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Abstract

Background The choice of implant design plays an
important role for primary fixation of a TKA. Short-keeled
tibial components allow implantation through a smaller
approach with less femorotibial subluxation.
Questions/purposes The purpose of this study was to
detect early implant failure resulting from aseptic
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loosening after cemented short-keeled and standard tibial
baseplate implantation.

Methods Between 2008 and 2010, a group of 160 con-
secutive patients (with 80 standard and with 80 short-
keeled tibial trays) received cemented TKAs. At 1-year
followup, patients were examined clinically and radio-
graphs were analyzed regarding aspects of radiolucency.
The components were divided into five zones on each
radiographic view and the measurements of the 10 zones
were added.

Results The mean sum of radiolucencies was increased
significantly with the short-keeled baseplates. In the current
study, short-keeled tibial trays revealed a revision rate of
6.3% after 1-year followup. In contrast, none of the stan-
dard tibial baseplates were revised.

Conclusions The implantation of cemented, short-keeled
tibial components is linked to an increased rate of early
loosening. Therefore, the indication for cemented, short-
keeled component implantation should be reviewed.
Level of Evidence Level III, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

TKA is a successful procedure and the gold standard in the
treatment of end-stage degenerative joint disease or
deformity of the knee. A couple long-term followup studies
of standard TKA have shown excellent results for pain
reduction, functional improvement, and survivorship of
90% to 95% at 15 years [2, 18]. Since minimally invasive
surgery (MIS) in TKA has been introduced, the develop-
ment of new surgical techniques, instruments, and implants
has been driven forward. Improved pain management, a
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shorter hospital stay, substantially lower blood loss, and a
shorter surgery duration, all supposedly related to the less
aggressive surgery, are some advantages of MIS techniques
[3, 10, 12-14, 16, 22].

New, smaller implants were designed to develop MIS
techniques. Short-keeled tibial baseplates allow implanta-
tion through a smaller approach with less femorotibial
subluxation. The design of the implant plays an important
role for primary stability, in particular in the case of a
reduced surface area in contact with the bone. High
implant-bone stress levels, particularly on rather weak
cancellous bone, have been implicated as the predominant
cause for aseptic tibial component loosening, the most
frequent cause for TKA failure [4]. Although some MIS
tibial components, for instance, the Miller-Galante II
(Zimmer, Warsaw, IN, USA) with four pegs, have done
very well in a long-term study [19], the overall clinical
outcome and survivorship data for those baseplates are
rare. The purpose of this study was to examine whether
there is an increased risk of early implant failure resulting
from aseptic loosening for short-keeled tibial components.
Therefore, we clinically compared these new components
with standard tibial components. As a result of a reduced
fixation surface for cemented, short-keeled tibial implants,
we hypothesized an increased risk for aseptic loosening
assessed by the development of radiolucent lines and the
need for revision compared with conventional tibial com-
ponents. Furthermore, we aimed to detect whether other
factors such as BMI, tibial component size, age, and sex
influenced the rate of tibial loosening.

Material and Methods

Between 2008 and 2010, a group of 160 consecutive
patients received cemented TKAs (Genesis II; Smith &
Nephew, Memphis, TN, USA). After introduction of the
Genesis II MIS tibial tray, a series of 80 consecutive
patients (2009-2010) underwent surgery with this pros-
thesis. To form a comparison group we identified 80
consecutive patients who underwent TKA in the year
before the MIS group (2008-2009) with a standard tibial
tray. All prostheses were implanted by one surgeon (CH).
There were 99 women and 61 men with an average BMI of
30 kg/m? (range, 20-53 kg/m?) and an average age of

Table 1. Patient characteristics

65 years (range, 42—-86 years). Both groups had a similar
distribution of patient characteristics (Table 1).

Both tibial components are available in eight side-
specific, asymmetric sizes and have an identical design of
the tibial baseplate. The standard design has a tibial stem
with a Morse taper to be connected with a stem extension if
needed and two fins at the stem to increase rotational sta-
bility. The short-keeled design offers no Morse taper
connection and the dimension of the stem is shortened
slightly compared with a standard implant. In addition, the
fins for rotation stability are slightly reduced. In 155
patients, a cruciate-retaining femoral component was used
with a deep-flex inlay. The tibial sagittal cut has a 3° slope,
whereas 4° is additionally implemented into the inlay
design. In five cases, a posterior-stabilized femoral com-
ponent was used with the same deep-flex posterior-
stabilized inlay design (short-keeled group: one female
[both knees], age 56 years, BMI 24 kg/m?; standard group:
three males, aged 79, 54, and 59 years, BMI 27, 30, and
31 kg/m?).

For surgical exposure of the knee we used a standard
medial parapatellar approach keeping it as small as possi-
ble in both groups with patellar subluxation and
tibiofemoral dislocation. All components were implanted
with the same high-viscosity cementing technique. After
performing cuts and the trial implantation, the bone was
cleaned with pulsatile lavage. Holes were drilled into
sclerotic areas. High-viscosity cement (Refobacin Bone
Cement; Biomet Inc, Warsaw, IN, USA) was attached to
the surfaces of both parts and after implantation, the ori-
ginal inlay was attached quickly to reduce
micromovements during cement curing. The leg was kept
in extension until the cement was completely cured. The
local ethics committee approved the investigation.

All patients were examined clinically and radiographs
were analyzed for the development of radiolucent lines
subsequent to surgery and at 6 weeks and 1 year after
TKA. In the current study, as much as possible the radio-
graphs at 1-year followup were taken as a basis for
radiolucency measurements. The overall mean followup
was 16 months (range, 8-31 months). The mean followup
in the standard group was 18 months (range, 9-31 months)
and in the MIS group 13 months (range, 8—22 months).

The tibial components were divided into five zones on
each of the AP and the lateral standing radiographs

Type of tibial Number of Sex (men:women) Age (years) Height (m) Weight (kg) Body mass index
component patients (kg/mz)

Standard 80 36:44 65.2 £ 10.2 1.70 £ 0.1 86.6 £ 16.5 30.1 £5.0
Short-keeled 80 25:56 65.0 £ 10.6 1.66 £ 0.1 83.5 £ 185 30.1 £6.2

All values are given as means + SD.
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Fig. 1A-B One-year followup
(A) AP and (B) lateral conven-

AP view

lateral view

tional radiographs of a short-
keeled TKA are shown. We
divided the tibial component into
five zones from lateral to medial
and from anterior to posterior on
each radiograph. The standard-
ized measuring points are plotted.

(Fig. 1). Measurements were performed after calibration of
each radiograph using the known implant dimensions. The
measurements of the 10 zones were added to achieve an
overall radiolucent value in millimeters for each knee (CH,
CR). We performed crosschecking for intraobserver and
interobserver reliabilities without any specific statistical
testing.

Furthermore, we compared all patients with regard to
age, sex, BMI, inlay, and tibial component size to examine
influencing factors for aseptic loosening.

The revision surgeries were indicated in patients with
persistent pain and radiological evidence of loosening.

To compare both implants and the created groups, we
performed an ANOVA. Pearson’s test was used to con-
firm correlations between radiolucency and patient-
related parameters. All tests were two-sided and the
significance level was fixed at oo = 0.05. The evaluation
was performed using the analytical software SPSS™ for
Mac OS X, Version 20.0 (IBM Corp, New York, NY,
USA).

Results

The average radiolucent value was significantly increased
(p < 0.01) with the short-keeled baseplates (Fig. 2). On
average, taking all 10 zones together, the overall radiolu-
cent value was 1.21 mm (SD =+ 0.52) increased.

In total, five patients with a short-keeled tibial tray
underwent revision surgery as a result of persistent pain
and loosening (Fig. 3A-B). At the time of revision, the
mean followup was 13 months (range, 10-19 months). The
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Fig. 2 Averaged radiolucent value of standard and short-keeled tibial
baseplates are presented as box plots (p < 0.01).

patients (three women, two men) who had revision surgery
were on average 63 years old (range, 56-74 years) with an
average BMI of 30 kg/m* (range, 26-33 kg/m?). One Size
3 tibial tray and two Sizes 5 and 6 were loosened. All
patients had a cruciate-retaining femoral component with a
9-mm polyethylene inlay. None of the patients who
received a posterior-stabilized femoral component under-
went revision surgery as a result of persistent pain and
aseptic loosening. In four of the five revision cases failure
of fixation occurred at the cement-implant interface
(Fig. 30).

Concerning influencing factors for aseptic loosening,
none of the examined parameters revealed statistical sig-
nificance (p = 0.13-0.87).
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Fig. 3A-C Conventional (A) AP AP view

aseptic loosening in vivo

and (B) lateral view radiographs
of a short-keeled TKA show
apparent radiolucency. (C) Failure
at the implant-cement interface
was noticed in four of the five
revision cases.

lateral view

Discussion

As part of our interest in the MIS TKA technique, we
performed a trial of implantation of short-keeled tibial
trays. We performed 80 short-keeled tibial baseplates
between 2009 and 2010. The purposes of this study were to
examine the rate of loosening of these short-keeled
implants and their tendency to form radiolucent lines. We
found an unacceptably high rate of tibial loosening, which
did not appear to be related to patient factors such as BMI,
sex, or tibial size. We observed early implant failure of a
cemented, short-keeled tibial baseplate in five patients,
whereas none of the standard trays in the comparative
series have been revised. All five patients had persistent
pain and aseptic loosening (Fig. 3).

There are some limitations to our study. First, the study
was retrospective and observational bias cannot be ruled
out. The follow-up, especially of the short-keeled trays, is
short. However, this is somewhat mitigated by the higher
rates of failure in this group. Second, there was no special
radiologic standardization (eg, fluoroscopy-guided radio-
graphs, obtaining oblique and other special views to ensure
exact parallel view to the bone-implant interface).
However, all radiographs were standing AP and lateral
exposures and were performed in a standardized manner.
Additionally, no measures of reproducibility were per-
formed for the radiographic measurements.

High stress levels on the underlying implant surface
(implant interfaces, the cement, and the cancellous bone in
the proximal tibia) have been implicated as the predomi-
nant risk factor of loosening [4, 7]. Aseptic loosening of the
tibial component remains a major cause of failure in TKA
and may be related, directly or indirectly, to micromotion
[26]. Micromotion at the implant-cement or bone-cement

interface causes generation of wear particles, which is
supposed to be the main reason for aseptic loosening in the
mid- and long term [11]. In the short-term, mechanical
failure of implant fixation might be an overloaded bone-
cement or more likely a cement-implant failure. Therefore,
the primary fixation marks one cornerstone for longevity of
the prosthesis. Considering the stem design, it has to be
taken into account that a stemmed baseplate has a higher
fixation area and therefore gives the implant more stability
in deep flexion and reduces tilting forces. This is in line
with the observations of Yoshii et al. [29] and Kraemer
et al. [15] who concluded that a stemmed tibial implant
reduces the tendency for liftoff and subsidence in the
frontal and sagittal planes. The use of an intramedullary
stem and avoidance of varus-valgus malpositioning of
components have been advocated to reduce the mentioned
bone-implant stresses [17, 28]. We did not detect any
influencing factors for loosening in addition to the implant
design such as BMI, tibial component size, age, or sex.
Therefore, the increased revision rate for the short-keeled
tibial baseplate may be caused basically by the design of
the tibial component.

A cement penetration of 3 to 5 mm is considered opti-
mal for implant fixation [9]. All patients in our study had
the tibial surfaces prepared with pulsatile lavage before the
tibial baseplate was placed. Pulsatile lavage allows for
better cement penetration that increases the tensile and
shear strength of the cement-bone interface and therefore
the probability of successful implantation [6, 20]. Despite
observing these standards, five patients (6.3%) with short-
keeled tibial baseplates underwent revision surgery as a
result of aseptic loosening. The failure in four of the five
cases was related to the implant-cement interface (Fig. 3
C). Debonding of the roughened baseplate from the
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underlying cement mantle causes wear debris between the
two surfaces. The produced particulate metal and cement
debris lead to rapid osteolysis and early failure [8, 21, 23,
25, 27]. This may explain the parallel observation of deb-
onding and radiolucencies.

The expected long-term success of standard TKA should
be at least 10 years as evidenced by studies which found
10 year 90% survivorship [2, 18], and long-term patient
satisfaction of 80% [1]. The standard tray used in our study
(the Genesis II CR; Smith & Nephew) had a survivorship
of 98% at 5 to 11 years followup (mean, 9.5 years) in a
previous study [5]. Sharkey et al. [24] differentiated
between early and late complications after TKA. In their
experience 25% of early failures were the result of infec-
tion followed by arthrofibrosis (18%). In contrast, aseptic
loosening (33%) and wear/osteolysis (44%) are the main
reasons for late failures.

Stemmed tibial components also have some disadvan-
tages. Exposure of the knee has to be more extensive to
place the tray with the stem. This procedure also requires
increased femorotibial subluxation with higher stresses on
the posterior capsule and soft tissue.

Our study suggests that implantation of a short-keeled
tibial component is linked to an increased rate of early
aseptic loosening. Therefore, the indication for a short-
keeled component implantation should be reviewed.
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