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Abstract
Background  The aim of this study was to identify, during total knee arthroplasty surgery, the effect on patellar kinematics 
of different patellar component designs in the same patients.
Methods  This study enrolled 84 patients with osteoarthritis. Intraoperative X-rays were used to measure internal rotation 
angle, flexion angle and lateral tilt were at different knee flexion angles with dome-type or anatomic-type patellar compo-
nents (ATTUNE®, DePuy).
Results  Significant differences from baseline between the two types of components occurred at 120° of the knee flexion in the 
internal rotation angle, at 90° and 120° of the knee flexion in the flexion angle, and at 60° of the knee flexion in the lateral tilt.
Conclusion  This study revealed that the difference in patellar component design affects patellar kinematics. Therefore, the 
difference in patellar component design may affect patellar stability.
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Introduction

Patellofemoral complications after total knee arthroplasty 
(TKA) have become a major problem, increasing the risk for 
patellar instability, dislocation, loosening, wear and residual 
patellofemoral pain [1–6]. Patellofemoral complications fol-
lowing TKA are a common cause of patent dissatisfaction. 
We have been performing routine patellar surfacing, which 
is commonly recommended in TKA [7, 8].

Patellar motions from extension to flexion are influenced 
by the geometry of the femoral condyles, the femorotibial 
angle, the balance of the medial and lateral components of 
the quadriceps and the design of TKA components [9–12]. 
The component design and material choice for TKA appear 
to affect knee performance, survival rate of the components 

and potential complications. Dome, offset dome, modified 
dome and anatomic are commonly used types of patellar 
component design configurations. Medialization during 
installation of patellar component does not require lateral 
retinacular release [13]. In a previous review, an eccentri-
cally shaped dome or an anatomic low contact stress device 
patellar component was preferred [14]. However, it is contro-
versial which patellar component design is better for patellar 
kinematics when performing TKA with patellar resurfac-
ing. In TKA, patellar tracking was often checked using trial 
patellar components. Evaluation of patellar kinematics is 
needed to confirm patellar tracking. We hypothesize that 
differences in patellar component designs influence patellar 
kinematics even when used with the same femoral and tibial 
components. Previous studies of patellar kinematics used 
cadavers or models of the patellofemoral joint for evalua-
tion [11, 12]. The purpose of this study is to identify, dur-
ing TKA surgery, the effect of different patellar component 
designs on patellar kinematics within the living body of the 
same patients.
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Materials and methods

Patients

We prospectively enrolled 84 patients (84 knees) with osteo-
arthritis who underwent TKA by the same surgeon in our 
hospital. All patients provided written informed consent 
before enrollment in this trial. The inclusion criteria for this 
study included patients who were able to walk and fulfilled 
the criteria for knee osteoarthritis (OA) of the medial femo-
rotibial joint. All patients had radiographic OA with Kell-
gren–Lawrence grade 2 to 4 evaluated by anteroposterior 
X-rays in the standing position [15]. The exclusion criteria 
included patients who had bilateral TKA or who had under-
gone joint arthroplasty in the hip and/or ankle joint.

We conducted this study following the principles of the 
Declaration of Helsinki. Informed consent was obtained 
from all patients. This research has been approved by 
the Institutional Review Board of the authors’ affiliated 
institutions.

Surgical technique

A standard TKA was performed using the ATTUNE® Total 
Knee Posterior Stabilized System® (DePuy Synthes, USA). 
All TKAs were performed using a medial parapatellar 
approach. Distal femoral resection uses anatomic landmarks 
and plane X-rays to match the degree of normal femoral 
external rotation. For anterior and posterior femoral resec-
tions, the degrees of external rotation were determined using 
the posterior condylar axis and the trans-epicondylar axis 
by preoperative magnetic resonance imaging. For proximal 
tibial resection, the landmarks were the posterolateral and 

medial tibial plateaus. Tibial rotation was determined to by 
inserting an implant to ensure a midline tibial articulation. 
The cutting thickness of the patella necessary to maintain 
patellar thickness after cutting was measured using a vernier 
caliper before cutting. The usual amount of bone resection 
was equal to the thickness of the patellar component to be 
used. The patellar thickness was checked using a vernier 
caliper after cutting.

In the ATTUNE KNEE SYSTEM®, the patellar compo-
nents have a medialized dome patella and medialized ana-
tomic patella. The medialized dome type is offset by 3 mm 
medially (Fig. 1a, b). The medialized anatomic type is offset 
by 3 mm medially, a conforming lateral facet and a domed 
medial facet (Fig. 1c, d).

Intraoperative radiological data

After cutting femur, tibia and patella, the trial components 
and insert were installed. Subsequently, Kirschner wire was 
punctured into the patella and the capsule was sutured. The 
internal rotation angle, flexion angle and lateral tilt were 
measured intraoperatively during TKA surgery using offset 
dome-type and anatomic-type trial patellar components. We 
first measured the dome type of patellar trial component 
by intraoperative radiology. Then, the patellar trial compo-
nent was changed to the anatomic type and measured in the 
same way. The knee flexion angles were measured using a 
goniometer.

The types of patellar component designs for measuring 
patellar kinematics have been described previously [16]. The 
internal rotation angle (Fig. 2a) was measured on frontal 
view X-rays with the knee in extension (baseline) and with 
30°, 60°, 90° and 120° of knee flexion. The rotation angle is 
the angle between the box line in the femoral component and 

Fig. 1   Dome-type and ana-
tomic-type patellar component 
shapes; anteroposterior view of 
dome type (a), lateral view of 
dome type (b), anteroposterior 
view of anatomic type (c) and 
lateral view of anatomic type 
(d)
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the Kirschner wire. The flexion angle (Fig. 2b) is measured 
on lateral view X-rays with the knee in extension (baseline) 
and with 30°, 60°, 90° and 120° of knee flexion. The flex-
ion angle is the angle between the cutting surface of the 
patella and anterior cutting surface of the femur. Lateral 
tilt (Fig. 2c) was measured on skyline view X-rays in 30° 
(baseline) of knee flexion and with 60°, 90° and 120° of 
knee flexion. The lateral tilt is the angle between the cut-
ting surface of the patella and a bi-condylar line across the 
femoral component.

Statistical analysis

The outcome measures were changes in internal rotation 
angle, flexion angle and lateral tilt from baseline at each 
angle of knee flexion. Comparisons of the changes in these 
measures between the dome-type group and anatomic-type 
components were made using paired t-tests. Statistical analy-
ses were performed using the R software package (http://

www.r-proje​ct.org/). p < 0.05 was considered to be statisti-
cally significant.

Results

The population included 12 men and 72 women, aged 
74.1 ± 8.4  years. The valgus angle and external rota-
tion angle of the femoral component were 6.3 ± 0.7° and 
4.1 ± 0.9°, respectively.

Changes from baseline in the internal rotation angle 
of the dome and anatomic types were 0.38 ± 3.24 
and − 0.07 ± 3.86° at 30° of knee flexion (p = 0.410), 
− 0.10 ± 4.60 and 0.03 ± 5.16° at 60° of the knee flexion 
(p = 0.871), 0.03 ± 6.85 and 0.12 ± 6.11° at 90° of knee flex-
ion (p = 0.925) and 1.71 ± 6.82 and − 0.33 ± 6.09° at 120° 
of knee flexion (p = 0.042), respectively (Fig. 3a). Changes 
from baseline in the flexion angle of the dome and ana-
tomic types were 15.2 ± 11.5 and 13.8 ± 12.1° at 30° of knee 

Fig. 2   Measurement of internal 
rotation angle (a), flexion angle 
(b) and lateral tilt (c)

http://www.r-project.org/
http://www.r-project.org/
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flexion (p = 0.429), 27.9 ± 12.2 and 25.7 ± 14.6° at 60° of 
knee flexion (p = 0.296), 40.4 ± 14.9 and 34.9 ± 16.8° at 90° 
of knee flexion (p = 0.026) and 53.4 ± 16.9 and 44.8 ± 19.8° 
at 120° of knee flexion (p = 0.003), respectively (Fig. 3b). 
The changes from baseline in the lateral tilt of the dome and 
anatomic types were 3.02 ± 6.16 and 0.80 ± 3.69° at 60° of 
knee flexion (p = 0.009), 3.66 ± 8.47 and 1.77 ± 4.97° at 90° 
of knee flexion (p = 0.104) and 4.60 ± 8.75 and 2.50 ± 5.26° 
at 120° of knee flexion (p = 0.082), respectively (Fig. 3c).

Discussion

This clinical study examined the influence on the patellar 
kinematics of two different patellar component designs in 
the same patients during surgery. The change of internal 
rotation angles from baseline nearly reached a plateau at 30°, 
60° and 90° of knee flexion for both types of components. 
However, at 120° of knee flexion, the change of the internal 
rotation angle with the dome type was much greater than for 
the anatomic type. The flexion angles of the patella increase 
as the knee flexes when using either the dome-type or 

anatomic-type design. However, the change of flexion angles 
from baseline was significantly less with the anatomic-type 
component than with the dome type at 90° and 120° of knee 
flexion. The lateral tilt of the patella with the dome-type 
component was unstable, but lateral tilt was stable with the 
anatomic-type component. Therefore, differences in patellar 
component design affect patellar kinematics.

Patellar kinematics is also affected by various factors such 
as position of the femoral, tibial and patellar components, 
the joint line and quadriceps force. Specifically, patellar 
resurfacing and thickness may influence patellar kinemat-
ics. In a cadaver study using middle-aged donors, the influ-
ence of patellar thickness on patellar rotation and patellar 
flexion was not significant when 8–12 mm of the patella 
was resected. On the other hand, in the intact cadaver knee, 
patellar internal rotation was increased through 0°–75° of 
knee flexion and plateaued through 75°–105° of flexion. 
Patellar flexion increased through 0°–105° of knee flexion. 
Patellar medial tilt increased though 0°–15° of knee flex-
ion, decreased to about baseline at 15°–45° of knee flexion 
and plateaued near baseline from 45°–105° of knee flexion 
[16]. In cadaveric knees, the lateral translation of the patella 

Fig. 3   The changes from baseline in the internal rotation angle (a), flexion angle (b) and lateral tilt (c) of dome type and anatomic-type compo-
nents
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increased when knee flexion exceeded 30° [17]. This result 
was similar to the results with both types of component used 
in this study. However, lateral tilt of the dome type was large 
compared with that of the anatomic type of component. This 
result demonstrates that the dome type had larger medial 
and lateral contact area than the anatomic type of compo-
nent [18]. Based on our results in the patient knee, patellar 
rotation with the anatomic-type component is more similar 
to the intact cadaver knee than the dome-type component. 
Patellar flexion in both types of component is similar to the 
intact cadaver knee, whereas patellar tilt deviates from the 
intact cadaver knee for both types of components.

The anatomic type of patellar component is square and 
thick from proximal to distal and has a conforming lateral 
facet and a domed medial facet. We hypothesize that the lat-
eral facet is related to medial–lateral stability, and the thick-
ness from proximal to distal is related to flexion stability. In 
previous reports using a dynamic finite element model of the 
patellofemoral joint [18, 19], the kinematics of the patella 
in rotation and flexion were similar to our results for both 
dome and anatomic types of component. However, there 
were slight differences in lateral tilt reported previously and 
in this study for each angle of knee flexion. We assume that 
the difference in muscle tension between the living body and 
the assumptions made in the dynamic finite element model 
is responsible for the difference in the results.

This study has some limitations. First, the sample size 
is small, so larger samples are needed to evaluate a more 
exact relationship between patellar kinematics and the dif-
ferences in patellar component design. The differences of 
groove design in the femoral component and patellar compo-
nent design both affect stress distribution [20]. Therefore, in 
the future, clinical outcomes will be necessary for improved 
evaluations of patellar component design. Second, intraop-
erative radiological measurements were performed with the 
patient under general anesthesia. Therefore, the results of 
this study are not necessarily the same as those that might 
occur during daily activity. Despite these limitations, our 
study is the first to evaluate intraoperatively the relation-
ship between patellar kinematics and differences in patellar 
component design in the same patient.

In conclusion, this study revealed that differences in 
patellar component design affect patellar kinematics. There-
fore, different patellar component designs may affect patellar 
stability. We believe that the ideal design of the patellofem-
oral articulation still is not known. We hope these results 
clarify the pathomechanics of the patellofemoral joint after 
TKA and will inform the choice of patellar component used 
in TKA.
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