Technical Note

Arthroscopic Bone Graft Technique for Two-Stage ®

Revision Anterior Cruciate Ligament Reconstruction
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Abstract: Revision anterior cruciate ligament reconstruction is an increasingly common procedure, with 2-stage surgery
often required to address large bone defects and malpositioned tunnels. The arthroscopic bone grafting technique
described herein uses morselized allograft bone to provide reproducible fill of asymmetrical bone defects without autograft
harvest or additional loss of native bone. The second stage of the anterior cruciate ligament reconstruction can typically

proceed 6 months following bone grafting.

Anterior cruciate ligament (ACL) tears and anterior
cruciate ligament reconstructions (ACLRs) are
increasing in frequency. There are now 200,000 ACL
tears each year in the United States,' with between
120,000 and 150,000 reconstructions performed
annually.” Retear risk after primary ACLR ranges be-
tween 5% and 25%, with multiple variables influ-
encing risk of retear, including age, activity level, and
graft choice.”* It is estimated that there are 13,000
revision ACLRs performed in the United States every
year. The main causes of ACLR failure include trauma,
technical errors, infection, and biological issues.” Tun-
nel widening and malposition®” can present unique
challenges for the surgeon (Fig 1). The objective of this
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paper is to describe a reproducible bone grafting tech-
nique for the first stage of 2-stage revision ACLR.

Technique (With Video lllustration)

Patient Evaluation

A thorough history and physical examination should
be performed on all patients. The patient’s initial ACL
graft, any history of infection, mechanism of injury,
feelings of instability, and mechanical symptoms should
be obtained. Each patient’s age, activity level, and goals
should be considered. Physical examination includes an
assessment of gait, alignment, range of motion, and a
focused knee examination. A complete knee ligament
examination is important to identify any associated
knee laxity (posterolateral corner in particular), hy-
perextension, and generalized ligamentous laxity. Pre-
vious imaging studies, operative reports, and
intraoperative images (if available) should be reviewed.
It is important to obtain accurate information on pre-
vious graft and hardware as well as other pathology
addressed at the time of index procedure. Appropriate
hardware removal instrumentation should be ordered
as needed.

A complete knee radiograph series, including ante-
roposterior, lateral, patellofemoral, and Rosenberg
views, as well as full-length alignment films should be
obtained. Plain radiographs can provide details on
previous hardware type, tunnel position, and widening
or osteolysis.® Full-length alignment films provide in-
formation on varus/valgus alignment of the knee. It is
important to assess lateral radiographs for increased
tibial slope, which has been implicated in ACL graft
failure.”
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Advanced imaging is routinely ordered. Magnetic
resonance imaging (MRI) is commonly used to evaluate
the integrity of the previous ACL graft, collateral liga-
ments, posterolateral corner, posterior cruciate liga-
ment, menisci, and articular cartilage.'’ Tunnel position
and widening can be assessed on MRI, and there is
some evidence that MRI may demonstrate similar ac-
curacy to computed tomography (CT) in this
regard.'""'? However, the authors find CT (including
3-dimensional reconstructions) to be very useful for
evaluation of tunnel position and consider it to be the
gold standard for evaluation of tunnel widening and
osteolysis."’

Fig 2. Arthroscopic image of a right knee viewed from an
anterolateral portal showing the femoral tunnel in the lateral
femoral condyle (LFC). Needle localization is used to identify
the correct trajectory to create an accessory medial working
portal to debride and bone graft the previous femoral tunnel
arthroscopically.
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Fig 1. CT images of a patient
who presented with a failed
revision ACL reconstruction.
Coronal CT image (A) of a left
knee demonstrating significant
tunnel osteolysis and bone loss of
the tibia. Sagittal image (B) of a
left knee demonstrating 2 previ-
ous femoral tunnels. This bone
loss poses a challenge for revision
ACL reconstruction and its
recognition and quantification
are important components of
preoperative planning. (ACL,
anterior cruciate ligament; CT,
computed tomography.)

Indications for Two-Stage Reconstruction

Most ACL revisions are performed in a single stage,
with only 8% to 9% of patients undergoing a 2-stage
procedure.” Indications to stage a revision ACLR
include active infection, arthrofibrosis causing loss of
>5° of extension or >20° of flexion, tunnel widening
complicating graft placement or fixation, issues relating
to tunnel convergence/placement, and bone loss.'*'®
In our practice, we find tunnel malposition and
tunnel enlargement to be the most common reasons
for 2-stage revision.

Tunnel malposition has been identified as the most
common technical error leading to ACL graft failure.’

Fig 3. Arthroscopic image of a right knee from the antero-
lateral portal demonstrating curette debridement of previous
femoral tunnel via the anteromedial portal to prepare a
healthy bleeding cancellous bone bed in preparation for bone
graft placement.
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Fig 4. A modified 3-cc syringe used for arthroscopic delivery
of bone graft to ACL tunnels. The syringe is modified by
cutting off the tip/distal aspect of the barrel while retaining
the plunger and seal. (ACL, anterior cruciate ligament.)

Extremely malpositioned tunnels (unless very
enlarged) can often be ignored during a single-stage
revision ACL surgery as the anatomical graft attach-
ment point is undisturbed. Somewhat counterintui-
tively, it is the slightly malpositioned tunnel that often
leads to a more difficult revision surgery, as a correctly
placed tunnel may converge with a previous slightly
malpositioned one.'” Femoral tunnels that are slightly
distal and tibial tunnels that are slightly posterior pro-
vide particular challenges and must often be staged.
Tunnel widening can lead to the need for a staged
reconstruction even if previous tunnels are in relatively
good position. While there is not an established
threshold for tunnel size that requires a staged
approach in all cases, enlargement to the point that it
leads to compromise of the positioning or fixation of the
revision ACL graft does require a staged approach.'®
Currently the etiology of tunnel widening is not
completely understood and is likely multifactorial.
Micromotion of the graft within the tunnel described by
Segawa et al.”’ as the “windshield wiper effect” can
lead to tunnel widening. Tunnel widening also may be
related to graft choice and surgical technique during the

Fig 5. Arthroscopic images of a
right knee demonstrating bone
grafting of the femoral tunnel
through an accessory medial
portal. A modified 3-cc syringe
with tip removed and plunger in
place containing graft material
(A) is introduced into femoral
tunnel via an accessory medial
working portal and used to place
bone graft within the femoral
tunnel defect. Image of the
femoral tunnel (B) following
completion of bone grafting.
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primary reconstruction. Soft-tissue grafts are associated
with a greater risk of tunnel widening.”' Tunnel
convergence during double-bundle reconstruction also
has been associated with tunnel widening—particularly
on the tibial side. Bacterial colonization also has been
described as a cause of tunnel enlargement. Subclinical
infection also may play a role in tunnel enlargement. A
recent study by Flanigan et al.”” sampled ACL tunnels
in patients with failed ACLRs and found a greater
incidence of bacterial colonization in larger tunnels.

Associated Procedures

In the revision ACLR setting, consideration should be
given to addressing any factor that may have led to graft
failure. Several factors including posterolateral corner
injury, meniscal root injury, ligamentous laxity, and
limb malalignment can contribute to graft failure. An
increased posterior tibial slope has been shown to in-
crease stress on ACL grafts, which can lead to early
failure.”*** This population of patients may require a
slope decreasing osteotomy to reduce risk of recurrent
ACL failure.”* Patients who present with varus align-
ment with symptomatic medial compartment degen-
erative change may also require osteotomy. There is
evidence that in this patient population a corrective
high tibial osteotomy can be clinically beneficial in
patients with early degenerative change.”””® While
realignment osteotomy can be performed in conjunc-
tion with ACL revision in a single or staged fashion,
staging the ACLR may be even more warranted.”’
Patients with failed ACLR can require meniscal
transplant and/or cartilage-restoration procedures.

Finally in the revision setting, consideration should be
given to anterolateral ligament reconstruction/lateral
extra-articular tenodesis, as there is some evidence that
these procedures can decrease ACLR failure ris
complex

k 28,29

These situations require detailed
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Fig 6. Arthroscopic images of a right knee viewed through
anterolateral portal demonstrating debridement of a tibial
tunnel using a small curette placed via the medial tibial
metaphyseal tunnel.

preoperatively planning and may require a staged
approach in some cases.

Surgical Technique

The patient is brought to the operating table and
placed in a supine position. A tourniquet is routinely
placed but typically not inflated. A lateral thigh post and
foot bump are attached to the table for assistance with
the knee arthroscopy. Occasionally, it may be necessary
to place a bump under the operative hip. An exami-
nation under anesthesia is performed. It is important to
perform an entire ligamentous knee examination
including assessment of ACL, posterior cruciate liga-
ment, posterolateral corner, medial collateral ligament,
and lateral collateral ligament. Based on preoperative
planning, fluoroscopy may be required to assist in
hardware removal. In these instances, a large C-arm is
brought in from the contralateral side, and any implant
specific screw drivers and guidewires (in the setting of
cannulated screw fixation) should be made available.

A standard diagnostic arthroscopy is performed
(Video 1). All compartments are thoroughly assessed
for cartilage integrity, loose bodies, and specifically for
meniscus tears. It is critical to do a thorough assessment
of menisci, as tears are common in the revision ACL
setting, with special attention to peripheral, ramp, and
root tears, as all of these have been implicated in ACL
injuries and can affect outcomes. In general, small,
partial-thickness, and peripheral tears that are stable
can be left alone.”” Larger tears and those that are
unstable can be managed surgically depending on the
tear type and pattern.

In the notch, the remaining ACL should be identified.
Further inspection and careful attention should be paid
to the anatomical landmarks usually observed when
performing primary ACLR. It should be noted that

E. WELDER ET AL.

these landmarks may be significantly altered from
previous surgery. Further debridement of the remain-
ing ACL using a motorized shaver is performed until
clear exposure of the lateral notch wall and tibial
footprint are identified. Tunnel position and size on
both the femur and tibia are assessed. If there is concern
for infection at this point, a biopsy of the remaining
ACL and synovium can be sent for culture. Any hard-
ware within the notch or in the tunnels should be
removed if it interferes with ideal tunnel placement or
bone grafting or in cases of suspected infection.

Thorough debridement of the femoral tunnel is
required, removing all the previous graft material.
Often needle localization is used to ensure correct angle
and trajectory to access the femoral tunnel from an
accessory medial portal (Fig 2). With the use of shavers
and various sized and angled curettes, the debridement
is carried back to healthy bleeding cancellous bone
(Fig 3).

The authors modify a 3-cc syringe by cutting off the
hub while retaining the plunger (Fig 4). This modified
syringe is packed with a mixture of cancellous bone
chips, cortical fibers hydrated with whole blood, and
platelet-rich plasma (Angel PRP System, S/N: ABS-
10060; Arthrex, Naples, FL). A mini-open incision in
line with the accessory anterior medial portal is created
and the syringe is used to direct the graft into the tunnel
(Fig 5). Bone tamps are used to impact the graft for a
tight fill. Often several syringes of mixture are required
to achieve adequate fill of tunnel—typically requiring
between 5 and 15 cc. Excessive intra-articular graft can
be removed using the arthroscopic shaver.

Attention is then turned to the tibial tunnel. A 2- to
4-cm incision is made over the anteromedial tibial
metaphysis in line with previous incisions when
possible. Retained hardware is located and removed
using fluoroscopy if required. In a similar fashion to the
femoral tunnel, all previous ACL graft material is

Fig 7. Image of right leg demonstrating bone grafting of the
tibial tunnel in an outside-in fashion using a modified 3-cc
syringe with tip cut off and plunger retained to place bone
graft via medial tibial metaphysis. A key elevator can be
placed intraarticularly to occlude the plateau side of the tun-
nel to prevent graft impaction into the joint space.
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Fig 8. CT images of right knee
demonstrating  before and
6 months after bone grafting of
ACL  tunnels. Preoperative
sagittal image (A) demonstrating
preoperative  osteolysis  and
expansion of the tibial tunnel
and 6 months post-bone grafting
sagittal image (B) demonstrating
excellent fill and consolidation
of bone graft within the tunnel.
Preoperative sagittal image of
prior femoral tunnels (C) and
6 months postbone grafting im-
age (D) demonstrating excellent
fill and consolidation of the
defect. (ACL, anterior cruciate
ligament; CT, computed
tomography.)

removed and the tunnel is debrided with the arthro-
scopic shaver and curettes until a bleeding cancellous
bed (Fig 6). The knee is extended and the mixture of
cancellous bone chips, cortical fibers mixed with whole
blood, and platelet-rich plasma is introduced into the
tunnel using a modified 3-cc syringe and impacted with
the tamps (Fig 7). A key elevator can be introduced
from the anteromedial portal and placed over the tibial
tunnel intra-articularly to prevent the graft from being
impacted into the joint during placement. Often, tibial
tunnels are larger and may require more graft materi-
al—typically between 8 and 20 cc.

Once bone grafting has been completed, the knee is
copiously irrigated. The femoral and tibial incisions are
closed in a layered fashion, and arthroscopic portals
closed in a standard fashion. Sterile bandages are
applied as well as an ACE wrap and cool pack and the
patient is placed in a hinged knee brace.
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Postoperative Management

Patients are placed in a hinged knee brace locked in
extension when weight-bearing for the first 2 weeks
postoperatively. Patients are instructed to remove it for
range of motion exercises and are immediately started
with passive, active assisted, and active range of mo-
tion as tolerated. Typically, at 2 weeks the hinged
brace can be discontinued and patients can transfer
into the ACL brace. The ACL brace is maintained until
the revision ACLR is performed. Consistent use of the
brace is of particular importance when a meniscus
repair is performed in the first stage to minimize
excessive loads on the repair site that can lead to repair
failure.

Criteria to Proceed With Stage 2 (Revision ACLR)
The determination of when to proceed with the sec-
ond stage of a staged ACLR is an important clinical
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Table 1. Bone-Grafting Techniques: Advantages and Disadvantages

Cancellous Bone Chip Allograft

Tliac Crest Dowel, OATS Technique

Advantages 1. Pliable substrate improves tunnel fill
2. No reaming maximizes native bone stock
3. Decreased donor-site morbidity
4. Readily available, inexpensive materials
Disadvantages 1. No osteogenic potential

2. Risk of graft migration into joint during impaction

1. Autograft provides osteogenic properties

1. Donor-site morbidity
2. Challenging to get circumferential fit in large asymmetric lesions

OATS, osteochondral autograft transfer system.

decision. Several factors including other procedures
performed during the first stage, infection, bone graft-
ing technique, bone graft used, and consolidation of
graft on imaging should be considered. Several studies
have attempted to identify an ideal window for pro-
ceeding with second stage ACLR.'*”' One study eval-
uated patients undergoing iliac crest autografting of
ACL tunnels and found that 24 weeks following bone
grafting was optimal for ACLR.”' Another study rec-
ommends following patients with serial radiographs to
ensure bony consolidation of tunnels.'” Typically,
radiographs are performed at initial postoperative
appointment and every 2 months until tunnels are
healed. Often, a CT scan in performed around 6 months
postoperatively to ensure consolidation before second-
stage ACL revision surgery (Fig 8). It is the authors’
experience that most staged revisions can be performed
at 6 months after bone grafting. If there was significant
tunnel widening requiring a large amount of grafting,
bony consolidation can take longer.

Discussion
There are several described techniques for bone
grafting ACL tunnels. Buyukdogan et al.” described the

use of allograft bone dowels for reconstruction of ACL
tunnels. In a similar technique, Thomas et al.’” describe
the use of autograft bone dowel harvested from the iliac
crest to fill previous ACL tunnels. Other techniques
described include using the osteochondral autograft
transfer system (Arthrex) for harvesting autograft from
various locations for use in tunnel reconstruction.””>*

There are several potential advantages to the tech-
nique presented here (Table 1). A unique aspect of our
technique includes filling tunnels with a pliable bone
graft matrix. Impaction of this pliable substrate can
provide a more complete fill of tunnels and bony de-
fects that are often asymmetric in shape and size. The
materials required for graft delivery are inexpensive
and readily available, consisting of only a modified 3-cc
syringe. Furthermore, with many bone dowel tech-
niques surgeons are required to ream to a desired
diameter in order accommodate the bone dowel. This
can cause excessive native bone loss in some situations.
Eccentric reaming can lead to voids when the final
dowel is placed. By using a curette for debridement of
tunnels, this technique removes the minimal amount of
bone necessary to get back to a healthy bleeding bone
bed, thereby maximizing the patient’s native bone

Table 2. Pearls and Pitfalls of the Arthroscopic Bone Graft Technique

Pearls

Pitfalls

Perform single-stage revision when possible
Consider 1- stage revision in the setting of:

Concern for infection

Tunnel malposition and/or enlargement that compromises
revision graft position or fixation
Need for advanced cartilage procedures, meniscal
transplantation, osteotomy
Preoperative planning includes:

Assessment of location of tunnels, cysts, hardware

Quantification of bone loss

Specific equipment required for prior hardware removal

Retain hardware if no concern for infection and no interference
with tunnel positioning

Revision tunnel placement malpositioning
Debride remnant ACL to visualize lateral notch wall and tibial
footprint
Normal landmarks may be significantly altered from index
procedure
Remove hardware interfering with ideal revision tunnel
placement
Inadequate femoral tunnel debridement and grafting

Use accessory medial portal placed with needle localization (Fig
2) to ensure appropriate working angle
Debride to healthy bleeding cancellous bone
Insufficient tibial tunnel grafting
Often requires more graft material (8-20 cc)
Use key elevator placed intraarticularly to prevent graft from
being impacted into joint

ACL, anterior cruciate ligament.
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stock. Finally, there is no requirement for harvest
autograft, which can lead to increased surgical time and
patient morbidity.

There are important considerations when using this
technique. While more pliable than iliac crest bone
dowel autograft, this technique relies on allograft to
provide an osteoconductive scaffold and osteoinductive
properties for bone healing without the osteogenic
potential provided with autograft bone. It does use
whole blood and platelet-rich plasma for biologic
augmentation of the allograft.”> Furthermore, care
must be taken to avoid extravasation of graft material
into the joint space, especially when impacting graft
into the tibial tunnel. An elevator placed intra-
articularly during graft impaction can help mitigate
this. A full list of pearls and pitfalls to consider with this
technique can be found in Table 2.

It is important to consider surgical indications when
deciding between 1- versus a 2-staged procedure.
Several studies have found that patients with good
bone stock, correct tunnel placement, and no concern
for infection can be revised in a single stage.'®’®
However, it should be noted that the most common
reason for failure of ACLR is tunnel malposition,6
potentially requiring a 2-stage procedure. Other
studies have demonstrated that tunnel widening
greater than 12 to 14 mm are indications for a 2-stage
procedure.'>'®'®!” A 2.stage reconstruction can be
challenging and time-consuming for patients eager to
return to activity. It is important to note that 2-stage
procedures can yield excellent results in patients that
cannot be adequately treated with a single-stage pro-
cedure. A more recent study by Mitchell et al.
confirmed that these results are comparable with those
achieved in a single stage in appropriately selected pa-
tients at 2 years postoperatively.’’

Meniscus tears are commonly encountered during
revision ACLR. One study in military patients found
that there was an 74.6% rate of tears in patients un-
dergoing revision ACLR.’’ Another study found that
there was a 40.2% and 33.8% rate of new medial and
lateral meniscus tears found during revision ACL sur-
gery, respectively.”® An interesting question in recent
years has been whether meniscus tears repaired during
the first stage of a 2-stage revision ACLR have capacity
to heal well in the ACL-deficient knee. Based on the
work of DePhillipo et al.,>” which demonstrated
excellent healing rates in this situation, we recommend
treatment of meniscal lesions in this setting without
reservation.

In conclusion, this Technical Note describes our
preferred technique for the initial bone grafting stage of
a 2-staged revision ACLR. While clinical studies are
needed to evaluate outcomes using this technique, the
authors believe this procedure is a reproducible and
effective treatment option in patients with a failed
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primary ACL reconstruction and tunnel widening,
malpositioned tunnels with concern for convergence,
or suspected infection.
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