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Introduction
The present report is a summary of historical 
and ongoing clinical studies of the OMNIBotics® 
surgical platform and OMNI total joint arthroplasty 
components. The goals of these studies are to 
investigate the potential clinical, surgical, and 
economic benefits of OMNI's robotic-assisted 
arthroplasty products.

The OMNIBotics system aims to improve surgical 
and patient outcomes through:
 1) enhanced patient specific 3D 
 intra-operative planning without 
 pre-operative imaging,
 2) active ligament balancing, 
 3) robotic-assisted bone resections, and 
 4) quantitative, active insert trialing. 

Early clinical research at OMNI was directed 
at validating the accuracy and precision of the 
OMNIBotics platform [1-11], quantifying surgical 
efficiency and the learning curve [5,6,8,10], and 
demonstrating the utility of the system for routine 
and complex TKA cases [6,10]. Initial cadaver studies 
demonstrated significantly improved bone-cutting 
precision, implant placement and time savings over 
conventional cutting guides [1,2]. Koenig et al. 
assessed surgical accuracy and efficiency in their first 
100 patients and reported final leg alignment within 
3° of neutral to the mechanical axis in 98% of cases 
[5,10].

Moreover, the learning curve required only an 
additional 7 minutes of tourniquet time on average 
over the first 25 cases (56 vs 49 minutes) and 
accuracy was not affected during the learning curve 
period. In a subsequent study the authors reported 
that severe varus and valgus deformities ≥10° 

could be corrected to within 3.5° of neutral in all 
cases, while these more difficult cases added only 
3-5 minutes of surgery time [6]. In a clinical study 
involving 81 patients, Clark and Schmidt reported 9 
minutes faster computer times, 0.5° higher accuracy, 
and a 0.6 day shorter hospital stay when using 
OMNIBotics versus a competitive navigation system 
[8]. 

OMNIBotics® Active Spacer™

In 2017 OMNI introduced a new, innovative 
technology for robotic-assisted ligament balancing, 
the OMNIBotics® Active Spacer™ [19-26]. The Active 
Spacer is the only commercially available system that 
integrates robotically controlled ligament tensioning 
with implant planning and robotic-assisted bone 
resection. 

Pre-clinical investigations carried out during the 
development of the technology demonstrated that 
the system was effective at equalizing the flexion 
and extension gaps, as well as predicting the gaps 
throughout the entire range of motion prior to 
making resections with an accuracy better than 2mm 
[19-22]. Early clinical data shows that post-operative 
balance can be planned throughout the ROM to 
within 0.4±1.1mm (mean ± standard deviation) 
[23]. A prospective multi-center study is currently 
underway to investigate the effects of the active 
spacer on ligament balancing and the associated 
improvements in patient reported outcomes.

The remainder of this report provides a summary of 
recent and ongoing clinical research studies being 
performed on OMNI's robotic-assisted technologies, 
including the Active Spacer.
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Validation of  a Laxity 
Prediction Algorithm 
for Gap-Balancing Total 
Knee Arthroplasty
[23]

Introduction 
Gap balancing in total knee arthroplasty (TKA) 
has traditionally focused on achieving equal and 
symmetric gaps in flexion and in extension. Gap 
measurements are not typically performed in 
mid-flexion which can result in increased mid-flexion 
laxity even when the gaps in extension and flexion 
are equal and symmetric. TKA surgeons often rely 
on experience to determine the bone cuts necessary 
to achieve a desirable gap outcome which is not 
reproducible across surgeons. A tool that allows 
for quantitative prediction of post-operative gaps 
prior to bone resections may help to better define 
optimal patient-specific balance targets and achieve 
more consistent outcomes in TKA. In this study, 
the accuracy of a virtual gap algorithm used to 
predict the post-op laxity profile as a function of 
the measured pre-operative laxity and the virtual 
femoral component plan was evaluated.

Methods
Thirty-one patients (33 knees total, mean age: 
72±11, BMI: 27.3±8.3) undergoing total knee 
arthroplasty with a tibial-cut first technique were 
included in this study. After resecting the proximal 
tibia and the posterior cruciate ligament, but prior 
to resecting the femur, the knee joint was tensioned 
using a novel robotic assisted ligament tensioning 
tool (OMNIBotics® Active Spacer™, Fig 1). The gap 
profiles were measured using the navigation system 
as the limb was manually taken through a range 
of flexion while the Active Spacer applied a load 
between 80-100N. The native gap was defined 

as the distance between the tibial resection and 
the closest point on the articulating surface of the 
native femur on the medial and lateral sides at each 
degree of flexion (Fig 2A). A virtual gap algorithm 
was used to determine the predicted post-operative 
gap profile based on the native gap acquisition and 
the planned implant alignment (Fig 2B). The iBlock 
robotic cutting-guide was used to perform the 
femoral cuts based on the planned implant position. 
After inserting a femoral trial component, the active 
spacer was reinserted into the joint. The same 
loading profile used for the native gap acquisition 
was repeated. The post-operative gap was 
measured as the distance from the tibial resection 
to the closest point on the femoral trial (Fig 2C). 
The predictive error was calculated as the difference 
between the measured post-operative gap and 
the predictive gap at each flexion angle. The mean 
and standard deviation of the medial and lateral 
prediction error were calculated for all knees. Paired 
t-tests were used to identify significant differences 
between the predicted and measured post-operative 
gap across the flexion arc. 

Results 
The average discrepancy between the predicted 
and post-operative gaps was 0.4±1.1mm and 
0.3±0.8mm for the medial and lateral gaps 
respectively. The maximum error was 2.0mm 
on the medial side and 1.8mm for the lateral 
side. Differences between the predicted and the 
measured post-op gaps on the medial or the lateral 
side were not statistically significant for all flexion 
angles (p>0.8).

Discussion
Predicting post-operative knee laxity using a 
dynamic pre-op gap acquisition under controlled 
tension and a 3D femoral implant plan was found 
to be accurate and reproducible to within 1-2mm 
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throughout the range of flexion. The prediction 
algorithm assumes that all femoral cuts are made to 
the plan. However, surgeons typically accept bone 
resections that are within 1mm of the plan which 
may explain some of the variation between the 
predicted and the actual gaps.

Significance/ Clinical Relevance
Computerized implant planning algorithms now 
enable prediction of post-operative soft-tissue 
balance and gaps throughout the range of knee 
motion prior to performing any femoral resections. 
This allows for optimization of femoral component 
placement to achieve a desired gap or knee laxity 
profile throughout the range of flexion and not 
only in flexion and extension. The laxity predictions 
have been shown to be accurate to within 1-2mm 
when coupled with a computer-controlled ligament 
tensioner.

Fig 1. The surgical setup showing the tracking arrays and the Active Spacer

Fig 3.  (A) The tibiofemoral medial and lateral gap for the predicted 
post-operative gap (blue) and measured post-operative gap (red)  

(B) the error between the predicted gaps and the post-operative gaps

Fig 2. Screenshots from the OMNIBotics system showing (A) native gap 
balancing collection screen, (B) femoral planning screen and (C) implants 

gap acquisition screen

A

B

C

A B
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The Effect of  Gap 
Balancing at 0° Versus 10° 
of  Flexion on Extension 
and Mid-flexion Laxity in 
Total Knee Arthroplasty 
[24] 

Introduction 
The gap-balancing technique in total knee 
arthroplasty aims to produce a balanced knee 
throughout the range of motion, by using the native 
flexion and extension gaps to plan the femoral bone 
resections and alignment. Previous studies have 
shown that the native gaps increase significantly in 
the first 10° of flexion, however, likely due in part to 
the tension in the posterior capsule and the knee 
screw-home mechanism as the joint is brought into 
full extension. Therefore, planning at 0° flexion could 
result in a different femoral plan than planning at 
10° of flexion. In addition, the effect of the planning 
angle on the resultant gaps throughout the arc 
of flexion has not been previously characterized. 
This study aims to quantify the change in the post-
operative tibiofemoral gap throughout the arc of 
flexion when varying the planning extension angle. 

Materials and Methods
32 knees from 32 patients (mean age: 72±11, BMI: 
27.3±8.3) were implanted with a posterior cruciate 
sacrificing TKA using a robotic-assisted tibial-cut first 
gap-balancing technique. The proximal tibia was 
resected perpendicular to the mechanical axis and 
the knee joint was tensioned using a novel ligament 
tensioning tool that applies computer controlled 
tension to the ligaments throughout the arc of 
flexion (OMNIBotics® Active SpacerTM, Fig 1). The 
gap profiles were measured using the navigation 
system as the ligaments were actively tensioned and 
the limb was manually taken through a range of 

flexion. The system applied a load ranging between 
80-100N of tension equally to each of the medial 
and lateral compartments. The femoral implant 
position and size was then planned to have equal 
and symmetric knee gaps in extension and flexion. 
Patients were divided into two sequential groups: 
Group A, the knee was planned to have equal 
and symmetric gaps at 0° and 90° (18 consecutive 
knees), Group B the knee was planned to have 
equal and symmetric gaps at 10° and 90° (14 
consecutive knees). The femur was resected and 
a femoral trial was inserted and the postoperative 
gaps were measured throughout the arc of flexion 
while the Active Spacer applied equal tension to the 
ligaments. The mean and standard deviation of the 
post-operative gaps profiles throughout the range 
of flexion were calculated for each group. T-tests 
were used to identify significant differences between 
group A and group B from 0° to 10° of flexion in 10° 
increments. 

Results
In both group A and group B, the post-operative 
extension and flexion gaps were balanced to within 
1mm of each other on average (Fig 2). Significantly 
larger gaps were seen in mid-flexion for group A 
than for group B however, with a maximum laxity 
increase of 3-4mm occurring around 25-30° in 
group A. The gap profiles between 20-60° were 
significantly different from the gaps at 0° and 90° in 
group A, but not in group B.

Discussion
Gap planning at 10° and 90° of flexion produced 
comparatively equal and symmetric gaps from 
10° to 90° post-operatively, and resulted in similar 
gap patterns to those reported in the native knee, 
while planning at 0°and 90° produced larger laxity 
in mid-flexion. Gap planning at 10° resulted in 
smaller gaps and increased tension at full extension, 
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however. In some cases, this may result in a flexion 
contracture requiring a posterior capsule release 
or distal femoral recut to achieve full extension. 
Planning at 0° resulted in larger gaps and lower joint 
forces at full extension, but increased knee laxity in 
mid-flexion which may contribute to mid-flexion 
instability. 

Significance/ Clinical Relevance 
Gap planning at 0° or 10°of extension produced 
different post-operative gap profile patterns 
throughout the range of knee motion in TKA. 
Planning for equal and symmetric gaps at 0° 
resulted in increased laxity in mid-flexion while 
planning at 10° resulted in a tighter knee in full 
extension. Depending on the clinical circumstances 
of the case, the implications of planning at both 0° 
and 10° in gap balancing TKA should be taken into 
consideration.  Further studies will be beneficial 
in determining the applicability in specific clinical 
scenarios.

Fig 1. Intra-operative photo showing the Active Spacer inserted in the knee

Fig 2. Post-operative gap profiles measured in knees that were planned to 
have equal gaps at 0° (upper, Group A) and at 90° (lower, Group B)
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Does an Increase in 
Distraction Force 
Uniformly Increase 
Tibiofemoral Gaps?
[25] 

Introduction 
The goal of gap balancing total knee arthroplasty 
(TKA) is to achieve a balanced and rectangular joint 
space with equatorial forces across the medial and 
lateral compartments in both flexion and extension. 
Currently surgeons use manual spacer-blocks and 
typically rely on their feel to tension the ligaments 
with no pre-defined forces. Understanding the 
relationship between the applied force and the 
resulting joint distraction could help identify the 
optimal force to appropriately tension the ligaments 
to achieve a balanced knee, create more objective 
decision making during TKA and potentially improve 
patient satisfaction. The objective of this study was 
to quantify the change in knee joint gaps under 
different tension levels.

Methods
14 knees in 14 patients (8 male, 60±8 age, 33± 
4BMI) were registered using computer navigation 
in preparation for robotic-assisted total knee 
arthroplasty using the OMNIBotics® System 
(Raynham, MA). The PCL was resected, and 
then navigation was used to make the tibial cut 
at 0 degrees of varus/valgus. A novel ligament 
tensioning tool that applies computer controlled 
tension to the ligaments throughout the arc of 
flexion (OMNIBotics® Active SpacerTM) was inserted 
into the joint space (Fig 1). The knee was manually 
extended from 90° flexion to full extension while the 
active spacer applied an equal load of 70N, 90N 
and 110N in three separate trials both medially and 
laterally. The tibiofemoral gaps were recorded using 

the navigation system. 
The tibiofemoral gaps from the 70N loading cycle 
was chosen as the baseline. The difference relative 
to the baseline was calculated for the 90N and 110N 
load cycle gaps. Average and standard deviation 
was calculated for the fourteen patients. Paired 
t-tests were used to identify significant differences in 
the tibiofemoral gaps between the three load levels 
and from medial to lateral.

Results
The baseline tibiofemoral gaps increased with 
flexion from 0° to 10-20° flexion, at which point they 
remained consistent for the rest of the flexion range 
(Fig 2). On average, the baseline medial gaps were 
smaller than the lateral gaps by 2.8mm (p<0.05). 
Increasing the applied load resulted in an increase 
in the tibiofemoral gaps (Fig 3). The difference was 
small in early extension but became significant 
past 10° of flexion (p<0.05). The increase in gaps 
between 70 and 90N was larger than the increase 
in gaps between 90 and 110N. At 90° flexion, 
increasing the applied load resulted in smaller 
increase in the medial gaps compare to the lateral 
gaps. 

Discussion
Increasing the distraction force resulted in larger 
tibiofemoral gaps, however the change in joint gaps 
was not uniform across the flexion range. Similar 
results have been observed in previous studies. The 
knee has less laxity in early extension due to tension 
in the posterior capsule. This explains the smaller 
variation in early extension. The larger difference 
in gaps between 70N and 90N compared to the 
difference between 90N and 110N is likely due 
to the non-linear force elongation curve of the 
ligaments, while mediolateral differences are likely 
due to the different structural properties and higher 
stiffness of medial versus lateral collateral ligaments 
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structures. This indicates that an increase in 
distraction force can affect femoral implant rotation 
as well as resection level in the gap balancing 
technique. 

Significance/ Clinical Relevance 
Understanding the effect of increasing the tension 
force on tibiofemoral gaps and its relation to the 
ligament stress-strain curve will aid in determining 
the optimal bony cuts that appropriately tension soft 
tissues in order to achieve a balanced knee

Fig 1. The surgical setup showing the tracking array and the Active Spacer

Fig 2. The average and standard deviation of  the medial and lateral  
tibiofemoral gaps under 70N of  tension

Fig 3. The average tibiofemoral gap difference using 90N of  tension (blue) 
and 110N of  tension (red) relative to the baseline. Shaded areas represent

 ± one standard deviation
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Ligament Tension and 
Balance After Robotic-
Assisted TKA – 
Dynamic Changes with 
an Increasingly Applied 
Force
[26]

Study Objective
To quantify gap distraction post-operatively with 
incrementally increasing distraction force.

Methods
The OMNIBotics® Active SpacerTM applied 80N of 
tension in flexion and 100N in extension and a gap 
balancing algorithm allowed planning of the femoral 
bone cuts in fourteen patients. After placement of 
the femoral trial, the Active Spacer was reinserted 
into the knee in place of the tibial insert. The knee 
was extended from 90° flexion to full extension while 
applying equal medial and lateral loads of 70N, 
90N and 110N in three separate trials. Tibiofemoral 
gaps at 70N of applied tension were plotted as the 
baseline gaps and the difference relative to baseline 
was calculated for 90N and 110N. 

Results
Mediolateral gaps were symmetric within 1.3mm 
across the flexion range (Fig 1a). Baseline gaps 
were smallest in extension and increased by 
3.2mm medially and 1.6mm laterally from 0° to 
35° of flexion. Gaps were unchanged past about 
30° of flexion. Compared to baseline, medial gaps 
averaged 1.3mm and 2.2mm larger while the lateral 
gaps were 1.6mm and 2.6mm larger for 90N and 
110N loads, respectively (p<0.05, Fig 1b). The 
difference in gaps between the 70N and 90N loads 
(1.5mm average) was larger than the difference 
between the 90N and 110N loads (1mm). At 90° 

flexion, increasing load resulted in asymmetric gap 
distraction with a smaller increase in medial gaps 
compared to lateral gaps by about 0.5mm.

Discussion
Using a gap balancing technique with a novel 
integrated tensioning device, the resulting 
knee balance was within 1.3mm mediolaterally 
throughout the ROM. There was a non-linear 
increase in knee joint distraction with applied 
tension. The smaller joint distraction with increased 
tension implies an increase in knee stiffness 
from 70N to 110N. This data provides a better 
understanding of the relationship between joint 
distraction, ligament tension and knee stiffness post 
TKA, which can aid in informed decision making and 
optimal soft tissue tensioning during TKA.

Fig 1a. The average (blue line) and standard deviation (shaded area) of  the 
medial and lateral tibiofemoral gaps under 70N of  tension

Fig 1b. The average tibiofemoral gap difference using 90N of  tension 
(blue) and 110N of  tension (red) relative to the baseline. Shaded areas 

represent the standard deviation. 
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OMNIBotics® Versus 
Manual Knee Outcomes-
Robotics And Navigation 
2-Year Follow-Up In 
Navigated TKR, Results 
Of  A Multi-Centre Study 
[13-15]

Objectives
Compare clinical patient-reported outcomes of 
OMNIBotics versus manually instrumented total 
knee arthroplasty.

Methods  
This is an ongoing multicenter study involving 892 
APEX Knee™ cases at 8 sites in Europe. Knee Society 
Scores (KSS), WOMAC and SF -12 scores are being 
collected at 1, 3, 12, and 24 months follow-up. 

Conventional and OMNIBotics groups consisted 
of 549 and 343 patients, respectively, with similar 
demographics in each group (gender, age, BMI). 

Results 
The improvement in KSS functional scores was 
significantly higher in the OMNIBotics group than 
in the conventional group (Fig 1). WOMAC Pain, 
Stiffness, and Function, and SF-12 Physical Scores 
also demonstrated significantly greater improvement 
in the OMNIBotics group. Surgery time was 
3:20 minutes longer with OMNIBotics than with 
conventional instruments.

Conclusions
Use of OMNIBotics demonstrated improved clinical 
outcomes in terms of knee function, pain, stiffness 
and quality of life over conventional manual 
instrumentation in this large multicenter trial, with 
minimal added surgery time.

Fig 2. Surgery duration with OMNIBotics was close to time neutral, taking 
only 3:20 minutes longer than conventional surgery

Fig 1. OMNIBotics resulted in significantly higher Knee Society  
Functional Scores when compared to manual instrumentation
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OMNIBotics® Reduces 
Manipulation Rates [16]

Introduction 
Arthrofibrosis remains a dominant post-operative 
complication and reason for returning to the OR 
following total knee arthroplasty. Trauma induced 
by ligament releases during TKA soft tissue 
balancing and soft tissue imbalance are thought to 
be contributing factors to arthrofibrosis, which is 
commonly treated by manipulation under anesthesia 
(MUA). 

Objectives
We hypothesized that a robotic-assisted ligament 
balancing technique where the femoral component 
position is planned in 3D based on ligament 
gap data would result in lower MUA rates than a 
measured resection technique where the implants 
are planned based solely on boney alignment data 
and ligaments are released afterwards to achieve 
balance. We also aimed to determine the degree of 
mechanical axis deviation from neutral that resulted 
from the ligament balancing technique.

Methods 
301 consecutive primary TKA cases performed 
by a single surgeon were reviewed. The first 102 
consecutive TKA cases were performed with a 
computer-navigated femur-first measured resection 
technique (Stryker Navigation with Smith and 
Nephew GEN II). The subsequent 199 consecutive 
cases were performed with a robotic-assisted tibia-
first ligament balancing technique (OMNIBotics 

with APEX Knee™). CPT billing codes were reviewed 
to determine how many patients in each group 
underwent post-operative MUA. Post-operative 
mechanical alignment was measured in a subset of 
50 consecutive patients in the ligament balancing 

group on standing long-leg radiographs by an 
independent observer.

Results 
Post-operative MUA rates were significantly lower in 
the ligament balancing group than in the measured 
resection group (Fig 1). 91.3% of knees were within 
3° and 100% (46/46) were within 4° of neutral 
alignment to the mechanical axis post-operatively in 
the ligament balancing group (Fig 2).

Conclusions 
Ligament balancing femoral based planning in 
TKA resulted in a significantly lower post-operative 
manipulation rate than in the measured resection 
approach, while maintaining highly accurate overall 
alignment to the mechanical axis. 

Fig 1. Post-operative manipulation rates were significantly lower in the  
OMNIBotics ligament balancing group than in the Stryker navigation  

measured resection group (p=0.05)

Fig 2. 91.3% and 100% of  knees were within 3° and 4° of  neutral  
alignment using OMNIBotics with ligament balancing 
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Early Patient Satisfaction 
and Surgical Efficiency 
of  Robotic-Assisted TKA
* Winner of the 2016 Transatlantic Orthopaedic Congress Award of  

Excellence for an Oral Scientific Poster: Knee

[17,18*]

Introduction 
There is increasing pressure on healthcare providers 
to demonstrate competitiveness in quality, patient 
outcomes and cost. Robotic and computer-assisted 
total knee arthroplasty (TKA) have been shown to 
be more accurate than conventional TKA, thereby 
potentially improving quality and outcomes, 
however these technologies are usually associated 
with longer procedural times and higher costs for 
hospitals. 

Objectives
The aim of this study was to determine the 
surgical efficiency, learning curve and early 
patient satisfaction of robotic-assisted TKA with a 
contemporary imageless system (OMNIBotics®). 

Methods
The first 29 robotic-assisted TKA cases performed 
by a single surgeon having no prior experience with 
computer or robotic-assisted TKA were reviewed.  

Skin-to-skin time was measured and computer 
surgical logs were reviewed to analyze every step 
of the procedure. Patients completed surveys at 3 
months to determine their overall satisfaction with 
their surgical joint.

Results
All time metrics decreased significantly after the 
first 7 cases, except the residual time (Fig 1). Mean 
skin-to-skin time significantly decreased from 
83.7min to 57.1min (p=0.0008) beyond 7 cases, 
and hip center to final cut validation time decreased 
from 30.2min to 20.3min (p=0.0002). 21 out of 29 
patients completed questionnaires. 85.7% were 
“Fully satisfied” and 14.3% were “Partly satisfied”. No 
patients were ‘Not Satisfied’ (Table 1). Cost analysis 
showed there were no capital costs associated with 
acquisition of the robotic system and per case cost 
was equal to conventional TKA. 

Conclusion
Improvements in surgical efficiency and quality 
are becoming increasingly important in today’s 
healthcare environment. The results of this study 
indicated equal cost, a short learning curve and 
comparable procedure times to conventional TKA. 
The Patient Reported Outcomes with this group of 
patients was very high compared to rates reported 
in the literature.

Fig 1. Skin-to-skin time decreased from 84min to 57min (p=0.0008)  
after 7 cases

Table 1. Robotic-assisted TKA demonstrated lower dissatisfaction rates 
than those for conventional TKA reported in the literature



14

Prospective Study on 
Patient Satisfaction and 
Outcomes in Robotic 
TKA – Study Update 
[27]

Objectives
This is a prospective study evaluating clinical
outcomes, patient reported outcomes (PROMs),
and patient satisfaction in robotic-assisted total
knee arthroplasty.

Methods
106 TKA patients at Winthrop University Hospital
(Mineola, NY) were consented pre-operatively and
will be followed up for at least two years, with 
longterm follow-up planned up to 10 years for 
PROM’s and survivorship. New Knee Society Scores 
(KSS-2011), KOOS, VR-12 are being collected 
pre-op, 3M, 6M and annually. Complications, 
re-admissions, blood loss, length of stay, discharge 
location, pain management, surgery time, and leg 
and component alignment are also being tracked.

Interim Results 
106 patients have been enrolled to date with 3M,
6M and 1 year follow-up available on 104, 101 and
72 patients, respectively. Mid-study results show
significant improvements in knee function, pain
reduction, satisfaction, and quality of life, and
compare favorably to other studies in the literature
(Tables 1 and 2).

Table 2. Comparison of  improvement in KOOS scores at 3, 6, and 12 
months between OMNIBotics TKAs and conventional and  

computer-assisted TKAs reported in the literature [1]

Table 3. Comparison of  improvement in 2011 KSS scores at 6 months and 
1 year between OMNIBotics TKA patients and published results  

of  conventional TKA patients [2]

Table 1. Demographic, Operative Time, and LOS Data 

Conclusions 
The midterm study results, including 1 year post
TKA, of this ongoing prospective study show
greater improvement in KOOS and 2011 KSS
outcome measures in comparison to conventional 
and CAS-TKA. The KSS Satisfaction score improved 
by 19 points at 6 months which is double the 
change in conventional TKA. Patient's remained
satisfied 1 year after their TKA demonstrated by an
average improvement of 20 points in their KSS
satisfaction score.

References 
1.Gothesen Ø. et al, Functional outcome and alignment in computer-

assisted and conventionally operated total knee replacements  A 

Multicentre Parallel-Group Randomised Controlled Trial. Bone Joint J 2014; 

96-B:609–18.

2. Uefuji A, et al. Subjective Evaluations of  Both Before and After Total 

Knee Arthroplasty with the 2011 Knee Society Score. Poster presented at: 

ISAKOS: 2015 June 7-11; Lyon, France.
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90-Day Costs and 
Clinical Results of  
Robotic-Assisted and 
Conventional TKA 
[27]

Introduction 
Current CMS reimbursement policy for total joint 
replacement is aligned with more cost effective, 
higher quality care. Upon implementation of a 
standardized evidenced-based care pathway, we 
evaluated overall procedural costs and clinical 
outcomes over the 90-day episode of care period 
for patients undergoing TKA with either conventional 
(Conv.) or robotic-assisted (RAS) instrumentation. 

Methods
In a retrospective review of the first seven 
consecutive quarters of Bundled Payment for 
Care Improvement (BPCI) Model 2 participation 
beginning January 2014, we compared 90-day 
readmission rates, Length of Stay (LOS), discharge 
disposition, gains per episode in relation to target 
prices and overall episode costs for surgeons 
who performed either RAS-TKA (3 surgeons, 147 
patients) or Conv. TKA (3 surgeons, 85 patients) at 
a single institution. All Medicare patients from all 
surgeons performing more than two TKAs within 
the study period were included. An evidence-based 
clinical care pathway was implemented prior to the 
start of the study that standardized pre-operative 
patient education, anesthesia, pain management, 
blood management, and physical/occupational 
therapy throughout the LOS for all patients. 
Physician-specific target prices were established 
from institutional historical payment data over a 
prior three year period. 

Table 1. WUH BPCI 90 Day Bundle Data – Robotic vs Conventional TKR 
(Q1, 2014 – Q3, 2015)

Table 2. Breakdown of  90-day episode of  care costs

Results
RAS and Conv-TKA procedures exhibited an average 
gain per episode of $7,600 and $5,579, respectively 
(Table 1). The average total cost per episode was 
$2,085 lower for patients receiving RAS-TKA, with 
the majority of cost savings in reduced SNF usage 
($1,481) and readmissions ($944), Table 2. Discharge 
to home versus Sub-acute Rehabilitation Facilities 
(SAR’s) was 14% higher in the RAS group (62% vs 
48%, p<0.05).  

Conclusions 
Implementation of a standardized care pathway 
across all service departments and physicians 
resulted in a reduction in overall episode of care 
costs, with further reductions in cost and discharge 
to SARs observed with the use of RAS.
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OMNIBotics® 
Computer-Assisted Total 
Hip (CATH) Application
OMNI has developed a new computer-assisted 
total hip (CATH) application that is currently being 
evaluated clinically under a limited release program 
CATH is based on OMNI’s proprietary OMNIBotics 
Bone MorphingTM anatomical modeling technology 
and as such requires no pre-operative CT or MRI 
scans, eliminating unnecessary radiation exposure to 
the patient as well as cost and time inefficiencies. 

The system provides real-time control of acetabular 
reaming and final cup impaction orientation with 
respect to both the anterior pelvic plane and the 
native acetabular rim plane. Reaming depth with 
respect to the floor of the fossa, reamer and cup 
medialization, and final cup impaction depth 
(seating) are also tracked in real time. Leg length 
and offset control are provided without requiring a 
femoral array to be fixed to the femur. 

The system is currently compatible with the 
anterior surgical approach and straight acetabular 
instruments. New offset instrumentation and 
compatibility with the posterior approach are 
expected to be introduced later this year.
Initial results and feedback obtained during the 
clinical evaluation period are promising, with good 
correspondence between the intra-operative CATH 
readings and post-operative radiographs/ 
intra-operative C-arm, and minimal extra surgical 
time added in comparison to conventional surgery. 

It is envisioned the system will be useful for 
eliminating the need for using a C-arm 
intra-operatively, thereby reducing OR time and 
complexity, and radiation exposure and infection 

risk. Future clinical research on the OMNIBotics 
CATH application will focus on proving these 
benefits as well as the system’s ability to improve 
cup positioning and leg length reproducibility and 
patient outcomes in comparison to conventionally 
instrumented techniques.

Fig 1. Intra-operative photograph showing CATH instrumentation  
and reamer tracking

Fig 2. Real time cup impactor tracking with respect to the anterior pelvic 
plane and native acetabular rim. 3D position and seating depth relative to 

the last reamed position is also provided 

Fig 3.  Leg length and offset control are provided without requiring  
an array to be attached to the femur
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APEX Knee™ System 
Survivorship 
Introduction
Survival analysis is an important tool for assessing 
the outcome of total joint replacement. This 
paper provides a review of the APEX Knee System 
survival estimate based on the information known 
to OMNI, in relation to survival data reported in 
national registries from Australia, Sweden, and the 
UK. Survival of the APEX Knee System is based 
on reports of revisions provided by any source 
but generally from physicians, hospitals and sales 
professionals. Although all devices implanted in the 
US are included, all revisions may not be reported to 
OMNI. 

Kaplan-Meier (K-M) Survival Estimate
The survival estimate for the APEX Knee System 
(all types combined) is compared below to data 
published in the Australian, Swedish and UK national 
registries [1,2,3] for primary knee arthroplasty. 
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Fig 1. K-M Survival Estimate for the APEX Knee versus  
National TKA Registries
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Fig 2. K-M Survival Estimates for the APEX Knee by product type 

The Kaplan-Meier Survival Estimate has been 
calculated separately for the APEX Congruent, Ultra 
and PS knee and plotted below.  The plots include 
a 95% confidence interval (CI) using Greenwood’s 
method [4].

 Discussion
The purpose of this review was to compare APEX 
Knee System survival to similar products. The 
survival estimate for the APEX Knee is above 99% at 
5 years and at 99% at 10 years. The primary reasons 
for revision are similar to those reported in the 
registries including infection, instability, loosening, 
pain and fracture. This report does not account for 
non-reporting or competing events that preclude 
revision such as death. 

The APEX Knee System has been shown to have 
an excellent survival record when compared to 
registry data for knee systems. Although it cannot 
be assured that all APEX Knee System revisions 
are reported to OMNI, reports from all sources are 
investigated and included in this report. 
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 A Prospective 
Comparison of  
TKA Using an Ultra 
Congruent, a Condylar-
Stabilizing Tibial Insert, 
and a Posterior Stabilized 
Tibial Insert: Five-Year 
Results 
[28]

Introduction 
This study compared the 5-year results of posterior 
cruciate ligament (PCL)-sacrificing total knee 
arthroplasty (TKA) to a post and cam-style posterior 
stabilized (PS) device, a deep-dish, highly-congruent 
condylar stabilizing (CS) device, and an ultra-
congruent (UC) device. The hypothesis was that 
the clinical and radiographic outcomes would be 
equivalent. 

Methods
CS and PS participants were part of a prospective, 
randomized trial using the Stryker Triathlon knee, 
and UC participants were part of a separate 
prospective, non-randomized protocol using the 
OMNI APEX Knee™ that was otherwise identical. 
Participants were assessed preoperatively, and 
postoperatively at 6 weeks, 6 months, and annually 
for 5 years by Knee Society Score, SF-36 v2, Lower 
Extremity Activity Scale (LEAS), and radiographic 
evaluation. 

Results
There were 109 CS/PS participants at 5 years. Two 
re-operations were required by traumatic events, 
making implant survivorship 98.6%. There were 
48 UC participants that completed the study. One 
UC subject had a loosened polyethylene insert 

locking bolt that required surgical intervention 3 
years postoperatively. Tourniquet (P = .02) and 
operative (P = .01) times for the CS and UC groups 
were significantly shorter than the PS group. Knee 
Society function scores were better for the UC group 
than the CS and PS groups at 6 months (p = .04) 
and 1 year (P = .03); there were no differences for 
pain and motion scores. There were no significant 
differences in the SF-36 and LEAS scores at any 
time period, expect for the LEAS which was higher 
in UC group than CS group at 5Y (*p < .05). Only 
tibiofemoral alignment for UC vs. PS preoperatively 
(P = .04) and ROM between UC vs. CS extension at 
4-years were significantly different (P = .03).  

Discussion and Conclusion
These data confirm the hypothesis that there are no 
obvious significant differences in outcomes between 
the three groups at a 5-year minimum follow-up. 
The UC device exhibited significantly higher KSS 
Function scores at 6 months and 1 year, but not at 5 
years. 

Fig 1. KS function scores were higher for UC group than  
PS and CS groups at 6M (*p = .04) and 1Y (*p = .03)
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