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Revision Anterior Cruciate Ligament Surgery

Bernard R. Bach, Jr, M.D.

Anterior cruciate ligament (ACL) reconstruction
surgery is one of the most frequently performed
operative procedures in orthopaedic surgery. There
are estimates that 100,000 new ACL injuries occur
annually. Marked improvements have occurred in the
last 15 years with regard to graft selection, tunnel
placement, graft fixation, and rehabilitation that have
resulted in predictable outcomes for ACL surgery
using patellar tendon, hamstring, quadriceps tendon,
autograft, and alograft tissues. Nevertheless, most
studies report a clinical failure rate of between 10%
and 15% at short- and intermediate-term follow-
ups.3 Increasing numbers of ACL reconstruction
failures are being seen.#11 The purpose of this article
is to discuss the etiology of failure, approaches to the
failed ACL patient, surgical technique issues, and
results of revision ACL surgery.”

The author has been in practice since 1986 and has
performed nearly 1,200 ACL reconstructive surgeries.
Patellar tendon autograft has been the predominant
graft source in over 90% of the primary ACL surger-
ies, and between 75 and 100 ACL reconstructions are
performed annually. Of note is that my personal revi-
sion rate has been less than 1%, although our clinica
follow-up studies would suggest a 10% failure rate.
Currently, between 5 and 10 ACL failures are revised
annually; the majority of these patients are referred to
our center. Nonirradiated patellar tendon allografts are
the primary graft choice in the maority of these pa-
tients.

My revision experience is reflective of the matura-
tion of my practice. In the first 5 years of, between
1986 and 1991, | had minimal experience (n = 2) with
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revision surgery. In the second 5 years, between 1991
and 1996, 19 patients underwent revision reconstruc-
tion. In the third 5-year period, 34 patients were re-
ferred for revision surgery. Over the last 2 years
(2001-2003) 26 revisions were performed. Through
September 2003, the author has performed 81 revision
ACL reconstructions, 71 of whom were referred to our
practice. More than 80% of these patients underwent
nonirradiated patellar tendon alograft revision sur-
gery (Fig 1), 15% underwent patellar tendon autograft
revision, and in 5% of the patients other tissues were
used. The magjority of patients referred to our practice
had failed patellar tendon autograft surgery. Thirty-
three of 34 of these individuals underwent revision
endoscopically; 19 were initialy reconstructed endo-
scopically and 14 were performed using a 2-incision
arthroscopic technique. This is reflective of the patel-
lar tendon being the predominant graft choice in the
Chicago area. Eight patients had a primary allograft
reconstruction, 2 of whom were revised with a patellar
tendon autograft and 6 were revised with a nonirradi-
ated patellar tendon alograft performed endoscopi-
caly. Six patients had a primary hamstring recon-
struction, 4 of whom were revised with a patellar
tendon autograft, and 2 with a patellar tendon allo-
graft. One individual reconstructed with a patellar
tendon autograft was revised as a hamstring 2-incision
technique. Failed extra-articular primary reconstruc-
tions and primary repairs with augmentation were
excluded. This underscores the need to have a variety
of options available with regards to revision recon-
struction.

ETIOLOGY OF FAILURE

It is well documented in the literature that the ma-
jority of patients, when carefully analyzed, have a
technical component that may contribute to graft fail-
ure. If areconstruction fails within the first 6 months,
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Ficure 1. A nonirradiated whole patellar tendon allograft with
quadriceps tendon.

atechnical component usually playsarole (C. Harner,
personal communication, May 2, 2003). This is gen-
eraly related to tunnel placement. Common technical
errorsinclude an anteriorized femoral tunnel (Fig 2), a

Ficure 2. Thislateral view shows the concept of a nonanatomic
initial femoral tunnel with anonoverlapping secondary tunnel. This
situation generally will not require hardware removal or primary
grafting. (Reprinted with permission from Bach BR Jr, Mazzocca
A, Fox JA. Revision anterior cruciate ligament surgery. In: Grana
WA, ed. Orthopaedic knowledge online. Rosemont, IL: American
Academy of Orthopaedic Surgeons, 2003. Available a www.
aaos.org/oko. Accessed May 15, 2003.7)
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Ficure 3.  Anteroposterior view of right knee shows the concept
of avertically oriented femoral tunnel (1). The initia tibial tunnel
was been placed in a sagittal plane, thus impacting femoral socket
creation and reorientation of tunnels using the divergent tunnel
concept. Note that there is minimal overlap on the femoral tunnels
and there should be an adequate femoral tube to allow unstaged
grafting. The initial femoral screw (1) can be advanced to preclude
the possihility of having to bone graft this defect. On thetibial side,
the reoriented tibial tunnel provides adequate intact tube to allow
for fixation. If thereis significant overlap with these tunnels, it may
necessitate using a stacked screw fixation to provide distal fixation.
(Reprinted with permission from Bach BR Jr, Mazzocca A, Fox
JA. Revision anterior cruciate ligament surgery. In: Grana WA, ed.
Orthopaedic knowledge online. Rosemont, IL: American Academy
of Orthopaedic Surgeons, 2003. Available at www.aaos.org/oko.
Accessed May 15, 2003.7)

vertically oriented femoral tunnel (Fig 3), anteriorized
tibia tunnel (Fig 4), a posteriorized tibia tunnel (Fig
5) and, less frequently, a posterior cortical “blow out”
(Fig 6). Inadequate graft fixation may play arolein
failure with marked femoral screw divergence, os-
teopenic bone, or graft construct mismatch resulting in
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Ficure 4. Latera view shows a nonoverlapped femora tunnel
and an overlapped tibial tunnel. In this situation, to provide an
anterior tunnel buttress, stacked screw fixation may be necessary to
provide adequate fixation at the time of revision. (Reprinted with
permission from Bach BR Jr, Mazzocca A, Fox JA. Revision
anterior cruciate ligament surgery. In: Grana WA, ed. Orthopaedic
knowledge online. Rosemont, IL: American Academy of Ortho-
paedic Surgeons, 2003. Available at www.aaos.org/oko. Accessed
May 15, 2003.7)

inadequate tibial fixation.1213 Several patients have
presented to our office with loss of fixation on the
femoral side with intra-articular migration of the fem-
oral bone plug (Fig 7).1* Inadequate primary graft
source may be a contributing factor either with a
narrow patellar tendon autograft or inadequate con-
struct. Recent biomechanical testing has demonstrated
that hamstring autograft tissue with multiple loop con-
structs provide excellent strength but fixation, incor-

poration and creep may play factors in potential fail-
ure.’5>21 Biological issues with regard to hyper-elastic
individuals and graft incorporation failure may con-
tribute to failures. Medialization of the tibial tunnel
may result in graft abrasion occurring secondary to
impingement on the posterior cruciate ligament. Lat-
eral wall abrasion, roof impingement, or interference
screw abrasion may contribute to failure. Finally, un-
recognized or unaddressed patholaxities may contrib-
ute to primary graft failure. These include loss of a
secondary restraint, such as a medial meniscectomy,
chronic medial collateral ligament laxity, or unrecog-
nized posterolateral laxity.?? Finaly, the internal bio-
logic milieu in an individual with early degenerative
joint disease may create a hostile environment for
graft incorporation and maturation.

Ficure 5. Thislateral view shows the problem of an excessively
posteriorized tibial tunnel. It is less problematic when a bone-
tendon-bone graft has been used but can be a significant problem
when soft tissue grafts are used. The revision tibial tunnel has been
anteriorized and has minima overlap. Primary or staged bone
grafting may be necessary in situations where a soft tissue graft has
been used at the time of the initial reconstruction. (Reprinted with
permission from Bach BR Jr, Mazzocca A, Fox JA. Revision
anterior cruciate ligament surgery. In: Grana WA, ed. Orthopaedic
knowledge online. Rosemont, IL: American Academy of Ortho-
paedic Surgeons, 2003. Available at www.aaos.org/oko. Accessed
May 15, 2003.7)
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Ficure 6. Thisright knee arthroscopic photograph shows that the
over-the-top posterior cortex has been violated. The depth and
involvement of the circumference of the “blow out” may impact
whether this may be salvaged as a pure endoscopic technique or
transitioned to a 2-incision approach. (Reprinted with
permission.25)

It is critical when assessing patients in the office to
attempt to determine the cause of failure. Radiograph-
icaly, one should be able to determine whether the
femoral or tibial tunnels are inadequately positioned.
We have noted a transition from anteriorized femoral
tunnels to vertically oriented femora tunnels as a
contributing technical cause of failure (Fig 3). As
surgeons have made a transition to an endoscopic
technique, many have not recognized the importance
of tibial tunnel orientation and how it impacts on

Ficure 7. This sagittal magnetic resonance image shows aloss of
fixation of the femoral bone plug that contributed to failure in this
individual. This patient presented for consultation and transfer of
care, mechanical symptoms, and instability. Nonirradiated all ograft
was used for revision surgery.

Ficure 8. Right knee lateral view shows a nonanatomic over-
lapped femoral tunnel. This may be problematic in that there may
be anterior wall insufficiency. Depending on the amount of expan-
sion and the amount of overlap, this may necessitate a staged bone
grafting procedure that may be approached with a primary grafting
of the femoral tunnel redrilling of the revision tunnel. (Reprinted
with permission from Bach BR Jr, Mazzocca A, Fox JA. Revision
anterior cruciate ligament surgery. In: Grana WA, ed. Orthopaedic
knowledge online. Rosemont, IL: American Academy of Ortho-
paedic Surgeons, 2003. Available at www.aaos.org/oko. Accessed
May 15, 2003.7)

femoral tunnel placement. Although radiographically
surgeons are much more consistent about placing the
femoral tunnel posterior in contrast to the 2-incision
technique, the anteroposterior radiographs frequently
demonstrate a vertically oriented graft. This may re-
sult in what is interpreted as a near normal Lachman
test with a firm endpoint, but unfortunately does not
control rotation. Therefore, patients may have low
KT-1000 side-to-side differences, clinical complaints
of instability and demonstrable low-grade pivot-shift
tests.2324 The other technical error that appears to be
evolving is a transition from an anteriorized tibial
tunnel to a posteriorized tibial tunnel (Fig 7). Once
again, thisisreflective of atransition from a2-incision
technique to an endoscopic technique.
Radiographically, one should attempt to determine
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Ficure 9. Thisright knee |ateral view shows tunnel expansion of
both the tibial and femoral tunnel. In this situation, a staged bone
grafting procedure would be recommended. (Reprinted with per-
mission from Bach BR Jr, Mazzocca A, Fox JA. Revision anterior
cruciate ligament surgery. In: Grana WA, ed. Orthopaedic knowl-
edge online. Rosemont, IL: American Academy of Orthopaedic
Surgeons, 2003. Available at www.aaos.org/oko. Accessed May
15, 2003.7)

whether the bone tunnel s are anatomic or nonanatomic
(Figs 2 and 8). Additionally, one must determine
whether these tunnels are expanded or nonexpanded
and whether they are overlapped or nonoverlapped
(Fig 9). This may impact decisions for staged revision
surgery or customized bone grafts. Figure 2 shows
nonanatomic nonoverlapped femora tunnels. In this
situation, revision can easily be performed without
concerns for customized graft or staged grafting. Fig-
ure 8 shows a nonanatomic overlapped tunnel, which
is more problematic. If this is not recognized preop-
eratively, one may place the graft back into the orig-

inal malpositioned tunnel or the graft may have inad-
equate graft fixation. In this situation, depending on
the amount of overlap, one may need to primarily
graft the abnormally positioned tunnel and return in a
staged fashion to perform the definitive revision. The
senior author has performed staged procedures infre-
quently, whereas some surgeons prefer them (C.
Harner, personal communication, May 2, 2003). Our
choice of using nonirradiated bone-tendon-bone alo-
graft provides flexibility that allows us to potentially
customize the bone plugs to compensate for potentia
graft tunnel overlap.

It is important to recognize that, at the time of the
index reconstruction, the posterior cortical wall (i.e.,
the over-the-top position) may have been purposely or
inadvertently blown out (Fig 10). Some surgeons pre-
fer to purposely blow out the posterior cortical edge so
that they can maximize posterior placement of their

Ficure 10. Thisright knee lateral view shows a posterior cortical
wall “blow out” at the time of index reconstruction. The orientation
of the femoral tunnel using divergent tunnel concept may allow for
revision endoscopic or 2-incision revision reconstruction. (Re-
printed with permission from Bach BR Jr, Mazzocca A, Fox JA.
Revision anterior cruciate ligament surgery. In: Grana WA, ed.
Orthopaedic knowledge online. Rosemont, IL: American Academy
of Orthopaedic Surgeons, 2003. Available at www.aaos.org/oko.
Accessed May 15, 2003.7)



REVISON ACL SURGERY 19

Ficure 11. In the event of posterior cortical wall insufficiency,
EndoButton fixation is an excellent aternative with or without
interference screw aperture fixation. (Reprinted with permission
from Bach BR Jr, Mazzocca A, Fox JA. Revision anterior cruciate
ligament surgery. In: Grana WA, ed. Orthopaedic knowledge on-
line. Rosemont, IL: American Academy of Orthopaedic Surgeons,
2003. Available at www.aaos.org/oko. Accessed May 15, 2003.7)

graft. This has been proposed by some hamstring
advocates (P. Fowler, personal communication,
March 2003). One should aso be cognizant of previ-
ous Gore-Tex prosthetic graft reconstructions (W.L.
Gore, Tempe, AZ). These were performed with an
over-the-top 2-incision or arthrotomy technique and
the over-the-top position was purposely grooved. In
these situations, one may not be able to radiographi-
caly discern that the posterior cortical wall has been
violated. If, at the time of revision surgery, the pos-
terior cortical wall is determined to be incompetent,
there are severa technical options (Fig 11). These
include over-the-top fixation, creation of an endo-
scopic femoral socket, and using extra-cortical fixa
tion such as an EndoButton (Arthrex, Naples, FL) or

conversion to a standard 2-incision approach with an
altered orientation of outside-in femoral tunnel dril-
ling.

Osseous tunnel expansion can present its own set of
technical challenges (Fig 9). Most often, this can be
appreciated radiographically, but in specific situations,
imaging studies, either magnetic resonance imaging
or, preferably, computed tomographic scanning, is
advisable. These include the use of soft tissue graftsas
it appears that expansion occurs more commonly with
the use of hamstring constructs and certainly more
commonly with an Achilles tendon alograft or pros-
thetic implants such as a Gore-Tex graft or a ligament
augmentation device (LAD; 3M, Minneapolis, MN).
In any patients who had a Gore-Tex graft we would
consider obtaining further imaging to better delineate
the magnitude of tunnel expansion. Revision surgery
following Gore-Tex graft usage or an LAD creates
particularly adherent tissue to the osseous walls and,
therefore, during the course of removal of this tissue
can result in further expansion and violation of the
tunnels. Index reconstructions performed with these
constructs may require primary bone grafting with
secondarily staged revision reconstruction (Fig 12).

An important principle is the “divergent tunnel”
concept (Figs 3 and 13).1325 |t is important to recog-
nize the intra-articular anatomic site as the ACL can
be approached from severa different orientations. For
example, radiographically, the angle of femoral tunnel
drilling differs with an endoscopic technique despite
identical tissue placement (Fig 14). As many endo-
scopic failures may result in amore vertically oriented
femoral tunnel, one can approach the revision with a
2-incision arthroscopic approach that resultsin amore
divergent tunnel and an intact femoral tube, which
would allow rigid graft fixation (Fig 15).

The divergent tunnel concept can be applied to
either the femoral or tibial tunnel. For example, the
tibial tunnel is frequently placed in a more sagittal
orientation (Fig 3). To achieve proper orientation of
the femora tunnel, one can use a more media en-
trance site on the tibial metaphysis and once again
achieve a nearly intact tibial osseous tube for graft
fixation.

Another issue that needs to be considered preoper-
atively is pre-existing hardware. The surgeon must
determine whether the hardware must be removed or
whether it can be potentially by-passed (Fig 16).26
Hardware removal is not mandatory. Nevertheless,
one may approach the procedure with the hopes of
bypassing the hardware and determine intraopera-
tively that it needs to be removed. The surgeon must
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Ficure 12. (A) A significant tunnel expansion, (B) staged bone
grafting, and (C) redrilling of the tibial tunnel are shown. Revision
should be deferred for at least 4 months after grafting. (Reprinted
with permission from Bach BR Jr, Mazzocca A, Fox JA. Revision
anterior cruciate ligament surgery. In: Grana WA, ed. Orthopaedic
knowledge online. Rosemont, IL: American Academy of Ortho-
paedic Surgeons, 2003. Available at www.aaos.org/oko. Accessed
May 15, 2003.7)
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Ficure 13. This right knee flexed-knee notch view shows the
concept of the divergent cone, which can be applied either to an
endoscopic or 2-incision technique. (Reprinted with permission.13)

also give consideration for the potential problem of a
stripped screw and have a game plan for hardware
removal. It is important to recognize that there are a
variety of interference screws that are commercially
available that have different dimension hexagonal
screw head recesses (Fig 17). In addition, one com-
mercialy available screw requires a threaded inserter

Ficure 14. Three-dimensional computed tomography cadaveric
reconstruction of endoscopic and 2-incision tunnels that have been
drilled and filled with barium sulfate. It shows the differences in
their orientation by the common intra-articular placement. (Re-
printed with permission.2s)

Ficure 15. Inthe situation of afailed endoscopic reconstruction,
one can either revise endoscopically or convert to a 2-incision
technique. In part, this may be related to how much tunnel expan-
sion or overlap may exist. Conversely, if the initial procedure was
a 2-incision technique that failed, one could make atransition to a
revision endoscopic technique. (Reprinted with permission from
Bach BR Jr, Mazzocca A, Fox JA. Revision anterior cruciate
ligament surgery. In: Grana WA, ed. Orthopaedic knowledge on-
line. Rosemont, IL: American Academy of Orthopaedic Surgeons,
2003. Available at www.aaos.org/oko. Accessed May 15, 2003.7)

and extractor (Instrument Makar, Okemos, MI).26
When performing revision ACL surgery, one needs to
have a complete set of screwdrivers available as well
as easy-in and easy-out screw extractors. There are
commercially available revision ACL hardware re-
moval sets available. Staple removal aong the media
tibid metaphyseal cortex may be problematic. In
some circumstances, this may result in considerable
cortical bone violation, which potentially may impact
graft fixation. This may necessitate augmentation fix-
ation at the time of revision surgery, may alter weight-
bearing status, or may necessitate a staged bone graft-
ing and reconstruction procedure.
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Ficure 16. This left knee anteroposterior radiograph shows the
initial hardware from a 2-incision patellar tendon autograft tech-
nique as well as the revision hardware. Note that the femoral
screws have been bypassed. On the tibia side, the more proximal
screw was removed for initial tunnel drilling and then reinserted to
provide a buttress.

Preoperatively, patient education is extremely im-
portant. Often, these patients are frustrated because
they have had a failed procedure that did not meet
their expectations. It is critical that this be approached
as a salvage type of procedure and that the surgeon
and patient’s expectations be tempered. Our clinica
results certainly reflect this with arecent review of our
revision ACL experience. (Fox J, et a. Revision ACL
reconstruction with nonirradiated patellar tendon alo-
graft using immediate weightbearing and an acceler-
ated rehabilitation. Presented at Annual Meeting of
Arthroscopy Association of North America, Phoenix,
AZ, April 2003, submitted for publication). This ap-
pliesto the patient’ s recovery, rehabilitation, potential
weight-bearing status, and time to return to sporting

activities, as well as, potentialy, the types of sporting
activities allowed.

GRAFT SELECTION ISSUES

There are a variety of grafts used for revision ACL
surgery. This is dependent on the individual and the
surgeon’s preference. For example, in our practice, if
the patient has had a primary hamstring failure, we
will discuss with the patient consideration of a patellar
tendon autograft for revision surgery. If the patient has
had a previous patellar tendon autograft used, our
discussion is consideration of a nonirradiated patellar
tendon alograft or contralateral patellar tendon au-
tograft. We have had a difficult time presenting con-
tralateral graft usage to our patient population. Many
of these individuals do not want to have their normal
knee surgically violated. In general, Achilles tendon
alografts, quadriceps tendon autografts or allografts,
tibialis anterior alografts, hamstrings, or prosthetic
grafts are not used in our practice. Although there are
many advocates of hamstrings for revision surgery,
intuitively it makes little sense because many of these
patients have expanded tunnels and one of the keys to
hamstring reconstruction is having appropriate “fit and
fill” of the graft and its host tunnel. As previously
described, the majority of our patients who have un-

L]

Ficure 17. A variety of interference screws are commercially
available. The screw on the upper left, manufactured by Instrument
Makar, has a threaded insert rather than a hexagonal screwdriver
recess. Different manufacturers use different sized hexagonal re-
cesses. (Reprinted with permission.26)
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dergone revision surgery had nonirradiated patellar
tendon allografts.

ALLOGRAFT CONSIDERATIONS

We have used nonirradiated patellar tendon grafts
since 1986. There are issues that are specific to the use
of allograft. Specific informed consent is necessary.
Patients need to know that the tissues are tested for
bacteria, hepatitis, HIV, and Jacob-Creutzfeldt dis-
ease. Nevertheless, despite the use of preliminary
chain reaction enzyme (PCR) testing, there is not a
100% chance of preventing potential disease transmis-
sion. Some surgeons are advocates of freeze-dried
allograft tissues maintaining that no disease has been
reportedly contracted from a freeze-dried alograft.
Cryopreserved allografts or ethylene oxide second-
arily sterilized grafts have not been used. We have
used used one tissue bank since 1986 that is a not-for-
profit organization. It is important to recognize that
there can be up to 4 rejections of tissues from different
tissue banks; hence, our preference is to use a not-for-
profit tissue bank where there are fewer pressures to
use potentially margina tissue. Nonirradiated rather
than irradiated grafts are preferred.27:28 Historically, it
was felt that lower level radiation (e.g., 2.5 m/rad)
would protect and secondarily sterilize the tissue from
HIV and hepatitis vira particles. Studies have found
that it takes up to 4 m/rad to effectively kill these viral
particles.1228 However, lower dosage of radiation is
helpful for surface bacterial contamination. Our con-
tention is that irradiated tissues mechanically do not
compare to nonirradiated tissues.2” Another important
consideration is that of availability and cost. Allo-
grafts may in general range between $800 and $2,000.
Most insurance companies cover the charges for an
alograft, particularly in revision situations. The in-
creasing demand for the use of alografts has resulted
in some tissue banks providing hemipatellar tendon
alografts. The hemipatellar tendon graft is a sagittally
split patellar tendon and tibial tubercle graft. This has
its own potential problems as effectively the hemipa-
tellar tendon graft is longer than the standard counter-
part whole patellar tendon.

Another important consideration with allografts is
recognition of length parameters. For example, when
oneis performing an allograft on a petite 5’2" woman
and receives an allograft from a 6’4" donor, there will
be significant construct mismatch issues that may also
affect fixation and subsequent success of the revision
procedures. Therefore, when we request allografts, we
generally include the patient’s height and an estima-

tion of the potential soft tissue length that would be
desirable. For example, the majority of patellar ten-
dons are approximately 45 = 3mm. For a 6-foot tall
mal e patient, we generaly feel that a45 to 48 mm soft
tissue graft construct would be an appropriate length.
For someone who is 5'6,” we would like to have a 40
to 42 mm construct, and for a patient who is 5’3" or
under, we would prefer to have a soft tissue construct
less than 40 mm.

Nonirradiated patellar tendon alografts have been
our preferred graft for several reasons. Many of these
patients have compromised knees and are willing to
modify some of their activities and yet, nevertheless,
had instability that necessitates revision procedures.
Some of these individuals already have early degen-
erative joint disease and are looking for alessinvasive
type of procedure. Nonirradiated patellar tendon allo-
graft performed endoscopically is a minimaly inva-
sive surgical technique. Bone-tendon-bone allograft
allows graft customization with regard to graft width,
potential primary bone graft, and customization of
bone plugs. Additionaly, if there is a potential graft
construct mismatch, this allows creation of a longer
bone plug for a “free bone block” modification fixa-
tion (Fig 18).12 As the bone-tendon-bone technique is
the most commonly used primary ACL surgical tech-
nique, thisrevision patellar tendon allograft provides a
familiar technique to the surgeon and interference
screw fixation provides for solid graft fixation.

Another preoperative consideration involves previ-
oudly created skin incisions. The surgeon should as-
sess skin mobility and adherent tissue may require
consideration of a skin expander. One may use former
incisions to preclude skin bridges that may result in
wound dehiscence. It may be necessary to customize
the incision to accommodate previous incisions.

TECHNICAL CONSIDERATIONS

The failed 2-incision surgery can be approached
endoscopically. The mgjority of failed endoscopic
techniques can be approached endoscopicaly, or a
failed endoscopic technique can be approached with a
2-incision femoral technique. The majority of our
patients have been revised endoscopically. The basic
fundamentals of revision ACL surgery can be directly
derived from primary ACL reconstruction tech-
niques.2s-31

At the time of surgery, before the induction of
anesthesia, one must verify that an allograft is avail-
able. A careful examination is performed under anes-
thesia to exclude the possibility of a missed patholax-
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Ficure 18. In the event of a graft construct mismatch, one may
compensate by using a free bone block modification. The distal
bone plug is sharply removed and No. 5 Ticron suture is run up
proximally and distally. This effectively creates a pseudoquad
tendon graft. The graft is then secured on the femoral side. The
bone plug is then placed along the anterior aspect of the graft and
then, while this is secured, interference screw fixation is per-
formed. (Do not reinforce this with additional fixation.) The con-
cept has also been mechanically assessed in the laboratory. (Re-
printed with permission from Bach BR Jr, Mazzocca A, Fox JA.
Revision anterior cruciate ligament surgery. In: Grana WA, ed.
Orthopaedic knowledge online. Rosemont, IL: American Academy
of Orthopaedic Surgeons, 2003. Available at www.aaos.org/oko.
Accessed May 15, 2003.7)

ity that has been associated with ACL failures.2232 A
tourniquet is placed proximal on the affected extrem-
ity, which is then placed in a well-padded GYN leg
holder with the hip and knee flexed to protect the
common peroneal and femora nerve. The waist and
foot of the table are flexed. One should be able to flex
the knee 110°. Preoperative antibiotics are adminis-
tered, cephalosporin 1 g, unless there is a penicillin
alergy, then 600 mg of Cleocin is used.

Standard arthroscopic portals are created. A system-
atic diagnostic arthroscopy is performed to verify ar-
ticular surfaces, chondral pathology, and meniscal sta-
tus. Appropriate meniscal work is performed. The
knee should be placed in a“figure-4” position to make
certain that the patient does not have an abnormal

“gap sign” which would be suggestive of a postero-
lateral laxity (F. R. Noyes, personal communications)

The residual ACL tibial footprint tissue is debrided
so that one can determine the appropriate strategy for
entrance placement. The creation of along tibia tun-
nel should be attempted and an accessory inferomedial
or atranspatellar portal may be necessary to optimize
tunnel orientation and positioning. One should avoid
being trapped by the standard inferomedial portal as
the soft tissues in this situation may result in creation
of a more sagittally oriented tibial tunnel. In general,
if an entrance site is created midway between thetibia
tubercle and the posteromedia corner of the tibia an
appropriate medial to lateral orientation is created.
One can actually overlay a pin or instrument over the
flexed knee to ascertain this orientation. Once the
tibial aiming device is provisionally positioned, an
incision is created to approach the medial metaphysed
region of thetibia. If the screw or hardware is visible
or easily identified, it isin general removed unless the
tunnel is so abnormally positioned that one can easily
bypass the hardware. If there is an overlap, it may be
necessary to preliminarily remove the screw and then
reinsert this at the time of graft fixation, thus, creating
a stacked screw fixation (Figs 4 and 19). If the screw
is not readily identifiable, then it is advisable to use
C-arm fluoroscopy or fluoroscan to identify its loca-
tion so that inadvertent cortical destruction does not
occur while attempting to remove hardware. Once the
hardware is removed, the tibial aiming device may be
repositioned. A variable angle rather than fixed angle
tibial amer is used and in revision situations, a 55°
angle is selected on the aiming device for orientation.
An inferomedial accessory portal is generally used
although sometimes a transpatellar portal is used for
tibial aimer placement. Intra-articularly, the posterior
edge of the anterior horn lateral meniscus in the coro-
nal plane is used as a relative reference point where
we would like our pin to exit within the former ACL
insertion region. A “point to elbow” aimer is used; the
stylette of the aimer is moved back 3 to 4 mm to
achieve this goal. As the pin is drilled, it frequently
will enter a portion of the previously drilled tibial
tunnel. Therefore, the pin often enters within the intra-
articular tunnel entrance region. There may be pin
micromotion; it should be secured at the time of
femoral reaming. The pin may be stabilized with a
Kocher clamp or it may be tapped up into the femoral
roof. Once the tibia tunnel is reamed, the intra-artic-
ular edges are smoothed with a chamfer reamer and
hand rasp. The arthroscope is routinely placed retro-
grade up the tibial tunnel to assess the continuity of



REVISON ACL SURGERY 25

Ficure 19. Thisright knee anteroposterior view shows the use of
stacked femoral screws to provide additiona fixation. (Reprinted
with permission from Bach BR Jr, Mazzocca A, Fox JA. Revision
anterior cruciate ligament surgery. In: Grana WA, ed. Orthopaedic
knowledge online. Rosemont, IL: American Academy of Ortho-
paedic Surgeons, 2003. Available at www.aaos.org/oko. Accessed
May 15, 2003.7)

the tibial osseous tube. Additionally, this allows for
better visualization of any adherent soft tissue which
may need to be debrided.

At this point, attention is directed towards the fem-
oral socket. The femora interference screw must be
identified and soft tissue and overlapping bone care-
fully removed. It is critical to remove bone from the
periphery of the screw so that it is not stripped while
being removed. A spinal needle is placed percutane-
ously or through the inferomedial portal to identify the
angle that the knee has to be flexed to optimize screw
removal. The hyperflex Nitenol wireis positioned into
the cannulated screw and a screwdriver is inserted for
screw removal. Situations have been encountered
where the screw is so vertically oriented that we have

actually had to approach removal through an acces-
sory inferolateral portal. In avertically oriented screw
position, one may be able to potentialy bypass the
screw by further inserting the screw. This is another
option that may maintain a medial buttress for the
femoral socket. The soft tissue must be carefully re-
moved, exposing the lateral wall and notchplasty may
need to be performed. The over-the-top position must
be carefully identified and confirmation of this posi-
tion achieved with probe palpation. A 7-mm femoral
offset aimer is placed generally retrograde through the
tibial tunnel and keyed off the over-the-top position
with the knee flexed at approximately 80°. If the tibial
tunnel placement results in a tendency for the aiming
device to dide more superiorly toward the 11:30 or 12
o' clock pasition, then it is advisable to actualy place
the offset aimer through the accessory inferomedial
portal, hyperflex the knee and drill the femoral tunnel
in this manner. This is a technique modification that
has been advocated by O’ Donnell.33 Once the offset
aimer is positioned, it is drilled with a 3/32-inch
Steinmann pin. This may be more difficult to drill than
in index ACL surgeries as the pin frequently may be
drilled through the cortex of the previous graft bone
block. The pin is drilled to a depth of 1.5 inches and
over-reamed with a cannulated 10-mm endoscopic
acorn reamer. An endoscopic footprint is created to
confirm that there has been no “blow out” of the
posterior cortical wall. Reaming is generally com-
pleted to a depth of 35 mm. Once again, because of the
previously placed bone plug, this reaming may have a
different sensation than the tactile sensation of ream-
ing an index femoral tunnel. Once the femoral socket
is reamed, the femora socket must be carefully in-
spected. This can be achieved by rotating the arthro-
scope to visualize up the femoral tunnel, placing the
arthroscope in the inferomedial portal to directly view
this socket, or sliding the scope retrograde via the
tibial tunnel with the knee flexed up into the socket.
As this is done the arthroscope is rotated to confirm
that there has been no intraosseous “blow out” and
confirm that a thin posterior cortical rim remains.
Before reaming the femora tunnel, determination
of whether accessory bone grafting is needed is made.
If there has been some overlap in the tunnel, the screw
is removed and the defect is packed with allograft
cancellous graft. The graft is placed through a clear
arthroscopic cannula and tapped into position provid-
ing a firm osseous construct. There have also been
times that allograft cortical match sticks are used to
provide additional fixation (Fig 20). At this point, the
femoral socket is re-reamed. Depending on the clini-



26 B. R BACH, JR

Ficure 20. Thisright knee anteroposterior view shows the use of
match-stick corticocancellous graft to provide additional medial
buttress at the time of revision surgery. (Reprinted with permission
from Bach BR Jr, Mazzocca A, Fox JA. Revision anterior cruciate
ligament surgery. In: Grana WA, ed. Orthopaedic knowledge on-
line. Rosemont, IL: American Academy of Orthopaedic Surgeons,
2003. Available at www.aaos.org/oko. Accessed May 15, 2003.7)

cal situation and the status of the tunnels, the allograft
may be fashioned concurrently or may delayed until
the tunnel status has been determined. A push-in
rather than pull-through technique is used for graft
placement. A curved hemostat is inserted through the
inferomedial portal and the femoral bone plug is
grasped at the junction of the proxima and middle
third and guided up into the femoral socket. The graft
is oriented with the cortex posterior and in the coronad
plane. The femoral plug is left slightly proud initially
to act as a skid for placement of the 14-inch hyperflex
Nitenol pin, which is inserted through an accessory
inferomedial portal. It is provisionally positioned and
then the knee is further flexed to between 100° and
110° and the pin is completely slid up until it reaches
the depths of the femoral socket. This will assure

parallel or near parallel placement of the anterior
femoral interference screw. At this point, the knee is
brought back to the resting position of approximately
80° and the bone plug is further positioned at the
femoral articular entrance. At this point, assessment is
made to determine whether there is a construct mis-
match. If the construct match is appropriate, femora
fixation is achieved with a7 X 25 mm metal cannu-
lated interference screw. Bioabsorbable (i.e., radiolu-
cent) interference screws have not been used in revi-
sion ACL surgery. If the bone is soft, a9-mm diameter
screw is used. Once the graft is secured fixation is
assessed by applying manual tension distally on the
graft. The knee is then multiply cycled to assess gross
isometry. In genera, as the knee is brought from 90°
to complete extension in the terminal 20° of extension,
the graft trandates into the tibial tunnel by approxi-
mately 1 to 2 mm. The graft is multiply cycled and
attention is directed towards tibial fixation. The graft
is generally rotated 180° towards the lateral wall. On
the femoral side, the graft is oriented with the cortex
posterior and in the coronal plane. On the tibial side,
the graft is oriented with the cortex anterior and in the
coronal plane. The tibial graft is secured in complete
extension with a9 X 20 or 9 X 25 mm interference
screw. If there is slight recession of the graft, alonger
tibial interference screw is used rather than burying
the screw intraosseoudly. If there has been some over-
lap with the tibial tunnel entrance sites, a “stacked”
screw is used for reinforcement as an additional but-
tressfixation. If the bone is soft, augmentation fixation
with a screw and post or staple is performed. Follow-
ing tibial fixation, the graft is visualized to assess its
integrity, the knee multiply cycled, and its fixation
reevaluated. A Lachman, anterior drawer, and pivot-
shift test is performed on the operating table. A He-
movac drain is not used. Bupivicaine is injected into
the surgica wound region and intra-articularly. A
motorized cryotherapy device (Iceman; DJ Orthopae-
dics, Carlshad, CA) is used and a hinged drop-lock
brace (DonJoy T-ROM, DJ Orthopaedics) is used.
Surgeries are performed on an outpatient basis. The
patient is seen the following day for a dressing
change, assessment of motion and evaluation of
whether a hemarthrosis requires aspiration.

RESULTS

A nonrandomized retrospective review at a 2-year
minimum follow-up evaluation of 32 of 38 patients
(84%) who underwent a revision reconstruction with
nonirradiated patellar tendon allograft used for afailed
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patellar tendon autograft was recently conducted. The
revision procedures were performed between 1993
and 1999, the methodology used was similar to pre-
viously published primary ACL reconstruction fol-
low-up surveys.2-3 Clinical, radiographic, arthromet-
ric, and functional evaluations were performed. The
Tegner and Lysholm surveys along with Noyes, Koos,
IKDC and SF-12 rating scales were used.34-38

Twenty-four of the patients underwent an endo-
scopic revision procedure and 8 patients underwent a
2-incision revision procedure. As a generaization,
hardware was bypassed unless it was necessary to
remove to perform adequate tunnels. In thissurvey, an
identical rehabilitation (accelerated program) identical
to our index ACL reconstructions was used.2 A cus-
tom ACL orthosis was used between 6 and 12 months
postoperatively for return to sports activities.

Of interest is that only 2 of these 32 patients had
been initialy reconstructed by the senior surgeon
(B.R.B.) from our center. At revision reconstruction,
the mean interval to revision surgery was 50 months
(range, 9 to 101 months). At follow-up, the mean
interval from revision surgery was 4.8 years (range,
2.1t0 12.1 years). At the time of revision the average
age was 28 years (range, 16 to 57 years). There were
20 right knees and 12 left knees revised in 14 males
and 18 females. The average patient had 2.8 surgica
procedures performed before the revision reconstruc-
tion.

Varying degrees of chondromalacia was observed
in 70% of our study group and in at least 1 of the 3
articular compartments. Fifty percent of these patients
(n = 16) had previous meniscal surgery involving
either the lateral and/or medial meniscus. Radiograph-
ically, the medial compartment was normal in only 17
subjects (53%), the lateral compartment (67%) and the
patellofemoral compartment (68%).

At follow-up, 87% of the patients had a negative or
grade 1 Lachman with afirm endpoint and 89% of the
patients had a negative or grade 1 pivot-shift. How-
ever, if the presence of a pivot-shift was used to define
a failure, 29% of our patients overall had a demon-
strable pivot-shift. Of note, only one individual had a
grade 2 pivot-shift phenomenon. Motion was reliably
recovered with a mean of 135° of flexion. The mean
heel height difference in extension was 0.5 cm (range,
0 to 4 cm). One individual had thigh girth atrophy of
greater than 1 cm.

Functional indices showed small mean deficits on
single-leg hop, timed single-leg hop over 6 meters,
and in vertical jump. However, a wide range in stan-
dard deviations was noted. In fact, 32% of the patients

TaBLE 1. Knee Scoring Scales

Scale Mean Range sD
IKDC 71 23-97 22
KOOS Pain 84 36-100 18
KOOS Symptom 77 25-100 21
KOOS ADL 91 50-100 14
Tegner (before any surgery) 8.4 2-10 21
Tegner (before revision) 5.0 0-10 33
Tegner (most recent follow-up) 6.3 0-10 2.6
Lysholm 75 30-100 22
Noyes Sports Function 72 0-100 26
Noyes Functional ADLs 30 17-40 30
Modified Cincinnati 7.2 2-10 22
SF-12 Mental 55 27-66 8
SF-12 Physical 48 20-59 11
Visual Analog Scale 29 0-9 25

tested better on the affected knee than the unaffected
knee for each of these 3 tests although they were not
the same individuals. Moreover, for these 3 functional
tests, 88%, 85%, and 66% of the subjects had lessthan
10% side-to-side differences for these 3 tests, respec-
tively.

Preoperative arthrometric evaluations were similar
to failed index ACL reconstructions.23° The mean
manual maximum translations on the affected knee
averaged 14 mm (range, 8 to 21 mm), whereas the
unaffected knee averaged 6.5 mm (range, 2.5 to 13
mm). Preoperatively, 78% of the patients had side-to-
side differences of between 3 and 5 mm and 9% had
differences of =5 mm. At follow-up, the mean man-
ual-maximum tranglation was 9.4 mm (range, 6 to 18
mm) for the affected knee. The mean maximum-man-
ua side-to-side difference was 1.9 mm (range, —1 to
8 mm). Twenty seven patients (84%) had side-to-side
differences of =3 mm. Three patients (9%) had dif-
ferences ranging between 3 and 5 mm, and 2 individ-
uals (6%) had differences of =5 mm. Preoperatively,
the differences of affected and unaffected knees were
highly statistically significant, postoperatively side-to-
side differences were not significant, and improve-
ment from preoperative maximum-manual translation
to postoperative manua-maximum translation was
highly significant.

Table 1 summarizes the various postoperative rating
scores that we used. Twenty-eight of these 32 patients
(87%) indicated that they were either mostly or com-
pletely satisfied with their surgical revision. However,
only 50% of the patients were completely satisfied.
Three patients (10%) were somewhat satisfied and 1
patient (3%) was dissatisfied. No postoperative infec-
tions occurred in this group. No additional surgeries
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were performed for arthrofibrosis and no hardware
required secondary removal.

The results of our survey indicated that, in our
hands, revision ACL reconstruction was not compa-
rable to an index ACL reconstructive procedure when
using a nonirradiated patellar tendon alograft. The
patients subjective satisfaction level was dlightly less
than primary ACL reconstructions performed with
either an autograft or allograft. As previous studies
have shown, between 92% and 95% mostly are com-
pletely satisfied subjective ratings in index ACL re-
constructions.1-3 Our results are quite similar to those
reported by Noyes et a.,“° who also observed a high
incidence of abnormal articular cartilage at the time of
revision as well as a high degree of previous menisca
surgeries. In their series, a combination of grafts were
used including irradiated and nonirradiated grafts, lig-
ament augmentation devices and extra-articular ili-
otibial band procedures.*© Noyes reported an 88%
postoperative pivot-shift grades of negative or 1+ that
were identical to our observations. In another study,
Noyes and Barber-Westin*! reviewed 54 patients who
underwent a patellar tendon autograft revision. In this
survey the failure rate was reported as 24%, but 6 of
the 13 failures had a reharvested patellar tendon au-
tograft. In the Pittsburgh series using irradiated fresh
frozen alograft, 36% of their cohort had a KT-1000
maximum manua side-to-side difference of >5.5
mm.#2 We do not believe that it is the irradiated
alograft per se that is the contributing factor to the
higher failure rates observed in this patient population,
as we are currently retrospectively reviewing the use
of nonirradiated patellar tendon alografts for index
procedures. We have carefully evaluated 50 primary
allograft ACL reconstruction patients at a minimum of
2 years postreconstruction and a negative pivot-shift
has been noted in 90% of the patients (n = 48)
(Aadalen K, et a. Primary arthroscopy-assisted ACL
reconstruction using nonirradiated patellar tendon al-
lografts. Presented at the Linvatec Residents-Fellows
Sports Medicine Course, Usseppaldand, FL, May 15,
2003).

Our survey had several potential weaknesses. It was
a nonrandomized retrospective survey and severd
questions arise. These include whether a different
graft source may have resulted in improved results.
Additionally, as we used an aggressive rehabilitation
program, perhaps a more conservative rehabilitation
program may have resulted in fewer clinical failures.
I do not believe that there were unrecognized ligamen-
tous patholaxities in our cohort group, but this has
been associated with failed ACL surgical proce-

dures.2231 No meniscal transplants were performed in
this cohort, and perhaps, if judiciously used, several of
our patients might have benefited from additional sec-
ondary restraints.

Nevertheless, our study has strengths. One graft
source was used for a specific type of graft failure, one
specific not-for-profit tissue bank was use, and the
patient population was clearly defined. Additionally,
multiple available outcome scores were employed.
Arthrometric evaluations were performed by one ex-
perienced individual. Our previous index ACL recon-
struction surveys served as a comparative bench-
mark.1-3

In summary, revision ACL reconstructive surgery is
very challenging. It requires considerable thought pre-
operatively to define potential technical errors that
may have contributed to the failure, creating a preop-
erative game plan, and then technically executing a
challenging surgical procedure. We feel that, regard-
less of graft utilized, that there will be inherently a
higher failure rate with revision ACL procedures for
multiple reasons. We continue to use nonirradiated
patellar tendon allograft for revision ACL surgery. It
is critical to counsel patients preoperatively to have
realistic expectations and to recognize that revision
ACL surgery is effectively a salvage procedure.
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