Technical Note

Technique for Medial Closing-Wedge Proximal Tibia ®

Osteotomy in the Valgus Knee
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Abstract: Valgus malalignment can be corrected with a medial closing-wedge proximal tibia osteotomy in patients with
symptomatic lateral compartment disease. Advantages of this technique include the inherent stability of the closing wedge
with direct bone contact and reliable healing that enables early weight bearing and shorter recovery time. In addition, a
tibial-based osteotomy alters joint contact forces in both flexion and extension versus femoral-based osteotomies. The
purpose of this article is to present a reproducible technique for medial closing-wedge proximal tibia osteotomy and re-
view the indications, preoperative planning, rationale, and clinical outcomes.

Osteotomies about the knee have long been an
established treatment for various pathologies in
patients with coronal plane malalignment." More
recently, advances in cartilage restoration and meniscal
transplant procedures have led to increasing interest in
biologic joint reconstruction. Neutral mechanical
alignment is an important factor in the success of these
operations, and there has been increased interest in
osteotomies to achieve this goal."' ™’
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Several techniques have been described for correction
of wvalgus malalignment, including distal femoral
osteotomy (lateral opening wedge or medial closing
wedge) and proximal tibial osteotomy (lateral opening
wedge or medial closing wedge). Although distal
femoral osteotomies have long been considered the
standard for treatment of valgus with lateral compart-
ment disease, these techniques preferentially affect
joint contact forces in full extension with less effect at
greater knee flexion angles and no effect at 90° or
beyond.”® In patients with mild-to-moderate valgus
alignment and lateral compartment arthritis, meniscal
deficiency, or focal osteochondral defects, our prefer-
ence is to perform a medial closing-wedge proximal
tibia osteotomy (MCWPTO) to alter joint contact forces
both in flexion and extension. Other advantages of this
technique compared with femoral osteotomies are
summarized in Table 1. The purpose of this article is to
present a reproducible technique for MCWPTO and
review the indications, preoperative planning, ratio-
nale, and clinical outcomes.

Surgical Technique (With Video lllustration)

Detailed information regarding the MCWPTO surgical
technique is shown in Video 1. The pearls and pitfalls of
this technique are also summarized in Table 2.

Surgical Indications and Contraindications

Proper patient selection is paramount for the success
of this operation. The primary indications for this pro-
cedure are mild-to-moderate valgus malalignment (up
to 10°) with a previous injury to the lateral compart-
ment cartilage or meniscus, or lateral compartment
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Table 1. Advantages and Disadvantages of Osteotomies in the Treatment of Valgus Malalignment
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MCWPTO

LOWPTO

MCWDFO

LOWDFO

Advantages

Advantages

Advantages

Advantages

Effect joint contact in
flexion and extension
No bone grafting required

Lateral approach— access
for concomitant procedures
Able to “fine-tune”

Bone-to-bone healing
Early weight bearing
Maintain joint line obliquity

Familiar surgical approach
Access to lateral knee for
concomitant procedures

e Bone-to-bone healing correction Able to “fine-tune”
e Early weight bearing correction
Disadvantages Disadvantages Disadvantages Disadvantages

Separate approach needed
for lateral compartment
Tatrogenic excessive joint
line obliquity (>10°)

Can be difficult to “fine-

Risk of iatrogenic peroneal
nerve injury

Fibular osteotomy may be
required for larger
corrections

Minimal effect on joint
contact in flexion

Can be difficult to “fine-
tune” correction

Minimal effect on joint
contact in flexion
Hardware irritation

tune” correction e Hardware irritation

LOWDEFO, lateral opening-wedge distal femur osteotomy; LOWPTO, lateral opening-wedge proximal tibia osteotomy; MCWDFO, medial
closing-wedge distal femur osteotomy; MCWPTO, medial closing-wedge proximal tibia osteotomy.

arthritis. Most often, patients have undergone previous
surgical procedures for partial lateral meniscectomy,
lateral meniscus repair, chondroplasty, or other carti-
lage procedures in the lateral compartment. The
MCWPTO also may be used as an adjunct procedure in
patients undergoing concomitant lateral meniscus
allograft transplantation or lateral compartment carti-
lage repair procedures. Absolute contraindications for
MCWPTO include symptomatic medial compartment
disease, inflammatory arthritis, severe ligamentous
laxity or joint subluxation greater than 1 ¢cm, and nico-
tine use. Relative contraindications include obesity (body
mass index greater than 35), age greater than 60 years,
moderate-to-severe patellofemoral disease, excessive
joint line obliquity, and an aberrant anterior tibial artery
identified on magnetic resonance imaging.®”

Preoperative Planning
Limb alignment is assessed using full-length bilateral
weight-bearing radiographs. The mechanical axis or
hip—knee—ankle angle of the lower limb is used to

Table 2. Pearls and Pitfalls

measure the coronal plane deformity (Fig 1). In addi-
tion, the mechanical medial proximal tibia articular
angle and mechanical lateral distal femur articular
angle are calculated as the angle formed between the
mechanical axis of the tibia and tibial plateau, and the
mechanical axis of the femur and distal articular angle
of the femur, respectively (Fig 1). Magnetic resonance
imaging is obtained in all patients to assess for intra-
articular pathology as well to assess for an aberrant
anterior tibial artery.”

Surgical correction is calculated using the
hip—knee—ankle angle (Fig 1). In general, the
correction is planned to the center of the knee joint,
although in cases of more severe lateral compart-
ment disease, correction to the medial tibial spine
may be preferred. The calculated angle of correction
is then transposed to the tibia at the desired level of
the osteotomy cut with the trajectory toward a
point about 2 c¢m distal to the articular surface of
the lateral tibial plateau and about 0.5 to 1 cm from
the lateral cortex to preserve a lateral “hinge.” The

Pearls
e Elevate upper border of pes tendons to improve posterior access

The lateral point of the osteotomy should be at the proximal tibiofibular joint to avoid impingement by the fibula when closing the osteotomy

L]
e Ensure at least 5 mm of a “lateral hinge” to avoid iatrogenic fracture
L]

Use the arthroscope and fluoroscopy to visualize within the osteotomy and remove any remaining bone from deep within the osteotomy with

pituitary

e Plan for under-resection when making bone cuts—can always resect additional bone if needed

Pitfalls

e Keep the incision small to avoid compromise of future arthroplasty incision
e Position the lateral thigh post high enough to allow figure-4 position to access the posteromedial tibia and ensure fluoroscopic views at hip,

knee, and ankle before draping

o When elevating posteromedial soft tissues from the proximal tibia, beware of medial inferior genicular artery along the posteromedial border of

the tibia

e Close osteotomy slowly with passive force to avoid iatrogenic fracture of lateral hinge
e Assess alignment intraoperatively with fluoroscopy to confirm correction
e Assess tibial slope pre- and intraoperatively to avoid excessive increase or decrease
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Fig 1. Full length standing anteroposterior radiographs with
measurements of the left lower extremity demonstrating (A)
mLDFA and mMPTA, and (B) HKAA with planned 4°
correction to the medial tibial spine. (HKAA, hip—knee—ankle
angle; mLDFA, mechanical lateral distal femoral angle;
mMPTA, mechanical medial proximal tibial angle.)

length of the wedge of bone to be removed is
measured along the medial tibial cortex (Fig 2).

Patient Positioning

The patient is positioned supine on a radiolucent table
that will allow fluoroscopy from the hip joint to the
ankle. After induction of general anesthesia, a bilateral
knee examination is performed to assess for any liga-
mentous instability and knee range of motion. A well-
padded thigh tourniquet is placed. A lateral thigh post
is used and placed high enough to allow a figure of four
position. A foot post is placed at the mid-calf level or
distal to ensure the osteotomy will not be flexed during
fixation, and to allow for knee flexion if a concomitant
intra-articular procedure will be performed (Fig 3).

Detailed Procedure
Diagnostic arthroscopy is performed before the
osteotomy. Concomitant pathology may be addressed
at this time, and the medial compartment is further
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5.7 mm**

Fig 2. Anteroposterior knee radiograph with preoperative
templating for medial closing-wedge proximal tibia osteot-
omy. The 4° correction is calculated using the hip—knee-
—ankle angle and transposed to the desired cut at the
proximal tibia to a point 2 cm below the lateral joint surface.
The wedge of bone to be removed is measured at the medial
cortex; in this case 5.7 mm.

assessed for any damage that would contraindicate this
procedure. In general, we do not use a tourniquet
during the procedure. A standard medial approach to
the proximal tibia is used with the incision centered
over the medial border of the tibia from 1 cm distal to
the level of the joint line to about 4 finger-breadths
distal to the top of the tibial tubercle. The sartorius
fascia is split and the upper border of the pes tendons
are identified and elevated from its tibial insertion to
allow access to the posterior border of the tibia (Fig 4).
The superficial medial collateral ligament is then split in
line with its fibers at the posterior one-third and
elevated from the posteromedial border of the tibia
proximally and distally (Fig 4). This subperiosteal
dissection is continued around the posterior border of
the tibia and to the posterior aspect of the proximal
tibiofibular joint, which is palpated to ensure adequate
dissection. A lap sponge is packed into this space, and a
1-inch malleable retractor is placed across to the prox-
imal tibiofibular joint.
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Fig 3. Patient is positioned supine with the left lower ex-
tremity exposed at the end of a regular operating room table
with a lateral thigh post (arrowhead) and foot post (arrow).

Fluoroscopy is then used to confirm the starting point
for the initial K-wire. The starting point is at the upper
border of the tibial tubercle or no more than 1 cm distal
to this point. The first K-wire is then driven across the
tibia to a point about 2 to 2.5 cm distal to the lateral
tibial joint surface toward the proximal tibiofibular joint
to establish the trajectory of the osteotomy (Fig 5). It is
important to leave at least 5 to 10 mm of lateral tibial
cortex intact as a “hinge” to preserve stability of the
osteotomy. A second K-wire is then placed in line with
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Fig 5. Intraoperative fluoroscopy showing placement of the
K-wires. The upper K-wires are placed about 2 to 2.5 cm
below the lateral tibia joint line. The third and fourth K-wires
are placed to allow the saw blade or osteotomes to cut to the
desired depth for the osteotomy between the tips of the K-
wires (white arrow).

this K-wire and parallel to the joint surface to match the
posterior tibial slope, which can be assessed by slightly
flexing the knee on a bump to obtain an ante-
roposterior view along the joint line. The medial
collateral ligament is then split perpendicular to its fi-
bers in line with these K-wires, and elevated about 1 cm
distally to expose the medial tibia cortex (Fig 6A). A
ruler is then used to measure the desired size of our
wedge at the medial cortex that was determined with
our preoperative plan (Fig 6B). A third K-wire is then

< 7 i J
Fig 4. Intraoperative photographs of a left leg with a medial approach to the proximal tibia. Patient is positioned supine with
head of the patient on the left side of the figures. (A) The pes tendons (black arrow) are identified and the upper portion is
released to expose the superficial MCL (asterisk). (B) A split is made at the posterior border of the superficial MCL (asterisk)
down to bone using electrocautery. (C) The posterior aspect of the superficial MCL and musculature is elevated subperiosteally
from the posteromedial border of the proximal tibia. (MCL, medial collateral ligament.)
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Fig 6. Intraoperative photographs
of a left leg with a medial
approach to the proximal tibia.
Patient is positioned supine with
white arrowhead pointing toward
the head of the patient. (A) The
superficial MCL is split along the
inferior edge of these K-wires to
expose the medial cortex. (B) A
ruler is then used to measure the
desired correction and marked for
placement of the third K-wire.
(MCL, medial collateral
ligament.)

drilled from this point toward the tip of our first K-wire.
It is important for this K-wire to be placed to allow the
saw blade or osteotomes to get to within 1 cm of the far
lateral cortex for the osteotomy (Fig 5). A fourth K-wire
is placed in line with the third K-wire and again parallel
with the tibial slope (Fig 7).

The proximal K-wires can be bent proximally and the
distal K-wires can be bent distally to allow working
space for the saw. An initial retrotubercle cut is made in
line with the tibial shaft to preserve at least 1 cm of
bone behind the tibial tubercle (Fig 8). An oscillating
saw (CONMED, Utica, NY) is then used to start the
medial tibia cuts between the K-wires. The saw cut is
made about three-fourths of the way across the tibia
and the cut is completed using thin osteotomes (Fig 9).

The osteotomy site is then manually closed by placing
a gentle varus force across the lower leg (Fig 10). A
limb-alignment rod is used to confirm the amount of
correction with fluoroscopic views centered at the hip,
knee, and ankle (Fig 11). The osteotomy may be pro-
visionally held with a staple at this point, or held by
hand. Fixation of the osteotomy is achieved using a
4-hole 4.5-mm locking compression plate T-plate from
the large fragment set (Depuy Synthes; West Chester,
PA) (Fig 12). A nonabsorbable #2 FiberWire suture
(Arthrex, Naples, FL) will be placed under the plate
before fixation to allow for repair of the pes tendons if
needed. Proximal locking screws are placed through the
plate first, and then a nonlocking screw is placed in
compression mode distal to the osteotomy site.

The postoperative protocol is summarized in Table 3.
Full-length radiographs are obtained at 6 weeks if pa-
tient is weight bearing without pain to assess correction
and repeated at 1 year postoperatively (Figs 13 and 14).

Discussion
Patients indicated for MCWPTO are younger, active,
and often have sustained previous injury to the lateral
compartment cartilage or meniscus with mild-to-
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moderate valgus alignment. Studies have also demon-
strated that lateral compartment disease preferentially
affects the joint posteriorly in deeper knee flexion
angles—both in lateral compartment arthritis and after
partial lateral meniscectomy.'”'" One of the primary
advantages of performing a tibial osteotomy over a
femoral-based is the ability to alter joint contact forces
both in flexion and extension.®

One important consideration when performing this
technique is the obliquity of the joint line at the knee. It
has been reported that 12° of valgus is the upper limit of
acceptable correction using a proximal tibia osteotomy
to avoid creating an excessive mechanical medial
proximal tibia articular angle.”'*'” One of the earliest
osteotomy studies by Shoji and Insall'* demonstrated
that gradual subluxation of the tibia will occur if more
than 10° of medial tibia tilting is created.'” More recent
clinical studies have supported a joint surface tilt of 10°

BRI e LA z 2 NN
Fig 7. Intraoperative photographs of a left leg with a medial
approach to the proximal tibia. Patient is positioned supine
with white arrowhead pointing toward the head of the pa-
tient. Four K-wires are in place to create the wedge of bone to
be removed
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Fig 8. Intraoperative photographs
of a left leg with a medial
approach to the proximal tibia.
Patient is positioned supine with
white arrowhead pointing toward
the head of the patient. (A) The
initial retrotubercle cut (black ar-
row) is made with a quarter-inch
saw blade (CONMED, Utica, NY).
(B) The retrotubercle cut is shown
(black arrow) with the planned
medial wedge saw cuts (white
lines).

Fig 9. Intraoperative photographs
of a left leg with a medial
approach to the proximal tibia.
Patient is positioned supine with
white arrowhead pointing toward
the head of the patient. (A) The
medial tibial cuts (white lines) are
made using an oscillating saw
(CONMED). (B) The medial tibia
cut is shown after removal of the
cortical bone wedge (black
arrow).

Fig 10. Intraoperative photo-
graphs of a left leg with a medial
approach to the proximal tibia.
Patient is positioned supine with
white arrowhead pointing toward
the head of the patient. (A) The
medial tibia osteotomy is show
(black arrow) with the retro-
tubercle biplanar cut (white ar-
row). (B) Varus force is applied to
close the osteotomy site (black
arrow) and this will slide along
the retrotubercle cut (white
arrow).
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Fig 11. Anteroposterior
fluoroscopic views of the
hip, knee, and ankle using a
straight metal alignment
rod to assess the intra-
operative alignment from
(A) the center of the hip,
(B) through the knee, and
(C) to the center of the
ankle.

or less is well tolerated.*”"'° This concern for excessive

joint line obliquity has been cited as a reason for the
MCWPTO technique falling out of favor.”'®'” In the
authors’ experience, this technique is best suited for
patients with mild-to-moderate valgus (up to 8°). In the
case presented here, 4° of varus joint line obliquity was
created (Fig 14).

Other risks of this procedure include intra-articular
fracture—often due to placement of the guide pin
within 2 cm of the lateral joint line. Fracture of the
lateral hinge may also occur, requiring more robust
fixation with a larger plate and screws, or an additional
lateral incision to place a staple at the lateral hinge.
Tibial slope can also be altered and especially in cases of
anterior or posterior ligamentous instability should be
carefully assessed pre- and intraoperatively. Over-
correction into varus should also be avoided, as this is
generally not well tolerated.”'” Other complications
inherent to osteotomy procedures include non-union,
malunion, wound complications, infection, thrombo-
embolism, stiffness, and painful hardware requiring
reoperation.' %’

There are very few published studies on long-term
clinical outcomes after MCWPTO. In the largest series
of 47 patients, Chambat et al.* reported that 72% had
“good” or “very good” results with an improvement in
pain in 91% at a mean 7 years of follow-up. They
concluded that the ideal correction is to about neutral,
joint line obliquity must be less than 10° of varus, and
younger patients with mild arthritis had better out-
comes. Coventry'’ reported on 31 knees treated with
MCWPTO for painful lateral compartment arthritis
associated with valgus malalignment. At an average
follow-up of 9.4 years (range: 2-17 years), the author
reported 77% had no pain or mild pain, 19% with

€931

Fig 12. Intraoperative photographs of a left leg with a medial
approach to the proximal tibia. Patient is positioned supine
with white arrowhead pointing toward the head of the pa-
tient. (A) Fixation of the osteotomy is achieved using a 4.5-
mm locking compression plate (Synthes) and the 2 proximal
locking screws are placed first (black arrows), followed by a
cortical screw to compress the osteotomy (white arrow). (B)
The pes tendons are then repaired over the plate using the
FiberWire (Arthrex) suture that was placed under the plate
(white arrow).
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Table 3. Postoperative Protocol

Intraoperative

e Well-padded cooling device applied

e HKB locked in extension

Day 0 -1

e Patients admitted to hospital overnight to monitor for bleeding-
related complications and pain control

e Chemical DVT prophylaxis initiated on day 0

e Crutches and/or walker training day 1 with physical therapy

Weeks 0-2

e ROM: 0-90°

e Touch down weight bearing with crutches or walker

e HKB locked in extension when ambulating

Weeks 3-4

e ROM: as tolerated

e Progress to 50% weight bearing if minimal pain (pain score <3 of
10)

e HKB unlocked for ambulating

Weeks 5-6

e Progress to full weight bearing as tolerated

Weeks 7+

e Progress strengthening and activities as long as patient remains
pain-free

DVT, deep vein thrombosis; HKB, hinged knee brace; ROM, range of
motion.

4 2 o &/ 1
Fig 13. (A) Preoperative full-length standing anteroposterior
radiograph demonstrating the mechanical axis of the lower
limb through the lateral compartment. (B) Postoperative full-
length standing anteroposterior radiograph demonstrating the
mechanical axis of the lower corrected to the medial tibial
spine.
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Fig 14. (A) Preoperative full-length tibia anteroposterior
radiograph demonstrating the mMPTA. (B) Postoperative full-
length tibia anteroposterior radiograph demonstrating the
mMPTA increased to 4° of varus. (mMPTA, mechanical
medial proximal tibial angle.)

moderate pain, and 1 patient with severe pain. Six
knees required conversion to total knee arthroplasty at
an average of 9.8 years after osteotomy.'’ Puddu et al.”
reported on 6 cases with excellent improvement of pain
and functional capabilities.

In conclusion, this technical note describes our
preferred technique to correct mild-to-moderate valgus
malalignment in patients with symptomatic lateral
compartment disease via a MCWPTO. Although mod-
ern studies are needed to evaluate the clinical out-
comes using this technique, the authors believe this
procedure is a reproducible and effective treatment
option to reduce pain and improve function in a
younger patient population in whom arthroplasty is
less desirable.
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