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m KNEE

A randomized controlled trial comparing
tibial migration of the ATTUNE cemented
cruciate-retaining knee prosthesis with the
PFC-sigma design

Aims

The primary objective of this study was to compare migration of the cemented ATTUNE
fixed bearing cruciate retaining tibial component with the cemented Press-Fit Condylar
(PFC)-sigma fixed bearing cruciate retaining tibial component. The secondary objectives
included comparing clinical and radiological outcomes and Patient Reported Outcome
Measures (PROMs).

Methods

A single blinded randomized, non-inferiority study was conducted including 74 patients.
Radiostereometry examinations were made after weight bearing, but before hospital dis-
charge, and at three, six, 12, and 24 months postoperatively. PROMS were collected preop-
eratively and at three, six, 12, and 24 months postoperatively. Radiographs for measuring
radiolucencies were collected at two weeks and two years postoperatively.

Results

The overall migration (mean maximum total point motion (MPTM)) at two years was com-
parable: mean 1.13 mm (95% confidence interval (Cl), 0.97 to 1.30) for the ATTUNE and 1.16
mm (95% CI, 0.99 to 1.35) for the PFC-sigma. At two years, the mean backward tilting was
-0.43° (95% CIl, -0.65 to -0.21) for the ATTUNE and 0.08° (95% CI -0.16 to 0.31), for the PFC-
sigma. Overall migration between the first and second postoperative year was negligible
for both components.

The clinical outcomes and PROMs improved compared with preoperative scores and were
not different between groups. Radiolucencies at the implant-cement interface were main-
ly seen below the medial baseplate: 17% in the ATTUNE and 3% in the PFC-sigma at two
weeks, and at two years 42% and 9% respectively (p = 0.001).

Conclusion

In the first two postoperative years the initial version of the ATTUNE tibial component was
not inferior with respect to overall migration, although it showed relatively more back-
wards tilting and radiolucent lines at the implant-cement interface than the PFC-sigma. The
version of the ATTUNE tibial component examined in this study has subsequently under-
gone modification by the manufacturer.

Level of Evidence: 1 (randomized controlled clinical trial)

Cite this article: Bone Joint J 2020;102-B(9):1158-1166.

Introduction

It is estimated that more than one million total
knee prostheses are implanted worldwide annu-
ally and that these numbers will increase signifi-
cantly because of our aging society.! As prosthetic
loosening is one of the main reasons for long-term

failure,” it is crucial that the local mechanical envi-
ronment at the joint enables good primary fixation
of the prosthesis which remains in the long term.
Therefore, a rigorous analysis into the mechanical
failure modes at the bone-implant fixation inter-
face of newly introduced implants is necessary.?
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Long-term mechanical loosening can be predicted within two
years by assessing sub-millimetre migration of the prosthesis
relative to the bone using radiostereometric analysis (RSA).**
Ideally innovative new designs should be compared with the
good performing designs in a randomized RSA study to permit
to a phased introduction.*’

The pressed fit condylar (PFC)-sigma prosthesis (DePuy
Synthes, Warsaw, Indiana, USA) has good clinical results in
elderly patients with ten year survival of 97%°!! and minimal
early migration of the tibial component as measured with RSA
(0.5 mm maximum total point motion (MTPM) at two-year
follow-up).”> The ATTUNE prosthesis (DePuy Synthes) was
developed to improve patellofemoral kinematics as well as mid
flexion stability of the knee by an increased congruence between
femoral and tibial articulations.'* However, greater congru-
ence might also effect the forces on the implant-bone interface
and thus implant migration. Additionally some concerns with
cementing of the tibial baseplate have been reported.!*!*

The primary objective of this study is therefore to compare
tibial baseplate migration of the cemented ATTUNE fixed
bearing cruciate retaining (CR) design with the cemented PFC-
sigma fixed bearing CR design. The secondary objectives are
to compare clinical, radiological, and patient-reported outcome
measures (PROMs) between the two groups.

Methods

A single-blinded randomized, noninferiority study on all
consecutive patients who were eligible for elective total knee
arthroplasty (TKA) between 2014 and 2015 was conducted.
Patients diagnosed with symptomatic osteoarthritis or rheu-
matoid arthritis of the knee, aged between 21 and 90 years,
requiring TKA, and willing and able to give informed consent,
were invited to participate in this study.

After providing informed consent, the patients were random-
ized, using a computer-generated randomization list, in one of the
two study groups, a week before surgery. The surgeon was told to
which group the patient was assigned on the day of surgery.

Three experienced surgeons (PH, EA, RF) at the Haaglanden
Medical Centre, The Hague, Netherlands used identical surgical
techniques to implant both designs. All surgeons had experience
with the PFC-sigma knee system and were trained to use the
ATTUNE knee system. Prior to starting this study, they oper-
ated on ten patients using the ATTUNE knee system to obtain
experience and confidence with the design and instrumentation.
Surgery was performed under regional or general anaesthesia.
A standard midline skin incision with a medial parapatellar
arthrotomy with standard bone referenced and measured resec-
tion balancing techniques were used, retaining the posterior
cruciate ligament (PCL). After pulsed lavage, bone cement was
put into the proximal tibia and on the osteotomy surface. A tour-
niquet was used during cementing. Local infiltration analgesia
(LIA) was used in addition to prophylactic treatment against
postoperative nausea and vomiting to ensure a fast rehabilita-
tion. Indication for patellar resurfacing was grade 4 arthrosis
of the patella, or rheumatoid arthritis. Mobilization with phys-
iotherapy began four to six hours after surgery and followed a
fast-track protocol.
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During enrolment, 191 patients were eligible to be included
in the study, 74 patients were randomized, and 62 patients
completed the two-year follow-up (Figure 1). Patient character-
istics were similar in both groups (Table I). Operating time was
amean of seven minutes longer for the ATTUNE prosthesis than
for the PFC-sigma prosthesis (p = 0.011, Welch modified two-
sample z-test), which was related to the learning curve. Patellar
resurfacing was done in more knees for the PFC-sigma group,
than in the ATTUNE group ((N-1) p = 0.034, chi-squared test).

For migration analysis with RSA at least five tantalum spheres
(1 mm diameter) were inserted well-scattered around the pros-
thesis during surgery, with a specially designed insertion instru-
ment (Baat Medical Products, Hengelo, Netherlands).!¢

The first postoperative RSA examination, made after weight
bearing but before hospital discharge, served as the reference
baseline for migration analysis. Subsequent RSA examina-
tions were made at three, six, 12, and 24 months postopera-
tively using a standard RSA set-up, with the patient in supine
position. For calibration, either a uniplanar carbon calibration
box (Medis Carbon Box; Medis Specials, Leiden, Nether-
lands) or a uniplanar acrylic calibration box (UmRSA — Cali-
bration Cage No 43; RSA Biomedical, Umed, Sweden) was
used. Computed radiology cassettes (35 % 43 cm) recorded the
RSA images. Computer-aided design (CAD) implant models
allowed for implant migration analysis with model-based
RSA software (RSAcore, Leiden, Netherlands)!” following the
guidelines on RSA.'8! This technique facilitated examination
of implant migration without recourse to attaching markers
to the prostheses.

The main outcome parameter was MTPM, which represents
the length (mm) of the translation vector of the point on the
prosthesis component model that moved the most. Transla-
tions (mm) and rotations (°) of the prosthesis components
were calculated using a coordinate system with its origin in the
geometrical centre of the prosthesis in the baseline evaluation
and of which, for a right-sided implant, the transverse axis is
medial translation (Tx), longitudinal axis is proximal transla-
tion (Ty), and sagittal axis is anterior translation (Tz). Rotations
(Rx, Ry, Rz) are defined about these axes following the right
hand screw rule.'® Migration of left-sided prostheses were recal-
culated in order to describe the migration in anatomical terms
for a right-sided prosthesis.'®

Long-leg standing radiographs were made to measure the two
years postoperative hip-knee-ankle (HKA) angle, presence and
thickness of radiolucent lines along tibial zones were measured
in mm at anteroposterior (AP) and mediolateral (ML) short
knee radiographs at two weeks and at two years on long-leg
standing radiographs.'*?* Measurements were conducted under
supervision of the senior authors (PH, RN) using the standard
PACS viewer (Vital Images, Minnetonka, Minnesota, USA).

Preoperatively, and at all RSA reviews, the Knee Society
Score (KSS)*' and PROMS were recorded in agreement
with the recommendations by the Netherlands Orthopaedic
Association: General Health; EuroQol-5D (EQ-5D),”> Knee
Function;Knee Injury and Osteoarthritis Outcome Score
(KOOS),»?* Oxford Knee Score (OKS)® , and pain score
after activity and during rest; (Visual Analogue Scale 0,
no pain to 10, worst pain imaginable).
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Enrolment

Assessed for eligibility (n = 191)

Excluded (n = 117)

Not included in time (n = 7)

No study surgeon (n = 46), language/age issues (n = 10)
RSA instruments not available (n = 10)

Refused to participate (n = 28), Other reason (n = 16)

Randomized (n = 74)

Allocation

i

Allocated to ATTUNE (n = 38)

Received ATTUNE (n = 37)
Received PFC-sigma, P47
ATTUNE not available (n = 1)

Allocated to PFC-sigma (n = 36)

Received PFC-sigma (n = 36)

Follow-up

!

Lost to follow-up (n = 6)

No markers inserted P3, P47 (n = 2)
Postop RSA insufficient P32 (n = 1)
Withdrew consent before 6 months FU
P52 (n = 1)

Died before 1 yr FU P31 (n = 1)

Died before 2 yrs FU P62 (n = 1)

Lost to follow-up (n = 6)

Withdrew consent P26 (n = 1),

No RSA Inserter available P63 (n = 1)
Postop RSA insufficient P58 (n = 1)
Withdrew consent before 2 yr FU P4
(n=1)

Died before 2 yr FU P60 (n = 1)
Patient moved to other city before
2yrFU P34 (n=1)

RSA

RSA radiographs analyzed RSA radiographs analyzed
ATTUNE Tibia PFC-sigma Tibia

Postop 35 Postop 33

3 mths 35 3 mths 33

6 mths 34 6 mths 33

12 mths 33 12 mths 33

24 mths 32 24 mths 30

Fig. 1

Flow diagram of participants through each stage. 2Y, two-year; FU, follow-up; PFC, press-fit condylar; RSA, radiostereometric analysis.

Statistical analysis. A minimal relevant difference of 0.55
mm MTPM at two-year follow-up between two types of knee
prostheses was considered important. Thus, with a power of
80%, (alpha 0.01, SD 0.6 mm) a minimum of 29 patients per
group were needed in this non-inferiority study. To accom-
modate for loss of follow-up a minimum of 32 patients suita-
ble for RSA analysis were included in each group (Figure 1).

Follow us @BoneJoint]

Clinical data of excluded patients were evaluated on an
intention-to-treat policy. Migration data were evaluated on a
per-protocol policy.

A linear mixed-effects model*® was used to analyze migra-
tion data and comparison between groups. MTPM was log-
transformed during statistical modelling to obtain a normal
distribution, computed as log(MTPM + 1). Significance was set
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Table I. Baseline and surgery characteristics.

Number of patients ATTUNE PFC-sigma
(n=38) (n=36)

Sex (male/female) 18/20 11/25

BMI, mean (SD) kg/m? 29 (4.2) 28 (4.0)

ASA grade

| 9 5

1l 23 28

I} 6 3

Age, mean (SD) years 69 (9.5) 68 (8.2)

Surgeon

1 7 5

2 16 15

3 15 16

Smoking

Yes 7 5

No 31 31

Operating time, mean (SD) mins* 84 (12.3) 77 (11.2)

Postoperative HKA

Varus (< 178°) 1 1

Neutral (178 to 182°) 30 32

Valgus (> 182°) 1 2

Not measured 6 1

Patellar resurfacingt

Yes 2 8

No 36 28

*p =0.011, Welch modified two-sample t-test.

Tp = 0.034, (N-1) chi-squared test.

ASA, American Society of Anesthesiologists; BMI, body mass index;
HKA, hip-knee-ankle angle; PFC, press-fit condylar.

Table IlI. Precision of the RSA set-up, mean, and SD of 61 double
examinations.

Value Tx, mm Ty, mmTz, mmRx,° Ry,° Rz ° MTPM,
mm

Mean 0.02 -0.02 0.06 0.08 0.04 -0.03 0.56

(SD) (0.13) (0.14) (0.33) (0.51) (0.57) (0.15) (0.50)

MTPM, maximum total point motion; RSA, radiostereometric analysis;
Rx, Ry, Rz, rotations; Tx, Ty, Tz, translations.

at a p-value < 0.05. All statistical analyses were performed in
the R-software environment (R Foundation, Vienna, Austria).

Results

The RSA precision was calculated by acquiring ‘double exam-
inations’ (Table II)."” The bone markers had a good distribution
(mean condition number 54 m) and were stable over time (two
years mean error of rigid body 0.22 mm).

Tibial migration (MTPM) stabilized after an initial settling
(Figure 2). The mean MTPM at two years was comparable
between both types of knee implants: mean 1.13 mm (95%
confidence intervals (CI) 0.97 to 1.30) for the ATTUNE and
mean 1.16 mm (95% CI 0.99 to 1.35) for the PFC-sigma
(Table III), although there were large variations between
patients (Figure 3).

Two years postoperatively, the ATTUNE tilted backwards,
more than the PFC-sigma: The mean transverse axis rotation
(Rx) was -0.43° (95% CI, -0.65 to -0.21) for the ATTUNE and
0.08° (95% CI -0.16 to 0.31), for the PFC-sigma (p = 0.002,
linear mixed-effects model). The mean longitudinal axis rotation
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—o— ATTUNE tibia —o— PFC-sigma tibia ‘

=

1.0

0.5 +

Migration (95% Cl)

0.0

T
0 3 6 12 24
Study follow-up (months)

Fig. 2

Mean maximum total point motion (MTPM) migration (mm) for the
tibial component.

Table lll. Tibial component migration and migration rate at two-year
follow-up for the ATTUNE (n = 32) and the PFC-sigma (n = 30).

ATTUNE
Mean (95% CI)

Tibia prosthesis PFC-sigma

Mean (95% CI)

Migration,
two years
postoperative

Tx, mm 0.00 (-0.12 t0 0.12) -0.11 (-0.23 to 0.01)
Ty, mm -0.01 (-0.07 to 0.05) -0.06 (-0.12 to 0.00)
Tz, mm -0.22 (-0.39 to -0.04) 0.04 (-0.14 to 0.22)
Rx, ° -0.43 (-0.65 to -0.21) 0.08 (-0.16 to 0.31)
Ry, ° 0.31 (0.08 to 0.54) -0.13 (-0.37 to 0.11)
Rz, ° -0.08 (-0.20 to 0.05) 0.04 (-0.09 to 0.18)
MTPM, mm 1.13 (0.97 to 1.30) 1.16 (0.99 to 1.35)

Migration rate, second postoperative year

Tx, mm/yr 0.01 (-0.04 to 0.07) 0.04 (-0.02 to 0.10)
Ty, mm/yr -0.04 (-0.09 to 0.02) -0.06 (-0.12 to -0.01)
Tz, mml/yr -0.01 (-0.18 to 0.16) 0.07 (-0.11 to 0.24)
Rx, °/yr -0.02 (-0.20 to 0.17) 0.24 (0.04 to 0.44)
Ry, °/yr 0.09 (-0.12 to 0.30) 0.02 (-0.2 to 0.24)
Rz, °/yr -0.06 (-0.13 to 0.01) -0.05 (-0.12 to 0.03)
MTPM, mm/yr 0.02 (-0.06 to 0.09) 0.02 (-0.07 to 0.10)

Cl, confidence interval; MTPM, maximum total point motion; Rx, Ry,
Rz, rotations; Tx, Ty, Tz, translations.

(Ry) was 0.30° (95% CI, 0.08 to 0.53) for the ATTUNE, and
-0.13° (95% CI, -0.37 to 0.11) for the PFC-sigma (p = 0.013,
linear mixed-effects model). For the ATTUNE, this backwards
tilting also resulted in a mean sagittal axis translation (Tz) of
-0.22 mm (95% CI -0.39 to -0.04) (Table III).

Migration rate (MTPM/year) in the second postoperative
year was negligible; mean 0.02 mm/year (95% CI -0.06 to 0.09)
for the ATTUNE, and 0.02 mm/year (95% CI -0.07 to 0.10) for
the PFC-sigma. Mean component tilting in the second postop-
erative year was larger for the PFC-sigma: the mean transverse
axis rotation (Rx) of the ATTUNE was -0.02°year (95% CI
-0.20 to 0.17), while the PFC-sigma tilted forward: 0.24°/year
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—— ATTUNE tibia

—+— PFC-sigma tibia

MTPM (mm)

Study follow-up (months)

Fig. 3

Maximum total point motion (MTPM) tibia migration for each patient showing the individual variation.

(95% CI 0.04 to 0.44) (p = 0.025, linear mixed-effects model)
(Table III, Figure 4, and Supplementary table ).

One PFC-sigma patient was successfully treated for a
periprosthetic infection in the second postoperative year, by
arthrotomy, debridement, liner exchange, and six weeks of anti-
biotics. Another PFC-sigma patient was treated by a release of
the posterior tibial nerve in the tarsal tunnel in the second post-
operative year, which was unrelated to the TKA. Apart from
the liner exchange, no patients required revision surgery. Three
patients died due to causes unrelated to the study.

Postoperatively, the clinical outcomes and PROMs improved
compared to the preoperative period in both groups (Table IV).
The majority of the knees were reconstructed to the neutral
position (Table I). At two weeks postoperatively, medial
implant-cement interface radiolucent lines were 17% and 3%
for the ATTUNE and PFC-sigma respectively (p = 0.052, (N-1)
chi-squared test) (Table V). Most were progressive and were
42% for the ATTUNE and 9% for the PFC-sigma at two years
postoperatively (p = 0.002, (N-1) chi-squared test). All implant-
cement interface radiolucencies were less than 2 mm thick
(Table V). At the lateral cement-bone interface, radiolucencies
were found at two weeks for one ATTUNE case (2.8 mm) and
one PFC-sigma case (1.6 mm), both radiolucencies were not
visible at two-year follow-up (data not shown).

As a post-hoc analysis, the ATTUNE group was separated
into a group without radiolucencies (n = 22) and a group with
radiolucencies underneath the medial or lateral baseplate at

Follow us @BoneJoint]

two-year follow-up (n = 13). There was no difference in any of
the migration parameters between these groups.

Discussion

Comparing the MTPM migration profiles of the ATTUNE with
the PFC-sigma tibial components confirms our hypothesis that
with respect to overall migration, the ATTUNE is at least as
good as the PFC-sigma. Even though the ATTUNE had rela-
tively large backward tilting and a relatively high incidence
of radiolucencies at the implant-cement interface below the
medial baseplate. There was no relation between these radio-
lucencies and any of the migration profiles (translations, rota-
tions, MTPM). Similar to other studies,'**”? differences in the
secondary outcome parameters such as clinical outcome and
PROMS were not found, but the study was not powered for
these parameters.

In theory, a cemented tibial component should have no
migration, but the transverse- (Rx) and longitudinal-axis (Ry)
rotations of the ATTUNE were statistically significant and
larger than for the PFC-sigma indicating more backward tilting
and more external rotation of the ATTUNE tibial component.
The increased backwards tilting, which even continues between
six and 12 months, may be the consequence of the increased
congruency of the ATTUNE articulating surfaces. The latter
should also give more rollback of the ATTUNE prosthesis seen
intraoperatively,® although this has to be confirmed by in vivo
fluoroscopy studies. It might also be that this backwards tilting

THE BONE & JOINT JOURNAL



TIBIAL MIGRATION OF THE ATTUNE CEMENTED CRUCIATE-RETAINING KNEE PROSTHESIS

1163

=o= ATTUNE tibia ~o= PFC-sigma tibia

=o= ATTUNE tibia =0 PFC-sigma tibia

=o= ATTUNE tibia =o= PFC-sigma tibia

0.50 0.50 0.50 -
5 0.254 5 0.25 5 0254
3 I L1 s I I . 8
s 0.001 T 1 s 0.00+ H‘lﬁ—-—q qﬁ £ 0.00
¢ |
i 1 2 k=
S -0.25 S -0.25 S -0.254
-0.50 -0.50 -0.50 -
0o 3 6 12 24 0o 3 6 12 24 0 3 6 12 24
Study follow-up (months) Study follow-up (months) Study follow-up (months)
a b c
= ATTUNE tibia — PFC-sigma tibia | | —= ATTUNE tibia group - PFC-sigma tibia | | —o= ATTUNE tibia — PFC-sigma tibia
0.75 0.75 0.75
0.50 - 0.50 - 0.50 -
3 3 S
< 025 2 0.25- < 0.25-
3 3 3
s 0.004 ] s 0.004 s 0.00 t
5 -0.25- ] 5 -0.25- 5 -0.25
s s s
-0.50 l -0.50 A -0.50
-0.75 -0.75 -0.75
0 3 6 12 24 0 3 6 12 24 0 3 6 12 24
Study follow-up (months) Study follow-up (months) Study follow-up (months)
d e f
Fig. 4

Translations (mm): a) Tx, b) Ty, c) Tz, and rotations (°): d) Rx, e) Ry, f) Rz for the tibial component.

Table IV. Patient-reported outcome measures (PROMs) data for the preoperative and all follow-up timepoints.

PROM ATTUNE PFC-sigma

Preoperative 3 mths 6 mths 12 mths 24 mths Preoperative 3 mths 6 mths 12 mths 24 mths

mean (SD) mean (SD)
KOOS symptoms 53 (15.8) 71(16.9) 76(13.8) 80(13.8) 82(15.6) 49(18.1) 76 (16.7) 78(16.4) 85(11.7) 88(10.4)
KOOS pain 46 (13.4) 77 (19.0) 76(21.6) 84(16.9) 87(14.8) 47(16.2) 79(17.1) 82(18.3) 87(14.8) 89(16.5)
KOOS sport/rec 20 (19.0) 54 (24.9) 63(25.2) 62(24.8) 65(27.9) 18(23.3) 48 (27.7) 53(30.1) 50(26.7) 62(27.2)
KOOS ADL 52 (15.2) 79 (17.5) 78(21.1) 86(15.9) 89(14.4) 53(20.0) 82(14.9) 83(16.9) 87(15.1) 88(16.6)
KOOS QOL 29 (13.9) 60(18.0) 62(21.1) 69(19.4) 74(22.3) 28(18.4) 64 (16.1) 69(22.5) 77(18.5) 77 (22.7)
Pain at rest 5(2.3) 2(2.5) 2(2.1) 1(1.6) 1(1.5) 5(2.4) 1(1.8) 1(2.2) 1(1.2) 1(2.0)
Pain during activity 7 (2.0) 3(2.6) 2(2.4) 2(2.1) 2(1.8) 7(2.2) 2(1.9) 2(2.6) 2(2.1) 1(2.2)
EQ5D 70 (15.7) 77 (19.0) 80(11.1) 76(17.4) 82(10.5) 69 (16.8) 80(10.4) 70(21.7) 78(12.9) 81(14.2)
KSS* 51(12.4) 80(13.2) 85(13.9) 91(9.6) 93 (8.0) 54 (13.3) 85 (9.8) 89(11.2) 93(10.0) 95(8.3)
OKS 15 (8.6) 25(7.9) 26 (7.2) 28 (7.5) 31(7.1) 13 (8.2) 27 (7.1) 28(10.2) 31(6.6) 31(7.4)

*Combination of knee and function score.

ADL, activities of daily living; EQ5D, EuroQol 5 Dimensions; KOOS, Knee Injury and Osteoarthritis Outcome Score; KSS, Knee Society Score; QOL,

quality of life; OKS, Oxford Knee Score; rec, recreation.

is an early sign of loosening, as it has been suggested that rota-
tions about the transverse (Rx) axis have a better predictive
power than MTPM for loosening of tibial components.’' The
stabilization in the second postoperative year is a positive sign
for the long term durability of the ATTUNE prosthesis,>*? while
the PFC-sigma prosthesis shows forward tilting in the second
postoperative year.

Although MTPM values are often used as cut-off points
for performance of orthopaedic implants,**>* for an absolute
(unsigned) measure such as MTPM, this is difficult as, for

VOL. 102-B, No. 9, SEPTEMBER 2020

mathematical reasons, mean MTPM will be larger with lower
precision. For that matter, the two-year mean MTPM migration
of the cemented PFC-sigma tibial prosthesis in this study was
1.16 mm, while von Schewelov et al'? reported 0.5 mm for the
same prosthesis. The overall migration rate in the second post-
operative year was negligible for both components, which we
consider more important than the absolute migration values.
As the ATTUNE was launched in 2013, the first five years
of data are now available in the National Joint Registry
for England, Wales, Northern Ireland and the Isle of Man
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Table V. Number (%), mean, and range of the radiolucencies at the implant-cement interfaces in mm at two weeks (number of patients = 36/35) and
two years (number of patients = 33/35) postoperatively for the ATTUNE and PFC-sigma tibial components.

Location* ATTUNE PFC-sigma p-value*
n (%) Mean (range) n (%) Mean (range)

AP Z1, 2 wks 6(17) 0.7 (0.4 t0 0.9) 1(3) 1.3 0.052

AP Z1, 2 yrs 14 (42) 0.9 (0.4 to 1.4) 3(9) 1.1 (0.5 to 2.0) 0.002

AP Z2, 2 wks 2 (6) 1.3 (0.6 to 2.0) 1(3) 0.5

AP Z2,2 yrs 2(6) 1(0.6to 1.4) 1(3) 0.8

LAT 21, 2 wks 1(3) 0.2 0(0)

LAT 22, 2 wks 3(8) 0.9(0.7to 1.2) 1(3) 0.5

LAT Z3A, 2 wks 1(3) 0.9 0(0)

*(N-1) chi-squared test.

AP, anteroposterior; LAT, lateral; LZ1 (anterior baseplate); LZ2 (posterior baseplate); LZ3A (anterior stem); Z1 (medial baseplate); Z2 (lateral

baseplate).

(NJR) and the Australian Orthopaedic Association National
Joint Replacement Registry (AOANJRR). According to the
AOANIJRR, the five years’ cumulative revision percentage
for the cemented ATTUNE CR and PFC-sigma CR are
similar: 2.3% (95% CI: 1.9, 2.7) for the ATTUNE and 2.5%
(95% CI: 2.2, 2.7) for the PFC-sigma.’* In the NJR, there
seems to be a difference: 2.67% (95% CI: 2.09, 3.41) for the
cemented ATTUNE and 1.96% (95% CI: 1.91, 2.01) for the
cemented PFC-sigma, although these numbers are for the CR
and posterior stabilized versions combined.

Recently some worrying reports have been presented on
potential problems with up to 35.1% radiolucencies in 276
cemented ATTUNE knee prostheses, compared to 7.5% in 253
PFC-sigma knee prostheses at 12 months postoperatively.'*
These data are not confirmed by a study by Ranawat et al,'* but
data from our study confirm these results; at two years postop-
eratively, 42% radiolucencies were seen between the ATTUNE
medial baseplate and the cement, compared to 9% for the PFC-
sigma (p =0.001).

One paper reported more revisions supposedly related to
cement implant debonding for the ATTUNE," however this
was a case series without reporting the size of the series in
which the findings were made, making it of limited scientific
value.’>3¢ Potential problems with cement adherence to the
undersurface of the tibial plateau have also been presented
by others,*”* and for other modern tibial components of TKA
implants.** Although the undersurface of the ATTUNE tibial
plateau has increased roughness compared to the PFC-sigma,
it is not equipped with a cement pocket area with an undercut.*®

In 2017, a redesign of the tibial plateau with an undercut and
even more surface roughness to facilitate extra cement bonding
was launched by the manufacturer. An RSA migration study for
this new ATTUNE S + tibia design has been started (clinical
trial number NCT04037735).

Based on the results of this paper showing increased
backwards tilting, the relatively large number of radiolu-
cencies, confirmed by the literature, worrying reports about
increased revision rates as a result of cement debonding, the
larger revision rates in one of the registries and the fact that
the manufacturer changed the design of the implant only
four years after its first introduction, we would like to raise
concerns about the further widespread use of this specific
ATTUNE tibial implant design.

Follow us @BoneJoint]

Turgeon et al* reported good implant stability measured with
RSA for the ATTUNE PS design, both for MTPM as well as for
translations and rotations. Comparison with the Turgeon study
is difficult since they used a PS design and used a baseline of
six weeks postoperatively, while we studied a CR design and a
directly postoperative baseline. Turgeon et al** found mean (SD)
values below 0.02 (0.08) mm for translations, 0.06° (0.18°) for
rotations, and 0.21 (0.12) mm for MTPM, which is remarkably
small compared to our data. This indicates that most migration
(if any) occurred before six weeks postoperatively. We found
backward tilting of the ATTUNE tibial component between
three months (-0.20°) and 12 months (-0.42°) postoperatively
(Supplementary table 1).

A limitation of this study is that only 74 out of 191 eligible
patients were randomized. More than half of the 117 excluded
patients had surgery by non-study surgeons or refused to partic-
ipate. Other reasons are described in Figure 1.

Another limitation of this study is that even for model-
based RSA, the precision of the migration calculations in
this study is relative low."” Reasons for this might be the use
of computer radiology which is less accurate than digital
radiology,* inaccuracy of the CAD models, and the use of
two different calibration box designs. For that matter, the
precision results in our study are about two times worse
compared to other clinical model-based RSA studies.*’ As the
Haaglanden Medical Centre has three different locations, the
use of two calibration boxes for this study was inevitable.
Even though the randomized controlled trial design of the
study makes it unlikely this will have an effect on the inter-
pretation as there was no bias in the use of calibration box by
prosthesis group.

Another limitation is that the two-year radiolucencies were
measured in long-leg standing radiographs. Nevertheless, most of
the radiolucencies that were detected at two weeks’ regular AP
radiographs progressed and were also measured at two years.

In conclusion, in the first two postoperative years the
initial version of the ATTUNE tibial component was not
inferior with respect to overall migration (MTPM), although
it showed relatively more backwards tilting and radio-
lucencies at the implant-cement interface than the PFC-
sigma. The version of the ATTUNE tibial component
examined in this study has subsequently undergone modification
by the manufacturer.

THE BONE & JOINT JOURNAL



TIBIAL MIGRATION OF THE ATTUNE CEMENTED CRUCIATE-RETAINING KNEE PROSTHESIS

A Take home message

') - Short-term implant migration is predictive for long-term
aseptic loosening, therefore we compared migration of the
new ATTUNE cemented fixed bearing cruciate retaining

tibial component with the established press fit condylar (PFC) sigma

cemented fixed bearing cruciate retaining tibial component that has

good long-term clinical outcomes.

- In the first two postoperative years the ATTUNE tibial component

was not inferior with respect to overall migration, although it showed

relative more backwards tilting and radiolucent lines at the implant-

cement interface than the PFC-sigma.

- This is the first randomized controlled RSA study on the ATTUNE tibial

component. The version of the ATTUNE tibial component examined in this

study has subsequently undergone modification by the manufacturer.

Twitter
Follow the authors @LUMC_Leiden

Supplementary material
BXW  Overview table of all migration results for the tibial
component.
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