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Hamstring (HS) muscle injuries are the most common injury in sports. They are corre-

lated to long rehabilitations and have a great tendency to recur. The HS consist of the long

head of the biceps femoris, semitendinosus, and semimembranosus. The patient’s clinical

presentation depends on the characteristics of the lesion, which may vary from strain to

avulsions of the proximal insertion. The most recognized risk factor is a previous injury.

Magnetic resonance imaging is the method of choice for the injury diagnosis and classifi-

cation. Many classification systems have been proposed; the current classifications aim to

describe the injury and correlate it to the prognosis. The treatment is conservative, with

the  use of anti-inflammatory drugs in the acute phase followed by a muscle rehabilita-

tion program. Proximal avulsions have shown better results with surgical repair. When the

patient is pain free, shows recovery of strength and muscle flexibility, and can perform the

sport’s movements, he/she is able to return to play. Prevention programs based on eccentric

strengthening of the muscles have been indicated both to prevent the initial injury as well

as  preventing recurrence.

© 2017 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora

Ltda. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Lesões  dos  isquiotibiais:  artigo  de  atualização

alavras-chave:

r  e  s  u  m  o

As lesões dos músculos isquiotibiais (IT) são as mais comuns do esporte e estão cor-

usculoesquelético/lesões

 longo tempo de reabilitação e apresentam uma grande tendência
relacionadas com um

raumatismo em atletas

etorno ao esporte
de  recidiva. Os IT são compostos pela cabeça longa do bíceps femoral, semitendíneo e

semimembranoso. A apresentação clínica do paciente depende das características da lesão,

que  podem variar desde um estiramento até avulsões da inserção proximal. O fator de risco

mais reconhecido é a lesão prévia. A ressonância magnética é o exame de escolha para

� Study conducted at the Instituto de Joelho e Ombro, Medicina Esportiva e Fisioterapia, Curitiba, PR, Brazil.
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o diagnóstico e classificação da lesão. Muitos sistemas de classificação têm sido propos-

tos;  os mais atuais objetivam descrever a lesão e correlacioná-la com o seu prognóstico.

O  tratamento das lesões é conservador, com o uso de medicações anti-inflamatórias na

fase aguda, seguido do programa de reabilitação. As lesões por avulsão proximal têm apre-

sentado melhores resultados com o reparo cirúrgico. Quando o paciente está sem dor,

apresenta recuperação da força e do alongamento muscular e consegue fazer os movimen-

tos  do esporte, está apto para retornar à atividade física. Programas de prevenção, baseados

no  fortalecimento excêntrico da musculatura, têm sido indicados tanto para evitar a lesão

inicial como a recidiva.
© 2017 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier

Editora Ltda. Este é um artigo Open Access sob uma licença CC BY-NC-ND (http://

with the muscular fibers, predisposing to injury. A tendi-
nous structure in the ST divides it into two  parts. This raphe
may play a role in protecting against gross injuries of this
muscle.11
Introduction

Historically, hamstring (HS) injuries are described as frustrat-
ing for athletes as they are correlated with a long rehabilitation
time; they have a tendency to recur and return to sport is
unpredictable.1,2

Not all injuries are similar. They range from mild muscle
damage to complete tear of muscle fibers. Furthermore, as
with the characteristics of the lesions, rehabilitation time is
also variable.3,4

HS injuries are the most common in sports. They are the
most frequently reported injuries in soccer, accounting for
37% of the muscular injuries observed in that sport, which
is the most popular in the world, with over 275 million
practitioners.5,6

Injury incidence is estimated at 3–4.1/1000 h of competi-
tion and 0.4–0.5/1000 h of training. A mean increase of 4% per
year has been reported; the rate of injuries occurring in train-
ing sessions has increased more  than that of those occurring
during competitive activities.7,8

After the injury, runners need 16 weeks, on average, to
return to sport without restrictions, while dancers can take
up to 50 weeks. In professional soccer, the athlete remains, on
average, 14 days away from competitive activities. HS injury is
the main cause of injury absence.2,7,9,10

In addition to soccer, injuries are common in sports such
as football, Australian football, track and field, and water
skiing. The most common trauma mechanism is indirect
trauma; injuries tend to occur during non-contact activities,
and running is the primary activity. Sports that require bal-
listic movements of the lower limb, such as skiing, dancing,
and skating, are associated with proximal avulsion of the HS
tendons.3,11

The myotendinous junction (MTJ) is the most vulnerable
part of the muscle, tendon, and bone junction; the more  prox-
imal the injury, the longer the return to sport activity.11,12

Of all muscle injuries, those of HS have one of the highest
recurrence rates, which is estimated to range between 12%
and 33%. Recurrence is the most common complication of HS
lesions.2,6,7
creativecommons.org/licenses/by-nc-nd/4.0/).

Anatomy

The HS muscle group consists of the semitendinosus (ST),
semimembranosus (SM), and the long head of the biceps
femoris (LHBF). These three muscles originate in the ischial
tuberosity (IT) as a common tendon, passing through the
hip and knee joints; they are biarticular muscles and are
innervated by the tibial portion of the sciatic nerve. In the
posterior region of the thigh, the short head of the biceps
femoris (SHBF), which originates in the posterolateral region
of the femur in the linea aspera and in the supracondy-
lar ridge, is added to the HS group. Thus, the SHBF is a
monoarticular muscle innervated by the common fibular
nerve (Fig. 1).2,3,5

In an anatomical study of the HS, Van der Made et al.11

described that the HS is divided into two portions, upper and
lower. The upper portion is subdivided into two facets. The
lateral facet is the origin of SM,  whereas the medial facet is
the origin of the ST and LHBF, which also has origins in the
sacrotuberal ligament.2

The ST and SM extend to the posteromedial region of the
thigh, with insertions in the pes anserinus and the posterome-
dial corner of the knee and tibia, respectively. In an agonistic
pattern, these muscles act in knee flexion and medial rota-
tion, as well as in hip extension; laterally, the LHBF acts in
an isolated manner proximally, extending the hip and poste-
rior stabilizing the pelvis. The distal tendon that is inserted
in the head of the fibula is formed distally, after the addi-
tion of the SHBF fibers, which flex the knee with the thigh
in extension.1–3,5

To date, no hypothesis has been able to correlate injury pat-
terns with the anatomical structure based solely on the length
of the muscle, tendon, or MTJ.  It is thought that the muscu-
lar architecture, due to the proximal and distal orientations
of the tendons, leads to a resulting force that is misaligned
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Fig. 1 – Schematic drawing of the hamstrings.

linical  picture

linical presentation of the patient depends on the charac-
eristics of the lesion, which can range from stretching of the

uscle fibers to tendon rupture. Nonetheless, regardless of
trains or ruptures, proximal lesions are much more  common
han distal lesions. The LHBF is the most frequently injured

uscle and, despite the lack of consensus, the SM is consid-
red to be the second most affected muscle.2,5,11

Askling et al.13 proposed two types of acute injuries. First
ype occurs during sprinting, and affects the LHBF. The second
ype is associated with excessive HS stretching in movements
uch as kicking in soccer or tackling in football, and most often
ffects the SM.

Eccentric contraction is the muscular action in which the
bers are elongated as a result of an external force, and at the

ame time contract to decelerate the movement. In indirect
rauma, the maximum eccentric contraction period appears to
resent the greatest risk for muscle injury; the most common

njury site is the MTJ,  since it bears the greatest eccentric loads.
;5 2(4):373–382 375

Direct trauma is another mechanism of injury, especially in
sports with body contact. It is less frequent and is mainly asso-
ciated with lesions of the muscular bellies. In the HS, delayed
onset muscle soreness is induced by eccentric contraction,
representing another common sports-related condition.2,3,7

Proximal avulsion of the HS origin corresponds to 12% of
these lesions. It is estimated that 9% of these are complete
avulsions, which is considered to be the most serious. The typ-
ical mechanism of proximal avulsion is eccentric contraction
of the HS, as a result of sudden hip hyperflexion, with the knee
in extension. This movement  is most commonly observed in
water skiing.2,3,7,14

Clinically, patient presents with a sudden pain in the pos-
terior region of the thigh. The report of an audible click
and the inability to continue with physical activity is com-
mon. Antalgic gait develops to minimize mobilization of the
involved muscle mass and decrease hip extension and knee
flexion. In the acute phase, the most common clinical signs are
hematoma or ecchymosis in the posterior region of the thigh,
painful palpation of the IT region, and muscle weakness. Usu-
ally, hematoma volume is correlated with lesion severity, but
its absence cannot be confused with a minor lesion, since this
sign may be late even in the most severe lesions.5,7

HS strength can be tested through knee flexion and hip
extension against resistance. A bilateral comparison is indi-
cated to identify the alterations. The “taking off the shoe”
clinical test is also described as a means of assessing the HS.
The patient is asked to remove the shoe ipsilateral to the injury
in the standing position, with the help of the contralateral foot.
By leveraging the back of the foot on the contralateral limb, the
patient will flex the knee and trigger pain or demonstrate the
weakness of the affected muscles.2,9

In proximal avulsion, a local gap may be palpable, but
sometimes it can be masked by the hematoma. Discomfort
in sitting may be reported; palpation helps to identify the
location and which muscles are injured. Complete rupture is
defined as the rupture of the three HS tendons (BF, ST, and
SM). The rope sign has been proposed to differentiate between
partial and complete tendon avulsion. A positive test is char-
acterized by the absence of palpable tension in the distal part
of the HS with the patient in the prone position, with the
knee flexed to 90◦. Avulsion can also be evaluated in cases
of knee flexion against resistance, when the avulsed muscle
mass retracts distally.2,5,9,15,16

Neurological clinical examination should always be per-
formed in case of HS injury. Due to local proximity, muscle
injuries may be correlated with neurological lesions, which
may manifest with paresthesia or motor alterations. In the
chronic phases of the lesions, sciatica symptoms may arise.5,7

In the acute phase, the pain picture greatly impacts the
clinical evaluation of the patient. After 48 h, the acute limita-
tion of pain is expected to have decreased, and the result of the
physical examination may be more  relevant both for diagnosis
and for prognosis. Therefore, specific evaluation is indicated
within two days after the injury.9

Differential diagnoses range from HS apophysitis, piri-
formis syndrome, tendinopathies, and bursitis to radicu-

lopathies. Therefore, clinical history, patient’s complaint,
and physical examination are crucial for the correct
diagnosis.3
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Risk  factors

Many  studies have sought to identify the risk factors for HS
injury. The ability to recognize the athletes with predisposition
and the situations that can lead to injury is paramount for
prevention, in order to avoid long periods of rehabilitation and
injury leave.17

Among the risk factors, the specific characteristics of the
muscles play an important role. HS muscle imbalance is
defined by the difference in muscle strength when compared
with the contralateral side, or an alteration in the ratio of HS
strength to ipsilateral quadriceps strength. The risk of injury is
higher when the strength deficit between the HS is >10–15%, or
when the strength ratio between the HS and the quadriceps is
<0.6. However, these values may vary according to each athlete
and sport.3

The sporting motion is also a predisposing factor of injury.
Athletes who anteriorly tilt the pelvis at the moment of
acceleration during the stride increase the tension on the
HS. Furthermore, iliopsoas shortening and imbalance of the
abdominal and lumbar musculature may also promote pelvic
anteversion, placing the HS at a mechanical disadvantage by
increasing muscle tension at the end of the swing phase of the
gait cycle.2

Extrinsic factors can also influence the probability of injury.
Injuries are more  common during competitions than training;
short pre-seasons are also correlated with a greater chance
of injury. Athletes who  have to run due to their positions are
at greater risk of injury. In soccer, injuries on the dominant
side are more  serious, as they are correlated with the kicking
movement.2,7,10,18

Previous HS injury is the risk factor most commonly cor-
related with new lesions. Injury recurrence after returning to
sport remains the main complication of this pathology. Recur-
rence is more  common when the lesion involves the LHBF.
Van Beijsterveldt et al.17 conducted a systematic review of 11
prospective studies involving 1775 male soccer players with
334 HS injuries. These authors observed that prior HS lesion
was significantly correlated with risk for a new lesion. HS
injury recurrence rates are reported to range from 14% to 63%
within two years after the initial injury.3,4,7,19

Pruna et al.20 hypothesized that the genetic profile could
explain why some elite soccer players are more  predisposed
to injuries than others, as well as the reason for the marked
time variation in the rehabilitation of injuries.

Regarding proximal HS avulsions, complete ruptures tend
to occur in patients with previous local tendinopathy.3

Imaging  tests

Imaging tests confirm the diagnosis and provide information
for therapeutic decision-making.

As a first modality, the radiographic study is indicated for
ruling out HS avulsion fractures, especially in skeletally imma-

ture patients.3

Ultrasonography (US) has the advantage of being afford-
able and inexpensive; however, it is operator-dependent. The
examination should be performed between the second and
1 7;5 2(4):373–382

seventh days after the trauma; that injury can be detected
through visualization of the hematoma and the discontinuity
of the fibers. It is also possible to measure the length, width,
depth, and cross-sectional area of the muscle injury. In proxi-
mal  cases, this method has greater limitations to measure this
lesion.3,5,18

Magnetic resonance imaging (MRI) is the modality of choice
for identifying and describing lesions, especially those of prox-
imal location. It precisely defines the site of injury, its severity
and extension, the involved tendons, and the retraction of
muscle mass.3,5,21,22

There is still no consensus on the optimal moment for MRI
assessment. Some authors advocate that the test should be
performed between 24 h and 48 h after trauma, while others
advocate that this interval should be between 48 h and 72 h.
The signs of the lesion are mainly recognized in T2-weighted
images with fat suppression or in short-tau inversion recovery
(STIR); they are more  apparent from 24 h up to five days after
trauma.9

Although MRI is the gold standard exam, 13% of HS lesions
in professional soccer players may not be identified by MRI.
The reason for this is still unknown. One hypothesis is that
these are small lesions that are not detectable, another is that
the symptoms may be caused by other pathologies, such as
low back pain or neurological changes.23

For follow-up of the injuries, MRI is more  sensitive than
US. The images would be useful in more  severe cases and in
the assessment of progression and rehabilitation, aiding in the
decision of return to sport in elite athletes. In 34–94% of cases,
signs of HS injury are still visible after six weeks.9

Classification

Classification systems are useful for physicians, athletes, and
their coaches, as they guide treatment and prognosis. A wide
variety of classifications based on clinical signs and alterations
in US and MRI imaging tests has been proposed. However, due
to the complexity and heterogeneity of muscle injuries, there
is still no widely accepted classification system.9,24,25

In clinical practice, a three-degree system is the most com-
monly used, classifying the injury as minor, moderate, or
complete muscle tear. Variations correlated with imaging tests
have also been described.25,26

Peetrons27 grouped lesions into grades, according to the
alterations observed in the US. Grade I includes lesions that do
not present alteration in the muscular architecture, but have
signs of edema around the muscle. Grade II includes partial
ruptures, and Grade III injuries present complete muscle or
tendon tear.

Recently, new classification systems have been developed;
these systems aim to be more  comprehensive and to stan-
dardize the terminology of muscle injury, as well as to provide
each degree of injury with a prognosis, which does not occur
in the three-degree classification.24–28

Table 1 proposes a classification system for muscle injury26
based on MRI  images. Injuries are graded from 0 to 4; in grades
1 to 4, an additional suffix describes the location of the lesion
(a, for myofascial lesions; b, for musculotendinous lesions; and
c, for intra-tendinous lesions).
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Table 1 – British athletics muscle injury classification.

Grade Description MRI

Grade 0
0a Focal neuromuscular pain Normal.
0b Generalized muscle soreness after

exercise
Normal or increased signal in one or more muscles.

Grade 1
1a Minor myofascial injury Increased signal from the fascia involving <10% of the

muscle belly, and craniocaudal length <5 cm.
1b Minor myotendinous injury Signal increase <10% of the transverse section of

muscle in the myotendinous area and craniocaudal
length <5 cm.

Grade 2
2a Moderate myofascial injury Increased signal from the fascia extending to the

muscle, lesion cross-sectional area of 10% and 50%,
craniocaudal length >5 and <15 cm, structural fiber
disruption <5 cm.

2b Moderate myotendinous injury Increased signal in the myotendinous region, lesion
cross-sectional area ranging from 10% and 50%,
craniocaudal length >5 and <15 cm, structural fiber
disruption <5 cm.

2c Moderate intratendinous injury Increased signal in the tendon, with longitudinal length
<5 cm and <50% of the cross-sectional area of the
tendon is involved. No loss of tendon tension or
discontinuity are observed.

Grade 3
3a Extensive myofascial injury Increased signal from the fascia extending to the

muscle, lesion cross-sectional area >50%, craniocaudal
length >15 cm, structural fiber disruption > 5 cm.

3b Extensive myotendinous injury Increased signal with lesion cross-sectional area >50%,
craniocaudal length >15 cm, and structural fiber
disruption > 5 cm.

3c Extensive intratendinous injury Increased signal in the tendon, with longitudinal length
>5 cm and >50% of the cross-sectional area of the
tendon is involved. Loss of tendon tension may be
observed, but there is no apparent discontinuity.

Grade 4
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4 Complete muscle injury 

4c Complete tendon injury 

Grade 0 injuries present no alteration on MRI. This grade
epresents focal neuromuscular pain and generalized muscle
ain caused by exercise. Grade 1 injuries are minor muscle

njuries in which the athlete experiences pain during or after
he activity. Range of motion (ROM) is normal and the strength
s preserved. In Grade 2 injuries, moderate muscle damage is
bserved. The athlete presents pain during the activity and
ust interrupt it. The ROM of the affected limb is limited

ue to pain, and muscle weakness is usually detected upon
linical examination. In Grade 3, muscle injuries are exten-
ive. The athlete usually suffers an abrupt pain, and may fall.
ven after 24 h, ROM is usually reduced and the pain picture
ersists. There is an obvious muscle contractility weakness.
inally, Grade 4 represents complete muscle or tendon tear.
he athlete presents sudden pain and activity limitation. A
alpable gap can be perceived. Normally, the contraction is

ess painful than that observed in Grade 3 injuries.26

The clinical application of the British Athletics Muscle

njury Classification was demonstrated by Pollock et al.22 in

 study that assessed 65 HS lesions in 44 track and field ath-
etes. The higher the grade of the lesion, the longer the time
Complete muscle discontinuity with retraction.
Complete discontinuation of tendon with retraction.

of rehabilitation and the higher the rate of relapse. Cases with
tendon involvement (type C) were more  susceptible to relapse
and had a longer rehabilitation time.

Table 2 distinguishes between two main groups of muscle
injuries28: injury by direct or indirect trauma. Within the group
of injuries due to indirect trauma, the classification brings
the concept of functional and structural lesions. Functional
muscle injuries present alterations without macroscopic evi-
dence of fiber tear. These lesions have multifactorial causes
and are grouped into subgroups that reflect their clinical ori-
gin, such as overload or neuromuscular disorders. Structural
muscle injuries are those whose MRI study presents macro-
scopic evidence of fiber tear, i.e.,  structural damage. They are
usually located in the MTJ, as these areas have biomechanical
weak points.

Ekstrand et al.24 prospectively analyzed 31 professional
men’s soccer teams during the 2011/2012 season, in accor-
dance with the Munich classification. A total of 393 thigh

muscle injures were recorded; two-thirds of them were classi-
fied as structural and had a rehabilitation time (in which the
athlete was unable to complete) that was significantly higher
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Table 2 – Munich classification.

Type of injury Definition Symptoms MRI

Direct Contusion: blunt trauma from external factor, with intact muscle tissue Hematoma
Laceration: blunt trauma from an external factor with muscular rupture Hematoma

Indirect Functional Type 1: overload-related muscle disorder
1A: fatigue-induced muscle
disorder

Muscle stiffness Negative

1B: delayed onset muscle
soreness

Acute inflammatory
pain

Negative  or isolated
edema

Type 2: muscle disorder of neuromuscular origin
2A: spine-related
neuromuscular muscle
disorder

Increased muscle tone
due to neurological
disorder

Negative  or isolated
edema

2B: muscle-related
neuromuscular muscle
disorder

Increased muscle tone
due to altered
neuromuscular control

Negative  or isolated
edema

Structural Type 3: Partial muscle tear
3A: minor partial muscle tear: tear involving a small area of the maximal muscle diameter Fiber rupture
3B: moderate partial muscle tear: tear involving moderate area of maximum muscle diameter Retraction and

hematoma
Type 4: (sub)total muscle tear with avulsion:

uscle
Involvement of the entire muscle diameter, m

than that observed in functional injuries. Within structural
lesions, significant differences were also observed in the sub-
groups (minor, moderate, and complete injury); the greater the
severity, the longer the time to return to sport. In the present
study, no significant differences were observed outcomes of
anterior or posterior thigh muscle injuries.

Treatment

Most HS lesions are muscle strains or partial lesions at the MTJ
level that can be conservatively managed and generally result
in full recovery.14

In the initial phase, treatment aims to minimize intramus-
cular bleeding and control inflammatory response. Analgesia,
rest, ice packs, muscle compression, and limb elevation are
used. However, clinical evidence to support the use of these
treatment modalities is still limited. The best treatment for
HS injuries is yet to be identified.2,3,7,29

A greater emphasis on pain reduction in the first days
after injury is necessary, because it reduces the neuromus-
cular inhibition associated with pain. Moreover, unnecessary
immobilization should be avoided, as it leads to muscle
atrophy. With early mobilization through stretching and
strengthening exercises, a stable and functional healing is
expected.4,7

The inflammatory reaction, triggered in response to
injury, is responsible for the onset of tissue repair. How-
ever, as a result of the enzymes released after cell lesion,
the process also causes tissue degradation, which, together
with local ischemia resulting from trauma to the blood
supply, increases the muscle injury by involving the adja-
cent tissue and increasing inflammatory symptoms, such

as pain and edema. Anti-inflammatory medication is indi-
cated to modulate the inflammatory response and to control
pain, allowing early initiation of rehabilitation. Non-steroidal
anti-inflammatory drugs are the most used, and are indicated
 defect Complete
discontinuation of fibers

until the first 48–72 h of the lesion, to avoid interfering with
tissue repair. After this phase, analgesics are used for antalgic
management.2,3,7

Corticosteroids can also be used for inflammation control,
both orally and intramuscularly. Intralesion administration,
which may be guided by US, is indicated when the acute con-
dition does not present pain improvement and the patient
has difficulty to perform the rehabilitation program. How-
ever, local use of corticosteroids may have deleterious effects
on muscle tissue, because they act on collagen bonds and
decrease tissue healing.2,3,7

Treatment  of  proximal  avulsions

HS lesions due to proximal tendon avulsion may lead to signif-
icant sequelae, such as strength deficit and inability to return
to sports practice at the pre-injury level. Surgical repair of the
local anatomy is indicated to avoid such complications, espe-
cially in athletes or physically active patients. In most surgical
techniques described, the repair is performed using anchors
and non-absorbable suture.5,11,14,30

Hofmann et al.15 assessed the outcome of conservative
treatment for complete proximal avulsions of the HS. A total
of 30% of the patients were unable to return to the pre-injury
level of sports activity, and almost half of them regretted not
having undergone surgical treatment.

Barnett et al.14 reported that good-to-excellent results can
be expected in most patients after surgical reinsertion of prox-
imal avulsion of the HS. These authors also reported a high
percentage of patients who returned to their pre-injury level;
the vast majority of patients was satisfied with surgery and
would opt for the same treatment again.

In general, conservative therapy is indicated for single-

tendon acute proximal tendon avulsions or multiple
tendon lesions with less than 2 cm of retraction. Asymp-
tomatic chronic lesions, despite dislocation, are also treated
conservatively.3,5,16,21
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Surgical treatment is the best option for ischial apophysis
vulsions in skeletally immature patients, avulsions with the
S bone fragment, and proximal avulsions of the entire HS
omplex.16,21

The surgery is also indicated for patients with active avul-
ions in one or two  tendons and retraction greater than 2 cm.
n recreational athletes or inactive patients, surgery is indi-
ated only when the avulsion is symptomatic.2,7,11

Surgery may also be indicated in tendon injuries when
vulsion is symptomatic, particularly in athletes or highly
ctive patients. Theoretically, an LHBF avulsion may require
urgical repair, since no other muscle acts as an agonist, unlike
he ST and MS, which act synergistically.5,7

When the diagnosis of proximal avulsion is confirmed, the
ossibility of surgical treatment should be addressed as early
s possible, in order to repair the lesion during the acute phase.
he consensus indicates that reinsertion should ideally be per-

ormed within two weeks of injury. Early repair minimizes
uscle atrophy and shortening, facilitates rehabilitation (by
aking it more  predictable), and avoids surgical difficulties

nd complications, such as adhesions between the avulsed
issue and the sciatic nerve, which form around the end of
he second week. In addition to sciatic nerve involvement, the
osterior femoral cutaneous nerve and lower gluteal nerve can
lso be involved, causing dysesthesia and weakness of the hip
xtensors.2,3,5,7,15,16,21

Injuries that are not surgically treated may evolve with neu-
algia and sciatica. Surgical repair is also indicated in these
hronic cases and in lesions that, despite conservative treat-
ent, persist with debilitating pain and weakness. However,

t is worth emphasizing that the neurological symptoms may
ersist after the surgical procedure.7,16,21

latelet-rich  plasma

yogeny is not restricted to prenatal development; it also
ccurs in muscle regeneration after injury. Several growth
actors have been suggested as regulators of this process.
latelets are known for their role in hemostasis, but they also
ediate tissue injury repair, due to their ability to release

rowth factors, which lead to the stimulation of angiogenesis
responsible for neovascularization) and increased metabolic
ctivity, with tendon and muscle tissue proliferation.31

The indication for the use of platelet-rich plasma (PRP)
s based on the concept that the growth factors released by
latelets would increase the natural healing process, espe-
ially in tissues with low potential for cure; this claim is
upported by many  in vitro studies. Because of the potential to
nhance the tissue repair process, PRP has been investigated
s part of the therapeutic arsenal for many  lesions, including
hose of the HS.3,29,32

Hamid et al.29 studied 28 patients with acute HS injuries
lassified as partial ruptures. They were randomly allocated
or treatment with autologous PRP combined with a reha-
ilitation program, or for rehabilitation program alone. The
rimary outcome of the study was the time to return to sports.

he authors also assessed level of pain and interference of
ain over time. That study demonstrated that a single injec-
ion of 3 mL  of autologous PRP combined with a rehabilitation
rogram was significantly more  effective in reducing pain
;5 2(4):373–382 379

severity, allowing a shorter time to return to sport after an
acute HS injury.

Rossi et al.33 also described a study in which a single
application of autologous PRP associated with a rehabilita-
tion program was compared with rehabilitation program alone
in partial HS lesions; these authors observed a significantly
decrease in time to return to sport in the combined treat-
ment. At two years of follow-up, no differences were observed
between groups regarding recurrence rate.

In a study of 25 HS injuries in professional soccer players,
Zanon et al.32 demonstrated that the use of PRP was safe; the
authors did not report a decrease in recovery time, but did
show a smaller scar and improved tissue repair in the MRI
control images.

Reurink et al., 34 in a randomized, multicenter, double-
blinded study with 80 recreational athletes with HS lesions,
did not observe statistically or clinically significant results to
justify the use of PRP.

In addition to the isolated use of PRP, its associations have
also been studied. In an animal model, Terada et al.35 demon-
strated that PRP combined with the use of losartan promoted
an improvement in skeletal muscle healing after contusion by
increasing revascularization rate and muscle regeneration, as
well as by inhibiting the development of fibrosis. Losartan has
an antifibrotic action, and it is also a widely used antihyper-
tensive. Its association with PRP would stimulate angiogenesis
and inhibit the development of fibrosis.

Despite the various studies, there is still insufficient evi-
dence to indicate the use of PRP in acute muscle injury.
Due to the increase in popularity, its real effectiveness has
been increasingly debated, especially regarding the process
of muscle injury rehabilitation in physically active patients
and in athletes, thus it represents an important area of
research.3,4,29,33

Current literature shows promising pre-clinical outcomes,
but clinical findings are contradictory. A detailed analysis is
hampered by the lack of standardization of study protocols,
PRP preparation techniques, and outcome measures.31,36

High quality studies are critical to confirm these prelimi-
nary results and provide scientific evidence to indicate the use
of PRP. Further research is needed to standardize PRP prepa-
ration, administration regimens (including the volume to be
applied), treatment duration and frequency, and application
method (blind or guided by US).3,31

Rehabilitation

The rehabilitation process is based on muscle stretching
and strengthening programs, since tissue healing involves
muscle regeneration and fibrosis formation. Early mobility
minimizes disorganized healing of the fibers and, therefore,
lesion recurrence.3

Prognostic factors related to a long rehabilitation period
include muscle injury observed on MRI, extensive lesion
demonstrated on MRI, recurrent HS lesions, and indirect injury

as the trauma mechanism.9

The functional rehabilitation of HS lesions should be indi-
vidualized to the needs of each patient; the overall goals are
to restore pre-injury muscle strength and flexibility, as well as
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to relieve pain. Muscle strengthening is both a rehabilitation
and prevention factor.2,10

The process begins with concentric strengthening, which
leads to clinical improvement; open kinetic chain exercises are
used progressively to initiate eccentric strengthening. Eccen-
tric strengthening exercises are more  effective than concentric
exercises, and should be performed with the muscle in a
stretched, as they help to restore muscle length after injury.2,4

Return  to  sports  practice

Return to sports is the desired outcome after HS injuries. Iso-
lated lesions of the LHBF involving <50% of the cross-sectional
area and minimum perimuscular edema are correlated with
a rapid return to sport, usually within seven days. Delayed
return, after over two or three weeks, is correlated with lesions
in multiple muscles, MTJ  lesions, lesions involving the SHBF,
lesions with a cross-sectional area greater than 75%, presence
of retraction, and lesions with circumferential muscle edema.
A delay in the recovery process is also associated with primary
injury and indirect injury as the trauma mechanism.3,37

The criteria for sports return are: absence of pain, ability
to make the respective sporting movements without hesi-
tation, recovery of strength and stretching of the involved
muscle group, and the athlete’s own confidence for returning
to physical activity. The assessment of muscle strength can be
determined by the isokinetic test. Restoration of limb strength
compared to contralateral side (between 90% and 95%) and
HS to quadriceps strength ratio between 50% and 60% are
desirable.2,7

Most HS relapses occur at the same site as the primary
lesions, early after the return to sport; these new lesions are
radiologically more  severe. Specific exercise programs focused
on preventing new injuries are highly recommended after
returning to sports.19

Prevention

Given the major complications of HS injuries, especially in
athletes, prevention is still better than treatment and rehabili-
tation process, especially considering the threat of recurrence.
Several studies have aimed to identify patterns that predict
injury, in order to avoid or correct these situations.

Duhig et al.,38 who  assessed soccer players and their sprints
using GPS devices, observed that athletes who developed HS
injury traveled a greater distance than their two-year average
for high-speed sprinting (>24 km/h) in the four weeks prior to
the injury.

Van Dyk et al.10 do not recommend the isokinetic test to
determine the association between strength differences and
HS injury, as they were unable to determine the factors that
would identify soccer players at risk for injury in a study on the
relationship between the eccentric HS strength and concentric
quadriceps strength in the isokinetic evaluation of 614 players

over four seasons.

However, Dauty et al.39 studied all soccer players in the
major French league between the 2001/02 and 2011/12 seasons
by isokinetic testing. According to those authors, it is possible
1 7;5 2(4):373–382

to predict the occurrence of HS injury based on the results of
the test conducted at the beginning of the season.

Schache et al.40 reported that the asymmetric measures
on isokinetic tests of maximal voluntary contractions of the
HS muscles may be a useful clinical test to identify suscep-
tibility to injury. In the case report of an elite Australian
football player, the HS isokinetic test demonstrated that, over
four weeks, the asymmetry between the maximum volun-
tary contraction was minimal (<1.2%); however, five days prior
to the injury, the side that would be affected presented a
reduction in the maximum voluntary contraction force of
10.9%.

Despite the discrepancy between the different results of
the studies, with variant methodologies, muscle strengthen-
ing is considered to be the main prevention factor. Regarding
muscle stretching, little has been shown about its prophylac-
tic function. However, the most enduring clinical sign after
HS injury is the reduction of muscle elongation; therefore,
stretching is especially useful for rehabilitating the primary
lesion and preventing relapse. HS stretching with the pelvis in
anterior inclination has been shown to be more  effective than
the standard stretches.2,7

Regarding muscle strengthening, Mendiguchia et al.41

reported that seven weeks of neuromuscular training focusing
on the HS, combined with soccer training, was more  effective
than isolated training effective in improving concentric con-
traction force, specifically HS eccentric strength. This result
ensures that the program maintains the athlete’s performance
and helps prevent HS injuries.

Porter and Rushton42 conducted a systematic review of the
effectiveness of eccentric strengthening exercises in the pre-
vention of HS injuries in male professional soccer athletes.
Those authors concluded that, although sufficient evidence is
still lacking, there is scientific support in the literature for the
indication of this prevention modality.

In summary, many  authors agree that an exercise program
for eccentric HS strengthening may reduce the incidence of
injury. The effectiveness of those programs can be explained
by the fact that the injury typically occurs when the HS
muscles act on the deceleration of knee extension through
an eccentric contraction in the final swing phase dur-
ing the stride, when they are elongated by hip flexion
and knee extension. The force required for the decelera-
tion is proportional to the speed and force applied in the
sprint.2,4,6

Nordic flexion is considered to be one of the most effective
exercises in eccentric HS strengthening; it has been used with
good results in professional soccer teams and amateur ath-
letes. The exercise begins with the athlete kneeling with the
thighs and trunk aligned, at a right angle to the legs. A train-
ing partner helps hold the feet and legs on the ground. The
athlete initiates the activity by tilting the trunk toward the
floor as slowly as possible, in order to increase the muscular
load during the eccentric phase. When the trunk approaches
the ground, the upper limbs are used to prevent the fall and
push the athlete’s back, minimizing the loading during the

concentric phase (Fig. 2).2,6

Bourne et al.43 assessed the Nordic flexion through func-
tional MR  images and found that the HS that had suffered
injury muscle were less activated than the contralateral side.
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Fig. 2 – Nordic flexion: (a) athlete in initial kneeling
position, (b) athlete makes the trunk inclination movement
toward the ground as slowly as possible, with eccentric
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ontraction of the hamstrings.

hey also showed that the ST is the most significantly acti-
ated muscle. Regarding the analysis by electromyography, the
ame group, in a different study,44 observed that, although not
elective for LHBF, Nordic flexion presented the highest levels
f activation in the eccentric contraction of this muscle when
ompared with the other exercises assessed in their study.
hose authors concluded that the HS muscles are activated
ifferently during hip or knee-based exercises. Thus, exercises
ased on hip extension are more  selective in lateral activa-
ion, whereas those with knee flexion preferentially engage
he medial musculature.

Laboratory parameters can also be used to prevent injury.
lassically, creatine phosphokinase and lactate dehydroge-
ase are used as biochemical markers. Serum levels depend on
ge, gender, ethnicity, muscle mass, physical activity, and even
eather conditions. These parameters should not be used for

he diagnosis or prognosis of lesions, due to their low sensitiv-
ty and specificity. However, an increase in these parameters
ndicates an incomplete recovery from the muscular overload
hen compared with the athlete’s baseline measurements.
pecial attention should be given to correcting factors that
ay predispose to injury.9,45,46
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