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Abst r act

The nost common nuscl e strains are to the
hanst ri ng, quadri ceps and cal f nuscl e groups.
Fromanecdot al and di rect vi deo evi dence, it is
knomthat gastrocnemus (cal f) stra ns often occur
during asingl el egsupport phase of push-of f
novenent s wth t he body wei ght far infront of
the cal f. The exact nonent of hanstring and
quadri ceps strains has not been proven, but
recent vi deo evi dence suggest s that hanstring
strains often occur dueto over-stridi ngwen at
fast speed. Gnversely, vi deo evi dence suggest s
that rectus fenoris strai ns nay often occur dueto
under-stridingwhentryingto sl owdown. Thisis
thelikel y nechani smof rectus fenori s strainsthat
occur during runni ng, and a so duri ngthe runni ng
drop punt kick inAustralianfootball. This
coni nati onof under-stridingwentryingtosl ow
down causes t he body t o | ean backwar ds and
the l eg t o nove farther behi nd t he body t han
nornal , whi ch pl aces extra stress and strai non
the rectus fenoris. Aconmmon nechani smof
hanstringstraininuryis probabl y wen t he body
isleaningforvardtryingtonaintainor achi eve
extraspeedandthefoot landstoofar infront of
the centre of nass, stressingandstretchingthe
hanst ri ng nuscl e group. Hanstring fat i gue and/
or weakness proball y contri bute to over-stri di ng.
For bot h hanstring and quadri ceps strains, it is
not establ i shed whether straininjury actual ly
occur s during t he sw ng phase (when t he nuscl e
isat greater length) or the ground contact phase
(whenthereis greater stress onthe nuscl e from
external forces). Misclestraninuyinvivois
probabl y dependent on a contoi nati on of strain
(nuscl elength) and external stress, sothat the
greater thelength of anuscleat any giventine,
thelessexternd farce(stress) it candsorbbefare
falue

I ntroducti on

| e strai ns are anongst t he nost com
Mm)ninjuriesinfootball pl ayers and

sprint athletes, dthoughlittleisknom
about therisk factors ®. The nost conmon strai ns
are tothe long nuscl es of the |l ower |inb,
particul arly the hanstring nuscl e group, the
rectus fenoris (quadriceps group) and
gastrocnemus (cal f group) %2 The assessnent
of riskfactorsis best nadethrough a conbi nation
of epi demol ogi cal studi es and bi onechani cal
adysis. It iskomtha straninuyistheresut
of excessiveforces (Wichcanbeether exterrdly
apdliedor pessiveinternd forces, duetostran).
Inthelaboratory external forces andstrai ncan
be creat ed and neasured for an i sol at ed nuscl e
462023 Theforces (nonents) af fectingind vi dud
joints duringthe gait cycle invivocan be
estinat ed usi ng vel | est abl i shed nodel s 2%,
There are al so nodel s vihi ch can esti nat e nuscl e
length during sprinting gait %%, However,
thereis no established nodel todeterninethe
externa force(or stress) that individua nuscle
groups or nuscl e fibres are subject toat any
gventineof thegait cycle, nakingit very hard
toassess vy straininury actua |y occurs.

Gast rocnem us nuscl e strai ns are known to
conmonl y occur | ate duri ngthe singl e-1eg stance
phase of a push-of f nanoeuvre. dinica and
anecdot al evidenceisinagreenent wthdirect
vi deo evi dence that has recently beenreported
%, A though hanstring nuscl e strai ns are anore
common i nj ury, aut hors have di sagr eed about
whet her strains occur duringlateswngor early
stance during sprinting *"%. Rectus fenoris
(quadri ceps) strains are known t o commonl y
occur duringkickinginAustraianfootball and
soccer, but no previ ous st udy has addressed t he
question of whether they prinarily occur during
bal | contact, back sw ng, or ground contact




Previ ously publ i shed i nformati on about the was Ral ph Mann 2324, He neasur ed nuscl e
epi deni ol ogy of nuscl e strains has found that nonents for hip, knee and ankl e during sprinting
quadriceps strainsinfootbal | playersarenore and found that knee fl exi on nonent and hi p
common i n dom nant ki cking |l eg (RR2. 13, 95% extensi on nonent were both highest intheearly
A 1.59-28.6), whereas hanstring and cal f ground contact phase of sprinting 2. This
inuwiesaefarlyevenydstributed® Pevious establishesthat the hanstring nuscle groupis
niscl estraninuyisastrogriskfactor for fure generating the nest force during thi s phase of
straininjurytothe sane nuscle group (andin gait (initial ground contact), and Mann
sone cases ot her nuscl es). Gl f and hanstring concl uded fromthis that hanstring strains are
(but not quadriceps) strains are nore coomon nast likelytooccur at thistine. M stheoryis
inoder players® nost plausibleif it is consideredthat the
hanstring group i s abl e t o gener at e naxi num
Despitethe establi shedrisk factors nentioned, joint nonents duringtheinitia contact phase
any nodel attenpti ngtoexplainthe pathogenesis because it is being stressed by net external
of amusclestraininuyinvivoisayet-to-be- nonents in the opposite directions. Minn and
tested hypothesis. Thislecturew!| reviewthe other authors, when publ i shing nuscl e nonents,
studi es and theori es behi nd nuscl e straininjury  have not general I'y publ i shed t he ext er nal
and suggest sone of the possible and |likely nonents, al thoughduringtheinitial contact
bi onechani cal factorsthat contributetoanuscle phaseof sprintingthesew!| tendtoreflect the

straninuy. nuscl e nonents. Angul ar vel ocity of the hi pand
knee are not changi ng rapi d'y during thi s phase
) ) .

Traditional Qinical Mdel of , fromwhi ch t he concl usi on can be nade t hat

. ) the nuscl e and external nonents are actingin
Miscl e Strain I njury opposi tedirecti ons and are tendi ngtoneutral i ze
Ginca sportsnedcineteachingassertsthet tW  eachother. That is, duringtheinitia contact
jont nusclesstranduringsprint activitieswen phase of naxi nal sprintingthereis a high hip
under goi ng eccertric contracti ons, vhichisvell  extensor nuscl e nonent count er bal anci ng a hi p
sunmari zed in the works of Garrett . f|exor external nonent, with the converse
Hovever, Garrett admtsinthesereviewsthat occurring at the knee. Conplicatingthis
heis nerel y sunmari zi ng popul ar opi nionof the explanationisthefact that other nuscl es, such
clinical sportsnedicineliteraturerather than asthevasti and gastrocnenius, area soactively
statingprovenfact, for exanpl €°“nast clinicians  contracting duringtheinitial ground contact
woul d agree that nuscl e straininjuries occur phase Z, al though as nenti oned t he net nuscl e
wenthe nuscleiseither stretchedpassively or  nonent at t he knee i s one of flexion. The
activated during stretch. %", This paradi gm hanstring nuscl e is a so very active duringthe

suggest s that hanst ri ng nuscl es are proneto
straninuwyinlaeswngphase (eccentri c phase)
rather than early ground contact (whenthe
hanstring contracti onis concentric) X Thi s nadel
voul d a sosuggest that therectus fenarisis prone
tostraininthe early swng phase of sprinting
and ear| y backsw ng of the ki cki ng noti on. These
phases are when the rectus fenorisis
eccertrical ly contracting %,
Model

Bi onechani cal of Muscl e

Sranlnjury

Change of novenent (angul ar vel ocity) of ajoint
i s determned by a sumof the forces (nonent s)
actingonthejoint. These forces can be di vi ded
intothe net nonent generat ed by nuscl es acting
onthejoint (‘nuscl e nonent’) and t he net nonent
generated by external forces (‘external nonent’)
suchas groundreactionforcesand gravity. It is
qui te conpli cated to consi der theseforces for a
singejant, suchastheknee, andit isextrenaly
conpl i cat ed t o consi der howt hese forces i nteract
for twojoint nuscl es such as t he hanstri ngs and
rectus fenaris.

The first author to neasure nuscl e nonent s
duringsprintinganddeclareaperiodinthegai t

late swng phase ¥ but inthis phaseit acts
ap st rdaivdylittleederd face soitsaction
resul ts inanuch greater change of angul ar
vel ocity at the hi p (vhi ch changes fromfl exi ng
toextendi ng during thi s phase) and knee (whi ch
changes fromext endi ngto fl exi ng). Bven t hough
the hanstring contracts at | east as nuch duri ng
the early ground contact phase, thereis|ess
resulting changeinjoint angul ar vel ocity dueto
theresistingexternd forces.

Tosummarise, inreal lifeactivities suchas
sprinting and ki cki ng, the greatest |engths
(stretches or strains) of the hanstringandrectus
fenori s nuscl es occur during sw ng phases.
However, maxi numexternal joi nt nonents
(f orces whi ch oppose nuscl e action) and
consequent stress on nuscl es occurs during
ground phases. Qinical teachingthat stretch
(strain) isnost responsi bl e for nuscl e strain
inuies?, suggeststhat the hanstringandrectus
fenori s nuscl es are nost pronetofailurewhen
nost stretchedwiichiswenthey arecontracting
eccentrical |y duri ng t he sw ng phases. The nodel
of Mann based on ki neti cs suggests that the
hanst ri ng nuscl es are nost pronetofail urewen
they are nost stressed and al so generatingthe
nost force, when opposi ng external forces during

cycl e where the hanstri ngs were prone to tear
Y 9 P ground cont act . VoI 30, Nb 4, P93
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Labor atory Model of Miscle
Srainlinury

A hunman nuscl e straininjury nodel can be
simlatedinthelaboratory 2 by over-stretch
of isdatedaninal nuscle(i.e nat aninal nuscle
dringaruningactivity). Inuygenerdly occurs
at the nuscul o-tendi nous junction (as seenin
hunan i n vi vo strai ns) al though can soneti nes
occur i nthe nuscl e bel |y 41,

Anost all |aboratory simil ated nuscl e strain
injury experinents have found that strai n (anount
of I engtheni ng of the nuscl e or nuscl e fibre,
expressedinunits of nmnm) isthe property
that correl ates nest wth nuscl e danage. Srain
has been shown to have a greater correl ation
w t h nuscl e danage t han nuscl e force @, vel ocity
5 stranrate*andcotracti onstatus of the noscl e
22 These fi ndi ngs suggest that anount of strain
(nuscl e I engt h) shoul d be the property t hat
corelates nost wthrisk of nusclestraininury
inviva

Unfortunately wthrespect toreal |ife hunan
activities, strainal one does not expl ai n why
nuscl es sustai ninjury. The greatest strain
(di spl acenent) that anuscl e canundertakeis a
novenent frombeing fully shortenedto fully
I engt heni ng, for exanpl e during a sl ownuscl e
stretching exercise, yet aslowstretchrarelyif
ever reslltsinanusclestraninuy. Asanuscle
isstretchedtowards its naxi numlength, it
pessive yresiststhestretch?. Inactivitiesthat
typical |y cause nuscl e straininjuries (e. g.
hanstring strai ns duri ng sprinting) naxi nal range
of notion of nuscl e groups (and hence naxi nal
strain) isnat nearlyreached, yet anusclestran
ifuycanresut. Thisinpiestha oneor nareof
stress (tension), velocity, strainrate and or
cotractionstatusarea sore evant tocreatinga
nosclestraninuyinred life

The | aborat ory studi es, i nshow ngthat anount
of strainisaninportant factor, suggest that
nuscl es probably needtobeinarelatively
stretchedstateinorder tocresteastraninuy.
CGrtainythisisthecaseduringacaf strainin
t he push-of f nanoeuvre descri bed earlier. They
al so suggest s that nuscles are unlikely to be
infuedinashortenedstate, irrespectiveof the
forcesinvd ved, suchastherectus fenori s nuscl e
duringbal | contact inkicking.

Gastrocnemus (Calf) Strain

I njury

The bi onechani cal nl i eu duri ng a gast r ocnenus
straininjuries can be sunmari sed nore easi | y
than the ot her nuscl e strains, as thetine of
occurrence of the conmon gastrocnemius strain
inthegait cycleisvell estadished ‘Temnisleg
i nwhi ch the gastrocnenius suffers straininjury

was descri bed over 30 years ago °. Avideo
has recent |y been publ i shed whi ch reveal s a
gastrocnenius strai n at the exact nonent of
occur rence capt ured on a cri cket * S unpGam
% Inthiscase(Fguel) thenusclestraninuy
occur s during t he coomencenent of the second
stepof take-off (sing elegsupport) tovards the
end of ground contact cycl e. The gast rocnenius
nuscl eis closeto, but probably not at, naxi num
length. It isalsopresunably contractingquite
strogyasit appears|ikelythat groundreaction
forces aretending todorsi-flexthe ankl e and
exedtheknee It isdfficut todeternineviet her
the nuscl e i s under goi ng any change i n | ength
at thetineof thestraininjury*. The nuscl e-
tendon unit appears to be al nost i sonetric. A
recent study has shown that the nuscl e and
t endon conponent s of a nuscl e-tendon unit are
not necessarily novi nginthe sane direction .
Wien t he gast r ocnenius changes | engt h duri ng
junping, that thereis aphase after eccentric
contracti on wher e nuscul o-tendi nous unit as a
whol e appears to bei sonetric. However, real tine
ul trasound reveal s that duringthis phasethe
nuscl e conponent i s contracti ngwhi | ethe tendon
conponent continuestolengthen, wththe overa |
appear ance of no changeinlengthof the nuscl e-
tendonunit .

Hanstring Strain I njury

M deo anal ysi s of hanstringstrains, whilst not
reved ingthetineof infuydwringthegait cycle
shows that they are likely to occur during
overstri di ng when cl ose t o naxi numspeed and
trying to nai ntai n speed. Duringthis type of
novenent, the hanstring nuscles arerel atively
nor e stretched than duri ng a stride of nornal
l ength at naxi numspeed, al t hough t hey do not
reach naxi numnuscl e | ength. As nenti oned
previousl y, authors have di sagreed about
vhet her the actual nuscl e i nj ury occurs duri ng
lateswngor early stance duringsprinting®?3,
This i s because the external forces and
consequent nuscl e stress are greater duringthe
ground phase, whereas t he naxi numl engt h
(nuscl e strain) isinthe swng phase.

Hanstring strai ninj uri es have been t he subj ect
of nany epi denhol ogy studi es, but despitethis
therearefewagreedrisk factorsfor inury. The
nost establishedrisk factors are age andinjury
histoyandunfortunatel ythesearenat reversib e
3% The nost controversial riskfactor is|ow
strength (usual | y neasur ed by reduced hanstri ng
toquadriceps (HQ ratio). Mainy prospective
studi es have found a si gni fi cant correl ation
bet ween poor strength and ri sk of hanstring
injury %4 Hwever, none of these studi es
neasur ed past i njury history as a conf ounder,
andit ispossiblethat |owH Qratiowas sinply
anarker for thoseah etesthat hadapest history
of hanstring strain. Anorerecent study wth

NZJSM b0 duri ng the push-of f navenent after atemis serve,  syperior sanpl e size tothose cited previ ously



suggested that HQratiowas not arisk factor

for hanstring strain 3 This paper used an
eccentric protocol, whi ch has becone st andard
for newgeneration isokinetic machi nes.

However, a possible problemwiththis
net hodol ogy is that aneccentric protocol onan
i soki neti ¢ nachi ne can act ual | y cause a hanstring
strainitself ® soathl etes nay not gi ve 100%
effort when perforning the eccentric protoco out

o sdf-preservati on

A though the wei ght of studies at | east suggest
that lowH Qratio may be arisk factor for
hanstringstrain, it isnot readily apparent that
attenptingto reverse HQdeficits can reduce
theinci dence of hanstringstrain. Qe study from
two decades ago suggest ed t hat t hi s approach
may wor k, but used a non-randoni sed
net hodol ogy ¥'. Thi s has not been repeat ed by
any fo l owup stud es, athoughrecently Tyl er et
a. reportedsinmlar resutsinadductor stransto
thenethod of Heiser et a. wthhanstringstrains
“2, Thelack of fol | owup studiesto support the
success of Heiser’ s nethod nakes it unli kely t hat
the ngj ority of hanstring injuries coul d be
prevent ed by addressi ng strength deficits.

Rectus Fenoris (Quadri ceps)
Srainlnjury

Quadriceps strains are acommon injury in
Australianfootbal | ¥ and soccer . Arelatively
hi gh proportion of theseinjuries occur during
training ¥ and the nost conmonly i nj ured of the
four quadri ceps nuscl eisrectus fenoris
Quadri ceps strai ns are nore conmon i n nat ches
wher e t here has been | owrai nfall over the
previ ous week, whi ch suggest s a ground cont act
rather than a ball contact nechani sm®. |f
quadri ceps strai ns occurred during bal | contact,
it woul d be expected that theseinjurieswoul d
be nore common on wet days, when t he bal |
nay be heavi er. Quadri ceps strai ns are al so nore
likely after arecent hanstringstrain®

If arectusfenorisstra nin ury occurredduring
the bal I contact phase of kicking, it woul d be
whenthe nusclewas inarel ativel y shortened
state, inactive and shorteni ng further?%,
apparent|y conditions where nuscleis ableto
w thstand greater force. Aconparative set of
conditionsinthe upper in, weretheshartening
triceps nuscleisresistedby theba | vienserving
o spikinginvo leybal I, does not |eadto nuscle
stranifuy.

Anot her anecdot al observat i on whi ch suggest s
thet therectusfenarisisnat susceptibletostrain
inuybybal cotact isthat thespeeddf therun
up, rather thanthed stancethebal | iskicked, is
associ atedwthagreater risk of strain. The
amount of foot-ball inpact forceis roughly
proportional tothed stancethat thebal | trave s,

vet | ong ki cks wi th a sl owr ur-up do not tend to despite regul ar nai ntenance. |If a nerve VOI -

caserectusfenarisstran InAstrdianfoothbdl,
quadriceps strains arerareonl ong ki ck-outs from
goa or kickingafter anark. They areal sorare
inpuntersinAnericanfootbal | and goal ki ckers
i n rugby uni on and | eague, where ki cks for
naxi numdi st ance are often attenpt ed. However,
punt ers and ki ckers i nthese sports use a short
and/ or sl owrun-up. Incontrast, rectus fenoris
straininuries oftenoccur duringshort kicksin
Australianfootbal | vhenthe player i s rumning at

hi gh speed.

Mdeoana ysis of rectus fenorisstraininjuries
shows si nl arity between t he quadri ceps strai ns
occurring during runni ng and t hose occurri ng
during ki cki ng. The conmon factor i s decel eration
of thekickingor standinglegwtharel atively
short stride. Nornal |y during decel erati onthe
I eg providingtheloss of nonentumoverstrides
andlands wel | infront of the body, directinga
strong ground reaction force backwar ds.
However, thi s net hod cannot be used by t he
stance | eg duri ng a runni ng ki ck, as the hi ps
voul d a so | over duringthis nanoeuvre and t he
ki cki nglegcou dnat swngthroughwthout hitting
theground. Infact, the oppositeeffect i s needed,
wthaslightlyshort stepinorder toraisethe
hi ps to provi de cl earance for the ki cki ng | eg.

A though vi deo evi dence suggest s that the ‘ under -
stride duringdece erationisthe gross nechani sm
for rectus fenorisstrain, aswththe hanstring
strainit isnot clear wether theactua nuscl e
fai |l ure occurs during the ground cont act phase
or sw ng phase. Like the hanstring, the swng
phase i s associ ated with the great est nuscl e
length (stretch), whereas the ground phase i s
associ atedwththe greatest potential inpact of
externd force (groundreacti onforce). Incontrast
tothehanstringstraninuy, wthrectus fenaris
straininjurythe ground contact phase of risk
precedes, rather thanfoll ows, the swng phase
o geatest stretch

Rel ation of Calf and Hanstri ng

Strains to L5 Nerve Supply

Hanstring and cal f strai ns have arel ati onshi p
w t h advanci ng age and al so share a conmon
nerve suppl y (L5 and S/ sci ati ¢ nerve), whereas

quadriceps strains arenot relatedtoage #. In
anatoncal di ssections, astructureinthepevis
cal l ed t he | unbosacral |iganment shows a
correl ation between L5 Sl degener at i ve changes
and conpr essi on of the L5 nerve root (by the
liganent) °. The | unibosacral |iganent andits
propensity for extrafornminal entrapnent of the
L5 nerve root was first described by Nat han et
al. and by other anatomsts si nce 234, This
anatomcal configurationis quite possi by present
insone of the ol der foothal | players who find
that they haverecurrent hanstringandca f tears
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entrapnent such as this were present, it coul d
al so expl ai nthe correl ati on between hanst ri ng
inuyriskandlowstrength, but thedifficutyin
reduci ngtheincreasedri sk by strengthening. This
anatonncal configurationis al soconpatiblewth
ana-riskahetethat hasnorestrictiond | unher
andhipflexion, asit isnost possiblethat any
entrapnent by the | unibosacral |iganent woul d
bevorseinextension. ‘Hriforms syndrong has
been descri bed as a cause of recurrent posterior
thigh pain, withinconsistent (although sone
excel lent) resultsfromdivisionaf thepiriforms
nuscl e to rel ease the sciatic nerve 2.
Unfortunately, the |l unbosacral |iganent is not
easi | y accessi bl e. The best net hod for reachi ng
it woul d probably be t hrough an anteri or
approach, possibly with an abdom nal
| apar oscope. Thi s type of surgery has recently
been decribed . It renai ns t o be seen whet her
it wudbetechnicallyeasytod videtheliganent
tofree anentrapped L5 nerve root, and whet her
thi s procedure woul d reduce theri sk of hanstring
straninuyinahglysuscegtibdeahee wthou
causi ng side effects. It al sorenains to be seen
whet her such an ent rapnent coul d be confi rned
wthinvestigations (suchas MR) prior tosurgery.

I nteracti on Bet ween Hanstri ng

and Quadri ceps Strains

Previ ous epi deniol ogi cal study of the AH. has
revea edthat quadri ceps strai ns (I i ke nany ot her
non-contact |ower linbinuries) arerel atively
nore | i kel y on northern AFL grounds, where
ground traction and hardness are greater . By
contrast, hanstringstrains foll owan opposite
trend and ar e nore conmon on sout her n gr ounds
® |tispossibetha ongoundswithlesstraction
availabd e dterationsarenadetogait including
over-stridingtoincrease ground contact tine,
vhi ch nake hanstring strains nore | ikely and
quadri ceps strains | ess likely. I'ngrounds were
tractionis greater, thestridelength nay be
rel atively shorter, whi ch nakes an under-stri de,

and consequent |y aquadri ceps strain, norelikey.

Inaddition, recent hanstring strai n has been
foundtobeariskfor quadricepsstrain®. Itis
possi bl e that during recovery froma hanstring

strain, alterations are nadetogait ®, which
includereducingthestridelength, protectingthe
weakened hanst ri ng nuscl e fromre-strai n but
i ncreasi ng t he chance of a secondary quadri ceps
dran

Concl usi on

Rectus fenori s strai ns nay often occur dueto
under-stridingwhentryingto sl owdow, either
during akicking notion, or i nnornal running.
Thi s contoi nat i on of under-stri di ngwen tryi ng
t o sl owdown causes t he body t o | ean backvar ds
and the | eg t o nove farther behi nd t he body
than nornal , whi ch pl aces extra stress onthe
rectus fenari s. The nechani smof hanstringstrain
i s probabl y when t he body i s | eani ng f orward
tryingtoachi eve extra speed and the foot | ands
too far infront of the centre of nass
(“overstriding ), stressingthe hanstring nuscl e
gowp. If thishypathesisiscarect, the nechan sm
of nuscl e strainsis probably i ncreased stress
when at greater than acertai n proportion past
restinglength. Fatigue, |ack of warmup and
decreased strength of a nuscl e group probabl y
cotributestothisfalue, asquadricepsfatigue,
weakness or dysfunction nay contributeto an
under-stride (byfalingtoprogessthelegfuly
during the precedi ng swi ng phase) and
hanstri ng dysfunctiontoanover-stride(byfaling
tohalt theforvard progressionof thelegduring
t he sw ng phase).

The exact timng of the‘typica’ gastrocnenus
strainis known, duringa ground contact phase
when the nuscl e i s al so under highstrain. For
hanstringand rectus fenoris strains, it i s not
est abl i shed whet her strai n (nuscl e | ength) or
stress (secondary tothe externa groundreaction
forces) isprinarilyresponsibefor theinuy, ad
hencethe exact timngduringthegait cycleis
not known.
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Table 1 - Paranetersinfluencingtwo-j oi nt nuscl es duri ng novenents at hi gh ri sk for nuscl e

straninquy
Hanstri ng Rectus fenoris Gastrocnem us
H ghest ri sk Querstriding during Understri di ng duri ng S ngl e contact phase at
novenent naxi numvel oci ty decel erati on (esp. ki cki ngon nid second stri de of push-of f
therun)
Body posi tion Forward | ean Backward | ean Forward | ean
Upper joint position Hexed hip Ext ended hi p Ext ended knee
Lover joint position Ext ended knee H exed knee Dorsi-flexedarkl e
Mwi nal strai n/ Lat e sw ng phase Early backsw ng Fetake off sind el egsupport
stretchoccurs
Maxi nal tensi on/ Early ground cont act Lat e ground cont act phase Fetake off sind el egsupport
stress occurs phase




Fogurel- Tineof [eft gastrocnenus strain during a push-of f novenent .

.-
“Leppitsch - Hamstring (Rnd 3),

Foure3- Timof highriskfor | eft hanstringstrai nduring sprintingand bendi ng.
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