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Abstract

The goal of this study was to utilize the NAVIO robotic-assisted (RA)-TKA
technique to assess whether a knee that is well-balanced at 0 and 90° is also
well balanced in mid-flexion. Using a 3mm threshold to define soft-tissue balance,
results demonstrated that 11.5% of knees studied could be expected to be
unstable in the mid-flexion arc (15-75°) despite being well-balanced at the static
poses at 0 and 90°.

Introduction

Mid-flexion stability has been recognized a potential failure etiology in total knee
arthroplasty (TKA)Y%34, The assessment of soft tissue balance in conventional-
instrumented (ClI) TKA is typically limited to an objective assessment at the static poses at
zero and ninety degrees. Assessment of mid-flexion balance is, by default, driven primarily
by the subjective feel of the surgeon. Surgeon-defined assessment of soft tissue stability,
however, has been shown to be a poor predicter of true soft tissue balance®. Furthermore,
due to the constraints of conventional-instrumented total knee techniques, the ability to
make fine-tuning adjustments to bone resection to reduce the risk of mid-flexion instability
are limited®’. An assumption is therefore necessary that a knee that is well-balanced at 0
and 90° is also well-balanced in mid-flexion. With robotic assisted (RA) TKA techniques, an
objective assessment of soft tissue balance throughout the arc of motion is feasible.
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The goal of this study was to utilize the NAVIO RA-TKA technique to assess whether a knee
that is well-balanced at 0 and 90° is also well balanced in mid-flexion.

Methods

Starting in August 2019, a longitudinal data collection series was initiated in a single-
surgeon total joint arthroplasty registry. Eighty-seven patients undergoing total knee
arthroplasty with the NAVIO 7.0 RA-TKA technique were enrolled. Baseline demographic
information for all cases was recorded, including gender, age, and BMI. Post-operative
data was recorded, including limb alignment and component position.

Utilizing the planning tools inherent to the NAVIO 7.0 technique, surface mapping the distal
femur and proximal tibia was performed to generate an “imageless”, static 3-dimensional
model of the knee. A preliminary, measured resection TKA model, as dictated by the
manufacturer’s stated surgical technique, was then generated based on bone resection
depths. All knees were then taken through a 0-90° “stressed” range of motion- during
which both the medial and lateral compartments were subjected to tensile, distractive
forces. This manual technique utilized a posterior cruciate ligament (PCL) Hohmann
retractor to achieve joint distraction. Based on simulated joint distraction with a calibrated
tensioner, the technique allows consistently applied force of approximately 120 Nm to
measure soft tissue laxity. The medial and lateral displacements, as a measure of coronal
soft tissue laxity or tautness/tightness, were thereby recorded. These measurements were
overlaid on the measured resection model.

In the planning stage, adjustments were then made to the surgical plan to balance the
medial and lateral soft tissues to <3mm at the static poses of 0 and 90°. This was
accomplished via adjustments in femoral and tibial prosthetic component size, position and
orientation in the coronal, sagittal and transverse planes [Image 1].

Joint laxity in mid-flexion (between 15-75°) was then recorded, differentiating those cases
that were well-balanced (<3mm) or not well-balanced (>3mm) [Image 2]. This completed
the data acquisition to address the question posed in this study.
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Image 1. Planning of implant components in 3D space for joint balance from 0 to 90 °.
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Image 2. NAVIO 7.0 Implant Planning incorporating an assessment, in mid-flexion, of
medial and lateral soft tissue balance.
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For those cases in which mid-flexion instability was noted intra-operatively, changes to the
surgical plan were subsequently made. Typically, reassessment of the joint line height
and/or adjustment to the anterior/posterior of the position of the femoral component
allowed correction of any mid-flexion instability [Image 3].

NAVIO 7.0 software and the Journey Il total knee prosthesis was used for all cases.

PostOp Gap Assessment

ﬁ Flexion 4° I Varus 1°

Clear Collection

Image 3. Planned gaps from image 2, are represented as dashed lines, and final achieved
gaps are represented by bars, after the placement of components post bone cutting.
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Results

Baseline demographic data demonstrated average patient age of 69.7 years (range 51-85
years); average patient BMI of 29.6 (range 19-48); 34 male (39%) and 53% female patients
(61%).

Post-operative radiographic evaluation demonstrated average mechanical axis at the knee
of 179.8°. Radiographic measurements included an average distal femoral angle of 93.6°
(range 92-96°) and femoral flexion angle of 2.2° (range 0-5°); with a proximal tibial angle of
89.3° (range 87-91°) and posterior tibial slope of 3.7° (range 3-6°).

Intra-operative soft tissue balancing (<3mm laxity) at the 0 and 90° poses was
accomplished via adjustments in femoral and tibial prosthetic component size, position and
orientation in the coronal, sagittal and transverse planes in all cases. Once balance was
achieved at 0 and 90°, an assessment of stability in mid-flexion was recorded.

Ten of the 87 cases (11.5%) failed to demonstrate soft tissue balance in mid-flexion
(between 15° and 75°), with either medial or lateral laxity greater than the 3mm threshold.

Discussion/Conclusion

Patient reported outcome measures (PROM’s) have consistently demonstrated
dissatisfaction rates between 10-20% following TKA surgery®®. Identifying the cause of this
relatively high dissatisfaction rate has proven elusive despite multiple advances in implant
design, material science and surgical techniques. Specific to the innovations in surgical
technique, technology that has focused on the static/bony aspect of TKA surgery- i.e.
computer navigation and patient-specific instrumentation (PSl), has failed to consistently
improve TKA PROM’s. Technology that has addressed the soft tissue balance, i.e. kinetic
sensors, however, have shown promise in improving PROM's.

The focus of TKA primarily as a soft tissue operation has led to concern that instability, even
to subtle degrees, may be contributing to patient dissatisfaction. Mid-flexion instability, or
alternatively described as lack of mid-flexion balance, has been identified as such a failure
etiology. The focus of this study was to gather objective information about mid-flexion soft
tissue balance available with the use of RA-TKA technology.

Joint laxity >3mm was chosen as the threshold to define whether the soft tissues were
balanced or not. This decision was based on previous publications assessing soft tissue
laxity in both healthy knees and knees following TKA®-12,
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Using this 3mm threshold to define soft-tissue balance, results demonstrated that 11.5% of
knees studied could be expected to be unstable in the mid-flexion arc (15-75°) despite
being well-balanced in the static poses at 0 and 90°. This data challenges the assumption
that a knee that is well-balanced in the static poses of 0° and 90° is also consistently well-
balanced in mid-flexion.

With the addition of robotic-assisted NAVIO technology, an intra-operative assessment of
mid-flexion balance can be made. If mid-flexion imbalance is noted, adjustments can be
made to the surgical plan (i.e. ensuring joint line accuracy and/or minimizing anterior
positioning of the femoral component) to reduce mid-flexion laxity. Potential mid-flexion
instability can hereby be identified proactively and changes to the surgical plan be made
prior to definitive bone resection.

Further study will be necessary to determine whether the PROM'’s associated with patients
for whom a well-balanced mid-flexion arc was achieved reflect improved outcomes.
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