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Abstract 
This study reports on the one-year clinical results and patient reported outcomes 

(PROMs) associated with a new ‘predictive balance’ tibia-cut first total knee arthroplasty 
(TKA) technique that uses a robotic ligament tensioner. PROMs are compared to registry 
data and historical results in the literature. 

     Five hundred and thirty-three patients were prospectively enrolled and underwent 
robotic TKA (mean age: 67.7±8.4; females: 320; BMI: 31.2±4.9). Pre-op, three, six and 
12-month WOMAC, UCLA activity scale, and HSS-Patient satisfaction assessments 
were completed by 533, 352, 314, and 256 patients, respectively, and compared to 
WOMAC registry data from the Shared Ortech Aggregated Repository (SOAR) and to 
historical satisfaction reports in the literature.  

     Despite having equivalent baseline PROM scores, predictive balance patients had 
significantly higher WOMAC scores at all post-operative timepoints (p<0.001) and 
higher UCLA activity scale scores at 3M and 6M (p<0.013). Overall patient satisfaction 
in the predictive balance cohort was 91.2%, 92.4%, and 96.5% at 3M, 6M and 1YR, 
respectively. Average length of stay was 1.6 days (±0.8). Surgical complications in this 
cohort were typical of TKA. 

     Limitations to this study include the lack of a closely matched control group. 
Nonetheless, first year results are promising with improved objective measures compared 
to large registry databases and recently reported patient satisfaction measures. 
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1 Introduction 
Total knee arthroplasty (TKA) soft tissue balancing methods have evolved from subjective surgeon 

feel to manual tensiometers, load sensing inserts [1] and computer navigated gap balancing techniques 
[2]. These allow the surgeon to assess the soft-tissue envelope after all bone cuts are made and can 
guide subsequent releases. More recently, a robotic ligament tensioning device has been deployed 
which characterizes the soft tissue envelope through the continuous range of motion after the tibial cut 
only [3, 4]. It then provides a predictive model of the final compartment gaps through the entire range 
of motion based on the proposed femoral implant plan which can then be adjusted and re-assessed 
prospectively to optimize the final outcome. Initial results on the accuracy and early three to six-month 
outcomes of this technique have been reported [4,5]; however longer-term data is lacking. 

This study reports on first year clinical results and patient reported outcomes (PROMs) of this novel 
technique, including knee pain, stiffness, and function, and patient satisfaction, which are compared to 
registry data and historical results in the literature. 

2 Methods 

2.1 Surgical Technique 
The full surgical technique has been previously described using the Omni Apex knee, OmniBotics 

navigation system and BalanceBot automated distraction device (Corin USA, Raynham MA) [3,5]. The 
BalanceBot is inserted into the knee after the tibial cut in a tibia-first technique and before any ligament 
releases (figure 1a). The device applies a known, computer-controlled distraction force while the knee 
is taken through a range of motion. The gaps are characterized in the medial and lateral compartments 
from full extension through more than 90 degrees flexion. Femoral cut planning is then carried out with 
an instant display of the predicted gaps and laxity profile (Predictive BalanceTM) based on virtual 
manipulation of the femoral component in all planes (figure 1b). After femoral cuts, results are 
confirmed when the femoral trial is in place using the BalanceBot as a virtual tibial trial that assesses 
the laxity profile, compartment pressures and knee kinematics through the continuous range of motion. 

 

 
Figure 1 a) The BalanceBot is inserted into the knee after the tibial resection but before femoral 

resections. b) femoral planning is performed with predictive gap curves (blue arrow) to achieve a 
balanced knee throughout the range of motion. 

 

2.2 Study Methods and Patients  
This is an ongoing prospective multicenter study evaluating patient reported outcomes following 

cruciate sacrificing TKA with a PS or ultra-congruent tibial insert with the BalanceBot system. 
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KOOS/WOMAC, UCLA, HSS-Patient Satisfaction, and PROMIS-10 scores are collected pre-
operatively and post-operatively at three months (3M), six months (6M) and one year (YR).  Between 
November 2017 and January 2020, 533 patients were enrolled and underwent robotic TKA using this 
surgical technique (mean age: 66.2 ±8.1; females: 320; BMI: 31.3 ±5.3). Three-month, 6M and 1YR 
assessments were completed by 352, 314, and 256 patients, respectively, and compared to registry data 
from the Shared Ortech Aggregated Repository (SOAR) and to historical reports in the literature. SOAR 
is a TJA PROM repository run by Ortech [3], an independent clinical data collection entity, and it 
includes data from over five thousand TKAs from a diverse cross-section of participating hospitals, 
teaching institutions and clinics across the United States and Canada who collect outcomes data. Pre- 
and post-operative PROM data were compared between the Predictive Balance and SOAR groups using 
a two-tailed t-test for non-equal variance. Normality was assessed using Shapiro-Wilk test.  

3 Results 
When comparing the baseline PROM scores between the Predictive Balance and SOAR groups, 

robotic patients had equivalent WOMAC scores (p>0.07) and UCLA activity scale (p=0.545), figure 
2a. While all scores improved over time, statistically higher scores were observed in the robotic group 
for all categories at all post-operative timepoints for the WOMAC scale (p<0.001), and for the UCLA 
score at 3M (5.0 vs 5.3, p=0.00026) and 6M (5.2 vs 5.7, p<0.0001). Overall patient satisfaction in the 
Predictive Balance cohort was 91.2%, 92.4% and 96.5% at 3M, 6M and 1YR (figure 2b). The average 
length of hospital stay was 1.6 days (±0.8). Surgical complications in this cohort included:  

1.  Manipulation Under Anesthesia for stiffness x 7 
2. Pulmonary Embolism x 1 
3. Effusion x 2 (treated with aspiration) 
4. Hemarthrosis treated with arthrocentesis x 1 
5. Wound dehisence from fall x 1 
7. Deep vein thrombosis x 2 
8.  Infection (four months post-op) x1 

4 Discussion 
Consideration of soft tissue balance has been demonstrated to correlate with patient reported 

outcomes when using a pressure-sensing device [1,7].  However, the data is acquired only at certain 
poses and not on a continuous basis. Additionally, specific gap data is not acquired under known or 
reproducible load conditions with any of the previously available systems. Acquisition of continuous 
gap data on the other hand has been shown to be very reproducible [5]. We postulated that the ability 
to use gap data under known loading conditions through the continuous range of motion prospectively 
would allow femoral cut planning that resulted in optimum balance and better long-term result. While 
the study group patients had equivalent baseline knee pain, stiffness and function than registry patients, 
study patients showed significantly better improvements in all areas up to one year post-operatively 
compared to registry data. UCLA activity scores were equal between the two groups at baseline and 
significantly improved at three months and six months. These gains may reflect better ligament balance 
in the study group.  Gustke reported a trend toward improved WOMAC scores in "balanced" knees 
using a pressure sensing device [1].  A subsequent study by Gustke reported the routine use of two or 
three (and up to as many as 8) releases in order to achieve balance using the same device [8].  By 
contrast the device used in our study allows placement of the femoral component to be made 
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Figure 2a: Improvements in knee stiffness, function, pain and total WOMAC scores were seen in 
the Predictive Balance group over the SOAR group at 3M, 6M, and 1Yr post-operatively (p<0.001), 
despite having equivalent baseline scores. 

 
 

 

 
 

Figure 2b: Overall patient satisfaction in the Predictive Balance cohort was 91.2%, 92.4% and 
96.5% at 3M, 6M and 12M, which compares favorably to satisfaction data commonly reported in the 
literature*. [Mean patient satisfaction values were computed from the following literature sources using 
weighted averages: 1. Turcot, JOA 2013. 2. Van Onsem JOA 2016. 3. Vissers BMCMD 2010. 4. Kiran, 
JOA 2015. 5. Bourne, CORR 2010. 6. Heck, CORR 1998. 7. Baker, JBJS, 2007. 8. Noble, CORR 2006. 
9. Robertsson, Acta 2000. 10. Lange, JOA 2018. 11. AOANJRR PROMs Pilot Project Final Report, Feb 
2020] 
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prospectively with the goal of reducing subsequent ligament releases which may improve patient 
function and comfort as evidenced by the low rate of manipulations out to 1 year (2.7% vs 6.8%, p = 
0.011) [9].  This may be related to the higher rates of satisfaction reported in the study patients compared 
to the historical literature [10-13] (Figure 2b). 

Limitations to this study include the lack of a closely matched control group. Nonetheless, the first-
year results are promising with improved objective measures and subjective outcomes compared to a 
large registry database and recently reported patient satisfaction measures. Assessment of the soft tissue 
envelope through the continuous range of motion using gap data may provide better patient outcomes. 
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