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Abstract
Purpose ADVANCE® Medial Pivot (MP) (Wright Medical)
total knee arthroplasty (TKA) was established to replicate
normal tibio-femoral knee joint kinematics, however, its in-
fluence on the patello-femoral (PF) joint is unclear. The pur-
pose in this study was to assess the PF joint conditions in
Advance MP TKA, via radiography and three-dimensional
image-matching software.
Methods Ten subjects with osteoarthritis were treated with the
ADVANCE MP TKA. Pre-operatively and one month after
surgery, skyline views at 30, 60, and 90° of flexion were taken,
and patella shift and tilt were measured. With 2D–3D registra-
tion techniques using software, implant orientations were
matched with the pre-operative CT and changes in the anterior
part of the femoral prosthesis, condylar twist angle (CTA) for
femoral rotation, and tibial rotation were evaluated. The rela-
tionships between morphological and rotational changes were
evaluated.
Results There were significant differences in patella tilt at 60°
and patella shift at all angles between pre- and post-operation
(p<0.05). No correlation was found between morphological
changes in the anterior femur with patella tilt and shift. A
positive correlation between postoperative CTA and patella

shift at 90° was found (p<0.05); however, no correlation was
found between rotational alignment of the tibial component
and patella tilt and shift.
Conclusions ADVANCE MP TKA changed patello-femoral
joint kinematics, compared to that found before surgery. The
kinematic features were mainly due to the design concepts for
tibio-femoral joint motion, indicating the difficulty to repro-
duce normal patello-femoral joint kinematics after TKA.

Keywords Patello-femoral joint kinematics following TKR .
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Introduction

Nowadays, total knee arthroplasty (TKA) is a commonly
performed operation for severe osteoarthritis and other condi-
tions of cartilage degeneration. Total knee arthroplasty is a
well-established procedure, however, as the number of TKAs
performed has increased, the number of complications has
also increased. Above all, complications related to the
patellofemoral (PF) joint such as pain, maltracking, subluxa-
tion and patella fractures have been reported [1–3]. These
complications can necessitate revision TKA [4, 5] and there-
fore, many researchers have conducted investigations of ra-
diographic and clinical results in the PF joint [6–8]. Despite
this interest, patello-femoral joint conditions and kinematics
remain less well understood than the tibio-femoral joint. In
addition, conditions and kinematics can vary depending on
prosthesis design [9, 10]. Among several types of prosthesis,
ADVANCE Medial-pivot (MP) TKA (Wright Medical Tech-
nology, Arlington, TN) has a unique design concept compared
to cruciate retaining (CR), and posterior stabilised (PS) pros-
theses in that it aims to replicate the medial pivoting behaviour
observed in normal knees and has been found to exhibit
excellent anterior-posterior (AP) stability. Several studies
have revealed in vitro and in vivo tibio-femoral kinematics
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of this prosthesis and reported its favourable performance for
patients; however, details about the performance of the PF
joint remain unknown at present [11–13].

Meanwhile, surgeons have tried to audit and improve their
own surgery to improve patients’ subjective feeling and objec-
tive function. However, there are few available tools for
assessing surgery in TKA. Usually, surgeons evaluate their
TKA by using several methods including measurement of the
amount of osteotomised bone, using X-ray and CT. However, it
is generally difficult to compare the postoperative prosthesis
orientation directly with conditions before operation. Some X-
ray modifications have been made which reveal more detailed
results [6, 14]; however the problem of assessing the postoper-
ative knee three-dimensionally and comparing the postopera-
tive conditions remains, especially in the PF joint. One inno-
vative new tool is an automated image-matching technique
using a computer-aided design (CAD) program which aims to
assess alignment of the entire lower extremity for normal and
implanted knees and the positioning of implants with respect to
bone [15]. Three-dimensional digital templating software,
“ATHENA KNEE” (SoftCube Co., Ltd., Osaka, Japan) was
advanced as pre-operative template software for pre-operative
surgical preparation. By using the software, the amount of
osteotomised bone can be estimated and imaged and the ap-
propriate size of prosthesis selected. Recently, application of
this pre-operative template software has been tried as a postop-
erative surgery assessment tool in TKA patients. By matching
the pre-operative 3D-reconstructed patient’s knee model with
postoperative X-ray and CAD data of the prosthesis, we can
easily visualise the current status of the implanted knee, the size
of the osteotomised bone, and the rotational profile of the
prosthesis. A recent paper has found that the evaluated
osteotomised bone values are within 1.0 mm difference com-
pared to the actual intra-operative measured bone value [16].
This suggests the potential of this software for orthopaedic
surgeons as an easy and useful tool for TKA assessment.

In this study, the aim was to evaluate and compare the
radiographic PF joint of ADVANCE TKA with the pre-
operative condition. Furthermore, we used the software

“ATHENA KNEE” for postoperative assessment to investi-
gate the rotational profile and the morphological change of
the PF joint, which helps interpret the correlation with the
prosthesis orientation.

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, ten ADVANCE MP TKAwere performed in
varus deformity patients diagnosed with osteoarthritis (Fig. 1a).
Patients with valgus deformity, severe bony defects which
required bone graft or augmentation instruments, and rheuma-
toid arthritis were excluded from this study. Patients included
one man and nine women, with an average of 74.2±5.2 years
(range 66–80). There were five right and five left knees. The
TKA was implanted by the same experienced surgeon (K.I.)
using the conventional manual technique outlined below. Brief-
ly, under tourniquet control, knees were exposed through a
medial parapatellar arthrotomy and bony resection was
performed using the measured resection technique. The poste-
rior cruciate ligament (PCL) was sacrificed at the beginning of
the procedure. An extramedullary guiding rod was used for the
tibia, and an intramedullary guiding rod was used for femoral
bone resection. The femoral component size was determined
from posterior referencing and the rotational alignment of the
femoral prosthesis was determined using an axial radiograph of
the femur as reported by Kanekasu et al. [14]. The objectives
whose femoral component was aligned at 3° of external rota-
tion in relation to the posterior condylar axis were included.
The femoral distal resection was performed at 5–7° of valgus
alignment, according to each coronal femoral mechanical axis.
When mediolateral overhang existed, we opted to use one
smaller size of femoral prosthesis to adjust for the patient’s
mediolateral diameter, then sometimes moved the cutting guide
two millimetres anteriorly so as to avoid the anterior notch.
Therefore, we allowed 2two millimetres over osteotomy of the
femoral posterior condyle. The rotational alignment of the tibial

Fig. 1 ADVANCE® Medial-
pivot total knee arthroplasty,
definition of patella tilt, and
patella shift. (a) Post-operative
radiographs after ADVANCE®
Medial-pivot total knee
arthroplasty. (b) The patella tilt is
the angle between the anterior
intercondylar line and the
transverse axis of the patella. (c)
Patella shift is the lateral
displacement of the median ridge
of the patella from the
intercondylar sulcus of the femur
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component was referenced by the medial one-third of the tibial
tubercle. The proximal tibial osteotomy was performed perpen-
dicular to the long axis in the coronal plane with a 3° posterior
slope in the sagittal plane. The tibial bony cut was made ten
millimetres below the highest point of the articular cartilage on
the lateral tibial plateau. No lateral retinacular release was
performed and all patellae were unresurfaced and the surround-
ing osteophyte removed. All TKAwere deemed clinically suc-
cessful without any ligamentous laxity, postoperative surgical
stiffness, or pain at one-year post-operation.

Radiological measurements

Before and one month after the operation, axial radiographs of
the knee (a 320 mA, 0.03 s exposure at 80–100 kV, depending
on soft-tissue thickness) were taken at 30, 60, and 90° knee
flexion in each patient. Radiographic evaluations were
performed according to previously reported methods [17].
Briefly, patella tilt was determined by the angles between the
anterior intercondylar line and the transverse axis of the patella
[17, 18] (Fig. 1b). The transverse axis of the patella is the line
connecting the medial and lateral corners, a method which is
independent of patella morphology, and probably corresponds
more closely to clinical evaluation of tilt [17]. The medial and
lateral corners of the patella were determined by referencing the
radiographic articular surface, which represents the subchondral
bone of each facet of the patella. Patella tilt was defined as
positive when the transverse axis of the patella was tilted
laterally with reference to the anterior intercondylar line.

Meanwhile, patella shift was determined by the distances
between the intercondylar sulcus and the median ridge of the
patella [17] (Fig. 1c). The intercondylar sulcus was defined as

the deepest point of the femoral trochlea, which was deter-
mined on the radiograph as the lowest point of the trochlea in
relation to the anterior intercondylar line. The intercondylar
sulcus was determined by moving the digitally drawn anterior
intercondylar line posteriorly until it touched the lowest point
of the intercondylar area to reduce inter-observer variability
[17]. The median ridge of the patella was also defined as the
deepest point of the patella in relation to the transverse axis of
the patella. The transverse axis of the patella was moved
inferiorly by touching the most inferior part of the patella, at
the point defined as the median ridge of the patella. When the
median ridge of the patella was located lateral to the
intercondylar sulcus, we defined patella shift as positive, and
if the point was located medial to the sulcus, we defined it as
negative [17]. In the postoperative evaluation, patella tilt and
shift were measured the same way as the pre-operative radio-
graphs, except that the prosthetic anterior intercondylar line
and intercondylar sulcus were used.

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 av-
erages were used in this study.

Postoperative evaluations using three-dimensional digital
template software

First, two X-ray images (antero-posterior and lateral views) of
the knee joint were undertaken with a 3D marker attached to
the surface of the patient’s lower leg (Fig. 2a) at one-month
postoperatively. The silhouette of the 3Dmarker in the images
was used to couple the two X-ray images three dimensionally

Fig. 2 Three-dimensional digital
template software “ATHENA”.
Two X-ray images of the knee
joint undertaken with a 3D
marker attached to the surface of
the patient’s lower leg (a, b). The
silhouette made by the marker on
the images is used to couple the
two X-ray images three
dimensionally (c). Pre-operative
CTwas further matched, thus
making it possible to assess
postoperative conditions in pre-
operative three-dimensional
digital template software
“ATHENA” (d). The changes in
the anterior part of the femoral
prosthesis and CTAwere
evaluated
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using software “ATHENA KNEE” (Fig. 2b, c). Next, im-
planted components were matched to the images using a
CAD program. In addition, images of computed tomography
(CT; SOMATOM Emotion 6; Siemens thickness; 2.5 mm,
energy; 10 kV, intensity; 20 mA) undertaken pre-operatively
were matched to the coupled radiographic images. This
matching with pre-operative CT data makes the determination
of the rotation and position in the axial plane more precise,
resolves the problem of artifacts made by the prosthesis in
post-implanted CT, and enables accurate measurement of the
thicknesses of the cut bone (Fig. 2d). Thereafter, we measured
the angle between the clinical epicondylar axis (a line that
connects the medial and lateral epicondylar prominences) and
the posterior condylar axis (a line that connects the posterior
margins of the medial and lateral femoral condyles, or com-
ponents) and defined the angle as the condylar twist angle
(CTA) in ATHENA. In addition, we measured the angle
between the anteroposterior axis of the tibia and the tibial
component; the anteroposterior axis of the tibia was deter-
mined according to Akagi et al. [19] as the line connecting the
middle of PCL attachment to the medial border of the patellar
tendon attachment. Furthermore, we evaluated the morpho-
logical changes of the anterior femur by selecting the most
anterior-prominent part of the femur, and then measuring the
thickness of the cut bone and thickness of the implant at this
portion in each condyle.

Statistical analysis

Results were analysed statistically using a statistical software
package (Stat Mate III; ATMS Co.,Ltd., Tokyo, Japan).
Comparison between pre- and postoperative measurements
was analysed using the paired Student t test. Correlations
between the postoperative parameters (CTA, tibial rotation,
and anterior femoral bony cut) and patella tilt and shift were
analysed using linear regression. Differences of P<.0.05 were
considered statistically significant.

Results

Pre- and postoperative patellar tilt at 30, 60, and 90° of flexion
are shown in Table 1. Pre- and postoperative patellar shift are
shown in Table 2. Patella tilt at 60° post-operation was signif-
icantly larger than pre-operation (p<0.05). Meanwhile, patella
shift was improved significantly at each angle after operation
(p<0.05). Pre- and postoperative CTA, and postoperative
rotational profiles of tibial components measured using
ATHENA are shown in Table 3. When the correlation be-
tween the patellar tilt and CTA was examined, a positive
correlation was found between postoperative CTA and patella
shift at 90° (Fig. 3; p<0.05). Meanwhile, there was no signif-
icant correlation between patella tilt and CTA. In addition, the

rotational profiles of the tibial component were not related to
either patella shift or tilt. The anteromedial, and anterolateral
differences measured by ATHENA KNEE between pre- and
post-operation in the distal femur were 0.5 mm±3.5 and
−2.1±2.1, respectively (plus means prominence compared to
pre operative condition). The anterior part of the femur
changed to external rotation after operation. There was no
significant correlation between the differences in distal femur
and patella tilt and shift.

Discussion

This study is important for revealing the features of the
patellofemoral joint in ADVANCE MP TKA. Additionally,
we applied new three-dimensional digital template software to
assess the orientation of the femoral prosthesis postoperative-
ly, which is a relatively new method.

There are some limitations in this study. First, evaluations
were performed in the early postoperative period. The timing
of the evaluation may change with those of surrounding
tissues. As far as we know, there have been no reports inves-
tigating the influence of time after operation to kinematics, so
the true influence is unknown. However, the importance of
medial ligamentous structures, especially the medial
patellofemoral ligament, for patella tracking is well known
[20, 21]. Although postoperative muscle weakness is a well
aired topic, the influence of muscle strength on PF joint
kinematics is controversial [21–24]. We considered that the

Table 1 Comparison of patella tilt between pre- and post-operation
(degrees)

Measurement timing Flexion (degrees)

30 60 90

Pre-operation 8.5±4.6 6.1±3.7* 5.2±3.0

Post-operation 10.6±2.5 9.1±2.8* 6.2±2.9

Values are expressed as mean±SD

*P<0.05

Table 2 Comparison of patella shift between pre- and post-operation
(degrees)

Measurement timing Flexion (degrees)

30 60 90

Pre-operation 1.9±2.6* 0.4±1.9* −0.4.5±1.3*

Post-operation −0.02±3.7* −1.1±1.7* −1.2±1.5*

Values are expressed as mean±SD

*P<0.05
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influence of vastus medialis weakness on PF kinematics in
TKA patients is relatively low, compared to a normal knee,
because the kinematics were strongly influenced by the design
of the prosthesis or its tibio-femoral motion kinematics [25,
26]. Nevertheless, an understanding of the influence of the
healing tissues on the kinematics is important when compar-
ing it to the pre-operative condition. Second, several important
factors affecting the patello-femoral joint have been reported
[27, 28], and the influences of such factors could not be
identified by this study. Our study did not find any effect of
the rotational profiles of tibial component on patella tilt and
shift. Because there was one surgeon and consistent surgical
methods, the influence of varying such factors should be
negligible in this study.

Generally, direct comparison of the postoperative prosthe-
sis orientation with the conditions before operation is difficult.
Although X-ray, CT and MRI as methods of evaluation have
been assessed in many reports [29–31], there are some weak-
nesses in these methods. Although a 2D–3D registration tech-
nique, combined with fluoroscopic analysis, has been used to
assess postoperative tibio-femoral joint kinematics with high
accuracy [32], limitations remain for assessing the PF joint
[33]. In addition, the huge device required for these methods is
hard to use in daily clinical practice. Therefore, compared to
other evaluation tools, there could be many advantages in
using pre-operative templating software. First, the software
can visualise 3D postoperative conditions and it is possible to

measure the differences between pre-operative and postoper-
ative conditions. By combining results with various X-rays,
we can estimate both dynamic conditions and the PF joint,
which is usually difficult to assess. Second, there is no need
for postoperative CT, thus avoiding artifacts, and excessive
radiation exposure to patients. Finally, this program system
does not require special devices, apart from a 3D marker,
which can reduce the medical cost and be widely spread for
clinical use. Thus the pre-operative templating software used in
this study could be convenient, persuasive, and useful for most
orthopaedic surgeons to evaluate their own surgery in daily
use. Hence, it is suggested that the three-dimensional digital
template software is a useful tool for postoperative evaluation.

The results found that patella shift was improved after
surgery, however, patella tilt at 60° postoperatively was sig-
nificantly larger than pre-operatively. Generally, TKA causes
the patella to tilt laterally between 20 and 30° of flexion [34].
In addition, isolated changes in trochlear groove alignment
produced patellar shear forces [9], and Barink et al. reported
that even asymmetrical patella groove TKA could not im-
prove patella tracking [34]. In this study, the anterior part of
the femur component including the sulcus, measured by the
software, changed to external rotation after operation. The
result was probably a consequence of the TKA thus
supporting the hypothesis of Barink et al.

Another important reason could be considered from the
viewpoint of femoro-tibial kinematics and joint gap theory
[30, 35, 36]. Komistek et al. pointed out that femoro-tibial
kinematics can play a major role in patellofemoral kinematics
[37]. Theoretically, ADVANCE MP TKA induces a medial
pivot motion and does not allow posterior rollback as in the
post and cam mechanism. However, Miyazaki et al. reported
that the lateral condyle showed anterior movement in the early
stage, changing thereafter to posterior movement, in contrast
to the fixed medial condyle in ADVANCE TKA [12]. The
report suggested that this prosthesis had a relatively low
medial pivot motion at lower flexion angle. It is supposed that
this motion pattern could possibly act to increase the
patellofemoral contact pressure in the early stage. Moreover,
the design concept of ADVANCE MP TKA might be disad-
vantageous for posterior roll-back, which reduces
patellofemoral pressure and has superior patellofemoral kine-
matics for prosthetic knees [38]. Meanwhile, the joint gap
with reduced PF joint increased with knee flexion and reached
its peak at 60° of flexion in PS TKA [39]. Their report implies
that the most relaxed joint condition was at 60° of flexion and
the lever arm of the patella that forced the femur posteriorly
was relatively difficult to transmit to the joint in the PCL
sacrificed position.

In this study, patella shift at 90° was positively correlated
with postoperative CTA. Merican et al. have suggested that
with external rotation of the femoral component, the tibia
rotated into adduction in flexion leading to a decrease of the

Table 3 Rotational profiles of components after operation (degrees)

Measurement timing Value

Pre-operative CTA 6.0±2.2

Femoral component CTA 3.0±2.8

Tibial component −0.3±3.5

Values are expressed as mean±SD. Positive values mean internal rota-
tion, and negative values mean external rotation

CTA condylar twist angle

Fig. 3 Examination of the correlation between patellar tilt and condylar
twist angle (CTA). Positive correlation between postoperative CTA and
patella shift at 90°
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Q-angle and external rotation leading to an increase of the Q-
angle is unfavourable for patella tracking in extension [40].
Their paper concluded that femoral rotation alone might not
restore all aspects of patellar kinematics both at extension and
flexion [40]. The results of our study supported their sugges-
tion. This may be also because, as Kainz [41] suggested, the
patella sits deeply in the trochlear groove, and its kinematics
are predominantly controlled by the geometry of the groove in
deep flexion.

It is considered that our results showing the increment of
patella tilt after ADVANCE MP prosthesis is not so unfavor-
able for patients. Many previous reports have already stated
that symptomatic PF joint is independent of lateral patellar tilt
[42, 43]. Indeed, the patients followed up in this study are
clinically asymptomatic, and doing well. It could not be
concluded whether the features of the PF joint hold clinically
important implications in this study.

Conclusion

In summary, this study showed for the first time radiographic
patellofemoral joint kinematics in ADVANCEMP TKA. The
results in this study indicated that ADVANCE MP TKA
changed patellofemoral joint kinematics, compared to that of
before surgery. The kinematic features were mainly due to the
design concepts for tibiofemoral joint motion, rather than on
rotation of the femoral prosthesis, or design of the femoral
trochlea, suggesting the difficulty to improve patellofemoral
joint congruity after TKA. The results also found that pre-
operative templating software was an easy and useful tool for
assessing the postoperative prosthesis condition.
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