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Abstract

Hamstring strain injuries are common among sports that involve sprinting, kicking, and high-speed skilled movements or extensive muscle
lengthening-type maneuvers with hip flexion and knee extension. These injuries present the challenge of significant recovery time and a lengthy
period of increased susceptibility for recurrent injury. Nearly one third of hamstring strains recur within the first year following return to sport with
subsequent injuries often being more severe than the original. This high re-injury rate suggests that athletes may be returning to sport prematurely
due to inadequate return to sport criteria. In this review article, we describe the epidemiology, risk factors, differential diagnosis, and prognosis
of an acute hamstring strain. Based on the current available evidence, we then propose a clinical guide for the rehabilitation of acute hamstring
strains and an algorithm to assist clinicians in the decision-making process when assessing readiness of an athlete to return to sport.
© 2017 Production and hosting by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

There is a wide spectrum of hamstring-related injuries that
can occur in the athlete. These include hamstring strains, com-
plete and partial proximal hamstring tendon avulsions, ischial
apophyseal avulsions, proximal hamstring tendinopathy, and
referred posterior thigh pain.1,2 Of these, hamstring strains are
the most prevalent hamstring-related injury resulting in loss of
time for athletes at all levels of competition.1–7 Acute hamstring
strains often result in significant recovery time and have a
lengthy period of increased susceptibility for recurrent injury.4,8

Approximately one-third of hamstring strains will recur, with
the highest risk for injury recurrence being within the first 2
weeks of return to sport.2,4–9 This high recurrence rate is sug-
gestive of an inadequate rehabilitation program, a premature
return to sport, or a combination of both. The consequences of
recurrence are high as recurrent hamstring strains have been
shown to result in significantly more time lost than first time
hamstring strains.10 Therefore, the purpose of this review article
was to provide a summary of the current evidence for clinicians
to improve the quality of rehabilitation and decision-making for
return to sport after a hamstring-related injury.

2. Epidemiology

There is an increased risk for acute hamstring strains in sports
that involve sprinting, kicking, or high-speed skilled movements,
such as football, soccer, rugby, and track,1,4,6–9,11–15 and in sports
that involve extensive muscle lengthening-type maneuvers, such
as dancing.1,6,8 Acute hamstring strains have been found to be
more common in field sports (football, soccer, and field hockey)
than in court sports (basketball, volleyball),7,9 more common in
competition than in practice,7,13,14 and more common in pre-
season than regular season and postseason.7 Most hamstring
strains are from non-contact mechanisms7,14 with the most
common mechanisms being running and sprinting activities
occurring during sport.7 Male athletes are 64% more likely to
sustain an acute hamstring strain than female athletes.7,9,12,15

A National Football League team published injury data,
including data from preseason training camp from 1998 to
2007, and found that hamstring strains were the most common
muscle strain and were the second most common injury, only
surpassed by knee sprains.13 Hamstring strains were most
common in running backs, defensive backs or safeties, and
wide receivers.13 Injury data published from 51 professional
soccer teams showed that hamstring strains were the most
common injury, representing 12% of all injuries.14 Track and
field injury data from the Penn Relays Carnival showed that
hamstring strains were the most common injury, accounting for
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24.1% of all injuries and greater than 75% of all lower extrem-
ity strain injuries.15

With running and sprinting being the most common activities
of hamstring strain injury, identifying the alterations of gait
mechanics that may be responsible has received attention. During
the terminal swing phase of the running gait cycle, the hamstrings
incur the greatest stretch and are active, eccentrically contracting
to decelerate the lower limb in preparation for foot contact.6,16–20

It is important to note that hamstring length is not representative
of muscle fiber strain. Fiorentino and colleagues19 showed that
whole-fiber length change relative to the musculotendon unit
length change remains relatively constant with increasing speed;
however, peak local fiber strain relative to the strain of the
musculotendon unit increases with speed, with the highest peak
local fiber strain relative to the whole muscle fiber strain occurring
at the fastest speed (100% maximum). Peak hamstring force
and negative work also occur during this phase, most notably
to the biceps femoris, and increase significantly with speed.16–21

Chumanov and colleagues16 showed that peak hamstring force and
negative work increased to the largest extent as sprinting speed
was increased from submaximal to maximal sprinting speeds.The
average peak net hamstring force and negative work increased
from 36 N/kg and 1.4 J/kg at 80% speed to 52 N/kg and 2.6 J/kg at
100% speed, respectively. Furthermore, Silder and colleagues22

showed that as speed increased from 80% to 100%, biceps femoris
activity during the terminal swing phase increased an average of
67%, while the semimembranosus and semitendinosus showed a
37% increase. The results of these studies offer insights and
provide a possible explanation for the tendency of the biceps
femoris to be more often injured than the semimembranosus and
semitendinosus when running at high speed. In addition, these
injuries typically occur along the intramuscular tendon and the
adjacent muscle fibers.6,23

In sports that involve extreme stretching movements, such as
dancing, the semimembranosus is more commonly involved.
Injury data published by Askling and colleagues24 on 15 pro-
fessional dancers showed that all dancers were injured during
slow hip flexion movements with knee extension, with the
injury most commonly involving the semimembranosus (87%).
More detailed anatomic and biomechanical studies are needed
to further investigate the preference of injury to the semimem-
branosus vs. the semitendinosus and biceps femoris. These inju-
ries typically occur more often at the proximal free tendon as
opposed to the intramuscular tendon.2,6,24,25

3. Risk factors

Acute hamstring strains often result in significant recovery
time and have a lengthy period of increased susceptibility for
recurrent injury.4,8 Approximately one third of the hamstring
injuries will recur with the highest risk for injury recurrence
being within the first 2 weeks of return to sport.2,4–9 This finding
had led some to speculate that athletes may be returning to sport
at a suboptimal level of performance due to ineffective reha-
bilitation or returning to sport prematurely due to inadequate
return to sport criteria.2,4,6,7,11 Several other factors likely con-
tribute to the high rate of recurrent injury, such as persistent
weakness in the injured muscle, reduced extensibility of the

musculotendinous unit due to residual scar tissue, and adaptive
changes in the biomechanics and motor patterns of sporting
movements following the original injury.5,6

Previous research has identified multiple risk factors for
hamstring injury. Non-modifiable risk factors include older age
and prior history of hamstring strain.1,26–32 A prospective cohort
study of male soccer players showed that 10.5% of players with
a previous hamstring injury and 4.6% of players without a
previous hamstring injury experienced a new hamstring injury
during the season, indicating that athletes with a prior ham-
string injury are at more than twice as high a risk of sustaining
a new hamstring injury.28 Modifiable risk factors include ham-
string weakness and fatigue,31–35 imbalances in hamstring
eccentric and quadriceps concentric strength,34,36,37 decreased
quadriceps flexibility,26 reduced hip flexor flexibility,26 and
strength and coordination deficits of the pelvic and trunk
musculature.4,38–40 It is speculated that addressing each of these
modifiable risk factors through rehabilitation programs could
potentially decrease re-injury risk. Height, weight, and body
mass index have been shown to have no influence on the inci-
dence of hamstring strain injuries.29,30,41,42

4. Differential diagnosis

Determining the exact source of injury is critical in deter-
mining the most appropriate treatment and expediting safe
return to play. Considering the potential causes of posterior
thigh pain, the differential diagnosis for acute hamstring strain
injury includes hamstring tendon avulsions, ischial apophyseal
avulsions, proximal hamstring tendinopathies, and referred
posterior thigh pain.

Complete and partial avulsions of the proximal hamstring
tendon are uncommon injuries, but can occur during sporting
activities that generate forceful hip flexion moments while the
knee is extending. Common sporting mechanisms include water
skiing,43–46 bull riding,44 tackling associated with rugby and
football,47 and slips or falls associated with cross-country and
downhill skiing.46 The athlete may report an audible pop and have
significant pain with immediate loss of function.The athlete often
presents with an inability or significant difficulty with performing
a prone leg curl, an inability to fully extend and bear weight on the
involved side, and significant gait abnormality.44–47 Acutely, sig-
nificant ecchymosis and a large hematoma are seen in the posterior
thigh46–48 which will likely limit a clinician’s ability to discern a
palpable defect. In the subacute and chronic phases, once the
hematoma has resolved, a palpable defect is often noted with
active or resisted knee flexion, which produces a distal bulge in the
retracted muscle.46–48 Another way to assess hamstring tendon
integrity in the acute phase is to evaluate for the presence of a
positive bowstring sign (absence of palpable tension in the distal
hamstring tendons when the knee actively holds a flexed position
due to lack of proximal hamstring tendon integrity).43 Magnetic
resonance imaging (MRI) is the most accurate imaging modality
for the diagnosis of proximal hamstring avulsions.46–49

Ischial apophyseal avulsions are more likely to occur in
young athletes (13–16 years) when the apophysis has the least
amount of bony bridging or fusion (open growth plate).49,50 The
mechanism of injury typically involves a forceful low-velocity
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overstretch, often with combined hip flexion and knee extension,
which is common in dance and kicking.49,50 The athlete may
report an audible pop and have deep achy pain, especially when
sitting.49 Clinical examination will likely reveal ischial tender-
ness, pain and weakness with strength testing of the hamstrings
and gluteals, and pain with active and passive knee extension
testing. Once pain has been controlled, length or flexibility
testing of the hamstrings may actually reveal no deficit due to loss
of the hamstring origin anchor point. If an ischial apophyseal
avulsion is suspected, an anteroposterior radiograph of the pelvis
can be utilized for definitive diagnosis.1,49

Proximal hamstring tendinopathy, or high hamstring
tendinopathy, is often insidious with a gradual onset of pain.51,52

Pain in the proximal hamstring region is experienced during
activity, when sitting on firm surfaces, or with prolonged
sitting.51–53 Evidence suggests that it more commonly affects
middle-aged athletes52 and endurance athletes (long distance
runners, cross country skiers, and cyclists).51–53 Most athletes
with proximal hamstring tendinopathy have tenderness to pal-
pation on the ischial tuberosity, local discomfort with minimal
to no weakness of the hamstrings and gluteals, and local dis-
comfort with flexibility testing with minimal to no limitation of
hamstring length.51–53 Specific clinical tests for high hamstring
tendinopathy include the Puranen-Orava test, the bent-knee
stretch test, and the modified bent-knee stretch test.54,55

Causes of referred posterior thigh pain include piriformis
syndrome, neural tension, lumbar disc herniation, or lumbar
facet syndrome, which causes nerve root compression, sacro-
iliac joint dysfunction, and spondylogenic lesions.53,56,57 Ath-
letes with referred posterior thigh pain will commonly have
variable symptoms within the low back region, ranging from no
back pain to significant back pain. Other symptoms include
posterior thigh muscle cramping and tightness, numbness, tin-
gling, and shooting pain.53,56 Clinical examination will likely
reveal reduced range of motion (ROM) or pain provocation
with movement of the lumbar spine, tenderness or stiffness
over the lumbar intervertebral or sacroiliac joints, a positive
slump test, or a positive lumbar quadrant test.56 If clinical
examination suggests a diagnosis of referred posterior thigh
pain and advanced imaging for the hamstrings is negative,
advance imaging for the spine may be warranted.

5. Prognosis

The severity of hamstring strains ranges on a continuum
from very mild to very severe. When evaluating the prognosis
for acute hamstring strains, important outcomes include poten-
tial time away from sport, return to pre-injury level of sport
performance, and likelihood of re-injury. Attempts to determine
the likelihood of these outcomes have centered on imaging of
the injured muscle tendon unit, patient symptoms, specific
clinical tests, and functional clinical tests.

Advanced musculoskeletal imaging, including MRI and ultra-
sound, are being implemented in an attempt to better identify and
determine prognosis. These techniques provide a more objective
measure and are frequently used to assess the severity and extent
of injury with professional athletes. MRI studies of hamstring
strains indicate that the length and cross-sectional area of the

injury are directly proportional to the time for recovery from
injury, with increased length and cross-sectional area resulting in
greater time for recovery.11,58–60 However, multiple MRI studies
demonstrate that the severity of the initial injury is ineffective in
predicting re-injury.61,62 Thus, MRI of hamstring strains appears
useful in estimating time for recovery from injury, but is limited in
identifying individuals at risk for re-injury. Ultrasound as a prog-
nostic indicator of time to recover from injury should be used with
caution as a recent publication investigating soccer players with
acute hamstring injuries showed no correlation between length of
injury area, injury severity, and time to return to play.63

Various clinical criteria, when assessed within the first 5
days of initial injury, have been associated with a long recovery
time (>40 days to return to sport), such as an initial visual
analog scale pain score of greater than 6, pain during everyday
activities for more than 3 days, popping sound during the injury,
bruising, and greater than 15° difference in passive straighten-
ing of the injured limb compared to the uninjured limb.64 The
time to walk test, which assesses an athlete’s ability to walk
without pain post-injury, has also been used to assess recovery
time.65,66 Australian Rules football players taking more than 1
day to walk pain-free following injury were 4 times more likely
to take longer than 3 weeks to return to sport when compared
with those walking pain-free within 1 day.65

The active ROM test assesses an athlete’s ability to extend
the knee while the hip is flexed at 90° in supine. Injury data
published on 165 elite track and field athletes showed that
athletes with a greater active knee extension ROM deficit
required longer recovery.67,68 When comparing active knee
extension ROM deficit with full rehabilitation time, the average
time to return to sport after initial injury was 6.9 days for <10°
deficit, 11.7 days for 10°–19° deficit, 25.4 days for 20°–29°
deficit, and 55.0 days for ≥30° deficit.67,68 This test is tradition-
ally used to assess hamstring flexibility. The formation of scar
tissue does not occur until the proliferation stage of tissue
healing69 and thus an acute active knee extension deficit is most
likely related to pain and neurophysiological mechanisms
occurring during the inflammatory stage of tissue healing.

The resisted ROM test can be used to assess an athlete’s
ability to resist knee extension at 90°, 45°, and 15° of knee
flexion in prone.54,70 Based on the length-tension curve and the
internal torque-joint angle curve, it is expected that the ham-
strings will demonstrate the greatest force at 90° due to the
hamstrings being at optimum length and leverage.71 As the ham-
strings are lengthened, such as when placed at 45° and 15° of
knee flexion, the number of potential crossbridges decreases
and the mechanical advantage decreases so that lesser amounts
of active force are generated, even under conditions of full
activation and effort.71,72 Sole and colleagues72 showed that
athletes with a recent hamstring injury demonstrate significantly
decreased knee flexion torque in the lengthened range
of contraction (approximately 5°–25° knee flexion). Athlete’s
demonstrating full isometric knee flexion force at 90°, with
incremental reductions in isometric knee flexion force at 45° and
15°, have a better prognosis than athlete’s demonstrating reduced
isometric knee flexion force at 90° with further incremental
reductions in isometric knee flexion force at 45° and 15°. The

264 L.N. Erickson and M.A. Sherry



latter scenario indicates that the athlete has reduced force output
even when the hamstrings are at optimum length and leverage.

The location of the point of maximum tenderness to palpation
relative to the ischial tuberosity is associated with the recovery
time. The more proximal the site of maximum pain, the longer
the time needed to return to pre-injury level.23,24,73 In addition, the
mechanism of injury and tissues injured have important prog-
nostic value in estimating the duration of recovery needed to
return to pre-injury level of performance.23–25,73,74 Injuries involv-
ing the intramuscular tendon and the adjacent muscle fibers
(such as the biceps femoris during high-speed running23,25) typi-
cally require a shorter recovery period than those involving the
proximal free tendon (such as the semimembranosus during
dance and kicking24,25,74). In 2007, Askling and colleagues23,24

demonstrated that hamstring injuries occurring from sprinting-
type activities resulted in an average of 16 weeks to return to
pre-injury level in elite sprinters23 whereas hamstring injuries
occurring from stretching-type activities resulted in an average
of 50 weeks to return to pre-injury level in professional
dancers.24 More recent data have demonstrated that return to
sport may not be as lengthy as originally reported. In 2013,
Askling and colleagues75 demonstrated that hamstring injuries
occurring from sprinting-type activities resulted in an average of
23 days to return to sport whereas hamstring injuries occurring
from stretching-type activities resulted in an average of 43 days
to return to sport in elite football players.

Despite the differences in mechanism of injury, tissues
involved, and recovery rates, current rehabilitation approaches
do not differ greatly when treating high-speed running vs. over-
stretch injuries.2,75–77 This topic is an area for future research and
investigation as there seems to be room for developing reha-
bilitation exercises that are more specific with respect to injury
type and location. Through examining the intensity and pattern
of hamstring muscle activation in commonly used rehabilitation
exercises, Mendiguchia and colleagues78 have shown that dif-
ferent rehabilitation exercises affect different patterns of
muscle recruitment and that the degree of response differs
between proximal and distal regions. Although these conclu-
sions are based on unpublished data, they may suggest that the
prescribed intervention will depend on the injured muscle and
its specific anatomic location.

6. Current evidence of rehabilitation program
interventions

The primary goal of the rehabilitation for hamstring strain
injury is to allow the athlete to return to sport at a level of
performance before the injury with minimal risk of recurrence
of the injury. To do so, a rehabilitation program should address
modifiable risk factors, such as hamstring weakness and
fatigue;31–35,79 imbalances in hamstring eccentric and quadriceps
concentric strength;34,36,37 decreased quadriceps flexibility;26

reduced hip flexor flexibility;26 and strength and coordination
deficits of the pelvic and trunk musculature.4,38–40 Currently,
there is no clear explanation or robust model that consistently
demonstrates how all of these risk factors interact. Future
research to look into the interrelationship between these differ-
ent factors involved in hamstring strains would provide a better

understanding of this multifactorial injury and may improve
prevention and decrease risk for re-injury.

A rehabilitation program should address psychosocial
factors, such as fear and apprehension. Insecurity when perform-
ing a ballistic hamstring flexibility test has been observed at the
time of return to sport testing despite having passed common
clinical strength and flexibility tests. Specifically, Askling and
colleagues80 showed that there was a feeling of insecurity when
performing this test with the injured leg in 95% of athletes.

Without adequate rehabilitation, athletes may experience
persistent weakness in the injured muscle,3,5,22,72,81–83 reduced
extensibility of the musculotendinous unit due to residual scar
tissue,5,59,83–85 and adaptive changes in the biomechanics and
motor patterns of sporting movements due to altered neuromus-
cular control.5,16,22,72,83,86,87

Sanfilippo and colleagues3 showed deficits in isokinetic knee
flexion strength of the injured limb (9.6% deficit in peak torque
and 6.4% deficit in work) at return to sport compared to the
uninjured limb. Sole and colleagues72 showed deficits in eccen-
tric flexor torque toward the hamstring lengthened range of the
injured limb compared to the uninjured limb, especially in the
fourth quartile (approximately 5° to 25° knee flexion). A recent
study examining elite Australian footballers showed that previ-
ously injured athletes displayed smaller increases in eccentric
hamstring strength compared with athletes who had no history
of hamstring strain injuries.81 A shift in the isokinetic knee
strength profile has been identified in previously injured limbs,
indicating that athletes with a previous hamstring injury are at
a greater than normal susceptibility for eccentric damage.88,89

The mean optimum angle of peak torque for the previously
injured hamstring muscles was at a significantly shorter muscle
length (12.1° ± 2.7°, i.e., a more flexed knee) than for the ham-
string muscles with no history of injury.88 A shorter than normal
optimum length means that more of the muscle’s working range
is in the region of instability and damage on the length-tension
curve, which could contribute to risk for re-injury.

Silder and colleagues85 showed that increased mechanical
strains arise near the proximal biceps femoris musculotendinous
junction during relatively low-load lengthening contractions, and
that subjects with a prior hamstring injury presented with sig-
nificantly greater muscle tissue strains when compared to those
without a prior hamstring strain. Scar tissue has been observed as
early as 6 weeks after an initial injury59 and found to persist on a
long-term basis (at least 5–23 months post injury).84 Scar tissue is
often observed along the musculotendinous junction adjacent to
the site of prior injury, which may alter muscle contraction
mechanics. In particular, the collagen fibers comprising remod-
eled tendon tend to be less well organized with different stiffness
properties than normal tendon.84 Specifically, scar tissue may
increase the overall mechanical stiffness of the tissue it replaces,
which may require the muscle fibers to lengthen a greater amount
to achieve the same overall musculotendon length relative to the
pre-injury state.84 This suggests that residual scar tissue at the site
of a prior musculotendon injury may adversely affect local tissue
mechanics in a way that could contribute to risk for re-injury.

One of the most important components of rehabilitation is
neuromuscular control. Sole and colleagues86 showed that there

265Rehabilitation and return to sport



was an earlier onset of activation of the hamstring muscles during
the transition from double- to single-leg stance in those with a
previous hamstring injury compared to those without a previous
hamstring injury. This suggests that there is an alteration in
lower-limb proprioception and neuromuscular control following
a hamstring injury. Neuromuscular control of the muscles affect-
ing the length–tension relationship of the hamstrings based on
their origin to the trunk and pelvis also needs to be addressed
during rehabilitation. For example, Opar and colleagues15 found
that the incidence of hamstring strains in track and field athletes
were significantly greater in the 4 × 400 m relay when compared
with the 4 × 100 m relay. This leads to speculation that there are
important trunk and pelvic positional changes affecting the ham-
strings that occur while sprinting on a curve vs. sprinting on a
straightaway. The relationship between trunk and pelvic control
to hamstring strain injury was confirmed by Chumanov and
colleagues16,87 who showed that the contralateral hip flexors (ilio-
psoas) have as large an influence on hamstring stretch as the
hamstrings themselves. This influence occurs because the ilio-
psoas directly induces an increase in anterior pelvic tilt, which in
turn necessitates greater hamstring stretch. Hip flexor muscle
force induces hip flexion and a small amount of knee extension
on the opposite limb, both of which act to increase hamstring
stretch. Other proximal muscles affecting pelvis position, such as
the abdominal obliques and erector spinae, also substantially
influence hamstring stretch.16,87 This influence demonstrates the
importance of inter-segmental dynamics in which muscles can
generate substantial accelerations about joints they do not span.

Determining the type of rehabilitation program that most
effectively promotes muscle tissue and functional recovery is
essential to minimize the risk of re-injury and to improve athlete
performance. Both eccentric strength training10,23,24,36,90–92 and
neuromuscular control exercises4,38–40,86 have been shown to
reduce the likelihood of hamstring injury and are advocated by
many as a part of the rehabilitation program following an acute
hamstring strain. Askling and colleagues75,76 demonstrated a
significant reduction in time to return to sport when individuals
with an acute hamstring injury were treated using a program
aimed at loading the hamstrings during controlled lengthening
(eccentric) exercises (L-protocol) compared to a program with
less emphasis on eccentric exercises (C-protocol). In addition to
a conventional hamstring rehabilitation program, each protocol
consisted of 3 different exercises unique to each protocol, where
Exercise 1 was aimed mainly at increasing flexibility, Exercise 2
was a combined exercise for strength and trunk and pelvis
stabilization, and Exercise 3 was more of a specific strength
training exercise. All exercises were performed in the sagittal
plane. In elite football players,75 the L-protocol resulted in a
mean of 28 days to return to sport and no re-injuries within 12
months whereas the C-protocol resulted in a mean of 51 days to
return to sport and 1 re-injury within 12 months. In elite sprinters
and jumpers,76 the L-protocol resulted in a mean of 49 days to
return to sport and no re-injuries within 12 months whereas
the C-protocol resulted in a mean of 86 days to return to sport
and 2 re-injuries within 12 months. On this basis, a rehabilitation
program consisting of mainly eccentric exercises is more
effective than a rehabilitation program with less emphasis on

eccentric exercises in promoting return to sport after acute
hamstring injury. Proske and colleagues88 have shown that the
performance of controlled eccentric exercises can facilitate a
shift in peak force development to longer musculotendon
lengths. Their initial data suggest that the incorporation of such
exercises into rehabilitation may reduce hamstring re-injury
rates as this shift in peak force development may help to restore
optimal musculotendon length for tension production.

One common criticism of rehabilitation programs that only
emphasize eccentric strength training is the lack of attention to
musculature adjacent to the hamstrings. Neuromuscular control
of the lumbopelvic region has been indicated as an important
component for optimal function of the hamstrings during sport-
ing activities16,87 and should be an integral part to a comprehen-
sive rehabilitation program. Sherry and Best4 demonstrated a
significant reduction in injury recurrence when individuals with
an acute hamstring injury were treated using a progressive
agility and trunk stabilization (PATS) program compared to a
progressive stretching and strengthening (STST) program. The
PATS program consisted of primarily neuromuscular control
exercises, beginning with early active mobilization in the
frontal and transverse planes, and then progressing to move-
ments in the sagittal plane. The average time required to return
to sport for athletes in the PATS group was 22.2 days, while the
average time for athletes in the STST group was 37.4 days.
Compared to the STST group, there was a statistically signifi-
cant reduction in injury recurrence in the PATS groups at 2
weeks (STST: 54.5% vs. PATS: 0%) and at 1 year (STST: 70%
vs. PATS: 7.7%) after return to sport.

Silder and colleagues11 compared the PATS program to a
progressive running and eccentric strengthening (PRES)
program. No significant differences were found in time to
return to sport when individuals with an acute hamstring injury
were treated using a PATS program compared to a PRES
program. The average time to return to sport for athletes in the
PATS group was 25.2 days, while the average time for athletes
in the PRES group was 28.8 days. Overall re-injury rates were
low with 1 of 16 athletes in the PATS group and 3 of 13 athletes
in the PRES group experiencing a re-injury within 12 months.
Although both rehabilitation programs demonstrated excellent
clinical results, no athlete showed complete resolution of injury
as assessed on MRI following completion of rehabilitation
despite meeting clinical clearance to return to sport (no pain,
full ROM, and full strength). Therefore, regardless of the reha-
bilitation employed, clinical determinants of recovery as mea-
sured during the physical examination do not adequately
represent complete muscle recovery and readiness for return to
sport. This finding highlights the importance of a graduated
return to the demands of full sporting activity and continued
independent rehabilitation after return to sport to aid in mini-
mizing re-injury risk.

Neural mobilization techniques have been recommended as
part of the rehabilitation program if a positive active slump test
is found during the examination.93 For those diagnosed with a
hamstring strain with mild disruption of the muscle fibers, the
inclusion of the slump stretch has been shown to reduce time
away from sport.94 The use of neural mobilization techniques in
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the rehabilitation of more severe hamstring strains has not been
investigated.

7. Proposed rehabilitation guideline

A guideline was proposed for the rehabilitation of hamstring
strain injury (see Appendix in online version) based on current
available evidence, including the integration of components of
the PATS and the PRES rehabilitation programs.2,4,6,11 This reha-
bilitation guideline is divided into 3 phases, with specific treat-
ment goals and progression criteria for phase advancement and
return to sport.The focus for Phase 1 is minimization of pain and
edema, restoration of normal neuromuscular control at slower
speeds, and prevention of excessive scar tissue formation while
protecting the healing fibers from excessive lengthening. Phase
2 allows for increased intensity of exercise, neuromuscular
training at faster speeds and larger amplitudes, and the initiation
of eccentric resistance training. Phase 3 progresses to high-speed
neuromuscular training and eccentric resistance training in a
lengthened position in preparation for return to sport.

Symptom exacerbation due to exercise intensity and ROM is
a potential complication of this rehabilitation guideline. All
exercises should be progressed based on the athlete’s tolerance
and progression should be limited if the athlete reports
pain, increased stiffness, or anxiety with movement. Clinical
decision-making is crucial for safe progression of exercises
without risking undue harm to the recovering athlete. It should
be noted that this rehabilitation guideline (Appendix) is based
primarily on the literature pertaining to hamstring strain injuries
involving the intramuscular tendon and adjacent muscle
fibers4,11,23,25,75,76,91 as there is a lack of published rehabilitation
programs for those that involve the proximal free tendon. Modi-
fications to the exercises, sports-specific movement, and pro-
gression criteria may need to be considered for injuries
involving the proximal free tendons of the hamstring muscles.

8. Factors and criteria for return to sport

Currently, there is no consensus within the literature concern-
ing return to sport decision-making given the lack of standardiza-
tion and clear objective criteria. Often times, recommendations
are vague, stating that athletes can be cleared to return to sport
once full ROM, strength, and functional abilities (jumping,
running, and cutting) can be performed without complaints of
pain or stiffness.95 Askling and colleagues80 reported that the
clinical examination of the injured leg should reveal no signs of
remaining injury. These signs include no pain on palpation of the
injured muscle, no difference in manual muscle testing between
legs with no pain provocation, and <10% deficit with passive
flexibility tests to that of the uninjured leg with no pain provoca-
tion. No pain on palpation of the injured muscle has been further
validated as an important criteria for return to sport by DeVos and
colleagues,61 who found that athletes with localized discomfort on
hamstring palpation at time of return to sport were almost 4 times
more likely to sustain a re-injury compared with athletes with
absence of discomfort on palpation.A recent meta-analysis found
that deficits in isometric strength and flexibility tend to resolve
within 20–50 days following initial hamstring strain injury;

however, deficits for dynamic measures of strength (concentric
and eccentric strength, conventional and functional hamstring-to-
quadricep strength ratios) were present at return to sport.82 This
evidence suggests that it may be appropriate to monitor isometric
strength and flexibility throughout rehabilitation, while dynamic
measures of strength may hold more value at return to play.

Isokinetic strength testing should be performed under both
concentric and eccentric conditions. Malliaropoulos and
colleagues68 reported that isokinetic strength testing, measured at
60°/s and 180°/s, should result in a deficit of less than 5% com-
pared with the injured side for clearance to return to sport. Mul-
tiple studies have also reported on the hamstring-to-quadricep
strength ratio and have reported that less than a 5% bilateral deficit
should exist in the ratio of eccentric hamstring strength (30°/s) to
concentric quadriceps strength (240°/s).3,96 In addition, the knee
flexion angle at which peak concentric knee flexion torque occurs
should be similar between limbs.88,89 More specifically, the angle
of peak torque should be within 5°2,72,89 and the time to peak torque
should be within 10%2,86 of the uninjured side. Delvaux and
colleagues97 found that muscle strength performance was the
second most common criteria (most common criteria was com-
plete pain relief) for return to sport that is currently being used by
sports medicine clinicians of professional soccer teams. The most
common methods of strength assessment were manual muscle
testing (80%) and isokinetic strength testing (75%) with 40%
assessing eccentric quadricep strength, 60% assessing concentric
quadricep strength, 75% assessing concentric hamstring strength,
and 85% assessing eccentric hamstring strength. Although clini-
cal research indicates comparison of a mixed ratio (eccentric
hamstring strength to concentric quadriceps strength) to be the
ideal method of assessment, only 30% of clinicians utilized this
method. When assessing whether an athlete is ready to return to
sport, 57% of clinicians reported tolerating ≤10% difference
compared to the uninjured side whereas only 22% of clinicians
reported tolerating ≤5% difference compared to the uninjured
side. This signifies that there is a clear lack of consensus about the
choice of assessment parameters and the specific values for
whether or not to return an athlete to sport. An effort should be
made to integrate clinical research results with those in actual
sports medicine practice.

The active hamstring test, or H-test, is completed by perform-
ing a straight leg raise as fast as possible to the highest point
without fear of injury. Askling and colleagues80 found a feeling of
insecurity in 95% of the athletes when performing this test on the
injured leg and that the mean angular hip flexion velocity was
significantly lower in the injured leg compared to the uninjured
leg. If insecurity is reported while performing this test, it is
recommended that an additional 1–2 weeks of rehabilitation be
allowed and the test repeated. This process then continues until
no insecurity is reported.75,76,80 This test has been shown to be
reliable and valid for detecting deficits in athletes with hamstring
strains and provides useful additional information to the common
clinical examination before returning an athlete to sport.80

An athlete’s ability to return to sport may also be predicted by
certain functional testing, such as the ability to perform a single
leg hamstring bridge. Australian Rules football players demon-
strating low hamstring strength, assessed via the single leg
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hamstring bridge test, were at increased risk for hamstring injury.
A score of less than 20 repetitions is considered poor, 25 repeti-
tions is considered average, and greater than 30 repetitions is
considered good. The players who sustained a hamstring injury in
this study were close to or below the poor level.32 Functional
testing should also incorporate sport-related movements specific
to the athlete with intensity and speed near maximum.2,6,97 All
tasks should be completed without pain, limitation, or hesitation
in order for the athlete to return to sport.

There is currently no strong evidence for MRI findings to
serve as criteria for time to return to sport after an acute ham-
string strain.61,66,98 Reurink and colleagues99 showed that fibrosis
on MRI at return to sport after acute hamstring injury is not
associated with re-injury risk. More specifically, 16 of 67 (24%)
subjects without fibrosis on MRI and 10 of 41 (24%) subjects
with fibrosis on MRI sustained a re-injury. These results
emphasize that clinical and functional tests seem to be better
associated with determining return to sport and risk of re-injury
than findings on MRI. The authors of this review article have
devised an algorithm to assist clinicians in the decision-making
process when returning an athlete to sport (Fig. 1).

9. Summary

Hamstring strain injuries are one of the most common reasons
for loss of playing time in athletes at all levels of competition. A
comprehensive evaluation assists in coming to an accurate diag-
nosis and determining the type of rehabilitation program that
most effectively promotes muscle tissue and functional recovery,
which is essential to minimize the risk of re-injury and to
optimize athlete performance. Without adequate rehabilitation,
athletes may experience persistent weakness in the injured
muscle and adaptive changes in the biomechanics and motor
patterns of sporting movements.There is mounting evidence that
rehabilitation strategies incorporating neuromuscular control;
progressive agility and trunk stabilization; and eccentric strength
training are more effective at promoting return to sport and
minimize the risk of re-injury. Dynamic clinical and functional
tests can be used to assess readiness for return to sport; however,
an athlete should continue independent rehabilitation after
return to sport to aid in minimizing re-injury risk.
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