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Closed kinetic chain alone compared

to combined open and closed kdnetic chain
exercises for quadriceps strengthening
after anterior cruciate ligament
reconstroction with respect

to relum to sporis:

a prospective matched follow-up study

rior crociate ligament (ACL.) recon-
straction hax focased over the past
decade on coasd Lioetic cham
(CECY exeocises doe to

less strain on the graft than with iso-
Wnetic open kinetic chaln exervizes
(OKCY; however, necent Icports sug-
geat that thers are anly minor differ-
ences in ACL straim valkes betwesn
some CEC and OKC exercises. We
sindi=d anterior knee laxity, thigh
mascle tongre, &and retm to pren-

_mmlwdmupmumwiﬂx

before and & months after sogesy. At
an average of 31 months ader sar-
mﬁ:pﬂmw:qnﬁ-
fin:ir cument knee
ﬂmu:unnmdphysknlmﬂﬁm
0 detcrmine the extent and tisning of

Amumﬁwmﬁ}r@mumufﬂm
oSt common and most serions tawmatic injucics among
;i:ymﬂu]}yacuumdwuhﬂs[ﬂ].mmmpmy
Folksam, winch insures most Swadish athletes, reports

their recovery. No significant diffes-
ences in anierior knee: laxity wers
noted hetween the groups § months
postsargery. Patients in growp 2 in-
Mﬂmmmﬂl— _
mave than those in group
1, but o differcaces were found in
hmmngtmlmhﬂwmth:
groups. A significantly higher uirm-
ber of paticots in group 2 (n=12)
tham in growp 1 (z=5} retnmed (o
sporis s the same level as before the
injury (P<11.05). Patienix from grongp
2 wha petnmed 10 $ports at the samwe

- level did so 2 months endicr than

those in goup 1. Thns the addition
of OKIC gquadriceps truising sfter
ACL mecoamtroction sty in a sig-
nificantly hetter improvement n
quadricepa torque withost reducing
kne= joint stability a1 6 months and
also leads o 4 significantly higher
namahey of athleses setnming o their

imox activity earlier and st the
same Jevel ax before injery.

Keywanis ACL meamtroction -
ACL rchabilitation - Anferion ks
1axity - Closed kinetic chiain -
Fsokinsts kinetic chai

that ACL injury entails the longest disahility pexiod, leads

10 the bighest perceninge of peonancot sporty disability,
andmﬂ:mutnpmﬁwwmyﬂtﬁcmmdfw

socicty [8]-
billitmiim

m:mmﬂmmmmmﬁewm
pngumfoﬂmg&ﬁ.mms&mﬂmmp
for early motion, which was pointed out some 25 years



ym:gnmﬂiﬂmdmthym:ndﬂhx[n],
wun[zaj.ndmﬂm.{m]mm
mmmmﬁumwﬁ
actic chmin exercises (OKC) in ooder to proszct the ACL
p:ﬂ.ﬂynlllﬂnh[ﬂmainmimdﬁtmm
shoold be wsed exchodvely after ACL recomsroction.
mmmmmmmmmw
Howevez, Beyonon ct al. [31 bave rocently reported that
mmmwu_mmmummmmmﬂ
between CEC and OKC exexcises, In our expeticnce, -
sients treated only with CEC exercises have problems re-
mmmmmmmmﬂ-
ter 2 6 months rehabitation peciod. Scveral anthars also
9, 14, 14, 15, 21, 25].

The primary aim of the preseat mvestigation was to
evalusie the effect of CEC qoadriceps rehabilitation ver-
m&nmmmwi&adﬁﬁmafﬂxﬂmﬁ-
Jowing ACL veconstruction on meterior knee laxity #nd
isokinetic pscle ayne. A seoondary aim was t0 detex-
wwine whedher this Jeads to differeaces in knee fuaction
s the shility to retorn to sporting sctivities.

Patlsats snd eethods
Paticirs .
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m{u:ﬂ.ﬁuwhﬂ.mmtuﬂiﬂnuﬁn;:bmpn]-
L penden booe graft amd wepe operaed on by a
imtharrseopry-nsuisted iechnkps: wnE the craitre] one-thind of e
poicliar t=fon, 10-11 mm wide, The magical procedmes e
pmduammmmwmmw
ACL. mogers.

The paiictic wore Tawiomized e o groupe, owch with
22 patienis. Thoss in groop 1 tmined onky with CRC qnudriceps
exercipes; thés proup iscloded 17 men aged 19— years (25.744.E)
smad 5 women aged F7-22 years (19.422.5).. Thive in grown 2 were
toemia? with the same CKC exepcises but from week & afitr sirgery
with W acddition of QR for e quadriceps tsescle; in thic groap
shere were 17 mon aped 18-39 vows (25 445.4) and 5 wosoen xped

Mm(l!@].&hﬂﬂwmﬂdhmpﬁ:

ficot for age, geoder, wad type sed evel of plysical wtiviyspoots-
The: onet WOSEDL was oot oo athizte was raodomized Endn
Mzmwﬂduuﬂhmlﬂlhm
ical activity levcl

ET-1000 pusrearent
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1585 mamy othor ssbors v stodied wed found & good ropro-
maﬁm—mn.umhummmp
muuhwmmmumhw
Gom ob 2 bench with & fook FUpERT M0 comstae exirrml ial ro-
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Rehabilitation smcted the St duy afer the ACT, reconstmction.
The rhobilitaion protocol consised of traditional e sach m

hl-ﬂl'l:ﬂ:_wﬂ‘lﬂlll
mw-wmdhmﬂmmﬂhm"
uﬁnsmmm&mzmmnm -
P30 of kpee Dexion, which over § wocks Was m-
creased o 90P-107 of koee fexina (Tabl= 2. Groop 2 comntiroed

activity andfor sports paticipetion wat aorwered by uli pasicuis,
m_m?iLM.Tmﬂmm.THpm‘ wer siloed
to jedpe their knee Tooction st that tie: deing the following: fome
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Takde 1 Our sranderd rehsbilioation protoco] for both groeps fol-
Twed sfter ACL recomtinction

Tinwe:
0 wecks

Exscipe

Fassire kmee exvemion exercins

Active ke flexion exercises

Elecaical moscle stimulation (if masbic tor
conmet quadiicens sdior Inmstring)
Paclla mobHization Gf neediad)

Gt raiming

Chied Emetic cloin exercises. (qondiiceps
apd hamsirings)

Sttinnary biking (when 1007 of kuee flexion)
rope, “skating oo u alide hoand)

. }nﬂil;ﬂ:ﬁ#ﬂﬂdm-mm:ﬁu
Jogging and rannieg tm an mnevom sicface
Jogping with torny DO%, 180%, 360°
Ciatring with 45* changes of drertion

- Accelerstion wxl decelemntion masing

Spoxt-sprcifac exercioes

612 weslx, add:

34 months, add:
46 months, add:

Table 7 Onr isckinetic open kimesic chain guedriceps training
protocol that was added from week 6 in groap 2 after ACI, econ-
shroction

Week RO (™) Angolar velociy e} Repa
Concentric Eccentric
& 20— 1% k1 50
T 9G-40 120 an B0
] o030 f el 0 &0
o0 o0 fit]
9 90— 120 1 920
o0 0 0
10 SO} 120 . H -0
o %0 |
k1] 120 ¥
11 9520 120 a0 B0
H i KD
30 120 o0
12 20-10 120 30 %0
90 o0 T
) 120 L
240 240 70
soale

what Hme {hey started their sposting sctivides sfier pogery. I they

Sintistics
walue 2500, In cames of scvenly dirtribetions dw: modm
nomally diptritased vari-

Anterior knec laxity

In group 2 the KT-1000 measmements of antesior knce
Iaxity differed 7.5 mam preoperatively and 1.2 mm postop-
exatively between the ACL reconstructed end healthy con-
tralateral legs. The cooespoiding values in group 1 were
7.8 inym peeoperutively and 1.7 mmn postoperatively. These
nificant {Table 3).

Isokinetic mmack: tingoe

Table 4 presents the proportional side-wo-side differences
(injmed w3, heokby Jog) in quadricepy and haanstoing
tocgue preoperatively and 6 monthe postopemtively. The
patiends in group 2 had increased their quaddceps torgue
significantly more than those in proup ¥ 6 months afier
srgery {Table 5). After 6 months no significant differ-
ences in conoeninic or in erceniric hamstring torqme were
fonnd between the groups.

Clindcal ontcome: niutn Wy Eports

Of the 22 patients who strengthened their guadriceps with
both OKC and CKC excrvises (growp 2) 12 retmed to
gpowts at the same level &= befors the injory, afier a me-

Tahlr 3- Mean valoes 250 of antevior knee laxity (mom), ET-

1Kmax, preopeaively and 6 monthe postopessTivdy I the

ACL injved and hesliiy contralatersd imee {a=Z2 im each growp)
CELC only CKC+ OKC
Freop Fostnp Prosp Pocinp

1556 91232 Ba2g 35322
THLS Ta21 TReld  TR24

Tojueed ko
Healthy Tmee




ey’ A ufﬂl:ﬁl- CRIC anly CKC + OKC
Jared va, caldry leg) - N ; -
Y imeti “d'nd co- Ousdricrpe Hnarivimgs Quadriceps Hamtrings
cemiis geadricegt -
; que wilbin 2°-80° of Preqp Posiop Poop  Fosop  FPeeop Postop Proop  Postop
mmm 30
-ndﬁl;wmmr Coorentsic ™ 764 657 B9 2% 212 R M2 %69
(a=22 it cach Zro0p) Fecenme  TY3 657 5 265 sy 122 R7.7 96.0
12075
Concrafric 844  T22 918 966 8376 T 956 103
Foeeguie 529 2 658 034 44 7z TS gz 10kl
240"k
Conceptrix: 859 7546 917 ERT gon &6 552 14
Boentic 907 TO4 wi B 1 i 928 1002
Table 5 Mem valnes of
mm:ﬂ CKIC omly CEC + 0K P~
within H°-30* of knee flexion Tnjored leg Henlthy g Infured leg Heslthy log
nfmlmﬁmyn:mmp- —
¥ (=22 in cach P} Cooceattic 1143358 174.0644.0 129.1:42.7 16295493 <00l
Beemic 14474399 203580 157.5253.4 19044550 <0001
1A
Concestric 10254273 141,3234. 1H0.4+32.5 13864364 <005
Eccetwit 14651365 21005503 15552525 19574565 <0
24
'ﬁﬁ:ﬂﬁﬁw‘;ﬂ@ Conoentric £3.2422.8 10776 $6.1224.2 104.9425.1 A7
P'"’m “‘“‘1'._ ,m Brpentric 14345379 M3.74513 150,047 9 1BRO451Z D02

Jisn of 7.5+1.0 months, Eight paticnts had redieed their
activity level andfor chamged 10 a less koee demanding
spmduemhnpmmmnuhnhﬂnmpﬁnm.m-
cial and family reasons in fheee, and the fear of reinjoring
the knee in two. Onc patent did wot retom to sy type of
spmt-hah:m‘knminiu:ynfﬂwmtmhmdhg
Dncplﬁzntwunutphjﬁmnynﬁw:dthnwmnraf—
ter ACY. reconstroction,
with ooly CKC excrcises (proup 1) five returncd o sports
ar the smne bevel as before the iojory, st & median of
9.5+3.0 monts podepoetively, Fifiern patiests had re-
duced their activiry kevel andéor changed to a less knee de-
manding sport due to impaired knec function in ten pa-
fients, social epd family reasons in four, and the fear of
resnfuring the knee in one, Teo patients did wot retuen to
any type of physical activity after sarpery doe to a fractore
of the lower cxiresuity in omc patient, anpd (re patient did
ot respond to the questionnaire.

A Righer propostion of paticnts in groop 2 remmed to
sports ot the same keved as before the ACL indury than in
graup | (P<0.5).

Eubjemvermgofheefunnnnndhmm

Ratings of knee fonction and knee satisfaction averaged
31 040 7 months postsmegery in both groupe. There were
po sipnificant diffevences between the groups with regand
to subjective knee function or knee satisfaction. The: re-
poxts of knee fuoctien and knee stisfaction o grovp 2
were excelient or very satisfied in nine patientz, good oc
saticfied in 11, sl fair or not fully satisfied in two. The
zepoets of knee fonction #nd knec: watisfnction in groep 1
were excellent or vexy satiaficd in =ix paticots, good or
satisfied in 11, fac or not folly satisfied in fooe, and poor
or dissstiztied in one.

We stfied knee joint stability and thigh muscle torque,

ing clinical cokome in tepms of knec function and
retitn to spocts aftee CKC gquadriceps taining and after a
CKA: pins OKC quadriceps training in ACL reoomstoocted
patients, There was no diffevence between (i treatments
kinetic OKC quadkiceps training starting 6 weeks postop-
aatively within a range of 9"-40° of koes flexion docs



mlmmtheﬁﬂ.rmmﬂhEIMIlmgﬂfd-
hwwuﬁbemndnitnmﬁmmisﬂnﬁniﬁvﬂy.wt
know from seversl animad sudies (eg.. 27, 290 that
mmﬁnuahmlhgigmtmnmgnﬁg-
ament, we do not keow how pouch strsin is ¢x-
mﬂmﬂuﬁﬁuﬂﬂaﬂ&ﬂﬂmﬁmm
'inlh:ptmeﬂshdjmmeful&mﬂmﬂﬁd.m
they did ot lead 1o excessive strn ou the goaft.
Irrgangctal.[lﬁ]lnvempmwdgmdmullswiﬂum
trolled QVKC training, It i our belicf, in agrocment With
Bymnnctal[d],ﬂ:uumtrhmdmﬂ:mnﬁmmight
pian:munmchmainmdnﬁml.paﬂ.m:ﬁ:mwe
mmmu&cmmum
et contealled conditions and ta start froem week 6 afier
the ACT. i

ﬂﬁxmd:bepsmqmmmmwhnmiadmmhr
CEC exercises. This was most evident in ecorniric mus-
chmu:mdkpnhﬂydu:mthcm:utimﬁmﬁc
solts indicaie that the quadriceps needs OKC training ko
mgﬁngoudmmchtmqmﬁskﬂmiumwﬂh
Davies [6]. who has pointzd oat the importance of addi-
tionsd OEC exercises to restore tolal muscle foncticn.
Toelve of the 22 paticats who followed a guadriceps
strengthening program with both OKC wnd CEC exex-
cises (group 2) and only five of 22 who tained with oaly
mml]mnmdmhmspuumﬂmﬁﬁty
level postsuagery a5 befors they weee injured, Quaddceps
torque may play 2 role in mtmn to sports, siace the pa-
tients in group 2 showed greater i of thair
quadriceps than those in groop 1, Perthermore, the side-
to-side difforences 6 months postzmgery were less in
ponp 2 thap m group 1, mcamng that the patieats in
group 2 had recovered their guadriceps strength betiez.
The patients in group 2 also remmed (o sports 2 mowths
carlier than those in group 1 without abiercd knee joint
m.mahwmmeﬁWdﬂm
pwud[lnmmmmdmmmﬂiymd
nqewmuingtuspmsl—ﬁmmﬂh!de—Mmmﬂn

aficr ACL reconstroction. An earty retum to phrysical ac-
ﬁﬁwiﬁdmtpudhpnmm:pathtsm;hnnﬂw
il ootcome [12]. Cur isckinetic QKL wainng profo-
mlwﬂ’mdmmmm
and st the same level ax befors they were injured. This
mﬂlﬁmguhﬂyisamdhdﬁinmlﬂm
@ﬂmmmhﬁ:hmmmhﬂ&
SpuTES after ACT. mconstraction, We recormmend OKC

Potients evaloated taeir knee fonction on avensge 31
mmmmwmm
Mmsﬁﬁdﬂ%ﬁfmﬁm.ﬁm

were oqually satisfied. However, # shoutd be

Wuammmwmlu
uf 15 of group 1 patients and anly 3 of § of group 2 pa-
Sents did 5o hecamse of impaired knee function. Since the
mmufpaﬁmmupuﬂdmwﬁhﬁ:m
standardized techmique and rehabilitaed by the same
gre not sofficient for a good catrome i werms of retm to
physical activity after ACL recomstruction. Thes s in
with Snyder-Mackler et al. [25), who cop-
clnded that CEC exercines alons do not sdequatcly stimo-
mmmmﬂmmﬂmmm
the basiz of this Sudy, we agreet with Wilk t al. 28] that
a rchabilitation program shook] combine varous cxer-
cises including both OEC wod CKC, and that 2 mixture of
the two best facilitates the patict’s return to foll, earc-
m'ﬂ!ﬁphjrﬂ' lﬂm. - .

Coacinsion

We cooclude ihm a- combisstion of CEC and OKC

i cxcrcises in beper than strempthening the
quadriceps with ouly CEC exercises afier ACL recon-
stroction, gince this kads to sigmificantly better gquadci-
ccps Tuscle tooque and significantly cadier retam 10 the
original spores at the same level as prioe (o Injury withowt
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