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A history of muscle injury represents a predominant risk factor for future insultAbstract
in that muscle group. The high frequency of re-injury and persistent complaints
after a hamstring strain comprise major difficulties for the athlete on return to
athletic activities. Some of the risk factors associated with the possible recurrence
of the injury are, in all probability, already implicated in the initial injury. One can
distinguish between those events peculiar to the sport activity modalities (extrin-
sic factors) and other contributing factors based on the athletes individual features
(intrinsic factors). For both categories, the persistence of mistakes or abnormali-
ties in action represent an irrefutable component contributing to the re-injury
cycle. Additional factors leading to chronicity can come from the first injury per
se through modifications in the muscle tissue and possible adaptive changes in
biomechanics and motor patterns of sporting movements. We emphasise the role
of questionable approaches to the diagnosis process, drug treatment or rehabilita-
tion design.
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To date, the risk factors examined in the literature have either been scientifical-
ly associated with injury and/or speculated to be associated with injury. In this
context, quantifying the real role of each factor remains hypothetical, the most
likely ones corresponding to inadequate warm-up, invalid structure and the
content of training, muscle tightness and/or weakness, agonist/antagonist imbal-
ances, underestimation of an extensive injury, use of inappropriate drugs, pres-
ence of an extensive scar tissue and, above all, incomplete or aggressive
rehabilitation. Such a list highlights the unavoidable necessity of developing valid
assessment methods, the use of specific measurement tools and more rigorous
guidelines in the treatment and rehabilitation. This also implies a scientific
understanding as well as specifically qualified medical doctors, physiotherapists
and trainers acting in partnership.

Muscle injury can be classified into three differ- been postulated, including their polyarticular char-
ent forms depending on the occurrence mechanism: acteristic and high percentage of fast-twitch fibres,
lacerations, contusions or strains.[1] Hamstring inju- inadequate flexibility, muscle weakness and
ries are usually strains that most commonly occur strength imbalance, unsatisfactory warm-up, exces-
proximally near the muscle tendon junction and sive fatigue, disturbed posture and dyssynergic con-
laterally injure the biceps femoris.[2,3] The insult is a traction.[1,4,10,12-21]

common occurrence in specific ranges of sports Orchard[22] distinguishes between extrinsic fac-
based on rapid active knee extension (e.g. sprinting, tors principally inherent to sport activity (environ-
track and field, jumping, soccer, football, rugby) ment-related) and intrinsic factors related to individ-
and/or gesture imposing position of maximal ual features and profile (player-related). He suggests
muscle lengthening (e.g. martial arts, dance, wa- that intrinsic factors are more predictive of muscle
ter-skiing).[2,4-10] These sports share either a passive strain than the extrinsic factors. The review by Park-
stretch or solicit a protective eccentric action (ten- kari et al.[23] confirmed that strategies designed to
sion development while lengthening) to the ham- prevent sports injuries can be effective, but some
string muscles decelerating the lower leg.[2] measures may have no effect or even negative ef-

The circumstances under which injury takes fects. The analysis of the predisposing factors of
place correspond to the periods at which the athlete muscle strain themselves show contradictions, com-
surpasses the mechanical limits tolerated by the plicating the probability for a consensus manage-
muscle unit. Hamstrings are characterised by a very ment. For instance, Bennell et al.[24] asserted that
particular behaviour toward high intensity contrac- isokinetic muscle strength testing was not able to
tions and injury. Not only do hamstrings appear directly identify Australian Rules football players at
particularly sensitive to delayed onset muscular risk for hamstring muscle injury. Other authors have
soreness (DOMS) following bouts of eccentric exer- found that muscle deficits do contribute to injury.
cises,[11] but have a pronounced tendency to relapse Orchard et al.[25] concluded that pre-season isokinet-
after an initial strain. ic testing of professional football players can identi-

fy those players at risk of developing hamstringPreventing both the first injury and re-injury re-
muscle strains. In a recent study dedicated to soccerpresent a seemingly normal, but complex, target.
players, Croisier et al.[26] reported a risk factor ofThe common denominator between the two is the
hamstring injury fixed at 15% in the presence ofneed for the identification of the factors leading to
pre-season isokinetic strength imbalance versus on-injury and the development of the most appropriate
ly 3% in the absence of strength abnormality.preventive strategy. Despite a plentiful scientific

literature and the willingness of trainers and ther- The high rate of re-injury[19,25,27] and lingering
apists, the problem remains acute. A number of discomfort after the return to athletic activities can
possible causes for an initial hamstring injury have pose complex problems for trainers as well as sports

© 2004 Adis Data Information BV. All rights reserved. Sports Med 2004; 34 (10)
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Fig. 1. The groups of factors associated with hamstring muscle strains.

medicine clinicians. This was further investigated hamstring muscle strain in speed and flexibility ath-
through a prospective epidemiological study of the letes. This statement highlights that the clarification
injuries sustained in English professional football of factors leading to injury and re-injury need to
(2376 players) over two competitive seasons; represent the cornerstone of the practitioner ap-
re-injuries accounted for 48% of injuries classified proach. To date, only a few factors have been scien-
as strains.[28] Hamstring injuries have the highest tifically associated with injury, while others have
recurrence rate of all injuries: 34% of the incidence been suggested as being implicated.
of new hamstring strains.[29] In a study of the Austra- In this article, we label these factors (figure 1) as:
lian Football League, Orchard and Best[30] showed 1. extrinsic factors;
that the persistence of a significantly increased risk 2. intrinsic factors;
of recurrence lasted for many weeks after a return to 3. modifications from initial strain;
play. The cumulative risk of the recurrence of a 4. questionable options in treatment.
hamstring strain for the remainder of the season was Such a structure could lead us to analyse the
30.6%. Interestingly, Hawkins et al.[28] demonstrat- aetiological factors independently of one another;
ed that injury and re-injury to the hamstring primari- we emphasise the necessity of considering the situa-
ly occurred during competition compared with train- tion as a whole as injury factors may be multiple and
ing (67% and 33%, respectively) in 749 strains interact.
studied. The theoretical model proposed by Worrell[33]

There is a paucity of research relating to the real suggests that the combination of abnormalities
causes of repetitive hamstring injury. Most stud- (strength, flexibility, warm-up, fatigue) increases
ies[22,31,32] have confirmed that a history of injury to the likelihood of hamstring strain. On the other
a muscle group is a predominant risk factor for hand, some factors may be present without re-injury
future injury in that group. Ordinarily, authors spec- occurring. There may be a threshold at which a
ulate that aetiology combines factors already impli- greater number of risk factors would produce an
cated in the initial strain and additional specific injury, or some factors may be more predictive of
abnormalities resulting from the insult itself. The injury than others.[34]

aim of this article is to analyse the factors associated We propose a list of factors possibly associated
with recurrent hamstring strain in order to update the with recurrent hamstring injuries and their respec-
management of that relapsing injury. tive estimated role (see table I).

1. Factor Analysis 1.1 Extrinsic Factors

The misinterpretation of aetiological factors, as Some factors peculiar to a sport activity contrib-
well as the lack of a general consensus regarding ute to a first episode of injury. Therefore, it is logical
both treatment and rehabilitation, give rise to muscle to assume that, despite possible well designed reha-
strain recurrence and persistence after an initial bilitation, persisting errors in sport training modali-

© 2004 Adis Data Information BV. All rights reserved. Sports Med 2004; 34 (10)
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the capability of the musculotendinous unit to ab-
sorb energy is directly proportional to both resting
length and muscle temperature.[35,36]

In 1999, Hawkins and Fuller[32] hypothesised that
the higher proportion of strains observed in profes-
sional football players playing for English clubs,
compared with that reported for European teams,
could be the result of less attention being paid to
general body conditioning, in particular warm-ups.

1.1.2 Fatigue
The role of fatigue is frequently suggested, as

hamstring strains regularly occur late in training as
well as in the competitive settings.[2] Worrell[33]

suggested that strain also occurs later or soon after a
fatiguing practice. Fatigue may induce physiologi-
cal changes within the muscle, as well as altered
coordination, technique or concentration, predispos-
ing the player to injury.[34] In particular, the dual
innervation of biceps femoris could lead to asyn-
chrony in the activation of separate parts of the
muscle and result in inefficiencies. Abnormalities in
running style may be the consequence of fatigue,
increasing the workload of the stabilising biarticular
muscles around the pelvis. This situation amplifies
fatigue and predisposes the athlete to subsequent
injury, justifying the technical education of the ath-
lete.

Cooling down procedures may also influence
residual fatigue on subsequent days. With the goal
of preventing fatigue and decreasing work capacity,

Table I. Factors associated with recurrent hamstring injuries and
their respective estimated role

Factors Degree of
involvement

Extrinsic factors

Inadequate warm-up +++

Fatigue related to unsuitable structure +++
and content of training

Intrinsic factors

Agonist/antagonist imbalances +++

Lack of flexibility +++

Age +

Low back pain +

Sacroiliac joint dysfunction +

Chronic hormone imbalance +

Modifications from initial strain

Tightness and/or weakness +++

Extensive scar tissue ++

Muscular calcification +

Changes in the biomechanics and motor +
patterns of sporting movements

Neural inhibition +

Psychological stress ?

Adverse neural tension ?

Questionable options in treatment

Incomplete or aggressive rehabilitation +++

Underestimation of an extensive injury ++

Prescription of glucocorticoids ++

Use of local anaesthetic ++

Inappropriate prolonged use of NSAIDs ?
+ indicates low level of involvement; ++ indicates medium level of
involvement; +++ indicates high level of involvement; ? indicates
level of involvement unknown.

the correction of fluid balance[37] and ingestion of
liquid carbohydrate drinks facilitating glycogen re-ties will give rise to re-injury through the same
plenishment is sometimes recommended.[33] Thus,factors.
ingestion of approximately 30–60g of carbohydrates
during each hour of exercise would be sufficient to1.1.1 Warm-Up
maintain blood glucose oxidation late in exerciseAbsent or inadequate warm-up represents a caus-
and delay fatigue.[38]ative event commonly reported in the litera-

ture.[2,32,33] This unavoidable stage of actively initi- Experimental work by Mair et al.[14] indicated
ating the sport session facilitates increases in con- that fatigued rabbit muscles had a decreased ability
nective tissue extensibility (via the modifications of to absorb energy before reaching the amount of
viscoelastic properties), which is temperature de- stretch that causes injuries. The amount of energy
pendent.[2] In an animal model,[35] muscles were absorbed by the fatigued muscle was 69.7–92% that
held isometrically and tetanically stimulated for 10 of the energy absorbed in the control muscle. The
to 15 seconds, provoking a 1°C rise in muscle tem- lowest level of energy absorption corresponded to
perature. As a result, muscles could stretch more the more fatigued muscles. Furthermore, muscles
before failure and could produce increased force. were injured at the same length, regardless of the
Stretching before exercise seems critical because of effects of fatigue.

© 2004 Adis Data Information BV. All rights reserved. Sports Med 2004; 34 (10)
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Fatigue management (i.e. proper conditioning to education of coaches and players regarding training
avoid fatigue and exercise modification when fa- protocols as well as injury prevention strate-
tigue occurs[14]) is considered an important part of gies[37,42,43] is an important factor in injury preven-
the rationale for preventing muscle injury and re- tion.
injury.[2] We particularly refer to the modalities of
training or competition in relation to the specific 1.2 Intrinsic Factors
physiological demand of the activity.

Quantifying the respective role of each parameter
is complicated and illustrates this multifactorial1.1.3 Fitness Level and Training Modalities
problem. The real determination of predisposingInadequate pre-season training resulting in low
factors to re-injury rest partially on theoretical as-fitness levels may contribute to an increased injury
sumptions because of the sparse scientific documen-rate.[32,39] In general, sprint training should be
tation currently available.[20] Croisier and Crie-utilised on an adequate foundation for general fit-
laard[7] isokinetically demonstrated frequent muscleness and implemented slowly from walking
strength performance disorders (about 70% ofdrills.[34] It is well documented that abrupt increases
cases) in the context of hamstring muscle strainsin training volume may further contribute to injury
with persistent discomfort, suggesting that recurrentrisk.[40] In soccer, at least 90% of the energy release
injuries may be the consequence of inadequate reha-must be aerobic, even if players run at an intensity
bilitation. Nevertheless, it remained unclear whetherclose to the anaerobic threshold.[41]

strength performance disorders were solely the con-
Inadequate training modalities, favouring long sequence of the initial injury or a current causative

periods above the anaerobic threshold instead of factor for re-injury, or both.
specific exercise improving maximum oxygen con- Some authors[44,45] have concluded that isokineticsumption (V̇O2max) [such as aerobic interval train- testing could identify muscle imbalances and allowing], may contribute to increase the (re)injury rate. correction, but the specific criteria for ‘adequate’Heart rate monitoring as an indicator of actual exer- strength is largely undefined. For instance, Noonancise intensity during training offers the possibility of and Garrett[10] recommended a cut-off of 80% of theindividualised surveillance. Specialised sessions strength on the contralateral side in isokinetic test-aimed at developing muscular explosivity and speed ing. Considering that the initial strain may already(qualities required in soccer) through short-lasting arise from a strength weakness, allowing an athleteexercises, must consider the need for recovery peri- to return to competition with a 20% deficit afterods between exercise sequences, a precaution that is injury in the bilateral comparison represents, in ourregularly neglected and leads to unsuitable training opinion, a factor predisposing the player to re-inju-conditions. Obviously, some activities (such as ry. Other authors[44] suggest the restoration of the400m sprints or 400m hurdles in athletics) require injured leg strength to within 10% of that of theexercising muscle to bear accumulating lactate by unaffected leg.means of specific exercise modalities.

1.2.1 Eccentric DeficitsPersistent errors in training modalities and condi-
tions inherent to sport activity represent an irrefuta- According to Jönhagen et al.,[4] Croisier and
ble factor contributing to recurrent injury and this Crielaard[7] confirmed the discriminating character
highlights the necessity for trainers to have scientific of the eccentric trial by combining a preferential
knowledge and qualifications, most notably in the eccentric peak torque deficit and a significant reduc-
exercise physiology area. A recent study by Junge et tion of an original mixed[46] eccentric flexors/con-
al.[42] suggests that an injury prevention programme centric quadriceps ratio (figure 2). An ordinary con-
improved both the structure and content of training. centric protocol would not have revealed exclusive
For thigh muscles, the average number of injuries eccentric deficits in 23% of patients. In that context,
per player per year was reduced in a group benefit- recommendations by Clanton and Coupe,[44] who
ing from a prevention programme (0.15 ± 0.38) advised clinicians against using the eccentric mode
compared with a control group (0.26 ± 0.55). The of contraction, may appear illogical and we draw

© 2004 Adis Data Information BV. All rights reserved. Sports Med 2004; 34 (10)
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This study confirmed that while multifactorial ori-
gin of muscular injuries were present in 31% of
subjects, the persistent complaints and recurrent
strains during sports participation were not correlat-
ed with significant bilateral asymmetries or agonist/
antagonist imbalances. Alternatively, 69% of sub-
jects were selected for this study because of an
abnormal isokinetic profile, indicating the key role
played by strength quality, particularly eccen-
tric,[4,48] in the complex interaction between aetio-
logical factors. In summary, any factor that impairs
the contractile function of the muscle will lead to a
reduction in its energy-absorbing capabilities, in-
creasing the likelihood of re-injury.

On the basis of these observations, we strongly
recommend that athletes recovering from injury
should undergo specific isokinetic testing before
resuming athletic activities to indicate the extent of a
residual muscle performance dysfunction. Never-
theless, the determination of ‘normative values’ for
agonist/antagonist ratios in isokinetic analysis must
take into account the lack of compatibility between
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Fig. 2. Comparative study between healthy and injured hamstrings.
Flexors (Fl)/quadriceps (Q) ratios (mean ± SD) calculated in the
concentric mode at 60 °/sec and 240 °/sec or mixed FlE/QC. Char-
acteristic values of a normal control group (mean ± SD) are repre-
sented by shaded areas (reprinted from Croisier and Crielaard,[7]

with permission from IOS Press). C = concentric; E = eccentric; * p
< 0.01. different devices.[49,50] The improper use of statisti-

cally defined limits of ratio simply extracted from
attention to the risk of misinterpretation from a the literature (e.g. fixing the inferior limit to 0.65,
nonspecific isokinetic protocol. Provided that ec- even though the proper value on the personally used
centric exercise is introduced cautiously, negative dynamometer would be 0.55) could lead to errone-
side effects, such as DOMS or new strain on the ous interpretation and increase the risk of re-injury.
dynamometer,[11] would be unlikely. However, Clinicians are, therefore, encouraged to make sure
Orchard et al.[47] reported an isolated hamstring that the referential values they use come from identi-
strain caused by isokinetic testing in a professional cal machines and evaluative protocols.
rugby player.

1.2.2 FlexibilityCroisier et al.[19] selected athletes with muscle
For some authors, a lack of flexibility is not beenstrength deficits on the basis of statistically selected

conclusively linked to risk of hamstring injuries.[34]cut-offs of peak torque, bilateral differences and
In fact, each specialist involved in sport manage-flexors/quadriceps ratio. These athletes followed a
ment has their own opinion about the role of flexibil-rehabilitative programme individually adapted from
ity in injury and divergences may result from lack oftheir strength profile (emphasising eccentric training
clarity in definitions.at an elongated position of the muscle). This model

resulted in isokinetic parameter normalisation in 17 Gleim and McHugh[51] distinguish between static
of 18 athletes. Prospectively observed for 12 months (end of the range of motion), dynamic-passive (stiff-
after returning to athletics, none of the corrected ness/compliance) and dynamic-active (muscle con-
athletes sustained a clinically diagnosed hamstring tracted, stiffness/compliance) measurements. They
muscle re-injury. They all returned to their prior consider dynamic assessment, with respect to the
level of competition with significantly reduced sub- degree of muscle contraction, to be less dependent
jective intensity of pain and discomfort. Criteria on patient discomfort and more objective. A study
were severe, for instance, the goal in side-to-side by McHugh et al.[52] provided experimental evi-
comparison was to reach a deficit of less than 5%. dence of an association between flexibility and mus-

© 2004 Adis Data Information BV. All rights reserved. Sports Med 2004; 34 (10)
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1.2.4 Joint Dysfunctioncle injury. Exercise involving predominantly eccen-
One cause of low-grade hamstring symptomstric actions frequently causes muscle damage, re-

might be subthreshold low back pain of a zygapo-sulting in DOMS.[11,53,54] Passive muscle stiffness
physeal origin.[34] Sustained pain input followingplays a key role in the occurrence of DOMS symp-
motor and sensory neural irritation of the levels thattoms, possibly explained by tendon-aponeurosis
serve the posterior thigh may provoke local muscu-mechanics:[52] the strain imposed by active lengthen-
lar responses such as increased muscle tension anding of stiff muscles would be transferred from a rigid
result in local damage. However, this phenomenontendon-aponeurosis complex to the muscle fibres,
has not yet been scientifically shown to be associat-resulting in myofibrillar strain. Conversely, the
ed with injury.tendon-aponeurosis of compliant muscles would be

A study by Cibulka et al.[56] suggested that, byable to partially absorb lengthening and limit my-
means of an anterior pelvic tilt, sacroiliac joint dys-ofibrillar strain.
function may be associated with a weakness in the

A recent prospective study by Witvrouw et al.[55]
transversus abdominus,[34] therefore elongating the

indicated that soccer players with an increased tight- entire hamstring musculotendinous unit. Correcting
ness of the hamstring have a statistically higher risk sacroiliac joint dysfunction permitted a greater in-
(p = 0.02) of developing a lesion on that muscle crease in hamstring peak torque in comparison with
group. Interestingly, players with a quadriceps mus- non-manipulated patients. These results must be
cle injury were also found to have significantly (p = analysed with great caution and further studies are
0.047) lower flexibility in this muscle before injury required to determine whether sacroiliac joint dys-
compared with the uninjured group, even though function assessment can predict the (re)occurrence
flexibility and injury occurrence were independent of hamstring strains.
factors for adductor and calf muscles. Thus, for

1.2.5 Hormonal Statushamstring muscles, strength and elasticity should be
at a normalised level (through bilateral comparison It is also worth mentioning a case report by

Naessens et al.[57] dedicated to recurrent muscleand referential values) when the athlete restarts a
injury over several years in a high-level soccer play-maximal training programme.
er as a result of hypogonadism. In that study, labora-
tory findings showed abnormally low resting testos-1.2.3 Age-Related Factors
terone levels, most prominent during training peri-Orchard[22] proposed age as a risk factor for ham-
ods, and an unfavourable testosterone/cortisol ratiostring muscle strains (p < 0.001) but not for quadri-
during recuperation after exercise. An anti-oes-ceps muscle strains pertaining to abnormalities of
trogenic drug (tamoxifen) normalised the hormonalthe lumbar spine. The sequential mechanism evoked
status and spectacularly decreased the player’s mus-for the increased age-related susceptibility is low
cle injury rate. The authors assumed that a chroniclumbar degeneration leading to L5 and S1 nerve
anabolic/catabolic hormone imbalance could be ofimpingement, promoting muscle fibre denervation
significant influence in sports based on eccentricand ending in decreased hamstring muscle strength.
and explosive work.The quadriceps are unaffected so this could create

an agonist/antagonist imbalance. In that case, older 2. Modifications from Initial Strainathletes with a recurrent profile of injury could
benefit from examinations defining spine and neuro- Structural modifications in the muscle can be the
logical status, as well as any agonist/antagonist tor- result of muscle strain, and some, if not treated, will
que ratio imbalances. promote persistent complaints and chronic injury.

Orchard[22] found more hamstring and calf inju- The formation of haematoma and oedema must
ries in players with higher body mass index. Howev- be reduced as well as the extravasation of the in-
er, this association may be a result of confounding as flammatory cells to the injury site because of the
body mass index correlated highly with player age further harmful consequences they may lead to.
and previous injury. Starting the application of rest, ice, compression and

© 2004 Adis Data Information BV. All rights reserved. Sports Med 2004; 34 (10)
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elevation (RICE) immediately after injury should be injury, is needed for the wound tissue and collagen
both essential combined therapy and regularly rec- network to be established into which the satellite
ommended.[44] However, Thorsson et al.[58] conclud- cells can then migrate.[63] The purpose is to promote
ed that the application of a maximum compression the granulation tissue matrix formation[1] and that
bandage within 5 minutes of a muscle trauma did not the scar can bear the pulling forces directed on it
significantly reduce the size of the haematoma or without re-rupture. Remobilising the muscle too
significantly shorten the time to complete subjective quickly may disrupt the newly formed scaffold for
recovery compared with no immediate treatment. the satellite cells.[63] Nevertheless, prolonged im-

mobilisation is discouraged as it leads to excessiveAlthough the muscles most commonly concerned
connective tissue[63] and detrimental long-term ef-by ossification are the quadriceps and the brachialis,
fects. Immobilised muscles have a lower load tomyositis ossificans can occur in any muscle.[59]

failure and a lower total deformation to failure com-Trauma is almost always the initiating cause and it is
pared with non-immobilised muscle.[10] The onlytheorised that muscular calcification would result
exception may be in complete rupture,[10] in whichfrom ossification of a muscular haematoma.[60]

case immobilisation may allow some re-approxima-Early vigorous massage and excessive mobilisa-
tion of the torn muscle ends, with the muscle not totion[1] may give rise to heterotopic bone formation,
be used for between 10 and 14 days.inducing modification on the functional outcome of

the muscle structure. Mobilisation is then necessary to avoid muscle
According to Arrington and Miller,[59] recovery atrophy and to achieve the best results in the resorp-

of full unrestricted motion and return to normal tion of connective tissue scar and re-capillarisation
activity are not dependent on the heterotopic bone of the damaged area.[1] Järvinen and Lehto[64] em-
exostosis. However, our practical background indi- phasise early mobilisation to promote the penetra-
cates that such a complication inevitably lessens the tion and proper orientation of the regenerating mus-
muscle flexibility, contributes to persistent com- cle fibres through the connective tissue. These exer-
plaints and worsens the functional prognosis pro- cises will prevent or decrease adhesions within the
moting injury recurrence. connective tissue. Stretching has to distend the scar

Two processes that both support and compete tissue when still plastic and prevent functionally
with each other are at work in the healing of skeletal disabling retraction.[1] Proprioception also recovers
muscle injury;[39,44] these processes must be bal- faster with early motion. Eccentric actions at a very
anced. One process results in muscle regeneration low contraction intensity could be implemented,
(to be maximised) including satellite cell migration although the benefits of this have not yet been
into the injured area, forming new myoblasts, the scientifically demonstrated. The aim is not classical
other process results in production of connective strengthening, but, in our experience, it does
tissue scar (to be minimised). Reduced tensile favourably influence the scar characteristic and pro-
strength of the scar tissue at the site of previous prioceptive control of the motion.
disruption may contribute to the pathogenesis of Puranen and Orava[65] referred to the so-called
recurrent muscle strain. After muscle laceration in- ‘hamstring syndrome’ associated with the shorten-
jury in animals, the scar weakness was proposed as ing and fibrosis near the ischial tuberosity origin. In
the main factor responsible for early re-injury.[61] As some cases, surgery can eliminate the development
scarring after muscle strain in humans is primarily of extensive scar tissue and facilitate the re-innerva-
composed of type III collagen during early phase,[62] tion of the myogenicallly denervated stumps.[66]

unsuitable loading could then promote re-injury. Worrell et al.[67] used a passive-knee extension
test to demonstrate that hamstring-injured athletes

2.1 Immobilisation and Remobilisation of were significantly (p < 0.05) less flexible on their
Injured Muscle hamstrings (for both sides) compared with a group

of matched controls. Moreover, injured hamstring
In the course of muscle healing, a short period of muscles showed less flexibility (p < 0.05) than the

relative immobilisation, depending on the grade of contralateral non-injured hamstrings which demon-
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strates that muscle injury caused an additional loss of movement and stretch capabilities are tested.[69]

of hamstring flexibility.[67,68] The feature of tighter Branches of the sciatic nerve can become tethered to
hamstrings after injury has been confirmed else- the scar following a hamstring injury, creating ex-
where.[4] Inflammation in the short term and the traneural tension with or without local irritation.
muscle scar in the longer term may explain this Peripheral sensitisation could occur following sus-
distinctive profile. tained input to the hamstrings and local damage

would then result.[34] The slump test, used as anPassive stretching of muscle at the end of the
indicator of adverse neural tension, was positive inhealing process is thought to be beneficial because it
more than 50% of subjects with a non-repetitivereduces muscle stiffness. Much of the decrease in
grade I hamstring strain.[69] In our opinion, the rela-stiffness is due to viscoelastic properties rather than
tionship (cause and effect) between muscle strainto reflex changes.[36]

and adverse neural tension remains speculative at
2.2 Reducing Stress this point. The exact relevance of incorporating spe-

cial mobility techniques including ‘neural tension
Diminishing stress within the muscle for a given positions’ in the rehabilitative design has not yet

length change could represent a plausible mecha- been scientifically established.
nism by which stretching might prevent further re-
injury.[10] Acute and chronic changes in flexibility 3. Questionable Options in Treatment
are likely to occur with stretching exercises, but it is
difficult to distinguish between changes in subjec-

3.1 Diagnosistive stretch tolerance as opposed to changes in mus-
cle stiffness;[51] only this last change will protect

The initial correct diagnosis of the injury governsagainst injury.
the application of the appropriate treatment andPsychological stress, resulting from the competi-
avoidance of prolonged hamstring pain syn-tive situation or previous injury and persisting
dromes.[1] Complementary to clinical history andsymptoms, could predispose the hamstring to inju-
examination, imaging techniques[1-3,43,70] such as x-ry[1] by increasing the tension on it. Harmful tension
ray, ultrasonography, CT scanning or magneticon the hamstring would decrease the ability of the
resonance imaging (MRI), must be utilised in differ-muscle to absorb pull-forces[2] and lead to dys-
ential diagnostics. Occasionally, imaging studiessynergic muscle contraction during high intensity
show a more extensive injury than that initially andactivity.[1] However, it has not been proven scientifi-
clinically anticipated.[30] Diagnosis of avulsion incally to be associated with hamstring injury. Thus,
the ischial tuberosity requires longer immobilisa-interest in the occasional use of relaxation tech-
tion, and complete hamstring muscle origin ruptureniques, in addition to classical rehabilitation, re-
necessitates operative treatment.[1,71] To avoid long-mains hypothetical.
term disability, Clanton and Coupe[44] recommendWhile the contribution of possible adaptive
that complete hamstring avulsions from the ischialchanges in the biomechanics and motor patterns of
tuberosity (including bone avulsion with 2cm orsporting movements following the original strain[30]

more of displacement) should be repaired.have not been determined to date, this factor may
As the use of MRI is expense and the equipmentalso favour further injury.

is not readily available, ultrasonography is usually
the method of choice[66,70] for localising and differ-2.3 Neural Tension
entiating haematoma and oedema. Extensive bleed-
ings is occasionally evacuated by puncture or sur-Some authors from the manual therapy field also
gery[70] because large intramuscular haematomasrefer to the presence of ‘adverse neural tension’ as a
can adversely influence scar formation and lead tofactor in repetitive hamstring strain.[69] Adverse neu-
the development of an ossification.[59]ral tension can be described as abnormal physiologi-

cal and mechanical responses produced from the Croisier et al.[19] reported long-term persistent
nervous system structures when their normal range complaints and rehabilitation failure in one sprinter
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for whom complementary electromyogram (EMG) first 2 to 3 days after injury, though some clinicians,
and MRI measurements revealed an innervation de- inspired by their personal experiences, prolong ther-
fect due to nerve compression because of ectopic apy of 7 to 10 days.[77]

calcification. Within 3 weeks of the injury, the os-
teoblastic activity would be identified by nuclear 3.3 Glucocorticoids
medicine scanning and MRI.[59]

The prescription of glucocorticoids is clearlySurgical management is not recommended in the
contraindicated because they lead to a delayed elim-early stage of injury, with treatment consisting ini-
ination of haematoma and necrotic tissue, as well astially in rest followed by active mobilisation and
the retardation of muscle regeneration.[66]range of motion recovery.[1] Surgical options and

excision are only indicated in mature symptomatic
3.4 Local Anaestheticsheterotopic bone.[59]

The use of local anaesthetics is poorly document-3.2 NSAIDs
ed in the literature. In the 2002 article by Orchard,[78]

The use of NSAIDs in the treatment of muscle he explains that the non-publication of research on
injuries is a matter of controversy[1,72,73] regarding their use was influenced by both the possibility of
the appropriate timing and duration of administra- complications arising from their use and the ethical
tion. The normal healing process, starting with an questions associated with use. Nevertheless, tech-
inflammatory reaction including phagocytosis of niques such as local anaesthetic injection at an inju-
damaged tissue and capillary ingrowth, could be ry site, sometimes with corticosteroids, are increas-
blunted and the repair response delayed if anti- ingly being used to attempt to rapidly return the
inflammatory medication is used.[63] However, athlete to competition.[79] Such techniques for local
others contend that anti-inflammatories may be used pain relief while the muscle is still healing and
to keep inflammatory process under control and remodelling represent a primary factor in further
provide analgesia. Hence, NSAIDs should be started injury. The pain of the injury may be a protective
immediately after injury in order to control pain, mechanism to prevent tensile forces above the
avoid reflex inhibition and improve active muscle threshold for strain or complete rupture. The lack of
contraction.[66,74]

inhibition from pain could result in excessive
According to Almekinders,[75] NSAIDs have no mechanical demand on the muscle. Despite the risk

adverse effects on the tensile or contractile proper- of worsening the initial insult, which is clearly ex-
ties of the injured muscles. Obremsky et al.[74] plained to players, the procedure seems attractive
demonstrated that piroxicam does not adversely in- because the risks are often perceived by the athlete
fluence the recovery of strength in a follow-up peri- to be less than the potential benefits.[78] The motiva-
od of 1 week, but does lead to a delay in the tion for players to return to competition early is
histological repair process. The animal model by probably higher in professional teams who are com-
Mishra et al.[76] showed that the effects of petitively placed, particularly towards the end of the
flurbiprofen are time dependent; the contractile season.
properties and histological data suggest that
NSAIDs cause a short-term gain, but have a middle- 4. Consequences of a Premature Return
term detrimental effect leading to functional loss to Competition
(deficit in force generation at 28 days). These find-
ings could prompt the rethinking of the widespread The possible role of medical staff in the prema-
prescription of NSAIDs. The inappropriate and pro- ture return of athletes to competition is worrisome.
longed use of anti-inflammatories is not generally A study into medical staff associated with English
considered a factor predisposing an athlete to re- professional football teams by Waddington et al.[80]

injury but the potential harmful adverse effects must has suggested that the methods of appointing club
be considered.[2] Thus, Noonan and Garrett[10] sug- doctors and physiotherapists and their level of quali-
gest the use of NSAIDs for pain relief only in the fication is in need of careful re-examination.
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Rehabilitation is often prolonged and a proper On the other hand, the use of overly aggressive
rehabilitation programme reduces the number of re- rehabilitation designed to prematurely return an ath-
injuries.[1,19,32,44] The impatience of the athlete, rein- lete to competition may be too stressful for the
forced by frequent pressure from the team and train- muscle, risking further injury[2] (table I). Connective
er, frequently provokes an early return to training tissue remodelling may involve transient periods of
and competition in spite of lingering symptoms. mechanical weakness and structures could be dam-

aged if insufficient time is allowed for adaptation.[82]That an early return to activity entails the risk of
Exercise in the presence of DOMS will limit exer-further major injury is a logical assumption;[37] this
cise intensity and duration, but will, above all, pro-has been further emphasised by Taylor et al.[79]

mote the occurrence of a real anatomical strain, asbased on experimental data. In an animal experi-
mentioned by Cheung et al.[83] Consequently, andmental model, Kaariainen et al.[61] suggested that
for instance, the optimal prescription of eccentricscar weakness is a limiting factor until 10 days post-
training at that moment would not exceed threeinjury and, thereafter, muscle atrophy is a more
times a week in athletes unaccustomed to this partic-decisive factor. Wisely, Orchard and Best[30] under-
ular mode of contraction.[11] Physiotherapists shouldline that the healing process is probably much slow-
be knowledgeable of the sequelae that are associateder than clinical findings would indicate.
with muscle damage after high-force eccentric exer-Alteration in the mechanical characteristics of the
cise and take the appropriate precautions.[83-85]

muscle resulting from a prior minor injury might
DOMS will behave like fatigue and represents anprecipitate a more major injury. This type of situa-
unsuitable situation giving rise to re-injury. Sub-tion is frequently experienced in the arena of Euro-
maximal intensity, low repetition, low volume ec-pean professional soccer. Anecdotally, we report the
centric exercise can provide a further protectivecase of an international level player presenting a
effect against DOMS.[11] We propose a model im-significant hamstring strength deficit with agonist/
posing contractions up to 50% of the maximal inten-antagonist imbalance (demonstrated by isokinetic
sity in the early phase of training and rehabilitativeassessment) after 5 weeks of rehabilitation. Despite
programmes, and that this be increased progressive-our recommendations, he returned to official com-
ly, reaching maximal performance around the fifthpetition and re-injured the same muscle only 2
session.[11]

weeks later, missing the subsequent 8 weeks of
matches.

5. Proposal for a Management ModelOne important task for medical staff associated
with sports teams is to advise the athlete and coach Based on our current understanding of mecha-
on the prognosis, time and type of rehabilitation nisms and a review of the literature, we propose a
needed before a return to competition is possible.[81]

plan for the rational management of a grade 2 mus-
The consequence of incomplete rehabilitation, par- cle injury in order to prevent recurrence (see table
ticularly the neglecting of stretching and strengthen- II). The list of methods and exercises is obviously
ing techniques adapted to the post-injury phase, has not exhaustive. Treatment chronology will be adapt-
been outlined in sections 1.2.1 and 1.2.2. The in- ed according to the gravity, individual features and
jured athlete should not participate in normal sports symptoms of the strain.
practices when they are still experiencing feelings of We re-emphasise the necessity of a multidiscipli-
tightness, weakness or pain – returning to sports nary approach to muscle injury. It is legitimate to
activity before the injury has properly healed clearly support specific and scientific education for all those
represents a lack of understanding of the injury supervising sport activity (medical doctor, physical
mechanism. As a result of pain, neural inhibition therapist, trainer).
will develop, preventing maximal motor recruit-
ment. This phenomenon, which could enlarge pre- 6. Conclusion
existing muscle weaknesses, justifies not only pro-
gressive pain-free strengthening of the strained mus- Hamstring strains are a frequent complaint for
cle but also a real proprioceptive rehabilitation. athletes on return to athletic activities and these
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Table II. Proposed guidelines for the management of a grade 2 muscle injury in order to prevent recurrence

Acute phase (to 48–72 hours)

First aid with rest, ice, compression, elevation (RICE)

Proper imaging techniques, such as ultrasonography on J0 or J1 and occasionally MRI in differential diagnosis (sometimes at a later
date)

NSAIDs for 2–3 days

Ambulatory aids avoiding tissue irritation and subsequent inflammation

Patient performs active knee extension and flexion exercises (pain-free progression)

Subacute phase: (day 2–4 to day 8) [decrease of inflammation signs]

Electrical stimulations facilitating pain control and preventing amyotrophy

Submaximal (symptom-free) isometric contractions in a short and comfortable muscle length position

Passive mobilisation of the knee and hip joints allowing cautious and pain-free stretching

Swimming pool activities with gait pattern correction

Remodelling phase (weeks 2–4)

Progressive jogging in swimming pool conditions

Stationary cycling maintaining cardiovascular fitness

Low-intensity and low-speed eccentric contractions on isokinetic device (avoiding the maximal muscle length) promoting healing of good
quality and proprioceptive control

Isometric contractions at multiple angles, progressively maximal

Progressively intensified dynamic concentric and eccentric exercises in a prone position, close from the length tension relationship
occurring during activities

Progressive intensification of stretching modalities

Proprioceptive exercises promoting hamstring control activity

Deep-tissue massage fighting against a painful fibrotic area

Recovering phase (week 4 to weeks 6–8)

Coordination exercises

More aggressive flexibility training with static exercises in an anterior pelvic tilt, static-stretch method and ballistic exercises

Progressive jogging without sprint and speed exercise

Maximal strengthening, most notably in eccentric mode in elongated muscle position

Isokinetic assessment verifying especially absence of bilateral asymmetries in eccentric, normalisation of a mixed FlE/QC ratio and
angle to peak torque

Correction of persistent strength and flexibility abnormalities before return to competition

Complementary mobilisation or manipulation of sacroiliac joint if needed

Transition phase (week 6 to return to competition [in partnership with physical trainer])

Individualised exercises on the field, incorporating speed exercises and specific gestures

Normal training within the group of players

Education about active (rather than passive) warm-up, stretching modalities, running style, nutrition, hydration

Encouragement to maintain an in-season hamstring strengthening programme

In a few cases, a relaxation technique may complement classical rehabilitation and reduce stress impact

Discussion (when accepted) with coach and physical trainer about main risk factors (fatigue, overtraining, etc.)
FlE = eccentric flexors; MRI = magnetic resonance imaging; QC = concentric quadriceps.

injuries are characterised by a high tendency to herent in sport activity, intrinsic factors, factors
become recurrent. Sport science and medicine need linked to systemic modifications from initial strain
to provide therapists and trainers with rational and those following questionable options in treat-
guidelines for the prevention of muscle re-injury and

ment. One current difficulty is the lack of valideducation on the factors contributing to injury mech-
objective measures to identify the factor or combi-anisms.
nation of factors responsible for strain recurrence.Hamstring re-injuries appear to have a mul-

tifactorial aetiology, these factors include those in- Among the most likely factors are:
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J, editors. Expériences en Rééducation Locomotrice. Paris:47. Orchard J, Steet E, Walker C, et al. Hamstring muscle strain
Masson, 1992: 65-70injury caused by isokinetic testing. Clin J Sport Med 2001; 11:

274-6 69. Turl SE, George KP. Adverse neural tension: a factor in repeti-
48. Stanton P, Purdam C. Hamstring injuries in sprinting: the role of tive hamstring strain? J Orthop Sports Phys Ther 1998; 27:

eccentric exercise. J Orthop Sports Phys Ther 1989; 10: 343-9 16-21

© 2004 Adis Data Information BV. All rights reserved. Sports Med 2004; 34 (10)



Factors in Recurrent Hamstring Injuries 695

70. Aspelin P, Ekberg O, Thorsson O, et al. Ultrasound examination 80. Waddington I, Roderick M, Naik R. Methods of appointment
of soft tissue injury of the lower limb in athletes. Am J Sports and qualifications of club doctors and physiotherapists in
Med 1992; 20: 601-3 English professional football: some problems and issues. Br J

71. Cross MJ, Vandersluis R, Wood D, et al. Surgical repair of Sports Med 2001; 35: 48-53
chronic complete hamstring tendon rupture in the adult patient.

81. Askling C, Tengvar M, Saartok T, et al. Sports related hamstringAm J Sports Med 1998; 26: 785-8
strains: two cases with different etiologies and injury sites.72. Thorsson O, Rantanen J, Hurme T, et al. Effects of nonsteroidal
Scand J Med Sci Sports 2000; 10: 304-7antiinflammatory medication on satellite cell proliferation dur-

ing muscle regeneration. Am J Sports Med 1998; 26: 172-7 82. Brown SJ, Child RB, Day SH, et al. Indices of skeletal muscle
73. Almekinders LC. Anti-inflammatory treatment of muscular in- damage and connective tissue breakdown following eccentric

juries in sport: an update of recent studies. Sports Med 1999; muscle contractions. Eur J Appl Physiol 1997; 75: 369-7428: 383-8
83. Cheung K, Hume PA, Maxwell L. Delayed onset muscle sore-74. Obremsky WT, Seaber AV, Ribbeck BM, et al. Biochemical

ness: treatment strategies and performance factors. Sports Medand histological assessment of a controlled muscle strain injury
treated with piroxicam. Am J Sports Med 1994; 22: 558-61 2003; 33: 145-64

75. Almekinders LC. Anti-inflammatory treatment of muscular in- 84. Kellis E, Baltzopoulos V. Isokinetic eccentric exercise. Sports
juries in sports. Sports Med 1993; 15: 139-45 Med 1995; 19: 202-22

76. Mishra DK, Friden J, Schmitz MC, et al. Anti-inflammatory
85. Sayers SP, Clarkson PM, Rouzier PA, et al. Adverse eventsmedication after muscle injury. J Bone Joint Surg 1995; 77A:

associated with eccentric exercise protocols: six case studies.1510-9
Med Sci Sports Exerc 1999; 31: 1697-70277. Best TM. Soft-tissue injuries and muscle tears. Clin Sports Med

1997; 16: 419-34
78. Orchard JW. Benefits and risks of using local anaesthetic for

pain relief to allow early return to play in professional football. Correspondence and offprints: Prof. Jean-Louis Croisier,
Br J Sports Med 2002; 36: 209-13 ISEPK B21, Allée des Sports, Université Sart Tilman, 4000
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