
lable at ScienceDirect

Arthroplasty Today 5 (2019) 435e441
Contents lists avai
Arthroplasty Today

journal homepage: http: / /www.arthroplastytoday.org/
Case report
Patellar osteolysis after total knee arthroplasty with patellar
resurfacing: a potentially underappreciated problem

Zachary K. Christopher, MD, David G. Deckey, BS, Andrew S. Chung, DO,
Mark J. Spangehl, MD *

Department of Orthopedics, Mayo Clinic Arizona, Phoenix, AZ, USA
a r t i c l e i n f o

Article history:
Received 21 February 2019
Received in revised form
2 September 2019
Accepted 17 September 2019
Available online 24 October 2019

Keywords:
Total knee arthroplasty
Osteolysis
Disappearing patella
Patellar resurfacing
Patellofemoral complications
One or more of the authors of this paper have dis
conflicts of interest, which may include receipt of paym
institutional support, or association with an entity in
may be perceived to have potential conflict of inte
disclosure statements refer to https://doi.org/10.1016/
* Corresponding author. Department of Orthopedics

Mayo Blvd, Phoenix, AZ 85054, USA. Tel.: þ1 480 342
E-mail address: spangehl.mark@mayo.edu

https://doi.org/10.1016/j.artd.2019.09.005
2352-3441/© 2019 The Authors. Published by Elsevier
ND license (http://creativecommons.org/licenses/by-n
a b s t r a c t

Osteolysis of the patella following total knee arthroplasty is both uncommon and poorly described in the
literature. We describe 3 cases of total knee arthroplasty with patella resurfacing that later presented
with anterior knee pain with patellar osteolysis without evidence of patellar implant failure: 2 males and
1 female patient, all with bilateral knee osteoarthritis. Osteolysis of the patella was identified radio-
graphically between 2 and 16 years from the index procedure. We theorize that high pressures across the
patella-femoral joint, in obese or muscular patients, may play a role in the formation of these patellar
osteolytic lesions. We suspect that the prevalence of this phenomenon is under-recognized in the
literature and may increase with longer term follow-up and awareness.
© 2019 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

In the United States, patellar resurfacing is performed in more
than 80% of patients undergoing a total knee arthroplasty (TKA) [1].
Internationally, resurfacing rates are much lower ranging between
4% and 77% [1]. There is considerable controversy regarding the
decision to resurface and to date, the literature presents no clear
direction as to what is best, with choices ranging from routinely
resurfacing, routinely not resurfacing, or selective resurfacing [2,3].
Proponents of resurfacing cite decreased incidences of anterior
knee pain, decreased reoperation rates, and increased patient
satisfaction with surgery [4-6]. Despite these data, patella resur-
facing has been associated with numerous complications including
patellar fracture, osteonecrosis, patellar polyethylene (PE) wear,
aseptic loosening, instability, dislocation, overstuffing, rupture of
the extensor mechanism, and patellar clunk syndrome [7,8].
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Although PE weareinduced osteolysis of the femur and tibia
has been well-described in the literature, there is a paucity of in-
formation on patellar osteolysis [9,10]. A single report in the
literature described a gradual, asymptomatic disappearance of a
patella in a 74-year-old female after primary TKA with patellar
resurfacing [11]. One proposed mechanism for this phenomenon is
an increase in PE wear debris in the patellofemoral joint [12].
Although PE wear debris may contribute to osteolysis of the pa-
tella, we propose alternative etiologies of patellar osteolysis
related to increased patellar pressure leading to findings that will
be discussed in the following section [13]. This mechanism of
patellar osteolysis may explain the occurrence of this problem in
patients who develop this complication relatively early post-
operatively before any significant amount of PE wear would have
occurred, or in the absence of any evidence of obvious PE wear
elsewhere in the joint.

Case histories

This case report describes 3 cases of TKAwith patella resurfacing
that later presented with anterior knee pain and patellar osteolysis.
All PEs usedwere conventional,with the exceptionof the left knee in
Case 2, which was highly cross-linked. After review by our in-
stitution’s Institutional Review Board, an exemption was obtained
for this case series. However, patients were contacted and all gave
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verbal consent for use of their deidentifed information for this case
report (including the patient who had not returned for additional
follow-up, Case 1). All patient demographic information is pre-
sented in Table 1.

Case 1

A 57-year-old male with a body mass index (BMI) of 29 kg/m2

and no pertinent past medical history presented with long-
standing, advanced bilateral knee osteoarthritis (OA). He under-
went bilateral TKAs without complications. At his initial follow-up
appointments, he was progressing well. At 1 year, he complained
of mild non-restricting intermittent activity-related anterior knee
pain. One-year post-op radiographs are demonstrated in
Figure 1a-d. He returned at 2 years post-operatively with ongoing
anterior knee symptoms. Despite the pain, he continued to exer-
cise actively, avoiding squatting type of activities. However, on
further questioning, it was elucidated that he would perform
open-chain leg extensions with 190 pounds but reduced this to
110 pounds because of pain. His physical examination was unre-
markable with no effusion, normal alignment, good stability,
painless range of motion, and normal patellar tracking. Prior im-
aging had been unremarkable; however, updated radiographs
demonstrated a new radiolucency involving the left patella
(Fig. 2). A computed tomography (CT) scanwas obtained to further
evaluate the patellae, as well as implant rotation, which demon-
strated several areas of osteolysis adjacent to the patellar implants
bilaterally, without evidence of loosening. Femoral and tibial
implant rotationwas appropriate. There was no obvious osteolysis
of the tibiofemoral joint. He was instructed to discontinue leg
extensions, squats, and lunges, with concern for patellar implant
survival. His CT was repeated 6 months later and revealed similar
findings to his prior CT. (Figs. 3 and 4). The patient failed to return
for additional follow-up.

Case 2

A 58-year-old otherwise healthy female with a BMI of 40 kg/m2

presented with intermittent sharp pain on the anterolateral
aspect of both knees over the preceding year. She had undergone
bilateral cemented TKA with patellar resurfacing for symptomatic
OA 9 and 10 years prior on the left and right knee, respectively.
Both knee implants were posterior stabilized total knee systems
using symmetric patellar implants. Only her left knee utilized
highly cross-linked PE as part of a research trial. Radiographs
obtained at 2 years following surgery demonstrated well-fixed,
well-positioned implants bilaterally (Fig. 5a-d). Physical exami-
nation revealed normal alignment and gait, well healed incisions
with no tenderness to palpation, or effusions bilaterally. Both
knees had 0�-120� of painless motion with normal appearing
patellar tracking.
Table 1
Patient demographics and components.

Agea Sex BMI (kg/m2) TKA date TKA components

57 M 29 June 2012b Stryker Triathlon PS

49 F 40 R: 2008
L: 2009

Stryker Triathlon PS

53 M 41 L: 1999
R: 2000

Zimmer NexGen PS

F, female; L, left; M, male; NA, records not available; R, right.
a Age at the time of procedure preceding osteolysis of the patella.
b Bilateral TKAs.
Follow-up radiographs demonstrated bilateral, cemented,
posterior stabilized total knee replacements with implants that
were well-fixed with no obvious evidence of femoral or tibial
osteolysis. The patellae were well positioned; however, there were
questionable areas of patellar osteolysis, right greater than left
(Fig. 6).

A CT scan of both knees was obtained to further evaluate
osteolysis surrounding the implants. The CT demonstrated several
areas of patellar osteolysis bilaterally, with the right patella being
more affected than the left. There were no signs of implant loos-
ening (Figs. 7 and 8). The CT scan did not demonstrate any femoral
or tibial osteolysis. The patient continues to undergo observation
without intervention.

Case 3

A 61-year-oldmalewith a BMI of 41 kg/m2 and previous bilateral
TKAs presented with bilateral knee pain. He originally underwent
bilateral TKAs with patellar resurfacing 16 and 17 years prior. Four
years following his right index procedure, he underwent a right
proximal tibial tubercle transposition for patella baja, complicated
by nonunion requiring bone grafting. At 10 years following the in-
dex left total knee replacement, he underwent revision of his left
TKA for tibial loosening. Tibial osteolysis was noted, likely second-
ary to the loose implant. Three years prior to his current presenta-
tion, he was diagnosed with bilateral acute hematogenous
periprosthetic knee infections, managed with debridement, irriga-
tion, and exchange of PE inserts. Both PE patellar components were
retained. Follow-up inflammatory markers normalized post-
operatively with an erythrocyte sedimentation rate of 0 and a C-
reactive protein <3 mg/L. Over the next few years he continued to
have anterior knee painwith activities and recurrent non-infectious
effusions.

Follow-up radiographs at 16 and 17 years from the index pro-
cedures showed well-fixed components bilaterally. However, his
patellae demonstrated marked areas of osteolysis that was now
more evident than on previous imaging. In retrospect, the previous
radiographs had demonstrated areas of focal patellar osteolysis.
The patellar components looked solidly fixed despite the areas of
osteolysis. A CT revealed diffuse patellar osteolysis (Fig. 9).

Radiographs taken 1 year later were unchanged from prior
imaging (Fig. 10a-e). No intervention has been recommended and
we continue to observe the patient with future follow-up.

Discussion

Patellar osteolysis is a rare complication following total knee
replacement with patellar resurfacing. This small case series of 3
patients with patellar osteolysis is the largest to date [11]. All 3
patients, who underwent patellar resurfacing at the time of TKA,
presented with anterior knee pain between 2 and 16 years post-
Femoral size Tibial size Tibial insert Patellar button

6 5 11 mm 31 mm � 9 mm
symmetric dome

NA NA NA 29 mm � 8 mm
symmetric dome

L: G
R: F

L: 5
R: 7

L: 14 mm
R: 14 mm

38 mm � 9.5 mm
symmetric dome



Figure 1. Radiographs of bilateral knees: (a) lateral view of the right knee; (b) standing, both knees; (c) lateral view of the left knee; and (d) Merchant view, both knees. Follow-up
radiographs 1-year status post bilateral TKAs. Well-fixed, well-positioned implants bilaterally.
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operatively. Radiographic evaluation of all patients revealed mul-
tiple lucencies throughout the patella consistent with osteolysis,
but without implant loosening.

PE wear debris has been shown to increase the potential for
osteolysis in the patella following resurfacing [12]. Ellison et al [12]
found the biological activity of PE debris in the patellofemoral joint
to be similar to the tibiofemoral joint after TKA with patellar
resurfacing. PE wear is a multifactorial process related to the type of
PE used, component positioning, and underlying patient activity
level. Although further research is warranted before definitive
conclusions can be made, a systematic review in 2012 also impli-
cated several genetic components that may contribute to an
increased immune response to wear debris and aseptic loosening
[14]. Although this may have played a role in the development of
osteolysis in our patient samples, the absence of osteolysis else-
where in the joint (with the exception of Case 3 left knee tibia)
suggests that an alternative mechanism may be responsible for
patellar osteolysis. The bilateral nature of involvement further
supports the possibility of an alternative etiology. We postulate 2
alternative mechanisms, both related to high patella-femoral
forces, for the development of this finding, separate from the
classic thinking of PE wear from the tibiofemoral joint causing
wear-related osteolysis: (1) geode-like formation via synovial fluid
extrusion or (2) local particle-induced osteolysis secondary to dif-
ferences inmodulus of elasticity among PE, cement, and bone in the
patella exposed to high forces.

The term geode has been used to describe formation of cysts and
pseudocysts occurring on high-pressure segments of bone [13].
Geode formation has been observed in OA, rheumatoid arthritis,
osteonecrosis, and calcium pyrophosphate dihydrate deposition
disease [15]. The pathogenesis of geode formation in OA is hy-
pothesized to be a combined mechanism of bone contusion and
synovial fluid extrusion into the bone secondary to elevated intra-
articular pressure.
Figure 2. Merchant view of bilateral knees. This radiograph demonstrates left patellar
lucencies consistent with patellar osteolysis at 2 years post-op. Blue arrows pointing to
areas of osteolysis within the patella.
Of the 3 patients presented in this case, 2 patients were
morbidly obese (BMI � 40) and the third was extremely muscular
and performed repetitive open-chain leg extension exercises. In
these patients undergoing TKA with patella resurfacing, patellar
pressures can be elevated, as a result of increased forces placed on
the knee secondary to increased overall body mass or during
weight lifting activities. This increased patellar pressure could
cause pressurized synovial fluid extrusion into the space between
the patellar prosthetic dome and surrounding bone leading to
geode formation in the patella without implant loosening. This
geode formation is then visualized as a radiolucency on radio-
graphs. This concept of effective joint space is highlighted by the
article from Schmalzried et al in JBJS in 1992. They demonstrated
that joint fluid penetrates beyond the joint itself and into the bone
and prosthesis interface. This allows particulate debris and perhaps
pressure from the joint to extend into this interface, propagating
osteolysis and geode formation [16]. Although 2 of our patients had
their index procedures greater than 10 years prior to the identifi-
cation of patellar osteolysis, the first patient presented early after
his knee replacements. Consequently, in this latter setting, it is very
unlikely that PE wear particles from the tibiofemoral joint would be
responsible for the development of osteolysis.

A second alternative mechanism, in which increased patellar
pressures secondary to obesity or muscular force may also
contribute to osteolysis in resurfaced patellae, may be due tomicro-
Figure 3. CT of the right knee without contrast (axial view). Total knee arthroplasty at
2.5 years post-op. Note small lucency (3.2 mm) consistent with osteolysis adjacent to
bone cement interface of the patellar component. Blue arrows pointing to areas of
osteolysis within the patella.



Figure 4. CT of the left knee without contrast (axial view). Total knee arthroplasty at
2.5 years post-op. Note small lucency consistent with osteolysis adjacent to bone
cement interface of the patellar component. Blue arrows pointing to areas of osteolysis
within the patella.

Figure 6. Merchant view bilateral knees. Radiograph demonstrating possible bilateral
patellar osteolysis at 9 years post-op, right greater than left. Note the osteolysis sur-
rounding the right lateral peg. Blue arrows pointing to areas of osteolysis within the
patella.
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motion at the bone-cement and cement-PE interface due to dif-
ferences in their elastic moduli [17,18]. Cortical bone tissue has an
elastic modulus of about 17 GPa, whereas bone cement has an
elastic modulus of about 2.5 GPa [18,19]. Ultra-high-molecular-
weight PE has non-linear elastoplastic deformable properties [19].
Given these differences in modulus of elasticity, micro-motion at
these junctions could conceivably produce localized wear particles,
contributing to localized patellar osteolysis prior to implant failure.
Given the localized areas of bilateral involvement in our cases, an
alternative mechanism, apart from tibial insert wear debris causing
isolated patellar osteolysis, is plausible.
Figure 5. Radiographs of bilateral knees: (a) lateral view of the right knee; (b) standing, bot
radiographs approximately 2 years status post bilateral TKAs. Well-fixed, well-positioned i
Femoral component positioningmay impact the patellar contact
force and tracking. However, this concept may only apply more in
substantial malpositioning of the femoral component. Marra et al
[20] demonstrated that femoral component flexion up to 9� in-
creases the knee extensor moment arm in extension, reduces the
patellofemoral contact forces in flexion, and provides stable kine-
matics throughout the range of motion. In addition, Kang et al
performed a biomechanical analysis of sagittal plane kinematics
with the femoral component flexed up to 7�. They also observed
that patellofemoral force decreased with deep flexion, and
concluded that femoral component flexion does not appear detri-
mental to knee joint kinematics [21]. Similarly, Heegaard et al [22]
evaluated patellar tracking and peak patellar pressure with rota-
tional variations of 5� of internal and external rotation, and noted
minimal change in peak pressures. Rotational changes primarily
h knees; (c) lateral view of the left knee; and (d) Merchant view, both knees. Follow-up
mplants bilaterally.



Figure 7. CT of the right knee without contrast: (a) coronal view and (b) sagittal view. Note osteolysis surrounding the lateral patellar peg, measuring 14 mm � 20 mm. CT was
obtained at approximately 9 years post-op. Blue arrows pointing to areas of osteolysis within the patella.
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affected patellar tracking, potentially affecting risk of patellar
subluxation or dislocation. Therefore, slight rotation of the femoral
component would be less likely to significantly contribute to
osteolysis. Brar et al evaluated the reach of the patella with femoral
component flexion. With 15� of flexion, the proximal patella reach
decreased by 12 mm, and lateral reach decreased by only 1 mm
[23]. They also demonstrated a decrease patellar force with femoral
component flexion. The 3 patients presented here did not have any
implant malrotation as assessed by CT. Slight femoral implant
flexion is noted in Case 1; however, based on the above studies, it is
unlikely that femoral component flexion would contribute to
patellar osteolysis.

Selective patellar resurfacing has been shown to provide similar
outcomes to routine resurfacing [24]. Historically, selective patellar
resurfacing has been indicated for patients with anterior knee pain,
inflammatory arthritis, isolated patellofemoral arthritis, history of
patellar subluxation or maltracking, obesity, or elderly patients [2].
Some surgeons forego resurfacing if the patient is younger, the
patellar articular surface is intact without exposed bone, there is
proper patellofemoral tracking, and the patient has no history of
crystalline or inflammatory arthritis [25-27]. Historically, obese
patients have a higher rate of complications following TKA
compared with non-obese patients [28-30]. Additionally, patients
with a BMI >30 have been shown to have a 6.3-fold and 1.7-fold
increase in the risk of loosening and fracture, respectively [31].
Combinedwith these risks, the potential for osteolysis of the patella
following resurfacing should be considered when deciding
whether or not to resurface the patella in this population. Similarly,
Figure 8. CT of the left knee without contrast: (a) axial view and (b) coronal view. Left total k
lateral aspect of superior patellar peg (7 mm). Additionally, multiple other small lucencies
osteolysis within the patella.
a potentially higher risk for patellar osteolysis should be considered
when deciding on resurfacing in muscular patients who similarly
place increased load on their patellae. Overall, there is a paucity of
patellar osteolysis data in the literature. As such, we hope that these
case presentations and the proposal of a novel pathogenesis of
isolated patellar osteolysis will encourage further inquiry into the
etiology of this phenomenon.

We do not know enough about the natural history of isolated
patellar osteolysis to make broad recommendations for the fre-
quency of follow-up or when to recommend surgical intervention.
For these 3 patients, we have recommended annual follow-up with
plain radiographs. Follow-up CT is recommended if the patient
becomes more symptomatic or obvious progression is noted on
plain radiographs. Surgical intervention may be considered if there
is symptomatic loosing of the patellar implant or if catastrophic
failure is likely. Remaining patellar bone stock would be most likely
insufficient for further resurfacing and surgical intervention would
consist of removal of the implant and debridement of the osteolytic
areas.

Summary

Osteolysis of the patella following TKA with resurfacing is rare.
We propose that the pathogenesis of these lesions is pressure
related and may be similar to the mechanism of geode formation
seen in other arthritic or inflammatory conditions. Alternatively,
osteolysis may be related to localized particles secondary to
modulus mismatch between the implant and cement or between
nee arthroplasty, well fixed at approximately 8 years post-op. Note the osteolysis at the
consistent with osteolysis in the patella are evident. Blue arrows pointing to areas of



Figure 9. CT of the right knee without contrast (axial view). Right total knee arthro-
plasty with well-fixed patellar component with evidence of diffuse patellar osteolysis
16 years status post index procedure. Blue arrows pointing to areas of osteolysis within
the patella.
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the cement and bone. Finally, body habitus may play a role in the
development of patellar osteolysis following patellar resurfacing in
the muscular or obese patient. Although we cannot state with
certainly that high forces through the patellar femoral joint are
responsible for the osteolysis observed in these patients, it stands
to reason that this may be a contributing factor. Hence we believe
that activities that place high forces through the patellofemoral
joint should be avoided, particularly in obese or very muscular
individuals and counsel patients to avoid such activities. We hope
that this series will raise awareness of this phenomenon and
Figure 10. Radiographs of bilateral knees: (a) lateral view of the right knee; (b) standing,
Merchant view, left knee. Well-fixed, bilateral total knee arthroplasties with evidence of pa
index procedure. Blue arrows pointing to areas of osteolysis within the patella.
promote further research into understanding the pathogenesis of
patellar osteolysis.

References

[1] Fraser JF, Spangehl MJ. International rates of patellar resurfacing in primary
total knee arthroplasty, 2004-2014. J Arthroplasty 2017;32:83.

[2] Abdel MP, Parratte S, Budhiparama NC. The patella in total knee arthroplasty:
to resurface or not is the question. Curr Rev Musculoskelet Med 2014;7:117.

[3] Alcerro JC, Rossi MD, Lavernia CJ. Primary total knee arthroplasty: how does
residual patellar thickness affect patient-oriented outcomes? J Arthroplasty
2017;32:3621.

[4] Longo UG, Ciuffreda M, Mannering N, D’Andrea V, Cimmino M, Denaro V.
Patellar resurfacing in total knee arthroplasty: systematic review and meta-
analysis. J Arthroplasty 2017;33:620.

[5] Aunan E, Næss G, Clarke-Jenssen J, Sandvik L, Kibsgard TJ. Patellar resurfacing
in total knee arthroplasty: functional outcome differs with different outcome
scores. Acta Orthop 2016;87:158.

[6] Roberts DW, Hayes TD, Tate CT, Lesko JP. Selective patellar resurfacing in total
knee arthroplasty: a prospective, randomized, double-blind study.
J Arthroplasty 2015;30:216.

[7] Schiavone Panni A, Cerciello S, Del Regno C, Felici A, Vasso M. Patellar
resurfacing complications in total knee arthroplasty. Int Orthop 2014;38:313.

[8] Holtby RM, Grosso P. Osteonecrosis and resorption of the patella after total
knee replacement: a case report. Clin Orthop Relat Res 1996:155.

[9] Arora J, Ogden AC. Osteolysis in a surface-cemented, primary, modular
Freeman-Samuelson total knee replacement. J Bone Joint Surg Br 2005;87-B:
1502.

[10] Cyteval C. Imaging of knee implants and related complications. Diagn Interv
Imaging 2016;97:809.

[11] Thomas S, Sabil M, Caullay J. “The disappearing patella”: an unusual sequel
following total knee replacement. Arch Orthop Trauma Surg 2008;128:41.

[12] Ellison P, Tipper JL, Jennings LM, Fisher J. Biological activity of polyethylene
wear debris produced in the patellofemoral joint. Proc Inst Mech Eng H
2012;226:377.

[13] Resnick D, Niwayama G, Coutts RD. Subchondral cysts (geodes) in arthritic
disorders: pathologic and radiographic appearance of the hip joint. AJR Am J
Roentgenol 1977;128:799.
both knees; (c) lateral view of the left knee; (d) Merchant view, right knee; and (e)
tellar osteolysis seen bilaterally on Merchant views. Imaging taken 17 years status post

http://refhub.elsevier.com/S2352-3441(19)30116-5/sref1
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref1
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref2
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref2
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref3
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref3
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref3
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref4
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref4
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref4
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref5
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref5
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref5
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref6
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref6
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref6
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref7
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref7
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref8
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref8
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref9
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref9
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref9
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref10
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref10
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref11
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref11
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref12
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref12
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref12
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref13
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref13
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref13


Z.K. Christopher et al. / Arthroplasty Today 5 (2019) 435e441 441
[14] Del Buono A, Denaro V, Maffulli N. Genetic susceptibility to aseptic loosening
following total hip arthroplasty: a systematic review. Br Med Bull 2012;101:
39.

[15] Maher LV. Geode of the tibia. J Clin Rheumatol 2016;22:41.
[16] Schmalzried TP, Jasty M, Harris WH. Periprosthetic bone loss in total hip

arthroplasty. Polyethylene wear debris and the concept of the effective joint
space. J Bone Joint Surg Am 1992;74:849.

[17] Malito LG, Arevalo S, Kozak A, Spiegelberg S, Bellare A, Pruitt L. Material
properties of ultra-high molecular weight polyethylene: comparison of ten-
sion, compression, nanomechanics and microstructure across clinical formu-
lations. J Mech Behav Biomed Mater 2018;83:9.

[18] Struemph JM, Chong ACM, Wooley PH. Evaluation of different experience
levels of orthopaedic residents effect on polymethylmethacrylate (PMMA)
bone cement mechanical properties. Iowa Orthop J 2015;35:193.

[19] Huang R, Liu Y, Zhu J. Kinematics and mechanical properties of knees
following patellar replacing and patellar retaining total knee arthroplasty.
Appl Bionics Biomech 2015;2015:391450.

[20] Marra MA, Strzelczak M, Heesterbeek PJC, et al. Flexing and downsizing the
femoral component is not detrimental to patellofemoral biomechanics in
posterior-referencing cruciate-retaining total knee arthroplasty. Knee Surg
Sports Traumatol Arthrosc 2018;26:3377.

[21] Kang K-T, Koh Y-G, Son J, Kwon O-R, Park KK. Flexed femoral component
improves kinematics and biomechanical effect in posterior stabilized total
knee arthroplasty. Knee Surg Sports Traumatol Arthrosc 2019;27:1174.
[22] Heegaard JH, Leyvraz PF, Hovey CB. A computer model to simulate patellar
biomechanics following total knee replacement: the effects of femoral
component alignment. Clin Biomech (Bristol, Avon) 2001;16:415.

[23] Brar AS, Howell SM, Hull ML, Mahfouz MR. Does kinematic alignment and
flexion of a femoral component designed for mechanical alignment reduce
the proximal and lateral reach of the trochlea? J Arthroplasty 2016;31:1808.

[24] Maradit-Kremers H, Haque OJ, Kremers WK, et al. Is selectively not resur-
facing the patella an acceptable practice in primary total knee arthroplasty?
J Arthroplasty 2017;32:1143.

[25] Picetti 3rd GD,McGannWA,Welch RB. The patellofemoral joint after total knee
arthroplasty without patellar resurfacing. J Bone Joint Surg Am 1990;72:1379.

[26] Kim BS, Reitman RD, Schai PA, Scott RD. Selective patellar nonresurfacing in
total knee arthroplasty. 10 year results. Clin Orthop Relat Res 1999:81.

[27] Soudry M, Mestriner LA, Binazzi R, Insall JN. Total knee arthroplasty without
patellar resurfacing. Clin Orthop Relat Res 1986:166.

[28] Nizard RS, Biau D, Porcher R, et al. A meta-analysis of patellar replacement in
total knee arthroplasty. Clin Orthop Relat Res 2005;33:196.

[29] Ortiguera CJ, Berry DJ. Patellar fracture after total knee arthroplasty. J Bone
Joint Surg Am 2002;84-A:532.

[30] Russell RD, Huo MH, Jones RE. Avoiding patellar complications in total knee
replacement. Management factorials in total knee arthroplasty Bone Joint J
2014;96-B:84.

[31] Meding JB, Fish MD, Berend ME, Ritter MA, Keating EM. Predicting patellar
failure after total knee arthroplasty. Clin Orthop Relat Res 2008;466:2769.

http://refhub.elsevier.com/S2352-3441(19)30116-5/sref14
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref14
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref14
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref15
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref16
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref16
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref16
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref17
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref17
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref17
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref17
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref18
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref18
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref18
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref19
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref19
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref19
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref20
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref20
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref20
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref20
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref21
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref21
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref21
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref22
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref22
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref22
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref23
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref23
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref23
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref24
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref24
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref24
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref25
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref25
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref26
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref26
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref27
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref27
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref28
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref28
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref29
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref29
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref30
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref30
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref30
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref31
http://refhub.elsevier.com/S2352-3441(19)30116-5/sref31

	Patellar osteolysis after total knee arthroplasty with patellar resurfacing: a potentially underappreciated problem
	Introduction
	Case histories
	Case 1
	Case 2
	Case 3

	Discussion
	Summary
	References


