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Abstract
Purpose Patellar resurfacing (PR) in total knee arthroplasty (TKA) is still one of the major controversies in orthopaedic surgery
today. The aim of the present retrospective case-control study was to identify predictors for secondary patellar resurfacing (SPR)
after initial TKA to create a rationale for surgeons to decide which patients to resurface primarily. It was hypothesized that proper
TKA implantation and component positioning as well as a maintained physiological patellar geometry will lead to a reduced risk
of SPR. Overmore, it was hypothesized that intrinsic factors like overweight might also have an influence on the need for SPR.
Methods After identification of suitable patients and age/sex matching in a 1:2 fashion, 29 cases (TKA/SPR) and 58 controls
(TKA) were included and screened for available clinical and epidemiological data as well as for radiographic data after primary
TKA. Pearson’s correlation analysis as well as logistic regressionmodeling was performed to identify possible predictors for SPR
following TKA.
Results Binary logistic regression was able to correctly classify 88.5% of patients into case or control groups. It indicated that
patella tilt, patella height, and thickness as well as the delta angle were significant predictors of a need for SPR following primary
TKA. An increase in patellar width by 1 mm will increase the risk of SPR, while an increase in patellar thickness by 1 mm will
reduce it. An increase in patellar tilt by 1° will also increase the risk of SPR. Finally, an increase in delta angle by 1° will again
reduce the risk of SPR.
Conclusions Easy and accessible radiographic measurements have been identified as possible predictors of SPR following
primary TKA. Although indication for primary PR may still remain a controversial topic, a rationale has been proposed in this
study to support surgeons in objectively estimating an individual patient’s risk for SPR prior to primary TKA measuring the
patella tilt, width, and thickness. Overmore, regarding surgical aspects of TKA, tibial component positioning has also been shown
to be of importance to reduce the risk of SPR.
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Introduction

Patellar resurfacing (PR) in total knee arthroplasty (TKA) is
still one of the major controversies in orthopaedic surgery
today [1]. While most surgeons in the USA routinely perform
PR during TKA for medicolegal reasons, most European sur-
geons only tend to do so after subjective evaluation of indi-
vidual patient’s risk for development of anterior knee pain
after TKA. Part of this controversy are complications com-
monly seen with PR such as patella fractures, osteonecrosis,
overstuffing, patellofemoral instability, and even rapid im-
plant wear as well as loosening [1, 2]. Revision rates after
primary PR-related complications reported in the literature
range up to 10% [3]. This relatively high rate has not been
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lowered yet, despite the evolution of modern TKA implant
designs and surgical techniques like patellar decompression
or patelloplasty in primary TKA [4–7].

On the other hand, anterior knee pain after primary TKA
without PR is seen in 4 to 49% of patients and possible causes
for this phenomenon are numerous [8, 9]. Although secondary
patellar resurfacing (SPR) has not been shown to consistently
relieve pain, it is the most commonly performed procedure in
these cases [10]. The need for SPR is reported to be around
13% [1, 11]. This may be masked by a selection bias though,
as treatment with SPR is often regarded as the only option in
patients with persistent anterior knee pain following TKA,
which cannot be explained by other causes like component
malrotation, torsional deformities, or patella shift [12]. TKA
implant designs may also add to the development of post-
operative anterior knee pain [13], although today it is widely
accepted to be a more complex and multifactorial problem
involving not only static but also dynamic variables [5, 10].

Previous studies either focused on the risk of revision fol-
lowing TKA with PR, instead of trying to identify surgery-
related predictors leading to SPR following TKA [12, 14–17],
or tried to compare groups with and without PR in primary
TKA, but often with limited study designs or insufficient out-
come parameters [18]. A recent study by Franck et al. inves-
tigated predictive factors to identify patients that may benefit
from primary PR with a specialized implantation method [2].
However, this can only be one half of the medal, as the overall
quality of TKA implantation as a potential hazard for SPR has
not been addressed yet. As a consequence, the aim of the
present retrospective case-control study was to identify pre-
dictors for SPR after initial TKA to create a rationale for sur-
geons to decide which patients to resurface primarily. It was
hypothesized that proper TKA implantation and component
positioning as well as a maintained physiological patellar ge-
ometry will lead to a reduced risk of SPR. Overmore, it was
hypothesized that intrinsic factors like overweight might also
have an influence on the need for SPR.

Methods

Patients

The present study is a retrospective clinical case series of
patients that underwent SPR for persistent anterior knee pain
after primary TKAwith the Genesis II knee system (Smith &
Nephew plc, London, UK). The records of 516 patients that
were treated with primary TKA between December 2005 and
December 2015 at our department were reviewed. Fifty-seven
patients with persistent anterior knee pain treated by SPRwere
identified while 459 patients retained primary TKA only.
After exclusion due to previously defined criteria (Table 1),
the remaining patients were age/sex matched in a 1:2 fashion,

subsequently generating 29 cases (TKA/SPR) and 58 controls
(TKA) as shown in Fig. 1. Epidemiological and clinical data
were collected from the database. Post-operative plain radio-
graphs included knee standing anterior-posterior, horizontal
beam lateral, and patella skyline views at 30° of knee flexion
as well as long leg standing anterior-posterior.

Surgery

During the index procedure (primary TKA), patellar finishing
and denervation were performed routinely. The Genesis II
knee system (Smith & Nephew plc, London, UK) was used
in all patients. Variants included cruciate retaining (CR) (cases
n = 24; controls n = 46), posterior stabilized (PS) (cases n = 1;
controls n = 3), or condylar constrained (CC) (cases n = 4;
controls n = 9). Approaches chosen were either medial
parapatellar (cases n = 26; controls n = 49), subvastus (cases
n = 2; controls n = 7), or median (cases n = 1; controls n = 2).

SPR was carried out via the same approach previously
chosen for primary TKA. After inspection of the TKA and
patella tracking during passive motion, the patella was
everted, and the articular portion resected to prepare it for
PR. Additional intra-operative procedures were subtle soft
tissue release of the patella (n = 10), lateral facetectomy (n =
7), medial facetectomy (n = 2), medial/lateral combined
facetectomy (n = 2), or resection of proximal/distal
osteophytes (n = 19) to prepare the patella for PR. Prior to
implantation, a jet lavage was performed. All PR used were
original ultra-high molecular weight polyethylene (UHMW
PE) (Smith & Nephew plc, London, UK) either as onlay
(n = 10) or biconvex/onlay (n = 19) variants cemented with
Palacos low-viscosity bone cement (Heraeus Medical GmbH,
Wertheim, Germany). Mean implant size was 29 (range 23–
32; increment 3).

Predictor evaluation and radiological assessment

Due to age/sex matching, body mass index (BMI) was the
only screened epidemiological predictor in this study.
Assumed radiographic predictors included the patella index
according to Caton/Dechamps (Fig. 2) [19], patella tilt in

Table 1 Exclusion
criteria Incomplete clinical records

Incomplete radiographic records

Knee surgery other TKA

Aseptic loosening of TKA

Septic loosening of TKA or periprosthetic
joint infection

Pathological gait or posture

Acute or chronic knee instability

Leg axis deviations > 5° in frontal plane
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30° flexion (Fig. 3) [20], and patella width and thickness
(Fig. 4) as well as all reported measurement angles of the
BKnee Society total knee arthroplasty roentgenographic eval-
uation and scoring system^ (TKA-RESS) [21]. All radio-
graphic measurements were carried out in post-operative stan-
dardized (reference body) control radiographs acquired after
the index procedure (primary TKA) and rated independently
by two blinded experienced orthopaedic surgeons.

Statistical analysis

Kaplan-Meyer analysis was used to visualize implant survival
after primary TKA. Descriptive statistics have been calculated
for all epidemiological and radiographic data. An unpaired t
test withWelch’s correction was used to directly compare case
and control groups. Descriptive and nonparametric analyses

were performed using Graph Pad Prism 6 (Graph Pad Inc., La
Jolla, CA, USA). Pearson’s bivariate correlation analysis was
used to determine those independent variables (r > 0.20) that
would possibly be suitable as predictors for the dependent
study variable. Hence, binary logistic regression was per-
formed to determine the significance of the assumed predic-
tors. Correlative and regression analyses were performed
using IBM SPSS Statistics 24.0 (IBM Corp., Armonk, NY,
USA). Data are given as means ± standard deviation (SD) and
ranges if not indicated otherwise. The level of significance
was set at p < 0.05.

Results

No intra-operative complications could be recorded after in-
dex procedure. Early post-operative (< 4 weeks after surgery)
complications included haematoma (cases n = 1; controls n =
3), with two of them requiring surgical evacuation (cases n =
0; controls n = 2). All patients were allowed immediate full

Fig. 2 Caton/Deschamps index: ratio (a/b) of anterior aspect of TKA
tibial component to inferior point of patella back (a) and patella back
inferior to superior (b)

Fig. 1 Patient selection

Fig. 3 Patella tilt in 30° flexion (tangential view of patella)
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weight-bearing post-operatively. Mean hospitalization after
index procedure was nine ± three days (range 5–17 days) in
the case and ten ± four days (range 5–20 days) in the control
group. Survival analysis comparing those patients that needed
SPR (cases) with those that did not need revision surgery after
primary TKA (controls) is shown in Fig. 5. Epidemiological
characteristics and radiographic data of the patients are
depicted in Table 2.

Correlation analysis yielded five promising predictors that
were included in the regression model in a second step (Table
3). The binary logistic regression model used was significant
(χ2 = 70.15, p < 0.0001) and was able to correctly classify
88.5% of patients into case or control groups. It indicated that
patella tilt, patella height, and thickness as well as the delta
angle were significant predictors of a need for SPR following
primary TKA, while beta angle did not yield significant results

(Table 4). An increase in patellar width by 1 mm will increase
the risk of SPR, while an increase in patellar thickness by
1 mm will reduce it. An increase in patellar tilt by 1° will also
increase the risk of SPR. Finally, an increase in delta angle by
1° will again reduce the risk of SPR.

Discussion

The most important finding of the present study is that patella
tilt as well as its width and thickness as determined in skyline
view knee plain radiographs is a possible predictor of SPR
following primary TKA. Furthermore, the delta angle, which
is, in some way, comparable to the posterior tibial slope in
horizontal beam lateral knee plain radiographs, has also been
recognized as a possible predictor regarding prior TKA com-
ponent positioning. Thus, the primary hypothesis was accept-
ed, while the secondary hypothesis had to be dismissed as
intrinsic factors like BMI did not prove significant to predict
the need for SPR in this model.

The search for possible predictors to identify those patients
at risk of developing anterior knee pain following primary
TKA, eventually needing SPR, has been going on since the
development of the first TKA models. Surprisingly until to-
day, there is little to no data on this topic and most surgeons
tend to base their pre-operative decisions for or against prima-
ry PR on intuitive patient- or implant-related characteristics,
although attempts have been made to standardize patellar
referencing and cutting [23]. Well-preserved retropatellar car-
tilage or proper patellofemoral alignment and mechanics only
being some of these highly subjective parameters have never
been quantified in specially designed studies until today [1].

Fig. 5 Kaplan-Meier survivorship curve for case (TKA/SPR; red) and
control (TKA; blue) groups. Implantation of SPR was chosen as the
endpoint for the cases group, whereas revision surgery for other causes
was chosen for the control group. Remarkably, around 75% of cases
receive their revision and implantation of SPR within less than
two years after the index procedure (primary TKA). The survivorship
of the control group can be regarded in line with values reported in the
literature [22]

Table 2 Patient characteristics for cases (TKA/SPR) and matched 1:2
controls (TKA)

TKA/SPR TKA
Independent variable N = 29 N = 58 p

Age [year] 60.76 ± 11.85 60.76 ± 11.74 n.s.

Sex f/m [n] 20/9 40/18 n.s.

Weight [kg] 90.07 ± 13.76 91.72 ± 13.59 n.s.

Height [m] 1.70 ± 0.10 1.71 ± 0.12 n.s.

BMI [kg/m2] 31.51 ± 5.96 31.88 ± 6.63 n.s.

Caton/Deschamps Index 0.87 ± 0.24 0.97 ± 0.24 n.s.

Patella width [mm] 50.49 ± 6.62 44.61 ± 5.90 0.0002

Patella thickness [mm] 19.20 ± 3.98 21.92 ± 2.12 0.0015

Patella tilt [°] 7.89 ± 5.48 3.50 ± 2.01 0.0002

Alpha angle [°] 99.84 ± 3.33 99.75 ± 2.96 n.s.

Beta angle [°] 91.17 ± 2.40 90.19 ± 1.02 0.0424

Gamma angle [°] 4.62 ± 4.58 3.27 ± 1.95 n.s.

Delta angle [°] 87.82 ± 6.62 93.39 ± 4.84 0.0002

Fig. 4 Patella width and thickness in 30° flexion (tangential view of
patella)
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Available studies exclusively focus on anterior knee pain or, in
an even higher percentage of cases, on the underlying causes
of PR failure only [24].

Different designs of trochlear grove in Genesis II implant
did not have influence on the patella alignment, but on the
patella tilt and mediolateral translation. Tilting angles would
be reduced with an increase in height of the lateral trochlear
grove margin. Consequently, kinematics were improved, lead-
ing to the assumption that a containment of patellar tracking is
essential to reduce early cartilage wear after TKA [5]. The
Genesis II TKA has been shown to generate highest
patellofemoral contact area as compared to different trochlear
designmodifications, thus allowing an improved patella track-
ing. No significant differences could be shown with regard to
peak pressures [5]. Restoration of the native femoral patellar
groove with its high norm variance does not seem to be
achievable with one implant type coming in different sizes
only, as the geometry and multifactorial anatomical composi-
tion of the patellofemoral complex cannot be addressed. This
could again empower the arguments for an individualized ap-
proach in primary TKA, as has been proposed earlier. As for
the different types of coupling that have been included in the
present study, it has to be stated that a recent meta-analysis did
not find any significant differences between CR and much
higher constrained PS designs regarding post-operative pain
[25]. Due to the relatively small amount of CC and PS designs
in both groups, we opted against sub-group analyses in this
study.

In the present study, the female/male ratio was around 2:1,
being in concordance with recent literature although relatively
high variations may apply even up to a ratio of 5:1 [26, 27].

BMI, due to its unfavorable impact on force distributions
and peak loads and thus cartilage wear, did not have a signif-
icant influence on the need for SPR after primary TKA. This
finding is supported by previous other clinical studies on the
same topic [28, 29].

Patellar height in the sagittal plane, as determined by the
Caton/Deschamps Index, did not prove to be a predictor for
SPR in this set of patients, although it has to be agreed that
alterations to this parameter might also influence other impor-
tant surrogates and therefore have to be considered prior to
surgery. Literature provides several hypotheses to this ap-
proach but fails to deliver a clear solution, due to an abun-
dance of several scenarios and assessment methods for sagittal
patellar height [30]. Width and thickness of the patella, how-
ever, have been shown to be predictors for SPR in the present
study. Various other studies indirectly support these findings,
however being conducted in regard of different research ques-
tions [31, 32]. Increasing width corresponds with maltracking
and thus also indirectly with tilting, which leads to pathologic
biomechanics and early, often unilateral, cartilage wear—de-
spite SPR commonly treated with patellar facetectomy [33].
Reduced thickness—also predicting secondary SPR—will
lead to reduced patellofemoral contact pressures and a loss
of containment that subsequently will also end up in
patellofemoral instability and associated anterior knee pain.
Atraumatic patellar instability after TKA, especially without
pain, may have several other secondary causes like an in-
creased gamma angle or a trend towards external rotations of
the tibial component [34]. Surgeons performing primary TKA
often struggle with the question how much of the damaged
patellar surface to resect or how to perform finishing [33].
Therefore, the width/thickness ratio as determined by CT
has been proposed as a measurement to estimate the optimal
resection height resected—according to these findings, free-
hand resection should be avoided as it produces largely vari-
able results [31].

Patellar tilt appears to be a good predictor of SPR. This
finding is, in part, supported by investigations by Scheurer
et al. showing a correlation between the tilting on plain radio-
graphs following SPR and overall patient satisfaction, demon-
strating also a subjective experience of patella maltracking
[29]. Either way, with or without PR, an imbalance of the
different actors in the patellofemoral complex seems to be
responsible for this problem, possibly influenced or aggravat-
ed by other variables found in the present study.

The delta or sagittal tibial angle as proposed in the TKA-
RESS by the Knee Society in 1989 [21] describes the angle
between the sagittal tibial axis and the tibial TKA component.
Thus, it has a direct proportional connection to the posterior
tibial slope measured in native knee joints. As the Genesis II

Table 4 Binary logistic regression model

Assumed predictor OR CI 95% p

Patella width [mm] 1.489 1.153–1.922 0.002

Patella thickness [mm] 0.527 0.361–0.769 0.001

Patella tilt [°] 1.429 1.092–1.870 0.009

Beta angle [°] 1.020 0.597–1.745 n.s.

Delta angle [°] 0.830 0.721–0.957 0.010

Table 3 Correlation analysis to dependent variable (TKA/SPR)

Independent variable R p

BMI − 0.028 n.s.

Caton/Deschamps Index − 0.188 n.s.

Patella width [mm] 0.415 < 0.0001

Patella thickness [mm] −0.412 < 0.0001

Patella tilt [°] 0.509 < 0.0001

Alpha angle [°] 0.013 n.s.

Beta angle [°] 0.279 0.009

Gamma angle [°] 0.206 n.s.

Delta angle [°] −0.436 < 0.0001
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system generally has 4° of slope within its articular insert and
3° of slope built into the tibial cutting block, the resulting 7° of
slope are usually within acceptable ranges for TKA [35].
Increasing slopes may result in decreased posterior cruciate
ligament (PCL) forces, while decreasing slopes may increase
the PCL force and thus allow more tibial ap-translation, even-
tually also increasing the patellofemoral forces. Given the re-
sults of the present study, delta angles of ~ 88° (TKA/SPR)
equal an actual slope of 5° whereas ~ 93° (TKA) equal an
actual slope of 0°. Biomechanical and kinematic results by
Marra et al. [36] indicate a gradual significant reduction in
patellofemoral contact forces with a slope increase from − 3°
to 9°. This leads to the assumption that insufficient patellar
tracking (and thus tilting) may contribute more to the devel-
opment of anterior knee pain and subsequent SPR than does
sheer peak contact force.

The present study also has some limitations. Its design as a
retrospective case-control study does not generate the most
consistent results; however, the research question hardly al-
lows a prospective study due to the limited number of avail-
able cases. For this reason, we also performed a 1:2 age/sex
matching to at least minimally improve overall power.
Moreover, the present study compared primary TKA with or
without SPR to trace back possible predictors that might even
be helpful before the initial TKA. To prove these predictors, a
secondary study comparing pre-operative states between both
groups would be desirable, but again will be hard to conduct.
Secondly, a correlation of clinical parameters regarding ante-
rior knee pain and post-operative outcomes would be desir-
able. Unfortunately, those parameters were not reported con-
sistently within clinical records and thus had to be excluded.
Three-dimensional imaging (i.e. CT) was only available for
around 20% of all patients, which led to an exclusion of a
correlation to plain radiographic parameters, even though this
would have been desirable. But with plain radiographs still
being the most important diagnostic tool in the indication of
primary TKA besides history taking and clinical assessment,
the present study is able to highlight the most important fea-
tures to examine to estimate surgical outcomes.

Retrospective long-term studies (> 10 years) have shown
no significant differences between TKA with or without pri-
mary PR regarding clinical outcome as well as radiographic
features [37]. However, this collective may be underpowering
or even missing those patients exhibiting the above-named
predictors that lead to secondary SPR in the first place. This
example demonstrates the importance of a clear definition of
the research question to be able to extrapolate results in the
end.

In the end, it is to state that literature does not provide hard
evidence to opt for primary PR in TKA [15]. Despite this, the
present study at least helped to develop possible predictors for
preoperative patient selection to avoid high revision rates due
to the need for SPR in a certain patient population.

Conclusions

Easy and accessible radiographic measurements have been
identified as possible predictors of SPR following primary
TKA. Although indication for primary PR may still remain a
controversial topic, a rationale has been proposed in this study
to support surgeons in objectively estimating an individual
patient’s risk for SPR prior to primary TKA measuring the
patella tilt, width, and thickness. Overmore, regarding surgical
aspects of TKA, tibial component positioning has also been
shown to be of importance to reduce the risk of SPR.
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