
Clinical Sports Medicine Update

Current Concepts Review:
Revision Anterior Cruciate Ligament
Reconstruction
Michael S. George, MD, Warren R. Dunn, MD, MPH, and Kurt P. Spindler: MD
From Vanderbilt Sports Medicine, Vanderbilt University Medical Center, Nashville, Tennessee

Failed anterior cruciate ligament (ACL) reconstruction presents a difficult cl inical challenge. Successful revision ACL reconstruc
t ion depends on identifying the causes of failure and correcting technical or diagnostic errors . Failed ACL reconstruction may be
either traumatic or atraumatic. Atraumatrc failures may be attributable to technical errors, diagnostic errors, or failure of graft
incorporat ion. Published outcomes of revision ACL reconstruct ion have been worse than for primary ACL reconstruction. The
preoperative evaluation, surgical techniques, and clinical outcomes of revision ACL reconstruction are reviewed.
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Inj uries to t he ACL are common in t he a th letic popu lation .
Anterior cruciate liga ment reconstruct ion has been suc
cessfu l in restoring knee stabili ty and funct ion. Inj uries to
second ary restraints, ligamento us and capsula r s tr uctures,
articu lar ca rtilage, and meniscus affect the overall s uccess
or fail ure of ACL reconstructions. Surgical technique, post
operative rehabilitation, and patient expectations also
play impo rtant ro les in outcome."

Outcome measures used in the literat ure include subjec
tive measures of pain and satisfaction as well as patient
reported instability episodes and return to preinjury level of
act ivity. A poor outcome may resu lt from s urgica l complica
tions, recurrent instability, or meniscal or articular cartilage
injury.:i6,M.IlO,G.1 Several knee-specific health evaluation tools
have alga been used such as the Lysholm a nd Interna t ional
Knee Doc umenta tion Committee UKDC). Object ive meas
ures include loss of motion, functional st rength measure
ments, Lachman test and pivot-shift examination, and
excessive a nter ior t ran sla tion by arthrometric testing.
Although the pivot-shift tes t has been shown to correlate
with subjective sym ptoms a nd function," other objective
measures including the Lachman test and instrumented
laxity do not correlate with s ubjective outcomes.66

Although t here is a dearth of literat ure regarding revision
ACL rcconst ruct ton (RACLR). t he outcomes of RACLR have
been reported pri ma rily in cage series (level IV studies) a nd
a ppear to he inferior to the outcomes of primary ACL recon
struction (PACLHl.52.65.711.19 It is critical to understand the
ca uses of failure to adequately add ress t he challenges of
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revision su rgery. Our purpose is to review the patient pres
entation, modes of fa ilure, surgica l management, a nd out
comes of HACLR.

COMPLICATIONS OF ACL RECONSTRUCTION

Anterior cruciate ligament reconstruction can sometimes
be associated with postoperative complications. These include
loss of motion, recurrent pain or arthrit is, a nd extensor mech
a nism dysfunction. :i6·311 These compl ications may occur eon
currently and may be difficu lt to dearly distinguish.

Los s of motion is t he most common complication afte r
ACL reconstr uction, occurring in 11% to 35'/(· ofACL reccn-

27 &! 13structions. . , Loss of motion may be ca used by prolonged
im mobilization, intercondylar notch scarring. ca psulit is
with ligament scarring", cyclops lesion , non anutornical graft
placement , infection, or reflex sympa thetic dystrophy, or t he
cause may be idiopathic.12 Both knee flexion a nd extension
may be limited a fte r ACL reconstruction, It is thought t hat
the loss of passive extension is more detrimenta l for t he
high-performance a th lete t ha n loss of fl exion because t he
resultant be nt-knee gait a bnormality inhibits run ni ng and
alters t he normal ga it pattern. In addition, t he bent-knee
gait ca uses increased loads in t he patellofemoral a rticula
tion a nd significant anterior knee pain .&!

Arthrofibrosis, or sca rring and stiffness in the knee ,
appears in both acute and ch ronically ACL-deficient knees
afte r reconstructlons.P Pos tope ra tive st iffness may a lso
complicate ACL reconstructions t ha t a re pe r formed in t he
acute injury phase before preoperative range of motion a nd
normal gait patterns can be restored.69 If adeq uate motion
is not achieved wit hin a reasonable pe r iod of time, a rthro
scopic lysis ofad hesions a nd manipulation under a nesthesia
should be considered to restore joint motion. It is unclear,
however, if proper treat ment of postopera tive a rthrofibrosis
completely restores ou tcomes to the level of t hose knees

. . 2113WIth nor mal motion . .
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Extensor mechanism dysfunction infre quently complicates
ACL reconstruction, particu la rly if proper postoperative
rehabili tation is not performed. Inadequate rehabili tation
may lead to q uadriceps inh ibit ion, loss of patellar mobility,
and 10s.'1 of knee motion. If left untreated , patellar ent rap
ment may progress to infrapatellar contract ure syndrome or
pa thologic hyperplasia of the a nte rior soft tissues of the
knee. Early recogni tion and t reat ment of lnfrapatellar con
tract ure synd rome are necessary to avoid permanent joint
cont ract ure and patella baja."

Recurrent instability in t he early (less than 6 months)
postope ra tive period typically results from poor s urgical
techn ique, failure of graft incorporation , prema tu re retur n
to deceleration a nd cutting sports, or ove rly aggressive
rehabi litation , wh ich may cause plastic deformation of the
ACt. graft. Late instabili ty (more t han 1 year postopera
ti vely) after resumption of prei njury level s of competition
is usua lly att r ibuta ble to eit her a si ngle major trauma or
repet it ive t rauma to t he AC L grafl;. :l6·:>tl

Historica lly, synt hetic grafts such as Dacron (St ryker
Corp, Kala ma zoo, Mich ) a nd GORE-TEX (W L Gore &
Associates Inc, Fla gsta ff, Ariz) have been fraught wit h
complications including rec urrent pain, mecha nical fa ilure,
" '" I I " d " ffusi 21.5Il ~ 1 U .~mtccnon. t unne ostec YSIS, an massive c ussons. . p l.V

56'h ofACL reconstructions with GORE-T EX grafts resulted
in a fair or poor outcome." In addition, graft a ugmentat ion
devices have been associated with stress shielding a nd sub
sequent weakening of the graft tissue and delayed graft
inrorpomtion.2.49 Regardless of t he type of gra ft used, it
appea rs that a functional reconstruction depends on biolog
ical incorporation of the ACL graft material.

FAILED ACL RECONSTRUCTION: TRAUMATIC

Posttrau ma t ic instability in t he early postope rative period
may be att r ibutable to tra um a to t he ACL graft before
complete graft mcorro reucn." Fa ilure a t t he graft fixation
si te may occur if t he graft is traumatized before biological
graft Incorporation." Prema tu re return to a th letics before
complete restoration of ne uromuscula r control may leave
t he knee less ca pable of responding: to stress a nd more

.. 2~

prone to recurrent inj ury
Instability may occur in the late postoperative period as a

result of a t raumatic force similar in magnitude to that
required fo r a primary ACL lear.12 La te failure caused by
rec urrent trauma occurs in 5% to 10% of patients who have
returned to their preinj ury level of activity.~1 Sim ilar to the
in itial ACL rupt ure, late fa ilures typica lly occur t hrough the
midsubstance of the gra ft . A systemat ic review of9 random
ized contro l trial s comparing a utograft bone-tendon-bone
vers us ha mstring grafts demonstrated a n overall fa ilure
rate of 3.6%.10

FAILED ACL RECONSTRUCTION: ATRAUMATIC

Anterior eructate ligament reconstruction may fail for a vari
ety of reasons other than recurrent trauma. Freq uently, a
combination of'factors contributes to a poor res ult. The causes

Reoision. ACL Rec onstruction 2027

of failure have been categorized into technical errors, failure
of graft incorporation, and recurrent trauma (Figure 11.'lI!

Technical Errors

E rror in surgical ~~hniaue is t he most com mon cause of
ACL graft fa i l ure:J6..l!l ·39 ,~ .7!l.79 Damage to the graft d uring
harvest or d uring fixa tion may result in graft wea kness and
fa ilure.26 Nonanatoruic graft place ment, graft impingement
on the intercondyla r roof, improper graft tensioning and
inadequate graft fixation , a nd failure to address concurrent
ligamentous injury may result in a poor ouloome.;l9

Nonanatomic femoral and tibial tunnel placement is an
important cause of failu re of ACL reconstrucuon." Poor tun
nel placement leads to excessive changes in graft length
t hroughout the range of motion, leading to plastic deforma 
t ion of t he graft and consequent graft loosening. The ideal
place ment of t he femoral tunnel is as fa r po sterior in the
notch as poss ible without violation of t he poster ior cortica l

~ "wa ll. Because the femoral attachment of the ACL IS close
to the axis of rotation of the knee at t he pos terior-lateral
femoral ridge, s ma ll changes in t he ACL attachment may
have a sign ifica nt effect on knee biomechan ics. 12.:tl The most
common error in femoral t unnel placement is anterior t un
nel placement, particu larly in t he a ll-endoscopic tec hnique
where it may be difficult to visualize t he over-the-top posi
tion (F igures 2 and 3).2~ Anterior fem ora l t unnel placement
leads to excessive tension on the graft in fl exion, res ulting: in
rest ricti on of knee flexion, tension on the graft fixa tion site,
a nd eventua l stretching of t he graft (Figure 4 ). Alt hough it
does not appear to be as harmful to t he AC L gra ft, po sterior
tun nel placement res ults in excessive graft tension with
knee extension and slight looseness in flexion.12 Femoral
tun nel placement too close to the central axis of the fem ur
results in adequate a nter ior restraint but poor rota tional

. 6111Orestrmnt."'
The ACL footp rint has been shown to be anterior to the

tibia l s pine on t he medial ha lf of t he ti bial eminence, with
22no portion on the la tera l ha lf. Ma ny s urgeons place t he

t ibia l t un nel in t he posteromedial portion of t he ACL foot
pri n t. 26 .3 1.33 ,34 .6~. ; .~ The t unnel should be pa ra llel a nd pos
terior to the Blumensaat line on t he fu ll extension

2630;113334rad iograph. ,< , , • Pla cemen t of the t ibia l tu nnel less
t ha n 23 mm from t he anterior edge of t he tibia consis
t ently p rod uces graft impingement a nd flexion con
tractu re.3 1. :1:1.;l4 In addition , it ha s been s hown t hat
an teromedial placement of the t ibia l t un nel causes bot h
flexion a nd extension eont ractu res.f ' Adequa te posterior
tibial t u nnel positioning is pa rticularly importa nt to avoid
impingemen t in knees with s ignifica nt recu rvaturn or ver
t ica l intercondyla r roofs.35 Extr e me posterior t ibial t un nel
place ment ca n , however, result in excessive la xity in flex
ion a nd impingeme nt on the poster ior eructate liga me nt.
Med ial or later a l pos it ion ing of t he t unnel may a lso dam
age t he articu lar s urfaces of the medial a nd latera l ti bial
platea us a nd may impinge on t he la tera l aspect of t he
" d I f 3 1 . :~J H 7 ~ I ddltl t i l eraf't eositntercon y a r roo . .. n a ttton, ver rca gra P OS I -

t ioning may provide anteropost erior stability but not rota
t iona l stllbility.1
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Figure 1. Poor outcomes of ACL reconst ruction (ACLR).

Graft impingement on the inte rcondylar roof may be caused
by improper tun nel p lacement, inadequate nolchplasty, and
oversized grall material.35

.
75 Abrasion on the lateral femoral

condyle or inte rcondylar roof can res ult in chronic synovitis,
grad ual ligament attrition, and eventual failure.31

,33.47.11.75

Cyclops lesions may present as continued pain and a block to
full extension in response to graft Imptngement,"

During the ea rly postoperative period, the graft fixa tion
sites have a lower load to failure than t he graft itself Graft
fi xation must be secure enough to hold the graft; in pla ce

d urin g t he process of biologica l incorporatio n." Inte rfere nce
sc rews have bee n shown to he stronger t han staples, s uture
fixation a round a post, or soft t issue washe r wit h screw fi x
ation.44

.
72 Interference screw fixat ion strength appea rs to be

equal usi ng the all-endoscopic tech nique compared wit h the
rear-entry, outside-in technique of femoral fixa tion .s Use of
interference screws, however, may be complicated by
improper sizing of the bone plugs,osteo penic bone, divergent
or convergent screw placement relative to t he bone plug, and
transection of the graft.II ,14.44,12
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Figure 2. Anteriorly placed interference screw at revision sur
gery. ind icat ing excessively anterior femoral tunnel placement.

Figure 3. Excessively anterio r femoral tunnel at revision sur
gery after interference screw removal.

The opt imal graft tens ion is st ill unclea r a nd may
depend on t he type of graft tissue," In t he dog model,
overtens ioning of the graft can lead to decreased motion,
delayed revascularization, myxoid degenera tion, a nd graft
fail ure,~'J Changing the flexion angle from 00 W 300 at the
time of tensioning appears to play a greater role in increas
ing graft force than the actual tension a pplied on the graft
du ring fixat ion.1O

·
21 The dynamic role of t he a nteromedial

a nd po sterolate ral bund les in stability a t diffe rent fl exion
a ng les is unclear. Recent studies have s hown t he a ntero
med ia l bu nd le had a cons ta nt tens ion from full extension
to 900 of flex ion, whe reas the posterolate ral bundle
decreased in tens ion with greater degrees of f1exion , 4 ~

Diagnostic Errors

Anterior er uctate ligament injuries frequently occur concur
rently wit h ot her capsular a nd ligamentous inj uries in the

Recision ACL Reconstruction 2029

Figure 4. Exce ssively lax, st retched-out ACL graft attributa
ble to anteriorly placed femoral tunnel, seen here at revision
surgery.

knee. Fa ilure to recogn ize and treat injuries to secondary
a nd tertia ry restra ints can ca use increased loads on the
ACL reconstruction. Poste rolateral instability is th e most
commonly unrecogn ized concurrent deficiency and is seen in
10'1(·to 15% of chronically AClrdeficient knees.

2Q
The medial

collateral ligament, posterior horn of the med ial meniscus,
and posterior capsule provide secondary stability in the
ACL-deficient knee and must a lso be carefully assessed for
injury.2fi Careful exa mination und er anest hesia includes a
complete assessment of va r ue, valgu s, a nd rotational stabil
ity W IX'cogn ize a ll associated deficiencies,

Preexisting conditions of the knee may also play a n impor
tant role in the success of ACI. reconstruct ion. Previous par
tia l or complete meniscectomy a nd significant arthritis may
be addressed with concurrent osteotomy or meniseal trans
plantation.5O

·
56 Va rus knee alignment wit h lateral thrust can

lead to chronic repetitive st retching of the ACL graft and
may be t rea ted with va lgus tibial osteotomy at the time of
ACL n 'COnstruction: .o

Failure of Graft Incorporation

The process of graft incorporat ion follows a predictable
sequence for bot h au togra ft a nd a llograft tissue. The graft
undergoes a process of necrosis, followed by revascula rlza 
tion , cellular repopulation, collagen deposition, and fina lly
matrix remodel ing" Inadequate graft vascularity caused by
graft overtensioning, postoperative immobilization, infec
tion, and immunologic react ions may de lay or prevent gra ft
incor poration.H Il

.
12 Surgical factors such as roof im pinge

ment a nd excessive graft tensioning may also play a role in
decreased vascula rity a nd delayed graft incorporation. It is
believed t hat incorporation of allogra ft t issue may be slower
than t ha t of a utograft ussue." The process of graft remod
eling as well as healing of the bone plugs may a lso be
delayed in a llograft tissue.

Tunnel osteolysis may be seen with allografts as well a s
a utograft..-;. 59The exact ca use of osteolysis is proba bly mul
tifactorial a nd has not been fully elucidated. In the case of
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allogmfts, it has been postulated that an immune response
to the allograft tissue may cause osteolysis,7 Other possible
causes of tunnel osteolysis are graft micromotion inside the
tunnel and stress shield ing proxi mal to the fixation site.5II The
resultant bony deftciency may create a difficult technical prob
lem duri ng RACLR that mLL'¢ be dealt with appropriately.&.~

Diffl'relK'l'S between t he rate of incorporation of the intra
articular portion of ACL a utogmft sort-tissue grafts (ham
stri ng tendon) and bone-tendon-bone grafts (patellar tendon )
have not been determined. It has been shown in animal mod
pis that fixation within the bene tunnels is dl'la~ in soft t is
sue compared with bone-tendon-bone grafts. There does
not a ppear to be a clinically si~i ficant difference in PACLR
ou tcome botweon a utograft bone-patellar tendon-bone com
parr-d with hamstring tendon J.,'Tll fls. T he aforementioned aye
temntic review on PACLR IlhOWI'(! no reproducible, clinically
n-h-vnnt diffe rence in object ive or Im bjl'c t ivl' outcome meas
ures except for more kneeling pain with bone-tendon-bone

n . "grana.

PREOPERATIVE EVALUATION

Careful patipnt evaluation 1.'\ critical to the successful treat
ment of the failed ACL reconstruction. Patit'nt activity I{'\'el
a nd sym ptom duration should be assessed. Subjecth-e com
plai nts may include pain. swelling. giving way, locking, noise,
s tiffness.or a lim p.43 Com plaints cf knee pain should be clearly
distingu ished from feelings of instability. In addition, a thor
ough medical and surgical history should include al l previous
grnft sources, meniscal and a rticular cartilage injuries and
trea tment, and any other operative interventions on the knee.
All past operau ve records should be ca r'l'fully reviewed for s ur
gically relevant detajls including int ra -articular inj uries and
treatment, types of fi xation, placement of grafts, and types of
grafts. Special attention should be given to the "absorbable
interference screws," which, alt hough radiolucent, may in real
ity require removal even several years postoperat ively

Phys ical examination Includes a n asse ssment of knee
effus ion, ra nge of motion, lind ether ligamento us deflcien
cit·s . Gait should be mcnitorodbecause ACL..deficient knees
may cxhjbit increased internal rotat ion during t he initia l
swing pha&·. liu 6 Objective U·s 1.8 of ACL competency include
t he a n terior drw...'er a nd pivot-shift U'S1.8.The pivot-shift test
has been show n to be a wry reliable mea..ure for ACL ins uf
fiC'iency.46 Furthermore, a positive pivot-shi ft test result is
one ofthp few objt'ctivl' indications that is! s ign ificanUy a sso
d ated with pa t ient-oriented outcoml's .4,t Surgi ca l scars
should also be carefully assessed and taken into considera
tion during the planning of operative approaches.

Radiogra phs s hould be used to determine the presence
and location of hardware. Radiographs may reveal improper
tunnel placement, tunnel osteolysis, and t he presence of
har dware. Magnetic resonance imaging is a useful adj unct
to the radiological evaluation a nd has been s how n to reli
ably assess the integri ty of the reconst ructed ACL.60

SURGICAL TECHNIOUES

Surgical tRehnique and graft. se lm ion llhould Iw individ ua l
iZI'(I; factors such as age , activity level , a nd previous surgery

The Aml'rit"(J II Joumot u( Spurts Medicine

infl uence surgical dec ision making {Figure 51. The literature
contains several detailed na rrative reviews regarding surgi
cal tl'Chniqueu .4.l&'77; however; there is wry litt le evidence
based on clinica l outcome l:Itudil'S to gu ide surgical decis ion
making. Gm ft selection and fixa tion choice de pe nd on t he
type of graft and fixa tion used at index as well as the index
s urgica l technique and reason for fail ure. There are several
techniques described for RACLR; however; the 2-incision71

a nd endoscopic tech niques a re the most commonly reported
(Table 1).

Options for graft fixa tion incl ude ignoring previous flxa
lion devices, removing them. a nd removing and reusin g
them. When tunnel placement a nd graft fixation ca n be
achieved without interference from previous fixa tion . the
hardware may be rr-tnim-d , which can avoid potential com
plications associated wi th ha rdware remova l. Removi ng
previous aperture fiaution, particularly on the femoral side,
ca n be d ifficult, may require Fluoroscopic assistance, a nd ca n
compromise surround ing bone a nd lead to tunnel expansion.
Previous operative notes and current radiographs are essen
tinl for preoperative planning; however, if t hese data are
unobtainable, a complete set of Interference screwdrivers or
universal screw removal sets lire useful.

Previous surgical technique can influence the a pproach
to RACLR, especially when index tunnel placement .....as
appropriate. If index tunnel placement was a ppropriate
a nd interference screws .....ere used for fixation , then hard 
.....a re removal will likely be necessary if t he s urgical tech
nique used at index is used for M CLR, at least on the
femoral side. Redirecting the tibial t unnel t rajf'Cl.Ory may
avoid hardware removal on t he t ibial s ide. Altering t he
revis ion s urgical a pproach from tha t used at index may
avoid hardwa re remova l on the femoral s ide. For example,
if a n endoscopic technique was used at index, a z -Inclslcn
technique a t revision may avoid index ha rd .....a re. and vice
ve rsa . The t rajectory lind locution of t he femoral t unnel
may be ch a nged by drilli ng via t he a moromed iul portal or
by us ing t he rear-e ntry tech niqu e, and t hese techn iques
sho uld IK' avai la ble to surgeo ns perfor ming RACLR.

The s urgeon must be prepa red for a myriad of clin ica l
s ituat ions. Revis ion s urge ry may present unforeseen chal
I('ngps such as bone voids a nd ma lpositioned hardware.
The abi lity to d raw from a wide ra nge of s urgical methods
is cri tical for a s uccess ful outcome. The accu rate placement
of tibial a nd femoral tunnels is of the utmost importance
and shou ld not be com prom ised .

CLINICAL OUTCOMES

There are 2 key ou tcomes of interest with regard to graft
failure a nd RACLR: risk factors for failure a nd prognosis
a fte r RACLR. Technical errors are bofieved to be the most
common reason for fa ilure. and a lt hough this may be t rue,
there is little direct evidence to s upport this claim. Several
s t ud ips have found that reinjury more ofte n leads to rcvi 
ston su r gery (Table I). MOllt of th(' stud ies to date ar('
pl'OCl.'(lu re orienwd, dl'.!lCribing tht· outcome of RACLR a fu.' r
a particu lar technique or type of graft. There a re no pro8Jll"C
t ive s t udies wit h a contro l group compa ring PACLH with
RAC LR.
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Preoperative Asses sment

History of instability: chronicity of symptoms. recurrent trauma

Aeview all operative notes: previous grafts. other procedures

Radiograph: aligrment, tln'lel position. hlnneI widening. arthritis

MAl: graft integrity. articular damage. meniscal damage

Technical Cons iderat ions

Graft co to ns: allograft vs autograft, soft-tissue vs bon e-tendon-bone

Operative tec hnique: au-endoscopic vs rear-entry

Hardware removal : fluoroscopy , universal screw removal set

Other procedures: HTO. art icular cartilage treatment, menecet transplantation, posterolateral corner reconstruction

Approach to Tunnels

/ <.
Tunnels Adequate Tunne ls Inadequate

Remove fixation (beware 01radiolucent retained Leave vs remove hardWare
hardWare) 1. Drill new tunnel using led mique of choice
Check for tunnel widening 2. If unable, Illen drill new tunnel via different approach
Redrill tunnels 3. If unable, then bone graft and stage procedure
New l iKaliOO -+-/- backup New fixation +/- backup

Figure 5. Approach to reconstruction of the failed ACL. MRI , magnetic resonance imaging; HTD, high tib ial osteotomy.

Studies comparing different grafts either a re nonconsecu
ti ve, retrospective case series or a re s ubject to selection bias
because graft allocation has been by patient andtor surgeon
selection . Furthermore, st ud ies that include a llograft tissue
are inconsistent with regard to reporting s pecific tissue
banks and sterile preparation. Despite t hese wea knesses,
some authors have reported statistically significant differ
e nces in KT- lOOO a rthrometer 1t.>sting between allografts,.
a nd a utografbs used for RACLR. Grossma n et al found a
mean side-to-side di fference after allograft RACLR of 3.2
mm, compared with 1.3 mm a ner a utograft RACLR (P <
.051; the IKDC, Lysholm, and Tegner scores were similar
between the 2 groups. Uribe et af' found a mea n side-to
side difference after allograft RACLR of 3.3 mm, compared
with 2.2 mm after a utograft RACLR IP < .021, but there
were no significant differences between groups in t he
Lys holm or 'Iegner scores. The only ot her RACLR study that
Included both allografts and a utografts did not formally

st ra ti fy results by graft type but repo rted t ha t of the 7 "fai l
ures" (>5 mm a nteroposterior laxity on KT-lOOO a rthrorne
ter testi ng), 4 were a utcerans and 3 were a llografts.' ·
Although a s ide-to-side d ifference of 1 to 2 mm may be sta
tist ically significant, it may not be clinical ly s ignificant
because a ll 3 ofthese studies concluded similarly that objec
tive laxity measures do not correlate with subjective results.

A review of the available English literature was per
formed to su mmarize the available results of RACLR.
St udies that reported results of RACLR .....pre reviewed, and
these results are summarized in Tables I, 2, a nd 3. Studies
w ith small sample s ize a nd insufficient met hodological
detail a re not s umma rized, including several reports of t he

I r RACLR jthi . . . I II 1:l,I6J12resu ts 0 W I III narrative review arne es. .
In general, there is very litt le evidence, and no h igh-level
evidence, regarding risk factors for graft failure or prognosis
following RACLR. To date, study po pula tions a re very het
erOiWRl'OUS with rega rd to index su rgica l techn ique; index
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TABLE I
Summary of Revis ion ACL Reconst ruct ion (RACLR) S t udil.'s·

~lonth8 to
~Iean Yean Meanl)ledian Study RACLR

Study FlU (':fl FlU IRangel Age tRa ngel Design Graft SoUl'CE'6 Technique tRangpl Ca use or Failure

O'Neills" 96 7.5 (2· 13) 33113.-57) C~ 23 IL 34/48 endoscopic 60 17·2761 48148 sports

~"'" hamst ring 14/48 InJI,U),
25 1L 8 TB 2-ind sion

Fox er er" 84 4.8 (2· 12) 28116-571 C"~ Nonirrsdiated 24r32 endoscopic 50 <9·10 1l
senes 8TB nl10graft 8/32 2-incision

Shelbcur ne 94/57 3.5 (2·91 24.7 (16·46) Case CL BTB All mini- 46 (6-128) 22/54 technical.
"od ser ies a rthrotomy 28/54 !Sports
O'Shl'/lo;,l ACL inju ry, 1/54 ~1C

reconst ruct ion t rauma, 3/54
unknown

Colosimo 87 3.3 (2-5.4 ) 27.20 7-39) Case Reha rvest 12/15 endoscopic sa (20-276) 5/1.1 re injury, 8/13
et. al II Sf'r if'll BTB 3/15 2-incision gradua l onset

J ohnson 100 2.3 (2-31 25 0 6-411 C"~ 25-kGy All endoscopic 3016·1751 13125 technical.
et a ftf Sf'rif'll irradia ted 5f.!5

allogral\; 13 incorpo ra tion,
8 TB. 12 7/25 tra uma
Achilles

Xoyf'll 98 3.S (I.9-6.S ) 25 034S1 Cohort BTBFF All endosceplc 63 16-279. 56166 sports
et a lloS allograft lIlJury

(40 gran.:
25 OOO-Gy
gamma
irradiated I,

32 LAD
nJJgn'l("ntation

XOyf'll a nd 96 2.7 (2-6.2) 27 (14-48) Cohort 39 1L BTH. S All endoscopic RO 16-218 ) 47/54 sports
Barber- CL BTB, II lIlJury
Wpstin.'>2 reharvest BTH

Tagga rt 77 3.4 0.2-5.3 ) 30 (22-55) Case 6 a utogra ft All endoscopic 49 09-30} 15120 t echnica l,
et a l l~ l\('rH'8 heml, 3120 traumat ic,

7 autogfllft 2/20
BTB, 7 incorporat ion
a llogra ft BTB

Full'S 100 4.2 0 -8) 38 (24,53) C~ All autograft; 26 All 2-indsion 24f29 fa iled
Hal l" serjes hemi, 2 quad, prosthet ic

18T8 gm ll>;

Ka rtus 100 A: 2.2 A: 27 (23-331, C~ A: 12 reharveet All endoscopic A: S7 A: 10 teeh mcal. 2
E't al" (1 .7·2.8), B: 27<24-33) serses BTIl, (lS,132); trauma

B: 2.0 B: 12 CL 8T8 8 : 54 8 : 8 technical, 4
0 .9-2.2) (20- 108) trauma

Uribe 2.5 11 ,7-6.6 ) 23 0 6-43 ) Case 19 allogran 76'l endoscopic, 16 « 1-301 61'k technical.
E't ei" ~"'" BTB, 2 IL ' 9'> 22'l- trauma,

hem i, 16 CL 2-incision.5'l In
BTB. 17 IL over top incorporation
BTB

Hari tamen 40 2(- ) 31(- ) C~ 14 N'harvt'St 33.6 (-f 23/30 technica l.
et a l:l!l SE'nps BT8, 7 CL 7/30 t rauma

BTB. 9 be mi

(e fll il innedI
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TABLE 1 (cont inued !

Ret,;"i.." ACL Reconstruction 2033

Mean Yea n! Mea n/Med ia n Study
Study FlU (ll-I FlU (Range l Age (Rangel Design Graft Sourre6 Technique

Wirth and 100 8 ( 2~ 1 8) 26(14-40 C~ 57 IL 8TH. Ope n and
Kohn" ~~ 30 quad arthroscopic

Grossma n 83 5.6 (3-9) 30.2 (-) C~ 22 a llograft 26f29 endoscopic.
t"t allt ~nH IIT"- 3129 2-incision

6 CL BTB.
I allograft
AchillE'!!l

~fonths to
RACLR
(Rangel

56 (2-1921

Ca UJ>e of Failure

Repeated trauma
in a "minority"

14f2'9 traumatic.
UY29 technical,
5129 incorporation

" }o'/U, follow-up: IL, ipsilateral. BTB, central third; CL, contrala tera l; f<'I.~ fresh frozen: LAD, ligament. a ugmentation device; :\IC, medial
compartment; hemi, ha lf.

bUnlrslI reha rves t is mentioned, a ll nutogmfts a re primary ha rvests.
'SubjrctiV('/objrctive follow-ups, respective ly,
dTime from injury to operation (presuma bly, the origina l inj ury).

TABLE 2
Results of S ubjf'<'tive a nd Composite G rading Systems, Reported as Mea n, Range (SDf

:\Iodified ~Iod ifit'd

Study IKDC KOOS Gt"neral QOL Lysholm Tegner Cincinnati6 Noyes

O'1"eillw

Fox ..t al l1 71,23-97 (221 Pain: 84, SF-12 mentak 75, 30-100 (221 6.3,0-10 (2.6) 7.2, 2·10 /2.2)
36-1ooHS) 55, 27-66 CSI
Sx: 77. SF- 12 physical:
25-100 (21) 48. 20-59 (Ill
ADL: 91.
50-100(14)

Shelbouene 89.7,65·100
and O'Shea~ (12.2)

Colosimo f't a l13 S F-36 77.6, 61 ·98 (10.81 5.8, 3-9 (1.4 )

-Iohnson et a l3ll 68, - (26.5)
XOye& et a iM 77, -(13)
Noyes a nd 87,62-100(11)
Barber_Wellt i n il"~

Tagga rt el a lH 85, 46-100 (-) 4.8, 2-7 (-I
Fules et a ll" 87.2,- 02.5) 4.45, - 0 .6 )
Kartull et al" A: 62, 25-89 (-I A: 5, 1-7 (- )

B:84, 55-95 (-) B: 5, 2-7 (-)
u: » ,0021 ( p ,", ,3)

Uribe et a l711 83,59·95 (-) 5.5,2-10 (-I
Wirth and Kohn" 68, - 112)
Hari lainen et al3S 89.5, - (-I 6, - (- I
Gl'Of'l'Iman et allt 84.8,0-100 (-I 86.6,0-100 (-) 5.2, 3-7 (-)

"IKDC. Intl' rnational Knee Documf'nta tion Committee: KOOS, Knee Osteoarthrit is a nd Outcome Survey; QOL. quality of life; Sx, aymp
toms: ADL. activitif'S of daily living; SF, s hort fonn.

~On ly the overall rating is included in thf' table.
'Reported as "within the average range compared with the nonna l population data for all bu t one patient."

graft choice; revision technique; staged proced ures; concomi
tant ligame nt injuries; co-procedures such as articular carti
laKe res toration, meniscal transpla nt, osteo tomy, and repai rl
reconstruction of other ligaments; and postoperative rehabil
ita t ion . To our knowledge, there is no published st udy with
11 concu rren t control group of pri mary ACL rec ons t ruction

participants; instead historical cont rols have been used for
comparison, which are themselves heterogeneous.

Despite the lack of a concurrent cont rol group, several
a ut hors have concluded that RAC LR portends a worse out
come compared wit h PACLR using histo rica l controls. For
insta nce, O'Nei ll~ stated , "This study has confirmed that
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TABLE 3
Objective Resu lt s"

Function of
Study KT Side-to-Side Difference Rad iograph IKDCb Graft' Reope rnt ion

O'NeillM sa mm , 35/48 (73%) 18/48 (38%) A: 20/48 (42%) 5/48 (10%)
>3 to S5 mm . 10/48 (21%) "progressive B: 20/48 (42%)
>5 mm, 3/48 (6%) changes" C: 6/48 (12%)

D: 2/48 (4%)

Fox et al ll :5:3 mm (84%) None for
-a to S5 mm, 3/32 (9%) I1WRI
>5 mm, 2/32 (6%) nrtbrof ib rosis

Shelbourne And :5:3 mm , 26131 (84%)
O'Shea6~ >3 to S5 rom, 4/31 (1a%)

>5 mm, 1/31 (3%)

Colosim o et A l ' ~ :5:3 mm , 12113 (92%)
>3 to S5 mm, l ila (8':f)

• :5:3 mm , 5/25 (20%) NB: 3/25 (12%)Johnson et ul'
>3 to S5 mm, 11/25 (44%) C: 13/25 (52%)
>5 mm, 9/25 (36%) D: 9f25 (36%)

Noyes et Al ~'l <3 mm , 6/16 (38%) Functional, 44/66 (67%)
3-5,5 mm, 6/16 (38%) 30/57 (53':f)
>,";,5 mm, 2/16 (l3~l Pa rt ia lly

functiona l,
12/57 (21'l)
Failed, 25n5
(33%(

Noyes and Fu nctional, 9/55 (16.4%)
Barber-Westin~~ 33/55 (60%)

Partially
functional ,
9/55 (16%)
Failed, 13/55
(24<)(.)

Taggart et a17
' s a rom, 8120 (40%)

>3 to S5 rum, 5/20 (25%)
>5 mm. 7120 (35%)

Fules et al l ~ Sa rom. 25/29 (86':f) Fai rbank grade: A: 0/29
>3 to S5 mm, 3/29 (10%) 0: 5/29 B: 22/29 (76%)
>5 mm. 1/29 (4%) I: 12/29 C: 5/29 (17%)

11: 8129 D: 2/29 (7%)
III: 4/29

Kartus et aI41 A "'B: 3/12 (25%) B: 7112 (58%)
C: 7/12 (58%) C: 4/12 (33%)
D: 2/1 2 0 7%) D: 1112 (8%)

Uribe et al" mean = 2.8 mm 10/54 (19%) 6% "possibly
Ia utogrnfts = 2.2 mm, "progression" nonfunctional"
allografts " 3.3 rmn, P '" .02)

Wirth a nd Kohn7~ Fairbank grade:
0: 31/87
I : 48187
II : 6/87
III -IV: 2/87

tcontin uedt
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TABLE 3 (contin ued )

Re~'ix;fI/I ACL Rcvonstruetion 2035

Study

lI a rila inen er a ll:!i

Grossman et aiM

lIT Side-to-Side Difference

~Iean = 2.2 mm'

~Iean = 2.9 mm
la utograft.s • 1.3 mm,
a llogTaft.s = 3.2 mm,
P < .05 )

RadiogTa ph

5129 pr J"
14fl9 ~IC

2129 LC

A: 17129 159'J)
B: 8129 (27'A- )
C:4129 0 4'l )

Fu nction of
Graft' Reeperation

°IKDC, International Knee Documenta tion Committee; HWR. hardwa re; prJ. patellofemcral joint; ~IC, medial compartment: LC, la te ral
compa rtment.

bA, nonnal ; B. nea rly norm a l; C, a bnorma l: D. severely abnorma l.
"Fu nct ional, KT- IOOO arthrometer side-to-s ide difference <3 mm a nd no pivot s hift; pa rtia lly functi onal , KT· l OOO arthrometer aide-to-aide

diffe rence between 3 and 5.5 mm with negat ive pivot s hift res ult ; fai led . KT· 1000 nrthrometer side- to-side difference >6 mm or posi tive pivot
llh ift result. Denominato r is nu mber of knees.

dUa tn limiwd to isolated revis ion ACL reconst rucnon with central thi rd (BTU) a llograft a nd no liga ment au gmentation device (LAD) ne g
mentnticn or ot her major procedure: 2 missing.

"Includes to failures that occurred before 2·yea r follow-up interval; he nce differen t denominator;
'Sidli'. to-sidt' difference measured with CA 4000 computerized a nalyzer lO81. Hayw ard . Calif).
' !\Iild. modera te. and severe combined .

the res ults of RACLR surgery a ct" 1t>1'8 favorable than the
results of prima ry ACLR: This is a pparently based on a
com pariso n of his prev iously published res ults a fte r PACLR.
where 9'.n' of eatients were found to be IKDC nonnal or
nea rly normal, compared with 84'1 after RACLR.55 In a
nonconsecutive case sent'S, Uribe et a)71i reported that return
to premjury activity was "significa ntly inferior to the
a uthors' unpublished primary ACL results." Bach~ found
t hat 87'1 of RACLR subjects were eit her mostly or com
plt'wly satis fied, compared with hill previous study of
PACLIt that found 93'1 of subjects to be mostly or com
pletely satisfied .5 In 2001 , Noyes a nd Ba rl"lt' r_Westin5t com
pared t he graft. fa ilure raw a fte r RACLR of 24q' with t heir
previously reported failure re te after PACLR of 7'1 .51

Considering the I-year follow-up of ao IL\CLHs , Ha rilainen
and Rnndt>l in25 concluded that "results of revision operation.'!
are not as g-ood as those of well executed prima ry recon
str uctions" based on 28 age- a nd sex-matched historical con
trols. Alt hou gh the aut hors reported rm-an Lysholm scores
at 1 year of 83 .5 and 93 for revisions and primaries, respec
uvely (P =< .0 156), a t z-yea e foll ow-u p. there was no statis t i
ca lly sign ifi ca nt difference in the mean Lysholm SCOn'S

between tilt' 2 groups (89.5 a nd 99.0 respectively; P not eig
nificantl.1S S tanding out against these concl usions,
Shelbourne et al68 reported si milar modified Noyes subjec
tive scores bet .....een a case series of RACLR subjects pub
lished in 2002 (mea n score of90 ) and the previous results of
PACLR published in 1997 (mea n score of 9'l ).67

CONCLUSIONS

St ud ies to date are limited by their weak design, small num
bers, heterogeneo us popula tions. and lack of concu rrent con
tro l groupe. Because RACLR is relatively uncommon, single
inst it ution st udies result in s ma ll sam ple s izes, which
makes it d ifficu lt to control for confo und ing bias in hetero
geneous popula tions. Ma ny of these studies ei ther used

tech niques at the t ime of revision that a re ou tdated or
revised subjects w ho had index procedures s uch as pros
thetic grafts that are used 1t'SS frequently today Bence, the
relevance of these st udies to modern RACLR is uncertain. A
prottprct:iw cohort study should be performed to identify risk
factors for graft. fail ure and compare the results of RACLR
with PACLR .....hlle controlling for important confounders like
co-procedures, a rticula r ca rti lage. a nd meniscus status.
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