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Abstract
Purpose The influence of cruciate-ligament-retaining
(CR-TKA) and cruciate-ligament-substituting (CS-TKA)
TKA on tibiofemoral kinematics was analysed in many
investigations. However, the influence on patellar kine-
matics is unclear so far. The aim of this study was to
compare patellar kinematics of the natural knee with
those after CR- and CS-TKA.
Methods Patellar kinematics of nine healthy whole-body ca-
daveric knees before and after CR- and CS-TKAwas investi-
gated using a commercial optical computer navigation system.
Patellar kinematics of the healthy knee was compared with
those after CR- and CS-TKA.
Results No significant difference between the natural knee
and the knee after TKA or between both types of TKA for
patellar kinematics could be found. Interestingly, both types of
TKA resulted in a more medial patellar shift and a contrary
patellar tilt and rotation behaviour. CR- and CS-TKA resulted
in smaller values for patellar epicondylar distance at all flexion
angles.
Conclusions Our study found no influence of prosthesis type
on patellar kinematics. Factors like component alignment and
prosthesis design seem to be more important in terms of ade-

quate restoration of patellar kinematics in TKA than whether
choosing CR- or CS-TKA.
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Introduction

Post-operative anterior knee pain is one of the remaining ma-
jor complications after total knee arthroplasty (TKA). Recent
cadaveric and biomechanical investigations contribute anteri-
or knee pain and patellar maltracking primarily to femoral and
tibial component malalignment [1–9]. Moreover, frequency
and severity of anterior knee pain after TKA is influenced
by greater forces upon the patellofemoral joint caused by ab-
normal sagittal gait patterns [10, 11]. The influence of
cruciate-ligament-retaining (CR-TKA) and cruciate-
ligament-substituting (CS-TKA) TKA on tibiofemoral kine-
matics has been analysed in many recent investigations, and
significant differences between both types of TKA have been
demonstrated [12, 13]. CS-TKA showed a greater mean pos-
terior displacement of tibiofemoral contact points, and for-
ward displacement of the tibiofemoral contact areas could be
found more frequent in CR- than in CS-TKAs. However, the
influence of CR- and CS-TKA on patellofemoral kinematics
is unclear. The aim of this investigation was to compare pa-
tellar kinematics in the natural knee and in knees with a CR-
and CS-TKA. Based on the above-mentioned investigations,
we hypothesised that altered tibiofemoral contact points due to
the use of either a CR- or CS-TKA significantly changes
patellofemoral kinematics compared with those of the
natural knee.

This work was performed at the Department of Orthopedic Surgery at the
Medical University of Regensbur/Germany.
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Material and methods

Lower limbs of nine Thiel-embalmed whole-body cadavers
were used for this investigation. All knees were free of gross
arthritic deterioration, severe alignment deviation or dysplasia
and had no history of surgery or injury. Patellar kinematics
[mediolateral shift (mm): medial +, lateral −; axial tilt (°):
medial −, lateral +; rotation (°): medial +, lateral −;
epicondylar distance (mm): distance between patella and an-
atomical transepicondylar axis] were investigated using a
commercial optical computer navigation system (Knee Patella
Tracking Software, BrainLAB; Feldkirchen, Germany) before
and after standard fixed-bearing CR- and CS-TKA.

Surgical procedure

After performing a standard midline skin incision, a medial
parapatellar approach was conducted. The joint capsule of
each knee was marked at four defined locations with a water-
proof pen (3-cm proximal to the superior patellar tip, at the
medial proximal patellar edge, centrally at the medial patellar
edge and at the medial distal patellar edge) to ensure subse-
quent anatomic closure. Reference arrays for the navigation
system were attached to the proximal tibia and distal femur.
The femoral array was attached through an additional 1-cm
incision to avoid soft tissue tension while performing the mo-
tion cycle. After referencing the hip centre by circumduction,
the standardised landmarks (femoral epicondyles, femoral en-
try point, medial and lateral malleolus, tibial plateau magni-
tude, eminentia intercondylaris) were acquired to define the
femoral and tibial coordinate system. Afterwards, femorotibial
kinematics were measured by using the navigation system.
The line connecting the middle of the posterior cruciate liga-
ment (PCL) to the medial edge of the patellar tendon onset
(tibial tubercle) was defined as the tibial anteroposterior (AP)
axis according to Akagi [1]. Subsequently, the patellar array
(BrainLAB; Feldkirchen, Germany) was fixed onto the front
of the patella with a small screw, as recommended by the
manufacturer. The most medial, superior and inferior edge
and the most prominent point at the posterior articular ridge
of the patella were registered to define the patellar coordinate
system. After anatomical closure of the joint capsule at the
prior defined locations, the natural patellar kinematics and
relative orientation between femur, tibia and patella was re-
corded. The lower extremity was placed free onto a continu-
ous passive motion machine in a straight position without
muscle load to simulate intraoperative conditions. Three mo-
tion cycles were performed while patellar kinematics were
measured every 10° between 0° and 90° of flexion (Fig. 1).
Subsequently, the measurement of patellar kinematics was
repeated after implanting the trial CR and thereafter the CS
prosthesis of the same geometry and same manufacturer (PFC
Sigma, cruciate retaining/ cruciate substituting, fixed-bearing

inlay; DePuy,Warsaw, IN, USA) in equal coronal, sagittal and
axial alignment; in the frontal plane, cuts were performed
perpendicular to the femoral and tibial mechanical axis. Fem-
oral rotation was set to standardised 3° of external rotation
related to the femoral posterior condylar line. Rotational align-
ment of the tibial tray was set to the above-mentioned Akagi
line and was fixed using centrally placed screws. Rotational
alignment of the tibial tray was the same in both CS- and CR-
TKAs. No ligament release was necessary due to healthy
knees, and the joint line could be restored in every knee using
the navigation system. Thereafter, a bony resection of the
patella was performed to resect 9 mm off the natural thickness
using a calliper. Subsequently, patellar resurfacing was per-
formed with a 9-mm inset oval dome component (PFC Sigma;
DePuy). The dome component was placed centrally and the
best-fitting dome patella was used; size 38 was used in six and
35 in four cases. Prior patellar kinematics were registered, and
each time, accuracy of the desired position of the femoral and
tibial component was verified using the navigation system and
adapted if required.

Statistical analysis

In the figures, error bars represent one standard error (SE).
Student’s t test for paired samples andWilcoxon’s signed-rank
test for not normally distributed data was used to deter-
mine statistical significance. A p value of <0.05 was
considered to indicate statistical significance. Power
analysis was done post hoc for paired samples using
the standard deviation (SD) of the difference between
compared groups. All values are reported for a power
of 0.90. Analyses were performed using SPSS Statistics
21.0 (IBM, Chicago, IL, USA).

Results

Mean values of patellar kinematics were analysed relative to
the femoral coordinate system before and consecutively after
implantation of the CR and CS trial components. The study

Fig. 1 Experimental design. Measuring patellar kinematics on a
continuous passive motion machine

732 International Orthopaedics (SICOT) (2016) 40:731–735



had the power to detect a difference of 0.7–1.5 mm and 1.5–4°
between the natural knee and the TKAs and to detect a
difference of 0.5–1.0 mm and 2.5–3.5° between the two
types of TKAs.

Mediolateral shift

The natural knee and both types of TKA showed a constant
increase in medial patellar shift from 20° to 90° of flexion.
Interestingly, in early flexion angles, the natural knee and the
CS-TKA showed an initial lateral patellar shift, while the CR-
TKA showed a constant increase from the beginning.
There was a tendency for the patella to be more medial
relative to the femoral matrix in the presence of the
TKA compared with the natural knee; however, this
did not reach statistical significance. Although patella
of the CS-TKA showed a more “natural” tracking be-
haviour, no significant difference between both types of
TKAs could be detected (Fig. 2).

Epicondylar distance

Epicondylar distance in the natural knee and the knee after
either CR- or CS-TKA showed a nearly linear decrease with
flexion. Both types of TKA resulted in smaller values for
patellar epicondylar distance at every flexion angle. No sig-
nificant difference, whether between the natural knee and knee
after TKA or between the CR- and CS-TKA could be
detected (Fig. 3).

Rotation

In contrast to TKA patellas, that of the natural knee rotated
more externally, from 40° to 90°, of flexion. Patellae of both
types of TKA showed a similar rotation behaviour from 40° to

90° of flexion, whereas the CR-TKA resulted in a more exter-
nally rotated patella, from 0° to 40° of flexion, compared with
the natural knee and the CS-TKA. However, no significant
difference between TKAs and between TKAs and the natural
knee were found (Fig. 4).

Tilt

The natural preoperative knee showed a nearly linear increase
in lateral patellar tilt throughout flexion. The CR-TKA
showed a more lateral tilt at every flexion compared with the
natural knee, with a relative increase from 10° to 40°, and a
decrease from 40° to 90° of flexion. Interestingly, the CS-
TKA resulted in a more medial patellar tilt during the entire
motion cycle. Again, no significant differences between
groups was found (Fig. 5).

Fig. 2 Mean patellar mediolateral shift in the natural knee, the cruciate-
ligament-retaining (CR-) and the cruciate-ligament-sparing (CS) total
knee arthroplasty (TKA) (medial +, lateral −)

Fig. 3 Mean epicondylar distance during motion cycle in the natural
knee and after cruciate-ligament-retaining (CR-) and cruciate-ligament-
sparing (CS) total knee arthroplasty (TKA)

Fig. 4 Mean patellar rotation in the natural knee and after cruciate-
ligament-retaining (CR-) and the cruciate-ligament-sparing (CS) total
knee arthroplasty (TKA) (medial −, lateral +)
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Discussion

Most importantly, this study demonstrates that there is no
significant difference in patellofemoral kinematics between
CR-TKA and CS-TKA. Furthermore, compared with both
types of TKA, a more lateral patellar shift during the flexion
cycle was noticeable in the natural knee, even though this
effect did not result in significant values. This could be as-
cribed to either a more medially placed femoral component or
to the centralised trochlea groove of the femoral component,
which differ from the natural trochlea groove. No significant
difference for patellar epicondylar distance and patellar rota-
tion between both types of TKA and the natural knee was
found. CR-TKA and CS-TKA showed similar results for these
two patellar kinematic parameters. Patellar epicondylar dis-
tance decreased after both types of TKA, which might reflect
a difference in trochlea shield compared with the natural knee.
Interestingly, compared with the CS-TKA, which showed a
similar patellar rotational behaviour, the CR-TKA showed a
more externally rotated patella, from 0° to 40° of flexion. This
effect also might indicate an increased femoral anterior shift in
the CR-TKA compared with the CS-TKA in early flexion
angles. However, this possible effect could not be demonstrat-
ed with statistical significance. So far, there is no literature to
support these findings. For patellar tilt, the CR-TKA showed
mean values more similar to the natural knee compared with
the CS-TKA but again without statistical significance. Inter-
estingly, CR-TKAs showed a contrary tilt behaviour with a
decrease in lateral patellar tilt in higher flexion angles. This
might have occurred due to an increased anterior femoral shift
compared with the CS-TKA. To the authors’ knowledge, there
is no other study in literature investigating a possible influence
of CS-TKA and CR-TKA on patellofemoral kinematics. We
found only a few studies dealing with the effect of sagittal
knee joint loading on patellar kinematics and the incidence

of anterior knee pain after TKA. Smith et al. [10] state in their
clinical investigation that frequency and severity of anterior
knee pain after TKA correlates with higher sagittal forces on
the patellofemoral joint. In a fluoroscopic investigation, Stiehl
et al. [14] found a more superior patellofemoral contact and
higher sagittal patellar tilt angles in TKA patellae compared
with normal knees. Takeuchi et al. [15] studied the
patellofemoral contact in six cadavers, each with a different
type of TKAs, and found different superior and inferior sagit-
tal patellofemoral contact areas. Patellar ligament rotation,
which describes the angle between the patellar tendon and
the longitudinal axis of the tibia, was lower in TKAs than in
natural knees, which may reflect anterior translation of the
femur in TKAs at higher flexion angles. Li et al. [16] demon-
strated that an increase in posterior tibial translation is accom-
panied by an increase in contact pressure in the patellofemoral
joint. Furthermore, Waslewski et al. [17] found an improve-
ment in pain, effusion and stability after revision to a CS
implant in patients with CR-TKA and deficiency of the
PCL. A greater and more consistent posterior displacement
of the tibiofemoral contact areas (rollback) was seen in the
CS compared with the CR TKAs in a prospective study
conducted by Victor et al. [13], which explains the
higher mean flexion in CS-TKA [12]. Although the
above-mentioned results of recent studies indicate a
more anterior shift of the tibiofemoral contact areas in
CR-TKAs compared with CS-TKAs, which suggests an
impact on patellar kinematics, our study found no sig-
nificant difference in patellar kinematics between both
types of TKA.

Our study has some limitations. First, patellar kinematics
were measured without muscle force using passive range of
motion on a passive motion machine. However, data were
collected using healthy cadaveric knees still attached to the
torso. Moreover, Masri and Mc Cormack [18] reported that
patellar kinematics are not strongly influenced by quadriceps
contractions compared with passive motion. The PCL in this
study was intact; the influence of TKAs with a deficient PCL
on patellofemoral kinematics would have been desirable but
could not be realised in this study. In the natural knee, refer-
ence points on the patella need to be registered after
arthrotomy. Hence, patellar tracking of the natural knee was
measured after anatomical closure of the capsule. However,
defined marks were set to achieve similar tensionless anatom-
ical closure for patellar tracking before and after TKA, and
measurements were performed under similar conditions.
Closure and reopening of the arthrotomy and motion
cycle on the passive motion machine was conducted
with great care due to possible deterioration of the cap-
sule. Furthermore, using CR- and CS-TKA components
from one manufacturer might have produced unique pa-
tellar kinematics that would not be transferable to knees
resurfaced with other implants.

Fig. 5 Mean patellar tilt throughout flexion in the natural knee and after
cruciate-ligament-retaining (CR-) and the cruciate-ligament-sparing (CS)
total knee arthroplasty (TKAs) (medial −, lateral +)
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Conclusion

No difference in patellar kinematics between CR- and
CS-TKA could be found in our investigation. Results
suggest that femoral and tibial component alignment
and trochlea shape are more important for adequate res-
toration of patellar kinematics than whether to use CR-
or CS-TKA.
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