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Conventional total knee arthroplasty and soft tissue balancing is based on a subjective unquantified assessment, which can lead to
imperfect balancing and poor patient outcomes. Five case studies were used to present the functionality of a novel robotic system in
allowing intraoperative adjustments based on objective measures for several primary total knee arthroplasty cases. The robotic
system allows the surgeon to drive every step of the case, turning the subjective nature of conventional knee replacement into a
more objective and scientific approach for restoration of alignment, gap balancing, joint space restoration, femoral rotation, and
Q-angle restoration. The robotic system allowed precise intraoperative adjustments, as demonstrated by these cases, and is a
promising step towards more personalized total knee arthroplasty made possible by utilizing real-time objective measures.

1. Introduction

The patient-reported dissatisfaction rate for primary total
knee arthroplasty (TKA) is approximately 10% to 20% [1-
3]. However, the introduction of robotic technology has the
potential to change the narrative in TKA outcomes by allow-
ing for greater precision in implant positioning compared to
manual instrumentation [4-8]. Further, recent studies have
suggested robotic-assisted TKA (RATKA) patients experi-
ence faster short-term recovery than conventional patients
[9, 10]. Unfortunately, they have failed to show navigation
or robotics improving long-term results [11-13]. Despite
this, recent data has shown RATKA to be advantageous in
correcting knee alignment intraoperatively compared with
conventional instrumentation [14]; however, there is a lack
of literature demonstrating the ability of novel robotic sys-
tems to achieve neutral mechanical alignment throughout
varying degrees of deformity. For instance, patients with
severe varus or valgus deformity present greater difficulty in
balancing the coronal plane of the knee.

In the development of robotic systems used in TKA pro-
cedures, it is crucial for the systems to recognize and register
a patient’s key anatomical landmarks found on the femur,
tibia, and ankle. This information is historically obtained
using either preoperative advanced imaging CT or MRI or
a combined system of radiographs (image-based) or by sim-
ply using intraoperative bone mapping (image-free) [15].
New X-ray-based preoperative planning is available that
allows for 3-dimentional image processing from 2-
dimentional plain film radiographs (X-Atlas™, Zimmer Bio-
met, USA). These systems negate the need for expensive pre-
operative advanced imaging studies and are a more cost
conscious approach to preoperative templating and robotic
TKA. The preoperative templating with weight-bearing
imaging may provide greater accuracy for alignment than
intraoperative navigation alone, and the robotic system used
in these cases allows for both image-based and image-free
work flows. Robotic systems aid the surgeon in creating a
patient-specific model and registering the model and
patient’s anatomical landmarks intraoperatively, ultimately
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FIGURE 1: Preoperative weight bearing AP (a) and lateral (b) X-rays for Case 1.

TaBLE 1: The range of motion at maximum flexion and extension in
the initial and final evaluations using the robotic knee application.

Case Irolitial . F;inal .
Extension (0°) Flexion (90°) Extension (0°) Flexion (90%)

1 5 102° 2° 127°

2 1° 129° 5° 127°

3 1.5° 122° 5.5° 131°

4 9° 110° 0.5° 137°

5 23° 126° 0.5° 141°

helping carry out bone resection, implant positioning, and
limb alignment [16].

A novel semiautonomous robotic-arm surgical assistant
has recently been introduced which incorporates the robotic
placement of cutting jigs and includes a ligament balancing
evaluation tool. This is unlike other systems that involve
either a passive mode, where the surgeon holds the bone mill,
or an active mode, where the surgeon is not physically
engaged in the milling process at all [17]. It is also different
from the haptic arm, which limits the surgeon to predeter-
mined boundaries [4]. To our knowledge, there have been
no clinical reports demonstrating the use or outcomes of this
system. As such, the purpose of this small case series is to
present several primary TKA cases (n = 5) and the function-
ality of this system to address intraoperative adjustments in
simple and complex cases.

2. Case Presentations

The robotic surgical assistant used in each case was the
ROSA® Total Knee System (Zimmer Biomet Warsaw, Indi-
ana, USA). The system incorporates two components: (1) a
robotic arm and base unit are positioned on the same side
as the surgeon, and (2) a camera unit is positioned on the
contralateral side of the patient.

With this system, two rigid body trackers allow for trian-
gulation of the knee joint between the robotic base unit and
the camera unit. Thirty-six anatomical landmark data points
are obtained in order to map out the intra-articular anatomy.
This enables the robot to identify the knee in space and
allows the surgeon to make real-time intraoperative,
patient-specific adjustments according to the patient’s
unique anatomy. The robotic arm assists in positioning the
cutting jigs in the planned cutting plane and allows for accu-
racy down to 0.5mm [7, 18].

For each case, the patient reported to the operating the-
atre and was placed in the supine position with the robotic
arm placed on the ipsilateral side of the patient along with
the surgeon. The optical tower was placed opposite of that.
Following standard procedures, the knee was cleaned and
prepped followed by exposure to the joint using a medial
parapatellar approach. Consent was obtained from each
patient in order to be included in this case report.

2.1. Case 1: Image-Free TKA. The functionality of this robotic
system provides for both image-based and image-free surger-
ies. This case helps illustrate the use of the image-free appli-
cation to restore a neutral mechanical alignment. A 67-year-
old female presented with severe osteoarthritis; Kellgren-
Lawrence [19] grade 4 changes on radiographic review
(Figure 1). During the initial knee evaluation performed
using the robotic application prior to performing any boney
cuts (hereinafter, initial knee evaluation), the knee behaved
varus at extension and the knee was not able to reach a full
range of motion (Table 1). The goal was to restore medial
to lateral stability by balancing the tibiofemoral gap via bone
resections and soft tissue balancing and to correct the varus
deformity throughout the range of motion by balancing the
variation in bone gaps. The initial evaluation showed lateral
laxity in extension and a larger medial space in flexion with
an overall tighter tibiofemoral gap at 90° (Table 2). Reducing
lateral joint spacing in extension is in order to release tension
medially where the soft tissue is tight and to create
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TaBLE 2: The tibiofemoral lateral and medial gap spacing (mm) in both extension and flexion in the initial evaluation of surgery as well as in
the final evaluation following bone resections when varus and valgus stress was applied, respectively.

Initial

Extension (0°) Flexion (90°)

Final

Extension (0%) Flexion (90°)

Case Lateral Medial Lateral Medial Lateral Medial Lateral Medial
1 5.5 3.0 2.5 3.5 1.0 1.0 1.5 0.5
2 4.5 1.5 5.0 4.0 1.0 1.0 1.0 1.0
3 6.0 2.5 N/A! 7.5 2.0 2.0 2.5 1.0
4 6.0 4.5 11.5 35 1.0 1.0 1.0 1.5
5 3.5 5.0 4.0 8.5 1.5 1.5 1.5 1.5

N/A: not assessed.
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FIGURE 2: An intraoperative surgeon generated plan for femoral resections of Case 1.

appropriate tension in lax lateral ligaments to correct the
knee out of its varus alignment. As such, the initial surgical
plan was to minimize the resection on the proximal tibia
medially (2.0 mm) and resect the necessary amount of bone
from the posterior medial femur (10.5mm) to achieve the
alignment goals (Figure 2). A medial tibial reduction osteot-
omy [20], as well as the removal of the lateral osteophytes,
was used to address the varus knee behavior by releasing ten-
sion on tight medial ligaments. The use of the appropriate
polyethylene bearing thickness was also used to tighten the
laxity in the medial and lateral ligaments (Table 2).

Ultimately, the surgeon was able to restore the full range
of motion (Table 1), and the patient was left slightly varus
with a balanced ligamentous gap between the femoral and
tibial implants of approximately one millimeter on each side
(Table 2).

This image-free case, relying on intraoperative anatomic
land marking and soft tissue assessment at the initial knee
evaluation stage, resulted in a neutral mechanical alignment

during final evaluation. Though alignment cannot be accu-
rately measured on short film X-rays, these postoperative
X-rays are useful in demonstrating a uniform tibiofemoral
gap and well aligned femoral and tibial components
(Figure 3). The gap balancing measures by the robotic system
(Table 2) are detailed in the surgeon report, eliminating the
need to rely on postoperative X-rays to ensure the knee is bal-
anced and well aligned.

2.2. Case 2: Gap Balance and Femoral Rotation. A 57-year-
old male presented with worsening right knee pain, and pre-
operative X-rays showed tricompartmental arthritis consis-
tent with Kellgren-Lawrence [19] grade 3 changes
(Figure 4). The preoperative physical exam showed full knee
range-of-motion (ROM).

The initial intraoperative knee evaluation was performed
(Figure 5), evaluating the knee range of motion and align-
ment (Figure 5(a)) and coronal stability, represented by the
blue shaded area, to varus and valgus stress at 0, 30, 45, and
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FIGURE 3: Postoperative AP (a) and lateral (b) X-rays of the right knee for Case 1.

()

FIGURE 4: Preoperative weight bearing radiographs of Case 2 showing the tricompartmental arthritic changes of the right knee on the (a)
anteroposterior view and (b) the arthritic changes of the knee on the lateral view.

90 degrees for knee ROM (Figure 5(b)). The measurements
from the knee evaluation panel of the robotic system for this
case showed the right knee presented with slight valgus mea-
sures in extension and a range of 2.2° valgus to 0.9" varus, but
corrected into varus throughout the knee range of motion. It
should be noted that this technology allows a surgeon to eval-
uate varus and valgus stability of the operative knee at 0, 30,
45, 60, 90, and 120 degrees of knee ROM, but it is the prefer-
ence of this surgeon to only evaluate varus and valgus stress

at 0, 30, 45, and 90 degrees. A numerical assessment of the
extension gap at 0 degrees, and flexion gap at 90 degrees,
prior to any boney resections is provided (Figure 5(c)). As
illustrated, the medial knee joint is tighter than the lateral
knee joint. These numbers are obtained by stressing the knee
to varus and valgus forces at the initial knee state evaluation,
as seen in Figure 5(b). The initial knee state evaluation is crit-
ical to obtain, as it allows the surgeon and robotic assistant to
better understand the soft envelope around the arthritic knee
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F1GURE 5: The robotic system’s knee evaluation tool in the initial stage of Case 2, which includes a preoperative evaluation of range of motion,
varus/valgus alignment, and tibiofemoral joint gap spacing in flexion and extension.
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FIGURE 6: An intraoperative generated plan of Case 2 demonstrating planned femoral and tibial resections.

joint. This gives the surgeon a more objective approach to
each additional downstream step in the total knee replace-
ment procedure and helps guide additional boney resections
or soft tissue releases, as the information becomes available.

The goal was to balance the mechanical and anatomical
axis of the knee and improve the patient’s knee kinematics.

Contrary to conventional instrumentation, the robot guided
the accuracy of the bone resections. An image-free view of
the knee is illustrated by a schematic knee drawing
(Figure 6). The digital view of the knee can be easily changed
between an extension view and a flexion view of the knee
joint. When the knee is in 90 degrees of flexion, the surgeon
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FIGURE 7: Postoperative weight bearing AP (a) and lateral (b) X-rays
showing the final alignment and joint spacing of the right knee for
Case 2.

has an axial view of the distal femur, allowing the surgeon to
appreciate the femoral rotation (Figure 6). In this case, the
femur is externally rotated to 7.5 degrees of the posterior con-
dylar axis, which is more than the conventional instrumenta-
tion of 3 and 5 degrees of external rotation (Figure 6). The
view of the tibia is also appreciated in the schematic of the
knee (Figure 6). The plan is to leave the tibia in 0.5 degrees
of varus alignment, with anticipated medial and lateral tibial
resections of 5.5 mm and 11.0 mm, accordingly. All measure-
ments were obtained by the robot using an optical tracking
system. These measurements were used to guide the plan
for resection, allowing for the appropriate space and posi-
tioning of the implant. Tibial resection was performed to
achieve a balanced extension gap in coronal alignment
(Figure 6). It is also important to mention that after every
boney resection the surgeon must validate the accuracy of
each cut before allowing to move on. With the sclerotic bone,

Case Reports in Orthopedics

FIGURE 8: Preoperative long-leg X-ray showing the weight-bearing
functional alignment with 13.0 degrees of varus and osteoarthritis
of the left knee for Case 3.

the saw blade could skive and give you an erroneous resec-
tion. If not identified, this could alter the lower extremity
alignment and soft tissue balance at the end of the case.
The robotic assistant does allow for a 1.5 degree and
1.5 mm of tolerance for every step, and it is up to the surgeon
to decide whether to accept the validation or not. If an unac-
ceptable resection were to be performed, the robotic assistant
easily allows the surgeon to recut. It is imperative that the
surgeon remember to fall back on their training, as a safety
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FiGure 9: Final proximal tibial resections validated against the planned resections for Case 3.
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FiGure 10: Final distal femoral resections validated against planned resections for Case 3.

measure. With this case, the result allowed for restoration of
alignment, gap balancing, femoral rotation, and joint restora-
tion with as little soft tissue release as possible.

The primary goal for this moderately degenerative knee
was performing a TKA that restored the alignment of the
knee from a varus alignment of 9.0° in flexion to a more neu-
tral state throughout the entire range of motion (Figure 5).

Correcting alignment and restoring the patient’s knee kine-
matics are necessary to ensure success for the lifetime of the
implant [21-24]. A misaligned implant will result in stress
being placed on implant bearing surfaces as well as bone-
implant interfaces. A properly aligned implant will also aid
in the balancing of the forces transmitted through the soft tis-
sue. Because of the 7.5° external rotation of the PCA axis, the



application provided a plan for resection that allowed the
surgeon to align the rotation by resecting more from the
medial posterior side of the femur with 10.0 mm while only
cutting 4.0 mm from the lateral side (Figure 6).

Finally, upon placement of the final implant and prior to
closure, the surgeon reevaluated the knee in a similar manner
to the initial phase in order to obtain the final knee evaluation
data. A neutral mechanical axis was restored at extension
while maintaining full range of motion (Table I,
Figure 5(a)), increasing the coronal stability of the knee
(Figure 5(b)), and balancing the gap between implants
(Figure 5(c)). Postoperative ROSA evaluation and radio-
graphs show the restoration of the knee to a neutral mechan-
ical alignment throughout the knee ROM, mirroring the
patient’s natural alignment of their nonoperative side
(Figure 7), and a final intraoperative evaluation and postop-
erative physical exam findings demonstrating full ROM
(Table 1).

2.3. Case 3: Alignment Correction. A 65-year-old male pre-
sented with end-stage osteoarthritis in the left knee. Preoper-
ative weight-bearing X-rays show a severe varus deformity
along with Kellgren-Lawrence [19] grade 4 changes
(Figure 8). An initial evaluation of the knee showed a varus
deformity in both extension and flexion. While the patient
had a fair range of motion (Table 1), there was significant lat-
eral spacing in flexion with no medial gap (Table 2), which
was contributing to the severe varus alignment.

To address the severe varus deformity, proximal tibial
resections were made, as well as distal femoral resections,
which were validated by the system (Figures 9 and 10).

The robotic system allowed for more precise bone resec-
tions which resulted in minimal medial soft tissue releases
and balanced flexion and extension gaps. Even though
medial ligament tightness would normally contribute to
varus deformities, these precise resections preserved the
soft-tissue envelope while also ensuring balanced gaps. The
tibiofemoral gap in extension was balanced medially and lat-
erally in both extension and flexion (Table 2). The final knee
evaluation showed a reduction in the severity of varus align-
ment in extension and flexion, with a planned overall final
hip-knee-ankle angle (HKA) of 0.3° varus (Figure 11). It
should be noted that this patient appears to have lost 4
degrees of extension in the final knee evaluation (Table 1).
However, the system evaluates the flexion with the inclusion
of the femoral bow and so it is recommended that the sur-
geon perform a clinical evaluation to confirm the robotic
measures. In this case, the patient demonstrated full exten-
sion clinically and so no further adjustments were needed.

2.4. Case 4: Surgical Correction of Knee Range of Motion. A
59-year-old male was scheduled to undergo a right TKA after
presenting with severe tricompartmental osteoarthritic
changes, more so in the lateral compartment with joint space
narrowing, sclerosis, and osteophytes present (Figure 12).
The initial knee evaluation performed intraoperatively using
the robotic system showed limited knee ROM (Table 1), a
strong varus deformity in flexion, significant lateral laxity,
and a valgus deformity in extension.

Case Reports in Orthopedics

FIGURE 11: Postoperative long-leg standing radiograph of the left leg
for Case 3 showing the corrected neutral mechanical alignment of
0.3° varus following TKA.
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FIGURE 12: Preoperative X-ray of Case 4 showing severe osteoarthritic changes including (a) sunrise view, (b) notch view, (c) AP view, and (d)
lateral view.
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FIGURE 14: Initial evaluation of the knee for Case 4 including (a) ROM, (b) alignment, and (c) joint space evaluation.

The primary goal was to restore ligament and soft tissue
balance and increase range of motion of the knee by address-
ing the large lateral laxity in flexion, along with balancing the
knee in extension. The plan included ligament release and a
bony resection as generated by the robotic application
(Figure 13). To address the laxity in flexion, a larger medial
distal femur resection was planned to balance the laxity and

increase range of motion in flexion while decreasing the
severity of the varus deformity (Figure 14). The robotic appli-
cation was used to validate the cuts made in order to ensure
that they were within 0.5mm from the original plan
(Figure 15). After the resections were validated and the
TKA was complete, the application was used for a final eval-
uation of the knee (Figure 16). Immediately following the
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FIGURE 16: Final evaluation of the knee for Case 4 including (a) ROM, (b) alignment, and (c) joint space evaluation.

procedure, the patient was able to obtain a full arc of motion
in extension and flexion (Figure 16(a)) (Table 1). Soft tissue
and ligament balance were achieved by the resection plan,
which reduced the medial and lateral laxity in extension
and medially in flexion (Figure 16(b)). Stability was achieved
by reducing the varus deformity in flexion and extension
gaps to a tighter range (Figure 16(c)) (Table 2). Postoperative
radiographs show an HKA of 0.9° (Figure 17).

2.5. Case 5: The Complete Functionality. Case 5 highlights the
complete functionality of the ROSA system. A 65-year-old
female presented with severe and worsening atraumatic left
knee pain and was found to have severe left knee tricompart-
mental osteoarthritis. Preoperative long-leg AP and lateral
views of the left knee revealed Kellgren-Lawrence grade 3
changes with joint space narrowing, sclerosis, osteophyte for-
mation, and a 16° valgus alignment [16]. Additionally, a rigid
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FIGURE 17: Postoperative full-leg standing radiograph of the left leg
for Case 4 showing the corrected neutral mechanical alignment
following TKA in 0.9 degrees if varus.
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FiGURre 18: The initial evaluation (left) of 10.5 valgus in extension,
and the planned HKA correction (right) for Case 5.

flexion contracture was noted on the preoperative physical
exam.

Intraoperatively, the robot validated the preoperative
alignment and the associated flexion contracture of the left
knee. The initial preoperative alignment evaluation with
ROSA showed the patient was 10.5° valgus in extension
(Figure 18). Additionally, a flexion contracture with a maxi-
mum extension of 23° was found during the knee state eval-
uation (Figure 19(a)) (Table 1). The intra-op evaluation
also showed that the knee was not passively correctable to a
neutral alignment in extension (Figure 19(b)). However, the
knee became suppler at 45 and 90 degrees, as shown by the
blue shaded areas in Figure 19(b). The initial gap evaluation
showed the knee was much more lax laterally in flexion than
in extension (Figure 19(c)) (Table 2).

One of the major concerns of a rigid flexion contracture
with associated valgus alignment is a postoperative peroneal
nerve palsy. Through traditional gap balancing techniques
with conventional instrumentation, additional distal femoral
resections may be needed to improve extension and antici-
pated soft tissue releases to appropriately balance this knee
replacement might be needed. While these steps allow for
restoration of alignment and gap balancing, they can also
increase the risk of peroneal nerve palsy and potentially cre-
ate patella baja [25, 26].

With this novel robotic system, the ability to perform
submillimeter bone resections allows the surgeon to balance
the knee through boney resections versus soft tissue releases
[7, 18]. This also allows the surgeon to adjust both distal fem-
oral and proximal tibial cuts appropriately, to help minimize
the risk of patella baja, thus keeping the joint height
appropriate.

The goal of this robotic assisted TKA was to correct the
flexion contracture and valgus alignment, as well as to obtain
the correct degree of femoral rotation, as improper femoral



Case Reports in Orthopedics

SURGEON SETUP

FEMUR TIBIA

J V7

m PLANND«; CASE INFO

o

Inatial Intra-Op

VARUS®

13

proceoure: LEFT TKA
meLant; PERSONA
PATIENT 1D

VALGUS®

151296302’6912!5

4.0 mm 8.5 mm

3.5mm 5.0 mm

NO CUTS COMPLETED

C

(@) ZMMER BIOMET ROSA

FI1GURE 19: Intraoperative evaluation of Case 5 including (a) ROM, (b) alignment, and (c) joint space evaluation.

rotation can result in a trapezoidal flexion gap and poor
patellar tracking. Following a gap balanced workflow, the
femoral and tibial resections were appropriately performed
based on preoperative soft tissue data (Figure 19).

Preoperative weight-bearing long-leg AP and lateral
views (Figure 20) of the knee shows the valgus alignment
measured on X-ray to be about 16 degrees. The robotic sys-
tem predicted valgus alignment was 10.5 degrees
(Figure 18). However, the plan was to obtain a postoperative
mechanically neutral alignment (Figure 18).

With a gap balanced workflow, a successful execution of a
left total knee replacement was seen (Figure 21). Range of
motion was restored to 0-140 degrees (Figure 21(a)). Align-
ment was restored to a mechanically neutral state
(Figure 21(b)), and the extension and flexion gaps were
appropriately balanced (Figure 21(c)).

The coronal and sagittal balancing with ROSA was suc-
cessful as indicated with postoperative extension and flexion
gaps, achieving symmetry in all aspects of final knee ROM.
The final gap analysis showed balanced tibiofemoral gaps
both medially and laterally at 0-90 degrees of flexion and
extension (Figure 21(c)) (Table 2). The comparison between
the pre- and postcoronal stability assessment as shown in the
blue shaded line on Figure 21(b) indicates how you can bal-
ance a knee in not only extension and flexion but also mid-
flexion. This case was performed with a gap balance
workflow utilizing ROSA, and the final knee evaluation
showed appropriate correction of knee ROM, which was
shown to be 0-140 degrees within the robotic application,
appropriate restoration of the femoral rotation, and success-
ful extension and flexion gap balancing at 0, 45, and 90
degrees (Figure 21).

Postoperative X-rays show an appropriate positioned
TKA (Figure 22), including appropriate restoration of the

posterior condylar offset of the femur, appropriate patella
tracking, and appropriate implant sizing and position. How-
ever, it is important to note that ROSA corrects the extremity
alignment; as seen on the post-op short leg AP X-ray in
Figure 22, the tibia appears to be in varus. However, the
long-leg AP X-ray shows that the knee alignment was in fact
corrected to an appropriate mechanically neutral alignment
(Figure 23), showing that the ROSA plan (Figure 18) was suc-
cessfully achieved clinically with postoperative X-rays.

At four months, postoperatively, the patient has reported
excellent outcomes and a 95% recovery on her VAS score.
Her active knee ROM was 0-130 degrees, and she was pain
free and even hiked the Grand Canyon after her 3-month
post-op visit. The knee felt appropriately balanced in the
clinic setting, and having the objective measures at the end
of the case allowed the surgeon to have confidence that the
knee was appropriately balanced. The patient also had nor-
mal postoperative neurovascular status and overall is satis-
fied with the result.

3. Discussion

Conventional TKA is one of the most successful surgeries for
reducing pain and restoring function due to degenerative
joint changes, yet varus-valgus errors of up to, or exceeding
4, and flexion-extension errors of up to 10° differences from
original surgical plans have been reported [27]. This can lead
to discomfort, longer or improper recovery, revision surger-
ies, and even implant failure [21, 22, 28-31]. Innovations in
TKA are necessary to improve patient outcomes and address
the proportion of patients who are dissatisfied while improv-
ing the quality and efficiency of the procedure. However,
these innovations must maintain the quality of care in both
routine and complex cases. As evident in the above cases, this
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FI1GURE 20: Preoperative long-leg (a) AP and (b) lateral X-rays showing Kellgren-Lawrence grade 3 changes and a rigid flexion contracture for
Case 5. A valgus alignment in extension of 16.1 degrees, also including the markers of ROSA rigid body trackers used for preoperative 2D-3D

imaging process.

novel robotic system allows the surgeon to drive every step of
the case through varying degrees of deformity, turning the
subjective feel of conventional knee replacement into a more
objective approach in restoration of alignment, gap balan-
cing, joint height restoration, femoral rotation, and Q-angle
restoration. In order to achieve these goals, the robotic arm
assists in positioning the cutting jigs in the appropriate
planned cutting plane. In cadaveric studies, this robotic sys-
tem has demonstrated 100% accuracy to within 3 degrees of
goal for tibial and femoral coronal angles, tibial slope, and

the hip-knee-ankle angle [18]. Additionally, that study dem-
onstrated planned resections to be within 2mm of goal in
>90% of the specimens reviewed. Further, compared to con-
ventional cases in a cadaveric comparison, this system has
the potential to standardize as well as to enhance the repro-
ducibility of TKA through quantitative measures previously
unavailable [7].

Similar to other robotic systems, the ability of this robotic
system to provide real-time objective measurements
throughout the entire TKA procedure allows the surgeon to
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()

F1GURE 22: Postoperative X-rays showing balanced gap spacing following TKA (a, c), as well as appropriate patellar tracking (b) for Case 5.

make intraoperative adjustments to the plan and provide
more personalized procedures. This ensures more accurate
bone resections and soft tissue balancing which are validated
by the application, allowing the surgeon more confidence in
adjusting the resections as needed prior to finalizing the
implant. However, as with prior computer-assisted surgical
(CAS) systems, robotic total knee arthroplasty may be lim-

ited by the accuracy of the anatomical landmarks obtained
during registration. Klasan et al. [32] have recently demon-
strated some potential concerns for measurement error asso-
ciated with CAS landmarks. However, robotic-assisted TKA
has already been shown to be more consistent in correcting
varus and valgus deformities to a range within 3° of neutral
mechanical alignment [33], and recent cadaveric studies
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FIGURE 23: Postoperative full-leg standing radiograph of the left leg
for Case 5 showing the corrected neutral mechanical alignment
following TKA.

conveyed the accuracy of the ROSA total knee application at
carrying out bone resection and correcting angles [7, 18].
These studies demonstrated an average resection accuracy
of <1° for all measures assessed and <l mm for resection
thickness [18]. In each of the cases described, the surgeon
was able to restore the knee to an appropriate functional
potential compared to the initial knee evaluation, and each
case highlights and addresses the functionality of this robotic
system. The predicted resections were within 0.5mm of
actual cuts, allowing an alignment within a 3" range from
neutral for both extension and flexion.

This review is limited to a small case study of five patients
selected for their ability to demonstrate the value of intraop-
erative tools available with robotic total knee arthroplasty

Case Reports in Orthopedics

and should be interpreted with caution as it does not provide
a comprehensive review of consecutive cases. That said, the
purpose of this case presentation was to demonstrate the
intraoperative ability of a novel robotic system, to make
patient-specific intraoperative adjustments from scientific
objective data. This case series also illustrates how this system
can help navigate varying degrees of deformity in total knee
arthroplasty. Each case focuses on a specific aspect of TKA
surgery that is important to restore at the time of surgery.
Case 5 illustrates a complex primary TKA and how all goals
of TKA were successfully achieved, thus providing this
patient with a well-balanced, appropriately aligned, and
functional TKA.

To our knowledge, this is the first supportive clinical evi-
dence for ROSA.

4. Summary

These cases demonstrate the ability of the surgeon to use the
objective measures provided to restore alignment, femoral
rotation, gap balance, and knee ROM, through both image-
based and image-free approaches, and utilizing either a Gap
Balance or Measure Resection workflow. Further research is
needed to determine how and if the clinical precision of
new robotic systems can be used to improve long-term out-
comes, especially given the lack of literature on the system
reviewed. This will require analysis of current patient out-
comes and knowledge of how to prioritize different aspects
of the surgery when creating patient-specific plans. Notably,
there is controversy surrounding the ideal postoperative
alignment, joint space, and joint obliquity. Regardless, the
ability of this robotic system to provide precise intraoperative
adjustments, as demonstrated by these cases, is a promising
step towards more personalized and objective total knee
arthroplasty.
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