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Summary figures indicate that current pemtative grategies for this
] o o kind of injury remain inadequate.
1. One common soft-tissue injury in sportsalving Epidemiological eidence suggests that hamstring

sprinting and kicking a ball is the hamstring strain. Straigyains are associated with eccentric contractions, where the
injuries  often occur while the contracting muscle igontracting muscle is lengthen®d.Hamstrings undeo
lengthened, an eccentric contractiore Miveproposed that eccentric contractions during sprinting, kicking the ball and
the microscopic dgmage to muscle fibres Wthh r_outlnebllckmg up the ball. Indeed, it is regularly observed that
occurs after a period of unaccustomed eccen@cise, §yring these activities, players incur hamstring strains. This
can lead to a more e strain injury. fact has led us to propose awnepproach to hamstring

2. An indicator of susceptibility for the damage fromgyrains, indeed, to all muscle strains, based on recent
eccentric rercise is the optimum angle for torque. Whenegearch.
this is at a short muscle length, the muscle is more prone to  \we rave been studying the mechanical changes in a
eccentric damage. It is known that subjects most at risk offyscle subjected to a series of eccentric contractions.
hamstring strain he a pevious history of hamstring pecentric mercise is the only form ofsercise which is
strains. By means of isokinetic dynamometwe have rqytinely accompanied by muscle damager. & review of
measured the optimum angle for torque for 9 athletes withg, topic see Proskand Momgan.# Here we hae gne one
history of unilateral hamstring strains.eVdso measured giep, further and proposed that under certain conditions, the
optimum angles for 18 athletes with no\peais history of picroscopic damage at thevé of muscle fibres from

strain injuries. It s found that mean optimum angle in thgccentric contractions magpt imes, progress to a more
previously injured muscles &s at a significantly shorter major strain injury.

length than for the uninjured muscles of the othgrasd

for muscles of both s in the uninjured group. This resultMuscle damage from eccentric exercise

suggested that primusly injured muscles were more prone ) ) _ )

to eccentric damage and therefore, according to our ECCentric gercise, in someone unaccustomed to it,

hypothesis, more prone to strain injuries than uninjurggfoduces stiffness and soreness next dais is because

muscles. the eercise has led to muscle damage which, in turn, leads
3. After a period of unaccustomed eccentriereise, to sensitisation of nociceptotsWhy eccentric &ercise

if the exercise is repeated a week latérere is much less Produces muscle damage can bel&ned in terms of a

evidence of damage because the muscle has undergondl&Qry based on sarcomere dynarﬁmns proposes that

adaptation process which protects it against further damag® descending limb of the length-tension evir sleletal

We popose that for athletes considered at risk of g\uscle is a region Qf instabilityv¥hen a sarcomere, whlch_

hamstring strain, as indicated by the optimum angle f& Wwealer than it neighbours, lengthens on the descending

torque, a rgular program of mild eccentrixercise should limb, it becomes progressly wealer. In addition, when

be carried out. This approach seems to work sivickerce the y|eld_ pomt of the force-velocity relation is reached,

from one group of athletes, whoveaimplemented such a lengthening is rapid and uncontrolled, without the

program, shas a significant reduction in the incidence oflevelopment of additional force. The rapid lengthening will
hamstring strains. only stop when tension in pagsigructures associated with

the sarcomere has risen fatiéntly to balance the tension
being generated in adjacent still-functioning sarcomeres.
Introduction Then the next weast sarcomere begins to lengthen
uncontrollably This process continues for the duration of
; ; 'the applied lengthening during the eccentric contraction.
sports such as Australian football and track and fieddts, Once a sarcomere has been stretched to the point of
including sprinting and hurdling. The Australialmd?t?oall ‘no overlap, when the muscle relaxes, the sarcomere risks
League (AFL) has the hamstring strain at the top of ii§scoming disrupted, that is, the myosin and actin filaments
injury list W.Ith 16% of all injuries attribted to it. W)_rse no longer interdigitate propetly A non-functioning,
still, the re-injury rate for players who Ved some time gy hted sarcomere represents a point of weakness in the
incurred a hamstring strain currently lies at 34%hese 1 scle. During repeated eccentric contractions the area of

Hamstring strains are a common soft-tissue injury
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Figure 1. A: Changesin sarcomere length-tension relation following a series of eccentric contractions. A computer-sim-
ulated curve of total sabmee tension has beerepresented, based on the active length-tensiation'! to whidh the
estimated, exponentially rising passive tension has been added. Tension has been nomfetiizedor the maximum
active tension. Length is of a fiopostulated to comprise 10,000 samees with a saszomee length of 2.5um at gotimum
length. The contd curve (solid line) is on the left. After a series of eccentric contractions, 10%ooivszes have their
tension output set to zeto dmulate disruption. That shifts the length-tensietation in the direction of longer lengths by
3 mm, as shown by the dashed curve on the right. Redrawn fromeRrudiorgan?

B: Dependence of the shift in length-tension relation on the starting length. The filled cicles epresent the data dém
ead of 6 bad sartorius muscles subjected to 20 eccentric contractions. Theseotiee stetdes of 3 mm (10%_).at 3
muscle lengthss They were gpplied at pogressively longer lengths, thedtrat a starting length of 0.8 Lthe last at 1.2
L,- Atlonger starting lengths, the resultant shifts in optimumentarger. To provide an indication of wheran the sacom-
ere length-tensionalation these shifts lay superimposed active sesmee length tension curve has been showan(fr
Gordonet al!l) Figure redrawn from Talbot?

disruption is likely to grev and a point is reached where Signs of damage

membranes are torn and the muscle fibre begins to contract ) ) ,
uncontrollably leading to a rise in whole-muscle passi Evidence for the presence of disrupted sarcomeres in

tension? Ultimately some of these fibres are likely to flie. Series with still functioning sarcomeres is provided by a
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Figure. 2. Torque-angle curves for human hamstring muscles, before and after a series of eccentric contractions. Torque
and angle values werdbtained from a series of maximal knee extensions carried out on an isokinetic dynamGaneter
sian curves wer fitted by computer to the top 10% of the digitised andamedrvalues (continuous lines). These gave val-
ues for peak torque and optimum andgdpen circles £ S.E.M.), data acquired immediately befdne erise (Contol),
filled circles ¢ S.E.M.), immediately after theeacise (Immediate ¢3t-Execise). The xercise consisted of a series of con-
trolled forwad falls, using hamstrings to ke the fall. Fgure redrawn from Bodkett et all® Downwads directed ammws
indicate the shift in optimum angle (7.2°). Horizontal arrows show the drop in torque (12.6 N).

shift in the muscle length-tension relation in the directionbased on the proposal that damage at thd b single
of longer muscle lengthst® This can be modelled by muscle fibres can, at times, lead to a major, tearmuscle
means of a sarcomere length-tension eubased on strain!® If we are right, it means that evidence for a
Gordon, Huxlg and Juliant! A disruption of 10% of predisposition for eccentric damage is also an indication of
10,000 sarcomeres, each with a length of @A a vulnerability for strain injury.
optimum, produces, in a muscle 25 mm long, a shift of 3  We have tested this proposal byfirst of all,
mm, in the direction of longer lengths (Fig. 1A). measuring torque-angle curves for hamstring muscles in
Since the instability of sarcomeres is present only amtrained subjects.Curves were constructed using an
the descending limb of the length tension curve, the singispkinetic dynamometerSubjects were agd to carry out a
most important determinant of the amount of damage asdries of isokinetic contractions and the torque and angle
disruption from eccentric contractions is the length rangggnals during each contraction were digitised, sorted
over which the muscle is stretcheéor amphibian muscle, according to length andreraged. A computer fitted a cuav
the size of the shift in optimum length is directly dependemd values abee 0% of torque to determine the optimum
on the starting length for the stretch. The shift is small (1angle. Subjectsvere then asdd to carry out a series of
2 mm) when the starting length is beldhe optimum. It eccentric contractions with their hamstring musclest F
increases steeply up to 5 mm whenxiteeds the optimum this they were asked to kneel on a padded board with their
(Fig. 1B)12 feet strapped to the board at the ankle. Subjects were
There has been much debaterdhe reliability of the instructed to lower their trunk dm onto the board, using
various damage indicators after eccentn@reise. In our their hamstrings to brakthe fall. Subjects carried out a
view the drop in force is not as reliable an indicator as series of such ‘hamstring lowers’ and then a second torque-
shift in optimum length. This is because during repeatexhgle cure was constructed immediately afterwards.
eccentric contractions, as occurs in most sports, the force An example of a pair of torque angle oesv
drop may be confounded by fatigudeets. The shift in constructed before and after a period of eccentacise is
optimum is present immediately after thgergise, not shown in Figure 2. Br 10 subjects tested it was found that
delayed lile oreness, and the size of the shift is a dired¢here was a fall in optimum torque, by arerage of 25% %
indication of the amount of damage that has occurred.  4%), and a shift of the optimum angle of #3°).13 This
Our approach to the problem of hamstring strains i®sult confirmed that it was indeed possible to obtain
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evidence for muscle damage in hamstrings after a seriesmofich less stifiess and soreness. This is the “repeated bout

eccentric contractions. effect”!’ Folowing damage from the first period of
) o o exacise, the muscle adapts to ymet further damage. It
Previously injured athletes are more prone to injury has been proposed that the adaptation procesvés the

As mentioned earliemore than one third of all AFL incorporation of additional sarcomeres, in series, in muscle
sfibresf3 It is known that such an addition of sarcomeres can

players with a previous history of hamstring strain . i
subsequently re-injure. If we are right in our predictions, geeur in less than a weék.The presence of additional

sarcomeres in myofibrils means that terage sarcomere

greaterthan-normal vulnerability for eccentric damagﬁ th ien fibre lenath b | leading t
should mean an increasedelikhood for a strain injuryThis engih Tor a gren Tbre 1eng ecomes 1ess, leading to a
ift in the direction of longer muscle lengths of the

leads to the prediction that previous hamstring-injured . ) .
subjects should shoa geaterthan-normal susceptibility ;)ptlrt'?]um Iengfh for.tffc]).rce_.t That, in Iturn, Ki it less I'btly b
for eccentric damage. Itag decided to test thigothesis. or the muscle, within 1S normal working range, to be
Hamstring angle-torque  curves, as describe?]fretChEd onto its descending limb, the region of potential
previously were measured for 9 elite athletes, 5 AFL amas\t/a. - d the traini ffect in h tri
players and 4 track and field athletes all of whom ha\d ethlvtgmeasbqret et.ralnlng € elc mhlﬁar(]jwst:lng;.o
previously incurred one or more hamstring strains in ong Non-athielic subjects optimum angie shitted Dy
leg, 4 weeks or more prisusly. At the time of testing the immediately after a first period of eccentrixeeise (see

had all returned to full training and no ongerienced an above). By 8 days after thexercise, there remained a

soreness during testing. Measurements made on %r5|§tenttg j(“é)tﬁh'ft' '%”?W't?]g aloselg:.cf)tnd period .Ofd
previously injured hamstrings were compared Wiﬂﬁxausea ay o, thereas a further 1= shilt accompanie

hamstrings of the otheruninjured lgy. In addition y a smallethan-preious drop in force and less

measurements were made on both legs of 18 AFL pIaye?QreneSé? Our interpretation is that the shift in optimum

none of whom had a previous history of hamstring strjétins.Iength after the first period of eccentrigezise reerses

The \alues for optimum angles wealed dramatic only partially since repair of damaged muscle fibres is
differences. The mean optimum angle for thevipeesly accompanied by incorporation of additional sarcomeres.
injured hamstrings was 12.1% @.7°) shorter than for the This, in turn, means that the second periockefase is not

uninjured muscle (Fig. 3). A shorter-than-normal optimurﬁtre_tc.hlng muscle flpres .qune as far asvmnes.ly, =
length means that more of the museleorking range is on avading the descending limb of the length-tension eurv

the descending limb of the length-tension relation, tHaS a consequence therg i_slless damage_and disrupti_on. It we
region of instability and damage. Interestinglyhe are nght,_ fand asusqepnplh_ty for eccentrlc damagg signals a
uninjured muscles of the othergleot only had longer vulnerability for Straln_lnjurles, the.trammg effect |sd|.y.
optima but these were not significantly feient from to be a means of providing protection against further injury

values for both legs of the uninjured subjects. So thg aining with eccentric exercise reduces the incidence of
uninjured muscles of subjects with a history of “”"ate@{amstring strains

hamstring strains sho no dgns of a susceptibility for
damage. If, as experience wlw differences between In order to test some of our ideasjeothe last 3
hamstrings on the twddes are usually small, this findingyears we he bkeen collaborating with one of the AFL
suggests that at-risk subjects within a population afubs. In cooperation with the clibfitness coordinator a
uninjured players may notwadlys be identified by their new training program has been implemented for all players.
optimum angles. It also suggests that for the initial injur@ur approach is based on the proposition that the precursor
other factors are likely to play a role. evant to a hamstring strain is microscopic damage in
It has previously been proposed that a measure mwiuscle fibres from eccentrixecise. It follows that if it is
susceptibility ~ for hamstring strains is thepossible to reduce the muselelisceptibility for eccentric
quadriceps:hamstrings torque raffoOther obserations damage, this will lead to a reduced incidence of strain
suggest that this ratio is not a reliable predictor of strainjuries.
injuries1® We havecalculated quadriceps:hamstrings torque Pre-season training before weghe our study vas
ratios for the muscle of the pieusly injured leg, the mainly aimed at achieving greater aerobic fithess. The ne
muscle of the othemninjured lgy and for the muscles of program emphasised kicking and othexereises that
both legs in the athletes with no history of hamstringtretched the act hamstrings. In addition, players carried
strains. Plotting ratios for muscles of ong laanst the out some specific, targeted eccentrigereises. These
other lgy showed no significant difference for the pireusly  included “straight-lgged deadlifts” and carrying out “knee-

injured lgg (Fig. 3B). curls” on a GHG (gluteus-hamstringasgrocnemius)
. ) ) . machine. Br players who had incurred a hamstring strain,
The “repeated bout effect” from eccentric training initially a rather mild program ofxercise was gien and

We tave all had the experience that a period 0}his was gradually increased as the subjectveea from

unaccustomedxercise, biased twards eccentric x@rcise, the injury.

like walking downhill, le@es us $iff and sore next day ki In th.(teh 2t?101 Isebas?n, r\]NZiCh wats dbefotret \I/vgfablee
However the same xercise a week later is folleed by working wi e club, the had reported a total o
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Figure 3. A: A plot of the optimum angle for torque in hamstrings for the left, or the injugedgi@inst optimum angle for
the right or the uninjured g Data from 9 athletes with a @vious history of a unilateral hamstrings ain (filled circles)
and from 18 athletes with nogyous history of strain injuries (open circles). The dashed line indicatesewhleres would
lie if they were equal. Optimum angle has beerpeessed in dgrees of knee flexion, wiee®° is when the knee is fully
exended and 110° when it is fullyxXéd. Optimurmangles for the m@viously injured muscles werat sgnificantly shorter
muscle lengths, that is, a neolexed kneethan for muscles with no history of injuryigbre redrawn, in part, from Bwck-
ettet all4).

B: Ratio of peak torque in quadriceps to peak torque in hamstrings. Values for athletes veioaspnistory of unilateal
hamstring strains shown as filled circles. Values from athletes with no history of injury shown as open cifeteacesf
in ratios between injured and uninjured musclesewvet significant.
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hamstring strains amongst playerafter introduction of
the nev training program, 5 hamstring strains were reported
during the 2002 seasonof~the 2003 season, the club

6. Morgan DL. New insights into the behavior of muscle

during actve lengthening.Biophys. J 1990; 57
209-221.

reported only 2 hamstring strains. This data remains Talbot JA, Mogan DL. Quantitatve aalysis of

preliminary but is encouraging. Currently testing is
continuing and other AFL clubs are diening to
participate. So we are hoping that in the future widespread

sarcomere non-uniformities in a@i nuscle
following a stretchJ. Muscle Res. Cell Motill996;
17: 261-268.

implementation of a program of targetted eccentxgaise 8. Whitehead\P, Morgan DL, Gregory JE, et al. Rises in

will lead to a dramaticdll in the incidence of hamstring
strains.

Conclusions

The outcome of this first cooperai gudy has
ohviously delighted the AFL clutBut it has also pndded
additional supportingvédence for our proposal of a link
between the microscopic damage routinely incurred aft P
eccentric gercise and deslopment of a more major muscle
tear If protection against eccentric damage can be aethie
with a regular program of eccentrigeecise, this will be the
means of pneenting the occurrence of all such strainll'
injuries. The eidence suggests that in athletes with a
history of unilateral hamstring strains, the uninjured muscle
is indistinguishable in its properties from muscles o
athletes with no history of such injuries. It mé#yerefore,
male it difficult, at times, to detect at risk athletes in a
uninjured population. It means that all participants in sporrﬂs3
known to be associated with the occurrence of hamstring
strains should be subjected to regular eccent&cise
programs, carried out in combination with measurements fil
optimum angle for torque, to malaire that the xercise ’
has led to the desired adaptihanges.

Now it remains for other AFL clubs, indeed, other
sporting bodies confronted with the problem of hamstring;5'
strains, to participate in similar training programs, to help
eliminate this kind of injury.
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