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Abstract Purpose The aim of this study was to evaluate the efficacy in terms of clinical results
and radiographic findings of using metaphyseal sleeves in revision total knee arthro-
plasty (TKA), and to check if the use of sleeves without stems did not impair such
results.
Methods In this retrospective study, 141 patients (143 knees) operated in the period
2008 to 2015 met the above-mentioned criteria and were invited to a medical
examination including X-rays. A total of 121 knees were available for the study (44
in the group without stems and 77 in the group with stems). Mean follow-up was
63 months for the stemless group and 89 for the group with stems. Knee Society Score
(KSS) (objective knee score) and Western Ontario and McMaster Universities Osteoar-
thritis Index (WOMAC) were used as outcome scores and compared with baseline
values, range of motion (ROM) was also compared with preop value and X-rays were
also examined and compared with immediate postop X-rays to check signs of loosening
and radiolucent lines, if any, and bone ingrowth. Satisfaction of the patients was also
investigated using a linear scale from 1 to 10.
Results KSS improved from 34 to 81 postop (39 to 81 in the stemless group)
(p<0.01), while WOMAC from 82% preop to 39% postop (76 to 37% in the stemless
group) (p<0.01). Forty-six patients were satisfied, 20 partially satisfied, and 11
unsatisfied (respectively 25–14–5 in the stemless group). ROM improved from
89 degrees preop to 99 degrees postop (93 to 98 degrees in the stemless group).
X-rays showed no loosening of the implant, radiolucent lines in 8 patients, and bone
ingrowth in 113 out of 121 patients.
Conclusion In this midterm follow-up study, we found a significant improvement in
clinical results compared with preop values. We found no difference between the two
groups (with and without stems) thus suggesting that the use of stemless sleeves does
not impair results in revision TKA.
Level of Evidence Therapeutic case series, level IV.
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Introduction

In revision total knee arthroplasty (TKA) a good fixation of the
implantandbonemanagementare themostcritical issues that
a surgeonmust face.1Usually, fixation has been achievedwith
intramedullary stems either cemented or press-fit; leading to
possible stem pain and use of off-set stems to adapt to tibial
and femoral anatomy.2–4Managingbone loss could requireuse
ofcement, bone chips, and structural bone allograft but eachof
these techniques has several problems, in particular structural
allografts require a technically demanding procedure with
possible late resorption of the graft itself and disease trans-
mission.5–8Porous tantalumcones are alsoeffectivelyusedbut
theyhave two interfaces, onewith bone andonewith implant,
leading to possible weakness of the implant itself9,10; more-
over, surgical technique is difficult and surgeon experience is
mandatory.

In the last years there has been interest in obtaining
fixation in the metaphyseal region in an attempt to improve
construct stability while managing bone loss at the same
time.11 Quite a few authors have been using metaphyseal
sleeves in revision cases as support or alternative to stems,
reporting satisfactory early and midterm results.12–20

Tippainafter revisionTKA iswell knownanddocumented21

and the use of metaphyseal sleeves may be an effective
alternative to stem fixation. Moreover, the shape of the sleeve
may also contribute to manage bone loss both in the tibia and
on the femoral side.

The purpose of our studywas to evaluate the effectiveness
of sleeves in implant fixation and bone management in
revision TKA. We also investigated if the use of sleeves
without stems did not impair such fixation and survival.

Methods

FromDecember 2008 until December 2015, 141 patients (143
knees) were revised for a failed TKA in our department, with
the use of metaphyseal sleeves, with or without stems, for
implant fixation. The selection of patients included all the
cases inwhich a sleevewas used. Eighteen patients (19 knees)
in which only stems were used are not included in the study
and comparisonwas not done given the very different sample
size. In all cases, a SIGMATC3DePuy revision implantwasused
with a posterior stabilized insert in 123 knees and a TC3
(varus-valgus constrained [VVC] constraint) insert in 18knees.
In 51 of these knees cementless metaphyseal sleeves without
stemeitheron thetibiaor femoral sideor inboth,wereused. In
three of these cases aTC3 insert was used. In two cases (in the
sleeves with stem group) a hinge was used. This is not a
consecutive case series because at the beginning wewere still
using sleeves with stems becausewewere not so confident in
the use of sleeves without stem yet. The uncommon cases in
which we use stems are those inwhich the contact area of the
sleeve with the metaphyseal bone is less than 70% on average
and when the quality of bone is very poor.

Reasons for revisions were: aseptic loosening 61 (42%),
periprosthetic joint infection 46 (32%), instability 11 (8%),
fracture 6 (4%), poliwear 4 (3%), arthrofibrosis 4 (3%), and

other causes 11 (8%). In 92 (64%) patients it was the first
revision, in 33 (23%) it was the second, and in 18 (13%) it was
the third or more. Note that 101 (71%) patients were female
and 42 (29%)male and the average age at the time of revision
was 73 years (min 46, max 87).

Anderson Orthopedic Research Institute (AORI) classifi-
cation of defects prior to revision surgery was: AORI 3 in 21
femur and 16 tibia, AORI 2A-2B in 98 femur and 102 tibia, and
AORI 1 in 24 femur and 25 tibia.

A total of 120metaphyseal sleeves were used in the femur
and 138 in the tibia (respectively 41 and 46 in the stemless
group). In the group with stems, 44 tibial and 71 femoral
stems were used.

Surgical Technique
Failed TKA was removed. Forty-six (32%) patients (from the
infection and the arthrofibrosis group) underwent an anterior
tibia tubercle (ATT) osteotomy to gain better exposure during
surgery, that was then fixed either with screws, metal wire, or
both (►Fig. 1A–C).

We usually perform ATT osteotomy during second stage
revision of a periprosthetic joint infection and in revision for
stiff TKA; in four cases we performed a quadriceps snip. The
tibia canal is identified and reamed to 10 to 12mmwidth and
approximately 150mm depth using also a conical reamer,
then preparation of the tibia for the sleeve is done using
sequential broaching with broaches that must have a narrow
stem at the tip to maintain the correct direction in the canal.
Good fixation of the broach at the level that we consider
optimal for obtaining a correct joint line, according to preop
planning, is achieved when it is possible to lift the leg off the
table using the broaching jig. We then cut proximal tibia and
quite often this can be done using the broach itself as a
support base for cutting.

Wemeasurewith block spacers extension and flexion gap,
than we proceed to femur preparation in a similar way,
checking the correct rotation of the femoral component.
Once we have found the correct direction of the broach
and we have the feeling of good rotation stability we may
remove the guidance stem, and this allows slight flexion of
the broach to compensate the flexion gap (if necessary).
Position of the tibia tray was obtained keeping the center
of the tibia tubercle as reference and femoral component
with the balance technique at 90 degrees of flexion. Fixation
of the final components with sleeves was done with cement
on the baseplate only, being careful to avoid putting it on the
sleeve. Cement with antibiotics was used in all cases.

Surgical complication included 13 anterior linear tibia
fractures and6onthemetaphyseal anterior cortexof thefemur,
all of them associatedwith sleeve preparation and/or insertion.
In three of the femoral fractures we performed a cerclage with
metal wire. They all healed without further treatment.

Patients were allowed weight bearing as tolerated and
encouraged to reach a good range of motion (ROM) starting
from the first postop day. Patients with an ATT osteotomy
wore a brace for 6weeks, locked in extension, weight bearing
as tolerated, and continuous passivemotion up to 90 degrees
in 30 days.
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Outcome Measurements
Patients were evaluated before surgery and at follow-up
according to the objective Knee Society Score (KSS) and the
Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) score. A subjective satisfaction score was
alsoobtainedona linear scale from1 to10and ratedas satisfied
(score 7–10), partially satisfied (4–6), and unsatisfied (1–3).
Standard A-P and L-L radiographs were also taken at follow-up
and comparedwith postop radiographs to see if bone ingrowth
had occurred, according to the criteria of Engh et al22 and if any
radiolucent line had appeared.

Statistical Analysis
A paired Student’s t-test was used for statistical analysis to
compare outcome scores with baseline values. Significance
was set at p-value<0.05.

Results

Outof 141patients (143knees) inwhichweusedmetaphyseal
sleeves in revision TKA either in the tibia or femoral side or in
both, 121patients (121 knees)were available for the study. Six
had to be revised: 3 for infection, 1 for instability, 1 for
periprosthetic femoral fracture, and 1 for patellar problems,
and were excluded from the study, because failure was not
related to sleeves, 3 died, 4 were not traceable, and 9 declined.

Average follow-up was 89 months (min 42, max 102)
overall and 63 months (min 42, max 86) in the stemless
group.

Themean KSS score improved from 34 preop to 81 postop
(39 to 81 in the stemless group) (p<0.01), mean WOMAC
from 82% preop to 39% postop (76 to 37% in the stemless
group) (p<0.01).

ROM improved from89degreespreop to 99degreespostop
(93–98 degrees, respectively) in the stemless group but it was
not significant. In the stemmed group, 46 patients (60%) were
satisfied with the result, 20 patients (26%) were partially
satisfied, and 11 patients (14%) were unsatisfied (respectively
25–14–5 in the stemless group). Among these, 9 patients
belonged to the infection group and 1 to the arthrofibrosis
group that did not improve in ROM after surgery.

X-rays showed an overall good fixation of prosthesis,
according to the criteria of Engh et al. In 8 patients radiolucent
lines (3 femoral, 5 tibia) could be seen around the sleeves, 6 of
those without clinical symptoms. The two symptomatic
patients are under surveillance. Radiological cortical contact
of the sleeveswas found in 18 patients, 12 in the femur, on the
anterior cortex, and 6 in the tibia but no painwas related to it.
In one case of sleeves with stem, in the tibial side, the patient
experienced tip pain due to lateral migration of the stem that
might require revision. All the ATT osteotomies showed good
fixationwithout secondary displacement of the tibia tubercle.

Discussion

The purpose of this studywas to evaluate the efficacy in terms
of clinical result and radiographic findings of revision TKA in
which metaphyseal sleeves were used for implant fixation. In
fact, literature is now quite consistent in showing good mid-
term results of this procedure, but the further purpose of this
studywas to evaluate the efficacy ofmetaphyseal sleeves used
without stems in revision TKA.

In recent years there has been a great interest in obtaining
fixation in the metaphyseal region to improve construct
stabilitywhilemanagingbonedeficiencyandavoidingdiaphy-
sealfixationwith longstems.11Stemfixationhas beenused for

Fig. 1 (A) Revision total knee arthroplasty (TKA) for periprosthetic joint infection. Osteotomy of anterior tibial tuberosity is done, to get better
exposure, but stability of the sleeve and of the implant is not impaired. Fixation can be done with metal wires, screws, or both. (B, C) X-ray of the
same case 62 months postop. Good clinical and radiological result. No signs of recurrence of infection neither mobilization of the implant. Note
in►Fig. 1B flexion of the femoral sleeve with anterior contact with cortical bone. This maneuver allowed us to equalize flexion gap with extension
gap but no pain was experienced by the patient in this case and in similar situations.
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a long time in revisionTKAwith satisfactory results, neverthe-
less some problems like pain at the end of the stem21 and
difficulties inpositioning thestemitself if the femoral and tibia
canal were not straight2–4 have been described, evenwith off-
setdesign, limiting in someways theefficacyof thisprocedure.
Moreover, inmanycases, themetaphyseal regionhasstill fairly
good bone quality and it seems reasonable to use it to fix
the implantwithout theneedof stem.Thiswasdocumentedby
X-rays that showed an overall stable fixation of prosthesis
without signs of loosening. Radiological bone ingrowth,
comparing postop with follow-up X-rays was seen in 113
out of 121 knees, similar to the ratio showed by Dalury
and Barrett.12

Clinical evaluation using the objective KSS score and
WOMAC functional score showed significant improvement
from baseline values and patients’ overall satisfaction (satis-
fied or partially satisfied) was reported in 105 patients, thus
confirming the efficacy of the procedure. Among the 16
unsatisfied patients, 9 belonged to the infection group, 1
patient to the stiffness group that did not improve ROM after
surgery, and 1 with tip pain. Nevertheless, further exams in
this subgroup of 16 patients did not show any recurrence of
infection. The use of sleeves is becoming popular and many
authors12–20 have shown positive results in revision TKA.
Most of them, though, are using stems with sleeves for
fixation, even if some authors13 report that in their study
half of the tibia and femoral metaphyseal sleeves (40 and
66%, respectively) were implantedwithout the use of a stem,
and none of these have shown evidence of early loosening,
thus confirming the efficacy of this procedure. Some are
cementing the sleeves (55% femoral and 72% tibial) showing
good results,19 but this technique is very uncommon among
European surgeons, being the porous-coated surface of the
sleeve supposed to be used without cement.

Due to its shape, the peripheral contact area of the sleeve
with the bone is very wide, and if a good fixation with the
sleeve is obtained in the metaphyseal region, solid fixation of
the implant is achieved. In accordance with zonal fixation
concept, two zones should be required for a stable fixation in
revision TKA.23 With the use of stems alone this is absolutely
true, but with sleeves a good fixation in a large area can be
achieved using zone 2. In this case, fixation in zone 3 becomes
less relevant, and thus stemsize andpercentageofcanal-filling
can be reduced or the use of stem can be even avoided, still
finding no significant difference between stemless and
stemmed augmentation.13,14 Moreover, in the femur the use
of stemmakes it difficult to flex the femoral component (even
with offset stems, which are available but not easy to use
either) and this maneuver is often helpful to compensate
flexion gap in some cases. Without stem this maneuver is
possible andeasy toperformandup to 6or 7degreesofflexion
can be achieved, thus filling up to 5mm of flexion gap. The
flexion of the component, though, has not caused any exten-
sion deficit in our series. Sometime, in these cases, the proxi-
mal tip of thesleeve is in contactwith the anterior cortexof the
femur, but no pain is related to that because loading of the
sleeve is on the conic, porous-coated, area, far from the contact
area. Nevertheless, stems are necessary during surgery to find

a correct alignment in the medullary canal and, at the begin-
ning of a surgeon’s learning curve, we believe that a narrow
stem is acceptable, just to maintain a straight direction and
final correct position of the implant, but the stem should have
no contact with the diaphyseal cortical bone. In one early case,
the use of a small sleeve, with a narrow stem, has caused a
lateral migration of the stem with tibial pain (►Fig. 2). The
patient is scheduled to have a re-revision with removal of
sleeve and stem and use a larger sleeve for fixation. Our
experience suggests that using larger sleeves to have a primary
strong fixation may lead to the use of sleeves without stems.

In 46 patients (32%), we performed an ATT osteotomy
during revision, in all cases we were able, despite the sleeve,
to make a stable fixation of the tuberosity either with metal
wire, screws, or both. In the cases with fractures we had
neither any serious problem during rehabilitation nor
any secondary implantmigration. ROM showed a very limited
improvement after surgery: 89 to 99 degrees (93–98 degrees,
respectively, in the stemless group). This valuewas not signifi-
cant. Other authors14 showed in their series a significant
improvement of ROM from 89 degrees preop to 114 degrees
postop, but they had excluded septic revision from their study,
while others12 showed worsening of ROM from 125 degrees
preop to 115 degrees at final follow-up. We believe that the
limited increase of ROMafter surgery in our series depends on
the fact that we included a large percentage 46 (32%) of septic
revisions inwhichwe used a brace and allowed a limited ROM
during the initial rehabilitation period.

Fig. 2 Sleeve with stem at 81 months. Note lateral migration of stem
with cortical contact and tip pain. We are planning to revise the
patient, remove sleeve and stem, and use a larger sleeve only.
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From a biomechanical point of view, the fixation with
sleeves, rather than with stems, is much closer to the joint
line, thusmaking ligamentbalanceeasier,24andallowinguseof
unconstrained implants that may have longer survivorship.25

In fact, only 2 hinges and 18 TC3 inserts (VVC constraint) were
used (►Fig. 3A–D). A great advantage in daily practice is that
the use of sleeves provides bone defect management and
implant fixation within the same surgical step.

Westill use stems, preferablyuncemented,when thesleeve
has a contact surface with the metaphyseal bone that is less
than 70% on the average or when the bone is of very poor
quality. We have also to consider that the use of stemless
sleeves is amoney saving procedure comparing it with the use
of sleeves with stems and knowing the economic impact of
revision TKA in health care the use of less expensive proce-
dures, once their efficacy is confirmed, is desirable.

There are few limitations in our study. This is a retrospec-
tive evaluation of a nonconsecutive case series, which
implies a risk of selection bias. At the beginning we were
not confident enough and we applied the procedure without
stems to easy cases, thenwith experiencewehave learned to
treat the great majority of revision TKAwith this procedure.
Today, approximately 90% of all our revision TKAs are
performed with stemless sleeves.

The relatively short follow-up time is another limitation;
however, the results at amedium follow-upof89months (63 in
the stemless group) are encouraging. On the other hand, some
studies26–28 show that at least50%ofall re-revision occur in the
first 2 to3years. Soeven ifwecouldnotmakeasurvival analysis
a tendency to longer survivorship is evident. Nevertheless, we
are aware that an even longer follow-up is required to validate
this procedure before a final assessment can be made.

Conclusion

In this retrospective studywe investigated the effectiveness of
sleeves in revision TKA and we confirmed that it is a safe

procedure. We found a significant improvement in clinical
results compared with baseline values and no sign of implant
loosening. Results are not impaired by the use of stemless
sleeves thus encouraging us in continuingwith this procedure.
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