Tilt of the Tibial Component in the Coronal Plane During Walking
in KA-TKA Compared to MA-TKA
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INTRODUCTION: The tilt in the coronal plane of the proximal tibial articular surface is reported to be parallel to the ground and perpendicular to the
weight-bearing axis of the limb during bipedal walking [1]. The proximal joint surface of the tibia is varus to its mechanical axis by an average of 3 degrees,
which is thought to keep joint surface parallel to the ground in the coronal plane while the tibial axis is varus to the body axis during stance phase in bipedal
walking. In total knee arthroplasty (TKA), the mechanical alignment (MA) method, in which the tibial component is placed perpendicular to the tibial axis in
the coronal plane without considering native varus, has been the standard. However, the concept of kinematic alignment (KA), which aims to reproduce the
original varus tibial joint surface, has recently emerged [2]. According to this logic, the tibial component should be parallel to the ground in the coronal plane
during walking in KA-TKA, whereas few studies have undertaken its validation. The purpose of this study is to evaluate the coronal tilt of the tibial
component during walking in KA-TKA compared to MA-TKA.

METHODS: A total of 15 KA-UKA knees in 11 patients and 14 MA-TKA knees in 10 patients were investigated. All surgeries were performed with
computer navigation. The proximal tibial osteotomy was executed perpendicularly in the coronal plane to the mechanical axis in MA-TKA and was
restricted to a maximum of 3 degrees of varus in KA-TKA. Each patient underwent postoperative treadmill walking, and fluoroscopic kinematic analysis
was conducted using the 2D3D registration technique [3]. The horizontal plane was defined by positioning a metal plate with a flatness of 0.03/100 mm
horizontally, using a leveler with a sensitivity of 0.02 degrees and an accuracy of +0.06 degrees [4]. Trends in the coronal tilt of the tibial component (TC)
during the stance phase were examined (Fig. 1). Varus was designated as positive, and valgus as negative. Repeated measures of analysis of variance were
employed to assess the differences between KA-TKA and MA-TKA.

RESULTS SECTION: The medial proximal tibial angle was 86.6 + 1.0 degrees in KA-TKA and 89.7 + 0.7 degrees in MA-TKA, respectively. The coronal
tilt of the TC at heel strike was 1.6 + 2.1 degrees in the KA group and -3.1 + 2.5 degrees in the MA group. These values were -1.2 + 2.2 degrees and -4.8 £
2.2 degrees at mid-stance and 1.5 + 3.2 degrees and -3.8 + 3.0 degrees at toe off, respectively (Fig. 2). In both groups, the TC transitioned to valgus from
heel strike to mid-stance and to varus from mid-stance to toe off. The mean tilt during the stance phase was derived through integration: -0.3 degrees in the
KA group and -4.3 degrees in the MA group. The TC exhibited significant valgus orientation throughout the stance phase in MA-TKA.

DISCUSSION: The most important finding of this study is that the coronal tilt of the TC during the stance phase was more closely aligned with the
horizontal plane in KA-TKA compared to MA-TKA. While placing the TC perpendicular to the tibial mechanical axis in the coronal plane has traditionally
been viewed as mechanically advantageous, it was demonstrated that the TC exhibited valgus alignment to the horizontal plane in MA-TKA during the
stance phase of in vivo gait. The direction of the load on the TC is not precisely perpendicular to the horizontal plane due to dynamic factors and the position
of the upper body's center of gravity. Nevertheless, identifying the absolute tilt of the TC may provide insight into whether KA-TKA or MA-TKA holds a
mechanical advantage with respect to polyethylene wear and stress distribution on the bone-implant interface.

SIGNIFICANCE/CLINICAL RELEVANCE: The coronal tilt of the TC during the stance phase was more closely aligned with the horizontal plane in KA-
TKA than in MA-TKA. This finding possibly clarifies whether KA-TKA or MA-TKA is mechanically more advantageous.
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Fig. 1. The coronal tilt of the tibial Fig. 2. Trends in the coronal tilt of the tibial
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