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A Novel Technique for Varus Tibial Cutting for
Oxford Unicompartmental Knee Arthroplasty
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To reduce the stress on the medial tibial cortex and to decrease the risk of fracture, a varus cut of the tibia appears to be a reason-
able alternative to the orthogonal cut by conventional methods. \We present a new instrument and procedure, which enables a
varus tibial cut for Oxford unicompartmental knee arthroplasty. We used a custom-made, slidable fixator instead of the standard
fixator to set the extramedullary rod on the leg. We also made a numeric formula and a chart to arrange the varus cutting angle
using the length of the mediolateral shift of the distal end and the longitudinal extension length of the extramedullary tibial rod. A
varus cut up to 4.5° can be controlled. This technique is a simple and useful means of obtaining a varus tibial cut for Oxford uni-

compartmental knee arthroplasty.
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The Oxford unicompartmental knee arthroplasty (OUKA)
is characterized by mobile meniscal bearing, which enables
reduction of polyethene wear and retention of ligament
balance.” Proper component alignments are essential for
desired clinical outcomes, and the improved instrumenta-
tion set, the Microplasty, has been reported to achieve this
reliably.” Studies have shown that OUKA can acquire good
clinical outcomes, but a higher risk of tibial fracture after
OUKA has been reported, especially in Asian countries. A
recent study revealed that such a high frequency of com-
plication could be caused by tibial morphology, such as a
very overhanging medial condyle found in a proximal tibia
vara, rather than by technical errors.” A slight varus cut
has been recommended to prevent fractures because it can
distance the keel from the cortex. Regarding fixed-bearing
UKA, a slight varus implantation has been a popular
technique to reduce mechanical stress” and cutting instru-
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ments, and computer navigation and robotic surgery can
be used to adjust the varus cut angle. In OUKA, however,
only orthogonal cuts against the tibial axis are available.
We, therefore, devised a custom-made, slidable fixator to
set the extramedullary rod on the leg and used it instead
of the standard fixator provided by the manufacturer. We
describe our custom-made cutting guide and demonstrate
how to use it to adjust the varus cut angle.

TECHNIQUE

We used a custom-made slidable fixator (Fig. 1). It can
be used for the fixation of the tibial rod to the distal tibia
using the standard rubber straps. The fixator can be con-
nected to the distal part of the tibial rod, and similar to the
standard fixator, it can be used to adjust the sagittal align-
ment of the rod. A mediolateral adjustment can be made
up to 2 cm on both sides, and the amount of the slide is
visible on the ruler.

The amount of the varus angle can be calculated us-
ing mediolateral displacement (MLD) and the extension
length (EPL). The EPL is measured by a ruler as the length
of the flat surface of the rod (Fig. 1). The pivot of the tibial
rod rotation is the most lateral hole for the tibial cutting
block fixation, so the varus angle is geometrically calculat-
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ed using the MLD and the total rod length (distance from
the lateral hole to the fixator) (Fig. 2). Given the EPL = 0,
the rod length is 25.7 cm; we used the following formula:

MLD cm = Tan (varus angle) x (25.7 cm + EPL cm)

Fig. 1. Extramedullary tibial alignment rods for the Oxford unicom-
partmental knee arthroplasty: the conventional fixator tool (left) and
the custom-made, slidable fixator tool (center). The distal end of the
extramedullary rod is connected with the leg using the fixator, and the
degree of varus angulation can be adjusted referring to the scale on the
fixator and the length of the extension of the extramedullary rod. The
extension length of the rod is measured (arrow), and the varus angle is
calculated using the chart or the formula.

For this calculation, a Microsoft Excel spreadsheet (Sup-
plementary Material 1) and a summarized chart (Table 1)
are provided.

Radiographic Assessment

We evaluated tibial component angle against the tibial
axis (Fig. 3) in 28 knees in 20 consecutive patients who
underwent OUKA using a conventional instrument from
November to December in 2019 (conventional group) and

Fig. 2. A varus setting of the extramedullary rod. The rod slants varus
against the tibial axis (dotted line).

Table 1. Length of the Lateral Shift of the Fixator Corresponding with the Longitudinal Extension of the Extramedullary Rod and the Varus

Varus angle (°)

Extension

BIELT 05 10 15 20 25 3.0 35 40 45
Ocm 0.2cm 0.4cm 0.7cm 0.9cm 1.1cm 1.3¢cm 1.6cm 1.8¢cm 2.0cm
Tcm 0.2cm 0.5cm 0.7cm 0.9cm 1.2¢cm 1.4cm 1.6cm 1.9¢cm 2.1¢cm
2cm 0.2cm 0.5cm 0.7cm 1.0cm 1.2¢cm 1.5¢m 1.7 cm 09cm 2.2¢cm
3cm 0.3cm 0.5¢cm 0.8cm 1.0cm 1.3cm 1.5¢cm 1.8¢cm 2.0cm

4cm 0.3cm 0.5¢m 0.8cm 1.0cm 1.3¢cm 1.6cm 1.8¢cm 2.1cm

5cm 0.3cm 0.5¢cm 0.8cm 1.1¢cm 1.3¢cm 1.6 cm 1.9¢cm 2.1cm

6cm 0.3cm 0.6cm 0.8cm 1.1¢cm 1.4cm 1.7¢cm 1.9¢cm 2.2cm

7cm 0.3cm 0.6cm 0.9cm 1.1¢cm 1.4 cm 1.7cm 2.0cm 2.3cm

8cm 0.3cm 0.6cm 09cm 1.2cm 1.5¢cm 1.8cm 2.1¢cm

9cm 0.3cm 0.6cm 0.9¢cm 1.2cm 1.5¢cm 1.8cm 2.1¢cm

10cm 0.3cm 0.6cm 0.9¢cm 1.2cm 1.6cm 1.9cm 2.2¢cm
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Tibial
component

Fig. 3. Radiographic measurement. Tibial axis (TA): the line between the
ankle center and the midpoint of the intercondylar eminences. The tibial
component angle was defined as the angle between the line perpendicular
to the TA (dotted line) and the line parallel to the tibial component surface
(yellow line) on the postoperative anteroposterior radiograph. A positive
value indicates the varus alignment of the tibial component.

in 32 knees in 20 consecutive patients who underwent
OUKA using the new varus cut instrument (varus cutting
group). The average component angle was 0.16° = 1.14°
varus for the conventional group and 3.19° + 1.32° varus
for the varus cutting group. The mean difference was 3.03°,
and the difference was significant (p < 0.0001) with a large
effect size (Cohen’s d = 2.37). A power analysis was per-
formed using EZR” running on R, which showed that the
required sample size was 7 in each group, indicating the
sample size was sufficient.

DISCUSSION

Our technique aims to enable an intentional varus tibial
cut at the desired angle in OUKA by using an additional
simple optional modification. The tibial cutting guide has
been used continuously from the Phase-3 to the Micro-
plasty instrumentation versions of OUKA. Although a
very stable tibial horizontal cut has been achieved,” it has
only been possible to make orthogonal horizontal cuts
against the tibial axis. This is the first report of a technique
that enables an intentional varus cut in OUKA.

The varus cut angle can be set to 4.5° and 3.0° when
the EPL is minimum (0 ¢cm) and maximum (10 cm), re-
spectively. Studies have shown that a slight varus cut is
beneficial to stress distribution. Inoue et al.” suggested a
6° of varus cut was the best to avoid the stress concentra-

tion to the medial cortex of the medial tibia. They also
recommended the 3° varus cut, however, because in some
reports, an excessive varus cut was shown to decrease the
implant survival in UKA.” Another computer simulation
study recommended a slight varus implantation to reduce
the peak stress on the medial cortex in the mobile-bearing
OUKA.” Sekiguchi et al.” reported a computer simulation
study where a 2° varus cut showed the best kinematics
and ligament tension. An intended varus cut up to 3° was
indicated by these results to be both beneficial and practi-
cal. Our technique enables medially sloped cuts by adding
a simple part to the instrument, and it can also follow the
natural medial slope of the medial tibial plateau. A spoon
gauge is used to decide the femoral component size and to
measure the gap between the femoral and tibial articular
surfaces. The coronal alignment of the spoon gauge fol-
lows the medial slope of the tibial plateau, which faces the
flat undersurface of the gauge. However, the medial incli-
nation is corrected to be orthogonal to the tibial rod. The
gap can eventually expand, however, resulting in a higher
tibial cut and a narrower flexion gap. Conversely, a medial
sloped cut would retain the desired gap.

Varus implantation can also be beneficial for load
transmission because the joint line can be made parallel to
the floor.” Sampath et al.” showed that the trabecular ori-
entation could be changed according to the leg alignment
and direction of the load across the joint. Implantation of
the tibial tray in the same orientation might be best sup-
ported by the underlying trabecular.

Another solution for the varus tibial cut might be
the medial displacement of the cutting block. Our chart
also provides information on how much the block should
be moved medially to acquire the desired varus angle. To
get a 3° varus cut, a minimum of 1.3 cm up to 2.0 cm of
medial displacement is necessary. In this situation, the
fixation pin for the cutting block penetrates the cortex
adjacent to the keel slit, resulting in an increased risk of
fracture. Brumby et al.'” reported that an improperly
made pinhole could be a risk of fracture. An advantage of
our method is that the pinhole is made at the center of the
tibia without danger of such fractures.

We are aware of some limitations concerning the
technique. Firstly, this is possible by the use of the unique
slidable fixator tool. We have used a custom-made instru-
ment, but it will enter manufacture shortly. Secondly, no
available reports have shown better clinical outcomes after
varus implantation than by an orthogonal cut after the
OUKA. Riviere et al."" reported on the varus tibial cut.
Although it was beneficial in terms of tibial component
fitting, long-term clinical outcome was not shown. Further
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research would be needed to prove the benefit of the varus
cut in the OUKA. Despite the limitations, the new fixator
tool enables intentional varus tibial cuts. A further clinical
study is required.
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