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Introduction

Anterior knee pain remains a commonly reported complaint following total knee
arthroplasty (TKA) and has been shown to correlate to the patella as a source. While
robotic knee systems have been shown to improve femoral and tibial component
accuracy, the impact of robotics on patella tracking and tilt has not been adequately
studied. Therefore, we sought to compare patellar tilt in robotic and conventional TKA.

Methods

We retrospectively reviewed 602 consecutive primary TKAs by a single surgeon over a
4-year period. The population was divided into two cohorts: robotic vs. conventional.
Patellar tilt was measured using merchant view radiographs. Chi-square tests were used
to examine for differences between categorical variables and t-tests for continuous
variables. Binary logistic regression was used to control for differences between cohorts.

Results

A total of 260 robotic knees and 311 conventional knees were included. There were no
differences in demographics between groups. A binary logistic regression showed no
significant association between decreasing patellar tilt and a lack of patellar resurfacing
(p=0.217, Odds Ratio = 1.045, 95% CI = 0.974-1.121). Using the absolute value, the mean
patellar tilt in the robotic cohort was 1.96° compared to 2.89° of tilt in the conventional
cohort (p = 0.0001). The percentage of outliers where the patellar tilt exceeded 3 degrees
from neutral was significantly higher among conventional cohort (34% vs 20%,
p=0.00018). WOMAC Pain scores were significantly improved in the robotic vs nonrobotic
cohort (16.6 vs 15.0, p < 0.001).
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Conclusion

Robotic TKA leads to an improvement in patellar tilt, with a smaller percentage of
outliers, compared to conventional TKA. These findings could partially explain the

improved pain with robotic TKA.

INTRODUCTION

Despite the widespread success of total knee arthroplasty
(TKA), up to 25% of TKA recipients remain dissatisfied with
the outcomes of the procedure (Choi and Ra 2016). Anterior
knee pain that persists following TKA remains among the
most commonly reported complaints associated with dis-
satisfaction (Halawi et al. 2019; Mathis et al. 2021). Even
among satisfied TKA recipients, a third report some extent
of anterior knee pain one year postoperatively (Meftah,
Ranawat, and Ranawat 2011). While various etiologies have
been speculated to correlate with postoperative anterior
knee pain, the majority of attempts to overcome this com-
plication have revolved around addressing a theoretical
patellar source of pain. As such, patellar resurfacing gained
significant traction as a potential solution for anterior knee
pain following TKA (Koh et al. 2019; Raaij et al. 2021; Dong
et al. 2018; Thiengwittayaporn, Srungboonmee, and Chi-
amtrakool 2019). While proponents of patellar resurfac-
ing argue it reduces anterior knee pain after surgery, the
procedure introduces additional technical variables such
as patellar component positioning, overstuffing of the
patellofemoral joint, and patellar tilt, among others. In
resurfaced patella, a positive association between patellar
tilt and anterior knee pain remains controversial, with re-
ports supporting and refuting the presence of such a corre-
lation (White et al. 2019; Joseph et al. 2021).

Robotics have gained substantial popularity over the last
decade within the field of arthroplasty. The rapid adoption
of robotic technology is in part driven by the perceived
capacity to reduce outliers and increase replicability, im-
prove alignment, and allow for more accurate preoperative
planning and execution than conventional methods. Ro-
botic systems have been used with different techniques to
replicate methodologies applied with conventional meth-
ods, namely measured resection and gap balancing tech-
niques. While various robotic systems and utilization
methodologies have been assessed, multiple studies have
noted superior accuracy and precision of femoral and tibial
components positioning with robotic TKA when compared
to conventional methods (Kayani et al. 2019; Mahoney,
Kinsey, Sodhi, et al. 2022; Zhang, Ndou, Ng, et al. 2022). To
date, the literature remains lacking of evidence assessing
the impact of robotics on patella tracking, and specifically
patellar tilt, in the setting of gap balancing technique.

Within that context, the aim of this study is to compare
patellar tilt in robotic and conventional TKA. We specifi-
cally assess the degree of patellar tilt and frequency of out-
liers between the two techniques. We hypothesize improved
patellar tilt with robotic TKA with fewer outliers that could
be attributed to improved femoral component rotation and
flexion gap balance in that group.

METHODS

STUDY POPULATION

Following approval by our institutional review board, all
primary TKAs performed by a single surgeon (author ini-
tials withheld) between January 2018 and September 2022
were assessed. Demographic and operative data were col-
lected including age, gender, implant brand and model,
choice of patellar resurfacing, and whether robotic assis-
tance was used to complete the operation. The Western On-
tario and McMaster Universities Arthritis Index (WOMAC)
patient-related outcome measure (PROM) was collected
preoperatively, 3 months postoperatively, and 1 year post-
operatively. Patients were excluded from analysis if postop-
erative radiographs did not include a diagnostic merchant
view that could be used to perform patellar tilt measure-
ments.

SURGICAL TECHNIQUE

Patients included in the study underwent a standardized
surgical exposure by the same surgeon, utilizing a midline
skin incision and a medial parapatellar approach without
the use of a tourniquet in any patients. A medial soft tissue
release was performed following arthrotomy at various ex-
tents, individualized based on limb deformity and intraop-
erative gap assessment. The lateral fat pad, lateral menis-
cus, anterior and posterior cruciate ligaments were excised,
and the tibia was subluxed exposing the entire surface.

Implant utilization varied over the study period and in-
cluded implants from four different manufacturers (Zim-
mer Biomet, Warsaw, Indiana; Smith+Nephew, Memphis,
Tennessee; ConforMIS, Billerica, MA; Depuy Synthes, War-
saw, Indiana) (Table 1). Additionally, four types of poly-
ethylene were used, including: constrained-posterior stabi-
lized (CPS), cruciate-retaining (CR), medial congruent (MC)
and posterior-cruciate substituting (PS) (Table 2). Implants
were selected based on surgeon discretion in order to pro-
vide the most appropriate implant and amount of stability
for each patient.

The population was divided into two cohorts depending
on whether the surgery was performed with robotic guid-
ance based on discretion of the senior surgeon. Conven-
tional knees were performed with a measured resection
technique with post-resection soft tissue balancing. All
conventional knees were planned to achieve neutral me-
chanical alignment. Robotic knees were performed with one
of three robotic platforms (ROSA Knee System, Zimmer
Biomet, Warsaw, Indiana; NAVIO Surgical System,
Smith+Nephew, Memphis, Tennessee; or CORI Surgical
System, Smith+Nephew, Memphis, Tennessee). Regardless
of robotic platform used, a similar workflow was used.
Femoral and tibial osteophytes were removed during the
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Table 1. Implant utilization broken down by manufacturer

Implant Manufacturer and Zimmer Smith+Nephew Journey ConforMIS Depuy Synthes

Model Persona 1 iTotal Attune

# of Knees 387 87 81 16

Table 2. Polyethylene utilization broken down by cohort
Polyethylene Type Constrained Posterior-Stabilized Posterior-Cruciate Retaining Medial Congruent Posterior-
(CPS) (CR) (MC) Cruciate Substituting

(PS)

# of Robotic Knees 20 3 120 117

# of Non-Robotic Knees 35 94 5 177

exposure. Registration of the robot and identification of
bony landmarks were completed using a protocol that did
not require any advanced imaging. Subsequently medial
and lateral stress-gaps were assessed, and femoral and tib-
ial cuts were planned accordingly to achieve balanced gaps
in flexion and extension and to be within 3 degrees of neu-
tral mechanical alignment.

Patellar management varied over the study period. All
patients received a lateral facetectomy and circumferential
denervation, however the patella was resurfaced at the dis-
cretion of the senior surgeon based on patient specific fac-
tors such as balancing retaining native structures versus re-
moving diseased surfaces. When the patella was resurfaced,
the cut was performed using a free-hand technique with an
oscillating saw, parallel to the anterior cortex, while aiming
to produce symmetric thickness throughout. Patellar resur-
facing, when performed, was done with a cemented 3-but-
ton polyethylene patellar component.

RADIOGRAPHIC ASSESSMENT

Measurements were performed by one rater following ex-
tensive training from the senior author using a standard-
ized measurement protocol. The rater was blinded to the
use of robotics when measurements were made. Assess-
ment of postoperative merchant view radiographs on digi-
tal imaging software according to the method of Gomes et
al. was conducted (Gomes, Bechtold, and Gustilo 1988). The
angle between the resected surface of the patella and a line
tangent to the anterior condylar axis of the femoral compo-
nent was measured and recorded (Figures 1-4). The patellar
tilt was recorded as positive when the tilt was lateral and
was recorded as negative when the tilt was medial. The ab-
solute value of the patellar tilt was used during data analy-
sis as a neutral of 0° was considered the goal for patellar
tilt during surgery, and both increasing lateral and medial
tilt away from neutral were considered as increasingly im-
perfect. The percentage of outliers where the patellar tilt
exceeded 3 degrees off neutral was also calculated for each

group.

Figure 1. Postoperative merchant view radiograph of a
patella that was not resurfaced with a lateral tilt of
5.5° (outlier)

Figure 2. Postoperative merchant view radiograph of a
patella that was not resurfaced with a neutral tilt of
0.0°

STATISTICAL ANALYSIS

Statistical analysis was carried out using (version 28.0,
SPSS Inc., Chicago, IL, USA). Chi-square tests were used
to examine for differences between the robotic and con-
ventional groups for categorical variables such as gender
and t-tests for continuous variables such as age, BMI, and
patellar tilt. Binary logistic regression was also used so
see if there was any association between patellar resurfac-
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Figure 3. Postoperative merchant view radiograph of a
resurfaced patella with a lateral tilt of 6.5° (outlier)

Figure 4. Postoperative merchant view radiograph of a
resurfaced patella with a neutral tilt of 0.0°

ing and patellar tilt. WOMAC Pain, Stiffness, and Func-
tion scores were analyzed individually. Independent sam-
ples t-tests were conducted to analyze WOMAC scores
between the robotic and non-robotic cohorts at each time
period. All P values were for 2-sided tests, and P values <
0.05 were considered statistically significant.

RESULTS

A total of 602 consecutive knees were performed over the
study period, including 276 knees with robotic guidance
and 326 knees with conventional instrumentation. Among
those, 16 robotic knees (5.8%) and 15 conventional knees
(4.6%) were excluded due to lack of postoperative merchant
view radiographs, leaving a total of 260 knees in the robotic
cohort and 311 knees in the conventional cohort.

There were no differences in baseline demographics such
as age and gender between robotic and conventional groups
(32). However, since the incidence of patellar resurfacing
was significantly lower in the robotic knee cohort (60.8% vs
86.5%; p < 0.00001), a binary logistic regression was com-
pleted to control for this baseline difference. This regres-
sion showed no significant association between decreasing

patellar tilt and a lack of patellar resurfacing (p = 0.217,
Odds Ratio = 1.045, 95% CI = 0.974-1.121) (Table 4).

Using the absolute value of patellar tilt, the mean patel-
lar tilt in the robotic cohort was 1.96° of lateral tilt (¥2.74°,
range 0° to 15°), compared to a 2.89° of tilt (¥2.95°, range
0° to 14°) in the conventional cohort (p = 0.0001) (Figure 5).
The percentage of outliers where the patellar tilt exceeded
3 degrees from neutral was significantly higher among con-
ventional cohort (34% vs 20%, p = 0.00018) (Table 5).

WOMALC scores did not differ significantly between the
robotic cohorts postoperatively or 3 months postopera-
tively (Table 6). WOMAC Pain scores were significantly bet-
ter in the robotic cohort (Mean = 16.6; range = 8 to 20) than
the non-robotic cohort (Mean = 15.0; range = 0 to 20) at
1 year postop; t(569) = 4.835; p < 0.001 (Table 5). WOMAC
Stiffness scores did not differ between the robotic and non-
robotic cohorts at 1 year postop; t(569) = 0.645; p = 0.520.
WOMAC Function scores also did not differ significantly in
the robotic and non-robotic cohorts at 1 year postop; t(569)
=1.390; p = 0.165.

DISCUSSION

The current study reveals that robotic TKA leads to a sta-
tistically significant improvement in patellar tilt, with a
smaller percentage of outliers, compared to conventional
TKA, confirming the original hypothesis. While robotic
technology plays no direct role in patellar tracking or com-
ponent positioning, these findings point towards an indi-
rect impact potentially through optimized flexion gap bal-
ancing and soft tissue tensioning and improved rotational
alignment of the femoral and tibial components.

Robotic TKA aims to improve alignment, reduce vari-
ability, and potentially standardize postoperative outcomes
(Decking et al. 2004). The findings from the current study
indicate significantly less patellar tilt among robotic TKA
cohort compared to the conventional counterpart (1.96° vs
2.89°, respectively, p < 0.0001). While multiple factors have
been identified to contribute to patellar tilt following TKA,
femoral component rotation has been highlighted as one of
the major determinants (Anglin, Brimacombe, Hodgson, et
al. 2008). Matsuda et al. assessed rotational alignment of
tibial and femoral components and noted a positive corre-
lation between patellar tilt and the sum of the internal ro-
tation angles of the components (Matsuda et al. 2001). The
positive impact of robotics on improved femoral compo-
nent alignment has been extensively supported in the liter-
ature. Kayani et al prospectively compared robotic and con-
ventional TKA and noted higher accuracy in achieving the
planned position in the coronal and sagittal planes among
the robotic cohort (Kayani et al. 2019). Similarly, Mahoney
et al, in a prospective study comparing 143 robotic to 86
conventional TKA, reported a statistically significant im-
provement in deviation of femoral component rotation be-
tween planned and realized component position (1.5° vs.
1.3° for conventional and robotic, respectively, p = 0.015)
(Mahoney, Kinsey, Sodhi, et al. 2022). An improved rota-
tional alignment of the components in the robotic TKA co-
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Table 3. Patient demographics for each cohort

Demographics N Robotic Conventional P

N (%) 571 260 (45.5%) 311(54.5%)

Gender, n (%)

Female 359(62.9%) 168 (64.6%) 191(61.4%) 0.4305
Male 212(37.1%) 92 (35.4%) 120(38.6%)

Agely) _ 66.72 66.70 0.9802

Table 4. Results of binary logistic regression for association between patellar resurfacing and tilt

Patellar Resurfacing

QOdds Ratio (95% Confidence Interval) P

Patellar Tilt 1.045(0.974-1.121)

0.217

Average Patellar Tilt for Robotic and Conventional Groups

3 p=0.0001

|
2.89

Patellar Tilt (degrees)

Robotic Conventional

Figure 5. Average patellar tilt when using the absolute
value of all measurements for both robotic and
conventional groups

hort could yield improved patellar tilt, potentially provid-
ing an explanation to the results noted in our study.
Additionally, the present study noted a significantly
lower percentage of outliers in patellar tilt among the ro-
botic cohort reaching 20% compared to 34% in conven-
tional group when outliers were defined as a difference of
more than 3 degrees. (p = 0.00018). This improved con-
sistency in patellar tracking in some respects mirrors the
findings of improved consistency in sagittal and coronal
alignment from Song, et al., who reported no outliers in a
robotic cohort, as defined by error > 3 degrees, in the me-
chanical axis, and coronal and sagittal inclinations, com-
pared to a total of 24% outliers in the mechanical axis
for the conventional TKA cohort (Song et al. 2013). In a
more recent meta-analysis comparing accuracy of compo-
nent positioning in the coronal plane between robotic and

conventional TKA, Zhang et al. similarly noted substan-
tially lower difference between planned and realized com-
ponent position, with a narrower spread within the robotic
arm cohort (Zhang, Ndou, Ng, et al. 2022). While the afore-
mentioned studies assess different robotic systems and ap-
ply various definitions and values for accuracy and preci-
sion, the collective results point towards a general common
pattern of improved alignment and lower rate of outliers
among robotic TKA in comparison to conventional meth-
ods. As such, and as the robot plays no direct role in the
patellar cut or button positioning, we speculate a consis-
tent and precise femoral component positioning as a poten-
tial contributor to the findings of this study.

When applying gap balancing techniques, component
position and rotation are mainly guided by the ligament
balancing axis, irrespective of the anatomical bony align-
ment. This approach has been amplified in more recent
years by the introduction of robotic TKA with ensuing
heightened accuracy and precision of measurements and
intraoperative planning. While alternative factors might be
speculated to contribute to the observed results of the cur-
rent study, an improved ligamentous balance in flexion
could explain our reported outcomes. Flexion gap balancing
has been recently noted to play a critical role in predicting
patellar tilt, regardless of the femoral component rotational
profile. Ko et al retrospectively compared 99 patients with
internal femoral rotation and 146 with femoral component
in 3°-5° external rotation, to evaluate the effect of femoral
component rotation on patellar tracking using the gap bal-
ancing technique (Ko et al. 2021). The authors noted no
statistical significant difference between the groups with
regards to patellar tilt angle (-0.4° = 3.6° vs. 0.1° * 4.1°,
respectively, p = 0.251). These findings led the authors to
conclude that ligament balance in flexion is critical in de-

Table 5. Results of chi square analysis of robotic and conventional outliers >3 degrees

Robotic Conventional P
Outliers >3
Outliers (%) 52(20%) 106 (34%) 0.00018
Non-Outliers (%) 208 (80%) 205 (66%)
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Table 6. Patient Related Outcome Measures (PROMs)

Prep-op 3-months 12-months P at 12-months
WOMAC Pain (0-20)
Robotic 8.7 (4.6) 15.4(3.4) 16.6(3.6) <0.001
Non-robotic 8.1(4.6) 15.0(4.1) 15.0(4.2)
WOMAC Stiffness (0-8)
Robotic 3.4(1.9) 4.8(1.6) 5.5(1.9) 0.520
Non-robotic 3.4(2.2) 47(1.7) 5.6(1.8)
WOMAC Function (0-68)
Robotic 29.6(14.4) 49.7 (11.2) 52.8(13.7) 0.165
Non-robotic 28.6(14.2) 47.6 (14.4) 54.4(13.7)

termining patellar tracking. As such, the results presented
in the current study of lower patellar tilt in the robotic
TKA cohort could be attributed to improvement in flexion
gap balancing and more accurate component positioning
achieved through utilization of a gap balancing technique
with robotic guidance. Furthermore, the authors hypothe-
size lower patella tilt from robotic TKA could also have ben-
eficial clinical implications, which would be consistent with
our results showing significantly improved WOMAC pain
scores in the robotic cohort.

The ultimate target for robotic TKA remains to improve
postoperative outcomes and survivorship of the prosthesis
through optimized component alignment and reproduction
of native knee kinematics. Consistent evidence of correla-
tion between patellar tilt and postoperative outcomes fol-
lowing TKA remains lacking in the literature. In a retro-
spective analysis of 90 TKAs, White et. al . noted no
correlation between tilt and postoperative pain (White et
al. 2019). Interestingly, Joseph et al assessed postoperative
outcomes in 878 TKAs that were divided into 633 without
patellar tilt and 193 with patellar tilt. The authors reported
improved global satisfaction and KSS scores in the cohort
without patellar tilt, with significantly lower revision rate
for any cause (p =0.019) (Joseph et al. 2021). While the im-
pact of patellar tilt on postoperative outcomes remains un-
clear in the literature, no studies have assessed this corre-
lation among robotic TKA recipients. Given the multitude
of variables that might lead to patellar tilt, and as robotic
technology aids in eliminating variabilities related to com-
ponent positioning and ligamentous balancing, future
studies are needed to better understand the impact of
patellar tilt on postoperative outcomes and anterior knee
pain.

This study is not without limitations. This is a radi-
ographic analysis of a consecutive case series of TKAs per-
formed by a single surgeon at a single institution. As such,
the generalizability of the findings reported in this study
might be limited. However, this same limitation acts as a
strength supporting the results, as there exists no vari-
ability in technique or other unknown variables that might
have impacted the results. It is also possible that while all

merchant view radiographs are taken at the same angle of
knee flexion, there may have been some variability in ra-
diographic view. Additionally, a free hand resection tech-
nique of the patella is highly surgeon dependent and could
impact reproducibility. Furthermore, there was heterogene-
ity in the implants and robotic systems utilized which may
introduce additional variability between cohorts that might
not have been fully accounted for with methodology uti-
lized. Lastly, the study was limited to radiographic analysis
with no clinical outcomes or long-term follow-up reported
in this study. While this methodology is common for early
robotic studies, clinical outcomes and long-term follow-up
were not stated aims of this study and would constitute in-
teresting venues for future analysis. Prospective research
with long-term follow-up with clinical correlation of vary-
ing patellar tilt would be beneficial to explore.

Despite these limitations, this study has several
strengths as it constitutes a large cohort of consistent and
standardized population and a first analysis of a prospec-
tively collected data assessing patellar tilt in the setting of
robotic TKA in comparison to conventional TKA performed
with the same implant. While most other alignment analy-
ses focused on femoral and tibial components, this is the
first report to the authors’ knowledge to analyze the impact
of robotic TKA on patellar tilt.

In conclusion, the findings from this radiographic analy-
sis reveal an improved and replicable patellar tilt in robotic
TKA in comparison to conventional methods. The results
of this study might further support the notion of improved
flexion gap balancing and general alignment with robotic
TKA and consistency of results with lower incidence of out-
liers. These findings could explain to some extent the im-
proved pain witnessed with robotic TKA in comparison to
conventional methods. As anterior knee pain and dissatis-
faction after TKA continue to pose a significant challenge
and an economic burden, further assessment of correlation
of the findings from this study with long term clinical out-
comes remains critical.
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