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Background and purpose — Despite usage of the
ATTUNE total knee arthroplasty (TKA) for about 10 years,
few randomized trials exist. We evaluated whether the
ATTUNE CR design showed improved clinical results com-
pared with the PFC Sigma CR after 2 years and if there was
a difference in tibial component migration.

Patients and methods — 96 patients with knee osteoar-
thritis were randomly treated with cemented ATTUNE or PFC
Sigma TKA. 42 patients with the ATTUNE and 48 with the
PFC Sigma attended the 2-year follow-up. Patient-reported
outcome measurements (PROMs), migration measured with
RSA, implant position, and the development of radiolucent
zones were studied. Non-parametric tests and repeated mea-
sures analysis were used at the statistical evaluation.

Results — The Oxford Knee Score (OKS) at 2 years
(primary outcome) and neither of the secondary PROM out-
comes differed between the groups (mean difference OKS
ATTUNE — PFC: —-0.08, 95% confidence interval [CI] -2.9
to 2.7). RSA showed posterior tilt of the tibial component
in the ATTUNE group with proximal lift-off anteriorly and
subsidence of the tibial tray posteriorly. In contrast, the PFC
Sigma tibial component tilted forward (mean difference
ATTUNE - PFC: -0.7°, CI —1.1° to —0.4°) with maximum
subsidence in the front and maximum lift-off of the posterior
edge. The postoperative implant positions and the extension
of radiolucent lines around the tibial component at 2 years
did not differ.

Conclusion — We found no significant differences in
clinical outcome between the 2 groups but minor differences
in migration pattern of the tibial component. The clinical
long-term significance of this finding if any is not known.

Residual symptoms after total knee arthroplasty (TKA) have
been associated with both pre- and postoperative factors [1].
Surgery- or implant-related factors, such as instability, sub-
optimal component placement, or the actual design of the
implants, may also play a role. Almost one-third of the revi-
sions of TKAs in Sweden are due to instability or patellar
problems. This suggests that there is room for improvement in
surgical techniques, instruments or techniques used to insert
the implants, and in the implant design itself.

The primary ATTUNE knee (DePuy Synthes, Raynham,
MA, USA) had a limited launch in 2011 and has been avail-
able globally since 2013, with the aim of improving knee
stability in mid-flexion through a continuously changing
radius of femoral component curvature. The geometry of
the articulation surfaces should promote gradual femoral
roll-back and thereby minimize surface stresses. The over-
all clinical results up to approximately 2 years of the fixed-
bearing and cruciate-retaining option of the ATTUNE knee
have been reported to be equal to the corresponding version
of the PFC Sigma (DePuy Synthes, Raynham, MA, USA) [2]
and, in a few non-randomized studies, slightly better in terms
of less anterior knee pain [3] and better PROMs at 6 to 12
months after the operation [2,4,5]. RSA studies have shown
migration values in terms of maximum total point motion
(MTPM) to be within acceptable limits in most cases, but
1 study observed increased posterior tilt and external rota-
tion of the tibial component, interpreted as an effect of a
more constrained design. Staats et al. [6] and Kaptein et al.
[2] observed a higher incidence of radiolucent lines using
the ATTUNE knee, but, like Giaretta et al. [7], they were
unable to correlate these findings to the clinical results or the
amount of migration.

We aimed to compare the original fixed-bearing cemented
ATTUNE CR with the cemented PFC Sigma CR, also with
fixed bearings. The Oxford Knee Score (OKS) at 2 years was
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used as primary outcome. Secondary outcomes were Forgot-
ten Joint Score, RSA of the tibial component migration, and
radiolucent lines at 2 years. We hypothesized that there should
be no group difference in Oxford Knee Score at 2 years.

Patients and methods

Patients with primary osteoarthritis (OA) of the knee with
failed non-surgical treatment and suitable for TKA were asked
to participate. Inclusion criteria were OA Grade 2—4 according
to Ahlbéck’s classification, varus or valgus deformity < 15°,
age 40-75 years, ASA (American Society of Anesthesiolo-
gists) Grade 1-3, BMI (body mass index) < 35, coming from
independent living, and with completed written consent to par-
ticipate. Exclusion criteria were intra-articular knee joint injec-
tion to the affected knee less than 6 months before surgery,
neurological or endocrine disease, OA secondary to trauma,
previous infection, congenital deformities or inflammatory
diseases, symptomatic OA of the hip, ongoing infection, and
unwillingness or not able to participate in follow-up.

All the patients were recruited from our outpatient clinic at
the Department of Orthopedics, Sahlgrenska University Hos-
pital, Molndal, Sweden. Patients with bilateral OA were only
allowed to participate with 1 of their knees. This study was
performed in accordance with the CONSORT guidelines.

Randomization was performed using envelopes stratified for
varus or valgus deformity. Because of the ongoing pandemic,
some patients did not attend all the examinations according to
their own choice.

The operations were performed between February 2017 and
December 2018 by 10 surgeons with 4 to 30 years’ experi-
ence of TKA. All the surgeons used the same surgical tech-
nique and all surgeons performed both types of knees. Before
study start, all the involved surgeons took part in an instruc-
tional course in the use of ATTUNE instruments and 12 pilot
patients underwent surgery before study start. The PFC Sigma
CR fixed bearing has routinely been in use at our department
for about 15 years. The knees were approached through a lon-
gitudinal midline incision and the PCL was retained. No tour-
niquet was used. We used the original version of the ATTUNE
knee (ATTUNE Primary). The geometry of the polyethylene
insert of the ATTUNE knee follows the femoral component
design more strictly than on the PFC Sigma and could there-
fore be labelled as more constrained. A conventional cement-
ing technique was used after high-pressure lavage of the cut
surfaces. Cement was delivered through a gun, placed on the
tibial plateau undersurface and on the bone, applying as much
pressure as possible when leading the opening of the syringe
over the cut bone surface.

During surgery, 5-10 0.8-mm tantalum beads were inserted
into the proximal tibia. Before closure, local injection of 150
mL of ropivacaine (Narop 2 mg/mL) with 5 mL of adrenaline
(0.1 mg/mL) was given. Patients were mobilized on the day of

Table 1. Demographic data. Values are count or mean (SD)

ATTUNE PFC Sigma

Factor (n=47) (n=49)
Age 66 (6) 68 (9)
Weight 84 (12) 88 (16)
Height 172 (7) 175 (9)
BMI 28.4 (3.7) 28.4 (4.5)
Male/female 18/29 25/24
ASA

| 9 7

Il 37 37

1l 0 5

missing value 1 0
Surgery time, minutes 80 (17) 80 (16)
Blood loss, mL 185 (125) 216 (122)
Varus/valgus deformity 43/4 46/3
OA grade, Ahlback 2/3—4 15/32 22/27

surgery or the following day, depending on the time of day of
the surgical intervention.

The demographic data and the distribution between various
grades of osteoarthritis [8] did not differ between the groups
(Table 1). Clinical follow-up was performed using the Oxford
Knee Score [9], Forgotten Joint Score [10], Knee Society
Knee Score [11], University of California, Los Angeles Activ-
ity scale (UCLA scale), EuroQol questionnaire (EQ-5D), EQ-
S5DVAS, PainVAS, and Timed-Up-and-Go test (TUG) [12]
(numbers available at 2 years in Table 3). Long-leg standing,
AP and lateral conventional radiographs were exposed pre-
and postoperatively. AP and lateral radiographs were also
obtained at 2 years. RSA examinations were scheduled post-
operatively, at 3 months and 1 and 2 years.

RSA

We used model-based RSA to measure the migration of the
tibial component (RSAcore, LUMC, Department of Ortho-
paedics, Leiden Medical Centre, the Netherlands). CAD
model data of the ATTUNE and PFC Sigma implants was
supplied by the manufacturer and adapted to the software
by RSAcore. The postoperative examination was performed
within 4 days (median 1 day, range 0—4) in 94 patients. In
1 patient, it was performed after 9 days (PFC) and in a fur-
ther 1 patient after 6 weeks (ATTUNE) for logistical reasons.
3-dimensional motions over time were calculated in terms of
rotation (anterior (+)/posterior (—) tilt and internal (+)/external
(-) rotation of the tibial component, and valgus (+)/varus (—)
tilt of the knee —not the component). We measured the proxi-
mal (+)/distal (-) translations at 5 standardized positions on
the tibial tray, anteriorly, laterally, medially, posteromedially
and posterolaterally [13,14] (Figure 1). Their coordinates on
each CAD model were stored in the software. The maximum
value of proximal and distal migration for any of these points
on each tibial implant was labeled maximum lift-off and
maximum subsidence. The translation of the tip of the stem
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posterolateral
lateral

posteromedial

Figure 2. lllustration of points of measurements on the tibial tray.

in the anterior (+)/posterior (—) direction was also measured.
To facilitate comparison with previous studies, we also report
the translations of the geometric center of the tibial compo-
nent in the medial (+)/lateral (—), proximal (+)/distal (—) and
anterior (+)/posterior (—) directions. The length of the transla-
tion vector of the point on the tibial component that moved
most (MTPM) was also measured. We account for migration
values during the entire observation period of 2 years and each
of these years separately. The precision of the measurements
was determined based on double examinations of 84 different
knees (Table 2).

Radiography

The alignment of the knee was measured on long-leg radio-
graphs pre- and postoperatively. The anatomic posterior
tibial slope was measured on preoperative radiographs. The
femoral and tibial component positions relative to anatomic
axes were measured on postoperative radiographs [15]. The
length of radiolucent lines relative to the tibial component/
cement-bone interface was measured on AP and lateral
radiographs postoperatively and at 2 years after the opera-
tion using software (mdesk 4.0.7, RSA Biomedical, Umea,
Sweden) to account for the magnitude of any progression up
to 2 years.

Statistics

The Oxford Knee Score (OKS) was chosen as the primary out-
come. In 2015 when this study was planned, we estimated that
a group difference of 4 points would be clinically relevant.
With a sample size of at least 37 observations in each group
and a supposed standard deviation of 6 points we would reach
a power exceeding 80%.

Secondary outcomes include Forgotten Joint Score-12
(FJS-12), subsidence/lift-off, anterior/posterior tilt, and rela-
tive length of radiolucent lines on AP and lateral radiographs.
Other outcome parameters were treated as exploratory find-
ings. A comparison of clinical results at 2 years and of RSA
results at 1 and 2 years, and between 1 and 2 years was made
using the Mann—Whitney U-test.

To evaluate the number of patients with substantial improve-
ment at 2 years in each group, we used the adjusted minimal

Table 2. 95% confidence limits of the precision
error based on 84 double examinations

Factor Precision
Segment translation, mm
medial (+)/lateral (-) 0.12
proximal (+)/distal (-) 0.13
anterior (+)/posterior (-) 0.32
Point motion mm
maximum lift-off, tibial tray 0.39
maximum subsidence, tibial tray  0.35
anterior—posterior tip translations  0.29
MTPM 2 0.88
Segment rotations degrees
anterior (+)/posterior (-) tilt 0.68
external (+)/internal () rotation 0.74
valgus (+)/varus (-) tilt 0.19

2 Maximum total point motion = vectorial sum of
translations of the point on the tibial component
that moved most.

important change (MIC) values calculated by Ingelsrud et al.
[16]. At individual level, an improvement of 8 points on the
Oxford Knee and 14 on the Forgotten Joint Score scale was
regarded as representing a clinically significant improvement.
Fisher’s exact test was used to compare groups. Spearman’s
rho (non-parametric correlation) was used to evaluate any cor-
relation between the development of radiolucent lines and the
recorded migration parameters.

A repeated measure analysis (linear mixed models) was
used to analyze the postoperative OKS values (assessed at
3 months and 1 and 2 years). The model included prosthesis
(ATTUNE and PFC), sex, preoperative OKS, visit and pros-
thesis by visit as explanatory variables. Patient was a random
factor. An unstructured covariance pattern was utilized. The
overall treatment effect (difference of least square means)
with 95% confidence intervals (CI) is presented.

A repeated measure analysis was also used to analyze the
postoperative migration values (assessed at 3 months and 1
and 2 years). The model included prosthesis (ATTUNE and
PFC), sex, visit, and prosthesis by visit as explanatory vari-
ables. Patient was a random factor. An unstructured covari-
ance pattern was utilized. The treatment effect at each visit
(separate analyses are carried out to compare treatment at each
time point) with CI was calculated (not presented in detail), as
well as the overall treatment effect (difference of least squares
means) with CI.

The assumption of normality was assessed through diagnos-
tic plots. Some of the residuals of the migration values are
skewed. The logarithm of the absolute values of these migra-
tion values could be analyzed, but here the original values
have been analyzed to retain the direction of the migration.
The deviation from normality should, however, be considered
when evaluating the results. IBM SPSS Statistics (IBM Corp,
Armonk, NY, USA) and SAS/STAT (SAS Institute, Cary, NC,
USA) were used.
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Eligible patients
(n=100)
|
Randomized patients
(n=100)

Allocated to ATTUNE (n = 49) Allocated to PFC Sigma (n = 51)
- received allocated intervention (n = 47) - received allocated intervention (n = 49)
- did not receive allocated intervention (n = 2): - did not receive allocated intervention (n = 2):
- surgeon changed the implant, 2 - surgeon changed the implant, 1
- patient declined participation 1
Excluded from RSA
revised due to infection
n=1
Analysed at 3 months Analysed at 3 months
RSA: n =46 RSA: n =49
Excluded from RSA Excluded from RSA (n = 2):
due to loose markers — — - did not attend, 1
n=1 —moved to other area, 1
Analysed at 1 year Analysed at 1 year
RSA:n =45 RSA: n =47

Excluded from RSA (n = 5):
- did not attend due to

pandemic, 3 Excluded from RSA

—dead, 1 - — due to loose markers
- did not attend, 1 n=1

Analysed at 2 years (n = 42): Analysed at 2 years (n = 48):

- RSA:n =40 RSA: n =46

- Radiolucency: n = 42 Radiolucency: n = 48

- OKS: n=41 OKS: n =47

-FRJS:n=41 FJS:n=44

- Other PROMS: n = 40-41 PROMS: n = 45-47

-TUG test: n = 34 TUG test: n = 35

Figure 2. Flow chart. All patients did not attend all stations (partly due to ongoing pandemic)
or did not leave complete questionnaires at all follow up occasions.

Table 3. PROM data and TUG test at 2 years. Values are count and mean (SD)

Instrument/test n ATTUNE n PFC Mean difference (Cl)
Oxford Knee Score @ 41 41 (7.5) 47 41 (5.5) -0.1 (-2.9t0 2.7)
Forgotten Joint Score P 41 56 (28) 44 54 (28) 4.1 (-8.11016.3)
KSKS Part 1 40 92(9) 45 93 (8) —1.1 (-4.7 to 2.5)
KSKS Part 2 40 95 (9) 45 94 (12) 0.8 (-3.6t05.2)
UCLA scale 41 5(1.4) 45 5(1.0) 0.0 (0.5 t0 0.5)
EQ-5D 41 0.91(0.08) 47 0.90(0.10) 0.0 (-0.02 to 0.05)
Pain VAS 41 11 (15) 46 11 (12) 0.8 (-5.3t0 5.3)
EQ-5DVAS 41  80(17) 46 83 (12) —2.8 (-0.9 t0 3.3)
Time up and go test (TUG) 34 7.1 (1.5) 35 7.5(1.6) -0.3 (-1.1t0 0.4)

KSKS = Knee Society Knee Score; UCLA = University of California, Los Angeles Activity
scale (0—10); EQ-5D = EuroQol questionnaire (0—1): VAS = visual analogue scale (0—100).
2 Primary outcome.

b Secondary outcome.

Oxford Knee Score
48

4 ATTUNE

PFC Sigma
40

0

12 é4
Months after surgery
Figure 3. Oxford Knee Score preoperatively
and up to 2 years, mean = Cl.
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Results

100 patients were recruited. 4 patients left
the study before the operation (2 random-
ized to ATTUNE, 2 to PFC). 1 of these
patients changed her mind on the day of
surgery and, in 3 cases, the surgeon chose
another implant for technical or logisti-
cal reasons. 47 included knees received
ATTUNE and 49 knees PFC Sigma. At
2 years, 42 patients with the ATTUNE
and 48 patients with the PFC attended
for follow-up (Figure 2). The number of

Ethics, registration, data sharing, funding, and disclosures available observations is presented in each table. At 2 years,
This study was performed at the Department of Orthopaedic 1 RSA evaluation was missing in 1 patient with the ATTUNE
Surgery, Sahlgrenska University Hospital, Molndal, Sweden.  (no examination performed) and 3 with the PFC (poor mark-
The study followed the Helsinki Declaration (ethical ing in 2 knees, 1 knee examined at another hospital without

approval 374-16, 2016-06-23, Regional Ethical Committee = RSA equipment).
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Anterior (+) / posterior () tilt (°)

MTPM, mm - PFC Sigma

0.6

4 ATTUNE
PFC Sigma

0.4 1

Preop. 3

12
Months after surgery

24

Figure 4. Anterior—posterior tilt of the tibial com-

ponent, mean = Cl.

MTPM, mm - ATTUNE

0

Preop. 3 12

24

Months after surgery
Figure 5. Individual values of MTPM.

Table 4. Migration (rotations and translations) of tibial component during 0-1, 1-2, and 0-2 years

Months after surgery

ATTUNE PFC Sigma
Follow—up n Mean (Cl) Median (range) n Mean (Cl) Median (range) Mean difference (Cl)
0-1 years
Rotations, degree
anterior (+)/ posterior (-) tilt 44 -0.36 (-0.59t0 -0.13) -0.21 (-3.77t01.10) 47 0.39(0.09t00.70) 0.25(-2.68t04.62) -0.75 (-1.10t0-0.37)
internal (+)/external (-) rotation 44 -0.15 (-0.41 to 0.11) -0.08 (-3.54t0 1.37) 47 -0.06 (-0.20t0 0.07) -0.11 (-1.23t0 1.29) -0.08 (-0.37 to 0.20)
valgus (+)/varus (-) tilt 44 0.01 (-0.09t0 0.11) —-0.02 (-1.08t00.94) 45 0.07 (-0.081t00.22) 0.05(-1.83t0 1.94) -0.06 (-0.24 t0 0.12)
Translations, mm @
medial (+)/lateral (-) 44 —0.02 (-0.05 to 0.02) 0.00 (-0.25t00.32) 45 -0.01 (-0.05100.03) -0.02 (-0.31t00.42) —0.01 (-0.06 to 0.05)
proximal (+)/distal (-) 44 —0.01 (=0.07 to 0.05) 0.02 (-0.65t00.36) 45 0.01 (-0.081t00.10) 0.04 (-1.57t00.79) -0.02 (-0.12 to 0.09)
anterior (+)/posterior (-) 44 —0.04 (-0.11 t0 0.04) -0.04 (-0.74t0 0.65) 45 0.10(0.01t00.19)  0.11 (-0.62t0 1.53) -0.13 (-0.25 to —0.02)
MTPM, mm 44 0.79 (0.61 to 0.96) 0.63 (0.20t02.54) 45 0.78(0.56t01.00) 0.52 (0.05 to 3.75) 0.00 (-0.27 to 0.29)
1-2 years
Rotations, degree
anterior (+)/ posterior (-) tilt 40 —0.04 (-0.12 t0 0.05) -0.05(-0.48t00.79) 46 -0.14(-0.38t00.10) 0.00 (-4.70t00.73)  0.11 (-0.16 to 0.37)
internal (+)/external (-) rotation 40 —0.02 (-0.24 to 0.21) -0.09 (-1.22t02.66) 46 0.16 (-0.02t00.34) 0.09 (-0.80t03.18) -0.17 (-0.45t0 0.10)
valgus (+)/varus (-) tilt 40 0.01 (-0.03 to 0.04) 0.02 (-0.29t0 0.24) 46 -0.05(-0.111t0 0.00) -0.04 (-0.8t0 0.18) 0.06 (-0.01t0 0.13)
Translations, mm @
medial (+)/lateral (-) 40 0.00 (-0.01to 0.01) 0.00 (-0.08t0 0.09) 46 -0.01(-0.03t00.02) 0.00 (-0.25t00.30)  0.01 (-0.02 to 0.04)
proximal (+)/distal (-) 40 0.00 (-0.02 to 0.02) 0.01(-0.21t00.13) 46 -0.01(-0.05t00.03) 0.01(-0.70t00.19)  0.01 (-0.03 to 0.06)
anterior (+)/posterior (-) 40 0.01 (=0.04 to 0.06) -0.01 (-0.20t0 0.48) 46 -0.04 (0.13t00.05) 0.01 (-1.52t00.25)  0.04 (-0.05 to 0.15)
MTPM, mm 40 0.49 (0.38 to 0.60) 0.43(0.10t0 1.88) 46 0.50(0.29t00.70) 0.32 (0.11t03.71)  -0.01 (-0.25 to 0.23)
0-2 years
Rotations, degree
anterior (+)/ posterior (-) tilt® 40 -0.43 (-0.68t0-0.19) -0.21 (-3.68100.73) 46 0.32 (0.05t0 0.59)  0.28 (2.89t0 3.80) —0.75 (-1.11 t0 —0.38)
internal (+)/external (-) rotation 40 -0.10(-0.25t00.05) -0.12(-0.94t00.90) 46 0.06 (-0.08 to 0.20) 0.03 (-0.96t0 1.30) —0.16 (-0.36 to 0.04)
valgus (+)/varus (-) tilt 40 -0.02 (-0.14t0 0.11) 0.02 (-1.25t0 1.10) 45 0.01 (-0.16t00.18) 0.00 (-2.46t0 1.82) —0.03 (-0.24 t0 0.18)
Translations, mm @
medial (+)/lateral (-) 40 -0.02 (-0.06t00.01) -0.01(-0.31t00.29) 46 -0.00 (-0.06 to 0.06) —0.03 (-0.51t0 0.64) —0.02 (-0.09 to 0.05)
proximal (+)/distal (-) 40 -0.02(-0.09t00.05) -0.01(-0.86t00.44) 46 0.02 (-0.07t00.11) 0.08 (-1.71t00.37) -0.04 (-0.15 to 0.08)
anterior (+)/posterior (-) 40 -0.02(-0.09t00.04) -0.01(-0.62t00.41) 46 0.11 (0.03t00.18)  0.11 (-0.64 t0 0.57) -0.13(-0.23 to —0.03)
MTPM, mm 40  0.69 (0.53 to 0.86) 0.57 (0.14t02.52) 46 0.80(0.60t0 1.01) 0.67 (0.15t04.35)  -0.11 (-0.37 t0 0.15)

2 Translations of the geometric center of the implant

b Secondary outcome

PROMs and TUG test

The Oxford Knee Score improved in both groups over the
observation period and did not differ at 2 years between
patients with ATTUNE or PFC Sigma knees (Table 3, Figure
3). Statistical evaluation over the 3 observations at 3 months
and 1 and 2 years did not change this finding, nor did an evalu-

ation of the treatment effect at each visit reveal any difference

(data not shown). 33 of 40 patients in the ATTUNE and 46 of
48 in the PFC group reported an improvement in the OKS of
= 8 points (MIC value according to Ingelsrud et al. [16]) (P =
0.07). The corresponding number of patients who reported an
improvement in the FIS of = 14 points was 38 of 45 and 36
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Table 5. Migration of defined points on the tibial component during 0-1, 1-2, and 0-2 years

ATTUNE PFC Sigma
Distribution 2 Median Distribution 2 Median P value of distribution @
Follow—-up n or mean (Cl) (range) n or mean (Cl) (range) or mean difference (Cl)
0-1 years
Tibial tray
Maximum lift-off, translation, mm
location on tibial tray? 45 20/7/7/11 = 47 7/6/6/28 P =0.08
proximal (+)/distal () 45 0.26 (0.17 to 0.35) 0.18(-0.21t0 1.61) 47 0.35(0.23 t0 0.47) 0.29 (-0.18 t0 2.49) —0.09 (-0.24 to 0.06)

Maximum subsidence, translation, mm
location on tibial tray2 45 9/4/4/28 =
proximal (+)/distal (-) 45 -0.33 (-0.47 to -0.19) —0.18 (2.1 to 0.06)
Stem tip, translation, mm
Anterior (+)/posterior ()
1-2 years
Tibial tray
Maximum lift-off, translation, mm
location on tibial tray? 40 17/5/5/13 -
proximal (+)/distal (<) 40 0.10(0.08 to 0.12 0.11 (-0.02 to 0.27)
Maximum subsidence, translation, mm
location on tibial tray2 40 8/6/7/19 =
proximal (+)/distal (-) 40 -0.11 (-0.14 to —-0.08) -0.10 (-0.47 to 0.10)
Stem tip, translation, mm
Anterior (+)/posterior ()
0-2 years
Tibial tray
Maximum lift-off, translation, mm
location on tibial tray? 40 17/9/91/5 -
proximal (+)/distal (-)® 40 0.28 (0.18 t0 0.38) 0.24 (-0.09 to 1.58)
Maximum subsidence, translation, mm
location on tibial tray2 40 3/3817127 =
proximal (+)/distal (-)®? 40 —0.37 (-0.54 to —0.21) —0.19 (-2.43 t0 0.07)
Stem tip, translation, mm
anterior (+)/posterior (-)

45 0.18(-0.07100.29)  0.08 (~0.45t0 1.62)

40 0.04 (-0.00 to 0.07)

0.03 (-0.23 t0 0.31)

40 0.24(0.11100.37)  0.15(-0.08 to 1.84)

47 26/5/7/9
47 -0.33 (-0.49 t0 -0.17)

= P <0.001
-0.19 (-2.9510 0.15)  0.00 (-0.21 t0 0.21)

47 -0.17 (-0.30 t0-0.04) -0.14 (-2.16t00.90) 0.35 (0.18 t0 0.52)

46 16/7/71/16
46 0.18 (0.11t0 0.24

- P=09

0.12 (-0.01 to 1.41) —0.07 (~0.15 t0 -0.01)
46 15/5/6/20
46 -0.19 (~0.31 10 -0.07)

- P=08
-0.09 (251100.12)  0.08 (-0.05 0 0.21)

46 0.06 (-0.04100.15)  0.03 (-0.38 t0 1.85) —0.02 (~0.13 to 0.08)

46 8/3/7/28
46 0.35(0.27 to 0.43)

- P <0.001

0.31 (-0.27 to 1.24) —0.09 (-0.24 to 0.06)
46 24171718
46 -0.31 (-0.49 t0 -0.12)

P <0.001

-0.14 (-3.66100.10)  0.00 (-0.21 t0 0.21)

46 —-0.09 (-0.24t0 0.06) —0.04 (-2.54t00.99) 0.35(0.18 t0 0.52)

aFigures indicate number of cases with maximum values observed anteriorly, laterally, medially, posterolaterally or posteromedially

b Secondary outcome

of 47, respectively (P = 0.4). Neither the Knee Society Scores
nor the time needed during the TUG test differed significantly
at the 2-year follow-up.

RSA

During the postoperative year, the ATTUNE components
tilted a mean of 0.36° posteriorly, whereas the PFC compo-
nents tilted anteriorly (Figure 4, Table 4). During the second
year, they appeared to have stabilized (Table 4). This differ-
ence in migration pattern was mirrored by maximum values
of tibial tray lift-off being localized most frequently anteriorly
in the ATTUNE knees and most commonly posteriorly in the
PFC knees (Table 5). Correspondingly, maximum subsidence
was most frequently found posteriorly among the ATTUNE
knees and anteriorly among the PFC knees. As an effect of
this diverging pattern of rotation about the transverse axis, the
tip of the stem migrated a mean of 0.18 mm anteriorly in the
ATTUNE and 0.17 mm posteriorly in the PEC group.

During the second year, the pattern of migration became
more equal between the groups, except for a tendency towards
more lift-off in the PFC group (1-2 years, ATTUNE 0.10 mm,

Table 6. Model estimate of mean least squares difference (3 months,
1 and 2 years). Data for Attune minus data for PFC knees

Difference of least

Factor squares means (Cl) P value
Oxford Knee Score 2 0.7 (-3.2t0 1.8) 0.6
RSA results @
Tibial component rotations
anterior (+)/posterior () tilt —0.56 (-0.83 to —0.28) 0.0001
internal (+)/external (-) rotation —0.09 (0.26 to 0.08) 0.3
valgus (+)/varus (-) tilt -0.03 (-0.19t0 0.12) 0.7
Tibial component translations
of gravitational center
medial (+)/lateral (-) —0.02 (-0.06 t0 0.03) 0.5
proximal (+)/distal (-) -0.04 (-0.13t0 0.06) 0.5
anterior (+)/posterior (-) —-0.12 (-0.20 to —0.04) 0.005
MTPM —0.01 (-0.21t0 0.19) 0.9
Maximum lift-off —0.08 (-0,18t0 0.01  0.09
Maximum subsidence P -0.02 (-0.20t0 0.15)) 0.8
Stem tip translation
anterior (+)/posterior (—) 0.25 (0.11 t0 0.38) 0.0007

23 months to 2 years.
b proximal (+)/distal (=) translation.
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Table 7. HKA, component positions and radiolucent lines (cement/bone or implant/cement) along the tibial component

ATTUNE

Follow—up n Mean (Cl)

Median (range)

PFC Sigma

n Mean (Cl) Median (range) Mean difference (Cl)

HKA, degrees

Preoperative 47 172 (171t0 173) 172 (166 to 180)

Postoperative 47 178 (177to 178) 178 (170 to 180)
Preoperative slope, degrees

Proximal tibia 47 86 (85 to 86) 86 (82 to 90)

Anatomical axis alignment, degrees
Femoral component

AP view 47 93 (9310 94) 93 (90 to 96)

Lateral view 47 92 (91 to 93) 93 (80 to 96)
Tibial component

AP view 47 90 (90 to 91) 91 (85 to 94)

Lateral view 47 86 (86 to 87) 86 (81 to 90)

Posterior slope change in degrees
Preoperative to

postoperative 47 —-0.3 (-1.21t00.6) -1(-5t07)
Radiolucent lines % 2
AP view
Postoperatively 42 5@3t07) 1 (0 to 26)
2 years® 42 29 (22 to 36) 25 (0 to 89)
Lateral view
Postoperatively 42 6 (410 8) 5(0to17)
2 yearsP 42 29 (23 to 35) 24 (6 to 79)

49 171 (170t0173) 171 (162 to 180) 0(0to1)
49 178 (177t0178) 178 (172 to 180) 0(0to2)
49 86 (8510 86) 85 (80 to 89) 0(-1to1)
49 94 (9310 94) 94 (90 to 97) -1 (-1t00)
49 93 (9210 94) 93 (89 to 98) -1 (-2t0 0)
49 90 (89 to 91) 90 (84 to 94) 0(0to1)
49 86 (8510 87) 86 (81 to 90) 0(-1to 1)
49 -04(-141005 -1(-9t07) 0(-1to1)
48  3(2to4) 0 (0 to 20) 2 (-1to 4)
48 27 (2210 33) 24 (0 to 76) 2 (-6 to 10)
48  4(3t06) 4 (0to 27) 2(0to4)
48 22 (1710 27) 18 (0 to 70) 6 (—1to 14)

2 Percentage of total length of cement-bone interface on AP and lateral views, respectively

b Secondary outcome

CI0.08-0.12; PFC 0.18 mm, CI 0.11-0.24). An overall group
difference in rotation about the transverse axis was confirmed
in this analysis (Table 6).

At 1 year, the mean MTPM was about equal in the 2 groups
(ATTUNE 0.79 mm, CI 0.61-0.96; PFC 0.78 mm, CI 0.56—
1.00; mean difference 0.0, CI —-0.27 to 0.29). At 2 years, the
mean value was slightly higher in the PFC group but not sig-
nificantly so (ATTUNE 0.69 mm, CI 0.53-0.86; PFC 0.78
mm, CI 0.60-1.01; mean difference —-0.11, CI -0.37 to 0.15)
(Table 4, Figure 5).

Radiography

The alignment of the knee and of the individual components
did not differ significantly between the 2 knee designs (Table
7). The mean and median changes in the posterior tibial slope
between the pre- and postoperative measurements were < 1°
in both groups. In addition, there were no statistically signifi-
cant differences in the extent or development of radiolucent
lines between the groups up to 2 years.

There was a correlation between the extent of radiolucent
lines at 2 years, the difference postoperatively to 2 years, and
maximum subsidence (2 years, both AP and lateral, rho —0.4,
P < 0.001; difference postoperatively to 2 years, both AP and
lateral, tho —0.3, P = 0.006 and 0.001), meaning that the rela-
tive length of the radiolucent lines increased with increasing
maximum subsidence. There was also a weak correlation
between the relative length of radiolucent lines on the lateral
view at 2 years, anterior—posterior tilt and MTPM of the tibial

component (rho —0.2 and 0.2, P = 0.04 and 0.02), meaning
that the length of radiolucent lines increased with increasing
posterior tilt and increasing MTPM.

Revisions

1 patient with ATTUNE implants was reoperated on at 3—4
weeks after the index operation due to deep infection. Fur-
thermore, 1 patient with ATTUNE implants complained of
remaining pain and a frequent clicking sound. Computed
tomography and conventional radiography showed well-
positioned components without signs of loosening. At 2 years,
there were signs of medial instability in extension and revision
to a more stabilized implant was performed 4 months later. At
operation, the tibial component was found to have separated
from the cement.

Discussion

In this randomized evaluation between the ATTUNE CR
and the PFC Sigma knee, we found no difference in PROM
instruments. This was a consistent finding on all 3 follow-up
occasions, suggesting that recovery after the operation was
not influenced by the type of implant chosen. No increase in
lift-off could be shown for the ATTUNE CR components but
rather smaller mean lift-off than observed in the PFC group
though without statistical significance. The pattern of migra-
tion of the tibial components did, however, show significant
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differences. The ATTUNE components tilted posteriorly,
resulting in anterior lift-off and subsidence of the posterior
part of the tibial tray, whereas the PFC Sigma tibial compo-
nents more frequently tilted anteriorly, with subsidence of the
anterior edge and lift-off posteriorly.

The reason for this pattern of migration remains unknown.
It could, as suggested by Kaptein et al. [2], reflect differences
in the constraint of the studied designs. Another explanation
could be that the femoral component in the PFC knees tended
to maintain a more anterior position during flexion, resulting in
higher anterior pressures than in the ATTUNE knees, designed
to show more pronounced roll-back, resulting in higher poste-
rior loads [2]. Future kinematic studies might shed some light
on this presumption, but there could also be other reasons for
this observation.

Another reason for the different pattern of migration
observed could be that the resection level varied between the
2 designs. In our study the heights of the tibial inserts used
in the ATTUNE group were mean 3 mm lower (CI -3.8 to
—2.2 mm) than in the PFC Sigma group (complete data not
shown). On the other hand, the metallic ATTUNE tray is about
1.2 mm thicker, which reduced this difference. Theoretically
a more distal resection would imply placement in somewhat
softer bone tissue, which above all could be expected to imply
increased subsidence in the PFC Sigma group, but in our study
the mean values of subsidence were about equal, when mea-
sured at the center of the tray (segment motion) or at its edge
(point motion).

Song et al. [17] studied the minimum distance between the
stem of the tibial component and the posterior tibial cortex in
300 ATTUNE and 300 PFC knees. They observed that this
distance in an Asian population was smaller in the ATTUNE
knees and raised concerns about posterior cortical injury in
this group, despite better clinical results and range of motion
than those observed when using PFC. We were unable to con-
firm any difference in clinical outcome, but we cannot rule
out the possibility that stem design and a more posterior posi-
tion and posterior extension of the stem in the ATTUNE knee
could have contributed to the anterior displacement of the
stem tip and the posterior tilting of the tibial tray during the
postoperative year.

Gudnason et al. [18] studied the predictive value of early
RSA measurements in a cohort of 116 total knee arthroplasties
of varying design followed for 14.8 to 17.4 years. They found
that the magnitude of rotation around the transverse axis
(anterior—posterior tilt) at 2 years had the best predictive value
for aseptic loosening, but they did not account for the direc-
tion of this rotation. Using a threshold value of 0.8° yielded a
specificity of 85%, whereas the corresponding specificity for
MTPM reached only 68%. In our study, 2 ATTUNE and 3
PFC components rotated more than 0.8° without any obvious
difference between groups.

Turgeon et al. [5] reported a mean MTPM of 0.21 mm
for the ATTUNE knee after 2 years, whereas Kaptein et al.

[2] reported 1.13 mm in the ATTUNE and 1.16 mm in the
PFC group. The reason for this discrepancy is not known. It
could be caused by different points of measurement but, if
so, this cannot be identified from these papers. We used the
same method as Kaptein et al. [2], meaning less likelihood of
methodological bias. The methodological resolution of the
Dutch study and ours might, however, vary due to other fac-
tors related to the radiographic equipment employed, marker
stability and marker scatter. In our study, the mean MTPM
at 2 years was slightly smaller than that reported by Kaptein
etal. [2].

Furthermore, the time point of the first postoperative exami-
nation is also important, because migration regularly decel-
erates during the first postoperative year. Turgeon et al. [5]
performed their first postoperative examination after 6 weeks,
which means that any migration up to this point was not mea-
sured. In our study, almost all the knees underwent their first
examination on the day of surgery or one day later. | ATTUNE
knee was not examined until 6 weeks after the operation due
to temporary closure of the radiographic RSA facility, which
probably only made a marginal influence and, if anything, was
in favor of the ATTUNE group.

Limitations

One limitation is the short follow-up when interpreting the
clinical results. On the other hand, a reduction in patient
function over time appears instead to be related to age rather
than chosen implant [19]. We chose the OKS as the primary
outcome variable, as this parameter was a well-documented
instrument for clinical outcome at the time this study was
planned. The Forgotten Joint Score might be better suited as a
primary outcome because of a less pronounced ceiling effect
[20]. Beard et al. [21] estimated that a meaningful minimal
important difference at group level would be 5 for both the
Oxford Knee and Hip Score. When this study was planned,
we arbitrarily used a slightly smaller difference corresponding
to their calculation of smallest detectable change, as recom-
mended by these authors. Beard et al. [21] also calculated the
minimal important change at individual level. They arrived
at a smaller value than Ingelsrud et al. [16], but they did not
include the FJS. Because these 2 studies used partly different
statistics, we chose the latter for the sake of consistency.

The ATTUNE tibial component used in our study has now
been replaced, due to concerns evoked by reports from retro-
spective studies and possibly also retrieval studies of loosening
as an effect of insufficient bonding between the implant and the
cement [22,23]. In 2017, a new version of the tibial component
(ATTUNE S+) was launched. It was designed to address this
potential problem with a change in surface structure, including
a microblast surface and improved macrolock features.

In our randomized clinical study using RSA to measure
implant migration, we found no difference in the magnitude
of tibial component tilt nor any sign of increased lift-off in the
ATTUNE group, although the direction of the tilt around the
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transverse axis and the location of maximum lift-off differed
between the groups. Overall, these motions were small and the
clinical significance of these findings remains to be studied.
From a clinical point of view, no difference in outcome could
be found using different generic and knee-specific PROMs.
One ATTUNE knee revised shortly after the 2-year follow-up
revealed implant—cement separation, which could at least in
part be related to the observed knee instability, which was the
main indication for the surgical procedure performed.

Some previous studies observed increased extension of
radiolucent lines around ATTUNE compared with PFC tibial
components [2,6,7]. In our study the extension of radiolucent
lines around the tibial component did not differ between the
groups. We did, however, notice that the sclerotic lines that
delimited the lucent lines tended to be broader and easier to
detect, especially along the stem of the ATTUNE knees. As
observed by Kaptein et al. [2], the width of the observed lines
was narrow and, in the majority of cases, it was less than 2
mm. In our post-hoc analysis, we found that, above all, the
magnitude of maximum subsidence correlated to the exten-
sion of radiolucent lines and also to a lesser extent to the mag-
nitude of posterior tilt and MTPM. The reason why posterior
and not anterior tilt had this effect remains unknown.

Conclusion

Up to 2 years follow-up, the choice of either the ATTUNE or
PFC Sigma TKR had no significant influence on any of the
clinical outcomes studied; neither did the extent of radiolucent
lines around the tibial components differ at this time point.
There was a small but significant group difference in ante-
rior—posterior tibial component tilt. Whether these divergent
migration patterns between the 2 designs could be of predic-
tive value for the future clinical course remains to be studied.
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