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Economic Reliable Technique for Tunnel Grafting
Using Iliac Crest Bone Graft in Two-Staged Revision

Anterior Cruciate Ligament Surgery

Ahmed Abdel-Aziz, M.Sc., M.D., Mohamed Refaat Waly, M.Sc., M.D., M.R.C.S.,
Mahmoud Ahmed Abdel-Aziz, M.Sc., M.D., Mohamed Mamdouh Sherif, M.Sc.,
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Abstract: Revision anterior cruciate ligament surgery is a technically demanding procedure. Mal-positioned tunnels
together with bone loss and its management are some of the difficulties and challenges faced. Two-staged procedures have
successfully been used to tackle those challenges. We present a technique that is safe, reliable, reproducible, and economic
in the management of bone defects faced in anterior cruciate ligament revision surgery by using iliac crest bone graft.
Preoperative assessment of tunnel position and size is done by computed tomography. Tri-cortical iliac crest bone graft is
harvested through a trap door. It is then shaped to fit the tunnels to be filled. It is tapered at the advancing end to facilitate
introduction. Mounted on a passing pin and a drill bit, the graft is arthroscopically introduced into the femoral and tibial
tunnels. The second stage is performed after the graft has incorporated, as seen on postoperative computed tomography,
done at approximately 3 months after the first stage. Iliac crest provides a natural abundant reservoir for bone graft and
has all the advantages of being an autograft. With good meticulous technique, complications can be avoided with less
donor-site morbidity. This technique is safe, reliable, and reproducible. It provides an ample amount of graft and harvest
does not rely on implants; hence, it is economic.
rimary anterior cruciate ligament reconstruction
P(ACLR) is a safe and reliable, widely performed
procedure to restore sagittal and rotational stability of
the knee after rupture of the anterior cruciate ligament
(ACL).1,2 Despite good long-term outcomes, approxi-
mately 4% to 13% of patients require revision surgery
with regrafting of the ACL tunnels.3-5 As the number of
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primary ACLRs is increasing, revision ACLR is
becoming increasingly important.6,7

Revision procedures require precise analysis of the
cause of failure. A missed associated medial and/or
lateral collateral ligament or posterolateral corner
injury as a cause of failure should be excluded. Revision
Table 1. Pearls and Pitfalls of the Technique

Pearls Pitfalls

Notchplasty is performed if
needed to avoid graft
impingement

Avoid using mal-positioned
tunnels from the index
procedure

Preserve the native bone stock
as possible

Loose bodies are left behind in the
knee, therefore; the knee is
meticulously examined after
graft is inserted

Incision for ICBG harvest should
be lateral to the bone edge to
avoid later irritation by
clothes

Graft dowel breaks during
introduction and impaction;
hence, introduce it mounted on
a guide pin and drill bit

Closure of the trap door reduces
blood loss

Excessive tunnel debridement
causing more bone loss

Harvested graft is 1 mm larger in
size than the tunnel to allow
for a press fit

Missing concomitant pathology
that should be addressed

ICBG, iliac crest bone graft.
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ACLR presents a unique set of challenges and is a
technically demanding procedure. This includes dealing
with bone loss, mal-positioned tunnels, arthrofibrosis,
and limitation in graft choice, which makes single-stage
revision very difficult.
Incorrect tunnel placement is the most common

cause of primary ACLR failure.8 If tunnels were
nonanatomic in the index procedure, creation of
entirely new tunnels is required. This carries the risk of
the tunnel convergence and collision.9

Two-stage revision ACLR is a safe treatment option
that should be considered in the setting of bone loss and
mal-positioned tunnels. It allows restoration of bone
stock and allows tunnel placement in the second stage.8

Managing bone deficiencies is challenging. A variety of
alternative methods and materials have been described
recently. These include autograft (iliac crest or tibial),
allograft, and synthetic bone substitutes (silicate-
substituted calcium phosphate [Si-CaP]).10

There is no gold standard procedure for dealing with
bone deficiencies. However, iliac crest autograft is the
most superior type of bone graft because of its osteo-
conductive, osteoinductive, and osteogenic properties.
This explains why it require less incorporation time
than allograft and synthetic alternatives.11-14 This
technique provides easy, simple, and economic way
(no need for special instruments) of tunnel grafting.
Moreover, it provides corticocancellous autograft that
allows reliable structural support for revision ACL
surgery.

Surgical Technique

Preoperative
Meticulous analysis of cause of primary ACLR fail-

ure is crucial. This is achieved by thorough history-
taking and clinical and radiologic examinations (ra-
diographs and computed tomography scan). The
diameter of femoral and tibial tunnels is measured in
sagittal, coronal, and axial planes. Ligamentous graft
options including contralateral graft should be
explored. Informed consent is obtained for a staged
procedure, iliac crest bone graft (ICBG) in the first
stage, with the possibility of contralateral ligamentous
graft harvesting. Detailed postoperative rehabilitation
after each stage should clearly be communicated to
the patient.

Intraoperative (With Video Illustration)
The procedure is performed with the patient under

regional and/or general anaesthesia in the supine po-
sition. In the first stage, a sand bag is placed under the
ipsilateral iliac wing. Regular prep and drape are per-
formed, including iliac crest region for graft harvesting.
All procedures are performed under tourniquet and
started by examination with the patient under
anaesthesia to confirm and document degree of laxity,
knee jerk, and any associated injuries.
Diagnostic arthroscopy is performed to identify and

document any concomitant pathology that should be
addressed. Tibial and femoral remnants of the ACL graft
are debrided and removed. Hardware is removed as
needed. This may be difficult; hence, a removal kit
should be kept handy. Notchplasty is performed if
needed to avoid graft impingement (Table 1).
After hardware removal, the tunnels are debrided by

introducing a guidewire and sequential reaming of
tunnels by drill bits of incrementing diameters till
exposure of raw cancellous bone. The remnants of soft
tissues are removed by shaver and sclerotic bone is
abraded by a curette. Native bone stock should be
preserved as much as possible (Video 1 and Table 1).
Then, the diameter of both femoral and tibial tunnels is
measured to prepare sufficient dowels of cortico-
cancellous ICBG. Attention is turned to graft
harvesting.
The incision is started 1 cm posterior to anterior

superior iliac spine and extends to the iliac tubercle. It
should be lateral to bony prominence to avoid irrita-
tion by tight clothes (Table 1). The dissection proceeds
through the subcutaneous tissue until Scarpa’s fascia
is reached and medial to tensor fascia lata and glutieus
medius lateral to iliacus and external abdominal
muscles. A trap-door technique is performed. The
superior cortex is osteomized and elevated with its
soft-tissue attachments, then base and depth of the
dowel is dictated by diameter of ACL tunnel to be
grafted (Fig 1). Two corticocanellus wedges are ob-
tained (Fig 2A), for a press fit into the ACL tunnels;
their size is taken 1 mm more than the measured
tunnel size. One end of the dowels is tapered to
facilitate introduction and impaction. The trap door is
closed and meticulous layered closure is performed to
minimize postoperative hematoma and seroma for-
mation (Table 1).
The two dowels are prepared (soft tissues are

removed and cortical bone is abraded) (Fig 2B). The
prepared dowel is mounted over a guidewire and tibial
drill bit to facilitate its impaction in the femoral tunnel
(Figs 3 and 4). The graft may be inserted arthroscopi-
cally via an enlarged anteromedial portal (Video 1 and
Fig 5). After insertion of the graft, the knee is thor-
oughly examined to ensure no loose pieces are left
behind (Table 1).
We believe that impacting a dense, structural allograft

dowel into freshly reamed femoral and tibial tunnels
(Fig 6) is a reliable technique to adequately build up
deficient bone stock.

Postoperative Regimen
Patients are allowed protected weightbearing with 2

crutches for balancing and support. Range of motion



Fig 1. Diagram showing trap-
door technique of iliac crest
graft. (A) Superior cortex of iliac
crest is opened. (B) Sagittal view
of iliac crest showing technique
of trap door. (C) Cortico-
canellous wedges are osteotom-
ized in form of dowels to fit the
tunnels. (D) Sagittal view of iliac
crest after harvesting the graft.
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and isometric quadriceps exercises are begun immedi-
ately. Venous thromboembolism chemical prophylaxis
is given for 2 weeks.
Serial radiographs (Fig 7) are obtained to follow up

bone grafting incorporation and a computed tomogra-
phy scan (Fig 8) at approximately 3 to 4 months post-
operatively to ensure graft is still in situ and
incorporating. Once the tunnels are filled with bone
and the patient has normal range of motion, the
second-stage ACLR can be performed.
Discussion
Revision ACL is technically demanding surgery,

especially with widened and/or incorrectly positioned
primary tunnels. There are many challenges including
but not limited to bone loss, associated ligamentous
injury, limitations of bone and ligamentous graft op-
tions, arthrofibrosis, and infection. These usually
impede single-stage revision. Both location and angles
of tunnels are thought to correlate with tunnel
enlargement because of windshield-wiper and bungee



Fig 2. Two wedges are pre-
pared to fill tunnels. (A)
Showing 2 wedges. (B) After
tapering the end of graft to
facilitate its lodging in the
tunnel.
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cord motion of the graft, which may be exaggerated by
tunnel malposition.15

No attempt should be made to use non-anatomic mal-
positioned tunnels for revision.16 Severe tunnel
widening and bone loss may pose further difficulty, and
the surgeon should consider a 2-staged revision.
Despite the presence of many options for tunnel

grafting staged ACL revision, there is no consensus
regarding the optimal choice of bone graft material or
surgical technique in revision ACL surgery. The gold
standard for tunnel augmentation is an autologous iliac
crest cancellous bone graft. However, it is argued that
harvesting the graft is associated with high
morbidity.11,17,18

Sources of autologous graft could be iliac crest or
anterior tibia. It is osteoconductive, osteoinductive, and
osteogenic. A wide variety of growth factors have been
identified in ICBG but were found to be absent in
demineralized allograft bone preparations; hence, ICBG
is more superior19,20 (Table 2). Moreover, many au-
thors used autograft from ipsilateral iliac crest or
proximal tibia. They relied on a guide system (com-
mercial, single-use cylindrical graft harvest and
Fig 3. Lodging the graft over the guidewire to allow easy
control.
delivery) to harvest cylindrical bone dowels and to
arthroscopically insert them into the debrided tun-
nels.11,12,21-23

Bone graft harvested from the iliac crest has been
shown to have significantly greater levels of anabolic
osteogenic gene expression compared with bone har-
vested from the tibia. Autologous bone may be associ-
ated with a lower risk of ligament graft failure
compared with allograft bone.24 Iliac crest acts as an
abundant reservoir for plenty of tri-cortical bone
dowels (Table 2). Thomas et al.11 reported on their
results using dowels of iliac crest autograft for grafting
the tibial tunnels for revision ACL surgery. Scores for
laxity achieved were similar to those after primary ACL
reconstructions. However, they believe that harvesting
of an ICBG is invasive and carries risk of donor-site
morbidity11 (Table 2).
The use of commercial, single-use cylindrical graft

harvest and delivery system has the advantage of of-
fering different sizes, harvests cylindrical dowels, and
being easy and familiar to use both to harvest and to
Fig 4. Drill bit is coupled to wire to press fit the graft into
femoral tunnel.



Fig 5. Right knee, ante-
romedial portal view with
knee flexed 120 degrees.
(A) Inserting the graft
through widened ante-
romedial portal. (B) Insert-
ing the taper end of the
graft through the femoral
tunnel. (C) Impacting the
graft.
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insert the graft. However, it has limited sizes, is not
always available, and is expensive. To avoid high risk of
donor-site morbidity associated with ICBG, Franceschi
et al.22 proposed using an Osteochondral Autograft
Transfer System harvester to obtain dowels from tibial
metaphysis. The technique has a limitation in the size of
grafts obtained. Therefore, larger defects pose a chal-
lenge and an alternative must be considered.22

Allografts have been described as a source of bone
graft. They offer a number of advantages. Bone dowels
are structural allografts commercially available in
different lengths and diameters to fill the bone defect
with varying sizes. They are easy to use and avoid
donor-site morbidity. Furthermore, they afford suffi-
cient stability for the graft fixation at the second-stage
revision. A potential limitation of using allograft bone
dowels is that the maximum diameter of dowels is
20 mm, which may limit their use in larger defects.
Also, they carry a greater risk of ligament graft failure as
compared with autografts.25

A review of bone graft options for tunnel augmen-
tation suggested the following: (1) with the available
data, ICBG for bone tunnel grafting in 2-stage ACLR
revision may be associated with a lower risk of revision
ACLR graft failure compared with allograft bone; (2) no
consensus is available regarding the duration of time
that should elapse between the first and second stages
or regarding the imaging or clinical modality that
should be used to determine whether the knee is ready
for revision; and (3) the results of this review expose a
paucity of high-quality studies comparing available
bone graft materials for revision ACLR.26

Schnetzke et al. described an alternative technique for
managing bone deficiencies using the synthetic bone
graft substitute Si-CaP. They published a randomized
controlled trial reporting the results of using this tech-
nique.27,28 Si-CaP demonstrates slow biodegradation
and excellent resistance to compressive forces. The
technique is straightforward, has the advantage of
shorter operative time, less blood loss and fewer com-
plications, and avoids donor-site morbidity. No Si-
CaPerelated complications occurred during the study.
However, it has the following limitations: intra-
operative assessment with fluoroscopy is needed, it has
greater costs in comparison with autologous cancellous
bone, it is difficult to assess the degree of bone consol-
idation in the bone graft by postoperative computed
tomography, and a 6-month interval is required be-
tween the 2 procedures, which is usually longer than
autologous bone graft. Moreover, these materials have
been shown to lack resistance to tensile forces.6

Conceivably, weakness under tension may not be
conducive to securing a graft that is responsible for
dynamic stabilization of the knee.29 This study shows a
simple and reproducible technique that is used for any
defect regardless of its size. Moreover, there is no need



Fig 6. Grafting the tibial
tunnel. Right knee, outside
view with knee flexed 30
degrees. (A) Insertion of the
graft into the tunnel. (B)
Impaction of the graft. (C)
Ensuring the graft is sitting
well in the tunnel.
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for special instruments. Compared with other methods,
the technique described in this study technique pro-
vides an easy, economic, efficient, and reliable method
Fig 7. Anteroposterior and
lateral radiographs after
3 months to ensure filling
and incorporation of the
tunnels.
of tunnel grafting with corticocancellous ICBG with no
limitation regarding size of tunnel widening and need
of special instruments. In addition, it provides structural



Fig 8. Computed tomography after 3 months. (A) Sagittal cuts showing graft incorporation into the tibial tunnel. (B) Sagittal cuts
showing graft incorporation into femoral tunnel. (C) Coronal cuts showing graft incorporation into tibial tunnel.
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Table 2. Advantages and Disadvantages of the Technique

Advantages Disadvantages

Easy technique, no sophisticated
instruments required

Donor-site morbidity as
pain, bleeding, wound
complications

Autograft has osteoconductive,
osteoinductive, and osteogenic
properties

Time-consuming compared
with readily prepared
allograft dowels

Being tri-cortical, it provides
structural support

Needs sizing and
fashioning
intraoperatively

Ample amount of graft is available
with no limits; hence, it is
suitable for large defects

Patients may be reluctant;
graft is taken from the
hip for knee surgery

Being an autograft, it is not
immunogenic and there is no
risk of disease transmission
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support of tunnels that shortens the interval to second
stage of revision and allow subsequent better fixation of
ACL graft in the second stage.
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