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Abstract

Joint balance in total knee arthroplasty (TKA) has traditionally focused on achieving
a tight symmetric extension gap and rectangular or trapezoidal gaps in flexion. This study
sought to investigate the effect of femoral and tibial coronal rotation and femoral axial
rotation on midflexion coronal joint balance and patient outcomes.

A prospective multi-center study was performed with a mixture of tibia-first gap-
balancing and femur-first approaches were performed using the Corin OMNIBotics
robot-assisted TKA platform with APEX implant components. Coronal and axial femoral
and tibial resections were recorded by the platform. Medial and lateral joint gaps were
recorded while applying a computer-controlled load to the joint throughout flexion during
trialing using the Corin BalanceBot device. In addition, 1-year Knee Injury and
Osteoarthritis Outcome Score (KOOS) and PROMIS-10 global health scores were
collected.

231 surgeries were identified: 66.9+8.1 years, 31.4+4.8 kg/m2 and 57% female (121)
with a mean pre-operative HKA angle of 4.5+5.2° varus. A significant correlation was
found between the medio-lateral (ML) joint gap difference in midflexion and both
extension and flexion joint line (p=0.003, r2=-0.20, p=0.001, r2=-0.22, respectively). A
significant correlation was found between midflexion ML imbalance and KOOS stiffness
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questions at 3 M and 6 M post-op (12=-0.15, p=0.036, 12=-0.18, p=0.013), in which a
more balanced knee correlated with improved outcomes.

Treating flexion and extension joint balance in isolation may not capture the effect on
midflexion laxity. Component placement should take in to account the effect on joint
gaps throughout flexion to target optimal joint balance.

1. INTRODUCTION:

Joint balance in total knee arthroplasty (TKA) has traditionally focused on achieving a tight
symmetric extension gap and either rectangular or trapezoidal gaps in flexion. Joint gap targets
however have also been affected by an historic lack of technology available to accurately quantify
joint balance at a range of flexion angles [1]. Modification to midflexion balance resulting from TKA
has been particularly difficult to quantify intra-operatively due to the complex nature of the
relationship between three-dimensional sagittal and coronal rotation of the femoral and tibial
components and patient specific soft tissue profile [2]. This study sought to investigate the effect of
femoral and tibial coronal rotation and femoral axial rotation on midflexion coronal joint balance and
patient outcomes.

2. METHODS:

A prospective multi-center study was performed with a mixture of tibia first gap balancing and femur
first (targeting mechanical alignment) approaches were performed using the Corin OMNIBotics robot
(Corin USA, Raynham, MA) assisted TKA platform with APEX implant components. Coronal and
axial femoral and tibial resections were recorded by the platform. Medial and lateral joint gaps were
recorded while applying a computer-controlled load to the joint throughout the range of motion during
trialing using the Corin BalanceBot device (Corin USA, Raynham, MA). To control for the effect of
tibial coronal resection on midflexion laxity, the joint line was calculated as the average between the
tibial and femoral coronal resection for the extension joint line, and the average between the tibial
coronal resection and femoral axial resection for the flexion joint line, similar to that described by
Bellemans et. al [3]. In addition, 1-year Knee Injury and Osteoarthritis Outcome Score (KOOS) scores
were collected.

Correlations between the validated resection angle recorded by the OMNIBotics platform, joint gaps
in midflexion (30° — 50°) and KOOS scores were calculated using Spearman’s correlation
coefficients, and Wilcox rank-sum tests were performed to determine the difference between
categorized gap data. All statistical analysis was performed using R 3.5.3 (R Core Team, Vienna,
Austria).

3. RESULTS:

231 surgeries were identified with all data. The population was 66.9+8.1 years, BMI: 31.4+4.8 kg/m?
and 57% female (121) with a mean pre-operative HKA angle of 4.5+5.2° varus. Tibial coronal
resection of 0.36+0.90° varus combined with a femoral coronal resection of 0.6+1.99° varus and
femoral axial resection of 2.14+2.63° external rotation from the posterior condyles, resulted in a post-
op extension coronal angle of 0.974+2.23° varus and flexion angle of 2.50+2.70° varus. A significant
correlation was found between the medio-lateral (ML) joint gap difference in midflexion and
extension joint line (p = 0.003, r2 = -0.20), in which a more medially down sloped joint line
(corresponding to a tibial varus and femoral valgus resection) resulted in a greater lateral opening of
the joint. Similarly, a significant correlation was found for the flexion joint line (p = 0.001, r? = -0.22)
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in which a more medially down sloped joint line (corresponding to a tibial varus and femoral internal
rotation resection) resulted in greater lateral opening in midflexion.

A significant correlation was found between midflexion ML imbalance and KOOS stiffness questions
(S6 & S7) at 3 Months and 6 Months post-op (1> = -0.15, p = 0.036, r> = -0.18, p = 0.013), in which a
more balanced knee correlated with improved outcomes. Patients with a gap imbalance of less than
1.5 mm, reported significantly better stiffness outcomes (74.9 vs 68.9, p = 0.038) at 6 Months, Figure
1.

4. DISCUSSION:

This study found significant correlations between the flexion and extension joint line and midflexion
gaps. Furthermore, the midflexion gap was found to significantly correlate with patient reported
stiffness outcomes at 3M and 6M post-op. This data suggests that flexion and extension laxity should
not be considered in isolation during TKA and should incorporate the effect on midflexion laxity
when planning component placement. Midflexion balance has previously been reported as
independent of both flexion and extension laxity due to the contributions of the anterior and posterior
soft tissues [4], and difficult to measure without digital tools. Improvement in intra-operative
technology now allows the three-dimensional effect of component placement on joint gaps throughout
flexion to be accurately measured in real time [5].

There are limitations to this study, for example, the effect of pre-operative anatomy (e.g. bony
morphology) on component placement and resulting joint laxity has not been investigated here. More
highly deformed knees may benefit from a different component alignment or soft tissue target balance
[6]. The effect of anatomy on ideal component placement is the subject of ongoing analysis.
Furthermore, the joint distraction force for measuring gaps was between 70 — 90 N, it is unknown if
this force is ideal, or should be patient specific.

Treating flexion and extension joint balance in isolation may not capture the effect on midflexion
laxity. Component placement should take in to account the effect on joint gaps throughout flexion to
target optimal joint balance.

Effect of ML Gap on 6 Month outcome
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Figure 1 Boxplot of KOOS Stiffness question scores. A gap imbalance of less than 1.5 mm is classified as ‘Balanced’. Balanced
knees reported improved stiffness outcomes (74.9 vs 68.9, p = 0.038).
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