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Introduction

While the role of tibial osteotomy in the management
of varus gonarthrosis has become more refined, it re-
mains the treatment of choice for a select group of
patients. The ideal candidate for a lateral closing wedge
valgus tibial osteotomy is the younger, more active,
heavier patient with a good range of motion and a com-
petent medial collateral ligament with unicompartmen-
tal osteoarthritis of mechanical cause. Although the
long-term results of valgus osteotomy of the tibia are
modest,'** these are the very patients in whom uni-
compartmental and tricompartmental arthroplasty re-
sults are poor. Therefore, the delay of prosthetic re-
construction for five to eight critical years is a worthy
goal, provided that the subsequent reconstruction is
not compromised.

The results of tibial osteotomy are directly correlated
with preoperative severity of the arthritis and mainte-
nance of postoperative alignment,!3-6810.121415 There-
fore, appropriate patient selection, preoperative plan-
ning, operative execution, and internal fixation must
be combined to maximize the success rate of this pro-
cedure.

Radiographic Evaluation

Because not all varus knees are best treated by lateral
closing wedge valgus tibial osteotomy, carefully exe-
cuted preoperative functional radiographs are neces-
sary to select the appropriate patient and plan the sur-
gery. The first radiograph required is a one-leg standing
film taken as a screening view. This radiograph is taken
in slight flexion because full extension can hide the full
extent of the deformity.'®!” For planning of the oste-
otomy, an orthoradiogram (full-length radiograph) of
the lower extremities is taken. This radiograph is taken
with 90% of weightbearing on the involved side and
10% on the noninvolved side. Putting full weight on
the affected knee can throw the patient off balance,
which can result in an accidental varus or valgus stress
view. Ninety percent weightbearing on the involved leg
affords more reliability. The next two views to be taken
are the anteroposterior varus and valgus stress views.
A one-leg standing lateral view of the knee in 30 de-
grees of flexion is important to evaluate the tibial slope
and an anterior tibial translation through active quad-
riceps contraction; lateral stress views can also be ob-

tained if sagittal instability is a concern. Although pa-
tellofemoral arthritis is not a contraindication of
osteotomy, the status of the patellofemoral joint should
be evaluated.

Preoperative Planning

Not all varus knees are best treated by tibial oste-
otomy, and, for the wrong patient, this osteotomy will
be unsuccessful even if perfectly performed. Several
radiographic criteria must be met for the patient to be
a candidate for this operation. First, the varus deform-
ity must be located primarily in the tibia. Second, the
valgus stress view must show both a competent medial
collateral ligament and an adequate joint space in the
lateral compartment. Third, varus stress films must
show narrowing of the medial compartment. Finally,
the long leg film must show that the mechanical axis
passes through or medial to the medial compartment.
If all of these criteria are met, the patient is a candidate
for lateral closing wedge valgus tibial osteotomy.

Three specific patterns of varus knee deformity
should not be treated with a lateral closing wedge valgus
osteotomy. The first is the varus knee caused by femoral
deformity. If such a varus knee is treated by lateral
closing wedge valgus tibial osteotomy, the postopera-
tive joint line will be oblique (Fig. 1). The resulting
shear can lead to subluxation and will certainly com-
plicate later prosthetic reconstruction. The second pat-
tern is the patient with medial osteoarthritis, a varus
tibia, and a lax medial collateral ligament. These pa-
tients usually have a history of trauma. If a lateral clos-
ing wedge tibial osteotomy is performed on a patient
with medial collateral ligament laxity, the instability will
be unmasked by the surgery. These patients are best
treated by medial opening wedge tibial osteotomy (Fig.
2). The third pattern is the young patient with ligament
laxity and intra-articular erosion, This is the so-called
pagoda deformity (Fig. 3)."® Preoperatively, these pa-
tients have such severe intra-articular instability that
they walk with a closed medial compartment and a
gapped lateral compartment. Postoperatively, these pa-
tients walk with a closed lateral compartment and
gapped medial compartment. Thus, surgery can pro-
duce either undercorrection or overcorrection. This is
a very difficult problem that can only be treated by
prosthetic replacement.

Finally, consideration should be given to the sagittal
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Fig. 1 Tibial osteotomy for a primary femoral deformity will pro-
duce an oblique joint fine while femoral osteatomy will produce 4
horizontal joint line.

Fig. 2 The pattern of a varus tibia and medial ligament laxity iy
best treated by medial opening wedge valgus tibial osteotomy n-
serting tricortical grafts from the iliac crest and securing it with a T-
plate. (Reproduced with permission from Jakob RP: Instabilitatshed-
ingte Gonarthrose—spezielle Indikationen fur Osteotomien bei der
Behandlung des instabilen Kniegelenkes, in Jakob RP, Staubli HU
(eds): Kniegelenk und Kreuzhander. New York, Springer Verlag, 1991,
pp 555-578.) :

plane and anteroposterior instability. If the candidate
for lateral closing wedge valgus tibial osteotomy has a
posteriorly sloping tibia and some anterior instability,
a biplane correction can be performed to decrease the
posterior slope (Fig. 4).% If instability remains following
full rehabilitation, staged ligament reconstruction can
be performed. The same principles apply to posterior
instability in the presence of decreased posterior or
even anterior sloping.

Osteotomy Level and Orientation

Once it has been determined that a patient is a can-
didate for a lateral closing wedge valgus tibial osteot-
omy, the surgical technique must be selected. Osteot-

:

Fig. 3 The pagoda deformity. These patients have intra-articular
erosion and weightbearing on one compartment or the other. This
intra-articular problem is not readily solved by bony realignment,
because of risk of overcorrection or undercorrection. (Reproduced
with permission from Cartier P: Stellenwert der unikompartimen-
viren Prothese bei der Femorotibialarthrose mit insuffizientem Zen-
tralpfeiler, in Jakob RP, Staubli HU (eds): Kniegelenk und Kreuzbander.
New York, Springer Verlag, 1991, pp 588-600)
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Fig. 4 If the candidate for a lateral closing wedge valgus tibial
osteotomy has a posteriorly sloping tibia and anterior instability, a
biplanar correction can be performed, The decrease in the posterior
slope can decrease the horizontal shear forces, Staged ligament re-
construction can then be performed later if it is still necessary. This
same theory applies to posterior instability. (Reproduced with per-
mission from Dejour H, Neyret P: Der Einbeinstand bei chronischer
Knieinstabilitat, in Jakob RP, Staubli HU (eds): Kniegelenk und Kreuz-
bander. New York, Springer Verlag, 1991, pp 579-587.)

omy above the tibial tubercle is a time-honored
technique familiar to many surgeons.®*!* At this oste-
otomy level, however, the amount of angular correction
is limited. Osteotomy above the tubercle can also lead
to problems with intra-articular hardware, intra-artic-
ular fracture, and osteonecrosis of the subchondral
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Fig. 5 Their best clinical results correlated with 4 pustoperative
mechanical axis that passes through the lateral compartment about
one third of the way toward the periphery of the lateral tibial plateau.
For this reason our preoperative plan is based on achieving a me-
chanical axis that passes through this region of the knee. (Reproduced
with permission from Fujisawa Y, Masuhara K, Shiomi S: The effect
of high tibial osteotomy on osteoarthritis of the knee: An arthroscopic
study of 54 knee joints. Orthop Clin Nerth Am 1979:10:585-608.)

bone. Osteonecrosis complicates prosthetic replace-
ment because of bone-stock deficiency.

Osteotomy below the tibial tubercle produces a sec-
ondary deformity because of its long distance from the
Jjoint. This level is generally reserved for patients with
open growth plates. The technique described in the
following paragraphs—an oblique lateral closing wedge
valgus tibial osteotomy behind the tibial tubercle—seeks
to minimize the disadvantages of the other two oper-
ations while preserving their advantages. This tech-
nique allows for unlimited angular correction, stable
fixation more than 1 ¢m from the joint, and does not
create a secondary deformity.

Selection of Mechanical Axis

The ideal mechanical alignment following valgus
osteotomy is not known. Studies that showed a femoral
tibial valgus of five degrees to 13 degrees to be ideal
were not based on full-length films and are, therefore,
of limited validity.'31%2 Fujisawa and associates® have
shown that good clinical results are correlated with the
postoperative mechanical axis that passes through the
lateral compartment about one third toward the pe-
riphery of the lateral tibia plateau (Fig. 5).2*

Based on this information, as shown in Figure 6, a
postoperative mechanical axis is drawn on the full-
length anteroposterior radiograph from the center of
the hip through a point one third of the way into the
lateral compartment (line 1). Next, a second line is
drawn from the medial hinge of the osteotomy through
the center of the ankle (line 2). Finally, a third line is
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Fig. 6 After wedge removal, the osteotomy is fixed with an ado-
lescent hip plate—(AO) 50 mm blade length, 15 mm displacement.
This plate may have to be bent slightly to fit the bone and to achieve
the desired angular correction. Small changes in angular correction
can be achieved by placing washers under the proximal or distal part
of the plate. (Reproduced with permission from Miniaci A, Ballmer
FT, Ballmer PM. et al: Proximal tibial osteotomy: A new fixation
technique. Clin Orthap 1989;246:250-259.) :

drawn from the osteotomy hinge to intersect the post-
operative mechanical axis at the level of the ankle joint
(line 3). The angle between the second and third lines
is the angle of the osteotomy wedge.

The valgus stress view is then carefully assessed to
see if there is an intra-articular angular shift between
the long-leg standing view and the valgus stress view as
a result of gapping of the lateral compartment on the
long-leg view caused by lateral collateral ligament de-
ficiency. If there is an intra-articular shift, this small
angle is subtracted from the planned angular correc-
tion. This angular shift must be accounted for in the
preoperative planning, because the knee will fall into
the valgus stress view position postoperatively. Failure
to recognize this intra-articular angular shift will result
in overcorrection.

Surgical Technique

The patient is positioned supine on a radiolucent
table with a roll under the ipsilateral buttock. In gen-
eral, arthroscopy is performed at the start of the pro-
cedure. Resection of medial meniscal tears and chon-
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Fig. 7 Wedge resection is performed with the assistance of guide
wires,

droplasty of the medial compartment and
patellofemoral joint can be performed. The lateral
compartment should be examined as well. Because
arthroscopic findings do not correlate with results of
tibial osteotomy,?? they should not be used as a factor
in the decision to perform an osteotomy. Instead, this
decision is based on clinical and radiographic criteria,
as previously described. Open arthrotomy should be
avoided, if possible, because this complicates the post-
operative course.

There are many popular incisions for the lateral clos-
ing wedge valgus tibial osteotomy. However, the effect
the incision would have on a total knee replacement
must always be considered. For this reason, a longitu-
dinal incision is most appropriate. This incision can be
in the midline, or just lateral to it, as long as a total
knee replacement can be performed through the same
incision without the need to raise large flaps.

An anterolateral approach to the proximal tibia is
performed, and the anterior compartment muscles are
elevated to expose the tibia and proximal fibula. Small
Kirschner wires (K-wires) are placed under the menis-
cus in the medial and lateral compartments Lo mark the
position of the joint line. A 2.5-mm K-wire with
threaded tip is passed across the tibia more than 1 cm
below the joint line and parallel to it. The wire exits

the medial tibia and skin and is cut short on both sides
so as not to interfere with later steps in the operation.
The T-shaped chisel for the adolescent blade plate is
then passed just under and along the K-wire. Radio-
graphic information is not required, but may be of as-
sistance during this part of the procedure. A point on
‘he medial tibial cortex that is approximately 2 cm be-
Jow the joint line is selected. A K-wire is then passed
obliquely to meet this point (Fig. 7). Another K-wire is
passed more obliquely to also meet this medial oste-
otomy hinge. The angle between these two K-wires
should equal the desired angle of correction. This pro-
cedure can be performed with radiographic assistance
and without the use of alignment jigs, or, if the align-
ment jigs are used, it can be performed without radio-
graphic assistance.®%

Involvement in the development and the clinical test-
ing of the AO-ASIF tibial osteotomy jig has shown that
it is possible to cut an osteotomy with an accuracy of
0.5 degrees. This jig works basically with the following
technical points (Fig. 8): (1) It is used for doing wedge
osteotomies; (2) The location of the apex of the oste-
otomy is at the level of the medial cortex or 5 to 10
mm inside or outside of it; and (3) The angle can be
adjusted by 1-degree increments by moving the two
arms of the jig. Three 2.5-mm threaded pins are ad-
vanced through the two guide plates. The jig is then
removed and the osteotomy cuts are performed along
the pins.

The osteotomy of the fibula is performed by remov-
ing a segment in the neck of the fibula. The proximal
osteotomy is not completely transverse, but is cut in a
way so that the posterior cortex remains intact. Fol-
lowing eventual closure of the osteotomy, the distal
fibula then rests inside this cortical cage for additional
stability. This technique also serves Lo protect the per-
oneal nerve.

Before tibial osteotomy, the tibial tubercle is elevated
from proximal to distal, taking care Lo leave the exten-
sor mechanism in bony continuity distally. The medial
periosteum is left undisturbed to preserve additional

Fig. 8 For greater accuracy, d jig can be used. The AD osteotomy jig works with 2.5 mm wires between which the desired wedge

resection can be performed accurately.
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Fig. 9 A special ruler helps to determine the desired angular adaptation of the adolescent osteotomy plate 50 that the plate fits the

bone once the osteotomy is closed.

blood supply to the tubercle. The two limbs of the
wedge-shaped osteotomy are then cut with an oscillat-
ing saw, which glides along the guide wires. The sagittal
plane deformities are corrected by flexing or extending
the osteotomy appropriately. After the cutis completed
to within a few millimeters of the medial hinge, the
wedge is removed. A moderate varus stress is placed
across the osteotomy site to check for flexibility. A val-
gus stress is not placed across the osteotomy site at this
stage because the nutcracker effect of the remaining
few millimeters of bone can produce enough tension
on the medial hinge to break it. If the osteotomy is still
rigid, the cut is extended a short distance toward the
medial cortex, and the osteotomy flexibility is again
checked until it can be closed. Now a special ruler is
slid over the seating chisel, and the angle between the
lateral cortex of the tibia and the ruler perpendicular
to the blade is measured (Fig. 9). For example, if this
angle is more or less equal to the desired correction,
the adolescent blade plate is bent to the appropriate
number of degrees prior to later insertion. If this angle
measures 10 degrees and a correction of 10 degrees is
desired, the plate has to be bent to 100 degrees to allow
the appropriate closure of the osteotomy.

When the osteotomy is flexible, the guide wires are
removed, the prebent adolescent blade plate is inserted,
and the osteotomy is closed. Following fixation, an an-
teroposterior radiograph, with a large cassette, is taken.
If the leg is slightly undercorrected, a screw washer is
placed under the plate in line with the proximal screw
to add a few degrees of valgus. If the leg is slightly
overcorrected, the screw washer is placed under the
plate in line with the distal screw to add a few degrees
of varus. With this technique, it is not necessary to
remove the plate, which could weaken the fixation. Be-
cause the tibial tubercle is intrinsically stable, no fixa-
tion is necessary. If there is concern about tibial tu-

bercle integrity, one or more 3.5-mm screws may be
used for fAxation.

The anterior compartment muscles are gently tacked
back into position with a drain underneath. The an-
terior fascial incision is not closed. Clinical suspicion
for compartment syndrome should always remain high,
especially in the presence of postoperative epidural
anesthesia. Continuous passive motion, if available, and
active range- of-motion exercises are started early. Par-
tial weightbearing, begun as soon as the patient can
control the leg, is maintained for three months to pro-
mote chondroneogenesis.

Discussion

The success of tibial osteotomy in the treatment of
varus gonarthrosis correlates directly with proper pa-
tient selection, and achievement and maintenance of
adequate operative correction.'#-6:810.12,14.15:30 Patient se-
lection criteria must include age, weight, activity, range
of motion, patient expectation, severity of degenerative
change, and, in particular, an appropriate interpreta-
tion of functional radiographs. Adequate correction
depends on precise preoperative planning and intra-
operative execution. Maintenance of correction re-
quires adequate bony stability and internal fixation,

Large angular corrections, which are uncommon, re-
quire fracture of the medial hinge. In these cases, and
in cases of inadvertent fracture of the medial hinge,
the adolescent blade plate is especially useful, because
it provides compression and intrinsic varus-valgus, flex-
ion-extension, and axial rotational stability. In contrast,
staples only provide a tension band, and a plate with
screws provides no intrinsic varus-valgus stability. The
use of the adolescent blade plate has solved problems
that were occasionally encountered with a semitubular
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plate-and-screw fixation construct.?®®® Adequate inter-
nal fixation is also particularly important when the oste-
otomy is combined with chondroplasty. In such cases,
early motion is critical. Conversely, chondroplasty
alone is never indicated in the treatment of medial com-
partment arthritis in the presence of mechanical mal-
alignment. Chondroplasty, in these cases, must always
be combined with mechanical realignment. -

The trend toward using the Ilizarov fixator and other
external fixation devices instead of internal fixation re-
flects a reaction to prior problems with accurate sur-
gical correction and fixation. These problems are not
solved by abandoning these techniques, however, but
by addressing the problems of surgical execution and
fixation as previously described. The external fxator
allows inexact preoperative planning and imprecise in-
traoperative execution because of the option of post-
operative adjustment. In practice, the patient should
never leave the operating room until the appropriate
correction has been achieved. The apparatus is not as
well tolerated by adults as by children, and it limits knee
flexion, particularly in obese patients. The Ilizarov ap-
paratus and other external fixators are best applied
clinically in salvage situations where internal fixation
has failed.

The tibial osteotomy is not an operation that com-
petes directly with unicompartmental or tricompart-
mental knee replacement, but, rather, is a complemen-
tary procedure. In general, unicompartmental knee
replacement is more appropriate for lesser degrees of
varus, which are caused primarily by intra-articular ero-
sion.’ These patients are usually older, have more
advanced medial compartment arthritis, and may have
larger intra-articular angular shift. Patients with a de-
pressed medial compartment and those with severe me-
dial joint wear in the absence of varus deformity are
more suitable candidates for hemiprostheses. Although
tibia osteotomy, unicompartmental replacement, and
total knee replacement have overlapping indications,
most patients are clearly better suited to one of these
three procedures.’ In summary, with improved patient
selection, preoperative planning, and intraoperative €x-
ecution and fixation, the results of tibial osteotomy can
be maximized.
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