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Background: Acrylic bone cement is the most common method of fixation for primary total knee
arthroplasty (TKA). Several studies have described good short-term outcomes; however, there have been
reports of early failures due to tibial baseplate debonding at the implant-cement interface of The ATTUNE
Knee System (DePuy Synthes, West Chester, PA). We examined the causes and rates of revision in pa-
tients who underwent TKA with this system to identify factors associated with this mode of early failure.
Methods: A retrospective review of electronic health records between 2013 and 2018 identified all pa-
tients undergoing TKA with the ATTUNE Knee System with a minimum 2-year follow-up. Cause of
revision, patient, implant, instrumentation, cement, and surgeon variables were collected. A descriptive
analysis was used to identify characteristics of surgeon (fellowship-trained, surgical volume), implant
(baseplate, bearing), and cement (brand, viscosity) that were associated with aseptic loosening.
Results: A total of 668 patients representing 742 knees were identified. Eighteen (2.4%) required a
revision surgery. Aseptic loosening was the leading cause of revision surgery (n ¼ 10, 55.6%). All failures
due to aseptic loosening involved debonding of the tibial implant-cement interface. A multivariate
analysis identified low-volume surgeons (9.0%, P < .0001) and 1 specific brand of high-viscosity cement
(14.3%, P < .0001) as risk factors for aseptic loosening.
Conclusions: This study represents the largest nonregistry review of the original ATTUNE Knee System.
Surgeon case volume and cement viscosity were factors associated with an increased rate of early failure
due to tibial baseplate implant-cement interface debonding.
© 2022 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

The volume of total knee arthroplasty (TKA) has dramatically
increased over the last decade with 3 million surgeries projected to
be performed annually by 2030 in the United States [1]. The most
frequent reasons for failure of primary TKA have changed as
implant designs, materials, and surgical techniques which have
been refined. Early studies implicated polyethylene-wear-
associated osteolysis as a major cause for revision, while more
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recent investigations have identified infection and instability as
more frequent causes [2,3].

Acrylic bone cement is the most commonmethod of fixation for
TKA with low rates of early aseptic loosening [4,5]. Implant selec-
tion, cementing technique, and cement selection are all factors
under surgeon control, which can affect risk of aseptic loosening.
The original ATTUNE total knee system (DePuy Synthes, West
Chester, PA) was introduced in 2012 with features aimed at
addressing cement adhesion and aseptic loosening. The underside
of the tibial baseplate was designed with a grit-blasted surface
finish roughness of 2.5-3.5 Ra to better accommodate fixation of
bone cement [6,7]. Early studies demonstrated good short-term
outcomes [8,9]. However, there have been reports of early failures
due to aseptic loosening of the tibial component, specifically at the
implant-cement interface [4,10]. This system was subsequently
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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redesigned in 2017 as seen in Figure 1, introducing a new tibial
baseplate, which was reconfigured with an undercut cement
pocket area and a greater surface roughness (3.0-6.5 Ra) to enhance
cement bonding. Cement debonding of the tibial component dur-
ing revision surgery was observed independently by 2 of the adult
reconstruction fellowship-trained authors (D.K. and C.D.) prompt-
ing investigation of the cases and rates of failure (Fig. 2).

Currently, themajority of clinical data on the survivorship of this
total knee system stem from registry data [6,12,13]. Previous
studies have failed to establish causes for this mode of failure and
were often limited by small sample sizes or brief follow-up
[4,14e18]. The purpose of our study was to describe the causes
and rates of early revision in patients undergoing primary TKAwith
the ATTUNE total knee system and to identify surgical factors
associated with aseptic tibial loosening. We hypothesized that
aseptic loosening would be the leading cause of early revision and
failure rates, specifically debonding at the tibial implant-cement
Figure 1. Images designated A demonstrate the 2012 original ATTUNE tibial base plate de
depicts the described added undersurface “under pocket” features to provide a macrolock at
greater surface roughness (3.0-6.5 Ra) to enhance cement bonding. The image is reproduce
interface. We also hypothesized a low surgery volume would lead
to an increased early revision rate.

Material and methods

Institutional review board approval was obtained for this
retrospective study. The electronic health record of a large, rural
integrated health system between March 1, 2013, and November
15, 2018, was queried to identify patients who underwent
cemented primary TKA utilizing the ATTUNE total system (Fig. 2).
The use of this TKA system as well as cement type in the primary
setting was surgeon preference in all cases and not based on
institutional standard or specific patient factor. Patients were
included if they had at least 2-year clinical follow-up or revision
surgery at an earlier timepoint. Patients were excluded if 2-year
follow-up was not available. If patients had inadequate follow-up,
they were contacted by phone utilizing an institutional review
sign compared to images labeled B of the 2017 new Sþ design. The lower right panel
cement-implant interface [11]. Specifically, the new Sþ design was manufactured with
d with permission from DePuy.



Figure 2. Example of the original ATTUNE tibial component retrieved during revision surgery. The undersurface of the component is shown demonstrating the surface completely
devoid of cement adhesion. A corresponding intraoperative photograph depicting remaining cement mantle in tibia.
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board-approved script of simple yes or no questions to specifically
collect interval history of any information regarding detail on status
and date of reoperation or revision. The phone call did not inquire
about patient-reported outcomes or complaints and only asked
about any surgery or procedure to the knee in question. Three at-
tempts were made to reach the patient, and if unsuccessful, pa-
tients were excluded. Patient demographic characteristics,
including age, body mass index (BMI), gender, employment status,
tobacco use, and history of diabetes, were collected (Table 1).

Complications were identified using International Classification
of Diseases (ICD-10: T84.*) diagnosis codes, and all cases were
manually reviewed by coauthors (D.T. and B.F.) (ICD-10: interna-
tional statistical classification of disease and related health prob-
lems: tenth revision, second edition, World Health Organization).
Cause of revisionwas determined by review of the electronic health
record including office visit documentation and operative reports.
Surgeons were categorized based on TKA volume (high >50 vs low
�50 cases per year) and completion of an adult reconstruction
fellowship (yes or no) [19]. Cement was identified by manufacturer
(DePuy Synthes, West Chester, PA; DJO Global, Vista, CA; Stryker,
Kalamazoo, MI; and Zimmer Biomet, Warsaw, IN) and categorized
into viscosity levels (high, medium, or low) based on the manu-
facturer classification. Only 1 of the 4 manufacturers (DePuy) was
associated with 2 different cement viscosity types (medium
and high); otherwise, DJO and Zimmer cements were of high
viscosity, and Stryker was of low viscosity. Tibial baseplates were
classified according to bearing type (fixed or rotating platform) and
baseplate type.
Statistical analysis

We examined each of the 6 characteristics described above
(surgeon volume, surgeon training, cement manufacturer, cement
viscosity, bearing type, and baseplate type) individually and used
chi-squared or Fisher’s exact tests to compare percentages of cases
Table 1
Patient demographics.

Patient demographics All Without revision With revision

Age in years, mean (SD) 70.3 (9.8) 70.5 (9.6) 61.4 (11.0)
BMI, mean (SD) 33.0 (3.4) 33.0 (6.4) 35.3 (5.1)
Male, n (%) 260 (38.9) 254 (38.9) 8 (44.4)
White, n (%) 653 (97.8) 636 (97.4) 17 (94.4)
Employed, n (%) 116 (17.4) 109 (16.3) 7 (38.9)
Active tobacco use, n (%) 42 (6.3) 38 (5.8) 4 (22.2)
Diabetes, n (%) 153 (22.9) 150 (23.0) 3 (16.7)
Follow up in years, mean (SD) 3.5 (1.4) 3.5 (1.4) 3.2 (0.9)
with revision and aseptic loosening within each. We then divided
all cases into all 120 possible combinations of the 6 characteristics
and descriptively examined which combinations of factors had the
highest percentage of aseptic loosening. A statistical analysis was
performed using the SAS software (SAS 9.4; SAS Institute, Cary, NC),
with contrasts of P < .05 considered statistically significant.
Results

Of 836 cases identified, 742 (89%) met the inclusion criteria
(Fig. 3). If patients had inadequate follow-up, they were contacted
by phone to collect interval history pertaining to reoperation or
revision data to establish the minimum follow-up. Ninety-two out
of 836 (11%) were not able to be contacted to establish follow-up.
None of these patients had a revision surgery within our system
based on manual review of the electronic medical record. Overall,
18 patients underwent a revision surgery, resulting in a 2-year
revision rate of 2.4% (95% confidence interval [CI] ¼ 1.4% to 3.8%).
Aseptic looseningwas the leading cause of revision (n¼ 10, 55.6% of
revisions) for a 2-year aseptic loosening revision rate of 1.3% (95%
CI ¼ 0.6% to 2.5%) (Table 2). All cases of aseptic loosening demon-
strated debonding at the tibial implant-cement interface (Fig. 2).
The mean time to revision was 22.6 months (range: 9.8-36.3
months).

Surgeries were performed by 8 surgeons using 5 different types
of cement (Table 3). Taken individually, the 2 factors that were
significantly associated with all-cause revision were cement
manufacturer (17.1% DJO Surgical high-viscosity cement [HVC] vs
Figure 3. Flow chart.



Table 2
Causes of revision.

Cause of revision n (%)

Aseptic loosening 10 (55.6)
Infection 3 (16.7)
Instability 2 (11.1)
Patella maltracking 1 (5.6)
Patella resurfacing 1 (5.6)
Fracture 1 (5.6)
Total 18
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0.0%-2.2% for all others, P¼ .0003) and surgeon volume (10.5% low-
volume surgeons vs 1.6% high-volume surgeons, P ¼ .0005)
(Table 4). These same 2 individual factors were also significantly
associated with higher rates of revision due to aseptic loosening
(14.3% DJO Surgical HVC vs 0.0%-1.1% in all others, P < .0001; 9% for
low-volume surgeons vs 0.6% high-volume surgeons, P < .0001)
(Table 5). Nonefellowship-trained surgeons demonstrated a
marginally significant association with higher risk of aseptic loos-
ening (2.1% vs 0.3% for fellowship-trained, P ¼ .05). None of the
aseptic loosening cases used low-viscosity cement (LVC) (Stryker),
medium-viscosity cement (DePuy), the newer baseplate design, or
the revision tibial baseplate design.

Of the 120 possible combinations of the 6 characteristics we
examined, only 19 were observed as cases in the data, and of those,
9 combinations had 10 or more surgical cases in their subgroup. As
summarized in Table 6, the group with the highest percentage of
aseptic loosening was nonefellowship-trained surgeons using DJO
Surgical HVC (n ¼ 31, 5/31 cases, or 16.1% with aseptic loosening;
95% CI¼ 5.4% to 33.7%). All surgeons in this group had a low volume
(<50 cases per year), and all cases used fixed-bearing tibial im-
plants with the original ATTUNE baseplate design, making it
impossible to further isolate risk factors in this group. The combi-
nation that led to the second-highest rate of aseptic loosening
occurred with nonefellowship-trained surgeons using Zimmer
HVC and the original tibial baseplate design (n ¼ 51, 3/51 cases, or
5.9% with aseptic loosening; 95% CI ¼ 1.2% to 16.2%). All implants in
this group used a fixed-bearing baseplate, and the cases with low-
volume surgeons in this group had a slightly lower percentage of
aseptic loosening (1/19 cases, or 5.3%) compared to 2 of 32 cases or
6.3% for the high-volume surgeons. When comparing these 2
groups to the remainder of the cohort, chi-squared testing
concluded that the rates of aseptic loosening in both groups were
statistically significantly higher than those of the remainder of the
population (P < .01).

Discussion

Aseptic loosening at the tibial implant-cement interface is an
uncommonmode of early failure but has been reported when using
Table 3
Surgeon demographics and cement use.

Surgeon # # Cases
contributed

Fellowship
trained

1 44 N

2 60 N
3 34 N

4 23 N
5 307 Y
6 192 N
7 23 N
8 59 N

N, no; Y, yes.
the original ATTUNE total knee system [4]. This study represents
the largest nonregistry review of this contemporary total knee
implant with at least 2-year follow-up and is the first to present
revision rates. Aseptic loosening was the most common cause for
early revision, accounting for over half of early revisions. Interest-
ingly, all cases demonstrated debonding at the tibial implant-
cement interface (Fig. 2). Nonearthroplasty-fellowship-trained
surgeons using DJO (medium viscosity) or Zimmer (high viscosity)
cements were at the highest risk of aseptic loosening with tibial
baseplate cement debonding.

Shortly after the release of this implant system, the manufac-
turer published its surgical technique guide, describing the design
and surface finish on the underside of the tibial baseplate aimed at
addressing aseptic loosening and based on internal research [7].
This design feature has given rise to conflicting outcome reports.
Registry data showed low rates of overall revision, and several
studies reported good short-term outcomes [12,20e23]. However,
early aseptic loosening was described in several studies, and
retrieval studies noted poor cement adhesion to the tibial baseplate
[4,10,18,24,25]. The revision rate reported here (2.4%) is signifi-
cantly higher than the 1.3% 4-year revision rate from the National
Registry for England, Wales, Norther Ireland, and the Isle of Man, as
well as the revision rates for the cruciate retaining option (0.5%)
and posterior stabilized option (0.4%) from the 2016 Australian
Orthopedic Association National Joints Replacement Registry
[12,20]. All our cases involving aseptic loosening occurred with the
original baseplate design and demonstrated debonding at the tibial
implant-cement interface (Fig. 1). This mechanism of failure
matches previous studies showing poor cement adhesion to the
tibial baseplate with this implant design [4,10,24].

Numerous factors including BMI, bone quality, component
alignment, implant design, and perhaps most importantly, surgical
technique contribute to aseptic loosening following TKA [24]. One
potential technique factor that has received recent attention is the
viscosity of the cement used during prosthesis implantation. HVC
appeals to arthroplasty surgeons due to its fast mixing and waiting
phases with concomitant prolongedworking and hardening phases
compared to LVC [4,5,10]. However, prior investigations showed
HVC to have less penetration into bone and weaker cement-
implant shear strength in a bovine cancellous bone model and a
cadaveric femur study 4/5. Recently, a previously raremode of early
aseptic loosening was reported in which the tibial component
debonded at the implant-cement interface [4,5]. The use of HVC
was implicated as a potential factor contributing to this failure
mechanism, even though the vast majority of TKAs performed with
HVC have performed well. In our study, DJO HVC was significantly
associated with risk of revision and aseptic loosening. Additionally,
no cases of aseptic loosening occurred with LVC. Previous studies
have also demonstrated higher failure rates with HVC [19,26,27].
The case series by Hazelwood et al. reported on 9 early cases of
High
volume

Cement brands
used

Viscosities
used

N DJO Surgical,
Zimmer

High

Y DePuy Medium, high
Y Zimmer, Stryker,

DePuy
Low, medium,
high

Y DePuy Medium, high
Y Zimmer High
Y Stryker, Depuy Low, medium
N Zimmer, Stryker Low, high
Y DePuy Medium, high



Table 5
Characteristics of patients who underwent revision surgery for aseptic loosening.

Aseptic loosening (n ¼ 10) P value

Cement brand, N (%) <.0001
DJO Surgical (n ¼ 35) 5 (14.3%)
DePuy (n ¼ 265) 1 (0.4%)
Stryker (n ¼ 74) 0 (0%)
Zimmer (n ¼ 368) 4 (1.1%)

Cement viscosity, N (%) .07
Low (n ¼ 74) 0 (0%)
Medium (n ¼ 182) 0 (0%)
High (n ¼ 486) 10 (2.1%)

Surgeon fellowship trained, N (%) .05
Yes (n ¼ 307) 1 (0.3%)
No (n ¼ 435) 9 (2.1%)

Surgeon with high volume, N (%) <.0001
Yes (n ¼ 675) 4 (0.6%)
No (n ¼ 67) 6 (9.0%)

Baseplate design, N (%) .44
ATTUNE (n ¼ 615) 10 (1.6%)
ATTUNE Sþ (n ¼ 120) 0 (0%)
ATTUNE Revision Tibia (n ¼ 7) 0 (0%)

Bearing type, N (%) .59
Rotating platform (n ¼ 63) 1 (1.6%)
Fixed bearing (n ¼ 679) 9 (1.3%)

Table 4
Numbers and percent of patients in each category of risk factor that required revi-
sion surgery (for any reason).

N (%) with revision for
any reason (n ¼ 18)

P value

Cement brand, N (%) .0003
DJO Surgical (n ¼ 35) 6 (17.1%)
DePuy (n ¼ 265) 4 (1.5%)
Stryker (n ¼ 74) 0 (0%)
Zimmer (n ¼ 368) 8 (2.2%)

Cement viscosity, N (%) .12
Low (n ¼ 74) 0 (0%)
Medium (n ¼ 182) 2 (1.1%)
High (n ¼ 483) 16 (3.3%)

Surgeon fellowship trained, N (%) .24
Yes (n ¼ 307) 5 (1.6%)
No (n ¼ 435) 13 (3.0%)

Surgeon with high volume, N (%) .0005
Yes (n ¼ 675) 11 (1.6%)
No (n ¼ 67) 7 (10.5%)

Baseplate design, N (%) .44
ATTUNE (n ¼ 615) 17 (2.8%)
ATTUNE Sþ (n ¼ 120) 1 (0.8%)
ATTUNE Revision Tibia (n ¼ 7) 0 (0%)

Bearing type, N (%) .66
Rotating platform (n ¼ 63) 2 (3.2%)
Fixed bearing (n ¼ 679) 16 (2.4%)
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aseptic loosening of the tibial component [26]. HVC was used in all
9 cases, and 7 loose components were from a similar implant knee
system from the same manufacturer. HVC may be a contributing
factor to loosening, but our review identified no cases of femoral
component loosening, suggesting the unique repeated failure of the
tibial component is feasibly related to tibial component design is-
sues rather than surgeon technique.

Low-volume surgeons were found to be at a higher risk of
revision for aseptic loosening. This association may be related to
cementing technique. However, this hypothesis is not proven from
our results and is not fully defined in the literature. A recent
multicenter review of 4 academic hospitals found low-volume
surgeons (<50 cases/year) to be a risk factor for implant mala-
lignment in primary TKA [28]. However, a review of the 64,017
primary TKA cases from a Total Joint Replacement Registry
demonstrated that surgeon volume (<10 cases/year, 10-49 cases/
year, or �50 cases/year) and surgeon fellowship training were not
associated with risk of aseptic revision [29]. Martin et al. presented
a cadaveric study at the American Association of Hip and Knee
Surgeons Annual Meeting 2021 after studying if motion during
cementing significantly altered tibial implant fixation strength in 4
contemporary TKA designs [30]. They found that knee motion
during cement polymerization is associated with significant de-
creases in tibial implant fixation strength in each implant design
and recommended limiting motion while cementing the tibial
implant to improve fixation strength [30]. The role of surgeon
technique in implant failure remains unclear and is confounded in
our review as 1 low-volume surgeon exclusively used HVC.

Recent literature has shown that the risk for revision TKA due to
aseptic tibial component failure is almost 2 times greater in those
with BMI �35 kg/m2 and independent of age and coronal align-
ment [31]. The average BMI for our cohort was 34 kg/m2, with 50%
of the patients having a BMI�35 kg/m2 consistent with other series
[32e34]. Martin et al. presented a retrospective cohort of 216 pa-
tients revised for aseptic tibial loosening at the American Associa-
tion of Hip and Knee Surgeons Annual Meeting 2021 in an attempt
to determine if there is a difference in cement mantle thickness
based on the failure interface [35]. In their study, 203 patients
demonstrated radiographic failure at the implant-cement interface,
and 13 patients demonstrated failure at the cement-bone interface.
The average cement mantle thickness for all anterior posterior and
lateral zones was significantly greater for patients that had failure
at the implant-cement interface vs for those with failure at the
cement-bone interface (anterior posterior: 4.6 mm vs 1.4 mm [P <
.001]; lateral 4.6 mm vs 1.9 mm [P < .001]) suggesting methods for
decreasing tibial implant loosening should likely focus on
improving the fixation at the implant-cement interface [35].

Aseptic loosening of the tibial component was the most com-
mon cause of early revision. Surgeon volume and cement viscosity
were associated with an increased rate of failure. Aseptic failure
was not seen in any case where the revision tibia and the newly
designed tibial baseplate were used. We believe our findings
demonstrate that cement debonding is a potential issue with the
original design of the tibial component. The new tibial base plate,
ATTUNE Sþ was designed in 2017 to enhance tibial fixation. Four
cement pockets were added for macro-mechanical fixation com-
bined with a 45-degree undercut geometry to provide a macrolock
at the cement-implant interface. Additionally, a microblast surface
finish increased the surface roughness (3.0-6.5 Ra) compared to the
original design (2.5-3.5 Ra) (Fig. 1). The new design of the tibial
component appears to have resolved these issues although our
series was not able to demonstrate statistically significant differ-
ence in performance between tibial components, likely due to a
small sample size.

The results of this study should be interpreted in light of its
strengths and weaknesses. Major strengths of this study are the
large sample size and low loss to follow-up. There are several
limitations of this study. It was conducted at a single health system
with a relatively small number of surgeons with limited number of
arthroplasty-fellowship-trained as well as low-volume surgeons
for comparison. Excluding patients with less than 2 years of follow-
up has the potential tomisreport the reported data. The high rate of
revision associated with 1 brand of cement, only used by 1 low-
volume surgeon, introduces bias into the study. Additionally, we
did not perform radiographic assessment to determine additional
factors leading to cement-implant interface failure. As a retro-
spective, comparative, exploratory study testing multiple risk fac-
tors, caution should be taken when interpreting statistical
significance of these findings, but the evidence suggests that
further study of cement type and baseplate design could be
warranted.



Table 6
All cases divided into 3 combination categories based on fellowship status and
cement used vs all other cases.

N, % of cases with aseptic
loosening [95% CI]

P value

Category <.01
Non-fellowship-trained,
DJO cement (n ¼ 31)

5 (16.1%) [5.4%, 33.7%]

Non-fellowship-trained,
Zimmer cement (n ¼ 51)

3 (5.9%) [1.2%, 16.2%]

All other cases (n ¼ 660) 2 (0.3%) [0.04%, 1.1%]
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We echo the calls of other authors in the search of additional
peer-reviewed clinical results on this total knee system. An update
on the prospective clinical trials sponsored by the manufacturer
(clinicaltrials.gov identifiers NCT01746524 and NCT01754363) will
provide much-needed insight into the long-term success of this
total knee system in large prospective trials.
Conclusions

This study represents the largest nonregistry review of the
original ATTUNE total knee system. In this retrospective review at
our institution, surgeon case volume and cement viscosity were
factors associatedwith an increased rate of early failure due to tibial
baseplate implant-cement interface debonding.
Conflicts of interest

Dr. Christopher Damsgaard has served as the principal investi-
gator on project that received institutional research suppoer from
Breg Inc. and his wife is an employee of Pfizer. Dr. Graham has
served as the principal investigator on projects that received
institutional research support from Pfizer Inc., Medtronic Inc., Astra
Zeneca, and Purdue Pharma LP. All other authors declare no po-
tential conflicts of interest.

For full disclosure statements, refer to https://doi.org/10.1016/j.
artd.2022.06.012.
References

[1] Kurtz SM, Ong KL, Lau E, Bozic KJ. Impact of the economic downturn on total
joint replacement demand in the United States. J Bone Joint Surg Am 2014;96:
624e30. https://doi.org/10.2106/JBJS.M.00285.

[2] Sharkey PF, Lichstein PM, Shen C, Tokarski AT, Parvizi J. Why are total knee
arthroplasties failing todaydhas anything changed after 10 years?
J Arthroplasty 2014;29:1774e8. https://doi.org/10.1016/j.arth.2013.07.024.

[3] Delanois RE, Mistry JB, Gwam CU, Mohamed NS, Choksi US, Mont MA. Current
epidemiology of revision total knee arthroplasty in the United States.
J Arthroplasty 2017;32:2663e8. https://doi.org/10.1016/j.arth.2017.03.066.

[4] Bonutti PM, Khlopas A, Chughtai M, Cole C, Gwam CU, Harwin SF, et al. Un-
usually high rate of early failure of tibial component in ATTUNE total knee
arthroplasty system at implant-cement interface. J Knee Surg 2017;30:435e9.
https://doi.org/10.1055/s-0037-1603756.

[5] Nakama GY, Peccin MS, Almeida GJ, Neto ODAL, Queiroz AA, Navarro RD.
Cemented, cementless or hybrid fixation options in total knee arthroplasty for
osteoarthritis and other non-traumatic diseases. Cochrane Database Syst Rev
2012;10:CD006193. https://doi.org/10.1002/14651858.CD006193.pub2.

[6] Dutiel S, Atkinson A. Confidence in the ATTUNE® knee is driven by real world
scientific evidence. http://synthes.vo.llnwd.net/o16/LLNWMB8/US%20Mobile/
Synthes%20North%20America/Product%20Support%20Materials/White%20
Papers/DSUSJRC09172339aMont%20Article%20Response%20HCP%20Final.pdf
[accessed 08.03.21].

[7] The Attune primary total knee replacement system value dossier. Depuy
Synthes 2012. Pg. 77. https://static1.squarespace.com/static/56b145a91d
07c07730995ec0/t/56d1f3ea86db43f4f76f3947/1456600050367/ATTUNE_
Value_Dossier.pdf [accessed 08.03.21].

[8] Ranawat CS, White PB, West S, Ranawat AS. Clinical and radiographic results
of Attune and PFC sigma knee designs at 2-year follow-up: a prospective
matched-pair analysis. J Arthroplasty 2017;32:431e6. https://doi.org/
10.1016/j.arth.2016.07.021.

[9] Turgeon TR, Gascoyne TC, Laende EK, Dunbar MJ, Bohm ER, Richardson CG.
The assessment of the stability of the tibial component of a novel knee
arthroplasty system using radiostereometric analysis. Bone Joint J 2018;100-
B:1579e84. https://doi.org/10.1302/0301-620X.100B12.BJJ-2018-0566.R1.

[10] Cerquiglini A, Henckel J, Hothi H, Allen P, Lewis J, Eskelinen A, et al. Analysis of
the Attune tibial tray backside: a comparative retrieval study. Bone Joint Res
2019;8:136e45. https://doi.org/10.1302/2046-3758.83.BJJ-2018-0102.R2.

[11] ATTUNE Sþ Technology Overview. © DePuy Synthes 20172019. https://www.
jnjmedicaldevices.com/sites/default/files/user_uploaded_assets/pdf_assets/20
1909/092575190323%20ATTUNE%20S%20Plus%20Technology%20overview.pdf
[accessed 02.09.22].

[12] Bonutti P. Response to: confidence in the ATTUNE Knee is Driven by Real-
World Scientific Evidence: response to Bonutti et al. Article. J Knee Surg
2018;31:811e4. https://doi.org/10.1055/s-0037-1608945.

[13] National Joint Registry for England, Wales. Northern Ireland and the Isle of
Man. Implant summary report for DePuy ATTUNE CR and ATTUNE PS. NJR
Database extracted April 7, 2017:1e17. www.attuneevidence.com [accessed
08.03.21].

[14] Kopinski JE, Aggarwal A, Nunley RM, Barrack RL, Nam D. Failure at the tibial
cement-implant interface with the use of high-viscosity cement in total knee
arthroplasty. J Arthroplasty 2016;31:2579e82. https://doi.org/10.1016/
j.arth.2016.03.063.

[15] Dwyer K, Jones RE, Lesko J, Leopold J, Diaz R. ATTUNE knee system early
performance: minimum two year clinical results. http://synthes.vo.llnwd.net/
o16/LLNWMB8/US%20Mobile/Synthes%20North%20America/Product%20Support%
20Materials/White%20Papers/DSUSJRC10140506_ATTUNE_2year_WP.pdf; 2018
[accessed 08.03.21].

[16] Kaptein BL, den Hollander P, Thomassen B, Fiocco M, Nelissen RG.
A randomized controlled trial comparing tibial migration of the ATTUNE
cemented cruciate-retaining knee prosthesis with the PFC-sigma design. Bone
Joint J 2020;102:1158e66. https://doi.org/10.1302/0301-620X.102B9.BJJ-
2020-0096.R1.

[17] Sadauskas A, Engh III C, Mehta M, Levine B. Implant interface debonding after
total knee arthroplasty: a new cause for concern? Arthroplasty Today 2020;6:
972e5. https://doi.org/10.1016/j.artd.2020.07.043.

[18] Lachiewicz PF, Vovos TJ, Steele JR, Wellman SS. Cemented ATTUNE® fixed-
bearing modular posterior-stabilized knee arthroplasty has an unexpectedly
high rate of revision. In: Orthopaedic Proceedings, 102. London: The British
Editorial Society of Bone & Joint Surgery; 2020. p. 67.

[19] Lau RL, Perruccio AV, Gandhi R, Mahomed NN. The role of surgeon volume on
patient outcome in total knee arthroplasty: a systematic review of the liter-
ature. BMC Musculoskelet Disord 2012;13:250.

[20] National Joint Registry for England, Wales. Northern Ireland and the Isle of
Man, 13th annual report 2016; Table 3.28. http://www-new.njrcentre.org.uk/
njrcentre/Default.aspx [accessed 08.03.21].

[21] Australian orthopaedic association national joint replacement registry annual
report 2016. Tables KT9 and KT22. https://aoanjrr.sahmri.com/documents/
10180/275066/Hip%2C%20Knee%20%26%20Shoulder%20Arthroplasty [accessed
08.03.21].

[22] Giaretta S, Berti M, Micheloni GM, Ceccato A, Marangoni F, Momoli A. Early
experience with the ATTUNE total knee replacement system. Acta Biomed
2019;90(Suppl 12):98e103. https://doi.org/10.23750/abm.v90i12-S.8997.

[23] Molloy IB, Keeney BJ, Sparks MB, Paddock NG, Koenig KM, Moschetti WE,
et al. Short term patient outcomes after total knee arthroplasty: does the
implant matter? Knee 2019;26:687e99. https://doi.org/10.1016/j.knee.20
19.01.018.

[24] Kelly BC, Owen JR, Shah SC, Johnson AJ, Golladay GJ, Kates SL. A biomechanical
comparison of the effect of baseplate design and bone marrow fat infiltration
on tibial baseplate pullout strength. J Arthroplasty 2021;36:356e61. https://
doi.org/10.1016/j.arth.2020.07.049.

[25] Staats K, Wannmacher T, Weihs V, Koller U, Kubista B, Windhager R. Modern
cemented total knee arthroplasty design shows a higher incidence of radio-
lucent lines compared to its predecessor. Knee Surg Sports Traumatol
Arthrosc 2019;27:1148e55. https://doi.org/10.1007/s00167-018-5130-0.

[26] Hazelwood KJ, O’Rourke M, Stamos VP, McMillan RD, Beigler D, Robb III WJ.
Case series report: early cementeimplant interface fixation failure in total
knee replacement. Knee 2015;22:424e8. https://doi.org/10.1016/j.knee.
2015.02.016.

[27] Buller LT, Rao V, Chiu YF, Nam D, McLawhorn AS. Primary total knee arthro-
plasty performed using high-viscosity cement is associated with higher odds
of revision for aseptic loosening. J Arthroplasty 2020;35(6S):S182e9. https://
doi.org/10.1016/j.arth.2019.08.023.

[28] Kazarian GS, Lawrie CM, Barrack TN, Donaldson MJ, Miller GM, Haddad FS,
et al. The impact of surgeon volume and training status on implant alignment
in total knee arthroplasty. J Bone Joint Surg Am 2019;101:1713e23. https://
doi.org/10.2106/JBJS.18.01205.

[29] Namba RS, Cafri G, Khatod M, Inacio MC, Brox TW, Paxton EW. Risk factors for
total knee arthroplasty aseptic revision. J Arthroplasty 2013;28:122e7.
https://doi.org/10.1016/j.arth.2013.04.050.

[30] Martin R, Mason B, Wronski P, Schilkowsky R, Orfanos A, Fehring T, et al.
Motion during cementing significantly decreases tibial implant fixation

http://clinicaltrials.gov
https://doi.org/10.1016/j.artd.2022.06.012
https://doi.org/10.1016/j.artd.2022.06.012
https://doi.org/10.2106/JBJS.M.00285
https://doi.org/10.1016/j.arth.2013.07.024
https://doi.org/10.1016/j.arth.2017.03.066
https://doi.org/10.1055/s-0037-1603756
https://doi.org/10.1002/14651858.CD006193.pub2
http://synthes.vo.llnwd.net/o16/LLNWMB8/US%20Mobile/Synthes%20North%20America/Product%20Support%20Materials/White%20Papers/DSUSJRC09172339aMont%20Article%20Response%20HCP%20Final.pdf
http://synthes.vo.llnwd.net/o16/LLNWMB8/US%20Mobile/Synthes%20North%20America/Product%20Support%20Materials/White%20Papers/DSUSJRC09172339aMont%20Article%20Response%20HCP%20Final.pdf
http://synthes.vo.llnwd.net/o16/LLNWMB8/US%20Mobile/Synthes%20North%20America/Product%20Support%20Materials/White%20Papers/DSUSJRC09172339aMont%20Article%20Response%20HCP%20Final.pdf
https://static1.squarespace.com/static/56b145a91d07c07730995ec0/t/56d1f3ea86db43f4f76f3947/1456600050367/ATTUNE_Value_Dossier.pdf
https://static1.squarespace.com/static/56b145a91d07c07730995ec0/t/56d1f3ea86db43f4f76f3947/1456600050367/ATTUNE_Value_Dossier.pdf
https://static1.squarespace.com/static/56b145a91d07c07730995ec0/t/56d1f3ea86db43f4f76f3947/1456600050367/ATTUNE_Value_Dossier.pdf
https://doi.org/10.1016/j.arth.2016.07.021
https://doi.org/10.1016/j.arth.2016.07.021
https://doi.org/10.1302/0301-620X.100B12.BJJ-2018-0566.R1
https://doi.org/10.1302/2046-3758.83.BJJ-2018-0102.R2
https://www.jnjmedicaldevices.com/sites/default/files/user_uploaded_assets/pdf_assets/201909/092575190323%20ATTUNE%20S%20Plus%20Technology%20overview.pdf
https://www.jnjmedicaldevices.com/sites/default/files/user_uploaded_assets/pdf_assets/201909/092575190323%20ATTUNE%20S%20Plus%20Technology%20overview.pdf
https://www.jnjmedicaldevices.com/sites/default/files/user_uploaded_assets/pdf_assets/201909/092575190323%20ATTUNE%20S%20Plus%20Technology%20overview.pdf
https://doi.org/10.1055/s-0037-1608945
http://www.attuneevidence.com
https://doi.org/10.1016/j.arth.2016.03.063
https://doi.org/10.1016/j.arth.2016.03.063
http://synthes.vo.llnwd.net/o16/LLNWMB8/US%20Mobile/Synthes%20North%20America/Product%20Support%20Materials/White%20Papers/DSUSJRC10140506_ATTUNE_2year_WP.pdf
http://synthes.vo.llnwd.net/o16/LLNWMB8/US%20Mobile/Synthes%20North%20America/Product%20Support%20Materials/White%20Papers/DSUSJRC10140506_ATTUNE_2year_WP.pdf
http://synthes.vo.llnwd.net/o16/LLNWMB8/US%20Mobile/Synthes%20North%20America/Product%20Support%20Materials/White%20Papers/DSUSJRC10140506_ATTUNE_2year_WP.pdf
https://doi.org/10.1302/0301-620X.102B9.BJJ-2020-0096.R1
https://doi.org/10.1302/0301-620X.102B9.BJJ-2020-0096.R1
https://doi.org/10.1016/j.artd.2020.07.043
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref18
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref18
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref18
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref18
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref18
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref11
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref11
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref11
http://www-new.njrcentre.org.uk/njrcentre/Default.aspx
http://www-new.njrcentre.org.uk/njrcentre/Default.aspx
https://aoanjrr.sahmri.com/documents/10180/275066/Hip%2C%20Knee%20%26%20Shoulder%20Arthroplasty
https://aoanjrr.sahmri.com/documents/10180/275066/Hip%2C%20Knee%20%26%20Shoulder%20Arthroplasty
https://doi.org/10.23750/abm.v90i12-S.8997
https://doi.org/10.1016/j.knee.2019.01.018
https://doi.org/10.1016/j.knee.2019.01.018
https://doi.org/10.1016/j.arth.2020.07.049
https://doi.org/10.1016/j.arth.2020.07.049
https://doi.org/10.1007/s00167-018-5130-0
https://doi.org/10.1016/j.knee.2015.02.016
https://doi.org/10.1016/j.knee.2015.02.016
https://doi.org/10.1016/j.arth.2019.08.023
https://doi.org/10.1016/j.arth.2019.08.023
https://doi.org/10.2106/JBJS.18.01205
https://doi.org/10.2106/JBJS.18.01205
https://doi.org/10.1016/j.arth.2013.04.050


D. Torino et al. / Arthroplasty Today 17 (2022) 165e171 171
strength. J Arthroplasty 2022;37:S12e8. https://doi.org/10.1016/j.arth.
2022.02.091.

[31] Abdel MP, Bonadurer III GF, Jennings MT, Hanssen AD. Increased aseptic tibial
failures in patients with a BMI > 35 and well-aligned total knee arthroplasties.
J Arthroplasty 2015;30:2181e4.

[32] Pfefferle KJ, Gil KM, Fening SD, Dilisio MF. Validation study of a pooled elec-
tronic healthcare database: the effect of obesity on the revision rate of total
knee arthroplasty. Eur J Orthop Surg Traumatol 2014;24:1625e8.
[33] Dowsey M, Choong PM. Obese diabetic patients are at substantial risk for deep
infection after primary TKA. Clin Orthop Relat Res 2009;467:1577e81.

[34] Stickles B, Phillips L, Brox WT, Owens B, Lanzer WL. Defining the relationship
between obesity and total joint arthroplasty. Obes Res 2001;9:219e23.

[35] Cox Z., Engstrom S., Shinar A., Polkowski G., Mason B., Martin R., et al. Is
cement mantle thickness a primary cause of aseptic loosening following
primary total knee arthroplasty? TheKNE-D-22-00258. SSRN: https://ssrn.
com/abstract¼4125881 or http://dx.doi.org/10.2139/ssrn.4125881.

https://doi.org/10.1016/j.arth.2022.02.091
https://doi.org/10.1016/j.arth.2022.02.091
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref30
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref30
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref30
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref30
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref31
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref31
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref31
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref31
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref32
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref32
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref32
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref33
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref33
http://refhub.elsevier.com/S2352-3441(22)00140-6/sref33
https://ssrn.com/abstract=4125881
https://ssrn.com/abstract=4125881
https://ssrn.com/abstract=4125881
http://dx.doi.org/10.2139/ssrn.4125881

	Tibial Baseplate-Cement Interface Debonding in the ATTUNE Total Knee Arthroplasty System
	Introduction
	Material and methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Conflicts of interest
	References


