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Abstract
Purpose ADVANCE® Medial-Pivot (MP) (Wright Medical
Technology, Arlington, TN, USA) total knee arthroplasty
(TKA) was developed to replicate normal tibiofemoral knee
joint kinematics, allowing medial-pivot knee motion. The
design concept of the prosthesis is unique; therefore, the
influence on the patellofemoral knee joint remains unclear at
present. The purpose of this study was to determine the in
vivo patellofemoral kinematics with ADVANCE® MP TKA
and compare them with the pre-operative conditions.
Methods ADVANCE® MP TKAwas performed in ten sub-
jects with osteoarthritis (OA). At before and one month after
surgery, lateral radiographs with weight-bearing at maxi-
mum extension, 30, 60 and 90° were taken, and patella
flexion angle (PF), tibiopatellar angle (TP) and estimated
patellofemoral contact point (PC) were evaluated, according
to a previously reported method.
Results In PF and TP, there was no statistically significant
change between pre-operative and postoperative values.
Pre-operative PC reached its peak at 90°; however, its peak
was at 60° at one month after surgery. Postoperative PC at

maximum extension was significantly higher compared to
before surgery.
Conclusions The results in this study indicated that AD-
VANCE® MP TKA changed patellofemoral joint kinemat-
ics compared to before surgery. Early postoperative
evaluation is the limitation of this study; however, we con-
sider that the results in this study might be one of the keys to
resolving the kinematic features of this prosthesis, helping
clinicians to comprehend this prosthesis.

Introduction

Total knee arthroplasty (TKA) is a well-established procedure
that generally results in a high level of patient satisfaction.
However, joint kinematics after TKA are quite different from
normal kinematics, including paradoxical anterior motion of
the femur. In many cases, poor TKA kinematics and abnormal
forces may play a key role in wear, malalignment or
accelerated failure associated with design flows [1, 2]. Hence,
to comprehend the kinematics of the artificial knee joints is
important in sophisticated TKA.

Although the patellofemoral joint is a major cause of
poor function in the prosthetic knee [3, 4], patellofemoral
joint kinematics are not so well understood compared to
tibiofemoral joint kinematics. ADVANCE® Medial-Pivot
(MP) TKA (Wright Medical Technology, Arlington, TN,
USA) was developed to replicate the medial pivoting be-
haviour observed in normal knees and has been found to
exhibit excellent anterior-posterior stability. This implant
has a single radius of femoral curvature and a high level of
conformity in the medial compartment about which it
rotates. It does not roll back as in the post and cam mech-
anism of posterior stabilised (PS) arthroplasty. This
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prosthesis is more bone conserving and has been reported to
improve biomechanics of the patellofemoral joint [5].

Several studies have revealed the tibiofemoral kinematics
of this prosthesis and reported its favourable performance in
patients; however, its patellofemoral joint kinematics remain
unknown at present [6–8]. Thus, the aim of this study was to
determine the in vivo patellofemoral kinematics with AD-
VANCEMPTKAand compare the results with the pre-operative
condition, while discussing possible effects on patients.

Materials and methods

The study was approved by the Institutional Review Board,
and informed consent was obtained from all patients. From
May to November 2010, ADVANCE® MP TKA was per-
formed in ten subjects with varus deformity diagnosed with
osteoarthritis (OA). Patients with valgus deformity, severe
bony defects and rheumatoid arthritis were excluded from this
study. TKAwas implanted in both groups by the same expe-
rienced surgeon (K.I.) using a conventional manual technique,
as mentioned below. Briefly, knees were exposed with a
medial parapatellar arthrotomy and bony resection was per-
formed using the measured resection technique. The posterior
cruciate ligament (PCL) was sacrificed at the beginning of the
procedure. The rotational alignment of the femoral prosthesis
was set at 3° of external rotation in relation to the posterior
condylar axis, according to each patient. The proximal tibial
osteotomy was performed perpendicular to the long axis in the
coronal plane with 3° posterior slope in the sagittal plane. A
tibial bony cut was made at 10 mm below the highest point of
the articular cartilage on the lateral tibial plateau. No lateral
retinacular release was performed and all patellae were unre-
surfaced with removal of the surrounding osteophyte. All
surgeries were deemed clinically successful without any liga-
mentous laxity, postoperative surgical stiffness or pain up to
one year after surgery.

Before and one month after operation, each patient was
asked to perform deep bending from full extension to maxi-
mum knee flexion. During this motion, lateral radiographs
with weight-bearing (320 mA, 0.03 s exposure at 80–
100 kV, depending on soft tissue thickness) at maximum
extension, 30, 60 and 90° were taken. The flexion angle was
measured on the X-ray images and was defined as the angle
made by the longitudinal axes of the femur and tibial long
bones [9]. Thereafter, patella flexion angle (PF), tibiopatellar
angle (TP) and estimated patellofemoral contact point (PC)
were evaluated, according to a previously reported method
[10, 11] (Fig. 1). The measurements were performed at least
three times in each patient by two independent authors blinded
to clinical information using commercially available imaging
software systems (SYNAPSE, FUJIFILM, Tokyo, Japan) and
the averages were used in this study.

The TP was defined as the angle between the longitudinal
axis of the tibia and patella [10, 11] (angle Y in Fig. 1). The
most anterior point on the tibial plateau and the most ante-
rior and most distally available point of the tibia were
defined as points P1, and P2, respectively. The longitudinal
axis of the tibia was assumed to be parallel to the line
connecting points P1 and P2. The patella axis was also
defined as follows: First we determined four points of the
patella to characterise the shape of the patella body (anterior
and proximal, anterior and distal, posterior and proximal
and posterior and distal). Thereafter, each midpoint at the
proximal portion and distal portion of the patella were
determined as p1 and p2, respectively. Finally, the patella
axis was defined by connecting points p1 and p2.

PF was defined as the angle between the longitudinal axis
of the femur and patella (angle X in Fig. 1).

PC was determined by finding the closest point between
the most anterior portions of the femoral component and the
most posterior osseous portion of the patella. The location of
the most posterior point of the patella along the patella axis
was assumed to agree with the PC. In extension and pre-
operative conditions, it is relatively easy to determine the
PC because the unresurfaced patellae allows us to visualise
the entire bone easily. In deeper flexion, the patella slides
between the femoral condyles, which overlap the patella and
femoral component. In these cases, the centroid of the over-
lapping area was found, and its location along the patella
axis was assumed to agree with the PC. The PC was
expressed as a ratio, which was determined by measuring
the distance from the apex of the patella to the contact point
(b in Fig. 1) normalised with respect to the patella length (a
in Fig. 1).

Fig. 1 Detailed explanation of the radiographic measurements. P1 the
most anterior point on the tibial plateau, P2 the most anterior and distally
available point of the tibia, p1midpoint at proximal portion of the patella,
p2 midpoint at distal portion of the patella, a patella length, b distance
from apex of the patella to the contact point, patella axis line connecting
points p1 and p2, X patella flexion angle (PF), Y tibiopatellar angle (TP),
b/a estimated patellofemoral contact point (PC)
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Statistical analysis

Results were analysed statistically using a statistical software
package (Stat Mate III, ATMS Co., Ltd., Tokyo, Japan). The
differences between pre-operative and postoperative values
were analysed using the paired Student’s t test. Differences
of p<0.05 were considered statistically significant.

Results

The average pre-operative maximum extension and flexion
angles were −8.6±7.4° and 117.8±12.0°, respectively. The
average postoperative maximum extension and flexion
angles were −4.9±5.3° and 102.2±9.3°, respectively. TP at
maximum extension, 30°, 60° and 90° of flexion before and
after surgery were 0.4±4.9°, 8.0±5.8°, 15.0±6.9° and 17.8±
8.2° and −0.9±5.1°, 10.9±3.7°, 16.4±4.9° and 19.5±4.8°,
respectively. TP results (Fig. 2) showed a similar pattern of
90° in both groups, and the differences between the angles
before and after surgery at each flexion angle showed no
statistically significant difference. PF at maximum extension,
30°, 60° and 90° of flexion before and after surgery were
5.6±6.1°, 24.4±7.6°, 46.2±5.5° and 66.5±10.9° and
6.1±3.1°, 26.7±6.1°, 46.8±5.8° and 70.8±9.9°, respectively.
PF (Fig. 3) also showed an almost similar pattern between
pre- and postoperative values and the differences between
the angles before and after surgery at each flexion angle
showed no statistically significant difference. The results of
PC (Fig. 4) at maximum extension, 30°, 60° and 90° of flexion
before and after surgery were 0.41±0.06, 0.54±0.08,
0.67±0.08 and 0.75±0.07 and 0.51±0.05, 0.61±0.05, 0.65±
0.07 and 0.60±0.04, respectively. PC translated proximally
on the patella with increasing flexion. The range of this

translation was smaller before surgery than after surgery.
Pre-operative PC reached its peak at 90°; however, its
peak was 60° at 1 month after surgery. Postoperative
PC at maximum extension was significantly higher
compared to before surgery (p<0.05). Postoperative PC
at 90° was significantly lower compared to before
surgery (p<0.05).

Discussion

This study is the first report to examine radiographic patello-
femoral joint kinematics in ADVANCE® MP TKA. The
results demonstrated that this prosthesis showed characteristic

Fig. 2 Pre- and postoperative tibiopatellar angle. Tibiopatellar angle
(TP) results showed a similar pattern of 90° in both groups. OA pre-
operative data, MP postoperative data

Fig. 3 Pre- and postoperative patella flexion angle. Patella flexion angle
(PF) results also showed an almost similar pattern between pre- and
postoperative values. OA pre-operative data, MP postoperative data

Fig. 4 Pre- and postoperative estimated patellofemoral contact point.
Preoperative PC reached its peak at 90°; however, its peak was 60° after
surgery. Postoperative PC at maximum extension was significantly higher,
and postoperative PC at 90° was significantly lower compared to before
surgery (*p<0.05). OA pre-operative data, MP postoperative data
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patellofemoral kinematics, especially in PC, and differed from
those of previous reports on PS and cruciate-retaining design
[10, 11].

There are some limitations of this study. Firstly, the
evaluation in this study was performed in the early postop-
erative period, only one month after surgery. The timing of
the evaluation will change the effects of the surrounding
tissues, thus leading to different results, especially maxi-
mum flexion angles. Secondly, the factors affecting the
patellofemoral joint are multifactorial, including rotation of
the tibia, joint line elevation etc.; therefore, the influences of
such factors remain unknown in this study [12, 13]. In this
study, the surgical methods such as rotation references were
consistent through the experiment; therefore, we consider
that the influences of such factors are negligible in this
study. In addition, controversy exists as to whether the PCL
should be retained or sacrificed in ADVANCE® MP TKA
[14–17]. Some authors recommend complete resection of the
PCL for adequate flexion or function in MP knee [17], indi-
cating knee motion led byMP insert was mismatched with the
knee motion due to the PCL. Thus, the condition of the PCL
might change the kinematics, also in the patellofemoral joint.
Finally, kinematic effects on long-term survival and wear were
not analysed and beyond the scope of this report.

The result at maximum extension was compared to previ-
ous reports that showed patellofemoral kinematics with PCL-
retaining (CR) and PS designs [10]. Leszko et al. have sug-
gested that one of the reasons for possible changes in patello-
femoral interaction was the more posterior contact point of the
tibiofemoral joint at full extension for implanted knees than
for natural knees [10]. It has also been reported that most of
the superior migration of the contact point occurred during
early knee flexion in the healthy patella [10, 18, 19]. In this
study, we investigated pre-operative osteoarthritic knees and
found the same tendency of the PC compared to the healthy
patella as previously reported [10, 18, 19].

The postoperative results of PC are quite different from
other reports, with this report showing its peak at over 90°
[10, 11]. Leszko et al. reported that patella contact point
locations seemed to remain unchanged in classic CR, PS
and high-flexion TKA [10]. This report and the results in
this study indicated that ADVANCE® MP moves quite
differently from CR and PS TKA. We supposed that one
of the main reasons is femorotibial kinematics [10, 20].
D’Lima et al. pointed out that greater leverage for the
extensor mechanism is maintained by preventing anterior
translation and shortening of the quadriceps lever/arm in the
MP prosthesis [21]. It is also said that patients could feel
stability via anterior-posterior stability by the MP prosthesis
[17]. Meanwhile, it has been reported that the lateral con-
dyle showed anterior movement in the early stage, changing
thereafter to posterior movement in ADVANCE® TKA [7].
We supposed that this motion pattern might possibly cause

an increase in patellofemoral contact pressure in the early
stage. Generally, it has been reported that a bicondylar
rollback motion pattern such as that exhibited in the normal
knee is desirable for deep knee bending [22]. For example,
Johal et al. reported that the medial condyle moved posteri-
orly 8.4 mm at full flexion, and the lateral condyle moved
posteriorly 21.1 mm at 120° of flexion in their motion
analysis with normal weight-bearing knees [22]. For pros-
thetic knees, Becher et al. also pointed out that femoral
rollback reduces patellofemoral pressure and superior patel-
lofemoral kinematics [23]. It was also reported that the pos-
terior location of the contact points at a higher angle increases
the quadriceps moment arm that should reduce quadriceps and
patellofemoral forces and aid implant survival [24, 25]. In
ADVANCE® MP TKA, high conformity insert contributes
to reproducing the medial-pivot motion and the patients’
subjective feelings of stability; however, we supposed that
the design concept that does not allow posterior femoral
rollback may influence the radiographic result in this study.
Further studies are needed to investigate the correlation with
femorotibial kinematics, or compare with other prosthesis,
such as the PS design.

In conclusion, this study showed radiographic patellofe-
moral joint kinematics in ADVANCE®MP TKA for the first
time. The results in this study indicated that ADVANCE®
MP TKA changes patellofemoral joint kinematics compared
to before surgery. Whether this change in kinematics is
favourable for patients receiving TKA remains unknown
in this study. Comprehensive evaluations including objec-
tive and subjective scoring and survival of the prosthesis are
mandatory for assessing the design concept of all prosthe-
ses. Early postoperative evaluation is the limitation of this
study; however, we consider our results might be pivotal in
resolving the kinematic features of this prosthesis, thus lead-
ing to improvement of the prosthesis design for all patients.
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