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Anterior Closing Wedge Proximal Tibial Osteotomy
for Slope Correction in Failed ACL Reconstructions
Nicholas N. DePhillipo, M.S., A.T.C., O.T.C., Mitchell I. Kennedy, B.S.,
Travis J. Dekker, M.D., Zachary S. Aman, B.A., W. Jeffrey Grantham, M.D., and

Robert F. LaPrade, M.D., Ph.D.
Abstract: Increased sagittal plane posterior tibial slope has been identified as a risk factor for primary anterior cruciate
ligament reconstruction (ACLR) failure. Although ACLR failure is multifactorial, correction of sagittal plane posterior tibial
slope should be evaluated in patients with an ACLR graft rupture. There are limited technical descriptions of proposed
decreasing tibial slope osteotomy procedures; therefore, the purpose of this Technical Note is to describe the current senior
author’s technique of performing an anterior closing wedge proximal tibial osteotomy to decrease sagittal plane tibial slope
in patients requiring a revision ACLR.
ncreased tibial slope has been identified to be a
Icause of increased sagittal plane knee translation
and therefore has been linked to increased loading
behavior in the anterior cruciate ligament (ACL).1-3

Subsequently, an increased posterior tibial slope has
been associated with an increased risk of ACL
reconstruction (ACLR) graft failure.4,5 Although
native tibial slope has been described to average
approximately 7� to 10�, evidence suggests that an
increased sagittal plane tibial slope �12� to be directly
correlated with increased anterior tibial translation,
thereby predisposing patients to ACLR graft failure.1,4,5

Although ACLR graft failure is multifactorial, correc-
tion of sagittal plane posterior tibial slope should be
evaluated in patients with a failed ACLR; however,
there are limited technical descriptions of proposed
decreasing tibial slope osteotomy procedures. The
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purpose of this Technical Note was therefore to describe
the current senior author’s technique of performing an
anterior closing wedge proximal tibial osteotomy to
decrease sagittal plane tibial slope in patients requiring
a revision ACLR.

Surgical Technique
Detailed information on the technique is shown in

Video 1. Pearls and pitfalls of this technique and a step-
by-step approach are described in Tables 1 and 2,
respectively.

Indications and Contraindications
Precise patient selection is crucial for the success of

this surgical procedure. The main indication for this
procedure is increased sagittal plane posterior slope
�12� in a patient with a failed ACLR. Other relative
indications include severe anterior instability as evi-
denced by a high-grade Lachman and pivot shift (3þ)
on physical examination in patients with single or
multiple failed ACLRs. Measurements may be con-
ducted on the lateral view of plain radiographs,
ensuring there is sufficient visualization of the distal
tibia. Longstanding radiographs should also be ob-
tained to rule out any significant genu varus or valgus
malalignment. Contraindications for a decreasing
slope anterior closing wedge osteotomy include pri-
mary ACLR patients, genu recurvatum with signifi-
cant knee hyperextension (e.g., >10�), posterior
cruciate ligament (PCL) deficiency, significant genu
varus malalignment, and end-stage tibiofemoral
osteoarthritis.
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Table 1. Pearls and Pitfalls of Anterior Closing Wedge Proximal Tibial Osteotomy

Pearls Pitfalls

The use of a radiolucent retractor to protect the posterior
neurovascular structures allows the surgeon to fluoroscopically
access the osteotomy without having to remove it

Lack of aiming device and osteotomy guide may lead to
nonparallel cut

Closing wedge osteotomy should be performed slowly with the use
of passive force to ensure appropriate closure and minimize risk of
tibial fracture

Risk of fracture of the posterior tibial cortex

Use of multiple staples allows for fixation of closing wedge
osteotomy before refixation of tibial tubercle

Requires concurrent tibial tubercle osteotomy

Use of a curette to complete osteotomy under live fluoroscopic
imaging

Relying solely on oscillating saw to complete entire anterior bone
resection may lead to penetration of posterior cortex and possible
hinge fracture

Closing wedge osteotomy cut needs to include entire medial and
lateral cortex to allow for the appropriate posterior hinge

Osteotomy is based on measured anterior cortical resection requiring
free-hand pins to be converged at the posterior cortex
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Preoperative Planning
Posterior tibial slope is calculated from plain radio-

graphs according to a previously established measure-
ment technique.6 The amount of slope correction is
measured according to the lateral radiographic image,
with a target reduced slope angle of 6� to 8� (Fig 1). It is
estimated that w1.67 mm of anterior resection of the
tibia equates to w1� of slope correction; thus, an
osteotomy aiming for a 10-mm anterior resection will
correct the posterior tibial slope by 6�. Previous litera-
ture indicates a decreased tibial slope of approximately
�5� may increase the risk for PCL injury7; therefore,
careful attention should be made to not overcorrect the
degree of posterior tibial slope and potentially increase
the strain on the PCL.

Patient Positioning and Anesthesia
The patient is placed in the supine position on the

operating table. After the induction of general anes-
thesia, a bilateral knee examination is performed to
evaluate for any concurrent ligamentous instability and
to assess knee range of motion. A well-padded high-
thigh tourniquet is subsequently placed on the opera-
tive leg, which is then placed into a leg holder (Mizuho
OSI, Union City, CA) while the contralateral knee is
placed into an abduction stirrup (Birkova Product,
Gothenburg, NE). The foot of the operating table is then
Table 2. Advantages and Disadvantages of Anterior Closing Wed

Advantages

Allows for correction of sagittal plane tibial slope
Direct anterior approach allows for access of ACL tibial tunnel for

simultaneous bone grafting of previous ACL reconstruction tunnel
Tibial osteotomy is biomechanically effective in both knee flexion

and extension
No risk of PCL injury as seen with other osteotomy using oblique

cuts made toward the posterior joint line near the PCL tibial
insertion

Allows for distalization of the tibial tubercle to prevent extensor lag
and patella alta

ACL, anterior cruciate ligament; PCL, posterior cruciate ligament.
lowered, allowing the surgeon to freely manipulate the
knee as needed.

Surgical Approach
Arthroscopy is performed first with debridement of

the previous ACLR graft remnants, including debride-
ment of the soft tissues in the previous ACLR femoral
tunnel. The tunnel is thoroughly debrided with the aid
of a 5.5-mm shaver, 4.5-mm curved shaver, and curved
rasp. The menisci are also examined at this time;
concomitant meniscal repair should be performed
during this surgery if indicated. Next, the leg holder is
removed, the foot of the operating table is raised, and
the closing wedge osteotomy is then performed with
the patient in the supine position.
The open procedure then ensues by making an 8- to

10-cm midline incision from the midportion of the
patella distally beyond the tibial tubercle. A Cobb
elevator is used to elevate tissues away from the tu-
bercle distally, medially, and laterally to allow for
isolation of the tibial tubercle to prepare it for a tibial
tubercle osteotomy. Next, a scalpel is used to elevate the
periosteum in a proximal to distal fashion from the
medial and lateral borders of the tubercle. A Cushing
elevator is then passed deep to the patella tendon, just
proximal to its insertion, to fully isolate and protect the
distal extent of the patella tendon. A mark is made
ge Proximal Tibial Osteotomy

Disadvantages

Potential to increase knee hyperextension following osteotomy
Technically demanding procedure

Requires 8-week period of non-weightbearing

Risk of injury to popliteal neurovascular structures with direct
anteroposterior bicortical drilling



Fig 1. Preoperative right knee lateral radiograph measuring degree of native posterior tibial slope and desired anterior closing
wedge osteotomy. (A) Lateral radiograph measuring approximately 15� native posterior tibial slope in a patient with a failed
anterior cruciate ligament reconstruction. (B) A 10-mm anterior tibial resection is measured on the preoperative lateral radio-
graph for presurgical planning.

Fig 2. Right knee tibial tubercle osteotomy. (A) A 2-mm drill
bit (Synthes) is passed multiple times along the lateral and
medial tibial cortex in parallel. (B) Reflected tibial tubercle
following distal detachment.
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30 mm distal to the proximal attachment of the patellar
tendon. Beginning medially, the proposed bone block is
marked with electrocautery ensuring adequate thick-
ness of at least 3- to 4-mm depth of cancellous bone to
prevent fracture after later fixation. A 2-mm drill bit
(Synthes, West Chester, PA) is passed multiple times
along the medial tibial cortex in parallel fashion on the
medial side through only the near cortex from medial
to lateral along the previously marked outline and then
repeated from lateral to medial on the lateral side.
Beginning medially, a small osteotome is passed in a
unicortical fashion between the sites of the drill holes to
complete the corticotomy extending to the proximal
and distal corners. This is repeated on the lateral border.
A single, large osteotome is passed from medial to
lateral connecting the medial and lateral osteotomy
sites, ensuring no bony bridges are present. Finally, a
small oscillating saw (ConMed, Utica, NY) is used to
complete the osteotomy distally, releasing the distal
bone bridge at a 45�angle, which allows for reflection of
the osteotomy in a superior direction (Fig 2).
With the tubercle reflected in a superior fashion, ac-

cess to the preoperative site of maximum deformity of
the proximal tibia is then achieved. Soft-tissue dissec-
tion occurs both medially and laterally to the posterior
borders of the tibia. Identification and clearing of the
previous ACLR tibial reconstruction tunnel and
removal of fixation hardware and debridement of the
soft tissue within the tunnel is performed.
With the aid of fluoroscopy, a single 1.7-mm K-wire is

passed from anterior to posterior in the medial third of
proximal tibia; this pin is placed to be perpendicular to
the shaft of the tibia and parallel to the tibial joint surface.
This step is repeated at the same level into the lateral
third of the proximal tibia. Multiple fluoroscopic images
are obtained to ensure both pins are even and parallel to



Fig 3. Guide pins for planned anterior corticotomy in a right knee. (A) With the aid of fluoroscopy, a single 0.062-in C-wire is
passed from anterior to posterior in the medial third of proximal tibia. This pin is placed to be perpendicular to the shaft of the
tibia and parallel to the tibial joint surface. This step is repeated at the same level into the lateral third of the proximal tibia at the
same level. A total of 4 pins are used to outline the desired anterior corticotomy area. (B) Fluoroscopic images are obtained to
ensure pins are even and parallel to one another as they will serve as a guide for the initial corticotomy site.

Fig 4. (A) Using a large oscillating saw (ConMed), the ante-
rior, medial, and lateral cortices are breached in a unicortical
fashion beginning distally in a right knee. Using the proximal
pins as a guide, the saw is then passed in a similar manner,
ensuring convergence to the prior cut corticotomy to
converge anterior to the posterior tibial cortex. (B) Following
anterior corticotomy, the closing wedge is measured to
confirm desired anterior cortical resection.
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1 another because theywill serve as a guide for the initial
corticotomy site. Using preoperative radiographs, the
proposed distance to achieve adequate correction (in this
case, 12 mm) is marked proximally. Two additional
K-wires are placed proximal to the previously
mentioned placed pins with aim of converging the pins
just anterior to the posterior cortex. These 4 pins will
serve as the guide for the bone cuts for the closing wedge
osteotomy (Fig 3). Z-retractors are placed both medially
and laterally behind the posterior tibial cortex to protect
soft tissues and neurovascular structures. Using a large,
oscillating saw (ConMed), the anterior, medial, and
lateral cortices are breached in a unicortical fashion
beginning distally. Using the proximal pins as a guide, the
saw is then passed in a similar manner ensuring
convergence to the prior cut corticotomy to converge
anterior to the posterior tibial cortex (Fig 4). Caution is
taken not to violate the posterior cortex. The remainder
of the osteotomy both proximally and distally is
completed with a 25-mm straight osteotome under
fluoroscopic guidance to ensure no breach of the poste-
rior tibial cortex.With adequate convergence, thewedge
of bone can be removed en bloc and measured to verify
adequate resection. All 4 K-wires are removed at this
time. With the wedge of bone removed, the extremity is
slowly hyperextended over 5 to 7 minutes to allow for
closing of the osteotomy site, while preventing fracture
of the posterior tibial cortex. A curette may be used to
remove additional cancellous bone off the posterior
cortex to aid in closing down the osteotomy (Fig 5).With
the osteotomy site well opposed and compressed, a large
Richards staple (Smith&Nephew, London, UK) is placed
just medial to the midline to hold the osteotomy closed.
Keeping the leg in hyperextension, 2 additional large
staples are placed, with 1 being more posterior on the
medial cortex and the other in the central aspect of the
lateral tibial cortex (Fig 6). The extremity is gently ranged
at this time to ensure no gapping occurs at the osteotomy
site. Fluoroscopy should again be used to confirm no
posterior cortex fracture. The bone wedge is then mor-
selized and packed into the previous ACLR tibial tunnel
under direct vision.



Fig 5. (A) Intraoperative fluoroscopy following anterior bone resection with an oscillating saw in a right knee. (B) Use a small
curette to carefully remove additional bone without violating the posterior tibial cortex.

Fig 6. (A) With the osteotomy site well opposed and com-
pressed, a large Richards staple (Smith & Nephew) is placed
just medial to the midline to hold the osteotomy closed in a
right knee. (B) Keeping the leg in hyperextension, 2 addi-
tional large staples are placed to help secure the osteotomy
site. The use of 3 staples for the closing wedge osteotomy
fixation allows for quick, low-profile fixation when the pos-
terior cortex remains intact.
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At the site of the prior tibial tubercle osteotomy, an
additional bone distal resection is made equivalent to
the amount of anterior wedge resection (in this case,
12 mm) to appropriately distalize the patella and pre-
vent patella alta. Using the small oscillating saw, a 45�

trough, 3- to 4-mm deep, is removed to facilitate a
wedge-fit of the prior tibial tubercle osteotomy. Two
K-wires for the cannulated 4.5-mm, fully threaded
screws (Synthes) are inserted and checked with fluo-
roscopy. With placement and lengths confirmed, 2 fully
threaded cannulated 4.5-mm screws are placed in a
bicortical fashion with washers securing the osteotomy.
At this time, arthroscopic placement of the allograft
bone graft into the femoral tunnel is performed.
Final intraoperative fluoroscopic radiographs con-

firming the desired decreased posterior tibial slope are
obtained (Fig 7). Repeat Lachman and pivot shift
examinations are performed demonstrating increased
stability of the knee because of the decreased tibial slope.

Postoperative Protocol
After the procedure, the patient is to remain non-

weightbearing for 8 weeks on crutches and in a knee
immobilizer brace. Physical therapy begins on post-
operative day 1 with a focus on pain control, reducing
edema, and knee motion. Additionally, plain radio-
graphs are taken 1 day postoperatively to ensure
adequate slope correction and allow for baseline imaging
of bone grafting of previous ACL reconstruction tunnels
(Fig 8). During the first 2 weeks, passive range of motion
is limited from 0� to 90� and then may progress as
tolerated thereafter. After 8 weeks, weightbearing is
gradually increased, based on clinical and radiographic
evidence of bone healing, starting at 25% body weight,
and increased by 25% body weight each week over a 4-
week period. Revision ACLR may be performed after
there is adequate bony healing around the osteotomy
site, which may require up to 6 months.

Discussion
An anterior closing wedge osteotomy to reduce pos-

terior tibial slope has become increasingly recognized
because of its efficacy in restoring knee stability and
reducing the risk of further revision ACLR graft fail-
ure.4,5 Although considered an invasive surgery, it has



Fig 8. Postoperative day 1 right knee radiographs following
anterior closing wedge osteotomy with the corrected posterior
tibial slope measuring 7�. (A) Anteroposterior radiograph
demonstrating reduced posterior tibial slope. (B) Lateral
radiograph demonstrating normal surgical hardware that is in
proper position with no displacement.

Fig 7. Intraoperative fluoroscopy demonstrating completion
of anterior closing wedge osteotomy and reduced posterior
tibial slope to 6� (lateral view, right knee).
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been suggested that a slope-decreasing osteotomy is
necessary for patients wishing to return to sports or for
those who need to restore necessary stability for
demanding day-to-day activities after a failed ACLR and
who have a tibial slope �12�.4,5,8 This is because it has
been reported that increased tibial slope is directly
correlated to increased anterior tibial translation, and
has been shown to increase the forces experienced by
the native ACL.1,3,9,10 Clinical studies have supported
these biomechanical findings, because an increased
tibial slope has been reported to increase the risk of
ACL graft failure, namely those �12�.4,5,8 In our
experience, we find intraoperatively that solely
decreasing tibial slope before the second-stage ACL
revision surgery can independently reduce anterior
tibial translation.
An anterior closing wedge osteotomy to reduce pos-

terior tibial slope has been shown to be an effective
procedure to reduce the risk of ACLR graft failure in
clinical studies4,5; therefore, it is suggested that this
procedure should be considered for patients in which
soft-tissue reconstruction alone is inadequate.
Different surgical techniques for performing an anterior
closing wedge osteotomy have been described.4,5 One
of the most significant differences between the
current technique is the management of the tibial
tubercle. In our preferred technique, an osteotomy is
performed at the level of the tibial tubercle, requiring
its location to be migrated distally to reduce the risk
of secondary knee hyperextension. Although there is
no consensus regarding the proper management of
the tibial tubercle, it is important to ensure that
neither patella alta or baja is created because of this
procedure. In addition, the use of 3 staples for the
closing wedge osteotomy fixation allows for quick,
low-profile fixation when the posterior cortex re-
mains intact. The use of a plate would be necessary if
the posterior tibia cortex is violated and stronger fixa-
tion with increased rotational control is required;
however, plates are not well contoured for this area of
the tibia without additional soft-tissue disruption or
significant modification to the plate. Furthermore, an
anterior closing wedge osteotomy, rather than other
described medial techniques, is indicated when patients
do not require varus correction.11-15

This Technical Note describes our preferred technique
to decrease posterior tibial slope via an anterior closing
wedge osteotomy. We believe that our technique is a
reproducible and effective procedure to reduce the risk
of revision ACLR graft failure and improves patient
outcomes concurrent to revision ACLR procedures.
Further clinical studies are needed to develop a
consensus among the various described techniques in
the literature for slope-reducing anterior closing wedge
osteotomy procedures.
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This Technical Note describes the senior author’s
preferred technique for an anterior closing wedge
osteotomy to reduce the amount of sagittal plane pos-
terior tibial slope for patients with failed ACLR and
significant increased posterior tibial slope.
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