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The Results of Tibial Tubercle Osteotomy for
Revision Total Knee Arthroplasty

Michael W. Mendes, MD,* Paul Caldwell, MD,* and William A. Jiranek, MD†

Abstract: Tibial tubercle osteotomy was used in the surgical exposure of 67 knees in
64 patients undergoing revision total knee arthroplasty. The clinical and radiographic
results were reviewed retrospectively. The mean follow-up time was 30 months
(range, 5–60 months). Knee Society scores (KSS) confirmed good or excellent results
in 87% of the knees, and the mean KSS was 86. The procedure was particularly
effective in 2-stage exchanges for infected total knee arthroplasty, in which infection
was eradicated in 9 of 10 cases, with a mean KSS of 82. In this series, no
patellofemoral complications, no component malalignments, and no avulsions of the
patellar tendon occurred. Serious complications directly related to the tibial tubercle
osteotomy occurred in 5 patients (7%). Key words: revision, total knee arthro-
plasty, exposure, osteotomy, complications.
© 2004 Elsevier Inc. All rights reserved.
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he incidence of revision total knee arthroplasty
TKA) continues to increase, with problems such as
rthrofibrosis, metallosis, and osteolysis making the
evision surgery more challenging. Conventional
urgical exposures are usually inadequate for situ-
tions in which deformity, peripatellar contracture,
nd capsular inflammation that result from implant
ailure and deep infection are present. These revi-
ion cases require a much greater degree of expo-
ure, and the integrity of the extensor mechanism is
t risk.
Extensor mechanism rupture has been reported

o occur in 0.17% to 1.4% of primary TKAs [1,2].
he incidence in revision cases has not been clearly
efined, but it is believed to be much higher. Con-
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equently, exposures have been developed to pro-
ect the extensor mechanism, particularly the pa-
ellar tendon insertion. Proximal release of the
xtensor mechanism was first described by Coonse
nd Adams [3] and is called the VY quadriceps-
lasty. Unfortunately, this technique typically re-
uires postoperative immobilization and is associ-
ted with a high incidence of extensor lag [4,5].
nsall [6] subsequently modified the technique by
xtending the medial parapatellar approach into
he vastus lateralis and preserving the inferior lat-
ral geniculate vessels. He called it the patellar
urndown procedure. In situations in which only a
mall additional increase in soft tissue release is
ecessary, the “quadriceps snip” developed and
opularized by Garvin, Scuderi, and Insall [7], has
een used with great effectiveness. The method of
ibial tubercle osteotomy (TTO) was first applied to
KA surgery by Dolin [8,9]. Whiteside subse-
uently reported excellent results [10,11], although
olff and Hungerford et al. [12] and Barrack and

mith et al. [13] reported an unacceptably high
ncidence of complications. Considerable contro-
ersy remains over the indications for the VY quad-

icepsplasty versus the TTO, and the technical de-



t
T
w
r
t
t
d
d

P

T
t
w
p
t
p
p
a
T
(
a
i
t
p

i
w
p
i
l
e
i
p
c
p

c
t
w
R
t
S
s
t
e
m
fi
f

S

s
t
1
t
m
k
d
a
1
g
c
m
s

w
a
p
c
s
t
f

I

A
P
P
A
F
A
M
P
N
P

168 The Journal of Arthroplasty Vol. 19 No. 2 February 2004
ails of these procedures have not been perfected.
he goal of this study is to report our experience
ith a TTO technique used in a series of difficult

evision TKAs, and to compare our results with
hose of previously reported series. Our surgical
echnique has been mechanically tested in a ca-
aver model [14] and is a modification of that
escribed by Whiteside and Ohl [10].

Materials and Methods

atient Characteristics

This is a retrospective case study of 97 revision
KAs performed by the senior author (W.A.J.) be-
ween 1992 and 2001, in which failed components
ere removed and replaced. The preoperative and
ostoperative records and radiographs of these pa-
ients were reviewed. Of these, 67 knees in 64
atients underwent TTO for adequate and safe ex-
osure. Patients included 39 women and 25 men,
nd knees treated were 35 right and 32 left knees.
he patients ranged in age from 35 to 93 years
average, 65.6). The 67 knees had undergone an
verage of 1.76 prior operative procedures on the
ndex knee (range, 1–5 procedures). Indications for
he revision procedure are listed in Table 1. Some
atients had more than one indication.
The decision to use a TTO for exposure was made

ntraoperatively if the patella could not be retracted
ith the knee at 90° of flexion without risking
atellar tendon avulsion. TTO was reserved for use
n only the most difficult cases, in which the patel-
ar tendon was at actual risk of avulsion during the
xposure of the tibial component in preparation for
ts removal. Medial parapatellar or midvastus ap-
roaches alone were used in 30 cases in which less
ontracture of the extensor mechanism was

Table 1. Indications

ndication for Revision Surgery Patients (n)

septic loosening 25
ainful component malposition 14
olyethylene component wear 13
rthrofibrosis, peripatellar contracture 12
lexion instability/PCL insufficiency 11
ctive infection 10
etallosis 7

atellar malalignment 5
onunion periprosthetic fracture 1
olyethylene locking pin failure 1
resent.
Preoperatively, the patients were assessed by
linical examination and radiographs. Postopera-
ively, follow-up evaluations were performed at 4
eeks, 3 months, 6 months, and then yearly.
ecords from these evaluations were reviewed for

he occurrence of local complications, and Knee
ociety clinical scores [15] were retrospectively as-
igned. Radiographs including standing anteropos-
erior, nonstanding lateral, and sunrise views, were
xamined for the presence of union or displace-
ent of the osteotomy site, integrity of the wire
xation, presence of tubercle or tibial metaphyseal

racture, and patellofemoral congruity and tracking.

urgical Technique

The most lateral skin incision scar from previous
urgery was used. The initial capsular approach was
he midvastus in 40 patients, medial parapatellar in
9, subvastus in 4, and not noted in 4. Intraopera-
ively, the decision to use a TTO for exposure was
ade if the patella could not be retracted with the

nee at 90° of flexion without risking patellar ten-
on avulsion. The skin incision was then extended
long the medial side of the tubercle to expose a
0-cm length. Using a powered oscillating saw irri-
ated with cold saline, an 8 to 10 cm long, 1.0 to 1.5
m thick (at the thickest point) osteotomy was
ade from medial to lateral, just scoring the inner

ide of the lateral cortex.
A step cut at the proximal end of the osteotomy
as made with a thin osteotome before the saw cut,

s shown in Fig. 1, to provide resistance against
roximal displacement. If, because of osteolysis or
omponent subsidence, insufficient tibial bone
tock exists proximal to the patellar tendon inser-
ion to form this step of bone, then the osteotomy
ragment is reduced against the anterior edge of the
Fig. 1. Surgical technique is shown.
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ibial component tray to provide resistance to prox-
mal displacement.

The saw cut at the distal end of the osteotomy
as gradually angled out of the anterior cortex (Fig.
), so that the stress riser effect was reduced in the
emaining tibial metaphysis. This was done to lower
he risk of postoperative tibial stress fracture. The
hape and length of the osteotomy are similar to
hat in Whiteside’s descriptions [10,11]. Two os-
eotomes were used to open the osteotomy, hinging
t on the intact lateral soft tissue attachments of the
eriosteum, crural fascia, and anterior compart-
ent muscles. The anterior fat pad and associated

oft tissue was released from the lateral tibial rim to
omplete the tibial component exposure. The tibial
ntramedullary canal was accessed through the os-
eotomy in 4 of the surgeries to facilitate removal of
he implant and retained cement.

All 3 components (femoral, tibial, patellar) were
evised in 47 cases, and a well-fixed patellar com-
onent with minimal poly wear was left in place in
0. Extended modular tibial stems (115 mm from
he tibial base plate) were used in 65 of the 67
nees, and standard primary tibial components
ere used in 2. Cerclage wire fixation was used in

ll but one tubercle repair to avoid the difficulties of
lacing screws around intramedullary stems. Drill
oles were made across the base of the osteotomy,
hen 3 to 6 18-gauge monofilament stainless steel
ires were passed first through the holes and then

hrough the lateral soft tissues with the aid of a
4-gauge cannulated needle.
The wires were then looped over the tubercle

ragment and were twisted and tightened medially,
s shown in Fig. 1. This loop cerclage wire config-
ration was our main technical modification of the
hiteside technique, in which the wires are passed

hrough drill holes in the tubercle fragment. In our
eries, 5 wires were used in 41 knees, 4 wires in 15,

wires in 4, and 3 wires in 3 knees. Two wires
ombined with a single screw were used in one
atient. In 3 knees, the number of wires could not
e clearly determined.
After fixation was completed, the knee was taken

hrough a full range of motion, and tracking of the
atellofemoral joint was examined. A lateral release
as used in 13 of the 67 knees to improve central

racking. In 64 knees, the tubercle was reduced
natomically. One tubercle was translated medially
o improve tracking in a patient with chronic lateral
atellar dislocation preoperatively. Two tubercles
ere intentionally reduced proximally 1 to 2 cm to

ddress preoperative severe patella baja.
Postoperative management included a standard-
zed protocol of immediate full weight bearing as 7
olerated, immediate supervised passive range of
otion, and the use of an extension knee immobi-

izer. At the sixth postoperative week, the immobi-
izer was discontinued, and active extension and
esistance exercises were begun.

Results

The average follow-up period was 30 months
range, 5–60 months). Three patients died of unre-
ated causes less than 6 months after surgery. Three
atients were lost to follow-up time less than 1 year
fter surgery. Preoperative and postoperative Knee
ociety scores (KSS) could be assigned to 56 of the
atients in the series. The average preoperative
linical score was 56, and the average postoperative
core was 86. Only 4 patients had a lower score
ostoperatively, 2 related to pain not associated
ith the TTO. One patient developed a nonunion of

he osteotomy and then a secondary infection that
esulted in a lower score. The mean loss in these 4
atients was 9 points. According to the criteria of
tern and Insall [16], we had 36 (59%) excellent,
7 (27.9%) good, 5 (8.2%) fair, and 3 (4.9%) poor
esults.

The mean preoperative flexion arc for the whole
roup was 101°, which was increased to an average
f 107° postoperatively. Four patients lost flexion
ver the preoperative values, but none had tubercle
omplications. Eleven patients gained more than
0° of flexion over preoperative values.
A total of 3 patients in this study (4.5%) who had

o lag before the surgery developed a lag postoper-
tively, all related to proximal displacement of the
steotomy. The lag measured 5° in two patients. A
5° lag accompanied a nonunion with proximal
isplacement of the fragment in the third. Four of
he 5 patients (80%) with an extensor lag preoper-
tively were improved and had no lag at follow-up
valuation. Neither of the patients with an inten-
ional proximal reduction of the tubercle (for pre-
perative patella baja) had an extensor lag postop-
ratively.
Nine knees (13.4%) underwent postoperative

losed manipulation under anesthesia to improve
ange of motion. The indication for manipulation
as a maximum flexion of less than 80° and failure

o progress with supervised physical therapy. Ma-
ipulation was performed between the eighth and
ixteenth postoperative week. The mean final flex-
on achieved in this manipulated group was 99.4°
range, 90–120), and the mean KSS was 87 (range,

3–94). One fracture of the proximal tibia occurred
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uring manipulation and healed with closed treat-
ent.
Preoperatively, 13 patients had either clinical or

adiographic evidence of patellar malalignment,
anging from frank dislocation to mild tilting of the
atella on the sunrise radiographic view. No pa-
ients had patellar complications postoperatively,
nd only one had a mild tilt on the postoperative
adiograph, unchanged from his preoperative view.
his patient’s postoperative KSS was 100.
Ten patients with deep infection presented at a
ean of 66 months (range, 12–240 months) after a

revious primary TKA (8 patients) or a revision
KA (2 patients). We used a TTO during the surgical
are of these patients. They were treated with a
tandardized protocol of 2-stage exchange arthro-
lasty, with interval intravenous antibiotics and
ntibiotic-impregnated static cement spacer. Five of
hese knees required TTO at both the implant re-
oval and reimplantation procedures, with limited
ire fixation of the tubercle osteotomy during the

esection phase. The average time interval between
he 2 procedures was 4.9 months (range, 3–16
onths). The average postoperative KSS of these

0 was 82.5, and the average postoperative range of

ig. 2. Example of a healed tibial tubercle osteotomy
patient #35).
otion was 102°. These 5 patients remain free of k
nfection at latest follow-up evaluation, with an
verage KSS of 79. One of the 5 had a 5° extensor
ag.

Five other patients with deep infection required a
TO only for the reimplantation procedure. Four
ave remained infection free, with a mean KSS of
5. One patient initially recovered well, but subse-
uently developed a recurrent infection and was
ost to follow-up evaluation. In summary, 9 of 10
90%) deep infections were successfully managed
sing this protocol, all without significant extensor
echanism complications.
Postoperative radiographs in all patients showed

table position and appropriate alignment of the
ibial, femoral, and patellar arthroplasty compo-
ents. No progressive radiolucencies were noted.

omplications

Satisfactory healing of the osteotomy without
onunion, postoperative extensor lag, or tibial me-
aphyseal stress fracture occurred in 62 of the 67
nees (93%). No cases of patellar tendon avulsion
ere found. An example of a healed TTO is shown

n Fig. 2. Minor complications that did not affect the
nal clinical result occurred in 20 knees (30%).
hese minor complications responded to simple
onoperative measures and are listed in Table 2.
he average KSS of this group was 86. The osteot-
my was purposely repaired proximally less than 2
m (2 patients) or inadvertantly slipped proximally

distance of less than 2 cm postoperatively (13
atients). None of these patients had an extensor
ag or weakness of extension. Eleven patients com-
lained of mild tenderness when the tubercle fixa-
ion wires were palpated, and 2 required removal of
he wires with resolution of the symptoms.

Serious complications related to the TTO oc-
urred in 5 patients ( 7%). Symptomatic nonunion

Table 2. Minor Complications

inor Complications Knees (n)* Knees (%)*

roximal slippage of osteotomy
�2 cm

13 22

ocal tenderness 11 16
elayed wound healing 5 7
ransient peroneal nerve palsy 3 4
ondisplaced tibial stress
fracture

2 3

table fibrous union of
osteotomy

1 1.5

*More than one minor complication was present in some

nees.
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f the osteotomy occurred in 2 patients (3%). One
as managed with open reduction, autologous
one grafting, and angled screw fixation. The os-
eotomy went on to heal, but the patient had con-
inued chronic pain syndrome and a final KSS of
2. Another patient developed nonunion after the
ubercle fragment slid proximally under the 5
ooped wires. He underwent open reduction, bone
rafting, and repeat wire fixation, but went on to
ecurrent nonunion when the fragment fractured
hrough the drill hole for the distal bridle wire and
igrated under the other 4 looped wires. The pa-

ient declined further surgery and developed a fi-
rous union, 4.0 cm of proximal migration of the
steotomy, a 15° extensor lag, and a final KSS of 80.
o further treatment is planned for these patients.
Two patients (3%) developed an extensor lag

ostoperatively that could be attributed to loss of
xation and proximal slipping of the osteotomy.
either of these patients had a knee flexion con-

racture or an infrapatellar tendon contracture (pa-
ella infera) preoperatively. The intraoperative and
ostoperative course for these patients was unre-
arkable, so we have no clear explanation for these

echnical failures. For comparison, 4 patients who
ad an extensor lag preoperatively did not have a

ag on the final postoperative visit.
One tibial fracture occurred during closed manip-

lation under anesthesia, performed for postopera-
ive stiffness. It appeared that this fracture occurred
hrough a screw hole in the tibia. This screw was
sed to supplement the wire fixation of the osteot-
my, and was the only screw used in the study
roup for this purpose. This fracture healed satis-
actorily with closed management.

Discussion

Achieving wide exposure while protecting the
xtensor mechanism is the key to difficult revision
nee arthroplasty. Many studies of revision TKA
rom excellent surgeons have reported significant
omplication rates. Rand, Morrey, and Bryan [17]
eported only 50% good and excellent results in
heir series, with a 33% complication rate, and Haas
nd Insall et al. [18] reported 84% good to excellent
esults in their series, with an 8% revision rate. We
eport clinical results that are equal to or better than
hese series. We believe this is partly because of the
mproved exposure provided by the TTO. Although
e report a significant complication rate attributed

o the TTO, we believe that our complications
ould have been even higher without the expo-
ure. r
Simple retraction of a contracted patellar tendon
an lead to inadvertant avulsion, a serious compli-
ation that is difficult to repair and that can some-
imes lead to disastrous loss of function for the
atient [19–24]. The incidence of patellar tendon
vulsion has been reported to range from 0.17% to
.4% in primary arthroplasty [1,2]. This is probably
ignificantly higher in revision arthroplasty, al-
hough it has not been specifically reported. Exten-
or mechanism dysfunction in the form of quadri-
eps muscle weakness or knee extension lag is
nother potential complication of any anterior ap-
roach to the knee. In TTO techniques, the distal
elease is performed through bone, mobilization of
he anterior structures is excellent, and repair can
e secured by bone to bone fixation, permitting
arly rehabilitation and restoration of quadriceps
xcursion and strength. In contrast, with proximal
xposures through soft tissue, such as the VY quad-
icepsplasty or turndown, range of motion and re-
istance exercises are delayed and extensor lag can
ccur. This osteotomy has been used successfully in
he treatment of severe fractures of the distal femur,
roximal tibia, and the patella [25,26], and has
ained even wider use in the management of pa-
ellar malalignment conditions, in which the tuber-
le can be elevated or medialized to improve patel-
ofemoral congruence and tracking [27–29].

Whiteside [10,11,30] has described a technique
sing an 8 to 10 cm long osteotomy with careful
reservation of the lateral soft tissue attachments
nd fixed with obliquely oriented wires placed
hrough drill holes in the fragment [10]. This TTO
as been used specifically in the revision TKA pa-
ient with excellent results [10,11,31,32], but Wolf
nd Hungerford et al. [12] describe a serious com-
lication rate of 23% in their series of TTO in
omplex TKA. Complications including nonunion,
ubercle fragment fracture and displacement, and
ibial metaphyseal fracture, have persisted. In view
f the infrequent but serious risk of mechanical
xation failures, Davis and Caldwell et al. [14]
odified the wire configuration to penetrate both

ortices in the base of the osteotomy, then loop
round the tubercle fragment, thus avoiding the
tress riser effect of drill holes for either the wire or
crew constructs previously described. This modifi-
ation was mechanically tested in a cadaver model,
nd found to be very stable, though not quite as
trong as a 2-screw technique [14]. This loop cer-
lage technique was used in all of the patients in
his series.

Complications that responded to minimal, non-
nvasive treatments were carefully and rigorously

eported in 30% of our patients, as noted in Table 2,
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nd were classified as minor because they did not
ffect the final outcome. The final outcome was
ood or excellent in all, with an average KSS of 86.
e do not believe that the occurrence of these

omplications detracts from the utility or safety of
he TTO, particularly in this group of difficult revi-
ion exposures.

Extensor lag is an important indicator of the loss
f quadriceps mechanism function, and is severe
hen the patellar tendon is ruptured. Lesser de-

rees of lag reflect changes in length of the mech-
nism or loss of quadriceps muscle strength. Three
atients in this study (4.5%) who had no lag before
he surgery developed a lag, measuring 5° in 2 of
hem. A 15° lag accompanied a nonunion with
roximal displacement of the fragment in the third.
our of the 5 patients (80%) with an extensor lag
reoperatively were improved and had no lag at
ollow-up evaluation. These results confirm that
he TTO, combined with early rehabilitation, is pro-
ective of extensor mechanism function, though
ormal quantitative strength testing was not per-
ormed. Trousdale and Hanssen et al. [5] studied
he strength of knee extension after VY turndown
n a series of TKA patients but did not report on the
ncidence of lag, making direct comparisons diffi-
ult. Barrack and Smith et al. [13] reported a trend
oward more lag in a VY turndown group than with
TO.
Fracture of the proximal tibial metaphysis at the

evel of the distal extent of the osteotomy has been
reviously reported as a complication of TTO. It is a
are occurrence for TTO used in either revision TKA
r for patellar realignment [11,33–36], and is likely
result of the mechanical weakening of the cortex

t that point, the stress riser effect. Three of our
atients (4.5%) sustained this complication, despite
areful beveling of the distal end of the osteotomy.
n 2, the presentation was shin pain in the postop-
rative period, associated with periosteal new bone
n the region of the end of the osteotomy, consis-
ent with nondisplaced stress fractures. These
ealed uneventfully with a period of protected
eight bearing. The third tibia fractured acutely
uring a closed manipulation for postoperative stiff-
ess, performed 7 weeks after revision surgery. This
atient had chronic steroid-dependent rheumatoid
rthritis and osteopenia, and the fracture occurred
hrough the only screwhole used for tubercle fixa-
ion in the study, occurring below the level of the
ibial intramedullary stem. The fracture was treated
onoperatively and healed in mild varus alignment.
6- to 8-week period of limited weight bearing has

een recommended by some researchers [33–35]

or prevention of this complication after TTO in the d
atellar realignment patient. This recommendation
hould be considered in the revision TKA popula-
ion as well.

In 4 of our patients, access to the endosteal prox-
mal tibia was enhanced by the TTO, and permitted
afe and efficient removal of retained implants and
ement. This capability is unique to the TTO.
Barrack [37], Stiehl and Anouchi et al. [38], and

nsall, Thompson, and Brause [39] have reported
oncerns regarding extensor lag when repeated ex-
osures are made through the quadriceps snip or
urndown. Although our sample size of 10 patients
ith deep infection as the indication for revision

urgery is small, it is evident that TTO can be safely
nd effectively used in the particularly difficult set-
ing of revision using the 2-stage strategy. We con-
rm that it can be used during both stages, which
as been reported by Whiteside [11]. The extensive
apsular inflammation, fibrosis, and edema in these
atients make the initial exposure risky for tendon
vulsion. More significantly, the interval of from 3
o 16 months in our patients, during which the
nees were immobilized with the antibiotic impreg-
ated spacer in place, can result in considerable
tiffness and capsular contracture. Nonetheless, safe
nd adequate exposure was achieved in all 10 using
he TTO technique described. Nine of the 10 infec-
ions were eradicated, and satisfactory function was
estored. We agree with Barrack [37] that repeating
xposure through a patellar turndown is risky for
he development of extensor lag. We believe that
-stage revision TKA for infection may be the best
ndication for TTO.

In summary, we report a single surgeon’s expe-
ience with tibial tubercle osteotomy used in revi-
ion knee arthroplasty. We report a functional out-
ome that is consistent with that reported by
hiteside [11], but we found an incidence of com-

lications that was closer to that reported by Wolfe
nd Hungerford et al. [12]. We believe that the
bsence of patellar tendon avulsions, patellofemoral
racking problems, or mechanical failure of the im-
lants was caused by the unequivocally improved
xposure afforded by the technique. The complica-
ions of TTO are mostly related to fixation of the
steotomy and can be minimized by careful surgical
echnique and postoperative supervision. The nar-
ow and thin dimensions of the mostly cortical bone
f the osteotomy, the proximity of the revision
ibial stem with cement mantle, and the need for
mmediate repetitive cyclic loading during postop-
rative rehabilitation all place unique demands on
he fixation construct. Although several methods of
xation of the osteotomy have previously been

escribed [11,30,31,40,41], the optimal technique
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as not yet been determined. This is the focus of our
ontinued study using a biomechanical testing
odel [14]. Until the ideal method is determined,
e recommend that fixation should be tested thor-
ughly before leaving the operating room, and,
herever possible, the tubercle fragment should
ave a barrier against proximal migration, whether
his is a bone shelf from a step-cut or the anterior
ortion of the tibial tray. Special care should be
iven to rehabilitation considerations in the non-
ompliant or large patient who requires TTO.
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