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a b s t r a c t

Background: Cementless metaphyseal implant fixation of revision total knee arthroplasty has encour-
aging early results. We analyzed midterm results and implant survival of osteointegrative augments in
Anderson Orthopedic Research Institute (AORI) type 2a, 2b, and 3 defects. Reasons for implant failure
were explored and the potential for anatomic joint line reconstruction evaluated.
Methods: Sixty-seven consecutive patients (68 revision total knee arthroplasties) received cementless
metaphyseal sleeves between 2011 and 2014. The mean follow-up was 5.0 years, mean age was 68.5
years, and mean body mass index was 31.4 kg/m2. The clinical and radiographic results were determined
using established scoring systems. Additionally, the survival rate was calculated and reasons for failure
were analyzed.
Results: In 2 patients (4.3%), sleeves had to be removed early postoperatively for deep infection after
second-stage reimplantation. With continuously functioning remaining implants, the aseptic survival
rate was 93.6%. Cleared up for initial technical issues due to poor bone quality, it is as high as 98%. The
scores remained to be significantly improved by 64.8 points (Western Ontario and McMaster Universities
Osteoarthritis Index) and 25.8 points (Knee Society score) (P < .001). In 10 patients (29.4%), diaphyseal
radiolucencies were observed without suspicion of loosening. The mean joint line was noted to be 0.36
mm lower to the anatomic level.
Conclusion: At a mean follow-up of 5.0 years, cementless osteointegrative sleeves for metaphyseal fix-
ation in AORI 2a, AORI 2b, and AORI 3 defects yielded continuous implant fixation even in cases with
preceding revisions. The cleared up aseptic survival rate was 98% at 5 years. The modular sleeve design
allowed joint line reconstruction near the anatomic level.

© 2019 Elsevier Inc. All rights reserved.
Total knee arthroplasty (TKA) is a safe and successful procedure
in end-stage knee osteoarthritis [1]. In many countries, the number
of performed primary knee arthroplasties is on the rise [2e6]. In
spite of innovations in the last decades including surgical tech-
niques, materials, and implant design, the durability of TKA is still
limited [7e9]. Implant alignment, fixation, and periprosthetic
d any potential or pertinent
conflict with this work. For
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osteolysis caused by polyethylenewear comprises some reasons for
bony defects [10]. These may be additionally enlarged during the
explantation process of the loosened implants. In these deficient
bone situations, accurate positioning and durable fixation of the
revision components are subsequently compromised. Up to date
these revision cases are surgically demanding, resulting in pro-
longed operation time and hospital stay, and are often complicated
due to surgical problems and the possibility of limited implant
survival. Last but not least, revision total knee arthroplasty (rTKA)
constitutes a certain burden on the patient and the healthcare
system [11,12]. Consistent with the growing number of primary
TKA, the number of rTKA also increased [2e6]. Contemporary
procedures for compensation of largemetaphyseal bone defects are
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auto-/allogen bone impaction grafting and utilization of bone
cement or cemented metal blocks [13e15]. However, a durable
cemented augmentation cannot always be achieved. Although
adequate short-term results were described, mechanisms of
resorption and signs of fatigue are an obstacle to long-term success
[14,16e22]. The modular cementless metaphyseal fixation has been
successfully established in total hip arthroplasties for several years
[23]. Modern revision knee systems took up these principles by
using osteointegrative metal sleeves with a specially structured
surface supporting bony ingrowth and enhancing durable stable
fixation by biologic, cementless technique [24].

This retrospective study aimed at investigating clinical and
radiographic 5-year results in patients with cementless osteointe-
grative metaphyseal sleeves applied for large metaphyseal defects
following failed TKA and rTKA. To establish and to compare clinical
and radiographic results, validated scores were administered. The
radiographic investigation concentrated mainly on osteointegra-
tion and radiolucencies as potential markers for implant loosening.
Additionally, the joint line and the potential of the system to
reconstruct the anatomic level were considered. The implant sur-
vival rate was calculated and possible reasons for implant failure
were discussed.

Patients and Methods

Between January 1, 2011, and December 31, 2014, all patients
who received cementlessmetaphyseal fixed sleeves were identified
at a single academic referral center. By agreement, the institution
has to accept all referrals of affiliated clinics.

All sleeves were partially poro-coated and combined with
cementless stems. Bone cement was only used in the epiphysis
below the tibial baseplate, paying attention to not contaminating
the porous coating of the sleeve. Six patients had to be excluded
from this series. Three of them were primary TKAs with bony de-
fects in combination with severe malalignment and/or instability.
One patient received sleeves for posttraumatic knee osteoarthritis.
Due to fracture malalignment of the femur, a stem could not be
used; however, the sleeve alone yielded metaphyseal fixation. In
addition, in 2 patients sleeves were applied to compensate meta-
physeal defects due to removal of a giant cell tumor.

After exclusion of the primary TKA, tumor, and malaligned
fracture cases, 61 consecutive patients with 62 cases of sleeve
implanting rTKA remained and were included. In 31 cases (50.0%),
the implantation of sleeve-fixed components was the first revision,
after failed primary TKA, in 25 cases (40.3%) the second, in 5 cases
(8.1%) the third, and in 1 case (1.6%) the fourth. In 3 cases (4.8%) a
femoral sleeve, in 22 cases (35.5%) a tibial sleeve, and in 37 cases
(59.7%) a femoral and tibial sleeve were implanted.

The 49 females (79.0%) and 13 males (21.0%) had a mean age of
68.5 (±9.7; 38.0-83.0) years and a mean body mass index (BMI) of
31.4 (±6.4; 19.1-46.4) kg/m2. The indication for 39 rTKA (62.9%; 10
femoral, 17 tibial-femoral, 12 tibial) was aseptic loosening of the
primary or revision TKA. In 4 cases (6.5%), revisions were done due
to instability, 2 (3.2%) because of malrotation of the implants, and
17 cases (27.4%) were revised because of septic loosening. All
revised patients had large bony defects which were intra-
operatively classified according to the Anderson Orthopedic
Research Institute (AORI) [25]. Bone loss was characterized in intact
metaphyseal bone (AORI type 1), damaged metaphyseal bone loss
with loss of one condyle (AORI type 2a) or both condyles (AORI type
2b). Also a small entity of AORI type 3 defects with deficient met-
aphyseal bone was seen [25].

For evaluation of the preoperative health status, the score of the
American Society of Anesthesiologists (ASA) was used [26]. For the
present study, the classes ASA 2 (mild chronic disease), ASA 3
(severe chronic disease), and ASA 4 (severe chronic disease with
acute life-threatening event less than 3 months ago) were relevant.

Routine preoperative workup comprised bloodwork, including
C-reactive protein and interleukin 6. In cases where periprosthetic
joint infections (PJI) were suspected, an aspiration for cell count
and microbiology test was conducted. In case of PJI, a 2-stage rTKA
(first-stage: molded antibiotic-impregnated cement spacer and
adjuvant systemic antibiotics; second-stage: 6-12 weeks later with
negative infection parameters and negative joint aspiration) was
performed.

Intraoperative diagnostic workup included tissue samples for
microbiology and histologic classification according to Krenn [27].
This retrospective study was approved by the local ethics
committee.

Surgical Procedure

A medial-parapatellar arthrotomy was performed. After a
complete synovectomy, removal of the previous implants respec-
tively cement-spacer and an osseous debridement followed. The
bony defect size according to AORI was noted and the ligament
situation including joint line and flexion/extension gaps were
assessed. The preparation of the metaphysis was performed with
broaches. The size was deemed appropriately when the broach was
rotationally stable. The top of the last broach served as a tibial
resection guide with an integrated 2� slope and intramedullary
reference. On the femoral side, an intramedullary reamer/guide
was used. The asymmetric broaches were analogical impacted until
the chosen size and position showed rotational stability and a
restored joint line. The next steps comprised the distal resection in
5�/7� valgus, assessment of distal and posterior augments and
notch preparation. All patients received M.B.T Revision Tibia-trays
with varus/valgus constrained inlays (SIGMA TC3 RP, DePuy Syn-
thes, Warsaw, IN), when possible (n ¼ 24, 51.1%). The same M.B.T.
Tray also accepts hinged rotating platform insert S-ROM Noiles
(DePuy Synthes, Warsaw, IN), which had to be used in cases of
severe instability in AORI 2a, 2b, and 3 defects (n ¼ 23, 48.9%). The
surgical steps except the distal femoral preparation are identical
because sleeve and stem sizes are the same. All patients received
cementless partially poro-coated sleeves on the tibial and femoral
side.

Demographics

Of the 61 patients, 15 patients were lost to follow-up: 2 patients
were deceased at time of contact, 2 patients had dementia, 4 pa-
tients moved and current contact data could not be established, and
7 patients refused the participation in the study. As a result, the
statistic group for clinical evaluation consisted of 46 patients (47
cases). All patients were available for clinical but 7 not for radio-
graphic review. The preoperative health status of the 46 patients
(47 cases) was categorized as follows: 21 patients (45.6%) as ASA 2;
24 patients (52.2%) as ASA 3; and 1 patient (2.2%) as ASA 4.

Scores and Classifications

The histologic analysis of intraoperative gained samples of
periprosthetic membranes is considered to give additional infor-
mation on the failure mechanism. The classification according to
Krenn et al [27] differentiates between 4 types of loosening: wear-
induced (type I), infection-induced (type II), mixed-induced with
criteria of wear-associated and septic-associated loosening (type
III), indifferent-induced without criteria of wear-associated and
septic-associated loosening (type IV).
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The clinical results were established using the self-administered
Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) in the German version with 24 questions, ranging from
0 (good clinical result) to 10 points (poor clinical result) [28]. The
Knee Society score (KSS) was applied during clinical follow-up to
collect clinical data. It was divided into the functional (KSSfs) and
the clinical section (KSScs), 100.0 points respectively being the
maximum value for the best result. The values were graded ac-
cording to the following classification [29]: 80.0-100.0, excellent;
70.0-79.0, good; 60.0-69.0, fair; below 60.0, poor.

Radiographic Analysis

For radiographic evaluation, anteroposterior and axial X-rays of
the knee were used. The medial-lateral width of the implanted
stem of a certain size is known due to the round profile indepen-
dent of deviations in X-ray projections. OrthoView software (Jack-
sonville, FL) was used and X-rays were calibrated using the true
magnification to perform the measurements, eliminating the
magnification-related source of inaccuracy [30]. Measurements
were taken by 2 experienced orthopaedic surgeons. For retest ac-
curacy, an intraobserver reliability study was conducted before
measurements. The calculated intraclass correlation for the radio-
lucent lines in Knee Society Total Knee Arthroplasty Roentgeno-
graphic Evaluation and Scoring System (KSRESS) was 0.85 and for
the transepicondylar axis width ratio (TEAW), it was 0.76. Both
indicated a good reliability [30,31].

In accordance with the KSRESS, radiolucencies with >1 mm
periprosthetic distance were documented for sleeve fixed compo-
nents (Fig. 1). All radiolucent distances in the respective zones were
measured and cumulated for each anatomic region and projection
(tibial anteroposterior, tibial axial, and femoral axial). For the
combined radiolucent lines (sums), the following graduation was
used in accordance with the established original KSRESS [32]:

� 4.0 mm or less: aseptic loosening is probably not significant.
� 5.0-9.0 mm: should be closely followed.
Fig. 1. Example for the periprosthetic zones according to KSRESS. In the ante-
roposterior view, only the tibial component was analyzed. KSRESS, Knee Society Total
Knee Arthroplasty Roentgenographic Evaluation and Scoring System.
� 10.0 mm or greater: aseptic loosening is significantly possible.

To determine probable or definite loosening by radiographic
criteria, the established KSRESS was applied solely. To differentiate
between the coated and uncoated parts of the sleeve (not consid-
ered in the KSRESS), the periprosthetic bone around the poro-
coated part of the sleeve was subdivided (Fig. 2). This is not only
for future reference, but to analyze potential sources for failure.

To measure the level of joint line, the TEAW was used [33]. The
TEAW is defined as the distance between the medial and lateral
epicondyle of the distal femur (ie, Fig. 3; 95.59 mm). The ideal level
of the reconstructed joint line is placed at 1/3 TEAW distal of the
lateral epicondyle (ie, Fig. 3; 28.59 mm). In Figure 3, the red line
demonstrates the actual joint line (27.41 mm). The difference be-
tween the ideal and the actual joint line described, if the actual
joint line is placedmore proximal or distal in correspondence to the
ideal level (Fig. 3; 1.18 mm more proximal). The measurement of
the TEAWwas impossible in 8 cases because of severe bone defects
of the epicondyles which serve as anatomic landmarks.

Statistical Analysis

The implant longevity was described by Kaplan-Meier analysis.
For comparison between the preoperative and postoperative score
values, the dependent sample t-test was used. In addition, the
clinical outcome of patients with a displacement of the joint line <5
mm and�5mmwas compared by using independent sample t-test
[34].

The collected data underwent pseudonymization and were
transferred to IBM SPSS Statistics (IBM SPSS Statistics, version
24.0.0.0, 64-bit version) for statistical analysis.

Results

The following results were based on 47 cases with 39 females
(83.0%) and 8 males (17.0%). At time of surgery, the mean age was
67.2 (±9.2; 38.0-82.0) years. The mean BMI was 30.6 (±5.4; 19.1-
42.2) kg/m2, representing first-degree obesity according to World
Health Organization. In 28 (59.6%) cases, the operation was per-
formed on the left and in 19 (40.4%) cases on the right side. The
surgeries were performed by senior arthroplasty surgeons. In 26
(55.3%) cases, the implantation of sleeve-fixed components was the
first revision, in 17 (36.2%) cases the second, in 3 (6.4%) cases the
third, and in 1 (2.1%) case the fourth. In 3 cases (6.4%) a femoral
sleeve, in 17 cases (36.2%) a tibial sleeve, and in 27 cases (57.4%) a
femoral and tibial sleevewere implanted for AORI > 2a (Table 1). On
the femoral side, most patients received the largest sleeve size (46
mm) and in 12 patients the revision knee system included a
diaphyseal stem fixation without the use of a sleeve. In contrast to
that, all stems were combined with a sleeve on the tibial side.

The mean duration of surgery was 202.3 (±68.7; 96.0-374.0)
minutes and the mean length of stay was 12.0 (±3.4; 7.0-25.0) days.
In 31 cases (66.0%), the surgery was performed in 1-stage tech-
nique. Two of these showed a type III histology result with wear-
induced and septic-induced criteria. During follow-up, no compli-
cation developed, except for a positive Staphylococcus epidermidis
culture in 1 patient. Preoperative clinical laboratory findings and
the intraoperative situs indicated no hint for a PJI. Because the
pathogen was found in 1 of 5 tissue samples, it was considered as
possible septic loosening, hence treated prophylactically by anti-
biotics. An infection did not occur later on. The other 16 (34.0%)
cases were performed in 2-stage surgery, whose histologic results
showed type II according to Krenn in 10 cases and type III in 2 cases.
A strong suspicion of low-grade PJI in 4 patients was not confirmed
by microbiology nor by histology (all type IV; Table 2).



Fig. 2. Periprosthetic zones for additional examination of radiolucent lines around the sleeves. Poro-coated part of the sleeve (zones 3, 5, 7c), uncoated (zones 3, 5, 7b), and
diaphyseal stem (zones 3, 5, 7a).
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Survival Rate

After a mean follow-up of 5.0 (±1.2; 2.1-6.9) years, there were 3
patients with an aseptic loosening (aseptic implant survival rate,
93.6%). The septic implant survival rate was 93.6% by 2 cases of
early and 1 case of late PJI. The implant survival rate for any reason
with removal of the sleeve-fixed endoprosthesis was 87.2% (Fig. 4).

Three aseptic failures occurred. The first patient (man; 70 years;
BMI, 28.7 kg/m2, ASA 3) had a history of 2 aseptic failures, before
implantation of an S-ROM knee system in femoral 2a and tibial 2b
defects. The lateral tibial bone loss was so severe intraoperatively so
that the surgeon decided to use additional polymethylmethacrylate
(PMMA) cement filling laterally, resulting in an uncommon hybrid
fixation. After an interval of 3 years free of complaints, the lateral
cortical bone was radiologically thinned out and subsequently
fractured. The tibial component loosened and a 1-stage revision
had to be performed. The next case (woman; 62 years; BMI, 39.1 kg/
m2, ASA 2) had a history of a 1-stage revision in advance of being
revised to an S-ROM knee system for femoral type 2b and tibial 2a
defect situations. After a complaint-free interval of 3 years, the
patient sustained a direct trauma and was diagnosed in a different
clinic. There she finally underwent complete 1-stage revision for
patella subluxation and instability. More details could not be ob-
tained for the study. The last case (man; 69 years; BMI, 24.4 kg/m2,
ASA 2) had a history of two 1-stage revisions including a
Fig. 3. Example for measurement of the joint line according to TEAW. The recon-
structed joint line is placed 1.18 mm more proximal. TEAW, transepicondylar axis
width ratio.
periprosthetic femoral fracture before being converted to an S-ROM
knee system. The indication was aseptic femoral and tibial loos-
ening of the cemented implants of the previous rTKA. Intra-
operatively, a femoral type 2b and tibial type 3 bone loss was found.
The tibial base plate had to be placed 9 mm below the head of the
fibula. The anterior cortical bonewas thinned out at that point up to
1.5 mm. Consequently, a smaller sleeve size had to be used, and
again PMMAwas used in an unusual fashion to fill an anterolateral
defect. It has to be said that these 2 failure cases were the only ones
in the whole series where PMMA was additionally used to fill
smaller defects. The proximal part of the sleeve intendent for
cementless usewas partially uncovered resulting in a compromised
bony contact. After an interval of 5 years without complaints, the
anterior cortex flawed and a tibial implant loosening occurred with
subsequent loosening of the femoral sleeve. A 1-stage revision was
performed with exchange of all components.

Two septic failures (deep PJI) occurred early after revision sur-
gery. The implants had to be removed 54 days and 100 days after
implantation of sleeve-fixed rTKA. In the first case (woman; 68
years; BMI, 31.1 kg/m2, ASA 3), the patient had a history of 2 pre-
vious revisions for deep PJI (1 and 2 stage) and received an S-ROM
knee system with femoral and tibial sleeves (AORI 2b defects
femoral and tibial) in a subsequent 2-stage procedure. Multi-
resistant staphylococci were identified at time of removal. The
second case (woman; 45 years; BMI, 33.9 kg/m2, ASA 2) was
diagnosed with severe rheumatic arthritis and had a history of 3
septic 2-stage revision before referral. Having AORI 2a (femoral)
and 2b (femoral) defects, she underwent another 2-stage revision
with sleeve-fixed TC3 implants. After removal, staphylococci were
identified and an arthrodesis had to be done later on. The third
septic failure occurred under somewhat irregular circumstances.
The patient with rheumatoid arthritis (woman; 38 years; BMI, 31.2
Table 1
Intraoperative Bone Loss as Classified by the AORI.

AORI N (Femoral) % N (Tibial) %

Type 1 10 21.3 2 4.2
Type 2a 13 27.7 20 42.6
Type 2b 22 46.8 21 44.7
Type 3 2 4.2 4 8.5
Total 47 100.0 47 100.0

Damaged metaphyseal bone loss with loss of one condyle (AORI type 2a) or both
(AORI type 2b) and deficient metaphysis as AORI type 3.
AORI, Anderson Orthopedic Research Institute.



Table 2
Histologic Classification of Periprosthetic Membranes According to Krenn.

Histologic Classification N %

Krenn type I 13 27.7
Krenn type II 10 21.3
Krenn type III 4 8.5
Krenn type IV 20 42.5
Total 47 100.0

Wear (type I), infection (type II), mixed with criteria of wear-associated and septic-
associated loosening (type III), indifferent without criteria of wear-associated and
septic-associated loosening (type IV).
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kg/m2, ASA 2) already hadmultiple revisions for PJI before receiving
an S-ROM knee system in AORI type 2a (femoral/tibial) in a 2-stage
procedure. She was doing fine for 3 years with fixed implants
radiographically. Having anterior knee pain, she went to another
clinic where the patient received an isolated retropatellar resur-
facing. Subsequently another deep PJI occurred with staphylococci
and implants had to be removed. More details were not available
for this study.
Clinical Outcome

Omitting the 6 failure cases, the clinical results of the 41
remaining cases improved in WOMAC from a preoperative mean of
155.8 (±58.6; 0.0-233.0) to 91.0 (±52.5; 0.0-208.0). Significant
improvement was found in the categories “pain,” “stiffness,” and
“activity” (P < .001). The KSS increased from a mean of 104.4
(±34.1; �10.0 to 174.0) to 130.2 (±30.2; 40.0 to 92.0; P < .001).
Postoperative values of the clinical score were 72.8 (±13.0; 40.0-
95.0), increasing from 56.6 (±16.4; 10.0-94.0; P < .001) and the
postoperative values of the functional score 57.4 (±21.4; 0.0-100.0),
increasing from 47.8 (±23.2; �20.0 to 80.0; P < .001).
Radiological Outcome

The radiological follow-up revealed in 23 cases no radiolucency.
In 11 cases, a radiolucency >1 mmwas found in 1 zone (5 patients),
2 zones (3 patients), 3 zones (2 patients), and 4 zones (1 patient;
Table 3). Except for 1 case, all radiolucencies were located diaph-
yseal. One patient (69 years, BMI, 27.0 kg/m2) showed a cumulated
amount of lucent lines of 6.4 mm (zones tibial anteroposterior 6,
lateral 3/femoral lateral 6, 7). Having no clinical symptoms, he is
followed up regularly. At time of last examination, the patient had a
Fig. 4. Kaplan-Meier analysis for implant surviv
good joint function without clinical suspicion of loosening. The
remaining 10 cases showed an amount <4 mm (Table 3).

Of the 11 cases, 5 cases had metaphyseal radiolucencies which
were looked at more closely in the separate analysis of the peri-
prosthetic area around the sleeves. All were located in the uncoated
parts (Table 4).

Of the 33 patients with preserved epicondyles for TEAW, the
joint line was elevated in 17 cases and the joint line was lowered in
16 cases. The mean joint line was 0.36 (±4.1; �11.7 to 6.96) mm
lower to the measured anatomic level. A correlation between the
level of the postoperative joint line and the clinical outcome was
not statistically significant (P > .05), neither between patients with
a displacement of the joint line <5 mm and �5 mm (P > .05).

Discussion

In rTKA, the augmentation of bony defects is an integral part of
surgery. Small areas of bone loss (AORI 1) can be reconstructed by
using PMMA or allogen bone. For higher grade of bony defects
(AORI 1-2), metal blocks can be connected to implants [13e15].
Although these established techniques revealed good results in
short term, resorption and fatigue processes have been described
[14,16e22]. As a result, a repeated failure of the revision implant
could occur. This is devastating for the patient and produces an
additional burden for the healthcare system [11,12]. Contemporary
revision knee systems increasingly focus on metaphyseal bone for
defect augmentation and implant fixation both cemented and
cementless [35].

In this retrospective study, the augmentation of large meta-
physeal bony defects with a biological fixation through osteointe-
grative sleeves in rTKAwas analyzed. Because of a great diversity of
intraoperative bone loss situations and a possible range between
preoperative and intraoperative size of defects, prospective, ran-
domized studies are difficult to perform. One reason for that is the
variety of revision implants (short/long stem, cemented/cement-
less, offset-adapters), which could result in a heterogenic control
group. Although the surgeries were performed in a certified aca-
demic referral center, findings of large bony defects (AORI 2a, 2b, 3)
in rTKA represent a small entity.

Primary TKA was excluded, leaving a group of patients with a
BMI of 30.6 kg/m2 (obesity grade I patients) with mainly ASA 2-3
score. Interestingly, the study group consisted predominantly (80%)
of female participants. This observation has been made before by
Stefani et al and others [36,37] who found to have up to 71% females
in their groups of patients with metaphyseal defects. A certain age
al. The overall implant survival was 87.2%.



Table 3
Radiolucencies >1 mm at Time of Final Follow-Up.

KSRESS Zone 1 Zone (5) 2 Zones (3) 3 Zones (2) 4 Zones (1) Total

Patient no. 1 2 3 4 5 6 7 8 9 10 11

Femur lateral
1 0
2 0
3 0
4 0
5 1 1 1 3
6 1 1 1 3
7 1 1 1 1 1 1 6

Tibia anteroposterior
1 0
2 0
3 0
4 0
5 1 1 2
6 1 1 2
7 0

Tibia lateral
1 1 1
2 0
3 1 1 1 1 4

Regional subdivision in zones according to the KSRESS. Radiolucencies were mainly found around the diaphyseal zones (5, 6, and 7 tibia anteroposterior and femur lateral; 3
tibia lateral, respectively).
KSRESS, Knee Society Total Knee Arthroplasty Roentgenographic Evaluation and Scoring System.
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and gender-related risk of bone loss and postmenopausal osteo-
porosis with a significant decline in connective tissue progenitors
in elderly women have been described by Muschler et al [38].
However, further investigations regarding gender-related differ-
ences in metaphyseal bone quality as possible failure mechanism
for TKA failure seem appropriate. Nonetheless, a relatively ho-
mogenous and representative group of patients with devastating
bony defects following primary or revision TKA were assembled
and gathered suitable for evaluation.

In our patient group, the preoperative WOMAC improved from
155.8 (±58.6; 0.0-233.0) to 91.0 (±52.5; 0.0-208.0) points (P < .001).
The statistical significance was not only demonstrated for the
complete score, but also in the 3 subcategories. Huang et al [39] also
Table 4
Number of Patients With Radiolucent Lines >1 mm at Final Follow-Up.

KSRESS Zone Patient No.

2 5 6 10 11

Femur lateral
5a 1
7a 1 1
5b 1
7b 1 1
5c
7c

Tibia anteroposterior
5a
7a
5b 1
7b
5c
7c

Tibia lateral 1
3a
3b 1
3c

Subdivision of the zones in coated (c) and uncoated part (b) of the metaphyseal
sleeve and the diaphyseal stem (a). Radiolucencies were mostly found around the
uncoated sleeve and stem fixation.
KSRESS, Knee Society Total Knee Arthroplasty Roentgenographic Evaluation and
Scoring System.
analyzed the clinical outcome with the WOMAC in 119 cementless
sleeves and showed a similarly significant improvement in short-
term results. Furthermore, in this study, the KSS improved from
preoperative 104.4 (±34.1;�10.0 to 174.0) to the last time of follow-
up to 130.2 points (±30.2; 40.0 to 192.0; P < .001). Similar increases
were found by Graichen et al [40], who presented an increase of
59.0 points in a group of 121 patients with a mean follow-up of 3.6
years (total postoperative score 147.0 points, starting at preopera-
tive 88.0 points). Another study performed by Watters et al [41]
included 98 patients and showed an improvement in KSS from
85.0 points to 157.0 points after a mean follow-up of 5.3 years. In
analogy to the present study, the analyzed defect size in both
studies was described as at least 2a according to AORI. In KSScs, the
data of this study showed a statistical improvement from preop-
eratively 56.6 (±16.4; 10.0-94.0) points to 72.8 (±13.0; 40.0-95.0)
points after surgery (P < .001). After a mean follow-up of 2.75 years,
Alexander et al [42] documented 92 points in KSScs in 28 patients
with tibial type 2b-3 defects, a value that had increased from 55.0
points before surgery. In another study by Barnett et al [43], the
KSScs improved in patients with type 2 or 3 defects from 41.7 to
88.7 points after a mean follow-up of 3.17 years. Dalury and Barrett
[44] showed a postoperative KSScs of 90.0 points in 40 patients
after 4.8 years, starting at 36.0 points at time before surgery. In the
study by Bugler et al [45], cemented sleeves were included. After a
mean follow-up of 3.25 years, the 35 patients showed 81.3 points in
KSScs, a value similar to that noted before in studies with
cementless metaphyseal fixation. In KSSfs, this study documented
an improvement from 47.8 (±23.2;�20.0 to 80.0) to 57.4 (±21.4; 0.0
to 100.0) points (P < .001). Huang et al showed similar values (47.9
points to 61.1). In the study by Barnett et al, the mean postoperative
results of 75.0 points are slightly better [43].

Compared to the study of Chalmers et al, we had 44 (49)
uncemented tibial sleeves and 30 (54) femoral sleeves. The BMI
30.6 kg/m2 (34) is also similar; however, the number of second,
third, and even fourth revisions after failed TKA is higher in our
patients. The number of previous surgeries might influence the
bone quality and the local potential of osteointegration. This might
be one reason for the lower survival rate of 93.6 (96/99.5) as well as
the longer follow-up period: at the mean 5.0 years (3.2) [35]. In
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retrospect, 2 of the aseptic failures in our series were related to
tibial loosening subsequent to severe bone loss and likely insuffi-
cient implant fixation/technical issues.

In these cases of severe type 2b and type 3 tibial defects with
brittle cortical bone, alternative methods of fixation should be
considered. The third aseptic failure in a patient with a BMI of 39.1
kg/m2 is likely related to a direct trauma with subsequent patellar
subluxation and revision in a different clinic. In the septic failures,
young age and rheumatoid arthritis can be identified as risk
factors [46].

In our study, the radiological evaluation showed mainly diaph-
yseal radiolucencies according to KSRESS. These findings were in
contrast to the results by Fedorka et al [47]. The authors analyzed
50 patients with a sleeve-fixed revision knee system after a mean
follow-up of 4.9 years and found the most radiolucencies in zone 1,
as opposed to zones 5 and 7 in our study. Huang et al presented
similar results compared to our study and described diaphyseal
radiolucent lines. In the separate analysis of the periprosthetic bone
around the sleeve component, we found radiolucencies in the un-
coated areas, whereas there was no radiolucency in the poro-
coated part, suggesting a biological fixation/osteointegration. The
accumulation of diaphyseal radiolucent lines may be explained by a
pivot in spite of well-fixed implants. Although the metaphyseal
sleeves showed osseous integration, there is a possibility of pivot-
ing especially in combination with long diaphyseal stems [48]. In
addition, the diaphyseal pivoting might be enhanced due to higher
mechanical stress in varus/valgus constrained or rotating-hinged
implants [46].

A similar technique to achieve a metaphyseal fixation in rTKA is
the use of cones. As opposed to sleeves, the revision knee system is
fixed into the cone with PMMA. First studies with short- and mid-
term follow-ups with a defect augmentation using cones showed
comparable clinical outcomes and survival rates to the illustrated
results in patients with a sleeve fixation [49,50]. Potter et al [51]
presented 5-year results in KSScs about 65.0 points and the over-
all survival rate for any cone revision about 84.0%. Further pro-
spective, randomized studies between sleeves and cones will be
needed to acquire the best biological fixation method in meta-
physeal bone loss situations in rTKA.

Conclusion

At a mean follow-up of 5 years, cementless osteointegrative
sleeves used for metaphyseal fixation in AORI 2a, 2b, and 3 defects
yielded continuous implant fixation with acceptable clinical results
and patient satisfaction even in cases with preceding revisions. The
aseptic survival rate was 93.6% at 5 years. Cleared up for possible
initial technical issues due to poor bone quality, it is as high as 98%.

References

[1] Jenkins PJ, Clement ND, Hamilton DF, Gaston P, Patton JT, Howie CR. Predicting
the cost-effectiveness of total hip and knee replacement: a health economic
analysis. Bone Joint J 2013;95-B:115e21. https://doi.org/10.1302/0301-
620X.95B1.29835.

[2] Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and revision
hip and knee arthroplasty in the United States from 2005 to 2030. J Bone Joint
Surg Am 2007;89:780e5. https://doi.org/10.2106/JBJS.F.00222.

[3] IQTIG e Institut für Qualit€atssicherung und Transparenz im Gesundheitswe-
sen. Bundesauswertung zum Erfassungsjahr 2016: Knieendoprothe-
senversorgung. https://iqtig.org/downloads/auswertung/2016/kep/QSKH_KEP_
2016_BUAW_V02_2017-07-12.pdf. [accessed 12.07.17].

[4] Sundberg M, Lindgren L, W-Dahl A, Robertsson O. Annual report 2017. In:
Swedish knee arthroplasty register. Lund Sweden: Lund University, Depart-
ment of Clinical Sciences, Orthopedics, Skanes University Hospital; 2017.
http://www.myknee.se/pdf/SVK_2017_Eng_1.0.pdf. [accessed 25.09.17].

[5] Bozic KJ, Kurtz SM, Lau E, Ong K, Chiu V, Vail TP, et al. The epidemiology of
revision total knee arthroplasty in the United States. Clin Orthop Relat Res
2010;468:45e51. https://doi.org/10.1007/s11999-009-0945-0.
[6] Wengler A, Nimptsch U, Mansky T. Hip and knee replacement in Germany and
the USA: analysis of individual inpatient data from German and US hospitals
for the years 2005 to 2011. Dtsch Arztebl Int 2014;111:407e16. https://
doi.org/10.3238/arztebl.2014.0407.

[7] Font-Rodriguez DE, Scuderi GR, Insall JN. Survivorship of cemented total knee
arthroplasty. Clin Orthop Relat Res 1997:79e86.

[8] Gill GS, Joshi AB. Long-term results of kinematic Condylar knee replacement.
An analysis of 404 knees. J Bone Joint Surg Br 2001;83:355e8.

[9] Ritter MA, Keating EM, Sueyoshi T, Davis KE, Barrington JW, Emerson RH.
Twenty-five-years and greater, results after nonmodular cemented total knee
arthroplasty. J Arthroplasty 2016;31:2199e202. https://doi.org/10.1016/
j.arth.2016.01.043.

[10] Gallo J, Goodman SB, Konttinen YT, Wimmer MA, Holinka M. Osteolysis
around total knee arthroplasty: a review of pathogenetic mechanisms. Acta
Biomater 2013;9:8046e58. https://doi.org/10.1016/j.actbio.2013.05.005.

[11] Kurtz SM, Lau E, Watson H, Schmier JK, Parvizi J. Economic burden of peri-
prosthetic joint infection in the United States. J Arthroplasty 2012;27:
61e65.e1. https://doi.org/10.1016/j.arth.2012.02.022.

[12] Ong KL, Mowat FS, Chan N, Lau E, Halpern MT, Kurtz SM. Economic burden
of revision hip and knee arthroplasty in Medicare enrollees. Clin Orthop
Relat Res 2006;446:22e8. https://doi.org/10.1097/01.blo.0000214439.95268.
59.

[13] Sculco PK, Abdel MP, Hanssen AD, Lewallen DG. The management of bone loss
in revision total knee arthroplasty: rebuild, reinforce, and augment. Bone Joint
J 2016;98-B:120e4. https://doi.org/10.1302/0301-620X.98B1.36345.

[14] Sheth NP, Bonadio MB, Demange MK. Bone loss in revision total knee
arthroplasty: evaluation and management. J Am Acad Orthop Surg 2017;25:
348e57. https://doi.org/10.5435/JAAOS-D-15-00660.

[15] Whittaker JP, Dharmarajan R, Toms AD. The management of bone loss in
revision total knee replacement. J Bone Joint Surg Br 2008;90:981e7. https://
doi.org/10.1302/0301-620X.90B8.19948.

[16] Brooks PJ, Walker PS, Scott RD. Tibial component fixation in deficient tibial
bone stock. Clin Orthop Relat Res 1984:302e8.

[17] Dennis DA. Repairing minor bone defects: augmentation & autograft. Ortho-
pedics 1998;21:1036e8.

[18] Dorr LD, Ranawat CS, Sculco TA, McKaskill B, Orisek BS. Bone graft for tibial
defects in total knee arthroplasty. Clin Orthop Relat Res 1986;446:4e9.
https://doi.org/10.1097/01.blo.0000214430.19033.b3.

[19] Elia EA, Lotke PA. Results of revision total knee arthroplasty associated with
significant bone loss. Clin Orthop Relat Res 1991:114e21.

[20] Parks NL, Engh GA. The Ranawat Award. Histology of nine structural bone
grafts used in total knee arthroplasty. Clin Orthop Relat Res 1997:17e23.

[21] Saha S, Pal S. Mechanical properties of bone cement: a review. J Biomed Mater
Res 1984;18:435e62. https://doi.org/10.1002/jbm.820180411.

[22] Zatsepin ST, Burdygin VN. Replacement of the distal femur and proximal tibia
with frozen allografts. Clin Orthop Relat Res 1994:95e102.

[23] Imbuldeniya AM, Walter WK, Zicat BA, Walter WL. The S-ROM hydroxyapatite
proximally-coated modular femoral stem in revision hip replacement: results
of 397 hips at a minimum ten-year follow-up. Bone Joint J 2014;96-B:730e6.
https://doi.org/10.1302/0301-620X.96B6.33381.

[24] Collier JP, Mayor MB, Chae JC, Surprenant VA, Surprenant HP, Dauphinais LA.
Macroscopic and microscopic evidence of prosthetic fixation with porous-
coated materials. Clin Orthop Relat Res 1988:173e80.

[25] Engh GA, Ammeen DJ. Bone loss with revision total knee arthroplasty:
defect classification and alternatives for reconstruction. Instr Course Lect
1999;48:167e75.

[26] Doyle DJ, Garmon EH. American Society of Anesthesiologists Classification
(ASA class), StatPearls. Treasure Island (FL). 2019. https://www.ncbi.nlm.nih.
gov/books/NBK441940/. [accessed 01.01.19].

[27] Krenn V, Morawietz L, Perino G, Kienapfel H, Ascherl R, Hassenpflug GJ, et al.
Revised histopathological consensus classification of joint implant related
pathology. Pathol Res Pract 2014;210:779e86. https://doi.org/10.1016/j.prp.
2014.09.017.

[28] Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation
study of WOMAC: a health status instrument for measuring clinically
important patient relevant outcomes to antirheumatic drug therapy in pa-
tients with osteoarthritis of the hip or knee. J Rheumatol 1988;15:1833e40.

[29] Insall JN, Dorr LD, Scott RD, Scott WN. Rationale of the Knee Society clinical
rating system. Clin Orthop Relat Res 1989:13e4.

[30] Archibeck MJ, Cummins T, Tripuraneni KR, Carothers JT, Murray-Krezan C,
Hattab M, et al. Inaccuracies in the use of magnification markers in digital hip
radiographs. Clin Orthop Relat Res 2016;474:1812e7. https://doi.org/
10.1007/s11999-016-4704-8.

[31] Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation
coefficients for reliability research. J Chiropr Med 2016;15:155e63. https://
doi.org/10.1016/j.jcm.2016.02.012.

[32] Ewald FC. The Knee Society total knee arthroplasty roentgenographic evalu-
ation and scoring system. Clin Orthop Relat Res 1989:9e12.

[33] Romero J, Seifert B, Reinhardt O, Ziegler O, Kessler O. A useful radiologic
method for preoperative joint-line determination in revision total knee
arthroplasty. Clin Orthop Relat Res 2010;468:1279e83. https://doi.org/
10.1007/s11999-009-1114-1.

[34] Porteous AJ, Hassaballa MA, Newman JH. Does the joint line matter in revision
total knee replacement? J Bone Joint Surg Br 2008;90:879e84. https://doi.org/
10.1302/0301-620X.90B7.20566.

https://doi.org/10.1302/0301-620X.95B1.29835
https://doi.org/10.1302/0301-620X.95B1.29835
https://doi.org/10.2106/JBJS.F.00222
https://iqtig.org/downloads/auswertung/2016/kep/QSKH_KEP_2016_BUAW_V02_2017-07-12.pdf
https://iqtig.org/downloads/auswertung/2016/kep/QSKH_KEP_2016_BUAW_V02_2017-07-12.pdf
http://www.myknee.se/pdf/SVK_2017_Eng_1.0.pdf
https://doi.org/10.1007/s11999-009-0945-0
https://doi.org/10.3238/arztebl.2014.0407
https://doi.org/10.3238/arztebl.2014.0407
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref7
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref7
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref7
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref8
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref8
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref8
https://doi.org/10.1016/j.arth.2016.01.043
https://doi.org/10.1016/j.arth.2016.01.043
https://doi.org/10.1016/j.actbio.2013.05.005
https://doi.org/10.1016/j.arth.2012.02.022
https://doi.org/10.1097/01.blo.0000214439.95268.59
https://doi.org/10.1097/01.blo.0000214439.95268.59
https://doi.org/10.1302/0301-620X.98B1.36345
https://doi.org/10.5435/JAAOS-D-15-00660
https://doi.org/10.1302/0301-620X.90B8.19948
https://doi.org/10.1302/0301-620X.90B8.19948
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref16
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref16
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref16
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref17
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref17
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref17
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref17
https://doi.org/10.1097/01.blo.0000214430.19033.b3
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref19
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref19
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref19
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref20
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref20
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref20
https://doi.org/10.1002/jbm.820180411
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref22
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref22
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref22
https://doi.org/10.1302/0301-620X.96B6.33381
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref24
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref24
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref24
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref24
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref25
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref25
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref25
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref25
https://www.ncbi.nlm.nih.gov/books/NBK441940/
https://www.ncbi.nlm.nih.gov/books/NBK441940/
https://doi.org/10.1016/j.prp.2014.09.017
https://doi.org/10.1016/j.prp.2014.09.017
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref28
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref28
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref28
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref28
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref28
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref29
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref29
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref29
https://doi.org/10.1007/s11999-016-4704-8
https://doi.org/10.1007/s11999-016-4704-8
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1016/j.jcm.2016.02.012
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref32
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref32
http://refhub.elsevier.com/S0883-5403(19)30356-0/sref32
https://doi.org/10.1007/s11999-009-1114-1
https://doi.org/10.1007/s11999-009-1114-1
https://doi.org/10.1302/0301-620X.90B7.20566
https://doi.org/10.1302/0301-620X.90B7.20566


N. Wirries et al. / The Journal of Arthroplasty 34 (2019) 2022e2029 2029
[35] Chalmers BP, Desy NM, Pagnano MW, Trousdale RT, Taunton MJ. Survivorship
of metaphyseal sleeves in revision total knee arthroplasty. J Arthroplasty
2017;32:1565e70. https://doi.org/10.1016/j.arth.2016.12.004.

[36] Stefani G, Mattiuzzo V, Prestini G. Revision total knee arthroplasty with
metaphyseal sleeves without stem: short-term results. Joints 2017;5:207e11.
https://doi.org/10.1055/s-0037-1607427.

[37] Thorsell M, Hedstrom M, Wick MC, Weiss RJ. Good clinical and radiographic
outcome of cementless metal metaphyseal sleeves in total knee arthroplasty.
Acta Orthop 2018;89:84e8. https://doi.org/10.1080/17453674.2017.1398013.

[38] Muschler GF, Nitto H, Boehm CA, Easley KA. Age- and gender-related changes
in the cellularity of human bone marrow and the prevalence of osteoblastic
progenitors. J Orthop Res 2001;19:117e25. https://doi.org/10.1016/S0736-
0266(00)00010-3.

[39] Huang R, Barrazueta G, Ong A, Orozco F, Jafari M, Coyle C, et al. Revision total
knee arthroplasty using metaphyseal sleeves at short-term follow-up. Or-
thopedics 2014;37:e804e9. https://doi.org/10.3928/01477447-20140825-57.

[40] Graichen H, Scior W, Strauch M. Direct, cementless, metaphyseal fixation in
knee revision arthroplasty with sleeves-short-term results. J Arthroplasty
2015;30:2256e9. https://doi.org/10.1016/j.arth.2015.06.030.

[41] Watters TS, Martin JR, Levy DL, Yang CC, Kim RH, Dennis DA. Porous-coated
metaphyseal sleeves for severe femoral and tibial bone loss in revision TKA.
J Arthroplasty 2017;32:3468e73. https://doi.org/10.1016/j.arth.2017.06.025.

[42] Alexander GE, Bernasek TL, Crank RL, Haidukewych GJ. Cementless meta-
physeal sleeves used for large tibial defects in revision total knee arthro-
plasty. J Arthroplasty 2013;28:604e7. https://doi.org/10.1016/j.arth.2012.
08.006.

[43] Barnett SL, Mayer RR, Gondusky JS, Choi L, Patel JJ, Gorab RS. Use of stepped
porous titanium metaphyseal sleeves for tibial defects in revision total knee
arthroplasty: short term results. J Arthroplasty 2014;29:1219e24. https://
doi.org/10.1016/j.arth.2013.12.026.

[44] Dalury DF, Barrett WP. The use of metaphyseal sleeves in revision total knee
arthroplasty. Knee 2016;23:545e8. https://doi.org/10.1016/j.knee.2016.02.
005.

[45] Bugler KE, Maheshwari R, Ahmed I, Brenkel IJ, Walmsley PJ. Metaphyseal
sleeves for revision total knee arthroplasty: good short-term outcomes.
J Arthroplasty 2015;30:1990e4. https://doi.org/10.1016/j.arth.2015.05.015.

[46] Pitta M, Esposito CI, Li Z, Lee YY, Wright TM, Padgett DE. Failure after modern
total knee arthroplasty: a prospective study of 18,065 knees. J Arthroplasty
2018;33:407e14. https://doi.org/10.1016/j.arth.2017.09.041.

[47] Fedorka CJ, Chen AF, Pagnotto MR, Crossett LS, Klatt BA. Revision total knee
arthroplasty with porous-coated metaphyseal sleeves provides radiographic
ingrowth and stable fixation. Knee Surg Sports Traumatol Arthrosc 2017;26:
1500. https://doi.org/10.1007/s00167-017-4493-y.

[48] Wood GC, Naudie DD, MacDonald SJ, McCalden RW, Bourne RB. Results of
press-fit stems in revision knee arthroplasties. Clin Orthop Relat Res
2009;467:810e7. https://doi.org/10.1007/s11999-008-0621-9.

[49] Howard JL, Kudera J, Lewallen DG, Hanssen AD. Early results of the use of
tantalum femoral cones for revision total knee arthroplasty. J Bone Joint Surg
Am 2011;93:478e84. https://doi.org/10.2106/JBJS.I.01322.

[50] Meneghini RM, Lewallen DG, Hanssen AD. Use of porous tantalum meta-
physeal cones for severe tibial bone loss during revision total knee replace-
ment. J Bone Joint Surg Am 2008;90:78e84. https://doi.org/10.2106/
JBJS.F.01495.

[51] Potter 3rd GD, Abdel MP, Lewallen DG, Hanssen AD. Midterm results of porous
tantalum femoral cones in revision total knee arthroplasty. J Bone Joint Surg
Am 2016;98:1286e91. https://doi.org/10.2106/JBJS.15.00874.

https://doi.org/10.1016/j.arth.2016.12.004
https://doi.org/10.1055/s-0037-1607427
https://doi.org/10.1080/17453674.2017.1398013
https://doi.org/10.1016/S0736-0266(00)00010-3
https://doi.org/10.1016/S0736-0266(00)00010-3
https://doi.org/10.3928/01477447-20140825-57
https://doi.org/10.1016/j.arth.2015.06.030
https://doi.org/10.1016/j.arth.2017.06.025
https://doi.org/10.1016/j.arth.2012.08.006
https://doi.org/10.1016/j.arth.2012.08.006
https://doi.org/10.1016/j.arth.2013.12.026
https://doi.org/10.1016/j.arth.2013.12.026
https://doi.org/10.1016/j.knee.2016.02.005
https://doi.org/10.1016/j.knee.2016.02.005
https://doi.org/10.1016/j.arth.2015.05.015
https://doi.org/10.1016/j.arth.2017.09.041
https://doi.org/10.1007/s00167-017-4493-y
https://doi.org/10.1007/s11999-008-0621-9
https://doi.org/10.2106/JBJS.I.01322
https://doi.org/10.2106/JBJS.F.01495
https://doi.org/10.2106/JBJS.F.01495
https://doi.org/10.2106/JBJS.15.00874

	Osteointegrative Sleeves for Metaphyseal Defect Augmentation in Revision Total Knee Arthroplasty: Clinical and Radiological ...
	Patients and Methods
	Surgical Procedure
	Demographics
	Scores and Classifications
	Radiographic Analysis
	Statistical Analysis

	Results
	Survival Rate
	Clinical Outcome
	Radiological Outcome

	Discussion
	Conclusion
	References


