,ab OR “laser therapies”:ti,ab OR iontophoresis:ti,ab OR cryo-cuff:ti,ab OR “therapeutic modalities”:ti,ab OR “physical agents”:ti,ab OR 
“physical modalities”:ti,ab OR “physical interventions”:ti,ab OR “Physical therapeutic”:ti,ab OR “Physical therapy”:ti,ab OR “Physical therapies”:ti,ab OR 
Physiotherapy:ti,ab OR Physiotherapies:ti,ab OR Physiotherapeutic:ti,ab OR “passive modalities”:ti,ab OR “Nerve Mobilization”:ti,ab OR “osteopathic 
manipulative treatment”:ti,ab OR orthotherapy:ti,ab OR orthotic*:ti,ab OR “proprioceptive neuromuscular facilitation”:ti,ab OR stretching:ti,ab OR “Re-
sistance Training”:ti,ab OR “Strength Training”:ti,ab OR “Soft-Tissue Therapy”:ti,ab OR “Spray and stretch”:ti,ab OR strengthen:ti,ab OR strengthens:ti,ab 
OR strengthening:ti,ab OR stretch:ti,ab OR stretches:ti,ab OR stretching:ti,ab OR “kinesiology tape”:ti,ab OR “kinesiology taping”:ti,ab OR “kinesio 
tape”:ti,ab OR “kinesio taping”:ti,ab OR “therapeutic tape”:ti,ab OR “therapeutic taping”:ti,ab OR “trigger point”:ti,ab OR Yoga:ti,ab)

170452

7 5 AND 6 1540
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ARTICLE INCLUSION AND EXCLUSION CRITERIA

Return to Play
Inclusion Exclusion

•	 Strain injury of 1 or more of the hamstring muscles
•	 10 or more participants
•	 Primarily adult and adolescent (12 years old or older) participants
•	 Studies reporting on persons younger than 12 years old if the proportion in the 

sample is small (less than 5%) or if separate data are available for adults
•	 Includes the outcome of return to play, defined by any of the following terms: 

return/resume: play, sport, recreation, activity, competition
•	 Studies that follow participants from onset of injury to return to play

•	 Studies not published in English
•	 Fewer than 10 participants
•	 Primarily infant and child (younger than 12 years old) participants
•	 Surgical management of hamstring strain injury
•	 Any condition other than hamstring muscle strain injury, such as

-	 Adductor or quadriceps strain
-	 Contusions
-	 Tendinosis and tendinopathy, including of the hamstring muscles
-	 Fractures (including stress fracture and avulsion)
-	 Postoperative thigh pain from hip/knee surgery
-	 Compartment syndrome
-	 Nonmusculoskeletal thigh pain
-	 Primary peripheral nerve entrapment
-	 Peripheral vascular disease
-	 Tumors

Reinjury Risk
Inclusion Exclusion

•	 Strain injury of 1 or more of the hamstring muscles
•	 10 or more participants
•	 Primarily adult and adolescent (12 years old or older) participants
•	 Studies reporting on persons younger than 12 years old if the proportion in the 

sample is small (less than 5%) or if separate data are available for adults
•	 Longitudinal studies that follow participants from onset of injury to reinjury

•	 Studies not published in English
•	 Fewer than 10 participants
•	 Primarily infant and child (younger than 12 years old) participants
•	 Surgical management of hamstring strain injury
•	 Any condition other than hamstring muscle strain injury, such as

-	 Adductor or quadriceps strain
-	 Contusions
-	 Tendinosis and tendinopathy, including of the hamstring muscles
-	 Fractures (including stress fracture and avulsion)
-	 Postoperative thigh pain from hip/knee surgery
-	 Compartment syndrome
-	 Nonmusculoskeletal thigh pain
-	 Primary peripheral nerve entrapment
-	 Peripheral vascular disease
-	 Tumors

Evaluation
Inclusion Exclusion

•	 Individuals with a hamstring strain injury of 1 or more of the hamstring muscles
•	 Studies that assess hamstring strain, including diagnosis (likelihood ratios, 

sensitivity and specificity, positive and negative predictive values, all pertinent 
evaluations, and patient-reported outcome measures in those with a hamstring 
strain)

•	 Outcome must include injury risk or occurrence
•	 10 or more participants
•	 Primarily adult and adolescent (12 years old or older) participants
•	 Studies reporting on persons younger than 12 years old if the proportion in the 

sample is small (less than 5%) or if separate data are available for adults
•	 Diagnostic imaging (ultrasound, MRI, etc) for hamstring muscle strains
•	 Interventions within the scope of physical therapy practice

•	 Outcome that does not include injury risk or occurrence
•	 Fewer than 10 participants
•	 Primarily infant and child (younger than 12 years old) participants
•	 Diagnostic imaging (ultrasound, MRI, etc) for hamstring muscle tendon injuries
•	 Studies that include surgical management of hamstring strain injury
•	 Adductor or quadriceps strain, contusions
•	 Tendinosis and tendinopathy, including of the hamstring muscles
•	 Fractures (including stress fractures)
•	 Postoperative thigh pain from hip/knee surgery
•	 Compartment syndrome, nonmusculoskeletal thigh pain
•	 Primary peripheral nerve entrapment, peripheral vascular disease, tumors

Abbreviation: MRI, magnetic resonance imaging.
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Intervention
Inclusion Exclusion

Prevention
•	 Healthy individuals; a history of hamstring strain injury is acceptable
•	 Interventions within the scope of physical therapy practice
•	 Outcome must include injury risk or occurrence (longitudinal prospective)
•	 10 or more participants
•	 Primarily adult and adolescent (12 years old or older) participants
•	 Studies reporting on persons younger than 12 years old if the proportion in the 

sample is small (less than 5%) or if separate data are available for adults
Rehabilitation
•	 Strain injury of 1 or more of the hamstring muscles
•	 Interventions within the scope of physical therapy practice
•	 10 or more participants
•	 Primarily adult and adolescent (12 years old or older) participants
•	 Studies reporting on persons younger than 12 years old if the proportion in the 

sample is small (less than 5%) or if separate data are available for adults

Prevention
•	 Interventions not specifically targeting hamstring strain injury prevention
•	 Interventions outside the scope of physical therapy practice
•	 Outcome that does not include injury risk or occurrence
•	 Fewer than 10 participants
•	 Primarily infant and child (younger than 12 years old) participants
Interventions
•	 Interventions outside the scope of physical therapy practice
•	 Fewer than 10 participants
•	 Primarily infant and child (younger than 12 years old) participants
•	 Surgical management of hamstring strain injury
•	 Any condition other than hamstring muscle strain injury, such as

-	 Adductor or quadriceps strain
-	 Contusions
-	 Tendinosis and tendinopathy, including of the hamstring muscles
-	 Fractures (including stress fractures)
-	 Postoperative thigh pain from hip/knee surgery
-	 Compartment syndrome
-	 Nonmusculoskeletal thigh pain
-	 Primary peripheral nerve entrapment
-	 Peripheral vascular disease
-	 Tumors
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FLOW CHARTS OF ARTICLES

Evaluation

Total search results, n = 4772

Title and abstract review, n = 3572

Full-text review, n = 110

Categorized by topic, n = 44

Clinical course, n = 12 Diagnosis, n = 6 Outcome, n = 3 Examination, n = 23

Duplicates removed, n = 1200

Excluded, n = 3462

Full texts excluded, n = 66
• Wrong methodology, n = 25
• Outside scope, n = 29
• Wrong population, n = 12

Return to Play and Reinjury Risk

Total search results, n = 1156

Title and abstract review, n = 
1156

Full-text review, n = 96

Included, n = 11

No duplicates removed

Excluded, n = 1060

Full texts excluded, n = 85
• Wrong design, n = 36
• Wrong outcome, n = 13
• Clinical commentary, n = 14
• In systematic reviews, n = 12
• Published abstract, n = 7
• Wrong patient population, n = 3

Duplicates removed, n = 1

Excluded, n = 900

Full texts excluded, n = 90
• Wrong design, n = 39
• In systematic reviews, n = 23
• Clinical commentary, n = 9
• Wrong patient population, n = 8
• Wrong outcome, n = 6
• Published abstract, n = 3
• Duplicate, n = 1
• Not in English, n = 1

Total search results, n = 1002

Title and abstract review, n = 
1001

Full-text review, n = 101

Included, n = 11

Return to Play Reinjury Risk

Included, n = 22

Duplicates removed, n = 3

Included, n = 19
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Injury Prevention and Intervention

Total search results, n = 10880

Title and abstract review, n = 9059

Full-text review, n = 704

Included, n = 24

Duplicates removed, n = 1821

Excluded, n = 8355

Full texts excluded, n = 680
• Wrong patient population, n = 198
• Wrong outcome, n = 195
• Methodology, n = 139
• Editorial, n = 80
• In systematic reviews, n = 30
• Interventions outside scope of 

physical therapy practice, n = 21
• Abstract only, n = 8
• Duplicate, n = 7
• Article retracted, n = 2
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LEVEL-OF-EVIDENCE TABLEa

Level Intervention/Prevention

Pathoanatomic/Risk/Clinical 
Course/Prognosis/Differential 
Diagnosis Diagnosis/Diagnostic Accuracy

Prevalence of Condition/
Disorder Exam/Outcomes

I Systematic review of high-qual-
ity RCTs

High-quality RCTb

Systematic review of prospec-
tive cohort studies

High-quality prospective cohort 
studyc

Systematic review of high-quali-
ty diagnostic studies

High-quality diagnostic studyd 
with validation

Systematic review, high-quality 
cross-sectional studies

High-quality cross-sectional 
studye

Systematic review of prospec-
tive cohort studies

High-quality prospective cohort 
study

II Systematic review of high-quali-
ty cohort studies

High-quality cohort studyc

Outcomes study or ecological 
study

Lower-quality RCTf

Systematic review of retrospec-
tive cohort study

Lower-quality prospective 
cohort study

High-quality retrospective 
cohort study

Consecutive cohort
Outcomes study or ecological 

study

Systematic review of explor-
atory diagnostic studies or 
consecutive cohort studies

High-quality exploratory 
diagnostic studies

Consecutive retrospective 
cohort

Systematic review of studies 
that allows relevant estimate

Lower-quality cross-sectional 
study

Systematic review of low-
er-quality prospective cohort 
studies

Lower-quality prospective 
cohort study

III Systematic reviews of case-con-
trol studies

High-quality case-control study
Lower-quality cohort study

Lower-quality retrospective 
cohort study

High-quality cross-sectional 
study

Case-control study

Lower-quality exploratory 
diagnostic studies

Nonconsecutive retrospective 
cohort

Local nonrandom study High-quality cross-sectional 
study

IV Case series Case series Case-control study Lower-quality cross-sectional 
study

V Expert opinion Expert opinion Expert opinion Expert opinion Expert opinion

Abbreviation: RCT, randomized clinical trial.
aAdapted from Phillips B, Ball C, Sackett D, et al. Oxford Centre for Evidence-Based Medicine: levels of evidence (March 2009). Available at: https://www.cebm.
ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009. Accessed January 26, 2021. See also APPENDIX E.
bHigh quality includes RCTs with greater than 80% follow-up, blinding, and appropriate randomization procedures.
cHigh-quality cohort study includes greater than 80% follow-up.
dHigh-quality diagnostic study includes consistently applied reference standard and blinding.
eHigh-quality prevalence study is a cross-sectional study that uses a local and current random sample or censuses.
fWeaker diagnostic criteria and reference standards, improper randomization, no blinding, and less than 80% follow-up may add bias and threats to validity.

APPENDIX D
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PROCEDURES FOR ASSIGNING LEVELS OF EVIDENCE

•	 Level of evidence is assigned based on the study design, using 
the levels-of-evidence table (APPENDIX D), assuming high 
quality (eg, for intervention, randomized clinical trial starts at 
level I)

•	 Study quality is assessed using the critical appraisal tool, and 
the study is assigned 1 of 4 overall quality ratings, based on the 
critical appraisal results

•	 Level of evidence assignment is adjusted based on the overall 
quality rating
-	 High quality (high confidence in the estimate/results): the 

study remains at its assigned level of evidence (eg, if the 
randomized clinical trial is rated high quality, then its final 
assignment is level I). High quality should include
•	 Randomized clinical trial with greater than 80% follow-up, 

blinding, and appropriate randomization procedures

•	 Cohort study includes greater than 80% follow-up
•	 Diagnostic study includes a consistently applied reference 

standard and blinding
•	 Prevalence study is a cross-sectional study that uses a 

local and current random sample or censuses
-	 Acceptable quality (the study does not meet requirements for 

high quality and weaknesses limit the confidence in the accu-
racy of the estimate): downgrade 1 level
•	 Based on critical appraisal results

-	 Low quality: the study has significant limitations that sub-
stantially limit confidence in the estimate: downgrade 2 levels
•	 Based on critical appraisal results

-	 Unacceptable quality: serious limitations—exclude from con-
sideration in the guideline
•	 Based on critical appraisal results

APPENDIX E

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

2 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



142  |  march 2022  |  volume 52  |  number 3  |  journal of orthopaedic & sports physical therapy

[ literature review ]

Quadriceps and hamstrings strength tests are important when 
evaluating rehabilitation progression and making return-
to-sport (RTS) decisions after anterior cruciate ligament 
reconstruction (ACLR).7,43,53 Athletes who play pivoting sports 

and who pass strength tests as part of an RTS testing protocol are 
at lower risk for a second anterior cruciate ligament (ACL) injury, 
underscoring the importance of these tests.18,19,30

The limb symmetry index (LSI)—a 
comparison between the operated and 
nonoperated limbs—is often used to 
guide RTS decisions. However, clini-
cians and researchers have long raised 
concerns about using the nonoperated 
limb as a reference, as the nonoperated 
limb also detrains and loses strength after 
injury and surgery.57 As a result, the LSI 
may overestimate operated-knee function 
and may not be sensitive enough to alert 
clinicians and athletes to a high risk of 
second ACL injury.57

The use of both LSI and preinjury 
strength values to guide rehabilitation 
progression could be a solution, but pre-
injury data are often unavailable in every-
day practice. Strength test reference values 
derived from healthy athletes who play 
pivoting sports could solve this problem, 
but a comprehensive overview of refer-
ence values for different sports is currently 
lacking.

We aimed to synthesize and present 
reference values for quadriceps and ham-
strings strength tests in athletes with and 
without ACLR who play pivoting sports. 
The goal of our scoping review was to 
present information to help clinicians 

	U OBJECTIVE: To synthesize and present reference 
values for quadriceps and hamstrings strength tests 
in healthy athletes who play pivoting sports and in 
athletes with anterior cruciate ligament reconstruc-
tion (ACLR) who play pivoting sports.

	U DESIGN: Scoping review.

	U LITERATURE SEARCH: We searched PubMed, 
the Cochrane Library, MEDLINE, Embase, and Web 
of Science up to January 26, 2021.

	U STUDY SELECTION CRITERIA: We included 
reference values in 2 different categories: (1) quad-
riceps and hamstrings strength test outcomes in 
healthy pivoting-sport athletes, and (2) quadriceps 
and hamstrings strength test outcomes in pivoting-
sport athletes with ACLR at a specific time point 
during rehabilitation.

	U DATA SYNTHESIS: We performed a qualita-
tive synthesis for reference values from isokinetic 
(at 60°/s, 180°/s, and 300°/s) and isometric 
quadriceps and hamstrings strength tests. We 
summarized the data for type of sport, sex, sport 
participation level, and age group.

	U RESULTS: Of the 42 included studies, 26 
reported reference values from healthy soccer 
players, 4 from healthy basketball players, 4 from 
healthy handball players, and 11 from other healthy 
pivoting-sport athletes. The limb symmetry index 
dominant/nondominant limb (LSI-D/ND) ranged 
from 98% to 114% for healthy athletes. Six studies 
reported reference values in pivoting-sport athletes 
with ACLR at a specific time point during rehabili-
tation. After 7 months, strength values for athletes 
with ACLR were comparable to those of healthy 
pivoting-sport athletes.

	U CONCLUSION: This scoping review sum-
marizes quadriceps and hamstrings strength 
reference values for athletes who play the most 
common pivoting sports, including soccer, 
basketball, and handball. J Orthop Sports Phys 
Ther 2022;52(3):142-155. Epub 31 Dec 2021. 
doi:10.2519/jospt.2022.10693

	U KEY WORDS: anterior cruciate ligament recon-
struction, muscle strength, reference values

1Sports and Orthopaedics Research Center, Anna Hospital, Geldrop, the Netherlands. 2PSV Eindhoven, Eindhoven, the Netherlands. The authors certify that they have no affiliations 
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Nicky van Melick, Sports and Orthopaedics Research Center, Anna Hospital, Bogardeind 2, 5664 EH Geldrop, the Netherlands. E-mail: n.van.melick@st-anna.nl t Copyright ©2022 
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Quadriceps and Hamstrings Strength 
Reference Values for Athletes With and 

Without Anterior Cruciate Ligament 
Reconstruction Who Play Popular Pivoting 

Sports, Including Soccer, Basketball, 
and Handball: A Scoping Review
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understand what “normal” quadriceps 
and hamstrings strength is for the ath-
letes they work with: what to expect from 
healthy players without ACLR, and what 
to expect during rehabilitation and RTS 
progressions after ACLR. We present 
reference values for different pivoting 
sports, sexes, sport participation levels 
(elite and nonelite), and age groups.

METHODS

T
his scoping review was conduct-
ed and reported according to the 
Preferred Reporting Items for 

Systematic reviews and Meta-Anal-
yses extension for Scoping Reviews 
(PRISMA-ScR).49

Eligibility Criteria
Inclusion and exclusion criteria were spec-
ified for 2 different categories of reference 
values: (1) quadriceps and hamstrings 
strength test outcomes in pivoting-sport 
athletes with ACLR at a specific time point 
during rehabilitation, from 3 months to 
RTS, and (2) quadriceps and hamstrings 
strength test outcomes in healthy pivot-
ing-sport athletes, which can be used as 
RTS criteria (TABLE 1).

Search Strategy
On January 26, 2021, a systematic lit-
erature search was performed by an aca-
demic librarian. PubMed, the Cochrane 
Library, MEDLINE, Embase, and Web 
of Science were searched from database 
inception to identify relevant articles, 
using key words specified for the data-
base (supplemental file 1). In addition, a 
hand search of the reference lists of me-
ta-analyses and systematic reviews was 
conducted to identify additional studies 
not found in the primary search.

All database records were exported to 
the Rayyan application40 in separate files 
for quadriceps and hamstrings strength. 
Duplicates were removed from each file.

Study Selection
Two authors (N.v.M. and W.v.d.W.) inde-
pendently screened titles and abstracts 

for eligibility. For all potentially eligible 
studies, a full-text version was reviewed 
by 2 authors (W.v.d.W. and N.v.d.H.). 
Any disagreements in both steps were 
resolved by consensus. After this, both 
quadriceps and hamstrings strength 
Rayyan40 files were combined, and dupli-
cates were removed.

Data Synthesis
One author (N.v.M.) extracted all rele-
vant study characteristics and reference 
value data. Study characteristics includ-
ed author and year of publication, pop-
ulation characteristics, test details, and 
test outcome variables. Reference val-
ues were categorized as pivoting-sport 
athlete with or without ACLR, type of 
sport, sex, sport level (elite or nonelite), 
and age group (adolescent [16-19 years 
of age] or young adult [20-35 years of 
age]).60

Test outcome variables were reported 
as the following reference values: peak 

torque; peak torque normalized to body 
weight (BW); total work (only reported 
for an endurance test with at least 10 
repetitions and when a test range was 
described); LSI, calculated as [(operated 
leg/nonoperated leg) × 100%] for ath-
letes with ACLR LSI-D/ND calculated 
as [(dominant leg)/(nondominant leg) × 
100%] for healthy athletes54; concentric 
hamstrings-to-quadriceps ratio; dynamic 
control ratio (eccentric hamstrings-to-
concentric quadriceps); and maximum 
voluntary isometric contraction (MVIC). 
Limb symmetry indexes and ratios were 
extracted or calculated from the indi-
vidual studies. When LSIs based on both 
peak torque and peak torque normalized 
to BW were available, only the LSI based 
on peak torque normalized to BW was 
reported.

When 3 or more studies reported on 
the same sport, we created a reference 
value table for the sport. We grouped 
data from all other sports (reported in 

TABLE 1
Inclusion and Exclusion Criteria for 

Reference Values Derived From Healthy and 
ACL-Reconstructed Pivoting-Sport Athletes

Abbreviations: ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; 
LCL, lateral collateral ligament; MCL, medial collateral ligament; PCL, posterior cruciate ligament.
aLevel 1 sports are sports with frequent pivoting movements (eg, soccer, handball, basketball); level 
2 sports are sports with lateral movements and less pivoting than level 1 sports (eg, racket sports, 
alpine skiing).22

Inclusion Exclusion

Population •	 Adolescents (mean age, 16-19 y) or young adults (mean 
age, 20-35 y)

•	 Athletes performing pivoting sports (clear sports 
description, Tegner score ≥6, or level 1 or 2 sportsa)

•	 Athletes with ACLR
-	 Potential concomitant MCL or LCL injuries
-	 Potential concomitant meniscal or cartilage injuries

•	 Male or female athletes
•	 Elite or recreational athletes

•	 Healthy athletes: history of ACL injury 
or surgery in the past, or other lower 
extremity or lower back injury when 
tested

•	 Athletes with ACLR
-	 ACL revision surgery or contralateral 

ACL injury in the past
-	 Concomitant PCL injuries

Outcome •	 Strength tests for quadriceps or hamstrings with an 
isokinetic dynamometer (isometric or concentric/
eccentric at 60°/s-180°/s-300°/s50) or a handheld 
dynamometer

•	 Absolute values or limb symmetry indexes reported as 
an outcome

•	 Athletes with ACLR: tests performed at a specific time 
point during rehabilitation, from 3 mo until the moment 
of return to sport

•	 No separate results for male and female 
athletes

•	 No separate results for elite or recre-
ational athletes

•	 Athletes with ACLR: tests performed 
more than 1 y after ACLR

Publication 
type

•	 All original research types
•	 Language: English, Dutch, or German

•	 Meta-analyses, systematic or narrative 
reviews, conference abstracts, posters

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

2 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



144  |  march 2022  |  volume 52  |  number 3  |  journal of orthopaedic & sports physical therapy

[ literature review ]
2 or fewer studies) in 1 extra reference 
value table.

All outcome variables reported in 2 or 
more studies were presented as a weight-
ed mean with a weighted standard devia-
tion. The weighted mean was calculated 
as the sum of (study mean × study sample 
size), divided by the sum of all study sam-
ple sizes.

The weighted standard deviation was 
calculated as the sum of (study variance × 
study sample size), divided by the sum of 
all study sample sizes. Study variance was 
calculated as study mean minus weighted 
mean.

Outcome variables reported in a sin-
gle study were displayed as mean ± SD. 
Standard deviation was not available if 
we calculated the LSI or ratio from data 
extracted from a specific study.

RESULTS

Study Selection

A
fter removing duplicates, the 
systematic literature search yielded 
712 articles for quadriceps strength 

and 246 articles for hamstrings strength. 
After screening titles, abstracts, and full 
texts for eligibility, 926 articles were ex-
cluded, leaving 32 articles for quadri-
ceps and hamstrings strength combined. 
Hand searching reference lists of meta-
analyses and systematic reviews provided 
10 additional articles; 42 articles were in-
cluded for data synthesis (FIGURE).

Overview of Strength Testing Protocols
Data on study characteristics are de-
scribed in supplemental file 2. All in-
cluded studies performed strength 

measurements using an isokinetic dy-
namometer, with a Biodex (Biodex 
Medical Systems, Shirley, NY) or Cybex 
(Life Fitness, Rosemont, IL) being used 
most often (55% and 33%, respectively). 
Thirty-nine studies measured isokinetic 
strength only, 2 measured isometric 
strength only, and 1 measured isokinetic 
and isometric strength.

Isokinetic Strength Testing Protocols
Two studies measured concentric 
quadriceps strength only, 28 stud-
ies measured concentric quadriceps 
and hamstrings strength, 6 studies 
measured concentric quadriceps and 
concentric plus eccentric hamstrings 
strength, and 4 studies measured con-
centric plus eccentric quadriceps and 
hamstrings strength.

Records identified through 
database searching, n = 889

Records identified through 
database searching, n = 320

Quadriceps strength Hamstrings strength

Records after duplicates 
removed, n = 712

Records after duplicates 
removed, n = 246

Full-text articles assessed for 
eligibility, n = 248

Full-text articles assessed for 
eligibility, n = 94

Records screened, n = 712 Records screened, n = 246 Records excluded, n = 152
• Wrong population, n = 88
• Wrong outcome, n = 38
• Wrong publication type, n = 26

Full-text articles excluded, n = 94
• Wrong population, n = 53
• Wrong outcome, n = 13
• Duplicate with quadriceps 

strength, n = 28Studies included from 
databases, n = 32

Studies included from 
databases, n = 0

Studies included in qualitative 
synthesis, n = 42

Studies included from 
databases, n = 32

Records excluded, n = 464
• Wrong population, n = 320
• Wrong outcome, n = 88
• Wrong publication type, n = 56

Full-text articles excluded, n = 216
• Wrong population, n = 183
• Wrong outcome, n = 33

Id
en

tifi
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tio
n

Sc
re
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in

g
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cl

ud
ed

Additional records identified 
through reference list 
searching, n = 10

FIGURE. PRISMA flow chart of the study inclusion process.
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Thirty-six studies performed con-
centric strength measurements at 60°/s, 
usually with 3 or 5 repetitions (39% and 
42%, respectively). Seventeen studies re-
ported strength measurements at 180°/s 
and/or 300°/s, typically with 3 or 5 repe-
titions (29% and 35%, respectively). One 
study that reported total work as an out-
come parameter performed more than 
10 repetitions at these higher speeds.63 
Eccentric strength was typically mea-
sured over 5 repetitions (70%). Range 
of motion was not specified in 33% of all 
isokinetic studies. In those that reported 
range of motion, 100° to 0° of flexion and 

90° to 0° of flexion were mentioned in 
15% and 33%, respectively. Rest between 
sets and whether gravity correction was 
performed were usually not described.

Isometric Strength Testing Protocols
Isometric strength measurements were 
all performed at different knee angles 
(45°, 70°, or 90° of flexion) and with dif-
ferent durations (2, 3, or 4 seconds).

Quadriceps and Hamstrings Strength 
Test Results
Soccer  Strength results from healthy 
soccer players were reported in 26 

studies.2,6,9-12,14,15,17,20,21,24,29,33,34,39,41,44-46,48, 

51,55,56,59,62 There were data from 1987 soc-
cer players (84% male) who were 24.0 ± 
2.1 years of age (TABLE 2).
Basketball  Strength results from healthy 
basketball players were reported in 4 
studies.16,29,33,47 There were data from 99 
healthy basketball players (74% male) who 
were 22.5 ± 0.99 years of age (TABLE 3).
Handball  Strength results from healthy 
handball players were reported in 4 
studies.2,16,31,44 There were data from 310 
handball players (5% male) who were 
21.3 ± 1.3 years of age (TABLE 4).
Other Pivoting Sports  All other pivoting 

	

TABLE 2
Quadriceps and Hamstrings Strength Reference Values From 

Healthy Soccer Players2,6,9-12,14,15,17,20,21,24,29,33,34,39,41,44-46,48,51,55,56,59,62

Isokinetica Isometrica

Sex/Sport Level Populationa 60°/s 180°/s 300°/s 90°

Male

Elite n = 58 adolescents
Age, 17.1 ± 0.8 y15,21,41

Quadriceps
Peak torque, 182 ± 28 Nm
D/ND LSIb = 102% ± 15%
Hamstrings
Peak torque, 97 ± 18 Nm
D/ND LSIb = 108% ± 18%
Eccentric peak torque, 151 ± 

29 Nm
Ratio
DCRc = 84%d

Quadriceps
Peak torque, 145 ± 13 Nm
D/ND LSIb = 99%d

Eccentric peak torque, 244 ± 
42 Nm

Hamstrings
Peak torque, 87 ± 15 Nm
D/ND LSIb = 98%d

Eccentric peak torque, 138 ± 
21 Nm

Ratios
HQRe = 61% ± 9%
DCRc = 96% ± 20%

Quadriceps
Peak torque, 122 ± 14 Nm
D/ND LSIb = 99%d

Eccentric peak torque, 249 ± 
41 Nm

Hamstrings
Peak torque, 72 ± 9 Nm
D/ND LSIb = 99%d

Eccentric peak torque, 141 ± 
23 Nm

Ratios
HQRe = 61% ± 7%
DCRc = 117% ± 23%

Quadriceps
MVIC, 409 ± 78 N
Hamstrings
MVIC, 173 ± 38 N

n = 1499 young 
adults

Age, 24.9 ± 1.2 y2,6,9, 

11,12,14,17,20,21,24,33,34,45,

46,51,55,59,62

Quadriceps
Peak torque, 239 ± 16 Nm
Peak torque per BW, 3.17 ± –0.10 

Nm/kg
D/ND LSIb = 99% ± 2%
Eccentric peak torque, 299 ± 

12 Nm
Hamstrings
Peak torque, 138 ± 4 Nm
Peak torque per BW, 1.78 ± –0.10 

Nm/kg
D/ND LSIb = 102% ± 3%
Eccentric peak torque, 187 ± 

19 Nm
Eccentric peak torque per BW, 

2.60 ± –0.26 Nm/kg
Ratios
HQRe = 60% ± 3%
DCRc = 75% ± 3%

Quadriceps
Peak torque, 168 ± 14 Nm
Peak torque per BW, 2.56 ± –0.10 

Nm/kg
D/ND LSIb = 103% ± 0%
Eccentric peak torque, 249 ± 

40 Nm
Hamstrings
Peak torque, 106 ± 7 Nm
Peak torque per BW, 1.62 ± –0.05 

Nm/kg
D/ND LSIb = 102% ± 0%
Eccentric peak torque, 154 ± 

1 Nm
Ratios
HQRe = 62% ± 6%
DCRc = 101% ± 3%

Quadriceps
Peak torque, 134 ± 6 Nm
Peak torque per BW, 1.87 ± –0.01 

Nm/kg
D/ND LSIb = 102% ± 0%
Eccentric peak torque, 256 ± 

15 Nm
Hamstrings
Peak torque, 93 ± 7 Nm
Peak torque per BW, 1.33 ± –0.01 

Nm/kg
D/ND LSIb = 101% ± 4%
Eccentric peak torque, 162 ± 

4 Nm
Ratios
HQRe = 68% ± 6%
DCRc = 126% ± 5%

Table continues on page 146.
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TABLE 2
Quadriceps and Hamstrings Strength Reference Values From Healthy 

Soccer Players2,6,9-12,14,15,17,20,21,24,29,33,34,39,41,44-46,48,51,55,56,59,62 (continued)

Abbreviations: BW, body weight; D, dominant; DCR, dynamic control ratio; HQR, hamstrings-quadriceps ratio; LSI, limb symmetry index; MVIC, maximum 
voluntary isometric contraction; ND, nondominant.
aValues are mean ± SD unless otherwise indicated.
bCalculated as [(dominant leg)/(nondominant leg) × 100%].
cA ratio of eccentric hamstrings strength to concentric quadriceps strength.
dStandard deviation was not available.
eA ratio of concentric hamstrings strength to concentric quadriceps strength.

Isokinetica Isometrica

Sex/Sport Level Populationa 60°/s 180°/s 300°/s 90°

Nonelite n = 10 adolescents
Age, 17.8 ± 0.1 y29

Quadriceps
Peak torque, 125 ± 15 Nm
Peak torque per BW, 2.05 ± –0.20 

Nm/kg
Hamstrings
Peak torque, 105 ± 7 Nm
Peak torque per BW, 1.70 ± –0.10 

Nm/kg
Ratio
HQRe = 86% ± 7%

Quadriceps
Peak torque, 90 ± 15 Nm
Peak torque per BW, 1.50 ± –0.20 

Nm/kg
Hamstrings
Peak torque, 70 ± 5 Nm
Peak torque per BW, 1.15 ± –0.05 

Nm/kg
Ratio
HQRe = 82% ± 10%

n = 106 young 
adults

Age, 23.5 ± 1.5 
y10,11,48,56

Quadriceps
Peak torque, 225 ± 0 Nm
Peak torque per BW, 2.76 ± –0.41 

Nm/kg
D/ND LSIb = 106% ± 1%
Eccentric peak torque, 310 ± 

10 Nm
Eccentric peak torque per BW, 

2.69 ± –0.45 Nm/kg
Hamstrings
Peak torque, 130 ± 5 Nm
Peak torque per BW, 1.57 ± –0.23 

Nm/kg
D/ND LSIb = 106% ± 6%
Eccentric peak torque, 150 ± 

10 Nm
Eccentric peak torque per BW, 

1.56 ± –0.35 Nm/kg
Ratios
HQRe = 61% ± 3%
DCRc = 71% ± 7%

Quadriceps
Peak torque, 150 ± 3 Nm
Hamstrings
Peak torque, 105 ± 7 Nm
Ratio
HQRe = 71% ± 8%

Quadriceps
Peak torque, 125 ± 5 Nm
Peak torque per BW, 1.27 ± –0.23 

Nm/kg
D/ND LSIb = 106%d

Hamstrings
Peak torque, 90 ± 7 Nm
Peak torque per BW, 0.98 ± –0.19 

Nm/kg
D/ND LSIb = 114%d

Ratio
HQRe = 79% ± 1%

Female
Elite n = 213 young 

adults
Age, 21.3 ± 0.6 y2,44

Quadriceps
Peak torque, 149 ± 3 Nm
Peak torque per BW, 2.32 ± –0.36 

Nm/kg
D/ND LSIb = 101%d

Hamstrings
Peak torque, 87 ± 1 Nm
Peak torque per BW, 1.36 ± –0.21 

Nm/kg
D/ND LSIb = 103%d

Ratio
HQRe = 59% ± 1%

Quadriceps
Peak torque, 83 ± 12 Nm
Hamstrings
Peak torque, 60 ± 9 Nm
Ratio
HQRe = 72% ± 11%

Nonelite n = 101 young 
adults

Age, 20.3 ± 4.1 y39

Quadriceps
Peak torque, 88 ± 15 Nm
D/ND LSIb = 101%d

Quadriceps
Peak torque, 60 ± 10 Nm
D/ND LSIb = 101%d
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sports (volleyball, hockey, futsal, Ameri-
can football, Australian football, judo, 
alpine skiing, and modern ballet) were 
grouped with unspecified pivoting sports 
in TABLE 5. Strength results from other 
pivoting sports were reported in 11 stud-
ies.1,2,4,10,13,26,36-38,42,63 There were data from 
1566 pivoting-sport athletes (92% male) 
who were 21.7 ± 1.9 years of age.
Pivoting-Sport Athletes With 
ACLR  Strength results from 6 studies 
of pivoting-sport athletes with ACLR at 
a specific time point during rehabilita-
tion were combined in TABLE 6.8,25,28,37,56,61 
Strength tests were completed at 3, 4, 6, 

7, 9, and 10 months after ACLR for 816 
pivoting-sport athletes with ACLR (80% 
male) who were 21.8 ± 3.0 years of age. 
After 7 months, strength values for ath-
letes with ACLR were comparable to 
those of healthy pivoting-sport athletes.

DISCUSSION

W
e aimed to synthesize and 
present reference values for quad-
riceps and hamstrings strength 

tests for pivoting-sport athletes with and 
without ACLR. We presented separate re-
sults for types of pivoting sport (including 

soccer, basketball, and handball), sexes, 
sport participation levels, and age groups. 
We aim for the reference values to help 
guide clinicians regarding what is normal 
strength for pivoting-sport athletes, and 
what to expect during rehabilitation and 
RTS progressions after ACLR.

Strength Testing Modes
Isokinetic dynamometry is the gold 
standard for strength tests. We chose to 
report reference values at 60°/s, 180°/s, 
and 300°/s. This was based on a recent 
Delphi study, in which experts (physical 
therapists, orthopaedic surgeons, and 

	

TABLE 3
Quadriceps and Hamstrings Strength Reference Values 

From Healthy Basketball Players16,29,33,47

Abbreviations: BW, body weight; D, dominant; HQR, hamstrings-quadriceps ratio; LSI, limb symmetry index; ND, nondominant.
aValues are mean ± SD unless otherwise indicated.
bCalculated as [(dominant leg)/(nondominant leg) × 100%].
cStandard deviation was not available.
dA ratio of concentric hamstrings strength to concentric quadriceps strength.

Isokinetica

Sex/Sport 
Level Populationa 60°/s 180°/s 300°/s

Male

Elite n = 73 young adults
Age, 22.7 ± 0.6 y33,47

Quadriceps
Peak torque, 289 ± 3 Nm
Peak torque per BW, 3.21 ± –0.47 Nm/kg
D/ND LSIb = 105%c

Hamstrings
Peak torque, 157 ± 8 Nm
Peak torque per BW, 2.06 ± –0.35 Nm/kg
D/ND LSIb = 107%c

Ratio
HQRd = 55% ± 3%

Quadriceps
Peak torque, 190 ± 12 Nm
Peak torque per BW, 1.73 ± –0.31 Nm/kg
D/ND LSIb = 98%c

Hamstrings
Peak torque, 107 ± 7 Nm
Peak torque per BW, 1.45 ± –0.27 Nm/kg
D/ND LSIb = 100%c

Ratio
HQRd = 58% ± 9%

Quadriceps
Peak torque, 147 ± 27 Nm
Hamstrings
Peak torque, 82 ± 19 Nm
Ratio
HQRd = 56% ± 10%

Female

Elite n = 14 young adults
Age, 24.4 ± 2.6 y16

Quadriceps
Peak torque, 185 ± 15 Nm
Peak torque per BW, 2.50 ± –0.15 Nm/kg
Hamstrings
Peak torque, 100 ± 10 Nm
Peak torque per BW, 1.50 ± –0.8 Nm/kg
Ratio
HQRd = 57% ± 9%

Quadriceps
Peak torque, 120 ± 10 Nm
Peak torque per BW, 1.70 ± –0.08 Nm/kg
Hamstrings
Peak torque, 55 ± 5 Nm
Peak torque per BW, 0.90 ± –0.06 Nm/kg
Ratio
HQRd = 55% ± 10%

Quadriceps
Peak torque, 75 ± 10 Nm
Peak torque per BW, 1.20 ± –0.08 Nm/kg
Hamstrings
Peak torque, 30 ± 4 Nm
Peak torque per BW, 0.50 ± –0.08 Nm/kg
Ratio
HQRd = 51% ± 10%

Nonelite n = 12 young adults
Age, 20.1 ± 0.4 y29

Quadriceps
Peak torque, 105 ± 8 Nm
Peak torque per BW, 1.90 ± –0.20 Nm/kg
Hamstrings
Peak torque, 75 ± 7 Nm
Peak torque per BW, 1.40 ± –0.10 Nm/kg
Ratio
HQRd = 69% ± 15%

Quadriceps
Peak torque, 60 ± 5 Nm
Peak torque per BW, 1.05 ± –0.10 Nm/kg
Hamstrings
Peak torque, 47 ± 7 Nm
Peak torque per BW, 0.85 ± –0.08 Nm/kg
Ratio
HQRd = 78% ± 8%
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scientists) recommended a protocol of 
concentric knee extension and flexion 
testing, including 5 repetitions at 60°/s, 
20 repetitions at 180°/s, and 15 repeti-
tions at 300°/s, with 60 seconds of rest 
between sets.50

Isokinetic dynamometry is unfortu-
nately only accessible for a small propor-
tion of clinicians, due to its nonportability 
and high cost.52

When isokinetic dynamometry is 
not available, (belt-stabilized) hand-
held dynamometry can be a reliable al-
ternative for measuring quadriceps and 
hamstrings strength.23,27 Handheld dy-
namometry strength measurements can 
be compared to MVIC reference values in 
our scoping review. However, the MVIC 
reference values in our review are all 
measured with isokinetic dynamometry, 
and the validity of handheld dynamom-
etry measurements, when judged against 
isokinetic dynamometry measurements, 
remains debated.23,35

Strength Tests During Rehabilitation 
After ACLR
Because RTS is a continuous process that 
starts from the beginning of rehabilita-
tion, it is important to evaluate strength 
multiple times throughout rehabilita-
tion.5,53 Regular testing allows for easy 
modification of strength training pro-
grams, tailored to the athlete’s strength 
training status and needs. The reference 
values from our scoping review may help 
guide goal setting and evaluation during 
rehabilitation, and guide clinicians to 
ideal and realistic expectations. Although 
reference values during rehabilitation are 
reported for 3, 4, 6, 7, 9, and 10 months 
post surgery, approximately 2 months 
are needed between measurements to 
observe clinically meaningful changes.5 
There are, of course, individual differ-
ences in how fast athletes make mean-
ingful progress, but it is important not 
to test too little or too often in order to 
keep athletes motivated. With adequate 

rehabilitation, it is possible to strive for 
strength values comparable to those of 
healthy pivoting-sport athletes as soon 
as 7 months after ACLR.56

Strength Tests as Part of the RTS Decision
Return-to-sport decisions after ACLR 
should be based on a battery of tests.3 
However, the specific content of such a 
battery is the subject of ongoing and stri-
dent debate. Conflicting research in the 
ACL field compounds a complex debate. 
One key issue is that some studies include 
athletes who do not return to pivoting 
sports—a main confounder when inter-
preting the results, because not returning 
to pivoting sports almost eliminates the 
risk for a second ACL injury.58 Therefore, 
when reading studies about the associa-
tion between RTS tests and second ACL 
injuries, one should be aware of this. 
When eliminating the confounding fac-
tor of pivoting-sport participation, quad-
riceps strength test results are associated 

	

TABLE 4
Quadriceps and Hamstrings Strength Reference Values 

From Healthy Handball Players2,16,31,44

Abbreviations: BW, body weight; D, dominant; HQR, hamstrings-quadriceps ratio; LSI, limb symmetry index; ND, nondominant.
aValues are mean ± SD unless otherwise indicated.
bA ratio of concentric hamstrings strength to concentric quadriceps strength.
cCalculated as [(dominant leg)/(nondominant leg) × 100%].
dStandard deviation was not available.

Isokinetica

Sex/Sport 
Level Populationa 60°/s 180°/s 300°/s

Male

Elite n = 17 young adults
Age, 25.9 ± 4.1 y2

Quadriceps
Peak torque, 266 ± 51 Nm
Hamstrings
Peak torque, 163 ± 18 Nm
Ratio
HQRb = 63% ± 12%

Quadriceps
Peak torque, 181 ± 36 Nm
Hamstrings
Peak torque, 113 ± 22 Nm
Ratio
HQRb = 63% ± 9%

Female

Elite n = 293 young adults
Age, 21.1 ± 0.9 y2,16,31,44

Quadriceps
Peak torque, 169 ± 5 Nm
Peak torque per BW, 2.44 ± –0.05 Nm/kg
D/ND LSIc = 100%d

Hamstrings
Peak torque, 95 ± 2 Nm
Peak torque per BW, 1.38 ± –0.02 Nm/kg
D/ND LSIc = 103%d

Ratio
HQRb = 57% ± 1%

Quadriceps
Peak torque, 110 ± 7 Nm
Peak torque per BW, 1.70 ± –0.08 Nm/kg
Hamstrings
Peak torque, 40 ± 7 Nm
Peak torque per BW, 0.90 ± –0.06 Nm/kg
Ratio
HQRb = 55% ± 10%

Quadriceps
Peak torque, 91 ± 16 Nm
Peak torque per BW, 1.10 ± –0.08 Nm/kg
Hamstrings
Peak torque, 53 ± 18 Nm
Peak torque per BW, 0.50 ± –0.06 Nm/kg
Ratio
HQRb = 61% ± 5%
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with ACL and knee reinjuries and cannot 
be denied as an important part of an RTS 
test battery.3,18,19,30

Clinical Relevance
If preinjury values are unavailable for in-
jured athletes or previous-season values 
are unavailable for healthy athletes, cli-
nicians could choose to use the reference 
tables from our scoping review as a guide 

to the expected quadriceps and ham-
strings strength values for an individual 
athlete. Besides peak torque and MVICs 
for torque, peak torque normalized to 
BW and MVICs normalized to BW are 
reported as absolute reference values. 
We suggest using peak torque normal-
ized to BW and MVIC normalized to BW 
for comparing between athletes, because 
they better account for the athlete’s body 

weight. When these metrics are unavail-
able, peak torque or MVIC values are the 
best alternative.

Besides using absolute reference val-
ues, it is important to consider using an 
LSI. However, because the LSI-D/ND is 
used for reporting differences between 
the dominant leg and the nondominant 
leg in healthy pivoting-sport athletes, we 
advise clinicians to use the same measure 

	

TABLE 5
Quadriceps and Hamstrings Strength Reference Values From 

Other Healthy Pivoting-Sporta Athletes1,2,4,10,13,26,36-38,42,63

Table continues on page 150.

Isokineticb Isometricb

Sex/Sport 
Level Populationb 60°/s 180°/s 300°/s 70°

Male

Elite n = 20 adolescents
Age, 17.0 ± 0.54

Quadriceps
Peak torque per BW, 3.42 ± –0.40 

Nm/kg
D/ND LSIc = 99%d

Hamstrings
Peak torque per BW, 1.63 ± –0.16 

Nm/kg
D/ND LSIc = 103%d

Ratio
HQRe = 48% ± 6%

Quadriceps
Peak torque per BW, 1.92 ± –0.20 

Nm/kg
D/ND LSIc = 102%d

Hamstrings
Peak torque per BW, 1.27 ± –0.17 

Nm/kg
D/ND LSIc = 102%d

Ratio
HQRe = 67% ± 12%

n = 1361 young 
adults

Age, 22.5 ± 1.2 
y2,4,26,36,38,63

Quadriceps
Peak torque, 309 ± 3 Nm
Peak torque per BW, 2.89 ± –0.03 

Nm/kg
D/ND LSIc = 102% ± 0%
Hamstrings
Peak torque, 208 ± 3 Nm
Peak torque per BW, 1.94 ± –0.01 

Nm/kg
D/ND LSIc = 101% ± 0%
Ratio
HQRe = 68% ± 1%

Quadriceps
Peak torque per BW, 2.52 ± –0.28 

Nm/kg
Hamstrings
Peak torque per BW, 1.75 ± –0.27 

Nm/kg
Ratio
HQRe = 70% ± 9%

Quadriceps
Peak torque, 136 ± 40 Nm
Peak torque per BW, 1.93 ± –0.07 

Nm/kg
D/ND LSIc = 103%d

TW, 1813 ± 480 J (15 reps; range, 
90°)

TW D/ND LSIc = 102%d

Hamstrings
Peak torque, 94 ± 29 Nm
Peak torque per BW, 1.29 ± –0.05 

Nm/kg
D/ND LSIc = 104%d

TW, 1596 ± 486 J (15 reps; range, 
90°)

TW D/ND LSIc = 99%d

Ratio
HQRe = 68% ± 1%

Quadriceps
MVIC per BW, 417 ± 56 

N/kg
Hamstrings
MVIC per BW, 186 ± 24 

N/kg
Ratio
HQRe = 45%d

Nonelite n = 61 young adults
Age, 23.7 ± 0.4 y10,37

Quadriceps
Peak torque per BW, 2.70 ± –0.18 

Nm/kg
D/ND LSIc = 105% ± 3%
Hamstrings
Peak torque per BW, 1.58 ± –0.04 

Nm/kg
D/ND LSIc = 102% ± 2%
Ratio
HQRe = 55% ± 10%

Quadriceps
Peak torque per BW, 1.33 ± –0.25 

Nm/kg
D/ND LSIc = 106%d

Hamstrings
Peak torque per BW, 0.86 ± –0.23 

Nm/kg
D/ND LSIc = 106%d

Ratio
HQRe = 65% ± 15%

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

2 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



150  |  march 2022  |  volume 52  |  number 3  |  journal of orthopaedic & sports physical therapy

[ literature review ]

for supporting pivoting-sport athletes 
with ACLR when they are making RTS 
decisions. The LSI-D/ND between the 
dominant and nondominant legs ranged 
from 98% to 114% in healthy athletes. 
We suggest that clinicians use this as a 
benchmark for pivoting-sport athletes 
with ACLR instead of an LSI greater than 
90%, as often advised.32

When athletes with ACLR do not 
meet the expected absolute values and 
have an LSI between the dominant and 
nondominant legs below the healthy 
reference, consider additional strength 
training before return to pivoting sports.

Limitations
We provided an extensive and detailed 
overview of quadriceps and hamstrings 
strength absolute and LSI reference val-
ues. However, there will always be out-

liers in each set of athletes, as reference 
values are based on a Gaussian curve.

We used broad selection criteria to 
maximize generalizability. However, due 
to sparse data in the group of athletes 
with ACLR, we were not able to present 
separate results for different graft types. 
Graft type can affect strength at differ-
ent stages of rehabilitation. Therefore, 
we suggest interpreting reference values 
for pivoting-sport athletes with ACLR as 
minimum requirements and striving for 
higher values earlier in the rehabilitation 
process. It is probably better to use these 
reference values together with reference 
values from healthy pivoting-sport ath-
letes, because we do not have insight into 
postoperative rehabilitation protocols.

Although we present these strength 
test reference values to help clinicians 
judge what “normal” strength is for piv-

oting-sport athletes, it has not yet been 
investigated whether there is an associa-
tion between meeting reference values 
and sustaining a second ACL injury.

CONCLUSION

W
e synthesized and present ab-
solute quadriceps and hamstrings 
strength reference values for 

pivoting-sport athletes with and without 
ACLR. Data from 42 articles are orga-
nized by type of sport (eg, soccer, basket-
ball, handball), sex, sport participation 
level, and age group. In addition to using 
absolute reference values, the LSI be-
tween dominant and nondominant legs 
is valuable to use for RTS decisions. This 
LSI between dominant and nondominant 
legs ranged from 98% to 114% in healthy 
athletes. t

	

TABLE 5
Quadriceps and Hamstrings Strength Reference Values From Other 

Healthy Pivoting-Sporta Athletes1,2,4,10,13,26,36-38,42,63 (continued)

Abbreviations: BW, body weight; D, dominant; HQR, hamstrings-quadriceps ratio; LSI, limb symmetry index; MVIC, maximum voluntary isometric contrac-
tion; ND, nondominant; reps, repetitions; TW, total work.
aSports included volleyball, hockey, futsal, American football, Australian football, judo, alpine skiing, and modern ballet.
bValues are mean ± SD unless otherwise indicated.
cCalculated as [(dominant leg)/(nondominant leg) × 100%].
dStandard deviation was not available.
eA ratio of concentric hamstrings strength to concentric quadriceps strength.

Isokineticb Isometricb

Sex/Sport 
Level Populationb 60°/s 180°/s 300°/s 70°

Female

Elite n = 34 young adults
Age, 21.0 ± 0.0 y2,26

Quadriceps
Peak torque, 180 ± 42 Nm
Hamstrings
Peak torque, 92 ± 18 Nm
Ratio
HQRe = 53% ± 10%

Quadriceps
Peak torque, 87 ± 18 Nm
Hamstrings
Peak torque, 62 ± 11 Nm
Ratio
HQRe = 72% ± 10%

Quadriceps
MVIC per BW, 396 ± 45 

N/kg
Hamstrings
MVIC per BW, 166 ± 22 

N/kg
Ratio
HQRe = 42%d

Nonelite n = 53 adolescents
Age, 19.4 ± 1.3 y13

Ratio
HQRe = 63% ± 8%

Ratio
HQRe = 74% ± 15%

n = 37 young adults
Age, 22.6 ± 1.5 y1,42

Quadriceps
Peak torque, 123 ± 8 Nm
Peak torque per BW, 2.27 ± –0.27 

Nm/kg
Hamstrings
Peak torque, 0.49 ± –0.10 Nm
Peak torque per BW, 0.96 ± –0.22 

Nm/kg

Quadriceps
Peak torque, 86 ± 5 Nm
Peak torque per BW, 1.60 ± –0.22 

Nm/kg
Hamstrings
Peak torque, 39 ± 8 Nm
Peak torque per BW, 0.73 ± –0.17 

Nm/kg

Quadriceps
Peak torque, 61 ± 8 Nm
Peak torque per BW, 1.20 ± –0.15 

Nm/kg
Hamstrings
Peak torque, 30 ± 7 Nm
Peak torque per BW, 0.58 ± –0.14 

Nm/kg
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TABLE 6
Quadriceps and Hamstrings Strength Reference Values for Pivoting-

Sport Athletes During Rehabilitation After ACLR8,25,28,37,56,61

Isokinetica Isometrica

Time Point/
Sex/Sport 
Level Population,a Graft Type 60°/s 180°/s 300°/s 45°

3 mo

Male

Nonelite n = 156 adolescents; 
age, 18.8 ± 3.1 y25

Quadriceps

Quadriceps
O-leg peak torque per BW, 1.41 ± –0.44 

Nm/kg
NO-leg peak torque per BW, 2.46 ± 

–0.58 Nm/kg
LSIb = 58% ± 17%
Hamstrings
O-leg peak torque per BW, 1.18 ± –0.36 

Nm/kg
NO-leg peak torque per BW, 1.40 ± 

–0.48 Nm/kg
LSIb = 86% ± 19%

Female

Nonelite n = 164 adolescents; 
age, 17.4 ± 2.8 y25

Quadriceps

Quadriceps
O-leg peak torque per BW, 1.13 ± 0.54 

Nm/kg
NO-leg peak torque per BW, 2.28 ± 

–0.42 Nm/kg
LSIb = 48% ± 16%
Hamstrings
O-leg peak torque per BW, 0.93 ± –0.27 

Nm/kg
NO-leg peak torque per BW, 1.20 ± 

–0.31 Nm/kg
LSIb = 79% ± 22%

4 mo

Male

Elite n = 20 young adults; 
age, 24.2 ± 5.1 y28

BPTB

Quadriceps
O-leg peak torque, 101 ± 35 Nm
NO-leg peak torque, 176 ± 38 Nm
LSIb = 57%c

Hamstrings
O-leg peak torque, 92 ± 24 Nm
NO-leg peak torque, 107 ± 21 Nm
LSIb = 86%c

Quadriceps
O-leg peak torque, 84 ± 22 Nm
NO-leg peak torque, 126 ± 26 Nm
LSIb = 67%c

Hamstrings
O-leg peak torque, 76 ± 17 Nm
NO-leg peak torque, 85 ± 17 Nm
LSIb = 89%c

Quadriceps
O-leg MVIC, 142 ± 48 N
NO-leg MVIC, 213 ± 55 N
LSIb = 67%c

Hamstrings
O-leg MVIC, 107 ± 21 N
NO-leg MVIC, 105 ± 26 N
LSIb = 102%c

Nonelite n = 38 young adults; 
age, 24.2 ± 4.7 y56

BPTB and hamstrings

Quadriceps
O-leg peak torque, 189 ± 52 Nm
O-leg peak torque per BW, 2.40 ± 

–0.50 Nm/kg
NO-leg peak torque, 262 ± 58 Nm
NO-leg peak torque per BW, 3.30 ± 

–0.50 Nm/kg
LSIb = 72% ± 12%
Hamstrings
O-leg peak torque, 128 ± 31 Nm
NO-leg peak torque, 143 ± 31 Nm
LSIb = 89% ± 14%

Table continues on page 152.
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TABLE 6
Quadriceps and Hamstrings Strength Reference Values for Pivoting-

Sport Athletes During Rehabilitation After ACLR8,25,28,37,56,61 (continued)

Isokinetica Isometrica

Time Point/
Sex/Sport 
Level Population,a Graft Type 60°/s 180°/s 300°/s 45°

6 mo

Male

Elite n = 20 young adults; 
age, 24.2 ± 5.1 y28

BPTB

Quadriceps
O-leg peak torque, 122 ± 37 Nm
NO-leg peak torque, 179 ± 40 Nm
LSIb = 68%c

Hamstrings
O-leg peak torque, 99 ± 24 Nm
NO-leg peak torque, 111 ± 21 Nm
LSIb = 89%c

Quadriceps
O-leg peak torque, 99 ± 31 Nm
NO-leg peak torque, 129 ± 32 Nm
LSIb = 77%c

Hamstrings
O-leg peak torque, 79 ± 16 Nm
NO-leg peak torque, 84 ± 14 Nm
LSIb = 94%c

Quadriceps
O-leg MVIC, 165 ± 40 N
NO-leg MVIC, 225 ± 50 N
LSIb = 73%c

Hamstrings
O-leg MVIC, 111 ± 21 N
NO-leg MVIC, 110 ± 22 N
LSIb = 101%c

Nonelite n = 156 adolescents; 
age, 18.8 ± 3.1 y25

Quadriceps

Quadriceps
O-leg peak torque per BW, 2.03 ± –0.51 

Nm/kg
NO-leg peak torque per BW, 2.79 ± 

–0.56 Nm/kg
LSIb = 72% ± 15%
Hamstrings
O-leg peak torque per BW, 1.45 ± –0.34 

Nm/kg
NO-leg peak torque per BW, 1.52 ± 

–0.34 Nm/kg
LSIb = 95% ± 17%

n = 118 young adults; 
age, 23.6 ± 5.8 y37

BPTB

Quadriceps
O-leg peak torque per BW, 2.00 ± 

–0.45 Nm/kg
NO-leg peak torque per BW, 2.60 ± 

–0.45 Nm/kg
LSIb = 77% ± 14%
Hamstrings
O-leg peak torque per BW, 1.46 ± –0.29 

Nm/kg
NO-leg peak torque per BW, 1.51 ± 

–0.28 Nm/kg
LSIb = 97% ± 12%

Female

Nonelite n = 164 adolescents; 
age, 17.4 ± 2.8 y25

Quadriceps

Quadriceps
O-leg peak torque per BW, 1.61 ± –0.45 

Nm/kg
NO-leg peak torque per BW, 2.53 ± 

–0.45 Nm/kg
LSIb = 63% ± 16%
Hamstrings
O-leg peak torque per BW, 1.22 ± –0.25 

Nm/kg
NO-leg peak torque per BW, 1.35 ± 

–0.31 Nm/kg
LSIb = 91% ± 18%

Table continues on page 153.
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KEY POINTS
FINDINGS: Detailed reference values are 
presented for athletes with and without 
anterior cruciate ligament reconstruc-
tion (ACLR) who play the most com-

mon pivoting sports (including soccer, 
basketball, and handball).
IMPLICATIONS: Quadriceps and hamstrings 
strength test reference values help clini-
cians judge what “normal” strength is 

for healthy pivoting-sport athletes, and 
what to expect during rehabilitation and 
return-to-sport (RTS) progressions after 
ACLR.
CAUTION: The association between meet-

	

TABLE 6
Quadriceps and Hamstrings Strength Reference Values for Pivoting-

Sport Athletes During Rehabilitation After ACLR8,25,28,37,56,61 (continued)

Abbreviations: ACLR, anterior cruciate ligament reconstruction; BPTB, bone-patellar tendon-bone; BW, body weight; LSI, limb symmetry index; MVIC, maxi-
mum voluntary isometric contraction; NO, nonoperated; O, operated.
aValues are mean ± SD unless otherwise indicated.
bCalculated as [(operated leg)/(nonoperated leg) × 100%].
cStandard deviation was not available.
dAt 60°/s, BPTB and hamstrings; at 180°/s and 300°/s, BPTB.

Isokinetica Isometrica

Time Point/
Sex/Sport 
Level Population,a Graft Type 60°/s 180°/s 300°/s 45°

7 mo

Male

Nonelite n = 60 young adults; 
age, 25.8 ± 2.3 y56,61

BPTB and hamstringsd

Quadriceps
O-leg peak torque, 223 ± 51 Nm
O-leg peak torque per BW, 2.90 ± 

–0.50 Nm/kg
NO-leg peak torque, 267 ± 58 Nm
NO-leg peak torque per BW, 3.30 ± 

–0.50 Nm/kg
LSIb = 85% ± 13%
Hamstrings
O-leg peak torque, 144 ± 30 Nm
NO-leg peak torque, 149 ± 34 Nm
LSIb = 98% ± 8%

Quadriceps
LSIb = 80% ± 12%
Hamstrings
LSIb = 102% ± 11%

Quadriceps
LSIb = 82% ± 11%
Hamstrings
LSIb = 102% ± 27%

9 mo

Male

Nonelite n = 298 young adults; 
age, 24.2 ± 4.6 y8

BPTB, hamstrings, and 
quadriceps

Quadriceps
O-leg peak torque per BW, 2.24 ± –0.47 

Nm/kg
LSIb = 84% ± 14%
Hamstrings
O-leg peak torque per BW, 1.53 ± –0.29 

Nm/kg
LSIb = 97% ± 14%

10 mo

Male

Nonelite n = 38 young adults; 
age, 24.2 ± 4.7 y56

BPTB and hamstrings

Quadriceps
O-leg peak torque, 257 ± 51 Nm
O-leg peak torque per BW, 3.20 ± 

–0.60 Nm/kg
NO-leg peak torque, 270 ± 61 Nm
NO-leg peak torque per BW, 3.40 ± 

–0.50 Nm/kg
LSIb = 94% ± 15%
Hamstrings
O-leg peak torque, 150 ± 31 Nm
NO-leg peak torque, 153 ± 34 Nm
LSIb = 98% ± 8%
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ing reference values and (safe) RTS after 
ACLR requires more study.

STUDY DETAILS
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sion of the article.
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