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Open Versus Closed Kinetic Chamn
Exercise: Issues in Rehabi_]itation
After Anterior Cruciate Ligament

Reconstructive Surgery
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What has been called “closed xinetic chain® (CRC) exercise bhas

: pecome popukarin the last b 1o 10 years for use after anterior cruciate

ligarment (ACL} reconstructive surgery: Closed kKinetic chain eXercises ,
: appear to have gained popularity over more waditionally wsed opef :
: Kinetic chain {OKC) exercises hecause many dinicians helieve that ot
i CE{: exercises arc safer and more synetional, These clinicians also ¥
contend that CRG exercise is equally cffectve vs OKC exercise in ,
: restoring quadriccps fernoris muscle foree production following ACL.

i reconstructive SUrgery- The purpose of this linical perspeciive is Lo

exarnine the evidence concerning OKC and CRC (raining after ACL.
reconstructive BRTEECY with regard to these issues and discuss how

physical therapisls ran best apply this knowledge io clinical practice.

Based on the review of data, it does not FPPer fhat clinicians should
completely abandon more: traditional OKG exercises and replace them

with CEC exercises in postoperative ACL reconstruction rehabilimtion

Programs. Both types of exercise apparently can be modilied o

inimize (1) the risk of applying excessive strain on the ACL grafi and

(2) the risk of excessive patellnﬁcmuraljnim stress. Depending on the

Functional goals of the patient, both OKC and CKG exercises may he
appropriate for siravl2 ing Tnctional activites. When improvementin
quadriceps femoris muscle funciion is an essengial treament goal,

therapists may aeed to combine OKG exercises with CRC exercises o

provide optimal (raining stimuli. Suggestions for further research are

discussed. [Fitzgerald GK. Open Versus closed kinetic chain exercise:

;sssues in rehabilitadon after anterioT cruciate ligament reconstructive

surgery. Phys Ther. 1997-77:1747-1754.]

Key Words: Exercise, generak Ltgammts, Rehabilitation; Surgery.
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oy vrthsposlic strgecms il physical tiorl  CXCICISES after ACL reconstructive Surger- Issues relawrd
[rists Tawve: awhucned the sole use of closed 1o salety, Lunction, and (reatment effective1ss will e
kinetic chain {CR() xerciscs afier ankerior considered. Application of presemnt knowledge © clinicad
crwiage lgament (ALY Feeonstretive surgery practice and suggestions for study will also b discnssed.
anh e alyamlomuel the wst ul upen Kinutic cluain
(KRG exereises. = There Das heen ek dehate regards Safety 1ssues Concerring Op=n and Clased
g, Ao delinitions lor CRC and ORG EXCTCLRS Kinehc Cham Exercises
ane whether these wnns aclequanely duseribe theraped-
e exercise pmfu{lun:-}.-" For the puUrpust ot s Teport Excessive Antericr Cruciate Ligament Graft Strain
i will describe thyese CROrCises WS 1 Delicwe (hey alc Sowme authors'® believe that the use of OKG exercise far
cowmonty wsed- Open hanetic cluin extrriscs are upr improving foree productivn ol the quadriceps femonis
cally ontscight hearing, with meovenent occurring at 4 muscle places excessive strain on an ACL pralt. A sty
sl jount. The distal sepment is s T oy, and the  DF Henning et al® is frequently cited Lo support this
resigance s wswally appliud 1wt distal segment An belief, Henning et al measured the sorain in the partially
eyl wonthd be aknee ex LTSIk CXETCTSE, perfurmed worn ACLs of two subjects. Af elopgation BaURE was
i a sitting posttion with rusistance applied 10 the distal msenied into the anierior bundle of the disal 1 cm ol
segment Clused kinclic chain exercises A, gypically the ACE- The sprain of the ACL was measured during a
weight hearing- alogvument at seveval Jolts 15 Tequired to Lachmman's test with 36.5 &g (80 ) of force, using 3
complew the monrment, Hie distal sopinent is usually hand-held load cell that was applied to the proxim
lixed 1o 2 suppuring surface, and the rexistance may be tibia with a web belt. A 0.045-in Kirschner wire was used
applicd hath proximadly and disually. A exampic ol & @ attach the load cell to the tibaal whberele. A “sensilive
CRE crorcise wonld be i st | beam” extended frort the load el © the anterior aspect
of the paelia Anterior displacement of the tibia was
Fhree provalent agsutmpions apparensly have led o the measured with respect 1o the patella- This procecure wis
praplarny of R exercises aver OKG exercises. The used only for the Lachman's test. The antenor tibial
[yt assimplion s thak CRL cxercises helieved to be displacement measured during the Tachman’s test with
srfer than OREC exerses beouse they place less strain 363 KB of force was considered 1o be 160 units of ACL
o e ACL gralt and are thus boss likely o produce clongation. The AL sirain was then recorded doring
palc'ﬂuﬁ.ﬂnﬂm.l pain.t-+* A wcond assumplion 1 hat  actvities that were caid 10 use 2 CRO (e, cruoch walking,
(R oxXOTUises wre peliceed W be WOTE funcdonal than singleleg half squat, walking, JoEgiog. and staponary
OKC exercises'! although advocales MY mean that cycling) and during actvities that were said to use 20
they mimic fanctional activities, Finally. .vis pelicved that  OKC (e knee cxtension against 9.1-kg [204b] resis
'_[‘.K{: exercises are cgually cflecuive us OBRG exerdses in - &Ance ithrough 22° w 0° and 35° to O° of motion and
Improving quadniceps (emoris ranscle force production. nolding the 8.1k 1nad at 45° of knee fcxion}. A
Therelore, becansc KOG exercises are assumed 1o be woighted boot wis ased. The ACL srain data during
eplor asnd 1o lead Lo greater functiun, they shouid replace  these actvides were expressed 2s 2 percentagc of the
ORC exerdses Tor this pe ol raining-'* strain from the 36.3%g Lachman's test and are reported
in Table 1. Henmug € al concluded that quadriceps
Alihough these ideas e pupular, the evidence to sup- femoris muscle CXercises following ACL. repair should be
port (e is Jinsited and, in some respects, these mleas  done using acthities such as cycling and partia 1 squatang
;11]}[31::1.;1 ta he Dased mfal:-lu on personal opinion than on  tavoid pladng excessive strain on the healing ligament.
thura. There is 6 widence - i 7-t1 5 tagEﬂ .
bpelieve that thers 1:: ne;l;.l?—u - rduﬂﬁ ideas i ! T.hey discou the usc of QL kl_.'lee Eﬂ?nmn exer
believe i Tecons) ul_ldc:rlg.ung cises through the full range of motion during the First
mptions that imbuence clinical Teasonming with . year following ACL in
';eg.ird o CKC and OKC exercises. This should be done SR
O C AN w vl R Ry .o .
by oo ncs and by e o suppo the sy by Heouiog oL L0 cited
o examine the Bierature C ocoing GKE m['; e tngﬁnmefe use of CRC exercises after ,PLCL recun-
. are a namber of methodological factors

jury and reconstrction.

Lo Fiveporalil, BT, £, e At Proteor, Department oL Thipaical Therapt Allegheny Liniverity of the Hieth Sciences, Mail Stop 502, Rroud
apwrl Ve Sueels, hiladeiphi, TA 19LiEE (LSA) {,ﬁ.lzg('nldh@hal_aﬂcghtn\'.ﬂlu}.
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Frpuritioen o 1 Awrerican Plasival Theniy Asecrciukitnn] Jome 18, 196 Minmcapolis, Mino.
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Eg’:l:md Anterior Crooote ligamant Swein Loy Warious Acliiies

R  hat
Reported by Henmind el olf oz a Pmm‘l.th:d‘ fhe Strain
Diecurved During o 16.3kg (B0} Lachmen's Test

Percontoge
Activity of Steam
T oralking, 227 g {50 b} weight beorind 7=
Singleteg half squat -
Walking 35°
Jonging on Roor _ a9
Stafonary ordicg Fi

Leg extENSIGN, 29" e O° 7o iR
Ding extansion, 4% 4o OF i
lsomalric contraction of quodriceps femoris muscles

agyainst ressionse of 9.1 kg [20 Tbi at 45" of

Aexien a0

1sometric contradtion of aquadriceps femoris muescles

ngainst resisionce of .1 kg [20 Tb) ol O of

Rexdon 107.= 87°

lsomelnc contraction of quadriceps femoiis myscles

ogains! Tasistanoe of 5.1 kg [20 I o 22° of

Mexdon 1210 &2F

“ Sgbject 1 (Semale].
#Gyhjoo 2 (malch

that shoukd Emit the conclusions that can be made from
this study. The measurcments were taken from o
subjects with jally torm ACLs The strain behavior
from an inmct ACL graft most likely is different than that
of a partially wrn ACL. Therefore, infercoces made
concerning ACL strain duoring OKG and CEL activites
from the data obtained by Hennimg et al may not apply
to the strain on an intact ACL grafi. Table 1 indicates
that although bwo subjects partidpated in the study,
strain data were collected on only ene subject during
several activitics. During the actvities in which dala were
collecied on both subjects, there appears @ be = wide
range of varyability in the strain mieasurements between
the two subjects. The farge degree of variabibity in the
rneasirernents, combined with such a small sample,

reduces the meaningfulness of any conclusions made
from these measurements.

Yack et al*® examined the arount of apterior tibial
displocrment during resisted knee extension (OKG exer-
cise) an during a parallel squat (CEC exurcise} in 11
subjects with ACL deficiency. Measurements of anterior
tibini displaccoent were taken on both dic involved and
noninvolved Hmbx Yack et al repuorted increascs in
anterior tbial manslation of the myvolved Tmb during
ORC knce extension, compared witl the partial squat
activity Uwongh joint excursians of 66 10 10 degrees of
Luce flesion. There were ne dilfvremoes inanieros Gilaaal
wanslation bebween exercises for the poninvolved limb.
The aulors sated that although they did not measure

oA

the strain on (he ACL, iheir results saggested that
weight-hearing exercises would result i less AII'.L sLrain
than pon—weighrbearing quadriceps lemons I.'II.I.LISIZIE
exercilEh. Although these results may descuibe ditfer-
ences in ANLETIAT Ehiul translation when the ACLis not
present, ey cannot describe he gtrain on an ACL gratt
after surgery Auong OEC and CKC exerciscs- Tlu.:_-fe mav
be greater anterior fibial shear forces during ORC knee
extension movements compared with CECY squats, Bt
do these forces necessarily result i gremer strai on the
ACL graft? That is, 1 the dilference in anierior shear
furce great enouch 1o resnlt in a meaningfl difference
in strain bemween these ex ises? This question can he
answercd only by measuring the strain o5 the ACL graft
during ORC and CKG cxercises. There have been 00
studies, thus fat that have done this.

Recently, Beynnon and colleagues™ and Feming et al”
measured the strzin on ye intact ACL in human sibjects
during OKC and CEC exercises commonly wsed in
quadriceps femoris muscle exercise programs. A strain
gange was inserted in the anterior pundle of the ACL in
each sabject during arthroscopic Surgery for a paroal
meniscectomy. The OKC exerciscs consisted ol full-
range leg extension with and without 2 45-N hoot and
;sometric contractions of the quadriceps femorts muscles
againsl 35 N-m of resistance applied at the distal tibia al
varying angles of knee flexion.** The CRC exercises
consisted of a squatting exercise with resistance from an
elastic cord? and 2 squatting exercise without the added
resistanice.”  Anterior ceaciate  Ligament sirain  was
reported as a perceniage of the measvred sieain from 2
900N anterior tibial rranslational force. The results are
Jisted in Table 2. There was no difference in ACL strain
characieristics Detweett ORC and CKG excrcises, i
general. According o Lhe data they reported, zero SLEaim
was measured during cometric contractions of the quad-
riceps femors muscles against 35 Nem of resistance at
knee flexion angles of 90 and G0 degrees
Fleruiuﬁ%:t al¥ stated that if an ACL graft is prupetly
placed duiing a reconstuction, 1 would be reswomable
to assume that differences in strain on the graft may not
e meaningful during OKC and CRC exercises. Duaring
the early 15805, ACL graft placement doring reconstyuc
tive surgery was performed in a manner that sometmes
resulted in excessive increases in strain on the graft as
the knee was moved from flexion 10 end-range exten-
sion.!*" The combination of his type of grafl place-
ment with OKC exercises to improve quadriceps femoris
muscle force produciion sometimes rizsubted in failure of
the gralt. Therefore, surgeons placed resuiclions on
pOSLOpETLVE exercizes. Grafl placament tochniquoes cor-
rently being used allow the knee o be moved feom
lexion 1o enslrange extension without suhjecting e
araft 1o harmful levels of sirain.'® Fleming et al' argue
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Table 2.

Anterior Cruciale Lgamen! Swain Yolues Duing Op=n and Closed
Kinedic Chain Exereises Repored by Beymnon and Collengues”® and
Fleming el of¥

Percertage of
Styain®

:
2.87

397

¥nee pxkensEan’
Knes exlansion with 45 boot?
omeric knee axtengion, 30 H-m, 15" of

knee Pexion® 4.4
lsomeinic knes ewtensian, 30 M, 30 of .

knee faxion® A A
ksr meiric knes atension, 30 MM, &0 of

knes: Rexion” 0.07
lsometric kg exlension, 20 N, 90° of kize

Bexion® 0.
Sealiing, without pesistance” 1.4°
Squathing, wilhy resstanoe” 4.8

= Aevir vowRoT Frgmuaicinl sLinin e roprocted 2 -3 portenge af thwr
otbpuluL-d rain Lo 3 s antesing Kilgial Al Asipnal fovee
*{ppamy Livrenbatec hisial Rtk

« (el Eimnematie ol RIS

hat with this improved apatormical placemnent of the
ACL praft, the gralt may respond TMORS like the ntact
ACL during ORG and CKC exercises- Therefore, they
arguc, both Wpes of exercise coulr: bt done safcly-

Anather consideration for planping these cReTCise prd-
cordures after ACL reconstruchive SOTEETY is that the
presence of some strain on the healing graft DAy actually
be benelicial- Histolopical sudics nave imdicated that
apphing some (ension om healing Ligaments will
enhance the remodeling s2ge of healing.¥® Both the
Yigament and the Tigament attachsment sites bad greater
pengile swength when they wole subjected 10 rensile
loads during healing. The absence of strain on liga-
ments, even those that have nol beenl injured, has been
shown Lo have barmful efccts.? Given the implicagons
of these siudies, it may he an error in clinical reasoning
to seiect CEC exercises for quadriceps femoris musce
waiping because (€Y reduce strain oo the heaking graft
and to rgect OKC exercises for quadriceps femoris
muscle waining because they increase suffign on the
healing grafl. The presence of strain during excrose
ity aclally be benefcial, but this is a puarely theoretical
argument. The jevel that distinguishes beneficial strain
froon narmiil strain during healing has ot been cstab-
Jished, and therapists should proceed with Caulion.
Bring cautivus, honeever, docs nol medh that therapisis
should adopt an "all or none” approach 1o therapeudc
cxercise. particalarly when ihey may be cxcluding a

et that nay be heneficial. The results of Beynnon
and colleagues™® and Fleming et 2l seem @ indicare
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(hwt therapiss could use both CKC and OKC exercises

without placing haroaful levels ol surain on an AGL graft
I[ therapists have concems about minimizing ACL graft
girain churing OEC kuet extension eXercise. based on
ihe data from Beypuon and colleagues prescnted i
Table 2, peshaps all they wontkd need wdois regtrict the

patellofemoral Joint Siress

Pyoponents of CEC exercisss ofeen claim the an addi-
tipnal benefit of these exercises is that they ave less likely
1o Cause pawlloi‘emuml pain becanst they subject the
pal;ellnfemcml jeint 10 fess joint sUress than do ORC
cxerrses.! Hungerford and §ennox'® and more recently
Sreinkamp et ' have suggested that the angle ihrough
which OKC and CEC cexcrcises arc performud may be
the determinitg faceor regarding pateliufemural joint

siress-

Sreinkamp et ' described 2 mathemaricak maodel ior
esimabng pateﬂofcmorai jolnt siress, pased on Lmb
segment lengibs for the thigh and shank, the external
knee mOMENt created by a resistance Joad appiied
during knee cxtension and leg press exerciscs, and the

aellofemoral joint contsct areas at various angles of
kace Hexion. The Figure jitustrates the estimated patel
lolemoral joint sress during an OKC exereise and a CEC
cxercisc with com le Yoads of TESiSance, based on
the model of Steinkamp erall® The graph dlustrates
that patcllufemural joint siress cn be minimized or
increased during both YPes of exercise, depending on
the range of motion through which the exercise 1§
performed. For example, ¢uring the OKG exercse a3
the knee is moved from op degrees of fiexion to an
extended position, the pudloﬂcmoml joint SLTEss is
steadily increased. In contrast, during the CEC excrdse
as the knee is moved from an estended position 10 g0
degrees of Arxion, patellofmoral jolnt Srcss is steadily
increascd. Therefore, if therapists want fheir patents o
do kaee exiension exerciscs, they can be done without
inducing excessive pateliofermoral joint stress by Liniting
the joint excarsion from 9¢ degrees o approximately 45
degrees. if therapists prefer [0 use CEC exetcises, they
may need 10 Lipnit the joint excursion fTom Foll extension
1o approximately 45 degrees of fexion. Moving inte
greater positions of flexion durmg CEC exercises would
resuit in patcllu:fcnw:-al joint stress comparable to that
ohserved during OEL icg oxtensions that approach Fuall
knee eXIension.

The smdies discussed do not support the asmunption
that CEC exerrises are safer than OKC exercises after
ACL. reconstruction. In theory, both types of exercise
can be Perforﬂlt’:diIl.wa}'Eﬂﬂdﬂ not phace excessive
strain on an intart ligament, and research s needed 10
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des 24 1 pelieye that mosk clini-

Patellofernore’ 1pint Stress (MPa)

°h | i

i ciaps would agree that there are
= advantages 10 LSING weight-bearing
exercises i a lower-extremnty ynuscle
performanse raiping  program-
These exeTCses wonld Teguire coor
dinated activity from several muscle

ps to complete a task, much like
what could be required during many
ranedonal tasks Gensory input may
he provided during weight-bearing
cxordiscs in @ (manner similar to
many Functional tasks.

The following quotation illustrates
the probien with making global
sratements CONCETMING the func
sional utility of CRC exercises: "Since
the foot is usually in contact with the

and, activities that make UsE of
this closed system A€ mare
gunctional. et 1 do not find it
difficult to list many examples where
functionah activities do not oeoar
with the fool in contact with the
ground. During sprnung, for exam-
ple, the foot is on the ground for the
relatively small peTceniage of Game
requited 10 compleie  the gait
cycle.® During the swing phasc, the
quadriceps femoris muscles mMay b

0 30 484 60
Knee Fiexion (%)

— requirec to produce 2 large amount

.Eﬂ of OKC hip flexion and knec exien-
sion Lorque 1o maxinize the stride
length. This functional activity

Figure.

hieons ond stondard devighons of potellotemona joint steess of four Rexion angles. Reprinted

with permission fom Steinkamy et al.'

derermine whether this is also rue for an ACL graft. The
presence of strain durng exercise may aciually enhance
healing of a graft Research is needed 10 determine the
vl of stress that distinguishes beneficial from harmfial
lexcls of strain on a healing graft. Excessive pateliofemo-
ral joint stress can be svoided in either type of exercisc
v resoricling the range of motion through which the
exercise is performed. To ensure safety during excrcise,
itherapists nect 10 consider the knee jomt EXCUrsion
trough which either OEC or CEC guadriceps femons
mmsche Exercises e performed.

Functiona Issues Reloted to Open and Closed
Kinetic Chain Exercises

There is 2 popular opinion that CRC exercises tend @
promete function more than do OXC excrcises becnse
CEC exercises mvolve primarily weight-bearing activ

:neludes both OBG and CEC ele-

ments. Training programs that pro-

mote hoth OKC and CRC knee

% extension may actually do more 1a

' hnprove function in this circum-

smance than Smply using one tpe oF exercise. Evidence

for my argument is lacking, but 5o 15 evidence for the
slobal statement that I quoted.

Some exercise devices, becausc they allow for lower
extremity CEL excrese, arc said 1o be more functional
than devices that use OKC traiming. The various
machines used to simulate stair climhing are an XaMm-
ple. Do these devices, however, really minic stair ¢limb-
iny as it is performed curing everyday living? Turing real
stair climbing, the stairs themselves are lixed and the
indiviclual controls the mte ol mwernent 10 ascend ad
descend the swirs, The stairs on the dimbing maclines
move in 3 downward dicection as force is applied 10
them, and the machine conunls the rate of movemaent.
With actmal stair climbing, the person’s center of gravity
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moves forward and gpward, Would these gimulators alley
the movement characteristics of (he TWeT extrenities
during the excrase to the extent that they do oot
resemble those encountered doring real skair climbing?
Real stair climbing also has an OBG component (i€
when the non-weightbeanng limb is elevated and
placed on the next step W mect the center of gravity)-
Exercise on SOGE staip-climbing prachine¥Aoay not
require  this componenl On other siair-clinbing
mwachines, the individuzal has to esist in elevagng the
nmz—wf_'ighr.-beaﬁng limhb, hut the ‘ot May TEmMEin 11
contact with the step at all times, eliinating the need w
reesablish proper foul placemertt. Would elininatng
the requircment for recstablishiug fuct placement
reduge the usefulness of skair-chimbing oachines [or
simulating the fupcdonal sk ol LAl cl'u-nhing? Most
imporautiy. i vur paltichis Eereise o slair-dimbing
machings, do they restore their ahility to Jimb stairs
more effectively? There are no dat11o suggest that these
devices help persons following AUL. reconstruction.

The point here is ROt (hat the st ~clunbing machines
are undesitable exercise devices. There may be benefits
obtained from exercising on these dcvices. A Qevice,
however, should not be conside vl o pe move fone
fional simply becausc il includ-s weight bearing. A
device should be considered & provide 2 functional
beneft i It UDPYOVES the patieiLl’s ability to perform
asks under conditions thak are likely o be encounkered
during daily aclivitics, not merely hecause the concept
undeilying its design secTs appre|riate.

Therc js no evidence 10 date thal bas demenstrated that
patients have superior functional oUICOTES when either
CKC or OKC exerciscs are nsed. The conclusion that
CKC cyercise is more functignal has been made purely
on the basis of presumpave arguments. i claims are W
be made concerning the functional superiority of CRKC
expCises OVer QEC exencises, then it should be demnon-
strated in controlled clinjcal trials that compare their
effectiveness restoring function. At present, COMUMSN
sense would indicate that how well an exercse simulates
Function may have more ¥ do with the Fanctional goals
of the patient than with the type of Knctc chain used
Juring the exercisc, but cven this m.tmptig%-hcks data
to supporL it. Toerapists my decide that either an OEG
exercise or a CRG exercise may be best in sunulating
functional acivity, depending on their patents’ goals.

Quadriceps Femoris Muscle Traming

Proponcnts of CBC exercises believe that these EXETCISEs
are superior W OKG exercises [or quadriceps femons
ymusche waining after ACL reconstriction becanse these
exercises arc safer and equally effective ia restoring
quadriceps femoris musgle force sroduction. The smud-
ics of Dynum et all and Henning et al® are commonly

1742 Fitagerokd

Table 3.
Caadricens Femoris Musche lsomeatric Tomua Cutput Following & 4

Wesk Traming Progrom Repori=d by Swder-hh&lar ol alt!
Percertage of
Maooximal
volumtary
Troining Program Contradion”
Higlvinpensity clectricot simulation 7Q

bigh- omd Yow sy elecirical siimaiation 70
Loweiotensily cectrical stimolaiicn 51
Volifional dosed kinetic chain Exercise 57

* Duulriceps Fegroms nirele Leguiriit 100TIS T G The et limb
erprosel aF R Pt o[ the maimam quadneeps Yemoris rauscle

cited 1o support these notions. Neither Byoum et &l nor
Henuing et al; horwever, wctnally measared changes in
guadriceps femoris muscle foree production afrer tram-
ing, between pavients who performed OKC, exercises and
patients who performed CEG exerdises during rehabill-
tation after AGL reconsirictive sUTgery-

Recenty, Snyder-Mackler et Al compared changes in
maximum voluntary 1sometric quadn<eps {emoris M-
e torque between subjecks who performed CEC exer-
cises and subjects who performed combined CRC and

exercises, one group received high-ntensi” electrical
stimunlation during OXC: contractions of the

fernoris muscles. ng the high-intensit

group performed only the CROC exerciscs and did not
receive electrical stimulatdon or perform OELC copirac-
tions of the quadriceps femaoris muscles.

The results obtzined for the four groups are shown i,
Table 3. The groups that perfo! the OKG contrac

rions with high-intensity lectrical stmmniaton demon
toTgue compared with the other two Eroups The

increase in quadd feroris muscle WIQUE Was also
found to be r:-orrelal;gd with improved kinematics uiing

ph,ﬁuﬂmm_.jyama' 7. Number 12 _ Dacembes 1997
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he sance phase of gaiL According i Sn}'dl?l‘ﬂhla\':kkt €t
1,1t subjects exhibited 2 yeduced excursion of tibio-
femoral joint flexion and extension dunng stance, com-
parcd with what s usually observed i pnmn;umd _sub-
jeas, priof raining. Folowing vraining. the 511]:]{::!:5
recciving highrintensity clectrical stimulagon fﬂdﬁhlu:ﬂ
ribinfemoral joint flexion and gxiension patlerns s_lml_'lm‘
1o those of noninjured subjcets. 5 hiects who did not
receive lﬁgh-im;:nai:y 3 erimulation Gid Dot
exhibit changes v biofemoral joint L jon and eXEn-
sion PALLETTS, campared with prewaming yalues. There
was ho evidence that any subjects in the groups perform-
g the ORG conlracticns damaged the grafis. Snyder-
Mackler et ul'! concluded that if a meaningfal smength
deticit exiss following AL reconstructive Surgery G_KG
excrrises alone may not provide encugh of 2 training
stimulus o correct the problem- They recomzacnded
thiat judicions Use of OBL con i
CLL exercises May be the best alternative for restonng
function of the o 1 femoris mmascles. The term
“judicions use™ impiies tat therapisis may want their
patients 10 perform these contractions in 2 position of
greater knee flexion if the therapists are concerned
ahout siressing the graft (Lynn Snyder-Mackler, scD, FT;

personal commumcation; 19971,

Because (he Lwoe groups that demonstrated the yreatest
improsument in quadriceps fernoris muscle torque also
reccived high-mntensity electrical stimulation in the study
by Snyder-Mackler et al,l! conclusions concerning e
cffeciveness of QKRG exercise versus CEG exercise are
limited. The saperior 10Tque fains may have had more
to da with the high-intensity Jectrical stmulation weat-
ment than with the fact thas these groups performed
ORC exercises. The swudy demonstrated, however, that
high-ntensity isornetric contractions of the quadrnceps
fernoris muscles can be perfﬂnned safely when they arc
perfurmed with the knee m a &legrec position of
Rexion.

Perhaps we may expect OKC contractions of the quad-
riceps femoris muscies to provide a greater training
stimnulus because there s jess chance of substmyon by
wrher muscle groups in resisting the applied joad. Erar-
img some CKC exercises, such as the squat of seair
climbing, muscles about the hip and ankle may also
conmibure o ihe forces pecessary 1o OVErcome the
resistance 41 For example, during the squat, the ham-
sting muscles contract 1o cxtend the hip and the
gasiroCHLemits muscles consract wp plantar flcx the ankle
against the resistance. These muscles work in coordina-
tion with the quadriceps femoaris muscles 10 OVCITOmC
(ne resistance. Therefore, if the quadriceps femoris
snuscles are weak, these other muscle groups may sub-
stitute for the lack of force being generated by the:
quadriceps femoris muscles. Farther study is necded t©

- gise prOgrams:

g e e

and CRC exercits, nsing voluniary coniractions, €om~
pare with (hose thaguse only CKC exercises in improving
quadriceps femorns muscle force produchon afier ACL.
recansructive supgery. These sindies should also help W

degermine whether angmenting KL exercises with
mighatensity dectrical smulAton {5 an essenual cont
ponent of the maining program-

Conclusions
There is currently much debate regarding whether CRC
exercises or ORC exercises are the uhest” approach afer
ACL reconstructive SUIGErY: | believe that therapists
chould be cawtions about using this ssither one or e
ather” thought process when planniog therapentic c &0
The “best” €xercises are those that max-
imize padems’ alility 1o achieve their goals while mini-
mizing their risk of further injury- The present hteran! o
conterning e applicaiion ol OKC and CEC EXETCIE
s rases as maty questions about issues of salviy
and greatment as it provides answers. [Ny ViEW ther i
a place for poth 1ypes of exercises in ket rehabilitation

progras.

With regard to safety issues, it appears that hoth ORG
and CKC exercises £an be applied in & maner that
minimizes e risk ol excessive gral girain and paiel-
lofemoral compression, hy using dilferent knee Joint
mmotion ExCusions for cach type of cxercise. When OKG
knee exiensions are performed, therapists may wanl 1o
limit the koce jomnt MOLOD EXCUrSioNs 1o Tore fexed
positions. Duing CKC lower-extremity exercises, therd
pists May ot 1O timit knee joint motions (0 more
extended positions. What needs o be learned, however,
is how these modilications will affeet onueome, Will
wreatment effectiveness [or regtoring quadriceps femoris
muscle force be mzintained or enhanced with these
modifications? There is 00 point it using @ freatnent
modification for the sake of afety if (he desired trear
ment elfect cannot be achieved with the modification. If
quadriceps femoris muscle force can he restored using
fhese madifications, witl preater funclional acuvicy jevels
be achieved with less incidence of puuzllﬂfcmura\ pain

and ACL gralt failure? These questdoens warrant Further
clinicat investigation.

Research is also needed in determmining how ORG and
CKC exereises can be combined in 2 program [© raxi-
mize the level of fancijonal GUICOME. What is the hest
way to match the Type of OKC ar CKC exereise with Lthe
ype of funcrional actvites performed by the palicot?
should onr decision-making schemes be basud on how
well an cxercise simulates the movement and musxle
activity characteristics of the target fumctional activity, oF
shouid our srategy be pased on how well an exercise cin
overcome a physical ippainnent that is believed 10 he
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contributing 1o e functional defici? Probably both of
(hese issues should be considered i selecilfig the host
exercises for our treatment programs. However, these
aze theoretical jssues. We currently lack data, and clinr
cans needd 1o be wary about adoptng too Strong a view
om the issues undl there i more evidenee. We should
recognize that both OKC and CKC exercises may have
their place 0 ACL. rehabilisaion Programs, and wo
should swive o determiine how we can best combine
these excreises 1o achicve optimal reatment OCOMES.

Acknowledgment
1 thank Ly Snyﬂer—Mackler, 4D, PT, fur her aesistance
in cditing this A sCTip.

Refercnces

1 By BE, Barcwk R, Alewnder AM. Cipen weraus claged clhain
Knch cseroimes alicr anterior crucrre lignent regpnspretin. A
Sponis e, 1995:23:401—406.

2 sheluemrne KD, Nl P Accvierated Tebabilitarion gtter anleTion
cruchug Trgmaeuit reconstruction. J Ciikop Spors Flys Ther. [l
25040,

& Suypdo-hackler 1- Seirulific vatinmale and physiuloglcal basiy for tlse
e of closer Kinctic chain ewereise in the lower extremily. Journal of
Sport dtehadilitasion. 1996:5:2-12

4 Pretice WF. Glosrd kinctic chain exerdsc. Prentice WE, od.
Tirhllitetina Treltmigues f Sferls Mrdicite, 2 (L 51 Lawdin, Mo Mosiay;
ug4a8—107.

5 Walk, KE, Escamilla RF, Flcisig Ghoctal. A comnparisan of thiofemoral
joint forces aod eleciromyograplic activity during open and clomed
Kinetic chait cxercises Am f Spos Med, 199628518517,

§ Henming CE, Lynch MA, Glick KE. At in vivo strain FRUEE arudy of
clomgation of the anterior crocidr ligament., A f Spors Med. 1965;1%:
22-26. '

% Deyomun: BD, Fleming B¢, Johnson FY, wtal. Anterinr cruciats
Ligamicn sirak rcharior during rehobilicton excroiaes o viva. AmJ
Sports Med. 1995;28:24-34

A Beynmon BD, Fleming BL:, Topo MH, etul The meauremcng of
anperior cruciale ligaient strain during rehubilization activitios in ¥,
In; Tmnsadions of the 39tk Azl Meeling of the aylic Resrarch
Saciely; Felrwary 1518, 7999 Sax Prandsn, Calfl Palative, Lk Orhe-.
pacilic Rescarch Bociery; 1905:%068, :

[~ —— |

g Flemiong M-, Donnon BD. Prula GD, o1l Anterior cruciuns -
et suin Juring an opel andl 3 closed Kinetic £l gErcise: A in
wiva sundy. Ins Trmpuactons qf the 41 Awnnonl Macting of the LhiRnpedic

Sovirty; Feboatry 13_16, 1995; Oslanlo, 1Tn- Talatine, T Oriluwe
predic Rescarch Sedety 1995:631.

10 Steinkainp L. TAllinghant MF, Markel 3418, oL al. Biwmechanical
cupsiderations in pnmllufcnmml Joint prhohilipatirn. A f Spals Alwd.
L2 44 3R 444

11 Snyder-Macker L, Deliun A, Bailey SL, Sriulka S Sreengtl of e
quadriceps fenois muscle and fAmyctivnal Tee Ty afier n-consime-
siosy of the anicrior cruciate lignmert. f Buier Joint Sumg A 14T
11661173

12 Yack HJ, Collins CE, Whicldou T]. Compracison of closed il oL
kinetic chain exrrcise in the ankerior cruciate ligament deficivnt knee.
A ] Sparis Med, 1095:21:4%-54.

§5 Cropd EB, Suntay W], Noyrs FR, Butler DL Biomechunivs ol he
Kiice cxLension pxcecise. f Bane At SnE Anz 1uR4BETE-7AL

14 Arms 5W, Tope Mil, Johusn E], excal Ty hipmeclianics af
anterinr cucite Lgament relobifiion amnd eoconuructins, Awr f
Sports Med. 1984;12:8-18.

1% Einhoro AR, 3 M, Twvin B- Rchabilitation of imrzaeieniar
yecowstractions. I Creentickl BH, «d. Rebnbifitatimt of e Kare A
Hﬂﬁi-m—&h'ingdppmnﬁ. Philadelphaa, Pa Fa Davis £ 1098 245287,

16 Tipten €M, Vailas AL, Marthes RIL Escperinrentat stulics an the
infence of ical actvity an lgaments, 1endams, and joeints abrick

reviow, Actu Med Eewad. T9RHT1] [mppl]:l&?-—lm,

17 W 51Y, Seguchi ¥, Encn M, Akeson WL stechanical propeeics
of tpndons anl Sgamests, 11: the relationships of fnpobilistioa and
crerrise on Basar remodeling. Diaheokagy. 196219397

18 Hungerford DS, Lennox DW. Rotabilitaion of (he knee in disor-
dera of the ptcﬂd'cnmﬂl joint: releveml miomechanice. Crihop Clin
Nowth ﬂn_}ﬂﬁ;l{:ﬂﬂ?—@&

19 Tipper SE Cloued chain sxeecise. Cnikopardic Prysivel Therafy CHnics
of Nortk Amerieo. 199‘2;1:253-266. B

0 Norkin O, Lovangie PK. Joint Struepuzs and Function: A Comprehensive

Amaipeis, Sod £d. Fhiladelphia, Fic FA Duavis 1792485487,

51 Fimmerman CL, Cach TH, Trovand MS5. Eﬁnctsol'mlrmpphg
axrrcise ditccton and cadence of EMG activity of selecied lower
cxiremity rmescle groups [ Orihep Short FPigpr Thes, 100+4:19:173-180.

]

Hr:.rnuﬂ'[hampf Vokirka 77 mnbar 12 . Dacamber 1997




