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Introduction

Total knee replacement (TKR) is an established and highly 
effective treatment for patients with symptomatic end-stage knee 
osteoarthritis.[1][2] United Kingdom registry data shows that this 
procedure is performed in over 90,000 patients per year in the 
United Kingdom. 3 Pooled registry data has shown that implant 
survivorship, assessed with revision as the primary endpoint, is 
approximately 82% at 25 years follow-up.[4][5]  Recent studies have 
shown that up to 20% of patients remain dissatisfied following 
TKR in terms of pain, instability and range of motion, despite 
advances in implant design, implant material, enhanced recovery 
programmes, thromboembolic prophylaxis, antibiotic prophylaxis, 
patient-specific implants and computer navigation. [2,6–11] Important 
surgeon-controlled variables are accurate implant positioning, 
balanced flexion-extension gaps, proper ligament tensioning and 
preservation of the periarticular soft tissue envelope that affect 

functional outcomes, implant stability and long-term implant 
survivorship.[12-19]  Thus, technology that caters to these  factors 
with superior accuracy and reproducibility may lead to further 
enhance results in TKR.

Over the last decade, Robotic TKR has shown evidence to 
provide the accuracy of implant positioning and reducing 
outliers in limb alignment compared to conventional jig-based 
TKR.[20-26] A clear advantage of robot-assisted TKR seems to be 
the ability to execute a highly precise preoperative plan based 
on computed tomography (CT) scans, minor modification up 
to submillimetre accuracy in implant positioning can be done 
which is impossible to differentiate with human eyes. Robotic 
assisted TKR (RATKR) has multiple advantages over conventional 
jig based TKR (CTKR) such as, accurate implant positioning 
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and achieving the planned limb alignment, minimal soft tissue 
dissection, thus, reducing pain and need of analgesia, early 
recovery and giving a natural arc of motion postoperatively.  
However, many clinicians still remain sceptical about robotic 
TKR owing to the substantive set-up costs and limited long-
term evidence comparing clinical and functional outcomes to 
conventional manual TKR. In this study, we are sharing our 
experience in a consecutive series of 200 Robotic-Assisted 
Primary TKRs, the benefits of this technology on accuracy of 
implant positioning and periarticular soft tissue preservation 
and highlights the limitations of robotic TKR compared to 
conventional jig-based TKR.

Material and methods

The study cohort consists of 200 patients who underwent total 
knee replacement using fully automated CT based robotic 
system (CUVIS Joint, MERIL Maxx) with a haptic arm with burr 
to perform the bony cuts (Figure 1).

Figure 1: Intraoperative pictures during Robotic Assisted Total 
Knee Replacement showing haptic

Figure 2: Pie chart showing distribution of patients according 
to a) Age group; b) BMI

All cases were performed by a single surgeon (Dr (Prof.) Anil 
Arora) using a Posterior Stabilised implant system (Opulent 
bionik Gold knee, Meril Maxx) which is the most biocompatible 
non-allergic surface material with Titanium Niobium Nitride 
(TiNbN) coating.

According to Figure 2(a), the distribution of patients by age 
shows that 28% are between 50-60 years, 56% between 60-70 
years and 16% between 70-80 years. Additionally, as depicted 
in Figure 2(b), regarding Body Mass Index (BMI), 33% are 
categorised as normal, 37% as overweight and 30% as obese.  
The surgeon’s goal for each case was to achieve quantitative 
balance throughout the range of motion.
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The surgical technique involved a pre-operative CT scan and planning based on bone anatomy (Figure 3), 

Figure 3: Pre-operative CT based surgical pre-planning screen creating a preplan which is fed to the robot in the operating room. 
After putting tibial and femoral arrays, the 3D models of the bones and the associated plan were registered intra-operatively 
(Fig.4) to the actual bone surfaces

Figure 4: Intra-operative picture showing surgeon Dr (Prof.) Anil Arora doing bony registration with robotic probe
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Figure 5: Gap check with trial implants (a): in flexion (b): in 
extension - showing correction of varus deformity with balanced 
medial and lateral gaps

Coronal alignment, sagittal alignment (contracture) gaps in 
flexion [fig. 5(a)] and extension [fig. 5(b)] were assessed and 
modifications are made to the femur and tibia preplan to optimise 
the flexion and extension space. The surgeon assessed the 
correctable coronal alignment in extension first. This system 
gives the surgeon the liberty to do a dynamic assessment 
of alignment and stability, permits micro adjustments to the 
preplan to achieve optimum component position before any 
actual bony cuts are performed. The displayed gaps on the 
screen are the predictive distance between the femoral and 
tibial virtual cut surfaces and were checked at full extension, 
30°, 60° and 90° flexion. To capture the gaps at 90° flexion and 
extension, the leg was physically manipulated with valgus and 
varus to stress the collaterals.

Figure 6: Intra-operative picture showing CUVIS Joint haptic 
robotic arm performing bony cuts.

After the cuts were made (fig. 6) and the trials were implanted and 
the joint tension/balance was checked against the prescribed 
cuts. This was followed by fine tuning either the bony cuts or 
the soft tissues to achieve a balanced knee, as described in 
the methods above. This makes sense in patients with fixed 
deformities that are not correctable to satisfactory alignment 
during the manipulation of the leg before cuts are made. Robotic 
technologies in TKR gives the liberty to optimisation of both 

Results

1.	 Postoperative pain following total knee replacement was 
objectively studied using VAS score and that showed no 
significant difference in the first 3 weeks but after 3 weeks 
patients had better pain control with low VAS score at 
6 weeks and 3 months with decreased requirement of 
analgesia.

2.	 Blood loss was studied which showed a drop of 2(+0.5) gm/
dl as the tourniquet was released following bony registration 
and then inflated after the bony cuts were completed, but the 
hidden loss postoperatively was less which was attributed 
to the less soft tissue dissection and no need of opening 
the medullary canal for alignment in robotic assisted TKR.

3.	 On follow-up visits patients were enquired about the need 
for a support while walking and the day when they stopped 
using supports like a walker or stick, majority of the patients 
were able to walk without any support in 21(+3) days from 
the day of surgery.

patient specific component placement and soft tissue driven 
adjustments to create well-aligned, well-balanced TKR. During 
subsequent trialling, the gaps were recorded at 0°, 30°, 60° 
and 90° flexion, while also recording the coronal and sagittal 
alignment. Following the surgical corrections, the alignment 
was assessed and recorded again at the given flexion angles. 
After quantitively balancing the knee in flexion and extension 
the final implantation is done.
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such as obesity, comorbid conditions and mental disorders, 
influence TKR outcomes [34,35], some technical factors may 
play a role in patient dissatisfaction. Robotic technology permits 
various changes to the preplan to optimise final component 
position before actual bony cuts are made, thus, reduce coronal 
plane alignment outliers [36,37]. Robotic systems have given the 
objective feedback to micro manipulation in cuts, thus, improve 
outcomes of TKR.

Robotics provide intraoperative objective feedback which gives 
a guide for various balancing manipulations to make the fine 
adjustment while balancing the knee which can be done from 1 
degree to 5 degree which is impossible to do with conventional 
jig based TKR. A situation known to create mid-flexion instability 
and/or tightness in deep flexion, attributed to joint line elevation 
in TKR [38]. Well balanced knee gaps in flexion and extension 
by doing fine tuning of the bony cuts provides mid-flexion 
stability. Interestingly, with the use of robotic technology we 
can recreate the joint line and by avoiding the shift in joint line 
excessively, mid-flexion instability can be prevented. Using the 
Robotic Platform which is CT based, this can be quantitatively 
verified intraoperatively.

During the course of this study, we did not report any of the 
known complication related to the robotic assisted TKR such 
as pin track infection, iatrogenic fracture neither any iatrogenic 
soft tissue injuries.

Postoperatively, various outcome measures were studied, such 
as pain with the VAS score, blood loss, recovery status by ability 
to walk without support, the range of motion achieved at 3 
weeks, 6 weeks and 3 months postoperatively and alignment 
outliers using a full length scanogram of bilateral lower limbs.

Conclusion

This study, primarily is focussed on sharing our 
experience of robotic total knee replacement done in 
first 200 cases, achieving a quantitatively balanced knee 
using the CUVIS joint, Meril Maxx platform. Robotic total 
knee replacement showed a remarkable benefit in the 
various postoperatively studied outcome measures such 
as blood loss, recovery status by ability to walk without 
support, pain with the VAS score, WOMAC scores, the 
range of motion achieved at 3 weeks, 6 weeks and 3 
months postoperatively and alignment outliers using a 
full length scanogram of bilateral lower limbs.

Figure 7: Bilateral full-length lower limb X-ray scanogram a) 
Preoperative; b) Post-operative

4.	 Range of motion was examined and majority had a 
satisfactory knee range at 3 weeks and a near complete 
range at 6 weeks. Western Ontario and McMaster university 
Osteoarthritis Index (WOMAC) scores [range (0-96), where 
0 represents best status and 96 represents worst possible 
status] were studied which showed scores of (87+4) 
preoperatively which were reduced to (9+3) at 3 months 
post-operatively.

5.	 Patients were advised to take a full length scanogram of 
both lower limbs with an intermalleolar distance of 10cm, the 
alignment was studied and the alignment outliers between 
the 3-degree varus and valgus from neutral were found to 
be nil. [fig. 7(a,b)]

Discussion

In this paper, we are sharing our experience of achieving a 
quantitatively balanced knee using the CUVIS Joint, Meril 
Maxx platform.

While TKR has proven to be an effective operation for relieving pain 
and restoring function in patients with end stage degeneration of 
the knee joint, failures continue to occur [27,28]. Modes of failure, 
such as aseptic loosening, polyethylene wear and instability, can 
often be attributed to the technical performance of the operation 
[29,30,31,32.]. Traditional methods of component alignment 
and ligament balance are either performed without objective 
measurement or are subject to measurement errors [33], which 
ultimately contribute to failures of TKR. Although patient factors, 
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