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Polyethylene spinout in the Attune®
Cruciate-Retaining Rotating-Platform (CR
RP) total knee arthroplasty performed with
a cruciate-sacrificing and measured-
resection technique
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Abstract

Introduction: Polyethylene (PE) spinout is a known but uncommon complication when using a mobile-bearing
(MB) total knee arthroplasty (TKA) design. Sacrificing the posterior cruciate ligament (PCL) is within the
manufacturer’s recommendations for the Attune® Cruciate-Retaining Rotating-Platform (CR RP) knee design.

Aim: To discuss the potential aetiology and prevention of spinout in the Attune® CR RP knee.

Methods: We used a retrospective radiological review from two centres reporting a higher rate of spinout in the
Attune® CR RP knee using a cruciate-sacrificing and measured-resection technique when compared to a gap-
balancing technique. Three hundred and thirty-two patients were evaluated over a 3-year period.

Results: There were 8 out of 279 (2.86%) cases of spinout in our first cohort of patients using a measured-resection
technique. There were 0 out of 53 cases of spinout in our second cohort of patients where a gap-balancing technique
was used. One spinout was reduced closed, the other seven were initially revised to a thicker RP insert of the same
design. Of these seven, three underwent a further revision TKA and one patient required a knee fusion/arthrodesis.

Conclusions: This study reports a higher incidence of PE spinout in the Attune® CR RP TKA when a measured-
resection technique in combination with PCL resection is performed. We recommend a gap-balancing technique with
conservative soft-tissue release if the surgeon is planning to sacrifice the PCL in the Attune® CR RP.
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Introduction
Primary total knee arthroplasty (TKA) includes fixed-
bearing (FB) and mobile-bearing (MB) designs. In the FB
design the polyethylene (PE) insert is fixed to the tibial
component while, in the MB design, the PE insert can

rotate on the tibial baseplate. This was initially designed
to address the problems of wear due to high contact
stress on PE inserts in FB knee designs [1]. The most
widely used MB has been the Low Contact Stress (LCS®)
rotating platform (RP) (DePuy Synthes, Chester, PA,
USA). This has an excellent clinical track record and re-
ported outcomes [2]. It continues to be the model for
MB knee systems.
The Attune® (DePuy Synthes, Chester, PA, USA) knee

system was introduced to address the unmet needs in
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TKA of 10–20% patient dissatisfaction rates [3, 4]. The de-
sign includes the Attune® Gradius™ curve with a gradually
reducing femoral radius. The aim of this curve is to create
a smooth transition during knee-bending and produces
high stability of the knee by minimising unnatural sliding
of the femur on the tibia. This should aid stair ascent and
descent. The initial data supporting the Attune® knee sys-
tem is very positive. Attune® has a Kaplan-Meier estimate
of cumulative percentage probability of first revision at 3
years of 1.52% according to the National Joint Registry
(NJR). This is comparable to the LCS® Complete (1.67%)
(DePuy Synthes, Chester, PA, USA), the Triathlon®
(1.53%) (Stryker, Kalamazoo, MI, USA) and the NexGen®
(1.43%) (Zimmer Biomet, Warsaw, IN, USA) [5].
The manufacturer of the Attune® knee system allows

surgeons to sacrifice both the anterior cruciate ligament
(ACL) and the posterior cruciate ligament (PCL) with
the Attune® Cruciate-Retaining Rotating-Platform (CR
RP) configuration as it is based around the model of
LCS®. The surgical technique guide for Attune® states
that the CR RP configurations can be used for either a
cruciate-retaining (CR) or a cruciate-sacrificing (CS) ap-
plication [6].
A recognised complication which is unique to RP de-

vices is the potential for spinout of the PE insert from
beneath the femoral implant. The biggest series with the
LCS® [7] reported 26 spinouts using the LCS® RP over a
24-year period in 8373 cases, giving an incidence of
0.31%. In this series, in all of the cases both cruciate liga-
ments were sacrificed and a gap-balancing, as opposed
to a measured-resection, technique was used [8]. In the
first 8 years of this series the incidence of spinout was
0.58%; during this period the authors routinely released
collateral ligaments in both varus and valgus knees to
achieve soft-tissue balance in extension. In the last 16
years they stopped releasing the collateral ligaments [9,
10] and the incidence fell to 0.2% (12 out 5994).
The term spinout is used because either the medial or

lateral side of the PE insert remains in joint. This is in
contrast to a dislocation where neither would be in joint,
as can occur with a fixed-bearing TKA. This means that
the bearing moves or ‘spins out’ on the side which is
most slack, which is more often laterally.

Aims
The aim of this study was to consider the aetiology, pre-
vention and possible risk factors for spinout in the At-
tune® CR RP.

Methods
Data was collected retrospectively from three ortho-
paedic surgeons who performed the Attune® CR RP pri-
mary TKAs in two separate orthopaedic centres. The
inclusion criterion was any patient who received an

Attune® CR RP primary TKA in either centre between
November 2015 and May 2018. Data was collected
retrospectively from the patient’s clinical notes to iden-
tify age, sex, date of surgery, surgical technique, time to
spinout, and method of treatment. Anteroposterior (AP)
and lateral X-rays of the knee were reviewed at the time
of spinout to assess the direction of spinout.
In the first cohort of patients, a measured-resection

technique in combination with PCL resection was per-
formed. For our second cohort of patients a gap-
balancing technique in combination with PCL resection
was performed.
Surgery was performed using a medial parapatellar ap-

proach to the knee joint. In all cases the ACL and PCL
were resected. The patella was never resurfaced.
For our first cohort of patients a tibia-first approach

was used for the bony cuts using an extramedullary jig
held with pins proximally referencing the ACL footprint
and centred midway between the malleoli distally. This
was followed by femoral cuts using measured-resection
technique landmarks (Whiteside’s lines) to determine
femoral component rotation. The goal for the tibial-
implant position was 90° to the AP tibial axis with 5–7°
of posterior tibial slope. Soft-tissue release for deformity
was conservative. The collateral ligaments and popliteus
tendon were not released irrespective of deformity, in-
stead opting for a posterolateral/posteromedial capsulot-
omy. Both surgeons had initially attempted to use the
balance sizer as shown but had found it difficult to use
and, thus, converted to a measured-resection technique
intra-operatively (Fig. 1a).
For our second cohort of patients a tibia-first approach

was also used for the bony cuts using an extramedullary
jig and again referencing the ACL footprint and centred
midway between the malleoli distally. The distal femoral
cut was then performed using an intramedullary jig which
was set to give an initial distal femoral cut of 5° with re-
spect to the anatomic axis. The extension gap was then
assessed using a spacer block. The balance sizer as shown
in Fig. 1b was then used to size the femoral component
and set its rotation based on ligament tension.
Postoperatively, patients received a tailored physio-

therapy rehabilitation regimen which included full
weight-bearing mobilisation and range-of-motion exer-
cises as early as day 0 postoperatively. After discharge
from hospital, patients attended the surgeon’s outpatient
department at 6 weeks postoperatively and an arthro-
plasty nurse-led clinic at 1 year, 2 years and 5 years post-
operatively. Patient-related outcome measures (PROMS)
were also recorded at these postoperative appointments.

Results
The overall incidence of spinout in the first cohort of
patients using a measured-resection technique was 8 per
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279 cases or 2.86%. In our second cohort of patients
using a gap-balancing technique there were 0 spinouts
in 53 cases.
The indication for TKA in all eight cases of spinout was

primary osteoarthritis. Data for each patient is summarised
in Table 1. There were two male patients while six (75%)
patients were female. The mean age at time of TKA for the
spinout patients was 69.6 years (range 53–84 years).
Of the eight spinout cases, five patients (62.5%) had a

pre-operative valgus deformity (mean 10.6°; range 5–19°),
two patients (25%) had a varus deformity (mean 6.5°,
range 5–8°) and one patient had a neutral knee alignment.
Spinout was diagnosed at a mean of 34 days (1 month)

following TKA (range 2–134 days). Six cases were diag-
nosed within the first month. The direction of spinout
was posterolateral in five patients and posteromedial in
three patients, none were anterior.

A posterolateral spinout is shown in Fig. 2a; there
is posterior translation of the tibia on the lateral X-
ray and on the AP view the lateral side of the joint
space is narrowed. Fig. 2b demonstrates a posterome-
dial spinout.
In one of the patients the dislocated PE insert could be

relocated by closed means and was treated in a knee im-
mobiliser for 8 weeks. The other seven were initially re-
vised to a thicker RP insert of the same design. Of these
seven, three underwent a further revision to a varus-
valgus constrained TKA and one patient required a knee
fusion/arthrodesis.
PROMS for all 279 patients in the first cohort were re-

corded using the Knee Injury and Osteoarthritis Out-
come Score (KOOS). The mean KOOS for all patients
was 81.9 at the 1-year follow-up and 85.5 at the 2-year
follow-up.

Fig. 1 a Shows the Attune® measured sizer instrument for a measured resection surgical technique. b Shows the Attune® balanced sizer
instrument used for gap-balancing surgical technique

Table 1 Shows summarised data on all patients who sustained a spinout

Case
no.

Age Sex BMI Time to spinout
(days)

Femoral component
size

Pre-operative
deformity

Dislocation
direction

Outcome

1 63 Female 41 29 5 5° varus Posteromedial Hinged prosthesis

2 83 Female 28.4 14 6 11° valgus Posterolateral Hinged prosthesis

3 67 Female 34 2 5 Neutral Posterolateral Polyethylene
exchange

4 64 Female 45 2 4 8° varus Posterolateral Knee fusion

5 84 Female 33 43 4 19° valgus Posterolateral Polyethylene
exchange

6 53 Male 19.5 19 5 11° valgus Posteromedial Polyethylene
exchange

7 71 Male 26.4 134 5 7° valgus Posterolateral Polyethylene
exchange

8 72 Female 29.5 29 3 5° valgus Posteromedial VVC revision
prosthesis

BMI Body Mass Index, VVC varus-valgus constrained
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Other documented complications of the 279 TKAs in
our first cohort of patients were; one case of infection
postoperatively needing washout and PE liner exchange,
and two cases of pulmonary embolism needing
anticoagulation.

Discussion
The Attune® CR RP is very similar in design to the LCS®
rotating platform. However, as the former name sug-
gests, the surgeon has the option to retain the PCL when
using the Attune® design whereas the PCL is routinely
released in the LCS®. Also, the LCS® technique has very
much a gap-balancing philosophy, whereas with the At-
tune® system the surgeon has the option of either a
measured-resection technique or a ligament/gap-balan-
cing technique.
Historically, for all TKAs, posterior stability or resist-

ing posterior translation of the tibia relative to the femur
has been a key design aim. This fell broadly into two
types; namely, PCL retention (CR) and posterior

stabilised (PS). In the former the PCL resists posterior
translation and in the latter the cam and post, which
substitute for the PCL, resist posterior translation.
Predictably, as with all TKAs, both mobile- and fixed-

bearing [11] dislocation or spinout is most often poster-
ior. Theoretically, PCL retention in a MB design should
reduce the risk of posterior-bearing spinout. This is due
to the considerable posterior translation distance re-
quired by the tibia to allow the femur to ride over the
anterior lip of the PE insert. The other advantage of PCL
retention is that it adds to the collateral stability of the
knee, particularly if either collateral ligament is released.
Consequently, in an LCS® knee with a sacrificed PCL
and a released collateral ligament there can be signifi-
cant flexion-gap laxity, which, in some cases, can over-
whelm the deep dish resulting in spinout.
LCS® depends on its ‘deep dish’ configuration to pro-

vide posterior stability when the PCL is released. The
posterior translation of the tibia relative to the femur is
resisted by the anterior lip of the PE insert. In the At-
tune® knee system the jump height of the anterior lip of
the PE insert is lower than the LCS®, but for most sizes
the difference is less than 1 mm. This design change was
to facilitate femoral rollback and deep flexion when the
PCL is intact. It would, therefore, appear that the At-
tune® is less resistant than the LCS® to posterior transla-
tion and spinout. However, an internal DePuy analysis of
force required to sublux the femoral condyle over the
anterior lip (posterior translation) of the insert showed
that the Attune® actually required 3% more force to sub-
lux when compared to LCS®. This increased anterior sta-
bility is achieved via a smaller sagittal radius of the
femoral component and insert, which produces a more
curved surface to resist femoral-component subluxation.
This will, however, only work if the flexion gap is bal-
anced and well-tensioned. If the flexion gap is loose,
then the extra force required becomes irrelevant and the
dominant mechanical factor becomes anterior jump
height.
The other factor to appreciate with respect to the

mechanism of spinout is that it is very unlikely to occur
in extension. For example, in the LCS® for the first 30° of
flexion the PE insert and the femoral component are
fully congruent. In both the Attune® and the LCS® de-
signs, the change in the radius of curvature of the fem-
oral component means that the PE insert becomes
increasingly less congruent with flexion. This then in-
creases intrinsic AP instability and, thus, spinout occurs
as a result of flexion-gap instability.
As we know, the primary aetiology of spinout is

flexion-gap instability with the commonest patient factor
being a pre-operative valgus knee [11]. In the normal
knee, in flexion, the lateral compartment is looser than
the medial. In the valgus knee this looseness can be

Fig. 2 a X-ray showing an example of a posterolateral polyethylene
spinout; there is posterior translation of the tibia on the lateral X-ray
and on the anteroposterior (AP) view the lateral side of the joint
space is closed down. b X-ray showing an example of a
posteromedial polyethylene spinout; there is also posterior
translation of the tibia on the lateral X-ray but on the AP view the
medial side of the joint space is closed down
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accentuated by release of the popliteus or lateral collat-
eral ligament. The impact of the release of these two
structures is increased if the PCL is also released.
Malrotation of the femoral component is a potent

cause of instability and dissatisfaction. Proper rotation of
the femoral component is essential to obtaining a bal-
anced flexion gap [12]. Reliability on anatomical land-
marks for measured resection is not always possible and
can lead to malrotation of the femoral component [8,
13–15]. Due to its independence from obscured or
poorly identified anatomical landmarks, gap-balancing
may offer superior reliability [16]. Harvey et al. have
demonstrated that relying on measured resection alone
in the Attune® TKA may result in femoral component
malrotation [17]. They found that a gap-balancing tech-
nique using the tensioner device gave more reliable ex-
ternal rotation. From a technical perspective when using
the gap-balance sizer, it is critical that the distal femoral
cut and tibial cuts are kept flush with the device at 90°
of flexion during flexion-gap balancing.
One of the key observations from this series of eight

spinouts was their postoperative management. In only
one case did it prove possible to achieve stability with a
closed reduction and immobilisation. The other seven
cases had an initial revision to a thicker insert but, of
these, three went on to undergo a revision to a con-
strained implant and one underwent a knee arthrodesis.
In contrast, the LCS® experience reported by Diamond

et al. [7] showed that in their second cohort of 5994 pa-
tients, where gap-balancing without release of collateral
ligaments was performed, there were 12 cases of spinout
(0.2%). First of all, the incidence was 14 times less than
in this series but also 11 of the 12 cases were treated
successfully with closed reduction and immobilisation
with only one patient going on to a full revision.
In our second cohort of patients, similarly to Diamond

et al., all of the cases were performed using a gap-
balancing technique in combination with PCL resection;
however, the collateral ligaments were never released.
This led to no documented spinouts in our second co-
hort of patients and a spinout rate of only 0.2% in the
cohort followed by Diamond et al. [7].
Interestingly, a NJR implant summary report published

in August 2018 showed only one spinout in a total of 19,
818 Attune® TKA cases performed over a 6-year period
[18]. The philosophy of soft-tissue balancing in England,
Wales, Northern Ireland and the Isle of Man leans to-
wards a gap-balancing technique.
In contrast, in our first cohort of patients a measured-

resection technique was used in combination with CS,
which, in 2.86% of cases, led to spinout as a result of
flexion-gap instability. Interestingly both surgeons using
this technique were previous LCS® users, each with over
15 years of experience using a tibial-first gap-balancing

technique with a less than 1% incidence of spinout with
that implant.

Conclusion
This study reports a higher incidence of PE spinout in
the Attune® CR RP TKA when the measured-resection
technique in combination with PCL resection is per-
formed. During a measured-resection procedure, if the
PCL has to be sacrificed then the surgeon should con-
sider a fixed bearing if they have any concerns about
flexion-gap stability. In keeping with the manufacturer’s
recommendations, it is also perfectly acceptable to rou-
tinely sacrifice the PCL (CS) with the Attune® CR RP
but, if so doing, then we recommend using a gap-
balancing technique. It is our further recommendation
that with a gap-balancing technique a conservative soft-
tissue release should be performed.
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