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Introduction
Partial knee arthroplasty (PKA) offers multiple functional 

advantages compared to total knee replacement (TKA) when 
treating isolated medial compartment osteoarthritis.1-4 The 
reported benefits of this procedure include a less-invasive 
surgical approach,5 lower blood loss,6 decreased risk of 
infection,7 improved pain management,8 better short term 
function,9 lower risk of opioid addiction,10,11 more satisfied 
patients12 as well as a more physiological gait pattern.13 In 
terms of cost effectiveness, it was suggested that medial 
PKA is preferable to TKA by decreasing lifetime costs and 
improving quality of life in patients.14,15 However, despite the 
well documented effectiveness of the conventional PKA, 5 
- 10% of patients are dissatisfied with their post-operative 
outcomes.16,17 Additionally, the documented revision rates 
are higher than the ones seen in TKA.18 Common reasons 
associated with the need for revision include technical errors 
of implant malalignment and malpositioning.19,20 These are 
mostly observed in low volume PKA surgeons.21 A great 
effort has been made to implement new technologies22 that 
would reduce the surgical variability of the PKA between 
the high and low volume centers.23 The most recent 
advancement is the introduction of robotic-assisted surgery 
in the orthopedic theater with the purpose of optimizing 
bone preparation, component alignment and positioning, 
as well as soft tissue balance.24 The purpose of this paper is 
to summarize the first two cases performed in the US with 
the ROSA® Partial Knee System (Zimmer Biomet, Warsaw, 
IN, USA), a novel robotic orthopedic surgical assistant that 
recently received FDA clearance

Case Presentation
The robotic surgical assistant used in these two cases 

was the ROSA Partial Knee System, which is designed to 
help surgeons performing medial PKA by assisting with 
bone resection and assessment of the soft tissue. The 
system incorporates two components: (1) a robotic arm 
and base unit, which are positioned on the same side as the 
surgeon, and (2) an optical camera unit, which is positioned 
on the contralateral side of the patient. The ROSA Partial 
Knee System can be used with (image-based) or without 
(image-free) pre-operative radio-graphs. Using optical 
trackers fixed to the tibia and the femur, the surgeon can 
define bony landmarks, intra-operatively, and guide the 
intra-operative decision-making for the resection plans 
and soft tissue balancing. The robotic arm assists in the 
placement of cutting jigs for the planned resections, 
allowing the surgeon to still maintain the tactile “feel” of 
cutting the bone. 

Both cases presented here are image-free PKA, and 
consent was obtained from both patients in order to be 
included in this case report.
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Case 1.
The patient was a 79-year-old athletic man with severe 

medial unicompartmental osteoarthritis (OA) of the 
left knee. He presented with isolated pain and a varus 
deformity (Fig 1). The subject was initially scheduled for a 
total knee replacement; however, given the isolated medial 
compartment OA and the advantages of robotic-assisted 
PKA the patient and surgeon opted for robotic-assisted 
PKA.

After placement of the femoral and tibial trackers, the bony 
landmarks were acquired: all mandatory landmarks were 
accepted on first attempt.

The ROSA Partial Knee application has an intra-operative 
planner that allowed for an objective assessment of

tibial, femoral varus/valgus angles and laxity parameters 
that influence the final limb alignment. This data is used to 
help determine the best implant fit for the patient. The final 
decision was to reduce the varus deformity to 6 degrees by 
using a size 9 implant bearing. The measurements done by 
the robot were used to guide the plan for resection, based 
on the implant positioning and its size. Given that this was 
the surgeon’s first case using the application, the tibia

Figure 1. A. Pre-operative AP, Lateral and sky view. B. Pre-operative Stress View (case 1)

Figure 2. Pre-operative evaluation of the knee (case 1)

A. B.

The initial knee evaluation performed with the robotic 
system prior to performing any bone cuts showed a flexion 
contracture of 10.5 degrees, a varus deformity of 8.5 
degrees and a tight extension gap of 1 mm (Fig 2). Multiple 
osteophytes, sclerotic bone and thickened capsular tissue 
were observed intra-operatively, making the correction in 
the coronal plane and the assessments of the ligaments 
challenging. 
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Case 2.
A 74-year-old female, with normal BMI, presented with 

anterior medial osteoarthritis in the right knee resulting in 
localized pain to the anterior compartment and stiffness. 
No other symptoms were present. Based on the pre-
operative radiographs, the patient was determined to be an 
ideal candidate for PKA (Fig 6). Moreover, the contralateral 
knee previously underwent partial knee replacement with 
Persona® Partial Knee (Zimmer Biomet, Warsaw, IN, USA), 
the same implant used with the ROSA Partial Knee System 
and the patient is happy with the outcome of that procedure 
after two years.

The current surgery followed the steps indicated by 
the manufacturer in the surgical technique. After optical 
tracker fixation, computer registration was performed 
by mapping pre-specified anatomical landmarks with all 
required references being accepted from the first trial. The 
intra-operative knee evaluation revealed a hip knee angle 
(HKA) of 0 degrees. Based on the acquired landmarks, 

Figure 3. Pre-operative evaluation of the knee (case 1)

Figure 4. Post-operative X-ray at the 2 weeks follow-up appointment

The patient made an uneventful recovery and was 
discharged on the second post-operative day. At the two-
week follow-up, radiographs revealed the appropriate 
correction of alignment and implant positioning (Fig 4). 
ROM measured with a goniometer was 5-125 degrees, the 
incision looked healthy (Fig 5), the patient was off narcotics, 
and reported being very satisfied. 

This case illustrates the ability of this robotic partial knee 
system to achieve accurate restoration of knee alignment in 
more complicated cases, i.e. a large varus deformity. This 
may enhance surgeon confidence to proceed with PKA in 
isolated medial compartment OA with such deformities, 
that perhaps they initially would not have considered.

resection cut was more conservative allowing for final 
readjustments, if required. The plan was performed to 
achieve a 4.00 mm tibial cut and a posterior slope of 5 
degrees. Prior to proceeding to femoral cuts, the tibial cuts 
were validated. This validation ensures the accuracy of the 
cuts and verification of the range of motion (ROM) and 
soft tissue balance. Femoral cuts were performed with the 
knee flexed at roughly 10 degrees and the validation was 
successful. However, as expected, the tibia needed to be 
recut an additional 2 mm in order to reach a balanced knee 
in both flexion and extension. As per the manufacturer’s 
instruction, an additional tibial re-cut is possible when 
using the second pinhole of the cutting guide for tibial re-
cut fixation. Final validation with the implants cemented 
showed a final varus angle of 5.5 degrees, within 0.5 
degrees of planning (Fig 3). 
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Figure 5. Post-operative physical exam 2 weeks after surgery: Weight-bearing, extension and flexion

Figure 6. Pre-operative AP, Lateral and sky view (case 2)

Figure 7. Post-operative X-ray at the 2-week follow up

The distal femoral resection depth was reduced in order 
to balance the knee in extension with the flexion gap. A 
Gelpi retractor was used again to expose the knee prior to 
bringing in the cutting guide. The femoral cut was done in 
full extension and the final validation revealed the cut to be 
within 1 mm of the planned valued. The planned laxity was 
a 2 mm gap in extension and a 2.5 mm gap in flexion, which 
was confirmed to be the exact result at final validation. 
The post-operative radiographs taken two weeks after the 
surgery showed acceptable alignment and good implant 
positioning (Fig 7).

the surgeon was able to easily plan for component size, 
alignment and final implant position. After doing some 
minor adjustment to the tibial cut depth, the final plan 
suggested an 8 mm tibial cut and a slope of 5 degrees. A 
large Gelpi retractor was used to expose the joint prior to 
bringing the robotic arm in to pin the cutting guide. The 
tibial cut was performed easily and the validation of the 
cut showed excellent results being within 2 degrees of 
the planned value, allowing thus to proceed to the laxity 
assessment and femoral planning. 
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 Discussion
This paper describes the first two PKA cases performed 

in the United States with the newly launched ROSA 
Partial Knee System. The two different cases illustrate the 
versatility of the ROSA Partial Knee System being able to 
accommodate complex situations (case 1) and straight-
forward cases (case 2). Given the numerous reported 
benefits that PKA has over TKA1-4 it is surprising that the 
frequency of PKA procedures is consistently reported 
to be under 10% of all primary knees in the UK National 
Joint Registry.25 It is believed that based on the extended 
inclusion criteria for PKA to include younger patients,26 
obese patients,27 and very active patients,28 up to 47% of 
the primary cases would actually qualify for this type of 
procedure,29,30 while other data suggests that the optimal 
usage of PKA starts at 20%. In fact, the NICE guidelines31 
have been updated and now recommend that the patient 
with isolated medial compartmental osteoarthritis be given 
the choice between partial and total knee replacement with 
the potential benefits and risk for each option discussed. 
Based on this recent recommendation, one would expect 
the frequency of PKA procedures to rise, especially those 
using robotic assistance. Having the surgeries conducted 
with the assistance of a robotic system, could improve 
accuracy and implant positioning,32 which have been shown 
to be important for early outcomes, but highly dependent 
on the surgeon’s experience.33 Thus, the implementation of 
robotic-assisted PKA in operating theaters could potentially 
improve the reproducibility of the surgical technique and 
eliminate differences in component positioning between 
high and low volume surgeons.34

References

1.	 Blevins, J.L., et al. Postoperative outcomes of total knee 
arthroplasty compared to unicompartmental knee 
arthroplasty: A matched comparison. Knee, 2020. 27(2): p. 
565-571.

2.	 Brown, N.M., et al. Total knee arthroplasty has higher 
postoperative morbidity than unicompartmental knee 
arthroplasty: a multicenter analysis. J Arthroplasty, 2012. 
27(8 Suppl): p. 86-90.

3.	 Liddle, A.D., et al. Patient-reported outcomes after total 
and unicompartmental knee arthroplasty: a study of 14,076 
matched patients from the National Joint Registry for 
England and Wales. Bone Joint J, 2015. 97-B(6): p. 793-801.

4.	 Lombardi, A.V., Jr., et al. Is recovery faster for mobile-bearing 
unicompartmental than total knee arthroplasty? Clin Orthop 
Relat Res, 2009. 467(6): p. 1450-7.

5.	 Pandit, H., et al. The clinical outcome of minimally invasive 
Phase 3 Oxford unicompartmental knee arthroplasty: a 15-
year follow-up of 1000 UKAs. Bone Joint J, 2015. 97-B(11): p. 
1493-500.

6.	 Schwab, P.E., et al. Lower blood loss after unicompartmental 
than total knee arthroplasty. Knee Surg Sports Traumatol 
Arthrosc, 2015. 23(12): p. 3494-500.

7.	 Yamagami, R., et al. Unicompartmental knee arthroplasty is 
associated with lower proportions of surgical site infection 
compared with total knee arthroplasty: A retrospective 
nationwide database study. Knee, 2021. 28: p. 124-130.

8.	 Leiss, F., et al. Pain management of unicompartmental (UKA) 
vs. total knee arthroplasty (TKA) based on a matched pair 
analysis of 4144 cases. Sci Rep, 2020. 10(1): p. 17660.

9.	 Tille, E., et al. Better short-term function after 
unicompartmental compared to total knee arthroplasty. 
BMC Musculoskelet Disord, 2021. 22(1): p. 326.

10.	 Burn, Edward, et al. Opioid use, postoperative complications, 
and implant survival after unicompartmental versus total 
knee replacement: a population-based network study. The 
Lancet Rheumatology 1.4 (2019): e229-e236

11.	 Kalbian, I. L., et al. Reduced opioid requirements following 
unicompartmental knee arthroplasty compared with total 
knee arthroplasty. The Bone & Joint Journal 101.7_Supple_C 
(2019): 22-27.

12.	 Beard, David J., et al. The clinical and cost-effectiveness of 
total versus partial knee replacement in patients with medial 
compartment osteoarthritis (TOPKAT): 5-year outcomes of 
a randomised controlled trial. The Lancet 394.10200 (2019): 
746-756.

13.	 Cankaya, D., et al. Unicompartmental knee arthroplasty 
results in a better gait pattern than total knee arthroplasty: 
Gait analysis with a smartphone application. Jt Dis Relat Surg, 
2021. 32(1): p. 22-27.

14.	 Ghomrawi, H.M., A.A. Eggman, and A.D. Pearle, Effect 
of age on cost-effectiveness of unicompartmental knee 
arthroplasty compared with total knee arthroplasty in the 
U.S. J Bone Joint Surg Am, 2015. 97(5): p. 396-402.

15.	 Burn, Edward, et al. Cost-effectiveness of unicompartmental 
compared with total knee replacement: a population-based 
study using data from the National Joint Registry for England 
and Wales. BMJ open 8.4 (2018): e020977.

16.	 Jansen, K., et al. Satisfaction and Functional Outcomes in 
Unicompartmental Compared with Total Knee Arthroplasty: 
Radiographically Matched Cohort Analysis. JB JS Open 
Access, 2020. 5(3).

17.	 Von Keudell, A., et al. Patient satisfaction after primary 
total and unicompartmental knee arthroplasty: an age-
dependent analysis. Knee, 2014. 21(1): p. 180-4.

18.	 Chawla, H., et al. Annual revision rates of partial versus total 
knee arthroplasty: A comparative meta-analysis. Knee, 2017. 
24(2): p. 179-190.

19.	 Kasodekar, V.B., S.J. Yeo, and S. Othman, Clinical outcome 
of unicompartmental knee arthroplasty and influence of 
alignment on prosthesis survival rate. Singapore Med J, 2006. 
47(9): p. 796-802.

20.	 van der List, J.P., H.A. Zuiderbaan, and A.D. Pearle, Why Do 
Medial Unicompartmental Knee Arthroplasties Fail Today? J 
Arthroplasty, 2016. 31(5): p. 1016-21.

21.	 Zambianchi, F., et al. Surgeon's experience influences UKA 
survivorship: a comparative study between all-poly and 
metal back designs. Knee Surg Sports Traumatol Arthrosc, 
2015. 23(7): p. 2074-80.

22.	 Janipireddy Satish Babu, Z.A.S., Muhammad Zahid Saeed, 
Role of robotics in trauma and orthopaedics. Int J Res Med 
Sci., 2017. Aug;5(8): p. 3268-3272.



3636.2-GLBL-en-Issue Date-YYYY-MM-DD

This material is intended for health care professionals. Distribution to any other recipient is prohibited. 
Check for country product clearances and reference product specific instructions for use. For 
indications, contraindications, warnings, precautions, potential adverse effects and patient counseling 
information, see the package insert or contact your local representative; visit www.zimmerbiomet.com 
for additional product information. All content herein is protected by copyright, trademarks and other 
intellectual property rights, as applicable, owned by or licensed to Zimmer Biomet or its affiliates unless 
otherwise indicated, and must not be redistributed, duplicated or disclosed, in whole or in part, without 
the express written consent of Zimmer Biomet. 	

©2021 Zimmer Biomet

Moving You Forward.™

References

23.	 Karia, M., et al. Robotic assistance enables inexperienced 
surgeons to perform unicompartmental knee arthroplasties 
on dry bone models with accuracy superior to conventional 
methods. Adv Orthop, 2013. 2013: p. 481039.

24.	 Sousa, P.L., et al. Robots in the Operating Room During Hip 

and Knee Arthroplasty. Curr Rev Musculoskelet Med, 2020. 

13(3): p. 309-317.

25.	 National Joint Registry 17th annual report 2020  https://

www.njrcentre.org.uk/njrcentre/Reports-Publications-and-

Minutes/Annual-reports.

26.	 Greco, N.J., et al. Medial Mobile-Bearing Unicompartmental 

Knee Arthroplasty in Young Patients Aged Less Than or Equal 

to 50 Years. J Arthroplasty, 2018. 33(8): p. 2435-2439.

27.	 Lum, Z.C., et al. Early comparative outcomes of 

unicompartmental and total knee arthroplasty in severely 

obese patients. Knee, 2018. 25(1): p. 161-166.

28.	 Crawford, D.A., et al. Activity Level Does Not Affect 

Survivorship of Unicondylar Knee Arthroplasty at 5-Year 

Minimum Follow-Up. J Arthroplasty, 2019. 34(7): p. 1364-

1368.

29.	 Willis-Owen, C.A., et al. Unicondylar knee arthroplasty in 

the UK National Health Service: an analysis of candidacy, 

outcome and cost efficacy. Knee, 2009. 16(6): p. 473-8.

30.	 Liddle, A. D., et al. Optimal usage of unicompartmental knee 

arthroplasty: a study of 41 986 cases from the National Joint 

Registry for England and Wales. The Bone & Joint Journal 97.11 

(2015): 1506-1511.

31.	 Joint replacement (primary): hip, knee and shoulder. NICE 

guideline [NG157] Published: 04 June 2020 https://www.

nice.org.uk/guidance/ng157/chapter/Recommendations 

32.	 Lonner, J.H., et al. Improved accuracy and reproducibility 

of a novel CT-free robotic surgical assistant for medial 

unicompartmental knee arthroplasty compared to 

conventional instrumentation: a cadaveric study. LID - 

10.1007/s00167-021-06626-4 [doi]. (1433-7347 (Electronic)) 

13 June 2021.

33.	 Chin, B.Z., et al. Robot-Assisted versus Conventional Total 

and Unicompartmental Knee Arthroplasty: A Meta-analysis 

of Radiological and Functional Outcomes. J Knee Surg, 2020.

34.	 Matassi, F., et al. Robotic-Assisted Unicompartmental Knee 

Arthroplasty Reduces Components' Positioning Differences 

among High- and Low-Volume Surgeons. J Knee Surg, 2021. 


