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Navigation of the tibial plateau alone appears to be sufficient
in computer-assisted unicompartmental knee arthroplasty
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Abstract

Purpose The aim of this study was to present our technique
to implant unicompartmental knee arthroplasty (UKA) us-
ing navigation and to give our first results regarding the
accuracy of the device.

Methods A total of 33 patients with medial femorotibial
osteoarthritis (31) or avascular necrosis (2) were included
in this study. The mean preoperative hip-knee-ankle (HKA)
angle was 172.7£2.2° (range 167—177°) and the preopera-
tive planning aimed to reach an HKA angle between 175
and 179° (177+2°), a tibial varus at 3+1°, which means a
tibial mechanical angle (TMA) close to 87+1°, and posteri-
or tibial slope at 3+2°. In all cases, we used the OrthoPilot®
device with dedicated software allowing us to navigate only
the tibial plateau.

Results The preoperative plan was reached in 93.9 % of
cases for HKA angle, 84.8 % for TMA and 100 % for the
posterior slope.

Conclusions Unicompartmental knee navigation is reli-
able. The navigation of only the tibial bone cut is a
reasonable option as has been shown in this study. Its
role is invaluable in the positioning of mobile-bearing
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UKA, where the risk of overcorrection should not be
underestimated.

Introduction

Over the last ten years, less invasive and minimally invasive
(MIS) surgery has re-popularised unicompartmental knee
arthroplasty (UKA) [1]. UKA is challenging, as much for
its indication as for its surgical technique, and it had not
seen any considerable improvements for decades. At the
beginning of the 1970s, Marmor [2] pioneered a technique
for UKA (tibial plateau and femoral condyle replacement)
with rudimentary mechanical instrumentation, during which
surgeons “eyeballed” the position of the prosthesis, a
method which often resulted in obvious inaccuracies. At
the beginning of the 1980s, Cartier and Cheaib [3] intro-
duced more modern mechanical tibial jigs, in order to im-
prove bone cut reproducibility, as well as trial implants
which allowed for more reliable intraoperative testing. At
the beginning of the 1990s, due to the difficulties related to
the positioning of the femoral implant, intramedullary align-
ment instrumentation emerged, which finally transformed
relatively less invasive surgery into a more invasive tech-
nique, similar to the one used in total knee arthroplasty
(TKA), which was not the original goal of UKA. However,
the UKA technique remains challenging due to the lack of
intraoperative control, which relies mostly on the surgeon’s
experience. Surgical experience in UKA remains difficult to
acquire looking at the limited number of UKA carried out in
orthopaedic surgical practice.

It has been shown that the survivorship of UKA is
mainly related to leg alignment [1, 4-6]. Leg alignment
hypercorrection after UKA leads to early wear on the oppo-
site side of the knee joint, and conversely hypocorrection
can lead to premature wear of the implant, or worse, tibial

@ Springer



2480

International Orthopaedics (SICOT) (2012) 36:2479-2483

implant loosening. The premature failure of a tibial implant
of UKA also depends on the sagittal position (slope) and,
most importantly, on the residual laxity (so-called safe laxity
as described by Cartier and Cheaib [3]). Indeed, too much
laxity increases unilateral knee instability, which is very
detrimental in mobile-bearing UKA (potential meniscal
bearing dislocation [7, 8]), and a lack of laxity increases
the risk of overcorrection. Conventional UKA surgical tech-
niques do not allow for impartial and reproducible assess-
ment of the safe laxity as there is no control of the
femorotibial mechanical angle (FMTA) other than the sur-
geon’s visual assessment.

Computer-assisted surgery for TKA began at the end of
the 1990s [9, 10] and it soon became apparent that it was a
remarkable tool on the one hand in fulfilling preoperative
planning of the FMTA, and on the other hand in measuring
pre- and post-implant mediolateral laxity [11]. Computer-
assisted navigation systems have since been used in the
positioning of UKA and the initial results were very encour-
aging [12—18]. UKA navigation can be done in two ways:
either by navigating only the tibial cut while the femoral
cuts are performed using conventional instrumentation
based on the tibial cut or by navigating both the tibial and
the femoral cuts. The aim of this study was to evaluate our
outcome of 33 medial UKA using surgical navigation tech-
niques navigating only the tibial bone cut.

Materials and methods
The navigation device

A non-image-based/computed tomography (CT)-free
navigation system was used (OrthoPilot®, B. Braun/
Aesculap, Tuttlingen, Germany). This system is based
on kinematic and anatomical registration during which
hip, knee and ankle (HKA) kinematic centres are ac-
quired as well as anatomical landmarks. The navigation
system is set up with a PC computer, an infrared Polaris
camera (Northern Digital Inc., Toronto, ON, Canada)
and a double foot pedal. Surgical steps are defined by
UKA software and the surgeon progresses through each
step using the double foot pedal control displaying the
sequence on the monitor screen.

Fixed 3D arrays were placed both in the femur and
in the tibia using bicortical screws, and passive markers
were used instead of active cable markers which are
more cumbersome.

Pre-calibrated mechanical jigs were tracked and allowed
the surgeon to navigate the tibial cut for height, varus/valgus
and slope. Moreover, the system can be used to navigate the
femoral cut although it was not used in this series.
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Surgical technique

Preoperative planning included standard X-ray [anteropos-
terior (AP) and lateral standing, AP in so-called schuss
position or Rosenberg view and a skyline view] and a
long-leg film (HKA) to measure leg alignment and proximal
tibial varus. Sagittal tibial slope was measured on the stan-
dard lateral X-ray.

The patient was in a supine position, using a tourniquet,
and the computer navigation system was placed 1.8-2.2 m
away from the knee on the patient’s opposite side, closer to
the patient’s head. First, the 3D arrays were fixed through
percutaneous incisions. The femoral tracker was situated
about 10 cm above the patella with 45° obliquity from inside
to outside with respect to the knee’s coronal plane. The tibial
tracker was fixed 10 cm below the femorotibial joint line
parallel to the coronal plane in order to avoid any disruption
during surgical manipulation (Fig. 1).

A 7- to 9-cm medial parapatellar skin incision was
performed and its length depended on the patient’s body
mass index (BMI) and soft tissue elasticity. Then a sub-
vastus or mid-vastus intra-articular approach was used
to access the knee.

The next step was the registration of the hip kinematic
centre using hip circumduction movement, then the knee
kinematic centre using flexion extension and rotation axis of
the knee in 90° flexion and finally the ankle kinematic
centre was acquired through its flexion extension move-
ment. The second step of registration involved data collec-
tion from the knee: middle of the intercondylar notch, the
middle of the tibial spines (Fig. 2), the middle of the medial
tibial plateau, the more distal point of the femoral condyle,
the posterior condyle, the medial epicondyle, the lateral
epicondyle (percutaneous landmark) and finally the medial,
lateral malleoli and the middle of the ankle joint.

At the end of the registration, the FMTA was displayed
on the monitor screen and the surgeon then started to nav-
igate the tibial bone cut resection. Before proceeding to

Fig. 1 Percutaneous fixation of the 3D arrays (proximal part of the
tibial and distal part of the femur)
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Fig. 2 Palpation of the middle of the tibial spines

tibial cutting guide navigation, the correlation between
FMTA displayed on the computer monitor screen and the
measured preoperative HKA X-ray angle was checked and
the reducibility of the leg deformity assessed. If the deformity
was hypercorrectable (too much valgus), mobile UKA was
contraindicated due to the risk of hypercorrection. Indeed, if
the leg stayed in varus, the medial collateral ligament (MCL)
will remain slack and the mobile-bearing surface was at risk
of dislocation. A bigger polyethylene spacer would fill the
gap but this would then increase load stress on the other side
of the joint.

The tracked tibial cutting jig was then positioned in front
of the medial tibial plateau; navigated and fixed using three
to four threaded pins (Fig. 3). Using the graphic user inter-
face (Fig. 4), the tibial jig was placed between 2 and 3° varus
and between 3 and 5° slope with a bone resection ranging
between four and eight millimetres (never more than eight
millimetres in order to avoid any subsidence of the tibial
plateau implant related to weak cancellous bone). However,
the less varus the more bone resection and vice versa accord-
ing to the indications for UKA [8]. Once these three

Fig. 3 Snapshot of the computer screen showing tibial cut angle
selection: 3° of varus, 4° of posterior slope and 9 mm of resection
height

parameters (coronal, sagittal and height) were satisfactory
the tibial cut was performed using an oscillating saw for
the horizontal cut and a reciprocating saw for the vertical cut.

At this stage, the navigation was finished and the femoral
cut was performed using a tibial spacer placed between the
resected tibial plateau bony surface and the distal medial
femoral condyle with the knee in extension. This spacer
enabled a slight extension lag between five and ten degrees
to be achieved, but never any hyperextension in order to
avoid any unwarranted anterior medial condyle resection
causing patellofemoral impingement.

The distal femoral jig was slotted onto the tibial spacer
until it reached the femur, ensuring that the tibial plateau
fitted perfectly well onto the resected bony surface (Fig. 5).
Two threaded pins were used to stabilise the femoral jig and
the distal femoral cut was performed using an oscillating
saw. Then the knee was flexed to 90°, and by using several
templates the best-size fit was chosen for the femoral con-
dyle. Posterior and chamfer cuts were performed using the
appropriate template. The tibial and femoral trial implants
were tested. The surgeon verified leg alignment which
should be within 177+2° that is a slight hypocorrection.
When using a mobile-bearing tibial plateau, a safe laxity is
tolerated at around 1°. If the safe laxity is more than 2°, the
choice will then be to use a fixed-bearing tibial plateau.
According to the usual UKA technique recommendations,
preoperative varus (FMTA) less or equal to ten degrees led
exceptionally to hyporeduction greater than five degrees
correction, which might need the MCL “pie-crusting” tech-
nique in order to lengthen it or to convert from UKA to
TKA. Once satisfactory alignment and position were
obtained, the final implants were cemented and post-
implant FMTA was checked and recorded before closing.

Fig. 4 Fixation of the tibial cutting guide equipped with the 3D array
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Fig. 5 Insertion of the distal femoral cutting guide lying between the
femur and the tibial spacer

Patients

A total of 33 patients were included in this study: 15
women and 18 men with a mean age of 70.3+7.7 years
(range 59-84). There were two cases of osteonecrosis of
the medial condyle and 31 of osteoarthritis including
nine stage 2, 17 stage 3 and five stage 4. Preoperative
HKA angle was 172.7+2.2° (range 167-177°). The
KAPS® UKA (X.NOV, Belfort, France) was implanted
in all cases, using either mobile- (31 cases) or fixed-
bearing surface (two cases).

Preoperative planning aimed to reach an HKA angle
between 175 and 179° (177+2°), a tibial varus at 3+1°,
which means a tibial mechanical angle close to 87+1°, and
posterior tibial slope at 3+2°.

Assessment review

The patients were all reviewed after three months with AP
X-rays and HKA long-leg films using the same protocol as
used preoperatively. An independent reviewer measured all
X-rays.

Results

Post-implant mean HKA angle was 177.4+1.7° (range
173-182°). The tibial mechanical angle (TMA) average
was 86.6+1.2° (range 85-90°) and posterior tibial slope
average 3.6+£1° (2-5°).

The preoperative plan was achieved in 93.9 % of cases for
HKA angle, 84.8 % for TMA and 100 % for the posterior slope.

Discussion

As in TKA, UKA implant position has been proven to
be a major factor in the long-term outcome [1, 4-6].
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Expected alignment after UKA is still controversial [19].
However, it is generally accepted that malalignment
leads to early polyethylene wear and implant loosening
[20, 21]. Therefore, it seems reasonable to favour sur-
gical techniques improving accuracy and reproducibility
in UKA.

As in TKA, conventional instrumentation which uses
visual alignment jigs or intramedullary rods does not
ensure optimal UKA implant position [19]. Navigation
has been used to improve the reproducibility of the
surgical technique, and it has been extensively demon-
strated to be efficient [14, 16]. Since then, several
studies have confirmed the effectiveness of navigation
improving UKA implantation [15, 17, 22], whereas one
article did not show any improvement [23].

In this series, the use of navigation by only navigat-
ing the tibial bone cut showed an outcome comparable
to other series in the literature where authors did navi-
gate both tibial and femoral implants.

We used the so-called dependent cut instrumentation,
which is similar to the KAPS® prosthesis conventional
technique. Nonetheless, in this technique the tibial cut is
made using extra-articular jig instrumentation; only the
tibial cutting guide is navigated, not the femur, which
reduces the number of instruments used in the field of
surgery. Using this method may reduce the operative
time with respect to other methods using navigation
for both tibial and femoral jigs and may simplify the
surgical technique.

The main advantages of navigation are limitation of
hypocorrection, which can lead to early wear and
implant loosening, as well as tibial plateau subsidence.
It also does help to avoid hypercorrection, which is
very detrimental when using mobile-bearing UKA. In-
deed, in order to avoid meniscal bearing surface dislo-
cation in medial hyperlaxity, a bigger polyethylene is
used which can then generate hypercorrection leading to
early degenerative changes on the opposite knee joint
compartment.

Conclusion

Unicompartmental knee navigation is reliable. The nav-
igation of only the tibial bone cut is a reasonable
option as has been shown in this study. Due to the
difficulties in positioning the UKA implant, and in
order to avoid hyper- or hypocorrection which are both
detrimental to outcome and long-term results, the nav-
igation of UKA is a good indication for knee naviga-
tion. Its role is invaluable in the positioning of mobile-
bearing UKA, where the risk of overcorrection should
not be underestimated.
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