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Reconstruction of the anterior cruciate ligament (ACL) is
one of the most commonly performed orthopedic operations.
According to the National Center of Health Statistics, in
1991 approximately 63,000 ACL reconstructions were per-
formed in the United States. Current industry estimates are
that over 100,000 ACL reconstructions are performed annu-
ally in the United States. The importance of the ACL in the
maintenance of normal knee function is now well accepted.
An untreated ACL tear can lead to recurrent giving-way epi-
sodes and damage to the menisci and articular cartilage, with
potential progression to osteoarthritis (1-7). Within the liter-
ature, because of the poor long-term results of nonoperative
treatment, primary repair, and extraarticular reconstruction,
intraarticular ACL reconstruction has become the surgical
procedure of choice (8-25). The success rate of primary
intraarticular ACL reconstruction has been reported to range
from 75% to 93% good or excellent results with respect to
relief of giving-way symptoms, restoration of functional sta-
bility, and return to normal or near-normal activity levels.
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Given the reported success rates, a significant number of
patients are left with less than satisfactory clinical outcome
(26-29). What qualifies as an unsatisfactory clinical result or
“failure” after ACL reconstruction, however, has not been
well defined or agreed upon. Johnson and Fu (30) have
defined a failed ACL reconstruction as a knee that demon-
strates recurrent pathologic laxity or a stable knee that has a
range of motion of 10 to 120 degrees. This lack of motion is
often painful and creates a functional deficit in activities of
daily living. Failed ACL surgery can be classified into one of
the following four categories, which may overlap in some
cases:

Loss of motion or arthrofibrosis
Extensor mechanism dysfunction
Arthritis

Recurrent pathologic laxity

The next section provides the details with regard to the etiol-
ogy of failed ACL reconstruction.,
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ETIOLOGY OF FAILED ANTERIOR CRUCIATE
LIGAMENT SURGERY

Loss of Motion

Loss of motion is the most common complication after knee
ligament surgery (31-33,154). The incidence of loss of motion
after ACL surgery has been reported to range from 5.5% to 24%
(33-35). In recent years, the incidence of loss of motion after
ACL reconstruction has dramatically decreased. This can be
directly attributed to the surgeon’s choice of delaying ACL sur-
gery and instituting immediate postoperative motion. Surgical
intervention in the setting of an acutely injured knee that is
highly inflamed further stimulates the inflammatory process and
further compromises the range of motion, Delaying the ACL
reconstruction allows the patient’s knee to settle down and regain
the full range of motion, and avoids such a disaster. Second, ini-
tiation of immediate postoperative motion with emphasis on full
extension, patellar mobilization, early quadriceps exercises, and
immediate weightbearing has been shown to reduce the inci-
dence of loss of motion (22,33,34). Loss of motion can involve
extension or flexion or both. Loss of flexion rarely causes func-
tional problems unless the knee fails to flex to at least 120
degrees (34). Loss of flexion primarily interferes with activities
such as running, stair climbing, squatting, kneeling, and sitting.
Loss of extension is typically more disabling than loss of flexion.
Patients with a loss of extension tend to ambulate with an abnor-
mal bent-leg gait pattern, The sequelae of this abnormal gait pat-
tern lead to and perpetuate anterior knee pain and quadriceps
muscle weakness. Such a functional deficit can be very detrimen-
tal with regard to not only sporting activities but also activities of
daily living. Prevention and early diagnosis are the mainstays in
avoiding this pitfall of ACL surgery (33,36).

‘When revision ACL surgery is considered, correct identifica-
tion of the cause of the loss of motion is critical so that a logical
treatment plan can be formulated. The cause of the loss of
motion is multifactorial and includes problems such as notch
impingement (33,34,37,38), capsulitis (33), concomitant liga-
ment surgery (39,40), and errors in surgical technique (41-46),
immobilization (47,48), reflex sympathetic dystrophy, and
infection. Obtaining a thorough history and performing a
detailed physical examination often identifies the culprit to
explain the loss of motion.

Impingement is the direct result of a physical block in the inter-
condylar notch that prevents full extension of the knee. Impinge-
ment can be caused by intercondylar notch scarring (the cause in
approximately 50% of the cases), a “cyclops™ lesion (49), an ante-
riorly placed ACL graft, or an inadequate notchplasty (27,34). In
the early stages, treatment consists of serial extension casting or
use of a dropout cast and quadriceps strengthening exercises
(34,50). Surgical intervention is usually necessary in the later
stages of the disease process and consists of arthroscopic débride-
ment of the tissue impinging in the notch and revision notch-
plasty, followed by serial extension casting or use of a dropout
cast before a revision ACL reconstruction (51,52) (Fig. 1).

Nonanatomic graft placement is often accompanied by a loss
of motion. In these cases a maximal painless range of motion
should be restored before considering revision ligament surgery.
Therefore, a staged approach is required in most cases, in which
the nonanatomic graft may require arthroscopic débridement
followed by manipulation to obtain full range of motion. Post-

operatively the emphasis is on obtaining a painless functional
range of motion, In many cases, revision ligament surgery is not
necessary, for residual instability is minimal. If instability is
present after a full rehabilitation program has been completed
and full painless range of motion has been regained, then and
only then should a revision ACL be performed (Fig. 2).

Capsulitis is defined as periarticular inflammation and swell-
ing, and results in the development of adhesions and intraartic-
ular scar formation. Capsulitis typically causes a loss of both
flexion and extension, and also results in a restriction of patellar
mobility. The loss of extension and decrease in patellar mobility
can lead to quadriceps weakness with loss of pull through the
extensor mechanism. If unrecognized and untreated, the loss in
pull through the extensor mechanism may lead to an adaptive
shortening of the patellar tendon, patella baja, and the develop-
ment of an infrapatellar contracture syndrome.

Capsulitis can be either primary or secondary. Primary capsu-
litis is defined as an exaggeration of the normal inflammatory
process caused by surgery or trauma. Primary capsulitis is a
diagnosis of exclusion after secondary causes have been elimi-
nated. Secondary causes of capsulitis include surgery performed
during the acute inflammatory stage after injury, improper sur-
gical technique, and postoperative immobilization or restriction
of motion. Secondary capsulitis can be prevented by appropriate
timing of surgery, proper surgical technique, immediate initia-
tion of motion, early use of quadriceps muscle exercises, patel-
lar mobilization, and early weightbearing after surgery (33).
Patients with capsulitis usually complain of constant pain and
stiffness. Examination generally demonstrates an actively
inflamed and diffusely swollen knee, a quadriceps lag, a loss of
more than 10 degrees of extension and 25 degrees of flexion,
and limited patella mobility.

Treatment of capsulitis depends on the stage of the process. In
the early stages of the disease process, the goals of treatment are
to reduce pain and inflammation, and to restore motion and
quadriceps strength. Aggressive forceful manipulations should
be avoided during this stage, as they may further stimulate the
inflammatory process. Cryotherapy, antiinflammatory medica-
tions, gentle stretching exercises, and overnight splinting in
extension are prescribed. Once the inflammation of the knee has
receded and the patient has entered the fibrotic phase of the dis-
ease process, arthroscopic débridement and lateral release
should be considered. A more advanced phase of capsulitis is
the infrapatellar contracture syndrome (32,38.50,51). If the dis-
ease progresses to this stage, arthroscopic débridement is not
adequate, and open débridement and open capsular releases are
usually required to restore a functional range of motion (50,51).

Extensor Mechanism Dysfunction

Dysfunction of the extensor mechanism in an otherwise sta-
ble knee can also lead to failure of the original ACL reconstruc-
tion. Extensor mechanism dysfunction includes anterior knee
pain, quadriceps muscle weakness, patellar tendinitis, problems
secondary to graft harvesting (patellar fracture, extensor mech-
anism rupture, donor site pain), and the infrapatellar contracture
syndrome (39,41,44,45,47,48,53-61). As mentioned earlier,
there is often an overlap between loss of motion and extensor
mechanism dysfunction (Fig. 3).

Anterior knee pain is one of the most common complications
after ACL reconstruction (35,53). The incidence of anterior
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knee pain after ACL reconstruction has been reported to range
from 3% to 47% (9,11,12,19,21,35,52,53,61). The large varia-
tions in incidence reported in various clinical studies reflect dif-
ferences in the preoperative status of the patellofemoral joint,
ACL graft source, surgical technique, postoperative rehabilita-
tion, and the criteria used to define the problem. The cause of
anterior knee pain after ACL reconstruction is multifactorial.
Reported risk factors include a history of preoperative anterior
knee pain, preexisting articular cartilage injury to the patel-
lofemoral joint, ACL graft source (patellar tendon), improper
surgical technique, graft impingement, flexion contracture, and

FIG. 1. A:Loss of extension after anterior cruciate ligament
(ACL) reconstruction with autogenous patellar tendon graft.
B: Arthroscopic view revealing fraying of anterior fibers of
the ACL secondary to roof impingement. C: Appearance
after débridement of anterior fibers of ACL and revision
notchplasty. D: Postoperative dropout cast to maintain full
extension. E: Three months' follow-up examination demon-
strating restoration of extension.

aggressive use of open-chain exercises (35,53,61,62). Improve-
ments in surgical technique and preoperative and postoperative
rehabilitation have significantly reduced the incidence of ante-
rior knee pain after ACL reconstruction,

Extensor mechanism dysfunction associated with sequelae of
the harvest of the bone—patellar tendon—bone autograft, such as
patellar fracture, extensor mechanism rupture, patellar tendini-
tis, and anterior knee pain secondary to abnormalities of patellar
tracking or contracture of the extensor mechanism, are usually
manifested during the first year after surgery (9,19,63-63). For-

tunately, many of these complications can be prevented by
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proper surgical technique, bone grafting of the patella defect
and protection of the patellar harvest site, emphasis on immedi-
ate full knee extension, patellar mobilization, prevention of
quadriceps muscle shutdown, and avoidance of early open-
chain exercises (22,35,66,67). In light of all of the information

FIG. 2. Secondary capsulitis and arthrofibrosis related to
acute anterior cruciate ligament reconstruction using autog-
enous patellar tendon reconstructive surgery resulting in
loss of both extension (A) and flexion (B). C: Arthroscopic
debridement of adhesions in suprapatellar pouch. An arthros-
copy lateral release was required to restore patellar mobil-
ity. D: Revision notchplasty required to restore extension.
E: Open excision of fibrotic fat pad to restore normal patel-
lar tendon mobility and the anterior surface of tibia.

regarding the use of autogenous patellar tendon grafts, selection
of an alternative ACL graft such as an allograft (patellar tendon,
Achilles tendon, and tibialis anterior tendon) or autogenous
hamstring tendon graft in high-risk patients may decrease the
incidence of complications.
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FIG. 3. A, B: Intraoperative patellar fracture treated with inter-
nal fixation.

Arthritis

One of the goals of ACL reconstruction is to prevent or delay
the development of osteoarthritis. The development of osteoar-
thritis after ACL reconstruction is related to many factors,
including injury to the articular cartilage (156) and meniscal
injury (153) sustained at the time of the initial traumatic event
or instability secondary to previous meniscectomy; damage to
secondary restraints from repeated giving-way episodes before
surgery all lead to abnormal knee biomechanics (2) (Fig. 4).

At the time of the initial traumatic injury to the ACL, other
structures are often damaged. In approximately 80% of acute
ACL injuries, bone bruises are present (68,69). These injuries
typically occur at the anterior aspect of the lateral femoral
condyle and the posterolateral aspect of the lateral tibial plateau.
Bone bruises are thought to represent trabecular microfractures
from blunt trauma and may result not only in injury to the bone
marrow but also injury to the overlying articular cartilage.
Although the articular cartilage may not appear to be visibly

FIG. 4. Subtotal meniscectomy was performed before ante-
rior cruciate ligament reconstruction. After anterior cruciate
ligament reconstruction, the patient had full range of motion,
showed normal anteroposterior laxity, and no longer com-
plained of instability; however, the patient was unable to return
to the pre-injury sports level because of recurrent swelling and
medial compartment pain.

damaged, a bone bruise may lead to changes to the articular car-
tilage at the biochemical, histologic, and ultrastructural level,
These changes may result in future cartilage degeneration even
after a successful ACL reconstruction.

Whether the onset or progression of osteoarthritis after an
otherwise successful ACL reconstruction should result in classi-
fication of the ACL reconstruction as a failure is controversial.
Many of the preexisting conditions that may contribute to the
development of osteoarthritis cannot be expected to be corrected
by an ACL reconstruction, and therefore the final knee rating
may not refiect the actual result of the ACL reconstruction
(52,70). In a patient with recurrent instability and pain second-
ary to articular cartilage damage, it is important to determine
which of these two symptoms is the primary complaint. The
treatment algorithms for these two specific symptoms are very
different though some overlap exists. Performing revision liga-
ment surgery in a patient whose primary complaint is pain will
likely result in continued symptoms and an unsatisfactory out-
come. For such a patient, consideration of a high tibial osteot-
omy (HTO) as a separate procedure or in conjunction (staged or
simultaneously) with revision ACL may be indicated. Recent
papers by Williams et al. (74) attempt to address these difficult
situations.

Recurrent Pathologic Laxity (Graft Failure)

The incidence of graft failure after primary ACL reconstruc-
tion has been reported to range from 0.7% to 8% (16,28,63,
71,72). The patient with recurrent pathologic laxity usually pre-
sents with instability symptoms similar to those experienced
before the primary reconstruction. The University of Pittsburgh
has developed a classification system in an attempt to define fac-
tors that can lead to recurrent pathologic laxity after primary
ACL reconstruction (29,70). In this classification system, the
three general categories responsible for graft failure are
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FIG. 5. A: Loss of flexion secondary to nonanatomic graft
placement. B: Anterior placement of the femoral tunnel.

1. Surgical technical errors
2. Failure of graft incorporation
3. Traumatic reinjury

To maximize the chances for success and to avoid repeating
errors that led to failure of the primary ACL reconstruction, it is
important to identity the cause of graft failure before undertak-
ing revision ACL surgery.

MECHANISMS OF GRAFT FAILURE
Errors in Surgical Technique

Nonanatomic graft placement is the most common surgical
error responsible for failure of the primary ACL graft
(28,29,73,74). An improperly positioned femoral or tibial tunnel
will result in excessive length changes of the ACL graft as the
knee moves through a range of motion. Because biologic ACL
grafts can accommodate only small changes in length before
plastically deforming, improper graft placement results in the
graft’s stretching and becoming lax with time, which leads to
recurrent pathologic laxity and instability (4,5). Alternatively,
the graft functions as a check rein and captures the knee, which
results in a loss of motion. Either one of these situations may
result in failure of the ACL reconstruction.

Small changes in the position of the femoral tunnel compared
to the tibial tunnel have a profound effect on graft length-tension
relationships because the femoral attachment site is close to the
axis of rotation of the knee (75,76). Anterior placement of the
femoral mnnel is the most common error in surgical technique
(29,74,77) (Fig. 5A, B). Incorrect anterior placement of the fem-

oral tunnel is most often caused by the surgeon’s failure to ade-
quately visualize the “over-the-top” position and referencing off
“resident’s ridge.” Anterior placement of the femoral tunnel and
fixation of the graft between 0 and 30 degrees of extension
results in the graft’s lengthening and developing increased ten-
sion as the knee is flexed (78). This leads to one of two scenar-
ios: (a) eventual stretching of the ACL graft with the
development of recurrent pathologic laxity, or (b) loss of flexion
with increased stress on the articular surfaces and pain on range-
of-motion movements.

Placement of the tibial tunnel was originally thought to be
of less importance to the success of ACL surgery; however, it
has subsequently been shown to have a profound effect on the
clinical results of ACL reconstruction (17,26,27,79). Place-
ment of the tibial tunnel in the eccentric anteromedial position
as described by Clancy et al. (15) has been shown to cause
impingement of the ACL graft against the roof of the inter-
condylar notch as the knee is extended (Fig. 6). The clinical
manifestations of graft impingement include an effusion, loss
of extension, and progressive graft failure (17,26,27,79). A lat-
eral radiograph taken with the knee in maximum hyperexten-
sion or a magnetic resonance imaging (MRI) scan through the
sagittal plane of the ACL graft or both can be helpful in dem-
onstrating the presence of graft impingement (26,27). Graft
impingement can be avoided by positioning the tibial tunnel
posterior to the slope of the intercondylar roof with the knee in
maximum hyperextension (26,42,43,79). In most knees, an
impingement-free tibial tunnel can be produced by positioning
the center of the tunnel at the junction of the middle and pos-
terior third of the ACL footprint (77). Knees that have a verti-
cal intercondylar roof or significant hyperextension require
placement of the tibial tunnel in a more posterior location or
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FIG. 6. A, B: Anterior placement of the tibial tunnel results in premature contact of the anterior cruciate lig-
ament graft with the intercondylar notch as the knee extends. This results in a loss of extension or anterior

cruciate ligament graft failure.

removal of bone from the roof of the intercondylar notch, or
both, to avoid graft impingement in extension (17,42,43). Too
posterior a placemnent of the tibial tunnel, however, can result
in excessive laxity of the ACL graft in flexion or a vertically
oriented graft that will experience higher tensile forces and is

biomechanically less effective in resisting anterior translation
of the tibia. Other situations, which occur less frequently,

include malposition of the tibial tunnel in the medial and lat-
eral planes. Too medial a placement of the tibial tunnel can
result in damage to the articular cartilage of the medial tibial
plateau and impingement of the graft against the posterior cru-
ciate ligament (Fig. 7). Too lateral a placement can result in
impingement of the graft against the medial aspect of the lat-
eral femoral condyle (Fig. 8).

Inadequate Notchplasty

The amount of intercondylar notchplasty that should be
performed continues to be debated. Thought processes have
evolved with regard to the size of the notchplasty. In the past,
aggressive notchplasty was performed to visualize the over-
the-top position (80,139). Some surgeons now are advocating
minimal to no notchplasty (17.26,27,79). Follow-up studies
have shown the notch to grow back over an 18- to 24-month
period (80). Most ACL replacement grafts are larger than the

size of the original ACL. When a large graft is placed in a
small notch, the graft will impinge against the roof of the
intercondylar notch or the inner wall of the lateral femoral
condyle or both. Impingement has been shown to lead to
gradual attrition of the ACL graft and eventual graft failure
(27). Impingement can also compromise the biologic incor-
poration of the graft (81).

Incorrect Graft Tension

The optimal intraoperative tension that should be applied to
the ACL graft is unknown (1,78,82—84). Optimal graft tension
depends on a number of factors, including the amount of preop-
erative native laxity, the type of graft used, graft placement, the
type of graft fixation used, and the knee flexion angle at the time
of graft fixation (78). Because ACL grafts do not tighten with
time, undertensioning of the graft will result in residual patho-
logic laxity. Therefore, it is important that the ACL graft be fixed
under adequate tension at the time of implantation. Overtension-
ing of the graft, however, has been associated with delayed graft
incorporation, myxoid degeneration, decreased graft strength.
and overconstraint of the joint (83). Overconstraint of the joint
may result in a loss of joint motion or increased joint contact
pressures or both, which may accelerate joint wear and lead to
osteoarthritis (83,84).
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FIG. 7. Too medial a placement of the tibial tunnel can result
in damage to the articular cartilage of the medial tibial plateau
and impingement of the anterior cruciate ligament graft
against the posterior cruciate ligament.

Inadequate Graft Fixation

Graft fixation strength depends on the type of graft, the type
of fixation device used, and bone quality at the fixation sites.
The initial graft fixation must be secure enough to prevent graft
elongation at the graft fixation sites until the fixation sites are
healed (85). Interference screw fixation has been demonstrated
to be the strongest and stiffest fixation method for patellar ten-
don grafts (85). Potential pitfalls of interference screw fixation,
however, include graft-tunnel mismatch, nonparallel or diver-
gent screw placement, bone block fracture, graft laceration, lac-
eration of the tensioning sutures, and loss of fixation in
osteopenic bone (14,31,86,133). If unrecognized at the time of
the primary ACL reconstruction, any of the aforementioned
conditions could compromise grafl fixation strength and lead to
an early failure of the ACL reconstruction.

Fixation techniques for hamstring tendon grafts have contin-
ued to evolve with their increased usage. The biomechanical
strength of these newer fixation methods is reported to equal or
exceed that of patellar tendon grafts fixation with interference
screws (87). The basic science of soft tissuc fixation and long-
term clinical results for newer hamstring techniques are yet to be
substantiated, Aggressive rehabilitation of a hamstring ACL
reconstruction in which a more compliant type of fixation has
been used (sutures tied around a post or biologic interference
screw) could result in excessive graft elongation and early graft
failure. Regardless of the type of graft and the method of fixa-

tion used, the graft fixation device must be properly inserted and
must prevent loss of the graft tension initially applied until the
fixation sites heal.

Failure to Recognize or Address Associated Instabilities

Failure to recognize or surgically treat secondary restraints to
anterior tibial translation can subject the newly reconstructed
ACL to increased tensile forces, which may result in graft fail-
ure, In studies by Johnson et al. (29,30,70), failure to diagnose
and address associated ligamentous instability at the time of the
primary ACL reconstruction was the cause of failure in 15% of
the failed ACL reconstructions.

Posterolateral instability [lateral collateral ligament (LCL),
posterolateral capsule, arcuate ligament complex, and popliteus]
is probably the most common unrecognized and untreated associ-
ated pathologic laxity. Gersoff and Clancy (55) have estimated
that associated posterolateral laxity is present in 10% to 15% of
chronically ACL-deficient knees. Untreated posterolateral insta-
bility may result in continued complaints of the knee's “giving
way backwards™ due to increased hyperextension and varus
recurvatum (88). Increased external tibial rotation at 30 degrees of
flexion or an increase in external tibial rotation of more than 10
degrees compared to the opposite side has been shown to be the
most sensitive test for injury to the posterolateral structures (88).
Findings on clinical examination of posterolateral instability in
the ACL-deficient knee must be addressed at the time of ACL
reconstruction. Posterolateral instability may result in failure of
the ACL reconstruction secondary to the excessive tensile forces
placed on the ACL graft as a result of the tendency for the knee to
go into hyperextension and lateral joint opening (15,88).

Unrecognized or untreated injury to the medial ligamentous
structures may also result in failure of the primary ACL recon-
struction. The superficial medial collateral ligament (MCL), pos-
terior oblique ligament (POL), and posterior horn of the medial
meniscus are secondary restraints to anterior tibial translation on
the medial side of the knee (51,89). The popularity and ease of
arthroscopy-assisted ACL. reconstruction, along with the high
incidence of stiffness reported after combined ACL reconstruction
and repair of the medial structures, has led to a deemphasis on sur-
gical repair of the medial structures (40). Although good clinical
results have been reported with no operative treatment of grade II1
MCL tears in knees with combined ACL and MCL injuries, it
should be recognized that not all grade LI medial-sided injurics
have such a favorable result (39,40). A grade III MCL tear associ-
ated with a complete tear of the POL and the meniscofemoral and
meniscotibial ligaments results in the loss of the important “brake-
stop” effect of the posterior horn of the medial meniscus (40).
Failure to surgically restore this important brake-stop mechanism
by repair of the posteromedial structures may subject the ACL
graft to increased forces and result in grafi failure.

Nonoptimal Graft Material

The type of graft used to perform the primary ACL reconstruc-
tion may also play a possible role in the failure of the reconstruc-
tion. At the present time, the central-third bone—patellar tendon—
bone graft is the most widely used autograft Lo replace a torn
ACL. One advantage of the patellar tendon is the ability to obtain
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FIG. 8. A: Lateral placement of the tibial tunnel can resuit in impingement of the anterior cruciate liga-
ment graft against the medial side of the lateral femoral condyle (arrow). B: Lateral placement of tibial

tunnel (arrow).

rigid initial fixation at both ends of the graft using interference
screw fixation of the bone blocks (87,90). Undersized or poor-
quality bone blocks, however, may provide inadequate purchase
for the interference screw, which compromises graft fixation.

Although initially hamstring tendon grafts were thought to be
too weak, recent studies have demonstrated that equally tensioned
four-stranded hamstring tendon grafts are the strongest and stiff-
cst autografts currently available (91). However, use of single-
stranded hamstring grafts or unequally tensioned four-stranded
hamstring grafts in the chronically ACL-deficient knee with lax
secondary restraints may provide inadequate initial graft strength
and potentially lead to failure of the primary reconstruction.

The use of allograft tissue offers many advantages, including
decreased surgical time, smaller incisions, less surgical dissec-
tion, availability of variable graft sizes and shapes, and avoid-
ance of donor site morbidity (62,92,93). There are various
disadvantages, however, including potential transmission of dis-
eases such as acquired immunodeficiency syndrome and hepati-
(is; irradiation is required to neutralize such viruses, which
weakens the allograft biomechanically (62). The dose of radia-
tion required to neutralize the human immunodeficiency virus
has been demonstrated to weaken the graft by approximately
27% (94). Also, graft incorporation has been shown to be slower
for allografts than for autografts (see details later) (95). The sec-
ondary effects of irradiation and delayed biologic incorporation
may place allograft ACL reconstructions at increased risk for
failure, particularly in the chronically ACL-deficient knee (62).

Failure of Graft Incorporation

The ultimate success of any biologic ACL replacement graft
depends on the ability of the replacement tissue to survive and
maintain its initial biomechanical properties in the intraarticular
environment of the knee. and to incorporate with the host. Graft
incorporation is known to be influenced by various mechanical
factors such as graft placement, graft impingement, graft ten-
sioning, stress shielding of the graft, and application of deleteri-
ous stresses to the graft in the early healing phase (70.81). Little
is known, however, about the biologic variables that control the
rate and extent of ACL graft incorporation.

Experimental studies have shown that both autograft and
allograft tissues undergo the same biologic process of graft incor-
poration, which consists of graft necrosis, revascularization, cellu-
Jar repopulation with cells of extrinsic origin, collagen deposition,
and graft maturation and remodeling. This complex biologic heal-
ing response has been called ligamentization because it results in a
replacement structure that grossly resembles the normal ACL (96—
98). Jackson et al. (95) using a goat model have demonstrated that
the time course and extent of graft remodeling are slower and less
complete in allografts than in autografts. In this study the allografts
were also found to be biomechanically inferior to autografts. The
biologic factors responsible for the delayed graft incorporation of
allografts have not been completely identified at the present time;
however, recent work by Harner and Fu (99) has identified a low-
grade immunologic reaction (cellular and humeral) to the allograft.
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Trauma and Reinjury

Factors that can lead to traumatic failure of the primary recon-
struction include overaggressive rehabilitation, premature
return to athletics before adequate or complete graft incorpora-
tion and reestablishment of neurophysiologic control of the
lower extremity, and a significant reinjury after initial functional
stability was restored and full activities were resumed. The com-
mon factor responsible for traumatic graft failures is the inabil-
ity of the ACL graft to withstand the tensile loads applied to it
during the particular stage when it is injured. Although the use
of an accelerated rehabilitation program has significantly
reduced postoperative and donor site morbidity, there are con-
cerns that early return to unrestricted activities such as running
and sports-specific activities puts the immature ACL at risk and
may result in a higher long-term graft failure rate.

Although probably not the most common cause of traumatic
failure, an overaggressive rehabilitation program can apply ten-
sile loads that may injure or stretch the immature graft during
the early healing period. An overaggressive rehabilitation pro-
gram can also result in fixation site failure and an early loss of
stability. Traumatic graft failure may also occur when a patient
attempts to Teturn o strenuous activities before the graft has
incorporated or neurophysiologic control of the leg has been
reestablished. The incidence of traumatic reruptures has been
reported to range from 2.2% to 2.7% (29,30,70). The traumatic
event is usually similar to the initial ACL injury, often accompa-
nied by a “pop,” immediate hemarthrosis, and an increase in
anteroposterior laxity.

PREOPERATIVE ASSESSMENT
Clinical Evaluation

Preoperative evaluation is one of the most important aspects
of revision ACL surgery. First and foremost, it must be deter-
mined if the previous surgery has truly failed. Because of the
different categories of failure and overlap among them, deter-
mining whether the patient’s residual complaints are primarily
caused by graft failure can at times be very difficult. Current
indications for revision ACL surgery include instability with
activities of daily living or athletic activities, and the presence
of pathologic anterior laxity on clinical examination that repro-
duces the patient’s sensation of giving way. The patient also
must have realistic expectations of the revision ACL surgery.
Clinical results of revision ACL, including subjective and objec-
five indicators, do not match those of primary ACL. All criteria
must be met before proceeding with surgery.

History

A thorough evaluation first involves taking a detailed patient
history. The sequence of events leading up to the patient’s pre-
sentation should be examined. Such information may shed light
on the possible mechanism of failure. Patients who present with
a gradual onset of instability after initially having a stable knee
may have graft failure secondary to gradual stretching of the lig-
ament secondary to nonanatomic graft placement or attrition of
the ligament secondary to impingement. Patients who state that

the knee was never stable after the primary surgery should be
suspected of having a failure of graft fixation or, more com-
monly, a failure to address associated ligamentous laxity. The
history leading up to the aforementioned types of failure is quite
distinct from that of the patient who has returned to a pre-injury
level of activity and has sustained graft failure secondary to the
onset of new trauma.

The surgeon must clearly differentiate the patient’s primary
complaint: pain or instability. Patients with either complaint may
demonstrate increased laxity on physical examination; however,
each complaint has a different prognosis and treatment plan.
Instability can often be improved by revision ACL. surgery; how-
ever, pain, which is usually associated with injury or damage to
articular cartilage, must be addressed separately or simulta-
neously by microfracture, osteochondral grafting, chondrocyte
transplantation, meniscal allograft, or osteotomy.

Review of the patient’s previous medical record is especially
important. Relevant information that should be obtained by
reviewing the patient’s medical records includes findings of the
previous examination under anesthesia (associated ligamentous
laxity); surgical technique used (endoscopic versus two-incision);
graft source; associated pathology; type, size, and manufacturer
of the hardware used for graft fixation; and intraoperative compli-
cations that may have occurred. As part of the chart review, the
report of the postoperative period and rehabilitation protocol
should be examined critically. Factors in the postoperative period
that potentially may have contributed to failure of the primary sur-
gery include an overly aggressive rehabilitation program, return
to sports activities before neuromuscular control of the lower
extremity was established, problems regaining full range of
motion, development of a reflex sympathetic dystrophy, and
infection.

Physical Examination

A comprehensive physical examination including an evalua-
tion of the entire lower extremity must be performed. The over-
all alignment of the lower extremity and gait pattern (varus
thrust) should be examined. Varus alignment can lead to exces-
sive loads on the reconstructed ACL and eventually result in

graft failure. In these cases, a tibial-femoral osteotomy should
be performed simultaneously with the revision ligament surgery
or in a staged fashion. The patient’s range of motion should be
assessed. Measurements of the heel-height difference and heel-
to-buttock distance are useful ways to assess the loss of exten-
sion and flexion. A staged procedure should be considered if
there is a loss of extension sufficient enough to result in anterior
knee pain, quadriceps muscle weakness, or bent-leg gait pat-
tern. Regaining a pain-free full range of motion is of the utmost
importance before revision ACL surgery.

The ACL status of the primary reconstruction should be
assessed using the Lachman test, anterior drawer test, pivot-shift
test, and K'T1000 or KT2000 arthrometer testing. The secondary
restraints must also be closely evaluated. The medial secondary
restraints to anterior tibial translation include the superficial
MCL, the POL, and the posterior horn of the medial meniscus.
The medial structures are evaluated by comparing valgus rota-
tion at 0 and 30 degrees of flexion, and external tibial rotation at
30 and 90 degrees of flexion to rotation in the opposite normal
knee. Similarly, the lateral and posterolateral structures are eval-
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uated by comparing varus rotation at 0 and 30 degrees of flex-
ion, and external tibial rotation at 30 degrees of flexion to
rotation in the opposite normal knee. Failure to recognize and
treat associated ligamentous laxities may result in failure of the
revision ACL reconstruction.

The location of previous skin incisions should be examined
carcfully. The primary graft may have been harvested through a
vertical, oblique, or transverse incision. Based on the length and
orientation of the original harvest incision, the surgeon must
decide whether it is possible to harvest the revision graft through
the original incision or whether a new incision is required.

Radiographic Examination

Radiographic assessment should include a complete knee
series: standing anteroposterior, 45 degrees posteroanterior flex-
ion weightbearing, and lateral with the knee in maximum hyper-
extension, notch, and Merchant views. These radiographs will
help in evaluating the overall status of the knee: limb alignment,
degenerative joint changes, bone quality, type and placement of
hardware, tunnel placement and enlargement. Other imaging
modalities that may be used in selected cases include bone scin-
tigraphy, computed tomography, and MRI. Bone scintigraphy
can be used to determine osseous homeostasis and may be of
help in detecting infection and early radiographically silent
arthritis. Computed tomography is helpful in defining the extent
of tunnel enlargement and osteolysis. Tunnel enlargement has
been most commonly associated with synthetic grafts and
allografts (47,48,100). Information about the size of the bone
tunnels is useful in terms of planning graft selection and deter-
mining whether to bone-graft the cnlarged tunnels concurrently
or as part of a staged procedure (Fig. 9). MRI with sagittal
images through the plane of the ACL graft can be helpful in
assessing integrity of the ACL graft. In most cases, however,
clinical examination and plain radiographs are sufficient to
determine the status of the primary ACL graft, and MRI is only
necessary in selected cases.

Surgical Planning

Once the preoperative evaluation has been completed, the sur-
geon should have determined the cause of the primary failure
and determined whether the patient is a candidate for revision
ligament surgery. Patient compliance and motivation are impor-
tant factors that are critical to the success of revision ACL sur-
gery. If revision ACL surgery is recommended, the patient must
be given a realistic expectation of the expected outcome and
must not be promised too much. In general, the results of revi-
sion ACL surgery have been favorable with regard to improve-
ment of stability; however, the results are not equivalent to those
of primary ACL surgery (29,73,74,101,102). Revision ACL sur-
gery is very complex and should be considered salvage surgery.
False expectations for the revision surgery may lead to a subjec-
tive judgment of [ailure by the patient in spite of the technical
success of the procedure.

The success of revision ACL surgery is multifactorial and is
influenced by the cause of the primary failure, the preoperative
laxity of the knee, and the status of the menisci, articular carti-
lage, and secondary restraints. The primary goals of revision
ACL surgery are to stabilize the knee, to prevent further damage

to the menisci and articular cartilage, and to maximize the func-
tional level of the patient.

Graft Selection

Graft selection for the revision procedure depends on the type
of gralt used for the primary reconstruction, the placement of
incisions used to harvest the primary graft, the presence of
enlarged bone tunnels, and the presence of associated ligamen-
tous laxity. Synthetic ligaments are not currently recommended
for primary or revision ACL surgery because of the high com-
plication and failure rates reported with their use (47,48,100). At
the present time graft selection options for revision ACL surgery
consist of autograft and allograft tissue.

Autogenous graft options include patellar tendon, reharvest
of the ipsilateral patellar tendon or contralateral patellar tendon,
quadriceps tendon, and semitendinosus-gracilis hamstring ten-
dons. The advantages of autograft tissues include elimination of
the risk of disease transmission, lack of additional cost, elimina-
tion of possible immune reactions, and superior biologic incor-
poration. The major disadvantages of autograft tissue are donor
site morbidity (131,132), limitation of the size and number of
grafts available, and the increased surgical dissection required
to harvest the graft tissue.

The patellar tendon and Achilles tendon are the most com-
monly used allografts (Fig. 10). Newer allograft sources have
included the anterior tibialis tendon and semitendinosus-graci-
lis hamstring tendons. Use of these latter sources is secondary
to the increased use and decrease availability of the more com-
mon patellar tendon. The advantages of the use of allograft tis-
sue are the lack of donor site morbidity, the availability of
variable graft shapes and sizes, the ability to customize bone
blocks to accommodate enlarged bone tunnels, and the
decreased incision size and decreased surgical dissection.
Concerns about allograft tissues have focused primarily on the
issues of disease transmission, the effects of secondary steril-
ization (i.e., radiation and freezing techniques) on the initial
mechanical properties of the graft tissue, and the possibility of
an immune response. The risk of disease transmission is prob-
ably the major deterrent to the routine use of allograft tissue.
The reported risk of disease transmission according to the
American Academy of Orthopaedic Surgeons | in 3 to 4 mil-
lion, with no reportable cases since the advent of better testing
techniques such as polymerase chain reaction analysis
(103,130). Freezing the allograft tissue does not kill viruses
that transmit disease. In an attempt to eradicate viruses,
allograft tissue is commonly secondarily sterilized with radia-
tion (dosage of 1.5 to 2.5 Mrad) (94). This dosage of radiation
has been shown to alter the collagen structure and reduce the
tensile and biomechanical strength of the allograft tissue (91).

Comparison studies of allograft and autograft in an animal
model have demonstrated that autograft and allograft tissues
undergo the same healing process; however, the time course for
allografts appears to be prolonged, and the biologic response is
less robust than that seen with autograft tissue (95). Clinical
results of primary ACL reconstructions performed with irradi-
ated allograft tissue, and reconstructions in chronically ACL-
deficient knees performed with nonirradiated allograft tissues
have in general been favorable (29,30,70,102,104). The results
of the use of irradiated allografts in chronically ACL-deficient
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FIG. 9. A, B: Failed synthetic anterior cruciate ligament reconstruction. Note the marked enlargement of
the tibial tunnel on the anteroposterior radiograph. C: Computed tornographic scan demonstrating marked
enlargement of the tibial tunnel, Revision required a staged procedure. Stage 1 was the removal of the arti-
ficial ligament and bone grafting of the bony defects. After consolidation of the bone graft, the residual insta-
bility was addressed by ligament reconstruction.
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<nees, however, appear to be inferior to those of autografts used
n acutely or chronically ACL-deficient knees or of nonirradi-
ited allografts (70,102,105). Because of delayed biologic incor-
oration, use of allografts is probably contraindicated in
-evision cases in which failure of the graft to incorporate was the
>ause of the primary failure.

Because the patellar tendon is the most commeonly used
autograft for primary ACL reconstruction, this type of recon-
struction is also the most common type of ACL reconstruction
requiring revision surgery. Autograft options for revision of a
failed patellar tendon reconstruction include

[psilateral hamstring tendons
[psilateral quadriceps tendon
Reharvest of the ipsilateral patellar tendon
Contralateral patellar tendon

Although concerns have been raised about the tensile prop-
erties of hamstring tendon grafts, recent studies have demon-
strated that hamstring tendon grafts are stronger and stiffer
than 10-mm patellar tendon grafts (91). The tensile properties
of the hamstring tendon grafts from the young patients (23
years to 43 years) who typically undergo ACL reconstruction
has recently been investigated by Hamner et al. (91). This
study reported a mean failure load of 3.560 + 742 N and a stiff-
ness of 855 = 156 Nm for quadrupled semitendinosus grafts
and a mean failure load of 4,140 + 969 N and stiffness of 807
+ 164 N per mm for combined doubled semitendinosus and
gracilis grafts, values significantly higher than those reported
for 10-mm patellar tendon grafts from similarly aged donors
(Fig. 11).

Potential disadvantages of hamstring tendon grafts include
their smaller diameter compared to patellar tendon grafts and
the lack of bone blocks at the ends of the graft (140). The typical
tunnel size for patellar tendon reconstruction is between 9 and
11 mm, compared to 7 to 9 mm for four-stranded hamstring ten-
don grafts. Because of the smaller diameter of the hamstring
tendon graft bone tunnels, it is not possible to overdrill the exist-
ing patellar tendon bone tunnel. If the surgeon desires to use a
hamstring tendon graft in a knee in which the placement of the
existing patellar tendon bone tunnels are satisfactory, either the
extraarticular position of the new bone tunnels must be diverged
from the path of the preexisting bone tunnels or the preexisting
bone tunnels must be overdrilled and bone-grafted, and the
reconstruction performed as a two-stage procedure. By convert-
ing to a two-incision technique in cases in which the primary
ACL reconstruction was performed using an endoscopic tech-

FIG. 10. Patellar tendon and Achilles tendon
allografts. Large bone blocks can be fashioned to fill
enlarged bone tunnels.

nique, or converting to an endoscopic technique when the pri-
mary ACL reconstruction was performed using a two-incision
technique, it is usually possible to diverge the femoral tunnels
(Fig. 12).

A second potential disadvantage of hamstring tendon grafts is
their inability to fill bony defects. In cases of femoral tunncl
enlargement, one has the option of using the over-the-top posi-
tion and thereby avoiding the need to drill a bone tunnel. In
cases in which the tibial tunnel is enlarged, however, bone graft-
ing and a staged reconstruction is usually required.

A third potential disadvantage of hamstring tendon grafts is
the longer elongation to failure and lower stiffness of many
hamstring graft fixation techniques. Recent biomechanical test-
ing, however, has demonstrated that the stiffness and elongation
to failure of doubled gracilis and semitendinosus grafts fixed in
the femur with bioabsorbable interference screws, the Bone
Mulch Screw, the TransFix system, LinX-HT (Mitek, West-
wood, MA), and Endo button with continuous polyester loop
(Smith & Nephew Endoscopy, Inc., Andover, MA) are similar to
those previously reported for patellar tendon grafts fixed with
interference screws (107). It is our feeling that lower-stiffness
hamstring fixation techniques require a longer period of cyclical
loading before graft fixation, higher initial graft tension, and fix-
ation at 20 to 30 degrees of flexion. At the present time, there
have been no published clinical results on the use of hamstring
tendons for revision ACL surgery.

Stdubli has recently refocused attention on the use of the
quadriceps tendon as an alternative graft source for primary and
revision cruciate ligament surgery (69,108,109). Biomechanical
testing has shown that the quadriceps tendon is about the same
strength as the patellar tendon but has lower initial stiffness. The
cross-sectional area of the quadriceps tendon, however, is sig-
nificantly greater than that of the patellar tendon (quadriceps
tendon = 65 mm?, patellar tendon = 36.8 mm?). The large cross-
sectional area of this graft source and the presence of a bone
block at one end make possible its use to fill enlarged bone tun-
nels. One area of potential concern about this graft source is that
harvest of a second bone block from the superior pole of the
patella may place the patella at risk of fracture in revision cases.
Purnell and Lamoreaux (110) have reported good results in 14
patients with an average follow-up of 3.5 years usinga 9-to 11-
mm-wide quadriceps tendon graft to revise failed primary ACL
reconstructions. All knees were reported to have less than 2 mm
side-to-side difference as measured using the KT1000 arthrom-
eter, the hop test averaged 94%, and isokinetic strength testing

at 240 degrees per second and 60 degrees per second averaged
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Comparison Data: Failure Load
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829%. Complications included one nondisplaced patellar frac-
ture | year after surgery.

Reharvest of the patellar tendon from the ipsilateral knee is
another potential option for revision of a failed primary patellar
tendon reconstruction, Proctor et al. (111) using a goat model
have demonstrated that the patellar tendon donor site fills with
scar repair tissue, and the tensile properties of this new tissue are
significantly reduced compared to thosc of the normal contralat-
eral patellar tendon at 21 months after surgery. Similar findings

807

FIG. 11. A: Doubled gracilis and semitendino-
sus grafts. B, C: Mean failure loads and linear
stiffness for commonly used anterior cruciate liga-
ment (ACL) grafts. G, gracilis tendon; PT, patellar
Daubled G + 8T tendon; Quad, quadriceps; ST, semitendinosus
{Hecker, 91) tendon.

have been reported in a dog model by LaPrade et al. (112). As a
result of these findings, both authors have recommended that
alternative grafts be used for revision ACL surgery. Kartus et al.
(58) reported the clinical results using the reharvested patellar
tendon to perform revision ACL surgery in 20 patients. The ipsi-
lateral patellar tendon was reharvested and used as the revision
ACL graft source in ten patients, and the contralateral patellar
tendon was used in another ten as a control. The Lysholm score,
International Knee Documentation Committee rating, and Teg-
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FiG. 12. Conversion of a one-incision anterior cruciate liga-
ment (ACL) reconstruction to a rear-entry two-incision ACL
reconstruction or vice versa. Rear-entry femoral tunnel has a
more horizontal orientation, whereas the one-incision endo-
scopic ACL reconstruction is more vertical and divergent.

ner activity levels were reported to be significantly lower in
patients who underwent reharvest of the ipsilateral patellar ten-
don. One patellar fracture and one patellar tendon rupture were
reported to have occurred in the reharvest group. Because of the
significantly lower functional scores and 20% incidence of
major donor site complications in the reharvest group, the
authors do not recommend the use of the reharvested ipsilateral
patellar tendon for revision ACL surgery.

Use of the contralateral patellar tendon provides the same
advantages as use of the primary patellar tendon. However, use
of the contralateral patellar tendon carries the risk of creating a
problem in a knee that was previously normal. Rubinstein et al.
(113) reported on the use of the contralateral patellar tendon as
a graft source in 26 patients. They found that all patients had
regained full range of motion by 3 weeks and that quadriceps
strength had returned to 93% at 1 year and 95% at 2 years post-
operatively in the donor knee. No patient complained of patel-
lofemoral pain in the donor knee; however, patellar tendinitis
occurred in 55% of the patients during the first year but was said
to be rarely restricting and to resolve after the first year. Based
on their experience, the authors felt that the donor site morbidity
from harvesting the contralateral patellar tendon was minimal
and that this was a good option for revision surgery.

Autograft options after a failed hamstring primary ACL
reconstruction include

Ipsilateral patellar tendon
Ipsilateral quadriceps tendon
Contralateral hamstring tendons

In most cases the graft of choice is the ipsilateral patellar ten-
don. In cases with tunnel enlargement, however, use of the quad-
riceps tendon with its larger cross-sectional area may be
advantageous.

TECHNICAL CONSIDERATIONS IN REVISION
ANTERIOR CRUCIATE LIGAMENT SURGERY

Skin Incisions

Careful planning of skin incisions around the knee is needed
to avoid wound-healing problems. Meticulous surgical tech-
nique and handling of the soft tissues is critical. In general, pre-
vious incisions should be used or extended if they allow
simultaneous hardware removal, graft harvest, and proper
placement and fixation of the new graft. Old vertical incisions
can be extended proximally or distally to harvest either a patel-
lar tendon or hamstring tendon graft for the revision procedure
(Fig. 13). Extension of the old vertical incision also allows for
removal of the tibial fixation hardware, drilling of the tibial tun-
nel, and tibial fixation. Short transverse incisions can be crossed
with a vertical incision, In cases in which multiple skin incisions
were used in the primary procedure or in which the skin viability
is in doubt, the use of allografts can minimize subcutaneous dis-
section and the creation of large skin flaps.

Hardware Removal

During the preoperative planning phase the surgeon should
review the specific fixation device used during the primary
reconstruction so that appropriate instrumentation to remove the
hardware is available at the time of the revision procedure. Spe-
cial equipment to remove a stripped or buried screw (ACL
ReDux Instrumentation, Smith & Nephew Endoscopy, Andover,
MA) should also be available at the time of the revision proce-
dure. To properly seat the extraction device, the surgeon must
completely remove all soft tissue and bone from around the
implant. Failure to do so may result in stripping of the hardware,
in which case extensive bone remeval may be required to
remove the implant (Fig. 14).

Preexisting hardware can often be left in place unless it inter-
feres with the revision tunnels or fixation of the graft, or is loose
(142). In general, tibial fixation devices must be removed to drill
a new tibial tunnel and adequately fix the new graft. If the pri-
mary reconstruction was performed using a two-incision tech-
nique, the femoral fixation device can often be left in place by
drilling a divergent tunnel using an endoscopic technique (92).
In cases of a malpositioned anterior femoral tunnel screw placed
endoscopically, the screw can often be left in place because the
new femoral tunnel can be drilled behind the old one (Fig. 15).
Removing these screws may weaken the bone and can result in
a large bony defect on the femur. Endoscopically placed screws
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that are prominent, however, may require removal as they may
impinge on the new ligament. If removal of an endoscopically
placed screw is necessary, it is important to determine from the
original operative notes through which portal the screw was
inserted to insure parallel placement of the guidewire and
screwdriver at the time of removal. Failure to insert the screw-
driver parallel to the axis of the screw may result in stripping of
the screw,

Prosthetic Ligament Removal

Removal of a prosthetic ligament can present a major chal-
lenge. The surgeon must have a through understanding of the
technique used to implant the various types of prosthetic liga-
ments. Preoperative computed tomographic or MRI scans are
useful in evaluating tunnel enlargement and osteolysis, If there
is a significant bony defect, grafting with autogenous iliac crest
bone will be required after the revision ACL reconstruction once
the bone graft has been incorporated.

The removal of Gore-Tex, Dacron, and carbon fiber synthetic
ligaments presents a special set of problems. These grafts have
been associated with significant inflammatory reactions second-
ary to the creation of synthetic fiber particles. These particles
have been shown to stimulate an inflammatory response, which
can destroy bone and cartilage. An attempt should be made to
remove the ligament en bloc without the use of drills or shaver
blades, which may create tiny particles that can lead to further
synovitis and osteolysis. Bone gouges or trephines can be used
to loosen the ligament attachments from the walls of the bone
tunnels on both the tibial and femoral sides (Fig. 16). Ligament
augmentation devices, which should be fixed to bone at one end,
can also be a challenge to remove. Review of the operative notes

FIG. 13. A: Hamstring tendon
grafts can be harvested, and tibial
fixation removed, by extending the
lower portion of the vertical patellar
tendon harvest incision distally over
the pes anserinus (dashed line A).
A short transverse patellar tendon
harvest incision can be crossed by
a vertical incision to harvest the
hamstring tendons and remove tib-
ial fixation hardware. B: Patellar
tendon graft can be harvested by
extending original vertical hamstring
harvest incision (B); a new vertical
incision (dotted line) can be used to
harvest the patellar tendon.

should indicate which end of the ligament augmentation devices
is fixed to bone. The end of the ligament augmentation devices
that is fixed to bone should be freed from the walls of the bone
tunnel with a bone gouge or trephine.

Revision Notchplasty

Revision notchplasty is necessary in almost all revision ACL
reconstructions, as some degree of notch regrowth will occur
after most ACL reconstructions. Revision notchplasty is
required to visualize the previous femoral tunnel and the over-
the-top position, and to prevent impingement of the new graft.
Four-stranded hamstring tendon grafts and quadriceps tendon

_ grafts have a significantly larger cross-sectional area than the

normal ACL, and a larger notch is required to accommodate
these grafts. Careful review of the flexion weightbearing or
tunnel-view radiographs gives information on the notch archi-
tecture and helps determine the amount of bone to be removed.
Excessive bone removal should be avoided as it can lead to com-
promise of the patellofemoral and tibiofemoral articular sur-
faces (112). Excessive bone removal from the medial wall of the
lateral femoral condyle can also result in lateralization of the
femoral tunnel, which thus changes the axis of the new liga-
ment. An impingement rod as described by Howell et al.
(26,27,79) can be used at the time of surgery to determine if an
adequate notchplasty has been performed.

Bone Tunnels

The most important and technically demanding aspect of
revision ACL surgery involves the placement of new bone tun-
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nels. If the original ACL graft was positioned too posteriorly
and a posterior cortical wall blowout occurred at the time of the
original reconstruction, the guidewire for the revision hamstring
tendon graft bone tunnel is positioned at the optimal site for the
bone tunnel and an Endo button is used to fix the femoral end of
the graft (Fig. 17). If the original femoral tunnel is in optimal
position, the intraarticular position of the original tunnel can be
maintained and a divergent new tunnel drilled using a different
surgical technique (Fig. 14A). If the original femoral tunnel has
been positioned more than one tunnel diameter anterior to its
optimal position, it will be possible to drill a new tunnel in the
optimal position without tunnel overlap (Fig. 18). Intraoperative
radiography or fluoroscopy can be used to confirm proper place-
ment of the femoral guide pin before the drilling of the new tun-
nel. If the position of the original femoral tunnel 1s less than one
tunnel diameter anterior to its optimal position, however, then

FIG. 14. A: Anterior cruciate ligament (ACL) graft with fail-
ure secondary to anterior placement of femoral tunnel.
B: Bone pick (ACL ReDux instrumentatien, Smith & Nephew
Endoscopy, Andover, MA) is used to clear soft tissue out of
the head of the interference screw. C: The corresponding
screwdriver must be fully engaged in the interference screw
head to prevent stripping of the screw.

the potential for tunnel overlap exists. Three options are avail-
able for dealing with enlarged femoral bone tunnels. The first
option is to avoid drilling a femoral bone tunnel by placing the
hamstring tendon graft in the over-the-top position (Fig. 19).
The study of Karlson et al. (63) demonstrated no significant dif-
ference in outcome for hamstring tendon grafts placed through
a femoral drill hole and grafts positioned in the over-the-top
position. The second option consists of removing the old liga-
ment and bone-grafting the resulting defect with iliac crest bone
as the first stage, followed by revision ACL reconstruction after
consolidation of the bone graft (Fig. 20). The third option is to
use an allograft with large bone block to fill the enlarged bone
tunnel (Fig. 21).

Similar options exist for dealing with a malpositioned tibial
tunnel. If the tibial tunnel is more than one tunnel diameter too
anterior to its optimal position, then a new tunnel can be
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FIG. 15. A: Patellar tendon anterior cruciate ligament recon-
struction with failure secondary to anterior placement of fem-
oral tunnel. Hardware removal was not necessary because
there was sufficient room to drill behind the original femoral
interference screw. B: Arthroscopic view. The probe is
located at the over-the-top position. The new tunnel has suffi-

B

drilled in the optimal position without tunnel overlap occur-
ring (Fig. 22). The slightly anterior tibial tunnel (less than one
tunnel diameter anterior to its ideal position) presents a
slightly more challenging problem. Options include drilling a
new tunnel or expanding the existing tunnel until it is located
in the optimal position. The resulting gap between the anterior
wall of the old tunnel and the revision graft can be filled by
using an allograft with a large bone block, or the tunnel can be
bone-grafted with an autogenous iliac crest bone grall concur-
rently. Another option consists of positioning the intraarticular
portion of the new tunnel at the optimal location and changing
the external starting position, thus diverging the two tunnels.
If the original tibial tunnel was optimally placed, then a diver-
gent tibial tunnel can be drilled by changing the external start-
ing position (Fig. 23).

A tibial tunnel placed more than one tunnel diameter poste-
rior to its optimal position can be handled by drilling the new
tunnel in optimal position (Fig. 24). A tibial tunnel placed
slightly posteriorly (less than one tunnel diameter from its opti-
mal position) is perhaps the most challenging problem. Because
of the potential for tunnel overlap and the new graft’s falling
posteriorly into the old tunnel location, this situation is best han-
dled by removing the old ligament and tibial fixation hardware
and bone grafting the old tibial tunnel. The ligament reconstruc-
tion is then performed once the bone graft has consolidated.

Graft Fixation

During the early postoperative period, graft fixation is the
weak link in the ACL reconstruction (85). Because of the varia-

cient room behind the misplaced anterior tunnel.

tions in the type of replacement graft, tunnel placement, bone
quality, and surgical techniques used during revision ACL
reconstruction, the surgeon must be knowledgeable and profi-
cient in all methods of ACL graft fixation. Interference screw
fixation has been demonstrated to be the strongest and stiffest
fixation technique for bone-tendon-bone grafts (87,90). Interfer-
ence screw fixation strength is dependent on the local bone qual-
ity, however. In revision cases, bone stock and bone quality may
be compromised, which renders interference screw fixation
inadequate. Under these circumstances alternative fixation
methods such as tying bone block sutures around a screw and
washer should be considered. If the posterior femoral cortex was
violated during the primary reconstruction, use of an endoscop-
ically inserted interference screw is also not possible. In this sit-
uation, the surgeon has the option of using a two-incision
approach and fixing the femoral bone block with an outside-in
interference screw, tying the bone block sutures around a screw
and post or fixation button. Alternatively, the Endo button can be
used in this situation, because this implant relies on the integrity
of the lateral femoral cortex and does not depend on fixation
within the bone tunnel.

Although direct fixation of hamstring tendon grafts with metal
or bioabsorbable interference screws has become an increasingly
popular method of graft fixation and may provide adequate fixa-
tion strength when used in primary ACL reconstructions, poten-
tial tunnel overlap and poor bone quality may make this an
unreliable method of fixation for revision ACL surgery, Brown et
al, (107) have demonstrated that hamstring tendons fixed on tibia
with spiked ligament washers and on the femur with the Bone
Mulch Screw, the TransFix system, or Endo button have adequate
fixation strength even in osteopenic bone.
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FIG. 16. A, B: Patient underwent anterior cruciate ligament reconstruction with carbon fiber synthetic liga-
ment 15 years earlier. Anteroposterior and lateral radiographs demonstrate lytic changes in the proximal tibia
and distal femur. C: Removal of carbon ligament from the tibia. D: Removed carbon fiber ligament. E: Autog-
enous iliac crest bone graft was required to fill the bone defects after removal. F: Revision anterior cruciate
ligament reconstruction with doubled gracilis and semitendinosus was performed 3 months later after con-

solidation of bone graft.
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FIG. 17. If the original femoral tunnei violates the posterior
cortex, a new tunnel can be drilled in the optimal position and
the graft fixed to the femoral cortex with an Endo button (Smith
& Nephew Endoscopy, Andover, MA).

Associated Ligamentous Laxity

Failure to address the secondary restraints may result in appli-
cation of abnormal loads to the revised ACL reconstruction and
eventual failure of the reconstruction. The secondary restraints
to anterior translation on the medial side of the knee, which may
need to be addressed at the time of the revision procedure,
include the superficial MCL, the POL, and the medial meniscus.
Chronic laxity of the MCL can be addressed by recession of the
femoral attachment site or advancement of the tibial insertion of
the lax ligament. In cases in which the existing ligamentous tis-
sue is inadequate, an autogenous semitendinosus graft or Achil-
les tendon or patellar tendon allograft may be used to
reconstruct the MCL. The POL can be tightened by advancing
the femoral side of the ligament as described by Hughston and
Eilers (165), and Paulos et al. (89). If this tissue is inadequate,
then the POL can be reconstructed with a strip of semimembra-
nosus as described by Muller (114).

Posterolateral instability (the LCL, the popliteal tendon, and
the popliteofibular ligament) is often subtle and overlooked in
the face of an otherwise successful ACL reconstruction
(101,146). In chronic cases in which a definitive LCL is present
and the popliteal attachments to the fibula and tibia are intact, a
proximal advancement of these structures as described by
Noyes and Barber-Westin and others (65,88,115) can be used to
tighten these structures at the time of revision ACL surgery. In
cases in which the LCL is thin or deficient, we prefer to recon-
struct the LCL with one-half of the biceps femoris tendon and
suture the remaining LCL tissue to the autogenous graft. The

biceps tendon is tubularized and passed through a bone tunnel
positioned at the lateral femoral epicondyle (Fig. 25). To poten-
tially avoid drilling the transfemoral tunnel for the LCL biceps
tendon graft through the femoral side of the ACL graft, the
transfemoral tunnel for the LCL reconstruction should be drilled
before passing the ACL graft. If the biceps tendon has previ-
ously been injured or is felt to be inadequate, the LCL can be
reconstructed with doubled autogenous semitendinosus or gra-
cilis tendons as described by Aglietti et al. (10) (Fig. 26).

We prefer to address chronic laxity of the popliteus complex
with a doubled autogenous semitendinosus graft (153). The
graft is fixed on the medial side of the distal femur with an Endo
button and on the tibia and fibular head with sutures tied over
buttons. Combined injuries to the LCL and popliteus complex
can be treated using the biceps and semitendinosus tendons
(159) (Fig. 27). In cases in which autogenous grafts are not
available, the LCL and popliteal complex are reconstructed with
an Achilles tendon or patellar tendon allograft as described by
Veltri and Warren (116) and Noyes and Barber-Westin (65).

The integrity of the meniscal cartilage is important to the
functional outcome of an ACL-deficient knee. Biomechanical
studies have demonstrated that the medial meniscus is a sec-
ondary restraint to anterior translation and varus-valgus stabil-
ity in the ACL-deficient knee (105,117). In contrast, the lateral
meniscus has not demonstrated biomechanically in cadaver
studies or clinical follow-up to function as a secondary restraint
to anterior translation in the ACL-deficient knee (118). At the
present time, the indications for and role of meniscal transplan-
tation have remained controversial (Fig. 28). Those patients
who have undergone previous subtotal and complete meniscec-
tomies may be the perfect candidates for meniscal transplanta-
tion in the face of ACL deficiency. Meniscal transplantation
may have a place in revision ACL surgery because it may allow
restoration of the important brake-stop mechanism in a knee
that has previously undergone total or subtotal medial menis-
cectomny. In support of this concept, Garrett (119) has reported
significantly better KT1000 arthrometric results for ACL
reconstructions performed with concomitant medial meniscal
transplantation than for a group of patients who underwent iso-
lated ACL reconstruction with persistent medial meniscal defi-
ciency. Similar results have been documented in a study by
Shelbourne demonstrating greater laxity as measured by
KT1000 arthrometer after ACL reconstruction in knees that had
previously undergone medial meniscectomy than in knees with
intact meniscus (133).

The treatment of the patient with failed ACL reconstruction
secondary to osteoarthritis is a true dilemma. The treatment of
combined osteoarthritis and ACL deficiency is complex and
controversial, Historically these patients have been advised to
follow a conservative course. The mainstay of treatment has
been analgesics and antiinflammatory drugs, physical therapy,
unloading bracing, and modification of activities. In the last five
years, however, a number of studies have reported encouraging
results with osteotomy, isolated ACL reconstruction, or a com-
bined procedure. The role of ACL reconstruction in the osteoar-
thritic knee is controversial. Some authors have suggested that
osteoarthritis is a contraindication to ACL reconstruction
(120,121). Concerns include increased pain, joint contact
forces, and constraint leading to an increased progression of
osteoarthritis, Others have advocated reconstruction to improve
stability, function, and proprioception, and help reduce pain and
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advancement of arthritic changes within the knee, Patients with
such a condition present with either pain or instability or a com-
bination as the primary complaint. The surgeon must attempt to
decipher which complaint is the overwhelming symptom, for
the treatment plans are distinctly different. In many cases this
can be difficult to determine. Surgical options for the arthritic
ACL-deficient knee include the following:

Instability: isolated ACL reconstruction
Pain: isolated HTO
Pain and instability: ACL reconstruction and HTO

Isolated ACL reconstruction in the face of osteoarthritis with
a primary complaint of instability has been evaluated and is a
reasonable approach. Shelbourne and Stuube reported on a

FIG. 18. A-C: If the original femoral tunnel is more than
one tunnel diameter anterior to its optimal placement, a
new tunnel can be drilled at the optimal location without
tunnel overlap.

group of 33 patients who had chronic ACL deficiency at a mean
of 44.8 months (122). Inclusion criteria were meniscectomies
before reconstruction, radiographic evidence of mild arthritis,
and grade III or IV changes at the time of arthroscopy. Align-
ment was not determined. All patients underwent a standard
ACL reconstruction using autogenous patellar tendon. There
was significant improvement in function (modified Cincinnati
Knee Questionnaire score: preoperative, 53; postoperative, 81)
and pain relief (modified Cincinnati Knee Questionnaire score:
preoperative, 55: postoperative, 81). There was a significant
improvement in knee stability as measured with the KT-1000
arthrometer from 8.3 mm preoperative to 2.7 mm postoperative.
A subsequent follow-up study included 58 patients with chronic
ACL deficiency who had radiographic evidence of arthritis
(123). Thirty patients were available for 5-year follow-up (mean
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FIG. 21. A patellar tendon allograft with large bone blocks
can be used to fill enlarged bone tunnels.

FIG. 19. Enlarged femoral tunnels can be bypassed by using
the over-the-top position.

FIG. 22. If a tibial tunnel is located more than one diameter
anterior to its optimal position (solid lines), a new tunnel can
FIG. 20. Enlarged femoral tunnels can be grafted with iliac be drilled in the optimal position without potential tunnel over-
crest bone grafts. lap (dashed lines).
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FIG. 23. The optimally positioned tibial tunnel can be created
by changing the external starting position of the new tunnel in
the sagittal and frontal planes.

of 7.2 years). Similar results were noted within this group, with
improved function, pain relief, and stability. The study found
that patients with medial compartment arthrosis reported a bet-
ter subjective total score (mean of 87) than patients with lateral
compartment arthrosis (mean of 73) and bicompartmental

60%
45%

FIG. 24. If the original tibial tunnel is located more than one
diameter posterior to its optimal position, a new tunnel can be
drilled in the optimal position without tunnel overlap.

FIG. 25. The lateral collateral ligament can be reconstructed
using a biceps tendon graft.

arthrosis (mean of 79), but results were not statistically signifi-
cant. Noyes and Barber-Westin evaluated 53 patients who
underwent ACL reconstruction with a mean follow-up of 27
months (124). Inclusion criteria were extensive fissuring and
fragmentation involving more than 50% of the articular surface
(62%) or exposure of subchondral bone (38%). The lesions had
to be larger than 15 mm in diameter. Alignment had to be normal
as determined by weightbearing radiographs. Clinical results
revealed 70% reduction in pain, eradication of giving way in
89%, and resumption of recreational activities in 79%.

FiG. 26. A, B: Lateral collateral ligament reconstruction can
be performed using a doubled semitendinosus graft.



756 / CIIAPTER 46

FIG. 27. Reconstruction of the popliteus tendon and poplit-
eofibular ligament can be accomplished using a semitendino-
sus graft and Endo button (Smith & Nephew Endoscopy,
Andover, MA) fixation.

The appropriate surgical decision making with regard to iso-
lated HTO or osteotomy in combination with ACL reconstruc-
tion in the arthritic ACL-deficient knee has yet to be
detcrmined (Fig. 29). Classically, HTO has been described as
a lateral closing wedge technique for an older patient popula-
tion with medial compartment arthritis and varus malalign-
ment. Noyes et al. introduced the concept of double varus
(varus alignment with lateral ligamentous laxity) and triple
varus (double varus knee with varus recurvatum caused by
arcuate ligament complex deficiency) (115). Gait analysis of
these patients revealed increased adductor moment related to
previous subtotal or total meniscectomy. Such a condition
increases medial compartment loads and eventual arthritis,
There are few papers addressing ACL-deficient patients with
varus gonarthrosis, Kirkley et al. reported on a group of eight
patients with ACL deficiency, varus alignment, grade II or
higher medial compartment arthritis, and a varus thrust (A.
Kirkley, J. Roe, P. J. Fowler. HTO alone for the treatment of
chronic ACL deficiency and varus gonarthrosis, unpublished
data). The authors noted significant improvement with HTO
alone of six patients in pain and instability symptoms in 2.5
years of follow-up. Two patients continued to have ongoing
instability symptoms, Another study by Holden et al. (125)
reviewed 51 young patients at a mean follow-up of 10 years.
The average age was 41 years (range, 23 to 50). A subset of 14
patients was identified as ACL deficient. Instability was not the
primary complaint; instead, pain during activities of daily liv-
ing and sports activities was the presenting problem. Postoper-
atively after the HTO, 66% were able to return to recreational

FIG. 28. A, B: Meniscal transplant techniques: tunnel.

activities such as swimming, golf, and tennis. Only 10% were
able to run. Recently, there has been interest in a newer tech-
nique using an opening wedge osteotomy. Patients’ symptoms
dictate the procedure; patients with ACL deficiency with
osteoarthritis and pain as the primary complaint are best suited
for isolated high osteotomy.
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COMBINED ANTERIOR CRUCIATE LIGAMENT
RECONSTRUCTION AND OSTEOTOMY

The combined procedure of ACL reconstruction and HTO is
indicated in those patients who complain of both instability and
pain. Surgically, the concurrent ACL and HTO procedure is very
difficult and demanding, so that one may consider staged proce-
dure. Dejour et al. (126) reported on 50 knees with chronic ACL
deficiency combined with acquired varus alignment. The mean
patient age was 29 (range, 18 to 42), and mean follow-up was
3.6 years. The HTO was performed first (74% closing lateral
wedge and 26% opening medial osteotomy) and then ACL
reconstruction with autogenous patellar tendon combined with
Lemaire extraarticular augmentation (56%). Clinical results
revealed significant improvement with both stability and pain
relicf. Patient satisfaction was high (91%). No progression of
arthritis was noted radiographically.

Lattermann and Jakob reviewed 27 patients with ACL defi-
ciency and medial compartment osteoarthritis (127). Patients
were divided into three treatment groups: HTO alone (11
patients), staged HTO and ACL reconstruction (eight patients),
and combined ACL reconstruction and HTO (eight patients).
HTO alone was indicated in those patients in whom the predom-
inant symptom was pain (mean age of 44 years). Staged HTO
and ACL reconstruction was indicated for patients with pain and
instability (mean age of 35 years). Combined HTO and ACL
reconstruction was indicated in young athletic patients in whom
instability was the primary complaint (mean age of 32 years).
Statistical significance could not be determined because of the

FIG. 29. Anterior cruciate liga-
ment reconstruction and high
tibial osteotomy. A: Anteropos-
terior. B: Lateral.

Ay

small number of patients in the individual groups. The HTO pro-
cedure used opening medial wedge osteotomy in ten patients
and closing lateral wedge osteotomy in 17 patients. The ACL
reconstruction was performed arthroscopically using autoge-
nous patellar tendon graft. Results revealed that 91% of the
patients in the HTO group had improved knee stability and sig-
nificant pain relief with the ability to return to recreational activ-
ities. In the staged group, the HTO was performed first. Those
patients that continued to have insufficient knee stability under-
went ACL reconstruction 9 to 12 months later. Eight of the 19
HTO patients required delayed ACL reconstruction. Follow-up
evaluation revealed that 38% of the patients had significant pain
relief with the remaining patients describing some discomfort,
although they were pain free with light activities of daily living.
Six of the eight patients had no knee instability, and the two
remaining patients had partial giving way. In the combined
group, significant pain relief was achieved in 50% with the
remainder having pain with moderate activities. Knee stability
was improved in 63%. Complication rate was noted to be high
in all three groups, with ten major complications reported. The
authors concluded that HTO alone was adequate in the treat-
ment of older patients with pain as the primary problem and that
younger patients should be treated initially with HTO alone and
a subsequent ACL reconstruction performed in 9 to 12 months
should instability persist.

A study at the Hospital for Special Surgery by Williams et al,
(74) evaluated a similar group of 25 patients with ACL defi-
ciency and medial compartment arthritis. Two groups of patients
were identified: those undergoing HTO alone (12 patients, mean
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age of 38 years) and those undergoing combined ACL and HTO
(13 patients, mean age of 32 years). Mean follow-up was 43
months. Medial meniscectomy was performed on all patients.
There was significant improvement in pain relief and knee sta-
bility in all patients as measured using a multiple scoring system
(Hospital for Special Surgery knee score, Tegner activity level,
Lysholm and Gillquist knee scores). Those patients undergoing
HTO alone reported decreased subjective knee instability
despite persistent objective instability (positive pivot shift and
Lachman test results). There was no progression of medial com-
partment arthritis as documented by plain radiographs. Overall
patient satisfaction was high (92%) with 23 of 25 patients able
to participate in recreational sports.

REHABILITATION AFTER REVISION ANTERIOR
CRUCIATE LIGAMENT SURGERY

The rehabilitation program after revision ACL surgery is
influenced by both surgical and patient variables. Patient vari-
ables include the presence of generalized ligamentous laxity,
bone quality, the preoperative laxity of the knee, patient size,
limb alignment, and patient motivation and compliance. Surgi-
cal variables include the type of ACL replacement graft used,
the type of graft fixation, graft placement, and the performance
of concomitant extraarticular surgery. Because of the many
patient and surgical variables, a “cookbook™ type of rehabilita-
tion program should not be used; rather, a customized protocol
taking these variables into account should be developed.

In general, revision ACL surgery should be considered sal-
vage surgery, and a less aggressive rehabilitation program
should be used in most cases. Weaker initial graft fixation, laxity
of secondary restraints, the potential need to address associated
ligamentous injuries, and the presence of more significant artic-
ular cartilage changes make the use of an accelerated rehabilita-
tion program inappropriate in most revision cases.

The major changes in the rehabilitation program after revision
ACL surgery consist of a slower progression in weightbearing and
functional exercises. Full passive extension to 0 degrees (avoidance
of hyperextension), actively assisted exercises using the opposiie
leg, heel drags, wall slides, quadriceps isometrics, straight leg raises
(quadriceps lag less than 10 degrees), ankle pumps, and patellar
mobilization are all allowed immediately after surgery. In most
cases, full range of motion should be reestablished by 6 to 8 weeks
postoperatively. A straight leg orthosis is used until the patient dem-
onstrates good muscular control of the leg. Assuming that no asso-
ciated ligamentous surgery was performed, the weightbearing limit
of the patient is increased a maximum of 25% of body weight per
week. Patients are weaned off crutches no earlier than the end of
week 4, and then only if they demonstrate good neuromuscular
control of the leg and a normal or near-normal gait pattern. Exercise
with a stationary bike is begun between weeks 4 and 6; however,
weightbearing closed-chain exercises such as minisquats, lateral
step-ups, toe raises, and the stair climber are delayed until the
beginning of the sixth postoperative week. Jogging and running are
delayed until 16 to 20 weeks after surgery. Turning, twisting, and
pivoting drills are started at 24 weeks postoperatively, In general,
most patients are advised against returning to twisting and pivoting
sports before 9 months.

The experience at the Hospital for Special Surgery with
regard to revision ACL surgery has been reviewed (101). The

study identified 87 patients who experienced failure of ACL sur-
gery during a 7-year period from 1989 to 1996. Grafts used for
revision ACL included 62 autograft (56 patellar tendon, 5 ham-
string tendon, and 1 iliotibial band) and 25 fresh frozen patellar
tendon. The causes of failed ACL reconstruction included 41
technical errors, 22 traumatic reinjuries, 7 failures of graft incor-
poration, 8 failures to recognize associated injuries (alignment
or combined ligament pattern), and 4 failures related to loss of
motion. The time interval between primary and revision ACL
surgery was 2.7 years (range, 6 months to 13 years). Overall
mean follow-up from time of revision ACL was 2.1 years
(range, 3 months to 6 years); 52 patients had a minimal follow-
up of 2 years, of whom 43 were available to respond to a
detailed ouicome questionnaire and undergo physical examina-
tion. Use of the Hospital for Special Surgery knee ligament eval-
uation form revealed 62.8% good or excellent results compared
to 95.5% good or excellent results in an age-matched group
undergoing primary ACL, a statistically significant difference.
Objective laxity tests revealed a 3.1-mm mean side-to-side dif-
ference at 30 degrees. No difference was noted between
allograft and autograft recipients in the revision ACL group.

CONCLUSION

An increasing number of revision ACL reconstructions are
being performed each year. Revision ACL surgery is challeng-
ing and cannot be approached in the same manner as primary
ACL surgery. Successful revision ACL surgery requires a
detailed history taking, a comprehensive physical examination,
appropriate radiologic studies, and careful preoperative plan-
ning. The results of revision ACL surgery do not equal the
results of primary ACL surgery, and this should be explained to
the patient before surgery. To avoid repetition of errors that led
to failure of the primary reconstruction, the cause of the primary
failure must be clearly understood before proceeding with the
revision procedure. Although graft failure is the most common
reason for failure of the original reconstruction and performance
of revision surgery, other non—graft-related problems such as
loss of motion, extensor mechanism dysfunction, and degenera-
tive arthritis can also result in an unsatisfactory outcome and
residual complaints. Errors in surgical technique, specifically
nonanatomic graft placement and failure to address associated
ligamentous injuries at the time of the original procedure, are
responsible for graft failures in most reported series. Preopera-
tive planning must address the issues of graft selection, skin
incisions, hardware removal, tunnel placement, graft fixation,
and associated ligamentous injuries. Loss of motion and in some
cases enlarged bone tunnels may require a staged approach.
Because of the weaker initial graft fixation, laxity of secondary
restraints, the potential need to address associated ligamentous
injuries, and the presence of more significant articular cartilage
changes, an accelerated rehabilitation program is inappropriate
in most revision cases. Successful revision ACL surgery
requires a motivated and compliant patient, a well-thought-out
plan, and an experienced surgeon who is knowledgeable and
proficient with regard to a variety of different surgical tech-
niques, graft sources, and graft fixation techniques.

Given today’s emphasis on maintaining fitness and the partic-
ipation of all age groups in physical activities that place the ACL
at risk of injury, the number of primary ACL reconstructions
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performed can be expected to continue to increase. Although
surgical and rehabilitation advancements have improved the
success rate of primary ACL reconstruction, the increasing
number of primary reconstructions being performed can be
expected to lead to an increasing number of patients who need
revision ACL surgery.

Improvements in surgical technique and rehabilitation have
enhanced the results of primary ACL surgery: however, unsatis-
factory results can and still occur.

In general, the results of revision ACL reconstruction do not
appear to be as favorable as those of primary reconstructions.
The success rate of revision ACL reconstruction is determined
by many factors, including the cause of the primary failure; the
preoperative laxity of the knee; the status of the secondary
restraints, menisci, and articular cartilage; and patient motiva-
tion and compliance. To maximize the success of revision ACL
surgery, a methodical and organized approach is required. This
chapter has reviewed the causes of failed ACL surgery, dis-
cussed preoperative evaluation and planning, and reviewed
some of the technical considerations of revision ACL surgery.

REFERENCES

1. Anderson C, Odensten M, Good L, et al. Surgical or nonsurgical
treatment of acute rupture of the anterior cruciate ligament. A ran-
domized study with long-term follow-up. J Bone Joint Surg Am
1989;71:965-974.

2. Daniel DM, Stone ML, Dobson BE, et al. Fate of the ACL-injured
patient. A prospective outcome swudy. Am J Sports Med
1994;22:632-644.

3. Feagin JA, Curl WW, Isolated tear of the anterior cruciate ligament.
Am J Sports Med 1976:4:95-100.

4. Foreman SK, Jackson DW. Cyclops lesions. In: Jackson DW,
Arnocvky SP, Frank CB, et al., eds, The anterior cruciate ligament.
New York: Raven Press, 1993:365-372.

5. Fuss FK. Optimal replacement of the cruciate ligament from the
functional-anatomical point of view. Acta Anar 1991;140:260-268.

6. McDaniel W], Dameron TB. Untreated ruptures of the anterior cru-
ciate ligament. A follow-up study. J Bone Joint Surg Am
1993,62:696-705.

7. Souryal TO, Freedman TR. Intercondylar notch size and anterior
cruciate ligament injuries in athletes. A prospective study. Am J
Sports Med 1993;21:535-539.

8. Aglietti P, Buzzi R, D' Andria S, et al. Arthroscopic anterior cruciate
ligament reconstruction with patellar tendon.  Arthroscopy
1992;8:510-516.

9. Aglietti P, Buzzi R, Zaccherotti G, et al. Patellar tendon versus dou-
bled semitendinosus and gracilis tendons for anterior cruciate liga-
ment reconstruction. Am J Sports Med 1994,22:211-217.

10. Aglietti P, Buzzi R, Giron F, et al. Arthroscopic-assisied anterior
cruciate ligament reconstruction with the central third patellar ten-
don. Knee Surg Sports Traumatol Arthrosc 1997.5:138-144.

11. Bach BR, Jones GT, Sweet FA, et al, Arthroscopy-assisted anterior cru-
ciate ligament reconstruction using patellar tendon substitution. Two- to
four-year follow-up results. Am J Sports Med 1994;22:758-767.

12. Bach BR, Levy ME, Bojchuk J, et al. Single-incision endoscopic
anterior cruciate ligament reconstruction using patellar tendon
autograft, Minimum two-year follow-up evaluation. Am J Sports
Med 1998;26:30-39.

13. Bach BR, Tradonsky S, Bojchuk I, et al. Arthroscopically assisted
anterior cruciate ligament reconstruction using patellar tendon
autograft. Five- to nine-year follow-up evaluation. Am J Sports Med
1998;26:20-29.

14, Buss DD, Warren RF, Wickiewicz TJ, et al. Arthroscopically
assisted reconstruction of the anterior cruciate ligament with use of
autogenous patellar-ligament grafts. Results after twenty-four to
forty-two months. J Bone Joint Surg Am 1993;75:1346-1355.

15.

18.

19.

21.

22

24.

26.

27.

28.

29,

30.

31.
32

33.

34,
35

36.
37,

38.

Clancy WG, Nelson DA, Reider B, et al. Anterior cruciate ligament
reconstruction using one-third of the patellar ligament augmented
by extra-articular lendon transfers. J Bone Joint Surg Am
1982:64:352-359.

Harter RA, Osternig LR, Singer KM, ot al. Long-term evaluation of
knee stability and function following surgical reconstruction for
anterior cruciate ligament insufficiency. Am J Sports Med
1988;16:434443.

Howell SM, Barad SJ. Knee extension and its relationship to the
intercondylar roof, Am J Sports Med 1995;23:288-294.

Kaplan N, Wickiewicz TL, Warren RE. Primary surgical treatment
of anterior cruciate ligament ruptures. A long-term follow-up study.
Am J Sports Med 1990;18:354-358.

Maeda A, Shino K, Horibe S, et al. Anterior cruciate ligament
reconstruction with multistranded autogenous semitendinosus ten-
don. Am J Sports Med 1996;24:504-509.

Noyes FR, Barber-Westin SD. A comparison of results in acute and
chronic anterior cruciate ligament ruptures of arthroscopically assisted
autogenous patellar tendon. Am J Sports Med 1997:25:460-471.
O’Brien SJ, Warren RF, Wickiewicz TL., et al, Reconstruction of the
chronically insufficient anterior cruciate ligament using the central-
third of the patellar ligament. J Bone Joint Surg Am 1991;73:278~
286.

Shelbourne KD, Nitz P. Accelerated rehabilitation after anterior cru-
ciate ligament reconstruction. Am J Sports Med 1990;18:292-299.
Shelbourne KD, Wilckens JH, Mollabashy A, et al, Arthrofibrosis in
acute anterior cruciate ligament reconstruction. The effect of timing of
reconstruction and rehabilitation. Am J Sports Med 1991;19:332-336.
Shelbourne KD, Klootwyk TE, Wilckens JH, et al. Ligament stabil-
ity two to six years after anterior cruciate ligament reconstruction
with autogenous patellar tendon graft and participation in acceler-
ated rehabilitation program. Am J Sports Med 1995:23:575-579.
Sledge SL, Steadman JR, Silliman JF, et al, Five-year results with
the Gore-Tex anterior cruciate ligament prosthesis. Am J Knee Surg
1992;5:65-70.

Howell SM, Clark JA. Tibial tunnel placement in anterior cruciate
ligament reconstructions and graft impingement. Clin Orthop
1992:283:187-195.

Howell SM, Taylor MA. Failure of reconstruction of the ACL due to
impingement by the intercondylar roof. J Bonme Joint Surg Am
1993;75:1044-1055.

Jaureguito JW, Paulos LE. Why grafts fail. Clin Orthop
1996:325:25-41,

Johnson DL, Swenson TM, Lrrgang JL., et al. Revision anterior cru-
ciate ligament surgery: experience from Pittsburgh. Clin Orthop
1996;323:100-109,

Johnson DL, Fu FH. Revision ACL surgery: ctiology, indications,
techniques, and results. Am J Knee Surg 1995;8:155-167.

Bach BR, Potential pitfalls of Kurosaka screw interference fixation
for ACL surgery. Am J Knee Surg 1989.2:76-82.

Bach BR, Wojtys EM, Lindenfeld TN. Reflex sympathetic dystro-
phy, patellar infera contracture syndrome, and loss of motion fol-
lowing anterior cruciate ligament surgery. Inst Course Lect
1996:46:241-260.

Harner CD, Irrgang JJ, Paul IJ, et al. Loss of motion after anterior
cruciate ligament reconstruction. Am J Sports Med 1992;20:499—
506.

Irrgang JJ, Harner CD. Loss of motion following knee ligament
reconstruction, Sports Med 1995;19:150-159.

Sachs RA, Danicl DM, Stone ML, et al. Patellofemoral problems
after anterior cruciate ligament reconstruction. Am J Sports Med
1989;17:760-765.

Healy WL, Barber TC. The role of osteotomy in the treatment of
osteoarthritis of the knee. Am J Knee Surg 1990;3:97-109.

Jackson DW, Schaefer RK. Cyclops syndrome: loss of extension
following intra-articular cruciate ligament reconstruction. Arthros-
copy 1990;6:171-178.

Paulos LE, Rosenberg TD, Drawbert J, et al. Infrapatellar contrac-
ture syndrome: an unrecognized cause of knee stiffness with patel-
lar infera. Am J Sports Med 1987;15:131-141.

Ballmer PM, Ballmer FT, Jakob RP. Reconstruction of the anterior
cruciate ligament alone in the treatment of & combined instability
with complete rupture of the MCL: medial collateral ligament. A
prospective study. Arch Orthop Trauma Surg 1991;110:139-141.



760 / CHAPTER 46

40.

41.

42,

43,

45,

47.

48,

50.

Sl

52

33.

54.

55.
56.

37.

38.

59.

60.

61.

62.

63.

Shelbourne KD, Porter DA. Anterior cruciate ligament-medial col-
lateral ligament injury: nonoperative management of MCL tears
with anterior cruciate ligament reconstruction. A preliminary report.
Am J Sports Med 1992;20:283-286.

Bear BJ, Cohen S, Bowen M, et al. Patellar fracture after anterior
cruciate ligament reconstruction using bone patellar bone autoge-
nous grafts. Orthop Trans 1996;20:9.

Bern GS, Howell SM. Roofplasty requirements in vitro for different
tibial hole placements in anterior cruciate ligament reconstructions.
Am J Sports Med 1993;21:292-298.

Bonamo J, Krinick RM, Sporn AA. Rupture of the patellar ligament
after use of its central-third for anterior cruciate reconstruction. J
Bone Joint Surg Am 1984:66:1294-1297.

Christen B, Jakob RP. Fractures associated with patellar ligament grafis
in cruciate ligament surgery. J Bone Joint Surg Br 1992;74:617-619.
Crosby LA, Kamins P. Fracture of the patella during graft harvest
for cruciate ligament reconstruction. Complications Orthop
1991;6:104-107.

Delee JC, Craviotto DF, Rupture of the quadriceps tendon after a
central third patcllar tendon anterior cruciate ligament reconstruc-
tion. Am J Sports Med 1991;19:415-416.

Graf B, Ulr F. Complications of intra-articular cruciate reconstruc-
tion. Clin Sports Med 1988.7:835-848.

Greis PE. Steadman JR. Revision of failed prosthetic anterior cruci-
ate ligament reconstruction. Clin Orthop 1996;323:78-90.

Marzo JM, Bowen MK, Warren RF, et al. Intre-articular fibrous
nodule as a cause of loss of extension following anterior cruciate
ligament reconstruction, Arthroscopy 1992;8:10-18.

Paulos LE, Wnorowski DC, Greenwald AE. Infrapatellar contrac-
ture syndrome. Diagnosis, treatment, and long-term follow-up. Am
J Sports Med 1994;22:440-449.

Noyes FR, Wojtys EM, Marshall MT. The early diagnosis and treat-
ment of developmental patella infera syndrome. Clin Orthop
1991;265:241-252.

Noyes FR, Mangine, RE, Barber SD. The early treatment of motion
complications after reconstruction of the anterior cruciate ligament.
Clin Orthop 1992;227:217-228.

Aglictti P, Buzzi R, D' Andria S, et al. Patellofemoral problems after
intraarticular anterior cruciate ligament reconstruction. Clin Orthop
1993;288:195-204.

Berg EE. Management of patellar fractures associated with central
third bone-patellar tendon-bone autograft ACL reconstructions,
Technical note. Arthroscopy 1996;12:756-759,

Gersoff WK, Clancy WG. Diagnosis of acute and chronic anterior
cruciate ligament tears. Clin Sports Med 1988,7:727-738.

Gollehan DL, Torzilli PA, Warren RE. The role of the posterolateral
and cruciate ligaments in the stability of the human knee. J Bone
Joint Surg Am 1987,69:233-242.

Hardin GT, Bach BR. Distal rupture of the infrapatcllar tendon after
use of its central third for anterior cruciate ligament reconstruction.
Case report. Am J Knee Surg 1992;5:140-143,

Kartus J, Stener S, Lindahl S, et al. Factors affecting donor-site
morbidity after anterior cruciate ligament reconstruction using
bone-patellur tendon-bone autografts. Knee Surg Sports Traumatol
Arthrosc 1997:5:222-228.

Marumoto JM, Mitsunaga MM, Richardson AB, et al. Late patellar
tendon ruptures after removal of the central-third for anterior cruci-
ate ligament reconstruction: a report of two cases. Am J Sports Med
1996;24:698-701.

Rosenberg TD, Franklin JL, Baldwin GN, et al. Extensor mecha-
nism function after patellar tendon graft harvest for anterior cruciate
ligament reconstruction, Am J Sports Med 1992;20:519-526.
Wetzler MJ, Bartolozzi AR, Gillespie MJ, et al. Revision anterior cru-
ciate ligament reconstruction. Oper Tech Orthop 1996;6:181-189.
Shelbourne KD, Patel DV. Management of combined injuries of the
anterior cruciate and medial collateral ligaments. Instr Course Lect
1996:45:275-280.

Karlson JA, Steiner ME, Brown CH, et al. Anterior cruciate liga-
ment reconstruction using gracilis and semitendinosus tendons.
Comparison of through the condyle and over the top graft place-
ments. Am J Sports Med 1994;22:659-666.

Kohn D, Saunder-Beuermann A. Donor-site morbidity after harvest
of a bone-tendon-bone patellar tendon autograft. Knee Surg Sports
Traumatol Arthrose 1994;2:219-223,

65.

67.

68.

69.

70.

71.

72,

73.

74,

75.

76.

77.

78.

79.

80.

81.
82

83.

85,

86.

87.

88.

Noyes FR, Barber-Westin SD. Treatment of complex injuries
involving the posterior cruciate and posterolateral ligaments of the
knee. Am J Sports Med 1996,9:200-214.

Brownstein B, Bronner 5. Patella fractures associated with acceler-
ated ACL rehabilitation in patients with autogenous patellar tendon
reconstructions. J Orthop Sports Phys Ther 1997.26:168-172.
Shelbourne KD, Gray T. Anterior cruciate ligament reconstruction
with autogenous patellar tendon graft followed by accelerated reha-
bilitation. A two- to nine-year follow-up. Am J Sports Med
1997,25:786-795.

Spindler KP, Schils IP, Bergfeld JA, et al. Prospective study of
osseous, articular, and meniscal injuries in recent anterior cruciate
ligament tears by magnetic resonance imaging and arthroscopy. Am
J Sports Med 1993;21:551-557.

Stdubli H-U. Arthroscopically assisted ACL reconstruction using
autologous quadriceps tendon. In: Jakob RP, Sthubli H-U, eds. The
knee and the cruciate ligaments. Berlin: Springer-Verlag,
1992:443-451.

Johnson DL, Fu FH. Anterior cruciate ligament reconstruction: why
do failures oceur? Instr Course Lect 1995;44:391-406.

Holmes PF, James SL, Larson RL, et al. Retrospective direct com-
parison of three intraanticular anterior cruciate ligament reconstruc-
tions. Am J Sports Med 1991;19:596-600.

Howe JG, Johnson RJ, Kaplan MS, et al. Anterior cruciate ligament
reconstruction using quadriceps patellar tendon graft. Part I: long-
term follow-up. Am J Sports Med 1991;19:447-457,

Vail TP, Malone TR, Bassett FH I11. Long-term functional results in
patients with anterolateral rotatory instability treated by iliotibial
band transfer. Am J Sports Med 1992;20:274-282.

Williams RJ, Wickiewicz TL, Warren RF. Management of unicom-
partmental arthritis in the anterior cruciate ligament-deficient knee.
Am J Sports Med 2000;28(5):749-760.

Graf B, Simon T, Jackson DW. Tsometric placement of substitutes for
the anterior cruciate ligament. In: Jackson DW, Drez D Jr, eds. The
anterior cruciate deficient knee. St. Louis: Mosby, 1987:102-113.
Hefzy MS, Grood ES, Noyes FR, Factors affecting the region of the
most isometric femoral attachment. Part II: the anterior cruciate lig-
ament. Am J Sports Med 1989;17:208-216.

Jackson DW, Gasser SI. Tibial tunnel placement in ACL reconstruc-
tion. Arthroscopy 1994;10:124-131.

Bylski-Austrow DI, Grood ES, Hefzy MS, et al. Anterior cruciate
ligament replacements: a mechanical study of femoral attachment
location, flexion angle at tensioning, and initial tension. J Orthop
Rex 1990;8:522-531.

Howell SM, Clark JA, Farley TE. A rationale for predicting anterior
cruciate graft impingement by the intercondylar roof: a MRI study.
Am J Sports Med 1991;19:276-281.

Noyes FR, Butler DL, Grood ES, et al. Biomechanical analysis of
human ligament grafts used in knee ligament repairs and recon-
structions. J Bone Joint Surg Am 1984:66:344-352,

Corsetti JR, Jackson DW. Failure of anterior cruciate ligament
reconstruction. The biologic basis. Clin Orthop 1996;323:42-49,
Burks RT, Leland R. Determination of graft tension before fixation
in anterfor cruciate ligament reconstruction. Arthroscopy
1988:4:260-266.

Yasuda K, Tsujino J, Tanabe Y, et al. Effects of initial graft tension
on clinical outcome after anterior cruciate ligament reconstruction,
Autogenous doubled hamstring tendons connected in series with
polyester tapes. Am J Sports Med 1997;25:99-106.

Yoshiya §, Andrish JT, Manley MT, et al. Graft tension in anterior
cruciate ligament reconstruction: an in vivo study in dogs. Am J
Sports Med 1987:15:464-470.

Butler DL. Evaluation of fixation methods in cruciate ligament
replacement. Instr Course Lecr 1987;23:173-183.

Matthews LS, Soffer SR. Pitfalls in the use of interference screws
for anterior cruciate ligament reconstruction. Arthroscopy
1989;5:225-226.

Tanzer M, Lenczner E, The relationship of intercondylar notch size
and content in notchplasty requirement in anterior cruciate ligament
surgery. Arthroscopy 1990,6:89-93.

Noyes FR, Stowers SF, Grood ES, et al. Posterior subluxations of
the medial and lateral tibiofemoral compartments. An in vitro liga-
ment sectioning study in cadaveric knees. Am J Sports Med
1993;21:407-414.



89.

91.

92,

93.

95.

96.

97.

98,

99.

101,
102,

103.

105.

106.
107.

108,

110.

111,

112,

113.

114,

115.

REVISION ANTERIOR CRUCIATE LIGAMENT SURGERY / 761

Paulos LE, Rosenberg TD, Parker RD. The medial knee ligaments:
pathomechanics and surgical repair with emphasis on the external-
rotation pivot-shift test. Tech Orthop 1987;2:37-46.

Kurosaka M, Yoshiya S, Andrish JT. A biomechanical comparison
of different surgical techniques of graft fixation in anterior cruciate
ligament reconstruction. Anm J Sports Med 1987;15:225-229.
Hamner DL, Brown CH, Steiner ME, et al. Hamstring tendon graft
for reconstruction of anterior cruciate ligament: biomachanical eval-
uation of the use of multiple stands and tensioning techniques, J
Bone Joint Surg Am 1999:81:549-557.

Safran MR, Harner CD. Technical considerations of revision ante-
rior cruciate ligament surgery. Clin Orthop 1996;323:50-64.
Schrock KB, Jackson DW. Allograft reconstruction of the anterior
cruciate ligament: basic science. Oper Tech Sports Med 1995;3:
139-147,

Rasmussen TJ. Feder SM, Butler DL, et al. The effects of 4 Mrad of
gamma irradiation on the initial mechanical properties of bone-
patellar tendon-bone grafts. Arthroscopy 1994;10:188-197,

Jackson DW, Grood ES, Goldstein J, et al. A comparison of patellar
tendon autograft and allograft used for anterior cruciate ligament recon-
struction in the goat model, Am J Sports Med 1993:21;176-185.

Amiel D, Kleiner JB, Akeson WH. The natural history of the ante-
rior cruciate ligament autograft of patellar tendon origin. Am J
Sports Med 1986;14:449-462.

Amiel D, Kleiner JB, Roux RD. et al. The phenomenon of ligamen-
tization anterior cruciate ligament reconstruction with autogenous
patellar tendon. J Orthop Res 1986:4:162-172.

Arnocrky SP, Warren RF, Ashlock MA. Replacement of the anterior
cruciate ligament using a patellar tendon allograft. An experimental
study. J Bone Joint Surg Am 1986,68:376-383.

Hamer CD, Fu FH. Immune response to allograft ACL reconstruc-
tion. Am J Knee Surg 1993;6:45-50).

Sommerlath K, Lysholm J, Gillquist J. The long-term course after
treatment of acute anterior cruciate ligament ruptures. ‘A 9 to 16
year follow-up. Am J Sport Med 1991:19:156-162.

Carson EW, Warren RF, O'Brien SO. Revision anterior ligament
reconstruction. Am J Knee Surg (in press).

Noyes FR, Barber-Westin SD, Roberts CS. Use of allografts after
failed treatment of the anterior cruciate ligament. J Bone Joint Sure
Am 1994;76:1019-1031.

Fideler BM, Vangsnesst T, Moore T, et al. Effect of gamma radia-
tion on the human immunodeficiency virus. A study in frozen
human patellar tendon grafts obtained from infected cadavers. J
Bone Joint Surg Am 1990:76:1032-1035.

Yaru NC, Daniel DM, Penner D. The effect of tibial attachment site
on graft impingement in an anterior cruciate ligament reconstruc-
tion. Am J Sports Med 1992;20:217-220,

Levy T, Torzilli PA, Warren RF. The effect of medial meniscec-
tomy on anterior-posterior motion of the knee. J Bone Joint Surg
Am 1982;64:883-888.

Reference deleted in text.

Brown CH, Sklar JH, Hecker AT. et al. Endoscopic anterior cruciate
ligament graft fixation. In: Book of Abstracts: 10th Combined
Orthopaedic Association Meeting. New Zealand, 1998,

Stiubli H-U, Schatzmann L, Brunner L. Quadriceps tendon and patel-
lar ligament: cryosectional anatomy and structural properties in
young adults, Knee Surg Sports Traumarol Arthrose 1996:4:100-110.
Stiubli H-U. The quadriceps tendon-patellar bone construct for
ACL reconstruction. Sports Med Arthrosc Rev 1997:5:59-67,
Pumnell ML, Lamoreaux L. Autogenous quadriceps tendon ACL
revision reconstruction: long-term follow-up study. In: Book of
Abstracts: Sports Medicine 2000, Stockholm, 1995:65.

Proctor CS, Jackson DW, Simon TM. Characterization of the repair
tissue after removal of the central one-third of the patellar ligament.
J Bone Joint Surg Am 1997;79:997-1006.

LaPrade RF, Hamilton CD, Montgomery RD, et al. The reharvested
central third of the patellar tendon. A histologic and biomechanical
analysis. Am J Sports Med 1997:25:779-785.

Rubinstein RA, Shelbourne KD, VanMeter CD, et al. Isolated
autogenous bone-patellar tendon-bone graft site morbidity. Am J
Sports Med 1994;22:324-327.

Muller W, Kinematics. In: The knee: form, function, and ligament
reconstruction. New York: Springer-Verlag, 1983:8.

Noyes FR, Schipplein OD, Andriacchi TP, et al, The anterior cruci-

116.

117.
118,

119.

120,

121,

122

123.
124,

125.

126.

127.

128,

129.
130.

131.

133.

134,
135,
136.
137,
138.
139,

140.

141.
142,

143,
144,

145.

146.

147.

148.
149,
150.
151,
152,

ate ligament-deficient knee with varus alignment: an analysis of gait
adaptation and dynamic joinL. Am J Sports Med 1992:20:707-716.
Veltri DM, Warren RF. Posterolateral instability of the knee. J Bone
Joint Surg Am 1994;76:460-472.

Allen CR, Wong EK, Livesay GA, et al. Importance of medial
meniscus in the anterior cruciate ligament deficient knee. J Orthop
Res 2000,18:109-115.

Levy IM, Torzilli PA, Gould JD, et al. The effect of lateral menis-
cectomy on the motion of the knee. J Bone Joimt Surg Am
1989;71:401-406.

Garrett JC. Meniscal transplantation: a review of 43 cases with 2 to
7 year follow-up. Sports Med Arthose Rev 1993;1:164-167.

Alm A, Gillguist J. Reconstruction of anterior cruciate ligament by
using the medial third of the patellar ligament. Treatment and
results. Acta Chir Scand 1974;140(4):289-296.

Healy WL, Barber TC. The role of osteotomy in the treatment of
osteoarthritis of the knee, Am J Knee Surg 1990,3:97-109,
Shelbourne KD, Stuube KC. Anterior cruciate ligament (ACL)-defi-
cient with degenerative arthrosis: treatment with an isolated autoge-
nous patellar tendon ACL reconstruction. Knee Surg Sports
Traumatol Arthrose 1997,5:150-156.

Shelbourne KD, Wilckens TH. Intraarticular anterior cruciate ligament
in the symptomatic arthritic knee. Am J Sports Med 1993:21:685-688.
Noyes FR, Barber-Westin SD. Anterior cruciate ligament recon-
struction with autogenous patellar tendon graft in patients with
articular cartilage damage. Am J Spores Med 1997;25:626-634.
Holden DL, James ST, Larson RL, et al. Proximal tibial osteotomy
in patients who are fifty years old or less: a long-term follow-up
study. J Bone Joint Surg Am 1988,70:977-982.

Dejour H, Neyret P, Boileau P, et al. Anterior cruciate ligament
combined with valgus tibial osteotomy. Clin Orthop 1994;220-228.
Lattermann C, Jakob RP. High tibial osteotomy alone or combined
with ligament reconstruction in anterior cruciate ligament-deficient
knees. Knee Surg Sports Traumatol Arthrosc 1996;4;32-38.

Wirth CJ, Kohn D. Revision anterior cruciate ligament surgery:
experience from Germany. Clin Orthop 1996:323:110-115.
Reference deleted in text.

Bach BE, Malinen T, Brown M. Bone transplantation and HIV: an
estimated risk of AIDS. Clin Orthop 1989;240:129-134.

Bonatus TJ, Alexander AH. Patellar fracture and avulsion of the
patellar ligament complicating arthroscopic anterior cruciate liga-
ment reconstruction. Orthop Rev 1991;20:770-774. )
Breitfuss H, Frihlich R, Povacz P, et al. The tendon defect after
anterior cruciate ligament reconstruction using the mid third patellar
tendon—a problem for the patellofemnoral joimt? Knee Surg Sports
Traumatol Arthrosc 1996;3:194-198.

Cooper DE, Wilson TW. Clinical failure of tibial interference screw
fixation after anterior cruciate ligament reconstruction. Am J Sports
Med 1996;24:693-697.

Reference deleted in text.

Reference deleted in text.

Reterence deleted in text.

Reference deleted in text,

Reference deleted in text.

LaPrade RF. Terry GC. Montgomery RD, et al. The effects of
aggressive notchplasty on the normal knee in dogs. Am J Sports
Med 1998;26:193-200.

Larson RV, Erickson D. Complications in the use of hamstring ten-
dons for anterior cruciate ligament reconstruction. Sports Med
Arthrose Rev 1997:5:83-90.

Reference deleted in text.

Miller MD. Revision cruciate ligament surgery with retention of
femoral interference screws. Arthroscopy 1997:14:111-114.
Reference deleted in text.

Reference deleted in text.

Reference deleted in text.

Noyes FR. An unresolved dilemma: treatment of injuries to the pos-
terolateral knee structures. A J Knee Surg 1993:6:95.

Reference deleted in text.

Reference deleted in text.

Reference deleted in text.

Reference deleted in text.

Reference deleted in text.

Reference deleted in text.



762 / CHAPTER 46

153,

154.

155.
156.

157.
158.

Shelbourne KD, Gray T. Results of anterior cruciate ligament
reconstruction based on meniscus and articular cartilage status at
the time of surgery. Five to fifteen year evaluations. Am J Sports
Med 2000;28:446-452.

Shelbourne KD, Patel DV, Timing of surgery in anterior cruciate
ligament-injured knees. Knee Surg Sports Trawmatol Arthrosc
1995;3:148-156.

Reference deleted in text.

Speer KP. Spritzer CE, Bassett FH. Osseous injury associated with
acute tears of the anterior cruciate ligament. Am J Sports Med
1992:20:382-389.

Reference deleted in text.

Reference deleted in text.

159.
160.
161.
162.
163.
164.

165.

Veltri DM, Warren RF. Operative treatment of posterolateral insta-
bility of the knee. Clin Sports Med 1994;13:615-627.

Reference deleted in text.

Reference deleted in text.

Reference deleted in text.

Woo SL-Y, Hollis JM, Adams DI, et al. Tensile properties of the
human femur-anterior cruciate ligament—tibia complex: the effect of
specimen age and orientation. Am J Sports Med 1991;19:217-225.
Cooper DE, Deng X. The strength of the central third patellar ten-
don graft. A biomechanical study. Am J Sparts Med 1993:818-823.
Hughston JC, Eilers AF. The role of posterior obligue ligament of
acute medial (collateral) ligament tears of the knee, J Bone Joint
Surg Am 1973;55:923-040,


http://www.tcpdf.org



