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Abstract
Purpose Higher patient’s expectations and dissatisfaction following total knee arthroplasty are well-documented phenomena. 
Despite the implications of different patients’ related factors both modifiable and nonmodifiable, in the last decade a lot of 
emphasis has been focused on surgical technique, implant alignment and stability both as a cause and a potential solution 
of several problems.
Methods Different alignment and balancing techniques have been recently described and the introduction of new technolo-
gies such as computer and robotic-assisted surgery have been the basis for their optimization. In this paper, the surgical 
technique of the ROSA Knee System will be described focusing on the potential alignment options and the ligament balanc-
ing technique. The current literature available about the system will also be analyzed.
Results The ROSA® robotic system have been recently introduced in the market and presents specific and peculiar features 
to optimize ligament balancing and an individualized alignment of the implant in a three dimensional prospective.
Discussion The system is showing a favourable gap balancing technique and the possibility to create an individualized align-
ment. Preliminary results have now been shown in the literature both on the accuracy of the system and on clinical outcomes.
Conclusions Preliminary results are promising both in terms of accuracy of the system and of clinical outcomes.

Keywords Total knee arthroplasty · ROSA Knee System · Robotic TKA · Individualized alignment · Personalized robotic 
TKA · Navigation · Alignment

Introduction

In recent years, robots are gaining popularity in the field 
of orthopaedics and particularly in total knee arthroplasty 
(TKA), for different reasons such as improved accuracy of 
implant positioning and reduced outliers in limb alignment 
comparing to conventional jig-based TKA [1–4].

Following the introduction of computer and robotic-
assisted surgery, different techniques and alignment options 
have evolved. From one side, mechanically aligned knees 
may be more respectful for the design of the implant, but 
less of the soft tissue envelope while kinematic or anatomic 

alignments may be able to recreate the original joint line, 
respecting the soft tissues while ignoring a mechanical con-
cept, which is the base of the kinematic design of the current 
implants. Different so called “functional alignment” options 
have also been presented as hybrid techniques to obtain on 
side a mechanically functional and on the other a soft tissue-
friendly alignment targets to be identified and achieved [5, 6].

Different robotic systems are available on the market, and 
they all differ substantially in terms of software features and 
surgical activity, although all based on a Navigation System 
that can be either image based or image-less [7].

In the world of robotics different tools are available: from 
fully active to semi-active systems [8]. On one side, fully 
active robots work autonomously to perform the planned 
bone resections while on the other with semi-active sys-
tems the surgeon keeps the overall control over resections 
and implant positioning, but receives from the robot live 
intra-operative feedbacks (haptic or not) and the robotic arm 
constrain deviation from the pre- and intra-operative surgi-
cal plan particularly avoiding soft tissue impingement or 
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bony over-resections [8, 9]. The ROSA® (Zimmer-Biomet 
Warsaw IN) robotic-arm system was designed to couple a 
robotic placement of the cutting jigs with ligament balanc-
ing evaluation performed in a dynamic fashion [10, 11]. It 
can be considered as a “collaborative robotic” system. The 
robot’s task is to help in placing the cutting jigs, while it’s 
the surgeon performs the sawing through them. This fea-
tures differentiates it from other systems available on the 
market such as haptic arm robots, keeping the surgeons in 
defined boundaries, or milling robotic systems either based 
on a passive mode where the surgeon is actively involved in 
the milling process with the device retracting when reaching 
the boundaries, either working on an active fashion doing 
itself the milling process without the direct involvement of 
the surgeon [12, 13]. Differently from other Robotic Systems 
available, the ROSA can work both on an image-based or 
image-less basis. The image-based option utilizes a 3D vir-
tual model derived from 2D full-length pre-operative plain 
radiographs, while the image-less mode is exclusively based 
on intra-operative landmarks acquisition [14].

Aim of this paper is to describe the surgical technique of 
the ROSA Knee System focusing on the potential alignment 
options and ligament balancing technique and to analyze the 
current literature available about the system.

Methods

Robotic procedure

The patient is placed on the surgical table in supine posi-
tion. The robot’s position close to the patient’s hip. Two 
trackers are placed on the patient’s femur and tibia as a 
reference for leg movements and a third is located on the 
robotic unit, to track it relatively to the patient’s leg dur-
ing the surgery. After the approach and the arthrotomy, 
the surgeon performs the knee state evaluation, starting 
with the registration of the femoral and tibial landmarks. 
In this phase, accuracy is important both in the imageless 
(where bone morphology and resections are based only 
on the correct quality of the acquisition) as well as in the 
image-based procedure, where the surgeon can proceed 
only if the landmark points show a correspondence with 
the pre-op radiographic planning. After the definition of 
the bone morphology the surgeon performs the evaluation 
of the ligament status and competence with a varus-valgus 
stress test at different degrees of flexion (0°, 30°, 45°, 60°, 
90°, 120°). This provides quantitative information about 
the operated knee range of motion (in degrees), overall 
alignment of the limb, as well as varus/valgus deform-
ity (in degrees) and ligament laxity (in mm) at different 
angles. Following these steps, intra-operative planning is 
performed by the surgeon, using the dedicated software, to 

determine the ideal resection thickness and angle to obtain 
a balanced and well-aligned TKA.

During this planning, several parameters are determined: 
the femoral (and tibial in the image-based procedure) com-
ponent size, the orientations of the bone cuts (femoral distal, 
posterior and anterior, tibial) and their thickness based on 
the bony and ligaments references. Predictive values of the 
final gaps and alignment are provided, live and with real 
time modifications, by the system.

After the planning phase, the robot places the jig accord-
ing to the surgical plan for the tibial and the distal femo-
ral cuts and determines the position of the 4-in-1 resection 
guide. The robotic arm has three modes of action: automatic, 
collaborative, and static. In the automatic mode, when the 
robotic arm is far from the knee, the robot moves in the 
space autonomously. The robot switches to a so-called col-
laborative mode when approaching the knee and the surgeon 
can drive the robotic arm by applying a gentle force on the 
guide and place it on the bone surface within the cutting 
plane. At this step, the robotic arm movement is limited to 
the planned cutting surface but follows the knee in any of 
its movement adapting its positioning relative to the joint in 
order to perform the correct cut. The correct positioning of 
the jig is verified and optimized by looking at live cut val-
ues on the screen; then robotic arm is then fixed to the joint 
by switching to a static mode which allows the surgeon to 
perform the different cuts with the robotic arm stably fixed 
and pinned to the bone.

Different surgical strategies can be performed with the 
ROSA knee, according to the surgeon’s preferences. All 
the classic and the newer techniques can be performed: 
measured resection, gap balancing, functional alignment, 
kinematic alignment. The software navigates the proce-
dure between the different surgical steps according to the 
surgeon’s preference for alignment, implants positioning, 
but also for the correct ligament balancing in flexion and 
extension.

Results

The concept of individualized alignment

The concept individualized alignment is based on the possi-
bility to evaluate and assess in real time resection thickness, 
joint gaps, and limb alignment and their interactions dur-
ing surgery. The additional precision offered by the robotic 
techniques means that any target in limb alignment can be 
achieved more reproducibly, with higher accuracy reducing 
the risk of significant alignment outliers and balancing the 
knee in all three spaces in a harmonic way.

Both principles of measured resection and gap-balancing 
techniques are used.

756 International Orthopaedics (2023) 47:755–762



1 3

The limb alignment can be assessed intra-operatively 
before and after osteophytes removal, the coronal correction 
can be evaluated at different degrees of flexion and applying 
varus or valgus stresses to correct the deformity and evalu-
ate the ligament competence throughout the whole range 
of motion.

This allows the software to generate the size of the poten-
tial gaps, both in extension and at 90° of flexion, as well as 
to assess the laxity throughout different degrees of flexion.

In this phase, the surgeon has a direct visualization of 
the effects that any modification of bone cuts alignment and 
potential ligament release may have on the balancing of the 
gaps.

With the concept of individualized alignment, the gaps 
can be balanced by changing the implant targets in all three 
planes. The surgeon can decide to give the best alignment 
option for each patient and compensate any gap imbalance 
with adjustments on bone cuts, minimizing any ligament 
release. With the ROSA system, once the extension gap has 
been correctly balanced a dedicated “rotational tool”, allows 
to balance the flexion with the extension gap using of the 
Fuzion® (Zimmer-Biomet Warsaw IN) system.

These targets are individualized to the patient’s knee and 
gaps.

With the use of the robotic technology, gap balancing and 
limb alignment can be kept within safe limits and the overall 
limb alignment can be kept within a safe and controlled zone 
of coronal alignment.

These limits may evolve with further studies and become 
broader. With an individualized alignment a valgus correc-
tion can be applied to the distal femoral resection and varus 
correction to the tibial resection aiming for the obliquity of 
the joint line if and when needed.

The height of the joint line can be preserved avoiding 
under or over-resection of the distal femur reducing the risk 
of mid-range instability associated with raising of the joint 
line or flexion instability due to attempts to compensate for 
a tight extension gap with a thinner polyethylene insert.

The concept of individualized alignment is not limited 
to the coronal plane, and its goal is to implant the compo-
nents in the position that is better conforming to the soft 
tissue envelope of the knee. The target is to restore the 
correct plane and obliquity of the joint line and to balance 
the gaps correctly according to the ligaments tension and 
competence.

In severe deformities, some ligament releases may be 
required to balance the gaps and the medial and lateral col-
lateral ligaments. The extent and frequency of such releases 
can be performed under a live and continuous feedback to 
evaluate the entity which is smaller when compared with a 
standard mechanical alignment technique.

Balancing procedure

Once bony landmarks and ligaments tension have been reg-
istered the system presents a planning to be assessed by the 
surgeon.

– The surgeon has first the possibility to choose or change 
the implant and the referencing method (Persona, Nex 
Gen System or Vanguard system, PS or CR; anterior 
or posterior referencing) and the system automatically 
adapts the planning and the dimensions of the gaps 
according to the chosen implant and chosen anterior or 
posterior referencing.

– The system provides two Navigating pages on the same 
screen, one referring to the bone cuts and one for the gap 
balancing (Fig. 1):

• On the first one it is possible to modify the planned 
cuts of the flexion and varus/valgus angle of the dis-
tal femur and of the tibial slope and varus valgus cut.

• The second one shows the gap obtained merging 
the planned cuts with the ligament tensions regis-
tered and reports the gap obtained on the medial 
and lateral side both in flexion and in extension; 

Fig. 1  Gap balancing with the ROSA Knee System
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any adjustment performed on the planning of the 
cuts is in real time reported on the planning show-
ing the modifications of the gaps.

– The system also provides a planning of the final 
alignment obtained.

– The surgeon can decide to give the best coro-
nal alignment option for each patient and com-
pensate any gap imbalance with adjustments 
on bone cuts, minimizing any ligament release.

– A direct visualization of the effects that any 
modification of bone cuts alignment and poten-
tial ligament release may have on balancing of 
the gaps is available

– The procedure can start with a definitive planning 
of the extension gap and only a provisional plan-
ning of the flexion gap as once the cuts for the 
extension gap are reported, the flexion gap can be 
adjusted with the “rotational tool” to be balanced 
with the extension.

– The procedure can start both with the distal 
femoral or with the proximal tibial cut; on the 
surgical plan is set the robotic arm moves and 
position an universal cutting jig on the bone. 
The cutting jig is then firmly pinned to the 
bone and the surgeon can perform the cuts 
through it. In these phases, the operator have a 
direct live cut visualization and can check the 
proper positioning of the robotic arm in real 
time.

– After each resection, the surgeon can verify and 
validate the cuts with a specific validation tool 
(Fig. 2). The validated measures if different from 
the original plan, can be reported on the plan at 
each step, modifying it accordingly.

– As well, after each resection it is possible to 
reassess the ligament tension (manually or using 
the Fuzion tensioner) and modify the planning 
according to the new registered tensions.

– Modified ligament laxity should also be assessed 
and planning reassessed if any release is per-
formed.

– When the first two cuts are performed and the 
extension gap obtained, an evaluation of the 
extension gap is performed and verified either 
with a static spacer or with a balancing tool (Zim-
mer Fuzion® spacer block or tensioner).

– The added value of the system is now the Fem-
oral Rotation Tool, which drives the 4-in-1 
cutting block balancing the flexion gap on the 
previously performed and measured exten-
sion gap. The systems utilizes a tool called 
Fuzion® and a technique designed to merge 
the measured resection and the gap balanc-
ing techniques [15]. Once the femoral distal 
and the proximal tibial cuts are performed, a 
distraction test is performed and the ROSA 
will register quantitative information on the 
medial and lateral ligaments tension and lax-
ity. This test can be performed both with a 10- 
or 12-mm spacer, or with the Fuzion system 
(both tensioner or spacer block, which, dur-
ing this step, has a 9-mm shim in place). The 
ROSA measures and register these values on 
the extension gap and show the frontal align-
ment obtained. The knee is then positioned at 
90° of flexion and the Fuzion instrument is 
positioned again in the flexion space without 
the 9 mm shim. If the FuZion tensioner instru-
ment is used, this is tensioned to equally ten-

Fig. 2  Validation tool
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sion the medial and lateral compartments in 
flexion. The system will now register the flex-
ion gap values and assess the 4 in 1 cutting jig 
position (and so the femoral component rota-
tion) to equally match the extension gap. The 
ROSA will then drive the drilling for the two 
holes of the 4-in-1 femoral resection bloc to 
obtain the ideal femoral rotation with a correct 
balance between the two gaps (Fig. 3).

– With the robotic arm in place, the surgeon will 
be driven in drilling the holes for the dedicated 
classic 4-in-1 posterior (or anterior according to 
the chosen technique) referenced cutting jig that 
setting the anterior–posterior position and rota-
tion of the femoral component. The remaining 
femoral cuts are then performed with the conven-
tional cutting jig in place.

– With the trial components on, it is possible to 
evaluate the ligament balance and the degree of 
residual deformity of the knee (Fig. 4).

– At this point, any imbalance can be evaluated 
and addressed with different potential solutions 
such as, use of a thicker liner, recuts or ligament 
releases.

– The preparation of the tibial metaphysis and the 
patella are performed with standard instrumenta-
tion.

Use of ROSA in a classic feature

The system can be also used in a conventional way aiming 
to achieve a neutral limb alignment (with 0 ± 3), by implant-
ing the femoral and tibial components perpendicular to the 
mechanical axis. The main advantage is to be able to register 

Fig. 3  Rotational tool

Fig. 4  Final balance and align-
ment of the knee
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and plan the cuts on that fashion having direct feedback 
on ligaments and gaps tensions and on the effects of any 
potential release. The cuts can be either independent (and 
starting either from the tibia or from the femur) or recipro-
cally dependent, as the distal and posterior femoral cuts are 
performed parallel to the tibial cut. Ligament balancing can 
be achieved using soft tissues releases to create the same 
tension between the medial and lateral compartment, both 
in the flexion and extension gap. The stability of the joint is 
then obtained by the design and the kinematic of the implant 
that fills the flexion and extension gap in the same manner 
with its conformity.

Discussion

The ROSA Knee System have been recently introduced on 
the market and is considered as a collaborative robotic sys-
tem. It allows to obtain an individualized alignment based 
on the surgeon’s preference and the patients characteristics. 
The operator can decide his surgical strategy and perform 
his preferred workflow in terms of implant positioning and 
limb alignment, sequence of bone cuts and ligament bal-
ancing. No bone morphing is needed, and the landmark’s 
acquisition is straight forward as well as the surgical plan-
ning that can be visualized, with all the required data, on 
a few screens. The system has been conceived to help the 
surgeon to improve his accuracy for bone resections and the 
ligament balancing and to achieve an individualized align-
ment for each patient based on the feedback information that 
the system gives to the surgeon as described by the group 
of Scuderi [14].

Regarding the versatility and simplicity of the system 
Vanlommel et al. [16] in their retrospective cohort study 
showed a very quick learning curve on a series of 90 patients 
undergoing robotic-TKA (rTKA) using the ROSA Total 
Knee System versus 90 operated with a traditional manual 
TKA (mTKA) by a high-volume orthopaedic surgeon. The 
initial learning curve was achieved in six to 11 cases for 
operative time with similar 90-day complication rates and 
improved implant alignment.

Similar results have been shown by Bolam et al. [17] 
comparing 83 consecutive conventional jig-based TKAs 
with 53 robotic TKAs performed with the same robotic sys-
tem by three high-volume surgeons. Operative times did not 
differ significantly (p = 0.92) and the authors did not register 
a discernible learning curve for the components planning 
accuracy. No significant difference (p > 0.99) was shown in 
post-operative complication rates. The authors concluded 
that the introduction of the system did not imply major risks 
and accounted for a learning curve of 8.7 cases regarding 
only operative time.

Analogue advantages have been shown by Batailler et al. 
[10] in their publication focused on describing the concept 
and the surgical technique of the ROSA Knee System for 
TKA, its advantages and potential limits and reporting the 
early experience with the system. In their study, the authors 
stress on the versatility and the adaptability of the system 
underlining the possibility of applying different technique 
and alignment options.

From a behavioural point of view, Haffar et  al. [18] 
showed that rTKA with the ROSA system resulted in less 
surgeon physiologic stress, energy expenditure per minute, 
and postural strain compared to conventional TKA and that 
robotic assistance may help to increase surgical efficiency 
and reduce physician workload. The authors suggest these 
benefits may reduce musculoskeletal pain and injury among 
surgeons.

The ROSA system have shown increased accuracy both 
on a cadaveric as in an in vivo studies.

Charette et al. [19] showed on a cadaveric setting that the 
registration of anatomic landmarks and the gap assessment 
was highly repeatable with low variability among observ-
ers using both image-based and image-less software of the 
ROSA robotic system.

Parratte et al. [11] in a cadaveric setting used the ROSA 
Knee System with three different implants demonstrating 
high accuracy of the system; standard deviation for align-
ment on the coronal and sagittal plane for both tibia and 
femur was less than one. A standard deviation of less than 
one was also shown for planned and measured bone resec-
tions. Mean hip-knee-ankle axis difference between the 
measured and the planned axis was 0.03 ± 0.87, with a rate 
of malalignment > 3° of 0%.

Rossi et al. [20] reproduced a similar study in vivo dem-
onstrating a high level of accuracy of cuts, angular values 
and post-op limb alignment; Standard deviation was infe-
rior to one between planned, validated and measured cuts 
and angles. The robot was also reliable in reproducing the 
planned HKA with a mean difference between planned and 
measured axis of 1.2 ± 1.1. with no statistically significant 
difference.

Differently, Shin et al. [21] did not show the same satis-
factory results in terms of accuracy in a smaller cohort of 
37 patients where The ROSA system but was inaccurate in 
calculating both γ and δ angles while accurately calculated 
the HKA, α, and β angles.

Concerning clinical outcomes Mancino et al. [22] com-
pared the functional outcomes and PROMs of 50 imageless 
ROSA TKA with 47 imageless Navigated TKA at one year 
follow-up. They demonstrated significant differences for the 
“pain” subsection of the KOOS score. In addition, robotic 
TKA showed higher maximum range of motion and a bet-
ter mean improvement of the arc of motion. The authors 
concluded that the robotic group was associated with longer 
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surgical time, better pain perception, and improved ROM at 
12-month follow-up.

Batailler et al. [23] in a recent study compared sequen-
tial robotic versus traditional bilateral TKA. The study con-
firmed that despite a longer operative time, results between 
the two groups were comparable in terms of post-op compli-
cations and that the new technique is at least as safe as a the 
conventional one, without additional risk of complications.

Parratte et al. [24] introduced and showed promising clin-
ical outcomes with the concept of an anatomo-functional 
implant positioning (AFIP) technique using the ROSA 
Robotic system. The authors showed a faster recovery at 
6 months compared to an adjusted mechanical alignment 
concluding that this robotic technique may allow the resto-
ration of the native knee alignment and with a more natural 
and functional ligament balance.

Kenanidis et al. [25] in a prospective matched cohort 
study compared two groups of 30 patients undergoing 
mechanical or ROSA robotic assisted. Patients undergoing 
robotic TKA showed less pain, better patient satisfaction, 
and PROMs at 6-month with the same complication rate.

Finally, Vermue et al. [12] in a recent systematic review 
analyze the different robotic systems concluding and under-
lying the difficulties for a comparison between different sys-
tems as the current evidence regarding each one differs both 
in quantitative and in qualitative measures and outcomes. 
Each system has specific features and a specific workflow 
and it becomes complicated to assess comparisons with 
other systems working in a different manner.

Conclusions

The ROSA Knee System is showing a favorable gap balanc-
ing technique and the possibility to create individualized 
alignment. Preliminary results are promising both in terms 
of accuracy of the system and of clinical outcomes.
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