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Eifects of open versus closed

kinelic chain training on knee laxity

in the early period after

anterfor cruciate ligament reconsbruction

Abstract Knee extensor resistance  extensors in formal plyysicel therapy
xaining using open kinetic chain sesaions three fimes per weck. Fol-
(DKL) exercise for patients recover-  lowing ndjustment for sits of teat-
ing firam amterior creciate igament  meat, protrining injured knee Laxity,
reconstmiction {ACLR) surgery has and unirested knee laxity at post-
lost favour mainly becanse of re- tmmining, e wpe of OKC cxercise,
search indicating that OKC exercise  when compared to CKC exercise,

causes grester ACL stoain than closed
kinetle chain (CKL) cxercise. In this
prospective, modomizesd clinical trial

waa found 1o lead 10 & 99 incrense
in looseness with & 33% confidence

of Health Scisnces, [ imtexval of —R% to +29%. Thess 1e-

Univeasity of East Londoa, the sffects of these two regimes on pults indicatre that the great concern
Roenford knes laxity were compaced in the about the safety of OEC knee exten-
Landaa E15 L7, UK early period after ACLR in the after
e-meil: m.cromissey @uetac.uk, 1y pediod e SUIEETY. sof aining early pedod
Tel.: +4400C 82734507, Thirty-slx paticnts recovering from ACLR sorgery may not be well
Fax: +34-Q} R273-3065 ACLR sorgery (29 males, 7 formnler;  {onnded.
P.R. Enight age mean=30) were tested at 2 and _ _
Funcst Healfa, are Trost, Londod, UK, ﬁmmqmmmm rds Amerior knee huxity -
LE measored gsing the Koee Signatant kinetic chain - Closed kinetic
I I8 o of Oxtbopeccics, System: anthromeicr Between tests  chain - Knee Signature System -
Rarys] London Howpitels, subjects tiained nsing either OKC o Resistance training
Loudow, UK CEC resistance of their knes and hip

nctl pare these toro forms of exerclse, More impartantly, the

In 1993, Yack et al. {26] fast drew the attenticn of or-

thopaedic surgeons and physical therepists to the greater  nsi
displacement

antzrior tibial (ATD) that occur: in open
compared to closed kinetic chain resistance egegrise of
the koee extensors. The findings of fhix smdy weoe not the
first to show that open kinetic chain exercize of the knee
extznsors may be mare harmfol to the \om or recon-
structed anterior cruciate ligament (ACL) as this was in-
vestigated in earlier reposts [1,9]. Bowever, Yack et al.
[26] were the fimt to directly address the question of dif-
ferences between OKC and CEIC exercise on ATD motion
and this resulted in an increased rexearch effort 0 Gum-

Yack et al. [26] stody aad related wock led t 2 sbift in

In 1995, the First clinicsl tial comparing OKC and
CEC exercize of the knee extensors in ACT -injured sob-
jects was published [4]. Subjocts in thin stndy were recov-
eeing from ACER and the subjects in the OKC groap be-
gan to receive dyngmic OKC training of the knee exten-
sors At 6 wecks afier surgery. Mean side-to-side differ-
ences in ATD (KT1000 maximom manual test) of 3.3 mud
1.6 m {variability mot described) were noted in the OXC
mnd CEC groops, respectively, sltbongh the pecind be-



e

tween surgery and iesting was oot specificd.
ence in means was found to be statistically si al-
though a smaller difference at & lower KT1000 force
(20 Th) waz not statistically significant. More importanily,
itisﬁﬂimhmmndudtlhatﬂudiﬂ‘uquedn:m
trmining #3 no knee Iaxity testing was performed in the pe-
tiod betwesn surgery snd trainiog initistion. To add to
these inconclusive tesults im regards to possible ditfer-
ences hetween knee extensor OKC and CKC training on
kinee Imxity, Beynnon and Fleming [3] bave shed doulst on
whether the exercises differ in theic strain on the ACT.

In the ACLR knee there are two postopetative periods
when the graft is believed to be most susceplible w Toot-
ening and stretching. Firsily, the graft fixation site is wesk-
est iramediately after segery [13.14,19]. Secondly, as the
fixation site become stronger, the graft tissue becomes
graduslly weaker wntil reaching its weakest point & ap-
proximately 12 weeks after surgery when strength recov-
exy begins to oconr [11,19]. It appears that Bymm ct al.
[4] compared CE.C and OKC training in this later period
of graft susceptibility. In the first of our planned clinical
trinks of GKC and CKC kose exiensor iraiming i
with ACLR knees, we have endeavorcd so comjadt these
two exercise regineens in the carly period when the graft
fixation site is weakest,

Materlaly and methods
Subjccts.

P &0 indtintiom of the srody, n siatistical powes analysis war por-
foreied in onder to estioeic the ounber of subjects requincd bo fovd
siatiztically wignificapt differences hedween the groups. Al the timse
thaat chis stody W mitinted there were few data is the: Literstnrs
that alinwed simfoctory power anabysis, Thuas, the ew dotn vsed
i thiz analysis was from Py Soyder-Mackier's work st the Ui~
venity of Delawsre. This sy indicated tha 50 mbjects wanld
bo roqeired 1o ander fo find soaticiically signiticant difforences i
e groups in repanis ta kive: stability changes.

Potexitiak were identified for this siudy from in-ps-
tents mcovering from ACL reconsiruction at Svo Mations? Faalth
Service and private hospitals iw the Part London s Snbgects
were deened ssitable for inehision in e H they bad no prior
hiciory of patlicgy requining mudical in e eonirais-
eval lower extrranty.

Sorgical procedures
Three i mmpuﬁuipd_bdhhlhﬂpma

orhopaedic
{1 DX} peformed ACT. recombtoction neing the echolque de-
seribed by Eenngdy et o, [12] This e voasiets of the Bga-

R device
small Kim of the it

chored at the tip of che Vi ohezosiny. It s cesced throogh B Hb-
inl bome tpstel amd khen passed thmonigh 6 joiat with an over the
Top tockoigne oad fixed with a beterald screw, Surgeoms B {THM)
and C {T.B.)} performad anroscopically sasisted AL, reconstroc-
ticn afier harvesting = bowe-pateline temloo-boos from the
ceatral thind of the extensor mechamiom ¥ &0 mmialline in-
ciston. The free yrait is then Soperied through tounels in the Ghis
mnd feur with fixstion uxing ikerfepence scmws o staplet,

Tesing

Within e fimt 2 weeks ., mibjects were ap-
peoached and glven a st and verbal of the sdy
mt fvised to volanbecs o the xidy. The tarpet
dte for test inktletion was 2 reconmruction
Patients were allowed fo parts in the stody i thelr infured
Jmee flaxios paasive motion wis neac 90° med they wese sble
Mwm:m&hﬂmmﬂ%um
teating after yubjects road and Kigned =u informed comaseat form.
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of knee Bractzon doring wilking axd stxir e was also
iy & Smec-cairna pluos foecs plets pysiem (171

Tradring

pre=s nachins, was pet 50 that the patient was sepine with the hip



Tabie | Exexcices sxelnded in the teaindng groups. CHEC Ope K-

metic chwin, CKC clozed kinctic chain

Brercise Crowp Coup O
excdu-ons

OEC knwe cXIEn80 EXCITiE X

QK hp exteosor sxenzise X

Swp-upa X x

Squuts x X

Leg 58 X

Flantn lexor exeTcize X X

patiema was stmcied o perfotmn

coamagt hebvnen the forefoot and the leg poest platfionn.
in w 3 done to preveot the sabject from usisg thelr

ng this eneTChae,
mﬂmmﬂdhmhmmh
tic chain exing ciher ankle weights or oa Duschlaes do.

5

inmin) cxeises of these types v alloged,
T s ize the isiniog range of motion (ROM) and velocity in the
traiipy gronpe The twining ROM for both hip and lnee extensors
in bott: pronps wan 90 to . To control welocity, sabjects med
Right * ‘cigh (Rahtimeve Therspeutic Bquipmest, Balinore, Md.,
USA) » mimg feedback devices. Thewe machines give fvoncdiats
foedlan & 1o the subjects sbhout the speed of thea wesght lifting o
they b ‘o selative bo a targed speed. The woget speed so' ey ok,
dennte: ax level 3 on the mackine, was 1.5 ¥ for the oone2mirie
phase ¢ v 3.0 5 for the sccenicic phase of & traiping repetition with
w 1.0 interval betaspen phuses Thess represant avecape 1gular
weloch’ »x of 650Ff for the conceniric phaee sed 30 for the ec-
cenizic M,

The following resiitance: waimng exercisey were exchiled in
proup 11 OFC exreise of the hip sod ¥mee £xiensors, siep ups wnd
muets. Srovp O mbjects were not sllowed o perfoom squats, siep-
s mv oy press execcises. Resistamce training of other icy soos-
e w3 not controled except the exchasion of exercise of the

“e30rs. [For the most part, thees additional sosrci were of
the hip  ddurtors and abductors aud kmer fexomn. Esdurance trais-
iag of 1 = lep mscles was sllowed in both growps ming & siation-
ary cyc . The decirion m to the use of cycling and the inenairy,
frequer =y and doration of this exercise was I=ft w0 the dixcetion
of e uiendling Nerrmmmcular slecuics] sthovladeon
ad B G-hinfeedback of the hip exwosoo, koee Sexons sed ex-
temsors and unkle plantarflexors was tot llowed daring the tradn-
img per W,

Mg coaleols wens
swodlin - and
extrein’ ¥ balapne sl proprioceplion,
dsianc 1o the lower ooty macies, [17] waa ot testzbcted e

will offesed b0 that the
nuencies s dorations. No shady

. In addition, teining to okt
: ; it

restrictions wide o the
patient’s reatment before and after the sisdy wiceg prriod,

congiaty of ohaor - .

Data sl xutintical snatyses

Bacany: injerad fowe ATD meatmrements a vely tkewed in
mlmu# pecformac) and Iiuﬂih?i
jored wu T pre-
:Mnmﬁﬁhﬂﬂlﬂﬂﬂ:dm

mﬂhdape;:m uﬂ:n‘? point. T

eapecially analysi Taxhty duta, mw we Bave fonnd

‘: o wiee ACLR [16], In éﬂrmﬂm
the sxsly .

i wﬁh}wuﬂlm between

The: mnessnresreits i the rested knee aw sraadandired o
the knee ar both and iming. For pre-
Tacasrerwnts this iy first sobirecting e nn-

infured kmes ATD frow the djured. This method, conmonty

in the Tnexntie [2.4,6,8,20,21 25], is med hecarme this iy kely o
e the most eariingful method of thefg duta for the clin-
icism, ‘This gives a sioghe valoo hat mesningfally be in-

clhuded s 1 covaringe o the ANCDVA model. For post-traming
messureseohs, standardiestion wam achieved by having the nois-
jumed ket ATD as & corvarcinte. Soch standardization helps to =
duct: voexpleinsd variation in herity messurementy doe 1, for ex-
anagle, windsbility in the of the extis:
and of im the knee: (8.3 due 10 changes in hody seorperstare).

We alio standardized post-training koes laxiry mes-

we cam obitain an artimete of the Ttio of geametric mesns
of the isyored knee ATD messuresnenty taken fn the o cxeocise
groups padt 3 95% confidence intrrvul for she ratio. The tatio will
- pﬂhmd“ oy gﬂp m‘éu-
wa naing Sixta [rerdmo 5 {1
Coeporainag e S0 Crllgs tion, Tox DIA: S

Resulle

Subecti wore Incinded in deta apalysiy if all of the Tol-
lowing critexin were toet: 1) number of days betoreen sor-
gery ood pwe-toat was 1ess theo 20; 2) nomber of dwys be-

W
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joct B sxtice aad knee Vaciakles Crobp C Gioup O
haxity dutn. Growp CClosed  pogy welghe (igz post-aen) 2613 71212
mm_ [y ight (om: 174213 1717
gupOmimogan L e i
ummmﬂﬂ‘ Age Cyemrs) ié:: ?133
Under x ko Period foom iejaty to surgery {eonths)
I7TE N using the koo Bpetent  pog s having previom stilroscopic knee surgery 15 14
Prticrs hoving partial meslscechnry prior o ACLR 4 &
Putients havisy Ngumont pagmentation device a4 5
Patlenm havieg partial resslscoctomy with ACLE 3 L]
Pecfod from sgery to pre-test (days) 1541 141
Presrat Injued keor ATY) (poometd: meexn in wwn) !ﬁ SA5
2 1025

mwmﬂnwmhm)

tween pro- and pogt-iemt was less fhan 35; and 3) aumber
of tresiment gessions wes between 9 amd 13, Thinty-six
patients mccessfully participeled in the study and thbic
characteriptics arc sunmarkzed in Table 2. Only theee sub-
jects had non-ACKL ligament infurles in the ACLR knee
i these were all noted In the arthwoseople sorgery fthat
waa pdor o the ACLR swgery. Two of these
three subjects hed PCL injury and the third bed an MCL
injury. All were in groop O
Crosstabulating trainmg regime with physical thempy
treatonent site, we found that paticnts at WCH were moce
Hkely to receive OEC tmining wd that patients st MEH
were mose: Likely o receive CRC tmining. Of the 18 sub-
Jecis in gronp C, therepy ocvonred equally st both sikes,
‘while of the 18 groop O subjects, 13 had thempy at WCH
and ihe other five suhjects wers iraioed st MEH. This in-

Such poteptial confounding was controlled doving the sta-
tistical analysis. .

The data in Table 2 indicate that injarcd knee laxity

prior to and afier training ix similar in the two groups with
the gaometric means, which are less susceptitle to distor-
tion by positive skew, presented in this Table. The resufts
of the ANCOVA with trassformed duta indicate that thete
is no cvidence that the relative effcct of the two excrcise
regimes on knee laxity differs between the ther-
apy treatment sites (f=0.41, P={.68). The importat resnlt
of this investigation ix that subjects in group O displeyed
higher 1axity scores in the post-braining examinstion bt it
wias oot possible, with the data in this stady. 10 mject the
regimes was doe to chanoe [ratio of geomwetic mesns
{O/C)=1.09; 95% confidence: utereal: (.92, 1.29; =101,
P=0.32]. In other words, the OKC group wes estimated tor
be 956 looser thm the CEIC groop at the post-training as-
sescrenr but the 95% confidemce interval indicwres that
ﬂmdﬂnmmﬂm“&thbuﬂ:muumdlwlnity
int the GKC group. That is, the data indicates that the two

Ij -

excroite regimens did pot differ in their effects on Imec
Iaxity,

Discussion

The results of thix uvestigation, showing no statistically
significant differsisce between open and closed Kinetie
hain teaining of the knee snd hip extemsom on knec anie-
rior tibial dispiscensent in fhe carly period after ACLR,
cam be explained in s nomber of ways. First of all, one ex-
plamation for the lack of differeaces in laxity change be-
of whether diese exercises actually differ i their strain on
the ACIL. That §s, despite the prevailing opinioa of phyvsi-
cal themapintx sl onthopaedic sutgecna thet QKC maiming
of the Inee exiciusors is more strexsful for the ACL thm
CEC exercise, the rexiats thet this ix oot 50 of
that thiz incressed giralw is oot sufficient o caose in-

ject popalxtion. The
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visits to the training sites to observe weatment of the sub-
jeots. The principal investigaior sitempted to convinee the
therapists that the worse case scenario would consist of
unassexrtive OKC kaee cxtensor training in this stady lad-
ing tey a false conclosion that OKC kuee extznsor training
is safe. Forthermore, it was explained that thin false con-
clasion could lead to incrested, unmfc OKC yse in the
professic after the study results sre reported. the
principal investigator waa satisBied that the therapinta nc-
cepied this arpumant and were w1 aggreasive In their brain-
ing of the knee extensom in the OKC as they wege in oa-
mg CEC axercise. This comelusion was mainly based on
the observation of the taining sessions and the fact that
the attendirg therapists contineed & nse OKC taining
with al} smdy subjects after the subjects had complesed
study participation (indicating their hack of fear of using
knee extencor OKC exoncise}). Poture stdies may he shie
to avoid this poteafial problem with the pse of isokinetic
or isametric training where the resistance loads are largely
independent of the therapist, We chose 10 use isotouis re-
sistance becawse this is the mom commonly used method
in present clinical practice.

A third explanatinn for the Inck of a significant differ-
ence in knce laxity chwnge between gronps concerns the
stresses placed on the kmee cutside of physical therapy. It
in possible that the groups differed in the stresses ey
placed on the passive restraints to ATD during activities
ouizide of herapy and that this may bave clonded the re-
subts, In the foture, we intend to acconnt foc activity levels
ontside of

prafi hixation site booreming or grafi lengthening. k is pos-
sible that the koee extensor OKC and CRC exercises may
differ in the loads they place on the graft bot both losds
may be balow the load threshold pecessary ko cauze in-
creased ATD., This highlights the need to compare the
trainitg tegimens ot diffcrent pexiods afier ACLE when
the threshold for increazed ATD may be lower or the re-
sistapee loads grester This type of apalysiz ix sleo re-
quired for ACL~deficient knees.

A fifth explonation for the Inck of significant’ diffier-
ences hetween treshment groups colcerns a possible type
H crmror. That is, this study may have lacked the subject
pombers and related statistical power to detect a real dif-
ference in knes Iaxity changes hebwesn the pronps. How-
ever, cven if a larger sumple was Dsexd to find etasistically
significant differences between the awans found in this
investigaticn, the difference in mesns iz of
dinimlsigniﬁcmaﬂdiﬂonﬂy,ﬁshxiy

A final possible couse for finding no differ=nces bo-

in

coataining 60 cycies of koee extznsor poncantric snd ie- -
contric coutcactions gver a l-mooth period may not be

I."'

, P
lond mscd in this stody. Nine t0 13 trestraent sotélods ich > -

gufficient to caose traiming cfects sufficient to show dif-
ferences in the kinetie chain types. However, fhis orerall
training load is likely to be more than what ic presently
used for OKL knee cxionsor training in the eaidy ACLE
rohabillmtion period snd i & starting point for futre sud-
ieg the effiects of these regimens on knee Iaxity.

of the eventoal conclusiom drewn in re-
gands to the effects of knee extenxor QK and CEC resis-

tincz: tralning on knee laxity, it is impostant ¥ consider

slgnificamtly
give both of these sguments importance with the sospi-
cion, ot et home out by extensive study, that the amomi
of ATD may not determine fonetional loss but could lead
to later injories (e.g. of the meniscus) and the develop-
ment of osiecarthritiz. We knowr of po stodies that investic

in this study with 6- snd 12-mosth testing and have
not found that subjects who bad significant increases in

Recognizing that AT} is valy one considertion in de-
termining which type of kitetlc chadn resistance (o oye af-
ter ACLR., sditional arialysis has been performed to ad-
dress concems shout knee pakts and fasction changes that

differ in theit effects oo knec pain [15] o function [10].
Congidering all of these results, it is supgested that, nmtil
ther is evidetce that opes kinctic chais treining offcrs an
advaniage over closed kinetic chain ksee extensor train-
ing afver ACLR, closed kinetle chein trxindny be the brat-
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