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a b s t r a c t

Background: The purpose of this study was to compare the functional outcomes and implant survivor-
ship at a minimum of 5 years of follow-up of several reconstruction techniques with or without meta-
physeal cone and stems of variable length.
Methods: A retrospective comparative matched analysis was performed from 2 prospectively collected
databases. Only patients who underwent revision total knee arthroplasty procedures for aseptic causes
using a single design of rotating hinge knee with a minimum of 5 years of follow-up were analyzed.
Patients were separated into 3 groups: trabecular metal (TM) cones þ short cemented stems (TM þ short
stem [SS]), TM cones þ long uncemented stems (TM þ long stem [LS]), and no cone (NC) þ long
uncemented stems (NC þ LS). A matching process based on age (±5 years) was realized.
Results: About 99 patients were included; 33 in the TM þ SS group, 33 in the TM þ LS group, and 33 in
the NC þ LS group. The mean time of follow-up was 9.3 years. A significant difference of the improve-
ment of subscale pain, symptom, activities of daily living, quality of life of the Knee Injury and Osteo-
arthritis Outcome score and knee, function of the Knee Society Score was observed in favor of TM þ SS
group compared with the 2 other groups. At 8 years of survivorship, the components free of revision for
any cause were 90.9% for the TM þ SS group, 84.9% for the TM þ LS group, and 90.6% for the NC þ LS
group.
Conclusion: The use of a short cemented tibial stem combined with a TM cone in revision total knee
arthroplasty offers identical survival rate with better functional outcome compared with the use of a long
uncemented stem associated with TM cones or metallic augments at a minimum of 5 years of follow-up.
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The number of total knee arthroplasty (TKA) is rising and has
been projected to grow by 673% from 2005 to 2030 in the United
States [1]. Projections reveal that patients younger than 65 years
will exceed 50% of population in need of TKA [2]. In consequence,
the number of aseptic revision total knee arthroplasty (rTKA) is also
inevitably increasing because of implant loosening [3]. Revision
knee arthroplasties are often associated with significant bone loss,
which can compromise the fixation. The management of bone loss
to reconstruct femoral and tibial metaphyseal defects during rTKA
is a controversial issue to achieve reliable long-term results. This
challenge can be addressed using different techniques and im-
plants; however, the optimal approach has not yet been identified
because of insufficient long-term data [4]. Usually during rTKA
procedure, the epiphyseal area (zone 1) is inadequate for a good
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implant fixation. The fixation has to be at least metaphyseal (zone
2) or both metaphyseal and diaphyseal (zone 2 þ 3) [5]. Trabecular
metal (TM) tantalum cones (Zimmer, Warsaw, IN) have been
proven to be a viable option to manage zone 2 fixation of the rTKA
ensuring a reliable, biological, and long-lasting solution. TM cones
represent an alternative to structural allografts used in the past and
to metallic augments to ensure stable prosthesis fixation in zone 2.
TM cones permit better osteointegration because of their physio-
logical properties, close to cancellous bone, and have the potential
to maintain long-term biological fixation [4e6]. Following the rules
of fixation [7], themetaphyseal fixation alone is not sufficient, and a
good zone 3 fixation (diaphyseal) is also mandatory. Two classic
modes of fixation have been described for zone 3 fixation (diaph-
yseal): long uncemented press-fit stems or shorter fully cemented
stems. Historically, long press-fit stems have been widely used [8]
to optimize the implant alignment and offload the metaphysis.
Long press-fit uncemented stems can offload the metaphysis and
control the rotational stability and consecutively offer long-term
fixation in zone 3 [7]; however, pain located at the stem tip has
been described on both the tibial and femoral sides [9]. This pain is
related to very high contact pressures and stresses between the tip
of the stem and the host bone. This tibial or/and femoral high
contact pressure decreases with shorter stems but modifies the
stress distribution and theoretically reduces the survival of the
implant [10]. To ensure a proper rotational stability while avoiding
the stem-tip pain, the use of shorter fully cemented stems has been
described as an alternative to long uncemented stems in rTKA
[11,12]. It was our hypothesis that the use of TM cones associated
with short stems (SSs) can provide a stable and durable fixation
with better functional outcomes compared with the other tech-
niques. Therefore, the purpose of the study was to compare the
functional outcomes and survival of the implants at aminimumof 5
years of follow-up of several reconstruction techniques using the
same rotating hinge knee design prosthesis with or without TM
metaphyseal cone and stems of variable length.
Methods

After review board approval, a retrospective comparative
matched analysis was performed from 2 prospectively collected
Fig. 1. Flow
databases in 2 high-volume knee joint reconstruction centers from
the same institute.

A total of 204 patients who underwent rTKA procedures using a
single design of rotating hinge knee prosthesis (NexGen RHK Knee,
Zimmer-Biomet) from January 2005 to January 2014) were
identified.

Exclusion criteria were as follows: a septic cause of revision
defined by a preoperative sample or an intraoperative sample posi-
tive to a bacterial germ, or postoperative antibiotic therapy, a cavitary
tibial bone defect Andersen Orthopaedi Research Institut (AORI) <II,
the absence of minimum 5 years of complete clinical and radio-
graphic follow-up, and a contralateral TKA during the follow-up.

Of the 204 patients in the 2 series, 49 septic causes were iden-
tified, 18 patients were excluded because of a tibial bone defect
AORI <II, 15 patients were lost to follow-up before 5 years, and 5
patients died before 5 years from causes unrelated to their surgery.
These patients were excluded from the final clinical outcome and
survivorship analysis, although all had well-fixed implants at their
latest visit and none had been revised.

Finally, 117 patients met inclusion and exclusion criteria and
were identified. After the surgical technique used, it was possible to
separate the patients into 3 different groups: 33 patients for the
TM þ SS group, 38 patients for the TM þ long stem (LS) group, and
46 patients for the no cone (NC)þ LS group. A matching process (1/
1/1) based on age (±5 years) allowed to finally include 33 patients
in each group for comparative analysis (Fig. 1). Preoperative data,
including age, sex, body mass index, preoperative range of move-
ment, and preoperative patient-reported outcome measure using
the Knee Injury and Osteoarthritis Outcome Score (KOOS) and Knee
Society Score (KSS), were collected from the routine preoperative
questionnaire.

The mean time of follow-up was 9.3 years (range, 5-19). Patient
preoperative characteristics are summarized in Table 1.

No significant difference between the 3 groups was observed for
all the preoperative parameters.

The most common indication for revision surgery was tibial
loosening (30 patients), pain (without stiffness or radiologic ab-
normalities) (21 patients) and polywear/osteolysis (13 patients)
(Fig. 3). Intraoperative AORI grading bone defect is summarized in
Table 2.
chart.



Fig. 2. X-rays of the 3 different revision total knee arthroplasty reconstructions. A ¼ TM þ SS/B ¼ TM þ LS/C þ NC þ LS. TM, trabecular metal; SS, short stem; LS, long stem; NC, no
cone.
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Surgical Technique

For the first series (first center), all procedures were performed
by 2 trained arthroplasty surgeons, and 66 patients were finally
included from this series after the matching process (Fig. 2). In all
cases, a tourniquet-less subvastus approach was realized, and bone
defects were graded after component removal using the AORI
classification system. The choice of surgical techniques (long
uncemented stems or short cemented stems) was based on indi-
vidual surgeons' preferences.

For the first group (TM þ SS) (Fig. 2A), femoral implants were
inserted systematically with a short cemented stem (diameter of 13
mm/length of 60 mm) after an adequate reaming. In cases of
segmental femoral defect (AORI �II, 29 of 33 patients), a TM cone
was used. The preparation of femoral cone consisted of initial hand
reaming of the femoral metaphysis until achieving endosteal
contact.
Table 1
Patient Characteristics.

Characteristics TM þ SS
(n ¼ 33)

TM þ LS
(n ¼ 33)

NC þ LS
(n ¼ 33)

P

Ages (y) 72.9 ± 2.0 73.4 ± 1.9 71.8 ± 1.9 .90
Preoperative BMI (kg/m2) 28.1 ± 0.8 27.7 ± 1.3 28.3 ± 0.6 .95
Preoperative KOOS symptom 19.3 ± 0.9 20.5 ± 1.3 18.5 ± 1.1 .44
Preoperative KOOS pain 21.7 ± 1.2 19.4 ± 1.1 23.9 ± 1.1 .08
Preoperative KOOS ADL 24.3 ± 0.9 22.4 ± 0.9 22.7 ± 0.9 .31
Preoperative KOOS sport 15.1 ± 1.1 12.8 ± 1.1 13.7 ± 1.1 .38
Preoperative KOOS QOL 19.5 ± 0.9 20.8 ± 0.9 19.8 ± 0.9 .56
Preoperative KOOS global 29.9 ± 1.2 29.4 ± 1.2 28.3 ± 1.2 .66
Preoperative KSS knee 41.5 ± 1.9 42.1 ± 1.8 40.8 ± 1.8 .57
Preoperative KSS function 46.6 ± 2.7 47.2 ± 2.6 43.0 ± 2.6 .48
Preoperative KSS total 86.1 ± 4.1 87.2 ± 4.0 91.7 ± 4.0 .19
Preoperative flexion (�) 93.4 ± 2.9 94.2 ± 2.8 91.9 ± 2.8 .84
Preoperative deficit

of extension (�)
5.6 ± 1.0 6.2 ± 1.0 6.2 ± 1.0 .90

Follow-up (y) 8.7 ± 1.7 8.9 ± 2.1 9.6 ± 2.4 .75

Data are shown as mean ± standard deviation or frequency (number).
TM, trabecular metal; SS, short stem; LS, long stem; NC, no cone; BMI, body mass
index; KOOS, Knee Injury and Osteoarthritis Outcome Score; ADL, activities of daily
living; QOL, quality of life; KSS, Knee Society Score.
For the tibial reconstruction, a similar cone preparation was
used in all cases, and a TM cone was implanted in all 33 patients.
Tibial implant was inserted with a short-cemented stem (diameter
of 13 mm/length of 60 mm) after adequate reaming.

For the second group (TM þ LS) (Fig. 2B), femoral and tibial
implants were inserted systematically with an LS (diameter size
dictated by the reaming according to the cork-screw technique [5]/
length of 100 mm). Stems were partially cemented using a hybrid
technique with cement being applied to the metaphyseal segment
only.

A tibial TM cone (33 of 33 patients) and a femoral TM cone (27 of
33 patients) were implanted in case of segmental bone defects
using a similar cone preparation.

A rotating hinge knee prosthesis (NexGen RHK Knee; Zimmer-
Biomet) and antibiotic-loaded cement was used in all operations.

For the second series (second center) (NC þ LS group) (Fig. 2C),
all procedures were performed by 1 trained arthroplasty surgeon,
and 33 patients were finally included from this series after the
matching process. The same tourniquet-less subvastus approach
and bone defect classification was used. No TM cone was available
in this center. Femoral and tibial implants were inserted system-
atically with an LS (diameter size dictated by the reaming according
to the cork-screw technique [5]/length of 100 mm) with cement
Table 2
Intraoperative AORI Grading Bone Defect.

Bone Defect TM þ SS
(n ¼ 33)

TM þ LS
(n ¼ 33)

NC þ LS
(n ¼ 33)

P

Tibial bone defect, n (%)
(AORI classification)

.65

Type IIa 11 (33) 8 (24) 9 (27)
Type IIb 17 (52) 18 (55) 16 (49)
Type III 5 (15) 7 (21) 8 (24)

Femoral bone defect, n (%)
(AORI classification)

.3

Type I 4 (12) 6 (18) 7 (21)
Type IIa 10 (30) 9 (27) 6 (18)
Type IIb 17 (52) 15 (46) 14 (41)
Type III 2 (6) 3 (9) 4 (12)

TM, trabecular metal; SS, short stem; LS, long stem; NC, no cone; AORI, Andersen
Orthopaedic Research Institut.



Fig. 3. Indications for revision surgery.
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being applied to the metaphyseal segment only. In case of
segmental defect, a reconstruction was realized using titanium
modular tibial or femoral augments cemented onto component.

A rotating hinge knee prosthesis (NexGen RHK Knee; Zimmer-
Biomet) and antibiotic-loaded cement were used in all operations.

For the 2 series, postoperative rehabilitation protocols included
immediate weight bearing protected by crutches during the first 2
or 3 weeks according to patient tolerance, and exercises focused on
passive and then active recuperation of range of motion. All pa-
tients received thromboprophylaxis with low molecular-weight
heparin preoperatively and postoperatively for 35 days.
Clinical and Radiographic Evaluations

The clinical evaluations were performed by the surgeon pre-
operatively, at 3 months postoperatively, then at yearly intervals
until the last follow-up, during which a radiographical and clinical
evaluation was carried out by 1 surgeon not involved in the treat-
ment. The radiographs were collected to assess any signs of loos-
ening. In addition, information regarding complications, range of
motion, and stem-end pain was prospectively collected. Patient-
reported outcome questionnaires were completed by all patients
including the KOOS and KSS.
Statistical Analysis

Means and standard deviations were determined for each of
the measured and desired anatomic parameters. Normal
(Gaussian) distributions were verified to determine adequate
statistical testing method (either parametric or nonparametric) to
estimate difference between groups in a univariate analysis. For
each model, variables with a P value less than .1 were kept in the
final model.

Finally, a Kaplan-Meier survivorship analysis was performed
defining 1 end point: revision for any reason. Statistical analysis
was performed using SPSS software (IBM, Armonk, NY) by a trained
statistician.
Results

Functional Outcome

A significant difference of the D (difference between preopera-
tive and postoperative at the last follow-up data) subscale pain,
symptom, activities of daily living, quality of life (QOL) of the KOOS
and knee, and function of the KSS was observed in favor of TM þ SS
group compared with TM þ LS group but also compared with NCþ
LS group (Table 3). No significant difference was observed for all the
KOOS and KSS subscales between TM þ LS group and NC þ LS
group.

No significant difference between the 3 groups was observed for
the D flexion and the D deficit of extension.
Survivorship

At last follow-up available, 14 knees required a reoperation (3
for TM þ SS, 6 for TM þ LS, and 5 for NCþ LS groups), and 12 knees
required an implant revision (3 for TMþ SS, 5 for TMþ LS, and 4 for
NC þ LS groups).

The 2 knees (1 from the TM þ LS group and 1 from NC þ LS
group) reoperated but not revised were successfully treated with
irrigation and debridement, polyethylene liner exchange with
component retention, and appropriate antibiotic treatment
because of an acute infection. The causes of the revision were
chronic infections (10), dislocation (1), and postoperative peri-
prosthetic femur fracture (1). There were no reoperations because
of aseptic tibial or femur loosening or implant failure.

Regarding our first endpoint, at 8 years of survivorship of the
components free of revision for any cause was 90.9% ± 5.0% for the
TM þ SS group, 84.9% ± 6.2% for the TM þ LS group, and 90.6% ±
5.2% for the NC þ LS group (Fig. 4).
Discussion

The main finding of this study was that the use of a short
cemented stem combined with a TM metaphyseal cone offers
identical survival rate with a minimum of 5 years of follow-up



Table 3
Postoperative Functional Outcomes/D ¼ Difference Between Preoperative and
Postoperative at the Last Follow-Up Data.

Characteristics TM þ SS
(n ¼ 33)

TM þ LS
(n ¼ 33)

NC þ LS
(n ¼ 33)

D KOOS global 29.7 ± 2.9 23.2 ± 2.6 23.7 ± 2.9
D KOOS symptom 35.1 ± 2.3a 20.1 ± 2.6 23.9 ± 2.1
D KOOS ADL 37.8 ± 2.5b 27.2 ± 2.1 20.6 ± 2.8
D KOOS sport 24.7 ± 1.5 20.9 ± 1.4 19.5 ± 1.4
D KOOS QOL 38.3 ± 2.0c 24.6 ± 2.0 28.6 ± 2.2
D KOOS pain 43.3 ± 2.4d 27.5 ± 2.6 21.9 ± 2.3
D KSS knee 35.1 ± 13.0e 26.2 ± 2.7 20.9 ± 2.9
D KSS function 19.6 ± 3.5f 10.9 ± 3.1 11.4 ± 23.7
D Flexion (�) 95.4 ± 2.95 94.2 ± 2.86 91.9 ± 2.86
D Deficit of

extension (�)
4.8 ± 0.8 4.2 ± 1.1 4.5 ± 0.7

TM, trabecular metal; SS, short stem; LS, long stem; NC, no cone; KOOS, Knee Injury
and Osteoarthritis Outcome Score; ADL, activities of daily living; QOL, quality of life;
KSS, Knee Society Score.

a A pairwise comparison exhibited significant differences between TM þ SS vs
TM þ LS (P < .001) and TM þ SS vs NC þ LS (P ¼ .008).

b A pairwise comparison exhibited significant differences between TM þ SS vs
TM þ LS (P ¼ .003) and TM þ SS vs NC þ LS (P < .001).

c A pairwise comparison exhibited significant differences between TM þ SS vs
TM þ LS (P < .001) and TM þ SS vs NC þ LS (P ¼ .001).

d A pairwise comparison exhibited significant differences between TM þ SS vs
TM þ LS (P < .001) and TM þ SS vs NC þ LS (P < .001).

e A pairwise comparison exhibited significant differences between TM þ SS vs
TM þ LS (P ¼ .005) and TM þ SS vs NC þ LS (P < .001).

f A pairwise comparison exhibited significant differences between TM þ SS vs
TM þ LS (P ¼ .003) and TM þ SS vs NC þ LS (P ¼ .005).
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compared with the use of a long uncemented tibial stem combined
with TM cones or metallic augments during rTKA for aseptic loos-
ening causes. Better functional outcome could be observed in the
TMþ SS group in particular on pain, symptoms, and QOL compared
with the 2 other groups. The hypothesis of this study was therefore
accepted.

Periprosthetic joint infection and aseptic loosening were iden-
tified as the most common indications for revision [13,14]. As the
proportion of patients younger than 65 years who undergo primary
TKA is expected to increase, reproducible, durable, and clinically
satisfactory revision techniques had to be developed [2,15]. One of
the main challenges of rTKA remains the management of bone loss
[16e18]. Significant bone loss is a major risk factor for aseptic
loosening after rTKA [19]. Metaphyseal (zone 2) and diaphyseal
Fig. 4. Kaplan-Meier component survivors
(zone 3) anchorage are necessary to ensure proper and durable
fixation in rTKA with significant bone loss [7].

Among various options, the use of metaphyseal TM cones and
porous-coated sleeves seem to be a validated choice for stage AORI
II and III tibial or femoral bone loss [4,20,21]. They allow meta-
physeal reconstruction with biological fixation and show inter-
esting survival rates in the short term [22,23].

Using metaphyseal sleeves, Watters et al [24] and Chalmers et al
[25] showed a survival rate of 98.5%-99.5% at 2 years of follow-up.
However, with a longer follow-up, survival appears to drop with an
any-cause revision rate of 22% at 7 years in the study conducted by
Agarwal et al [26].

Using TM cones, a systematic review conducted by Zanirato et al
[23] including exclusively TM cone reconstruction showed a short-
term survival rate of 94.5%, with a low aseptic loosening rate of
0.84%. Denehy et al [27] found a 90.2% all-cause survival rate at 2
years of follow-up. At 5 years, it falls to 84%, according to Potter et al
[28]. Better survival rate with the use of TM cones associated with
short cemented stemswas observed in the present study, at 8 years
survivorship of the components free of revision for any cause was
90.6% ± 5.1% for the TM þ SS group.

A systematic reviewconductedbyRoachet al [29] concluded that
the reoperation rate is twice as highwhenusing TMcones compared
withmetaphyseal sleeves. However, it seems difficult to conclude in
a formal way, as the studies cited never directly compare the 2 im-
plants, andwere realizedwith different implant designs. The review
conducted by Zanirato et al [23] denies these results, showing an
equivalent survival rate between these 2 implants.

Bony metaphyseal defects may be treated also by using metal
augmentation devices (NC þ LS group). Various types of augments
(such as rectangular blocks and wedges) are available that allow
selective augmentation for both femoral and tibial defects. On the
tibial side, modular metal wedges are usually used to augment the
tibial tray for tibial bone stock deficiency. Femoral defects most
often occur on the posterior surfaces, and metal blocks can be used
to increase femoral component rotation and maintain the balance
between flexion and extension gaps. Metallic augments are
cemented to fit the femoral and tibial components [30]. Some
complications, including fretting, radiolucent lines, and poor fixa-
tion after using these devices, have been described in a few studies
with short follow-up [31,32]. Patel et al [33] treated a total of 102
rTKA patients (AORI type 2 defects) with metal augments and
observed 92% survival at 11 years, with no significant complica-
tions, including fretting and loosening. But this type of
hip curve based on all-cause revision.
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reconstruction requires systematically the use of LSs because of the
lack of stable metaphyseal fixation [5].

After metaphyseal reconstruction (zone 2), the use of diaphyseal
stems is therefore necessary to ensure good anchorage in zone 3.
However, pain may occur at the end of LSs in almost 1 patient of 6
patients, reducing postoperative clinical satisfaction [9,11]. More-
over, the cadaveric study conducted by Gobba et al [12] shows that
LSs can conflict with the tibial diaphysis, increasing the poster-
omedial offset, especially in the case of diaphyseal valgus.

The concept of modularity introduced by the TM cones allows
an independent reconstruction of the epiphyseal area (coverage,
joint line, and others) with good fixation without being forced by
the metaphyseal reconstruction or the diaphyseal reconstruction,
which is the case for the metaphyseal sleeves and metal augmen-
tation devices [25]. The TM cone and cement construct used in this
study provided rigid metaphyseal fixation. A rigid metaphyseal
construct avoids the need for long diaphyseal stem fixation that can
cause morbidity with stem pain [34e36].

In the present study, the functional results observed at a mini-
mum of 2 years of follow-up confirm this hypothesis. Indeed, better
functional results were observed when a short cemented stem
(TM þ SS) was used compared with LS (TM þ LS and NC þ LS)
without reducing implant survival. Similar functional results were
observed by Denehy et al [27] who used highly porous metaphyseal
titanium cones with short cemented tibial stem in rTKA. The mean
knee KSS improved from 51 points to 80 points at latest follow-up
(D knee KSS ¼ 29 vs 35.1 for the TM þ SS group in this study).
Comparison of results with other studies is complex because of the
multitude of different implants used and the different distribution
of factors predictive of poor outcomes as defined by Verbeek et al
[37]. In this study, not only the absence of significant differences
between the different groups in terms of preoperative character-
istics, causes of revision, and type of bone defect but also the use of
the same type of prosthesis reinforces the strength in terms of
better functional results of the TM þ SS group.

Limitations of this study include those inherent to a retrospec-
tive analysis of data, including selection bias. Despite observing the
efficacy of the 3 different types of reconstruction (TMþ SS, TMþ LS,
and NC þ LS), 14% of the cohort required reoperation, highlighting
the overall poorer outcomes seen with complex revision surgery,
especially in cases of multiple prior operations. On the other hand,
the postoperative infection rate of the cohort was 12%, which is
higher than the rate observed by Bonanzinga et al [38] who esti-
mated the postoperative infection rate at 1% in rTKA for aseptic
causes. This difference can be explained by the fact that occult
infection causes could have been wrongly included in this study
despite a preoperative or intraoperative sample negative to a bac-
terial germ [39]. Another limit of this study is the absence of
comparisonwith metaphyseal sleeves, but it was not the aim of the
study, and this type of reconstructionwas not used in the 2 surgical
centers. Finally, the matching process (1/1/1) based on age (±5
years) from the smallest group (TM þ SS) reduced the size of the
population but controlled one of the main independent risk factors
for failure [40].

The present study is one of the few of the literature comparing
different types of reconstruction using a single design of rotating
hinge knee prosthesis in rTKA with a special interest on the length
of the stems. It provides interesting arguments on the association of
TM cone and short cemented stem because the survival is equiva-
lent to long uncemented stems associated with TM cones or
metallic augments. The functional results of this association are
better in particular for pain, symptoms, and QOL. Finally, the use of
TM cones in combination with a short cemented tibial stem is a
reliable technique, and the generalized use of this type of associa-
tion (TM þ SS) could be recommended.
Conclusion

The use of a short cemented tibial stem combined with a TM
metaphyseal cone in revision TKA offers identical survival rate with
better functional outcome in particular for pain, symptoms, and
QOL compared with the use of a long uncemented stem associated
with TM cones or metallic augments at a minimum of 5 years of
follow-up.
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