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Abstract

The integration of robotic systems in knee arthroplasty has accelerated, with early results
indicating improved precision and outcomes. The ROSA® Knee System facilitates the
robotic-assisted positioning of cutting guides while enabling real-time assessment of liga-
ment balance, with the surgeon retaining control of all bone resections. This study aimed to
evaluate the precision of implant positioning, achievement of the planned hip-knee-ankle
(HKA) axis, and consistency across different operating surgeons. A prospective obser-
vational study was conducted on patients undergoing robotic-assisted total knee arthro-
plasty (RATKA) using the ROSA Knee System. Radiographic assessments included pre-
and post-operative AP/lateral knee and long-limb radiographs, supplemented with
post-operative CT to assess femoral component rotation. Intra-operative alignment
data recorded by the ROSA console were compared to post-operative imaging. Com-
plication rates were also evaluated. Among 94 knees analyzed, the mean difference
between intra-operative and post-operative HKA measurements was 1.66 £+ 2.09°,
which was statistically significant. Minor but significant differences were observed
in LDFA (0.32 £+ 1.84°, p = 0.034), MPTA (0.84 + 1.17°, p < 0.001), and femoral
component rotation (1.63 + 2.40°, p < 0.001). No significant variation was noted in LDFA
or MPTA between surgeons, though differences were present in rotational alignment and
HKA. The intra-operative HKA showed moderate correlation with both measured post-op
HKA and arithmetic HKA (aHKA), with slightly stronger correlation with the latter. The
ROSA Knee System enables reproducible and accurate implant positioning with reliable
restoration of the planned HKA axis. Once a surgeon is proficient, results are consistent
without increased complication risks.

Keywords: robotic-assisted total knee arthroplasty; ROSA; rotational accuracy; collaborative
robot; personalized alignment strategies

1. Introduction

Despite advances in total knee arthroplasty (TKA), a subset of patients continues
to report dissatisfaction following surgery. Historical data suggested satisfaction rates
of approximately 80% [1,2], though more recent figures indicate improvement closer
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to 90% [3]. While patient satisfaction is multifactorial, the precision of component place-
ment and meticulous handling of peri-articular soft tissues remain pivotal in optimizing
outcomes [1,4,5]. The development of robotic technology and its rapid adoption in
arthroplasty surgery aim to ameliorate these, with a goal of improving overall outcomes
and satisfaction.

Robotic platforms are generally classified as fully active, semi-active, or passive [6,7].
Fully active systems function autonomously to execute bone resections. Semi-active robotic
units offer real-time intra-operative feedback about implant positioning, gap balance and
overall alignment; however, the surgeon retains full control and performs the actual bone
cuts. Passive systems are essentially navigation systems that provide detailed anatomical
data and recommendations for bone resection and implant placement without direct control
over instrumentation. Fully active systems were at the forefront during early adoption of
robotic systems, but due to the increased complication rates and technical challenges, their
initial adoption was not sustained [6]. Semi-active systems came to prominence with the
introduction of the Mako SmartRobotics™ System (Stryker US (Mako Surgical Corp), Fort
Lauderdale, FL, USA). Since then, numerous other robotic systems have been introduced,
and their adoption has been rapid due to various benefits, such as more accurate implant
placement, more objective gap balancing, reduced rates of inadvertent peri-articular soft
tissue injury, and good early outcomes [5,8-13].

The ROSA Knee System (Zimmer CAS, Montreal, QC, Canada) is a relatively new
system that involves the robotic placement of the cutting guide and dynamic real-time
assessment of ligament balance [6,7,14,15]. It has been described as a “collaborative robot”
or “co-bot”, where the robot aids in placement of the cutting jig but leaves bone resection
to the surgeon, mirroring conventional techniques [6,12,16]. Data regarding the accu-
racy of this robotic system remains inconclusive [17,18]. The primary aim of this study
is to assess the system’s ability to achieve precise implant alignment and obtainment
of the desired hip-knee—-ankle (HKA) axis. Secondary objectives include determining
inter-surgeon consistency and evaluating how the robot-captured intraoperative HKA
compares to both post-operative and arithmetic HKA (aHKA). This study is purely an
assessment of radiological outcomes, with the assessment of clinical function being planned
out for future research. Our hypothesis posits that the ROSA Knee System will be able
to offer consistent attainment of the desired HKA axis as well as accurate and precise im-
plant placement, demonstrate reproducible alignment outcomes among different surgeons,
and that there will be good correlation between the robot-captured HKA with both the
measured post-op HKA and aHKA.

2. Materials and Methods
2.1. Patient Selection

This is a prospective observational study conducted after obtaining ethical
clearance from Sunway Medical Centre Independent Research Ethics Committee
(SREC No.: 020/2022/IND/ER). All consecutive eligible patients meeting the inclusion
and exclusion criteria as outlined in Table 1 were offered participation in this study and
agreeable patients enrolled. Written informed consent was obtained from all patients
participating in this study.

Pre-operative data collected included age, gender, weight (kg), height (m), body
mass index (BMI), and laterality. We also collected data on intra-operative and early
post-operative complications, such as tracker pin site fractures and infections, wound
dehiscence, surgical site infections, thromboembolic events, as well as implant notching
and overhang.
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Table 1. Inclusion and exclusion criteria for enrollment into this study.

Inclusion

Age > 18 years old

End-stage bi- or tri-compartmental knee OA (Kellgren-Lawrence Grade 3 & 4) which have failed to respond to
conservative treatment

Undergoing Total Knee Arthroplasty (TKA) using the ROSA Knee System

Exclusion

Inflammatory arthritis

History of metabolic bone disease

History of trauma or surgery in the affected knee

History of infection in the affected knee

Patients with only mono-compartmental knee osteoarthritis undergoing Partial Knee Arthroplasty (PKA)

Revision TKA

Conversion to TKA from previous PKA

Severe knee deformities with resultant ligamentous laxity which requires implants of increased constraint

Not willing to return for post-operative physiotherapy, follow-up assessments or post-op radiographic examinations

2.2. Surgical Technique

The ROSA Knee System is a collaborative robot that offers the surgeon an option to

proceed with operative planning using either an image-based method, which requires

specific two-dimensional (2D) radiographs to generate a virtual 3D model, or an imageless

model where there is a reliance on the intra-operative determination of bony landmarks

and evaluation of ligament balance. Detailed surgical technique has previously been

extensively published [7,16,19].

All surgeries were performed via a medial parapatellar approach using cemented

minimally constrained knee implants (Cruciate Retaining, CR or Posterior Stabilized, PS;

Persona® Knee System, Zimmer Biomet, Warsaw, IN, USA) without patellar resurfacing.

The cases included in this study were performed using the image-based workflow.

After necessary exposure, the robot was calibrated via registration of bony landmarks.

Baseline deformity and range of motion were then determined. Adopting personalized

alignment strategies, the surgeon then adjusted and confirmed the planned resections to al-

low obtainment of the desired implant position and alignment. After surgeon confirmation,

the ROSA Robotic Arm positioned the cutting jig in the correct position. At this stage, the

femoral rotation was assessed using the ROSA Femoral Rotation Tool, which incorporates

the FuZion® system (Zimmer, Warsaw, IN, USA) to assess and balance both the extension

and flexion gaps. Once that was determined, the cutting jig’s position was secured via pins,

and the surgeon completed the bone resections using an oscillating saw as per convention.

The remainder of the TKA procedure from trial implant assessment, irrigation, cementation,

up until closure was as per conventional TKA. The overall flow of surgery would be more in

line with the surgeon’s operative habits and muscle memory; however, it must be pointed

out that ROSA Knee does not aid in the actual resection through haptic limitations of blade,

burr or drill placement.

All four surgeons who participated in this study are highly experienced robotic arthro-

plasty surgeons at a high-volume robotic arthroplasty centre with an annual case load
exceeding 800 joints. Specific to the ROSA system, each of them had completed training and
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certification together prior to the official launch at our institution and have long overcome
the challenges associated with the learning curve of adoption. Each surgeon has gone on to
log more than 50 cases before the commencement of this study.

2.3. Radiographic Protocol

All patients were subjected to a specified protocol of long-limb radiographs, along
with an AP and lateral view of the knee. The same set of radiographs were then repeated at
6 weeks post-TKA, together with a CT scan of the knee to permit assessment of the accuracy
of the rotational alignment of the femoral component. The radiological images were stored
on a PACS system, and measurements done using the DICOM viewer measurement tools
by blinded evaluators.

The hip—knee-ankle (HKA) axis is defined by the angle subtended by the mechanical
axes of the femur and tibia. The mechanical axis of the femur is represented by a line
connecting the centre of the femoral head and centre of knee, and the tibial mechanical axis
is represented by a line between the centre of the knee and centre of the ankle. The centre
of the femoral head is determined using the concentric circle method, and the centre of the
ankle is represented by the midpoint of the talus [20].

The lateral distal femoral angle (LDFA) was defined as the lateral angle subtended by
the mechanical axis of the femur and the distal femur joint line. The medial proximal tibial
angle (MPTA) is defined as the medial angle between the mechanical axis of the tibia and
the proximal tibial joint line [21].

For the assessment of rotational accuracy, femoral component placement was mea-
sured on axial slices of the CT scan and is represented by the angle subtended by a
line representing the trans-epicondylar line (TEA) and another line connecting the most

posterior aspects of the femoral component (posterior condyle line). This is in keeping
with the publications of Berger et al. [22] and Adamska et al. [23], and is better depicted
in Figure 1 below.

Figure 1. Measurement of femoral component rotation on post-operative axial CT scans.
(A): One line represents the trans-epicondylar axis (TEA) and another line is drawn connecting
the most posterior aspects of the femoral component (posterior condyle line). (B): The posterior
condyle line is transposed (red arrow) to the TEA. (C): The angle subtended by both these lines is
taken as the femoral component rotation and is highlighted here in the red box.

These post-op measurements were then compared to intra-operative readings ex-
tracted from the robotic console, as shown in Figure 2 below.
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Figure 2. Example of patient data presented by ROSA Knee software intra-operatively.
(A): Varus/valgus position of the femoral and tibial components highlighted. These values are
used to calculate the LDFA and MPTA. (B): Femoral component external rotation visualized on this
planning page intra-operatively. (C): Final HKA obtained is shown here and is used for comparison
against the measured post-op HKA and aHKA.

2.4. Data Analysis

A post hoc power analysis was conducted using the observed primary outcome
(difference between intra-operative and post-operative HKA measurements). Power was
estimated using paired effect sizes (Cohen’s d,) with « = 0.05.

https://doi.org/10.3390/1ife16060925


https://doi.org/10.3390/life16060925

Life 2026, 16, 925

6 of 13

Descriptive statistics were used to summarize demographic variables, including mean,
median, standard deviation, range for continuous data (age, weight, height, BMI), and
frequencies and percentages for categorical data (gender, ethnicity, laterality). The distri-
bution of continuous variables was assessed for normality using the Shapiro-Wilk test
prior to inferential analysis. As the variables did not meet assumptions of normality,
non-parametric methods were applied. Non-parametric Kruskal-Wallis tests were used to
assess differences in alignment parameters (Hip—Knee—Ankle axis [HKA], Lateral Distal
Femoral Angle [LDFA], Medial Proximal Tibial Angle [MPTA], and Rotational Alignment
[ROT]) between surgeons and between post-operative and intra-operative measurements.
As the evaluated alignment parameters represented predefined study outcomes of clinical
interest, adjustments for multiple comparisons were not applied, and findings should be
interpreted within an exploratory framework.

Intra- and inter-observer reliability was analyzed using Intraclass Correlation Co-
efficients (ICC) from a subgroup of 30 knees measured by three independent raters.
The measurements were repeated at one-week intervals to complete three sets of read-
ings. All analyses and data visualization were conducted using R statistical software
(version 2023.12.0+369). Results are presented with 95% confidence intervals where rele-
vant to aid interpretation of the magnitude and precision of observed differences. A p-value
of less than 0.05 denoted statistical significance.

All investigators and procedures undertaken were in accordance with the ethical
standards of the institutional research committee and with the 1964 Declaration of Helsinki
and its later amendments or comparable ethical standards.

3. Results

At our centre, 338 RATKAs using the ROSA Knee System were performed from
December 2022 until December 2024 by four senior board-certified arthroplasty surgeons.
A total of 210 patients had to be excluded as they either did not meet the inclusion and
exclusion criteria or were not agreeable for study enrollment. A total of 128 patients were
enrolled in the study. Out of those who were enrolled, 34 patients had to be excluded as they
did not complete their post-operative radiographic assessments and were not agreeable
to return to complete these scans. A final tally of 94 knees was available for final analysis
and formed the basis on which this study was conducted. A post hoc power analysis
based on the primary outcome (difference between intra-operative and post-operative
HKA measurements) demonstrated that this sample size provided >99% power to detect
meaningful differences at o« = 0.05.

3.1. Patient Demographics and Cohort Characteristics

All 94 patients suffered from end-stage bi- or tri-compartmental knee OA and had
exhausted all attempts at conservative treatment. The cohort consisted of 62 women (66%)
and 32 men (34%), with a mean age of 66 years (range 45-81). There were 48 right
knees (51%) and 46 left knees (49%). Average follow-up duration was 7.15 months
(range 3-24 months). Mean BMI was 28.6 kg/m? with 60.6% of patients being in the
pre-obese and class I obesity categories. Surgery duration averaged 83.6 & 23.9 min.

3.2. Alignment

The average pre-op HKA axis was 6.7 &+ 8.8 degrees varus and this improved to
3.8 £ 4.4 degrees varus post-operatively. Comparing the post-op measurements against
verified intra-op values, there was a mean difference of 1.66 + 2.09 degrees, which was
statistically significant. This is clearly depicted in Table 2 below.
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Table 2. Assessment of alignment and implant positioning comparing post-operative measurements
against verified intra-operative values.

Paired Differences

Parameter Mean, Degrees () Std. Deviation, Degrees °) 95% Confidence Interval of Difference S;gg;flilclznoc‘:e,
Lower Upper
HKA —1.66 2.09 -2.09 —-1.23 <0.001
LDFA —0.32 1.84 —0.69 0.06 0.034
MPTA 0.84 1.17 0.60 1.08 <0.001
Rotational 1.63 2.40 1.14 212 <0.001
* Wilcoxon signed-rank test, p < 0.05 as significant at 95% CI. HKA Hip—Knee—Ankle axis; LDFA Lateral distal
femoral angle; MPTA Medial proximal tibial angle.
3.3. Accuracy of Implant Positioning
Comparison of post-operative measurements against the verified intra-operative im-
plant positions yielded a statistically significant difference in both the LDFA and MPTA,
with a mean difference of 0.32 £ 1.84 degrees and 0.84 + 1.17 degrees respectively.
In terms of rotational alignment, post-operative measurements were averagely
1.63 £ 2.40 degrees away from the verified intra-operative plan. This difference was
statistically significant. These are better illustrated in Table 2.
We were unable to reliably establish sagittal readings of the femoral component flexion
and posterior tibial slope from the lateral knee radiographs taken post-operatively and did
not proceed with any comparative analysis of these sagittal parameters.
3.4. Inter-Surgeon Comparisons
When comparing the post-operative measurements against the verified intra-operative
plans, there were no statistically significant differences for LDFA and MPTA between
the four surgeons however there was a difference for the HKA axis and rotational
alignment (Table 3).
Table 3. Comparison of post-operative measurements against verified intra-operative values for the
various alignment parameters between surgeons.
Mean £ SD, Degree (°) L
Parameter Surgeon A Surgeon B Surgeon C Surgeon D Significance, p Value *
HKA
Intra-op 08+17 0.5+1.0 34+24 10+14
Post-op 28126 25+1.6 40+34 38+44 0.007
Difference 20+20 20+15 06+19 29431
LDFA
Intra-op 89.7 1.6 894+24 91.6 +£2.0 90.5+ 0.9
Post-op 90.1+15 905+ 14 91.6 £2.5 90.4+22 0-265
Difference 03+138 1.1£21 0.0+138 01+15
MPTA
Intra-op 885+ 1.3 89.9 £1.0 88.5+1.7 88.6 1.3
Post-op 877 +13 88.7+12 87.8 £2.0 877 +15 0604
Difference 08+1.1 1.2£08 08+15 1.0 £0.7
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Table 3. Cont.

Mean =+ SD, Degree (°)

Parameter Surgeon A Surgeon B Surgeon C Surgeon D Significance, p Value *
Rotational
Intra-op 52+£37 21+17 33£26 2.8 +1.0
Post-op 29421 23+15 20+12 1.6 £0.6 0.007
Difference 23+26 02+1.0 1.3+£22 11+13
* Kruskal-Wallis test, p < 0.05 as significant at 95% CI. HKA Hip—Knee—Ankle axis; LDFA Lateral distal femoral
angle; MPTA Medial proximal tibial angle.
3.5. Hip-Knee-Ankle Axis
The verified intra-operative HKA axis captured by the robotic assistant had a
moderately positive correlation with both the measured post-op HKA and the aHKA,
with a marginally stronger correlation with the aHKA. These are better illustrated
in Figure 3 below.
HKA ROSA vs Post-operative HKA HKA ROSA vs Post-operative aHKA

Spearman rho = 0.649

HKA ROSA

Spearman rho = 0.694

HKA ROSA

1 2 3 4 5 6 7 8 9 10 11 12 5 -4 -3 2 -1 0 1 2 3 4 5 6 7 8 9 10
HKA Post aHKA Post

Figure 3. Correlation between the HKA captured on the ROSA Knee console (HKA ROSA) and
post-operative alignment measurements. Left scatterplot shows correlation between HKA ROSA
and post-operative measured HKA (HKA Post), demonstrating a moderately positive correlation
(Spearman’s rho = 0.649). Right scatterplot depicts correlation between HKA ROSA and
post-operative arithmetic HKA (aHKA Post), showing a higher moderately positive correlation
(Spearman’s rho = 0.694). In both plots, a local polynomial (LOESS) regression curve (red or blue)
illustrates the trend, and the shaded grey area represents the 95% confidence interval.

3.6. Intra- and Inter-Observer Reliability of Measurements

Intra- and inter-observer reliability was excellent for both LDFA and MPTA, with
ICCs consistently above 0.90, confirming the reproducibility of radiographic measurements.
The intra-observer coefficient for rotational alignment (ROT) was less consistent; however,
the inter-observer scores range between 0.88 and 0.97, still representing good to excellent
reproducibility. Table 4 captures this clearly.
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Table 4. Assessment of intra- and inter-observer reliability of measurements.

Intraclass Correlation Coefficient

95% 95%
Parameter Rater Confidence Interval Significance, Confidence Interval Significance,
Intra-Observer Inter-Observer
Lower Upper 14 Lower Upper 14
Bound Bound Bound Bound
1 0.984 0.972 0.992 <0.001
LDFA 2 0.993 0.986 0.996 <0.001 0.991 0.982 0.995 <0.001
3 0.984 0.970 0.992 <0.001
1 0.980 0.963 0.990 <0.001
MPTA 2 0.986 0.973 0.993 <0.001 0.984 0.970 0.992 <0.001
3 0.978 0.959 0.989 <0.001
1 0.934 0.884 0.966 <0.001
ROT 2 0.783 0.646 0.881 <0.001 0.933 0.883 0.965 <0.001
3 0.929 0.875 0.963 <0.001

Two-way mixed effects model where people effects are random, and measures effects are fixed, absolute agreement.
LDFA lateral distal femoral angle; MPTA medial proximal tibial angle; ROT rotational alignment.

3.7. Complications

There were no intra-operative or early post-operative complications, such as tracker
pin site fractures or infections, wound dehiscence, surgical site infections, venous throm-
boembolic events, component overhang or notching.

4. Discussion

Comparison between intra-operative verified values and post-operative radiographic
measurements demonstrated small but statistically significant deviations across all mea-
sured parameters. Nevertheless, the magnitude of these differences remained within clini-
cally acceptable ranges [24], supporting the ROSA Knee System’s ability to reproducibly
achieve planned alignment and implant positioning targets.

The results of our study show that the robotic system offers consistent reproduction of
the intra-operatively planned HKA. Despite being statistically significant, the differences
are within 1-2° of the intra-operative plan. With the rapid adoption and integration of
robotic systems into the field of arthroplasty, maintaining an arbitrary target of neutral
£ 3 degrees as per convention for manual TKA would negate one of the benefits of
RATKA, which is the possibility of accommodating a wider range of HKA axes to obtain a
well-balanced knee. The ability to accurately control the bone cuts and implant placement
has led to the development and adoption of personalized alignment strategies [25,26]. The
mean difference between post-op and intra-op planned HKA axis was 1.7 &= 2.1° and this
mirrors that of Mancino and colleagues—who reported a discrepancy of 1.3 & 1.3°—and
Rossi et al., who published a mean difference of 1.2 £ 1.1°. Both authors utilized the ROSA
Knee System in their studies [7,12]. The NAVIO™ Surgical System (Smith & Nephew,
Memphis, TN, USA) is another imageless robotic arthroplasty system; Bosco et al. recently
published that the mean difference in their cohort of 101 patients was 1.2 £ 1.2° [27]. In
our previous publication, we reported a mean difference of 0.8 £ 1.9° in that cohort of
patients undergoing RATKA using the MAKO™ robotic system [5]. However, it must be
pointed out a pre-operative CT scan is mandatory for patients undergoing surgery using
the MAKO system [5].

In terms of implant positioning in the coronal plane, there was a statistically significant
difference for both the LDFA and MPTA; however, the difference was only 0.3 £ 1.8° and
0.8 4= 1.2° respectively. Despite being statistically significant, these sub-degree discrepancies
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could be attributable to human error and may not actually translate to any noticeable clinical
effect. Zhou et al. reported a difference of 1.8 & 1.7° and 1.3 & 1.1° for the LDFA and MPTA
respectively in their retrospective analysis of 20 TKAs performed using the ROSA Knee
System [28]. In a recently published systematic review, Zaidi et al. performed a pooled
analysis on the included studies and reported an average discrepancy of 0.6 £ 0.1° for the
LDFA and 0.4 & 1.8° for MPTA [14]. These readings highlight the high degree of coronal
accuracy and precision that the ROSA can offer.

Rotational accuracy is one parameter that has very limited data in the literature as
this necessitates patients to undergo post-operative CT scans. In our cohort of patients, the
mean difference in rotational positioning is 1.6 & 2.4°, and this was statistically significant.
We measured this against the trans-epicondylar axis (TEA) as it would not be possible to do
so against the posterior-condylar axis (PCA). In their randomized controlled trial, Adamska
reported a rotational accuracy of 1.3 £ 1.0° for the RATKA group using the CORI™ Robotic
System (Smith & Nephew, Memphis, TN, USA) and 1.5 &£ 1.1° for the RATKA group which
utilized the NAVIO platform [23]. In our previous publication on the MAKO robot, we
reported the rotational accuracy of that cohort of 155 patients to be 0.4 & 1.5° [5]. Another
point that warrants highlighting is the fact that even though these measurements in the
axial plane are obtained from CT scans, there remains an ambiguity—as demonstrated by
Lei and colleagues [29]. In their publication, six experienced arthroplasty surgeons were
asked to identify the surgical transepicondylar axis (STEA) from pre-operative CT scans.
Each surgeon performed three measurements independently, with an interval of at least
15 days between each reading. Intra-surgeon reproducibility was moderate as adjudged
by an intra-class correlation (ICC) coefficient of between 0.5 and 0.75. Inter-surgeon ICC
was 0.528. The intra-class correlation coefficient for our study ranges between 0.78 and 0.93
whereas the inter-rater coefficient lies between 0.88 and 0.97. The increased variability con-
curs with the findings of Lei et al. and reaffirms the challenges in identifying the sSTEA both
pre-operatively and intra-operatively. However, we opine that the methodology outlined
above remains the most accurate way of assessing post-operative rotational accuracy.

When taken as a whole, the degree of objectivity in accuracy and precision which the
robot can consistently achieve should provide surgeons with confidence that their patients
will be receiving the planned implant positioning and resultant gap balance, regardless of
the alignment philosophy they adopt.

The HKA captured on the robotic console is done with the patient supine, thus
eliminating the effects of weight-bearing. As shown by Paternostre et al., there exists a
difference between weight-bearing and non-weight-bearing alignments which become
more significant with increasing severity of arthritis [30]. This is attributable to the zone
mechanical axis which represents the load-bearing axis in relation to the centre of the
knee and the stretching of the convex-sided soft tissues. In our study, there is moderate
correlation with both the measured post-op HKA, as well as the aHKA, with marginally
higher correlation with aHKA. MacDessi and colleagues have extensively published on the
aHKA being predictive of constitutional alignment [31]; with increasing emphasis placed
on its restoration in attempts to further improve patient outcomes and satisfaction rates,
surgeons who utilize ROSA Knee are now bolstered with further evidence and conviction
that the HKA captured on screen is indeed representative of the aHKA.

Another benefit of RATKA would be the reduction in subjective intra-operative assess-
ments, which accompanies all conventional TKAs. All robotic systems provide a certain
degree of objectivity in terms of alignment, balancing and resultant HKA. Inter-surgeon
consistency in coronal plane positioning supports the hypothesis that once proficiency
is attained, surgical outcomes become less dependent on operator variability. However,
there is a statistically significant difference in terms of HKA and rotational alignment. A
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plausible explanation would be that there exists a difference between standing and lying
HKA axes, with standing HKA having the additional effects of weight-bearing and gravity.
As shown in our results, the robot-captured HKA has moderate correlation with both the
measured standing HKA and the aHKA, with a marginally higher correlation with aHKA.
This slight difference could possibly be attributed to the effects of weight-bearing and
difficulty of consistently identifying the sTEA as highlighted above.

This study is not without limitations. Firstly, this is a purely radiographic assessment
with an observation of any potential early complications without consideration of clinical
outcomes. The improved accuracy and precision of the robot as highlighted above may
not necessarily translate to clinically meaningful improvement for the patients. Patient
outcomes and long-term survivorship are multi-factorial. Regardless, our study provides
data that the robotic assistant is indeed able to achieve good accuracy and precision with
no increased risk of early complications. Next, we were unable to consistently ascertain the
sagittal parameters of femoral component flexion and posterior tibial slope from the lateral
knee radiographs, which would be the standard of care. A lateral long limb radiograph
would allow this measurement to be performed, and we advocate for this extra radiographic
view to be ordered for future studies to permit assessments in the sagittal plane and their
impact on clinical outcomes. Additionally, despite our best efforts, the element of mild
lower limb rotation and flexion cannot be excluded with absolute certainty, and this may
have influenced the HKA readings. Subjecting patients to a standing long limb CT scan may
improve accuracy of measurements however this would not be the standard of care on top
of incurring additional radiation and financial costs. The exclusion of 34 patients who did
not complete post-operative radiographic assessments could have introduced selection bias.
However, recovery of these data was not possible, and all findings should be interpreted
with recognition of the limitations stated above. Future studies with larger sample sizes
and longer follow-up durations are warranted to further evaluate how these improvements
in accuracy translate into clinical outcomes and to better elucidate the benefits of this
robotic system.

5. Conclusions

The ROSA Knee System offers high accuracy and consistency in component placement
and alignment restoration in TKA. Once the learning curve is surpassed, surgeons can
expect reproducible results with minimal variation. Furthermore, the robot-captured HKA
correlates well with both measured post-operative HKA and arithmetic HKA, supporting
the use of ROSA in the adoption of various personalized alignment strategies.
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Abbreviations

The following abbreviations are used in this manuscript:

aHKA arithmetic Hip—-Knee—Ankle axis

BMI body mass index
CR cruciate retaining
CT computed tomography

HKA Hip-Knee-Ankle axis

LDFA lateral distal femoral angle

MPTA  medial proximal tibial angle

PKA partial knee arthroplasty

PS posterior stabilized

RATKA  robotic-assisted total knee arthroplasty
TEA trans-epicondylar axis

TKA total knee arthroplasty

sTEA surgical trans-epicondylar axis

References

1.

10.

11.

Smith, A.F,; Eccles, C.J.; Bhimani, S.J.; Denehy, K.M.; Bhimani, R.B.; Smith, L.S.; Malkani, A.L. Improved Patient Satisfaction
following Robotic-Assisted Total Knee Arthroplasty. J. Knee Surg. 2021, 34, 730-738. [CrossRef]

Bourne, R.B.; Chesworth, B.M.; Davis, A.M.; Mahomed, N.N.; Charron, K.D.]. Patient satisfaction after total knee arthroplasty:
Who is satisfied and who is not? Clin. Orthop. Relat. Res. 2010, 468, 57-63. [CrossRef]

Singh, M.; Harary, J.; Schilling, P.L.; Moschetti, W.E. Patient Satisfaction Is Nearly 90% After Total Knee Arthroplasty; We Are
Better Than We Were. |. Arthroplast. 2024, 40, 1521-1525. [CrossRef] [PubMed]

Kayani, B.; Konan, S.; Tahmassebi, J.; Pietrzak, ].R.T.; Haddad, ES. Robotic-arm assisted total knee arthroplasty is associated with
improved early functional recovery and reduced time to hospital discharge compared with conventional jig-based total knee
arthroplasty: A prospective cohort study. Bone Jt. J. 2018, 100-B, 930-937. [CrossRef]

Wong, WK.; Sajak, A.A.B.; Chua, H.S. Real-world accuracy of robotic-assisted total knee arthroplasty and its impact on expedited
recovery. |. Robot. Surg. 2024, 18, 309. [CrossRef]

Mancino, F.; Cacciola, G.; Malahias, M.-A.; Filippis, R.D.; Marco, D.D.; Matteo, V.D.; Gu, A.; Sculco, PK.; Maccauro, G;
Martino, I.D. What are the benefits of robotic-assisted total knee arthroplasty over conventional manual total knee arthroplasty?
A systematic review of comparative studies. Orthop. Rev. 2020, 12, 8657. [CrossRef]

Rossi, S.M.P,; Sangaletti, R.; Perticarini, L.; Terragnoli, F.; Benazzo, F. High accuracy of a new robotically assisted technique for
total knee arthroplasty: An in vivo study. Knee Surg. Sports Traumatol. Arthrosc. 2023, 31, 1153-1161. [CrossRef]

Kayani, B.; Konan, S.; Pietrzak, ].R.T.; Haddad, E.S. Iatrogenic Bone and Soft Tissue Trauma in Robotic-Arm Assisted Total Knee
Arthroplasty Compared with Conventional Jig-Based Total Knee Arthroplasty: A Prospective Cohort Study and Validation of a
New Classification System. J. Arthroplast. 2018, 33, 2496-2501. [CrossRef] [PubMed]

Khlopas, A.; Sodhi, N.; Sultan, A.A.; Chughtai, M.; Molloy, R.M.; Mont, M.A. Robotic Arm-Assisted Total Knee Arthroplasty.
J. Arthroplast. 2018, 33, 2002-2006. [CrossRef]

Zhang, J.; Ndou, W.S,; Ng, N.; Gaston, P.; Simpson, PM.; Macpherson, G.J.; Patton, J.T.; Clement, N.D. Robotic-arm assisted total
knee arthroplasty is associated with improved accuracy and patient reported outcomes: A systematic review and meta-analysis.
Knee Surg. Sports Traumatol. Arthrosc. 2022, 30, 2677-2695. [CrossRef] [PubMed]

Song, E.-K,; Seon, ].-K.; Yim, J.-H.; Netravali, N.A.; Bargar, W.L. Robotic-assisted TKA reduces postoperative alignment outliers
and improves gap balance compared to conventional TKA. Clin. Orthop. Relat. Res. 2013, 471, 118-126. [CrossRef]

https://doi.org/10.3390/1ife16060925


https://doi.org/10.1055/s-0039-1700837
https://doi.org/10.1007/s11999-009-1119-9
https://doi.org/10.1016/j.arth.2024.11.038
https://www.ncbi.nlm.nih.gov/pubmed/39581239
https://doi.org/10.1302/0301-620X.100B7.BJJ-2017-1449.R1
https://doi.org/10.1007/s11701-024-02059-6
https://doi.org/10.4081/or.2020.8657
https://doi.org/10.1007/s00167-021-06800-8
https://doi.org/10.1016/j.arth.2018.03.042
https://www.ncbi.nlm.nih.gov/pubmed/29699827
https://doi.org/10.1016/j.arth.2018.01.060
https://doi.org/10.1007/s00167-021-06464-4
https://www.ncbi.nlm.nih.gov/pubmed/33547914
https://doi.org/10.1007/s11999-012-2407-3
https://doi.org/10.3390/life16060925

Life 2026, 16, 925 130f13

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Mancino, F,; Rossi, S.M.P.; Sangaletti, R.; Caredda, M.; Terragnoli, F.; Benazzo, F. Increased accuracy in component positioning
using an image-less robotic arm system in primary total knee arthroplasty: A retrospective study. Arch. Orthop. Trauma Surg.
2024, 144, 393-404. [CrossRef]

Mabhoney, O.; Kinsey, T.; Sodhi, N.; Mont, M.A.; Chen, A.E; Orozco, E; Hozack, W. Improved Component Placement Accuracy
with Robotic-Arm Assisted Total Knee Arthroplasty. J. Knee Surg. 2022, 35, 337-344. [CrossRef]

Zaidi, F.; Goplen, C.M.; Bolam, S.M.; Monk, A.P. Accuracy and Outcomes of a Novel Cut-Block Positioning Robotic-Arm Assisted
System for Total Knee Arthroplasty: A Systematic Review and Meta-Analysis. Arthroplast. Today 2024, 29, 101451. [CrossRef]
[PubMed]

Kenanidis, E.; Paparoidamis, G.; Milonakis, N.; Potoupnis, M.; Tsiridis, E. Comparative outcomes between a new robotically
assisted and a manual technique for total knee arthroplasty in patients with osteoarthritis: A prospective matched comparative
cohort study. Eur. J. Orthop. Surg. Traumatol. 2023, 33, 1231-1236. [CrossRef]

Batailler, C.; Hannouche, D.; Benazzo, F.; Parratte, S. Concepts and techniques of a new robotically assisted technique for total
knee arthroplasty: The ROSA knee system. Arch. Orthop. Trauma Surg. 2021, 141, 2049-2058. [CrossRef]

Shin, C.; Crovetti, C.; Huo, E.; Lionberger, D. Unsatisfactory accuracy of recent robotic assisting system ROSA for total knee
arthroplasty. J. Exp. Orthop. 2022, 9, 82. [CrossRef] [PubMed]

Hasegawa, M.; Tone, S.; Naito, Y.; Sudo, A. Comparison of accuracy and early outcomes in robotic total knee arthroplasty using
NAVIO and ROSA. Sci. Rep. 2024, 14, 3192. [CrossRef]

Parratte, S.; Price, A.].; Jeys, L.M.; Jackson, W.F.; Clarke, H.D. Accuracy of a New Robotically Assisted Technique for Total Knee
Arthroplasty: A Cadaveric Study. J. Arthroplast. 2019, 34, 2799-2803. [CrossRef]

Mulpur, P; Desai, K.B.; Mahajan, A.; Masilamani, A.B.S.; Hippalgaonkar, K.; Reddy, A.V.G. Radiological Evaluation of
the Phenotype of Indian Osteoarthritic Knees based on the Coronal Plane Alignment of the Knee Classification (CPAK).
Indian J. Orthop. 2022, 56, 2066-2076. [CrossRef] [PubMed]

MacDessi, S.J.; Griffiths-Jones, W.; Harris, I.A.; Bellemans, J.; Chen, D.B. Coronal Plane Alignment of the Knee (CPAK) classification.
Bone Jt. ]. 2021, 103-B, 329-337. [CrossRef]

Berger, R.A.; Rubash, H.E.; Seel, M.J.; Thompson, W.H.; Crossett, L.S. Determining the rotational alignment of the femoral
component in total knee arthroplasty using the epicondylar axis. Clin. Orthop. Relat. Res. 1993, 286, 40—47. [CrossRef]
Adamska, O.; Modzelewski, K.; Szymczak, J.; Swiderek, J.; Maciag, B.; Czuchaj, P.; Poniatowska, M.; Wnuk, A. Robotic-Assisted
Total Knee Arthroplasty Utilizing NAVIO, CORI Imageless Systems and Manual TKA Accurately Restore Femoral Rotational
Alignment and Yield Satisfactory Clinical Outcomes: A Randomized Controlled Trial. Medicina 2023, 59, 236. [CrossRef]
Cherches, M.; Coss, N.; Nguyen, K.; Halvorson, R.; Allahabadi, S.; Bini, S. No Correlation Between Clinical Outcomes and
Changes in the Tibia-Metaphyseal Angle Following Total Knee Arthroplasty: A Retrospective Study. J. Arthroplast. 2022, 37,
1793-1798. [CrossRef]

Clark, G.; Steer, R.; Wood, D. Functional alignment achieves a more balanced total knee arthroplasty than either mechanical
alignment or kinematic alignment prior to soft tissue releases. Knee Surg. Sports Traumatol. Arthrosc. 2023, 31, 1420-1426.
[CrossRef] [PubMed]

Lustig, S.; Sappey-Marinier, E.; Fary, C.; Servien, E.; Parratte, S.; Batailler, C. Personalized alignment in total knee arthroplasty:
Current concepts. SICOT J. 2021, 7, 19. [CrossRef]

Bosco, E; Rovere, G.; Burgio, C.; Bue, G.L.; Cobisi, C.D.; Via, R.G.; Lucenti, L.; Camarda, L. Accuracy and learning curve of
imageless robotic-assisted total knee arthroplasty. . Orthop. 2025, 66, 77-83. [CrossRef]

Zhou, G.; Wang, X.; Geng, X; Li, Z.; Tian, H. Comparison of Alignment Accuracy and Clinical Outcomes between a CT-Based,
Saw Cutting Robotic System and a CT-Free, Jig-guided Robotic System for Total Knee Arthroplasty. Orthop. Surg. 2024, 16,
1168-1174. [CrossRef]

Lei, K.; Liu, L.M.; Luo, ].M.; Ma, C; Feng, Q.; Yang, L.; Guo, L. Could surgical transepicondylar axis be identified accurately in
preoperative 3D planning for total knee arthroplasty? A reproducibility study based on 3D-CT. Arthroplasty 2022, 4, 46. [CrossRef]
[PubMed]

Paternostre, F.; Schwab, P-E.; Thienpont, E. The difference between weight-bearing and non-weight-bearing alignment in
patient-specific instrumentation planning. Knee Surg. Sports Traumatol. Arthrosc. 2014, 22, 674—679. [CrossRef] [PubMed]
MacDessi, S.J.; Griffiths-Jones, W.; Harris, I.A.; Bellemans, J.; Chen, D.B. The arithmetic HKA (aHKA) predicts the constitutional
alignment of the arthritic knee compared to the normal contralateral knee: A matched-pairs radiographic study. Bone Jt. Open
2020, 1, 339-345. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/1ife16060925


https://doi.org/10.1007/s00402-023-05062-y
https://doi.org/10.1055/s-0040-1715571
https://doi.org/10.1016/j.artd.2024.101451
https://www.ncbi.nlm.nih.gov/pubmed/39188576
https://doi.org/10.1007/s00590-022-03274-3
https://doi.org/10.1007/s00402-021-04048-y
https://doi.org/10.1186/s40634-022-00522-7
https://www.ncbi.nlm.nih.gov/pubmed/35984537
https://doi.org/10.1038/s41598-024-53789-4
https://doi.org/10.1016/j.arth.2019.06.040
https://doi.org/10.1007/s43465-022-00756-8
https://www.ncbi.nlm.nih.gov/pubmed/36507214
https://doi.org/10.1302/0301-620X.103B2.BJJ-2020-1050.R1
https://doi.org/10.1097/00003086-199301000-00008
https://doi.org/10.3390/medicina59020236
https://doi.org/10.1016/j.arth.2022.04.024
https://doi.org/10.1007/s00167-022-07156-3
https://www.ncbi.nlm.nih.gov/pubmed/36116071
https://doi.org/10.1051/sicotj/2021021
https://doi.org/10.1016/j.jor.2024.12.029
https://doi.org/10.1111/os.14055
https://doi.org/10.1186/s42836-022-00147-2
https://www.ncbi.nlm.nih.gov/pubmed/36244969
https://doi.org/10.1007/s00167-013-2687-5
https://www.ncbi.nlm.nih.gov/pubmed/24051507
https://doi.org/10.1302/2633-1462.17.BJO-2020-0037.R1
https://www.ncbi.nlm.nih.gov/pubmed/33215122
https://doi.org/10.3390/life16060925

	Introduction 
	Materials and Methods 
	Patient Selection 
	Surgical Technique 
	Radiographic Protocol 
	Data Analysis 

	Results 
	Patient Demographics and Cohort Characteristics 
	Alignment 
	Accuracy of Implant Positioning 
	Inter-Surgeon Comparisons 
	Hip-Knee-Ankle Axis 
	Intra- and Inter-Observer Reliability of Measurements 
	Complications 

	Discussion 
	Conclusions 
	References

