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Contact Stress Analysis of the Conforming
Post-Cam Mechanism in Posterior-Stabilized Total
Knee Arthroplasty
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Abstract: The present study evaluated the effects of extent of conformity of post-cam
design on contact area and stress at posi-cam mechanism using 4 dilferent posterior-
stabilized prostheses. TRAC and Alpina with full-conformed post-cams exhibited the
largest contact area at 90° and 120°. PFC sigma RPF with partial conformed post-cam
had the largest contact area at 150, Scorpio NRG with less conformed post-cam had
smaller contact area than the others. Lilting ol lemoral component decreased conac
arca and increased contact stress of TRAC and Alpina. Recent modifications of post-
cam design have increased contact area. contributing to lower contact stress. None of
these prostheses exhibited constant low contact stress throughout flexion. Further
maodifications of post-cam mechanism are necessary to provide lower contact stress
throughout deep knee flexion. Key words: post-cam, posterior-stabilized, con-
formity, contact stress, tnal knee arthroplasty, polyethylene.
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Since its introduction in the mid 1970s [1], poster-
ior-stabilized total knee arthroplasty (PS-TKA) has
been widely used for patients requiring primary and
revision TKA. Long-term follow-up studies have
reported satisfactory results [2.3]. The complications
of the post-cam mechanism, however, including
dislocation of the knee and [racture or severe wear
of the post were reported [4-9). In some retricval
analyses, post damages were found both anteriorly
and posteriorly involved in hyperextension and
hyperflexion respectively.
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Surgical techniques and rehabilitation programs
have been improved to achieve a greater range ol
movement than 130° to meet the needs of patients
who perform deep knee flexions. such as squatting
and kneeling. as part of their daily activities | 10]. The
design of TKA should be modified to achieve the
endurance of prosthesis even with deep knee flexion.

A number of biomechanical studies have demon-
strated the generation of a high anteroposterior
shear force at the tibiofemoral joint during deep
knee flexion [11-16]. In our previous study [17],
very high contact stress was applied to the post-cam
interface, revealing that the shape and apical
orientation of the cam alfects comact stress sig-
nificantly. It is reported that high contact stress
results in the increasing amount of polyethylene
wear in knee wear simulator [18,19]. Therefore, low
contact stress is one of the major factors that
contribute to prevent polyethylene wear [20-22].
A large contact area and high conformity of the post-
cam interface would be necessary 1o reduce wear
problems. Recently, many of post-cam designs have
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been modified 10 contain a larger contact area. 1l is
important 10 analyze the effecs of the conforming
post-cam mechanism on the contact stress gener-
ated under ameroposterior force with and without
lift-off motion, which occurs in deep knee [lexion
after PS-TKA and causes eccentric loading and
premature wear of polyethylene. Many kinematic
analyses have demonstrated high and uneven
loading applied to the tibiofemoral articular surface
with condylar lifti-off during knee bending [23-26].
Therefore, primarily, the tibiofemoral articular sur-
face has been modified to reduce edge loading
during deep knee flexion. However, the effect of
condylar lift-off on contact characteristics of post-
cam mechanism should also be evaluated.

This study was designed to evaluate the effects of
the extent of the conformity of the post-cam design
on the contact area, stress, and location at the post
and cam mechanism of PS-TKA, with or without
lift-off motion. Four different prosthesis designs
were compared, We hypothesized that design
characteristics would affect the contact area and
stress at each angle of flexion, and lift-off motion
alters the loading patiern of each post-cam design. A
post-cam interface with a higher degree ol con-
formity could reduce the contact stress of the post-
cam mechanism.

Materials and Methods

We analyzed the TRAC (Biomet, Warsaw, Ind;
size 60 femoral component, size 60 tibial compo-
nent), the Alpina (Biomet; size 5 femoral compo-
nent, size 5 tibial component), the PFC sigma RPF
(Depuy, Raynham, Mass; size 2 femoral compo-
nent, size 2 tibial componeni), and the Scorpio
NRG (Stryker, Allendale, NI; size 7 femoral
component, size 5 tibial component) PS-TKAs
{(Figs. 1-4 respectively). Design feature and size
variation are shown in Tables 1 and 2. The
experimental method we reported previously
[17] was used in the present study. The femoral
components were attached to a fixture that
provided a flexion range of 90°, 120° or 150°
The tibial component was implanted into a block
of metal in the neurral position. The femoral and
tibial fixtures were then mounted into a parallel-
link 6-axis acruator.

A compressive posterior load of 500 N was applied
to the tibial component against the femoral compo-
nent parallel to the tibial base plate. The applied load
of 500 N was determined according to the biome-
chanical study of Nagura et al [15]. The position of
the femoral component in the sagittal plane was

Fig. 1. The TRAC prosthesis. This unit has a fully
conforming post-cam mechanism,

adjusted until both the medial and lateral femoral
condyles contacted the tibial articular surfaces. A
digital electronic stress sensor (K-Scan sensor,
Tekscan Inc, Boston, Mass) was used to detect
contact areas and measure contact stresses, placed at
the post-cam interface. The sensor has 2 separate
sensing areas; each one is 33 x 28 mm and 0.1 mm
thick and consists of 26 conductive rows and 22
columns whose intersection points form the sensing
location. The device senses the location, timing, and
pressure distribution of any contact 0 to 55 MPa
with a coating material that varies its clectrical
resistance with force. An IBM desktop computer
connected 1o the sensor recorded the stress at each
intersection. The accuracy of this system has been
previously evaluated |27-29]. Measurements were
carried out at 90°, 120°, and 150° flexion using the
TRAC, Alpina, PFC sigma RPF, and Scorpio NRG
components. Measurements were performed
5 times for each component to permit calculation
of the variance across the testing conditions. Peak
contact stress, defined as the highest stress of all
sensing locations, as well as the mean contact stress
and contact area were calculated automatically by
the Tekscan software. The center of contact area was
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Fig. 2. The Alpina prosthesis. This device has a spherical-
shaped post, whereas the post-cam mechanism con-
forms fully.

also determined. The distance from the deepest part
of the tibial articular surface to the center of the
contact area was delined as the contact location.
Then, contact area and contact stress were measured
again while lifting both medial and lateral femoral
condyles 3 mm [rom the tibial articular surface at
120° of flexion using the TRAC, Alpina, PFC sigma
RPF, and Scorpio NRG components.

The contact areas, mean and peak contact stresses,
and contact locations were compared between the
prostheses at cach flexion angle: contact area and
stresses with and without femoral condylar lift-off at
120° of flexion were also compared. Statistical
significance was evaluated by analysis of variance
and a post hoc Schelfe [ test, Values of Pless than .05
were regarded as significant.

Results
Contact Area

The TRAC and Alpina components exhibited the
largest contact areas at 90° of 67.7 and 73.9 mm’?,
respectively; these values were significantly larger

than those of the other prostheses (P <.001) (Fig. 5).
The TRAC and Alpina units had decreased contact
areas at 120° and 150°, although these components
still had larger comact areas than the others at 120°
(P < .001). The contact areas of the PFC sigma RPF
increased with flexion, then the PFC sigma RPF had
the largest contact area of all of the prostheses at
150° (81.6 mm?) (P < .001). The Scorpio NRG had
smaller contact area than the other units. The
Scorpio NRG showed the smallest contact area of
all of the units at 120° (30.0 mm?) (P < .001),
although displayed increased contact area at 150°.

Mean Contact Stress

Mean contact stress demonstrated an opposite
trend as contact area. The TRAC and Alpina units
had contact stresses at 90° of 6.7 and 7.3 Mpa,
respectively, which were significantly lower than
those of the other prostheses (P < .001) (Fig. 6). The
TRAC and Alpina components exhibited increased
contact stresses at 120° and 150°. These units still
had lower contact stresses than the other units at

Fig. 3. The PFC sigma RPF prosthesis. The cam is in a
distally apex shape, with a relatively flat surface from the
posterodistal part to the posterior part.

== 19—
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Fig. 4. The Scorpio NRG prosthesis. The cam of this
unit has oval shape and a relatively large radii of
curvalure posteriorly,

120° (P < ,001). The PFC sigma RPF exhibited
decreased contact stress with increasing flexion,
displaying the lowest contact stress of all of the units
(6.1 MPa) at 150° (P < .001). The Scorpio NRG
demonstrated a similar stress pattern as the PFC
sigma RPF, although the comtact stresses were
higher than the other prostheses at 120° (16.7
MPa) (P = .001).

Peak Contact Stress

The peak contact stress from 17 1o 47 MPa was 2-
to 3-fold as high as the mean contact stress at the
same angle of flexion (Fig. 7). At 90° and 120°, the
TRAC and Alpina components had the lowest
contact stresses, measuring less than 18 MPa,
which was significantly lower than those of the
other units (P < .001). At 150°, the PFC sigma RPF
exhibited the lowest contact stress of 19.8 MPa,
which was significantly lower than those of the
other prostheses (P < .001). The peak contact stress
of the Scorpio NRG increased at 120° to the highest
contact stress measured for all of the prostheses (P <
.001); the stress measurement, however, decreased
at 150°.

Contact Location

Significant differences were observed in the
contact locations of each prosthesis at cach angle
of flexion (Fig. 8). The TRAC component exhibited
the highest contact location at 90° and 150° (P <
.001). At 90°, the comtact location of the TRAC was
13.1 mm, moving to 14.2 and 14.6 mm at 120° and
150°, respectively. The contact location of the Alpina
at both 90° and 120° was 9.7 mm, moving to 8.7 mm
at 150° The contact location of the Scorpio NRG
peaked ar midflexion, with measurements of 12.0,
15.1, and 13.1 mm at 90° 120° and 150°
respectively. In contrast, the contact location of the
PFC sigma RPF bottomed at the midflexion, and this
device possessed the lowest contact locations at all
angles of flexion (£ < .001). The contact location of
the PFC sigma RPF was 7.1, 6.4, and 7.3 mm at 90°,
120°, and 150°, respectively.

Effect of Femoral Condylar Lift-Off

With a femoral condylar lift-off of 3 mm, the
contact area of the TRAC decreased significantly
from 61.3 to 44.2 mm?® whereas the Alpina
decreased from 58.7 10 36.5 mm? (Fig. 9). The
mean and peak contact stresses of these components
with lift-off exhibited significant increases [rom
those of the original measured positions (Figs. 10
and 11). The Scorpio NRG demonstrated slight
decrease in contact area and slight increase in the
mean contact stress with lift-off (Figs. 9-11). The
PFC sigma RPF unit did not show any significant
changes in either contact area or stress.

Discussion

The post-cam mechanism plays one of the most
important roles in knee flexion aflier PS-TKA,
facilitating motions similar to normal knees, such
as femoral rollback. Recently, complications of the
post-cam mechanism, such as fracture, severe
wear of the post, and dislocation of the knee
have been reported [4-9). In a retrieval analysis of
23 components that had been implanted for a
mean of 35.6 months, Puloski et al [9] concluded

Table 1. Design Feature of the Prostheses

PFC sigma

TRAC Alpina RPF Scorpio NRG
Design of the  Round  Round Curve Curve
st
Design of the  Round  Round Curve Oval
cam
Conformity Full Full Partial Partial
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Table 2, Size Variation of the Prostheses

TRAC Alpina PFC sigma RPF Scorpio NRG
Post height  Post widih Post height  Post widith Post height  Post width Post height  Post width

Size (mm}) (mmj) Shze (mmj (mmj) Size (mmj) (mmj Size (mm) (mmy)
55 183 15.2 1 15 12 i 15.5 14.1 i I18.8 16.3
60 18.3 173 3 16 13 L5 15.8 14.1 4 188 16,3
65 18.3 17.3 5 17 14 2 17.6 14.1 § 188 16.3
70 18.3 17.3 7 18 14.5 2.5 179 14.1 L] i858 6.8
75 183 17.3 9 19 15 3 17.9 14.1 7 18.8 16,8

11 20 6 4 2.7 163 8 I8.8 6.8

13 21 17 9 18.8 lo8

that the post-cam articulation could be an additional
source of polyethylene wear debris, The variability
in wear patierns observed among the different
designs may be due to differences in the post-cam
configuration. Mauerhan [6] reported 5 patienis
with fractures of the post causing subluxation of the
femur. Of the 5 patients, 4 exhibited more than
130° [lexion after PS-TKA; these patients could
perform activities that involved kneeling and
squatting. Although anteroposterior force on the
tibiofemoral joint is not significantly increased
during the gait cycle. biomechanical studies have
demonstrated that the anteroposterior shear force
at this joint is increased during deep knee flexion
[11-16].

In this study. the 4 different post-cam designs
exhibited significant differences in the contact area
and contact stress a1 each flexion angle. The TRAC
and Alpina had fully conforming surfaces in the
sagintal plane (Figs. 1 and 2), displaying the same
trend in contact area and contact stress with
increasing angles of flexion. Although these devices
showed the largest contact area and lowest contact
stress from 90° o 120°, the contact area decreased
significantly at 150°. The cams of both the TRAC and

Contact area (mm2)

90° 120° 150°

BTRAC @Alpna BPFC sigma RPF  OScorpio NRG
Fig. 5. Comtact area (mm?) of each component.

Alpina units have round shapes with large radii of
curvature; as the flexion angle increases, the cam
partially loses contact with the post surface, These
findings may suggest that the post-cam shape of the
TRAC and Alpina components would exhibit beuer
wear performance in daily activities, such as stand-
ing up from a chair or climbing up and down siairs,
but are not suitable for squatting and kneeling
activities that require greater than 120° of knee
flexion. The post-cam mechanism of the PFC sigma
RPF unit conformed partially in the sagittal plane
(Fig. 3). This device increased comact area and
decreased contact stress with increasing knee
flexion, exhibiting the largest contact area and
lowest contact stress at the 150° angle, The cam of
the PFC sigma RPF is in a curved shape, with
increasing radii of curvature from the distal part 1o
the posterior pant (Fig. 3), which results in almost
full conformity between the post and cam at 150°,
These lindings suggest that the post-cam shape of
the PFC sigma RPF components would be suitable
for movements requiring 150° of knee flexion, such
as squatting. The Scorpio NRG had less of conform-
ing post-cam mechanism in the sagittal plane (Fig. 4).
The cam of the Scorpio NRG has oval shapes with a

Mean contact stress (MPa)

90° 120° 150°
Flezaon angle
BTRAC DaAlpma BFFCsigma RPF OScorpo NMRG
Fig. 6. Mean contact stress {MPa) of each component.
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Peak contact stress (MPa)

90° 120° 150°
Flexion angle
BTRAC DAlpina BPFC sigma RPF  DOScompio NRG
Fig. 7. Peak contact stress (MPa) of each component.

relatively large radii of curvature posteriorly. This
design feature is congruent with the high values of
contact stress in comparison to other prostheses.
However, none of the prostheses examined exhib-
ited constantly low contact stresses, the permissible
compressive yield strength of UHMWPE (10 MPa)
[30.31], throughout llexion.

Contact location is determined by multiple factors,
including the shape of the cam, the position of cam
attachment to the femoral component, and the
curvature of the posterior femoral condyle. Higher
contact point on the post is a risk factor of dislocation
of the cam when abnormal motion occurs [23]. The
contact location of the PFC sigma RPF remained
lower than the other prosthesis throughout flexion,
a [eature that is beneficial for avoiding excessive
stresses at the bone-implant interface and for
preventing dislocation of the cam or fracture of the
post. The total movements of the contacl location
during flexion for the TRAC, Alpina, and PFC sigma
RPF devices were 1.5, 1.4, and 1.6 mm, respectively,

e
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~@=TRAC -@- Alpmn  -#- PFC ugua RPF - & Scorpio NRG
Fig. 8. Distance (mm) from the center of the contact area

to the upper surlace of the tibia.

70

Contact armelmm?)
8 =B 2

J Li A w8 -
TRAC Alpna PFCsgnaRPF  Scorpo NRG
BNyl WLfoff
Fig. 9. Comtact area (mm?) of each component with
neutral and 3 mm lili-off of the femoral component at
1207 of flexion.

which were smaller values than that of the Scorpio
NRG (5.1 mm). The reduced movement of the
contact location could be advantageous in prevent-
ing delamination of the polyethylene and in avoid-
ing excessive wear. The concentration of contact
stress in one spot, however, generates creep
deformation, jeopardizing the longevity of the
polyethylene [32,33]. It is necessary to consider
both the sliding velocity and the contact stress when
predicting polyethylene wear [34]. Therefore, it will
be necessary 1o investigate the components under
dynamic conditions to evaluate the effect of contact
location on polyethylene wear,

The effect of femoral condylar lift-off on conact
stress is also important in investigating the post-cam
mechanism. Numerous kinematic analyses of the
knee have demonstrated that the femoral condylar
lift-off can occur during both normal gait and deep
knee flexion [23-26]. Dennis et al [24] performed a
fluoroscopic analysis of 20 patients after PS-TKA
(PFC design; Johnson & Johnson, Raynham, Mass),
revealing that femoral condylar lift-off was observed
at some increment of knee flexion in 80% PS-TKA.

Mean contact stress (MPa)

i e | =
Alpins PFC ugma RPF Scorpo NRG
BWHeutral  WLift-off
Fig. 10. Mean comaa siress (MPa) of each component
with neutral and 3 mm lift-off of the femoral component
at 120° of flexion.
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Peak contact stress (MPa)

Algna  PFCigna RPF  Scorpio N
B Neutral B Liftoff

Fig. 11. Peak comact stress (MPa) of each component with
neutral and 3 mm lift-off of the femoral component at
120° of flexion.
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The maximum value for lift-off was 2.7 mm at 90°
flexion. Argenson et al [23] also performed a
kinematic analysis of 20 patients who achieved an
average weight-bearing range of motion of 125°
after PS-TKA (LPS Flex; Zimmer, Warsaw, Ind).
They reported 40% of patients experienced femoral
lift-off, with a maximum value of 2.5 mm at
maximum knee flexion. We therefore examined
the contact stress of the post-cam interface under
the conditions of 3 mm femoral condylar lifi-off at
120° flexion in comparison to neutral setting. Our
study demonstrated that the TRAC and Alpina
units exhibited increased contact stress and
decreased comtact area with 3 mm of lift-off. Of
all of the prostheses, the TRAC and Alpina
displayed the greatest increments of contact stress
with lift-off. The configuration of the post-cam in
these prostheses conformed 10 a greater exient
than the other prostheses in the saginal plane (Figs. |
and 2). Therefore, these resulis indicated that
vertical motion of the femoral component, such as
that seen during lift-off, might lose conformity at the
post-cam interface, resulting in increased contact
stress. In contrast, the PFC sigma RPF and Scorpio
NRG prostheses did not exhibit remarkable changes
in either contact area or stress with lifting up of the
femoral component. The post-cams of these units
were less constrained in the proximal-distal direction
(Figs. 3 and 4). This design leature avoids excessive
stresses between the polyethylene insert and the
tibial baseplate during lift-off of the femoral
component.

One of the limitations of this study is that the tests
were performed under static conditions at only 3
angles. It remains possible that the post-cam designs
examined in this study may exhibit their highest
contact stresses at angles other than 90°, 120°, or
150° of flexion. Studies examining these units under

dynamic conditions are necessary 1o assess the force
distribution of the post-cam mechanism. Another
limitation of this study is that only a relatively low
force (500 N) [11,15,16] was used; forces applied 1o
the tibiofemoral articular surface were ignored. This
force was determined by previous biomechanical
studies. Large force would result in high contact
stress, but tendency of the data would not change
significantly. The prostheses used in this study has 5
10 7 size variations, but the size of the post does not
increase as the tibial size goes up in 3 of 4 prostheses
(Table 2). We did not completely march the A-Pand
M-L size of the components, but the second or third
smallest size was used, Therefore, we believe, the
size difference would minimally affect the resulis,
Three millimeters of lift-off motion was chosen
based on kinematic data of previous studies [23.24]
because we currently do not have kinematic data of
all the prostheses we tested. However, there is the
possibility that each of the prostheses might have
different lift-off motions. This is another limitation
of this study. Regardless of these shortcomings, we
believe that this study reveals important informa-
tion about the post-cam contact mechanism.

In conclusion, recent maodifications of the post-
cam designs used in PS-TKA have increased the
contact area and conformity, which may contribute
to a lower contact stress during deep knee [lexion. In
this study, however, none of the prostheses exam-
ined exhibited consistently low contact stresses
throughout flexion. In addition, the contact stresses
of the post-cam interface increased significantly
with femoral condylar lift-off in a number of the
prostheses. Further modification of the post-cam
mechanism is necessary to provide lower risk for
polyethylene failure in the knee with over flexion.
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Evaluation of impingement of the anterior
tibial post during gait in a posteriorly-
stabilised total knee replacement

Mechanical fail .

of wear or fracture of the polyethylene tibial post in posteriorly-

stabilised total knee replacements has been extensively described. In this study of 12
patients with a clinically and radiologically successful NexGen LPS posteriorly-stabilised
prosthesis impingement of the anterior tibial post was evaluated in vivo in three dimensions
during gait using radiologically-based image-matching techniques.

Impingement was observed in all images of the patients during the stance phase,
although the NexGen LPS was designed to accommodate 14° of hyperextension of the
component before impingement occurred. Impingement arises as a result of posterior
translation of the femur during the stance phase. Further attention must therefore be given
to the configuration of the anterior portion of the femoral component and the polyethylene
post when designing posteriorly-stabilised total knee replacements.

Kinematic analysis of many designs of total
knee replacement (TKR) with subjects per-
forming various functional activities is now
available."* Most of these fluoroscopic stud-
ies have focused on the movement of the fem-
oral component relative ro the ribial tray.
There is very lirtle information about the rel-
ative movement berween the femoral compo-
nent and the polyethylene tibial insert,
especially regarding impingement of the ante-
rior post. Patients with a TKR may extend
their knees during gait,” with contacr of the
anterior tibial post.'

Flexion of the femoral component and/or
the posterior tibial slope allow impingement of
the femoral cam on the anterior aspect of the
tibial post.”'* However, in many cases with
severe wear or fracture of the tibial post, no
specific malposition or malalignment of either
the femoral or the tibial components could be
identified.'*" Without relative hyperexten-
sion of the implant, posterior translation of the
femur relative to the tibia could result in
impingement against the anterior post. The
position of the femur relative to the tibia near
full extension is determined by the surface
geometry of the articular components, the
cam-post mechanism, and the quadriceps force
under weight-bearing conditions.'® The tibial
post may function as a substitute for the ante-
rior cruciate ligament (ACL) by providing
anterior stability of the knee in low degrees of
flexion.

The main purpose of this study was to deter-
mine whether the intercondylar notch of the
femoral component impinges on the anterior
aspect of the tibial post during gairt with a
posteriorly-stabilised TKR  using  high-
resolution dynamic flat-panel detector images.
The secondary purpose was to observe whether
there was a correlation between the sagirtal
alignment of knee prostheses and the impinge-
ment on the anterior post under dynamic
weight-bearing conditions.

Patients and Methods

A total of 12 patients who had a good outcome
following TKR were included in the study fol-
lowing informed consent and approval from the
institutional review board. There were two men
and ten women with a mean age of 73 years (67
1o 86). Their mean height was 149 cm (137 1o
157) and their mean weight was 62 kg (45 to
71). The mean pre-operative extension of the
knee was -10° (-25° to 0°) and the mean pre-
operative flexion was 110° (25% to 130°), The
pre-operative diagnosis was osteoarthritis in
seven knees and rheumatoid arthritis in five,
All the patients received a posteriorly-stabi-
lised TKR (NexGen LPS, Zimmer Inc., War-
saw, Indiana). According to the manufacturer,
this implant is designed to avoid impingement
of the anterior post in up to 14° of hyperexten-
sion without anteroposterior movement of the
femoral component. The spine-cam mecha-
nism is designed to work for knee flexion
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Fig. 12

Fig. 1b

Gait was anolysed a) on a treadmill at 0.8 m/s while b} movemaent of the knee was observed using a large llat-panel radiological

image detector.

angles above 75°, providing stability in the sagirtal plane
and also allowing for posterior rollback in flexion w
substitute for the posterior cruciate ligament.

The mean follow-up was for 19 months (4 to 49), the

mean post-operative extension was -3° (-10° 1o 0°) and the
mean post-operative flexion was 117° (55° to 135°). The
mean knee score based on the Knee Society clinical rating
system'” was 95 (82 to 100) and the functional score was
77 {35 1o 100).

Surgical technique. All the operations were performed by
the senior author (HM). The components were aligned to
J”ll\\" [hl‘ n\L‘L‘]'I.{T”l."dl AxIS to p;\lkﬂ t’\rl)Ll};}l |hl‘ centre lll l}ll'
prosthetic knee. On the sagittal plane, the femoral bone cut

was planned to be perpendicular to the anatomical axis and

care was taken to avoid notching the anterior cortex. An
8 mm intramedullary femoral cutting guide was passed into
the entry point on the femur, which was pre-determined by
anteroposterior and lateral radiographs. The tibial bone cut
on the sagittal plane was planned to be parallel to the
lateral anatomical tibial slope. The rotational alignment
was adjusted to the epicondylar axis and the tibial tuberos-
ity. Soft tissue balancing was performed to achieve varus
and valgus stability in both extension and flexion.

ttal radiological images
of gait on a treadmill at 0.8 m/s were obtained for each
patient using a flat-panel detector (Hitachi, Clavis, Tokyo,
Japan). This produced 3 frames per second with an image
area of 397 mm (H) x 298 mm (V), and 0.20 mm x

Kinematic analysis. Continuous sa

0.20 mm/pixel resolution (Fig. 1). The higher contrast reso-
lution of the radiological images provided the basis for an
even greater improvement in accuracy.'™? The flat-panel
detector was useful in capturing dynamic activities because

VOL. 90-B, No. 9, SEPTEMBER 2008

of its broader outlook than fluoroscopy. Three images of
single-leg stance and three of the swing phase were captured
from different gait cycles and analysed using an image-

20 i
chnique.®” A total of 72 images were used for

matching
the analysis: 36 for each of the swing and stance phase.
The angles of flexion and axial rotation of the compo-
nents were measured using the image-matching method.*"
T'he positive or negative values of flexion were defined as

f|r.\'lm1 or extension llf the femoral relative to I!|IL' ribial

compo . The positive or neganve values of rotarion
were defined as the internal or external rotarion of rhe
femoral relative to the tibial component. Impingement of
the anterior post was determined by rhe intersecrion of the
3D computer-aided design (CAD) model surfaces of the
femoral component and rhe ribial |'!n|l\'clh}'it'1"il.' insert.
This was obtained by using the CAD program (Solid
Works 2001Plus SP3.0, SolidWorks Corporation, Con-
cord, Massachuserts) (Fig. 2). The minimum distance
between the femoral trochlea and the anterior aspect of
the tibial post was also measured in the mid-sagirral plane
of the tibial insert (Fig. 3). The positive or negarive value
of the minimum distance was defined as the anterior or
posterior position of the femoral trochlea relarive to the
anterior aspect of the tibial post. The skeletal flexion
angle between the axes of the femoral and tibial shafts was
measured on the sagittal radiological images using an
angle scale. A radiological assessment of the flexion angle
of the femoral component and the posterior rtibial rilr
angle on the lateral view was performed according ro the
Knee
operative limb alignment in the coronal plane was mea-
sured by drawing a mechanical axis on each limb on a full-

Society roentgenographic evaluation.*'  Post-
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Fig. 2a
Exa

Fig. 2b

18 of oblique upward views of the 3D computer-aided design models, determined using image-matching techniques. Based on the configu
ration of the articular surfaces of the femoral component and tha poly
impinged on the anterior aspect of the ti

thylene insert, it was possible to determine whether the femoral tre
bisl post in 30 in a) the swing and b) the stance phases of gait

fea

Fig. 3a

The mir

Fig. 3b
mum distanc waar

id-sagital

were determined in the r

famaoral trochlea and the anterior aspect of the tibial post at
ane of the tibial ingert

& 8 the swing and b) the stance phases of gait

ngen standing :'.u||m_-.r_lp|:.

C wel

1t l‘t'.!:]['l:[" ratio was

formed using a data
calculared by measuring

analysis system (Stat .0,
] Abacus Concepts Inc., Berkeley, California). The two-fac-
tor factorial analysis of variance (ANOVA) and post ho
of the rtests (Bonferroni/Dunn) were used to determine the staris-
A percentage was calculated by muln ncal signiticance at the 95% confidence interval level of
|‘|'-';n;.: this ratio i\_\ 100 %

the compared results (p < 0.05).

e distance from the me

lial t'L|_L',|.'
nbia to the point of intersection with the
mechamical axis divided by

of the proxmm:

the entire width

I\!I'll.ll [I]'!,l.'

Statistical analysis was per-
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® Swing phase
Ll Stance phase

60

Flexion angle (*)

_20 i L e
Skeletal flexion Implant flexion

Fig. 4

Bar chart showing the average angles of skeletal and implant
lNaxion at the swing and stance phases of gait

Results

The Jl‘lj‘,h“- of skeletal flexion and of flexion of the compo-
nents at the swing/stance phase are shown in Figure 4. At
the stance phase, 12 of 36 images represented the flexed
position (< 3.5%), and seven represented hyperextension of
more than 15° (Fig. 5). The mean rotation angle at the
swing/stance phase was -6.6° (SD 3.5)/-1.0° (sD 3.0). There
was a significant difference in the angles of skeleral flexion
(p < 0.0001), component flexion (p < 0.0001} and axial
rotation (p < 0.0001) berween the stance and swing phases.

Impingement of the anterior post was observed in all the
36 radiological images in 12 knees ar the stance phase
(Fig. 6). In at the swing phase, all images showed no con-
tact in the anterior or posterior aspects of the tibial post.
The mean amount of the minimum distance at the swing/
stance phase was 13.4 mm (5D 6.0)/-0.9 mm (sp 0.8) and
this was statstically significant (p < 0.0001).

The mean post-operative alignment of the femoral com-
ponent on the lateral radiograph was 5.6° (5D 2.7) of flex-
ion relative to the distal half of the axis of the femoral shaft.
The mean post-operative alignment of the tibial component
on the lateral radiograph was 5.9° (sp 2.9) of posterior tilt
relative to the proximal half of the axis of the tibial shaft.
The mean value of the sagittal alignment of the femoral and
ribial components was 11.6° (SD 4.6). The mean post-oper-
ative weight-bearing ratio was 52% (sp 10).

VOL. %-B, No. %, SEFTEMBER 1008

Number of radiological images

26 -20 -16 -10 -5 0 5

Angle of flaxion of the componant (*)
Fig. 5

The distribution of the angle of flsxion of the component at the stance
phase of gait

Discussion

This study examined impingement of the anterior tibial
post of a posteriorly-stabilised TKR during gait using a
high-resolution flat-panel radiological detector. All the
patients had a successful NexGen posteriorly-stabilised
TKR and showed impingement of the anterior tibial post
during the stance phase of gait. There was no hyperexten-
sion and/or instability on clinical examinartion in any of the

knees. There was no evidence of component malpositioning
on radiological analysis of the knees. In the stance phase,
the mean skeletal alignment showed low flexion, but the
average component alignment was approximately 6° of
hyperextension. Even in low component flexion (£ 3.5%),
the intercondylar femoral component
impinged on the anterior aspect of the tibial post. During
gait, none of the knees flexed into the range of post-cam

notch of the

engagement > 75° flexion in NexGen LPS.

We have demonstrated i vivo 3D, impingement of the
anterior post qurmg gair in this ‘.Illd_\'. !-I)'pcrrxtrn\mn of
alignment of the component during the stance phase has
been previously described using single-plane fluoroscopy.
Banks et al” showed that 41% of knees demonstrated
and that the hyperextension of

hyperextension during g
alignment of the component averaged 6°. They norted that
the §° anterior bow and the §° posterior slope led 10

.‘tppr::xun.ltri} 10° of relative hyperextension of the

- 128 —
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Fig. 6a

Examples of a) top and b) rear views of a p
stance phase of gait. Viewing from the 1op, th

is seen, White arrows represent the intersections of the 3D model surfaces of t

located on the medial and |ateral anterior corners of the tibial post

component when the knee was in full extension. This 1s
consistent with the findings in our study, which showed
that the components were in an average of 12° of hyperex-
tension relative to the sagittal mechanical axis of the knee,

because the femoral components were in approximately 6
of flexion and the tibial components had approximately 6°
of posterior slope,

Previous studies have indicated that the prevention of

'I[I'II‘III_KL'I'I'I['I” !If lh(‘ anterior post Li(‘p(‘”d\ on Ihl.' [L'L']]IHL]UI.'

of implantation.'>" A flexed femoral component with an
inclined tibial component can lead to impingement of the
anterior portion of the femoral component on to the tibial
post. Although the NexGen LPS was designed to allow for
14% of relative hyperextension of the component without
||n|"|”!.'.l'”'|l'”[, we 1‘\|J|'|li Ih-‘l l”lp”utl.’[”l’”'[ occurs cven
wil hf it HL'LI(IH IP" Till‘ !l‘lTIi‘I’.'I] L'll]'['lpl“ll"n -1”l| a p')““.’r.l“r
tibial slope. The posterior translation of the femur can lead
o |||1I‘|['|_1:L'||'|{'Il| \\Nhl”ll hl\'r‘l‘rl'\ll‘“‘;l‘ln_ I“fl'\ll?“‘! ““Hlit'\
of posterior cruciate-retaining TKRs using dynamic fluoro-
\LII]‘IL .l'l!.‘!_\'\l\ r"\!'.lll'kl Th.i[ [I]L' .1|"\l'T|Ll’ I|f [hl' .'\(I L.“I‘\L'Lj
posterior femoral contact during extension.'™ During gair,
the anteriorly directed shear force on the tibia is normally
resisted by the ACL. In the posteriorly stabilised TKR,
engagement of the anterior portion of the temoral compo-
nent on to the tibial post provides a funcrional substrure

the ACL,

displacement of the te

resulti in  limitation of

ur relative to the tibia. Stichl er al®

tor

postenor

n
observed that patients having a posterior cruciate-retaining
T'KR experienced posterior contact positions of both con-
dyles, compared with parients having an anrerior and pos-

Fig. 6b

el with a posteriorly stabilised prosthesis experiencing Impingement of the anterlor post during the
latively fiat configuration in the anterior aspect of the tibial post compared with the femoral trochlea

e

1oral component and the hihal polyethylens insert, which were

terior cruciate-retaining TKR. Komistek et al® noted that
anterior contact in an anterior cruciate-retaining TKR can
be attributed to the presence of the ACL, which resists the
anterior tibial shear forces during gait.

In the NexGen LPS, the relatively flat shape of the anterior
aspect of the post caused impingement to be located on the
medial and the lateral anterior corners of the post. This can
lead 1o excessive stress and wear because of edge loading.
This phenomenon has also been seen in previous retrieval
studies. Mikulak et al'* observed that all the 12 retrieved
components in their study had evidence of damage to the
anterolateral and anteromedial aspects of the post. Haas™
has also noted impingement ar the corners of the tibial post
in the NexGen LPS. The configuration of the intercondylar
notch of the femoral component and the anterior aspect of
the tibial post should be designed to provide a larger contact
area and prevent edge loading. This may cause chronic wear
and fracture of the post, giving a concern as to the long-term
prognosis of TKR. The anteropostenor force does not signif-
icantly increase during the gait cycle, but repetitive anterior
impingement can lead to wear or fracture of the polyethylene
post. Recent modifications to proy idea |.1r;.:rr arca of contact
have mainly focused on the post-cam mechanism.?*2%2¢ Lj et
al*” demonstrated that the contact forces in the tibial post
increased dramarnically as the knee hyperextended, and rhar
the conract force was minimal ar 30° of flexion. Surgeons
should therefore avoid excessive flexion of the femoral com-
ponent and posterior slope of the proximal tibial resection.

There are some limitations to this study. Firstly, it did nor
provide full kinemaric analysis of the entire range of move-
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ment. It was therefore not possible to observe in which
degrees of flexion the intercondylar notch of the femoral
component impinged on the anterior aspect of the tibial
post. Secondly, the study was limited by the small number
of patients. As a result, we could not conclusively state that
the cam-post in the NexGen LPS always engaged anteriorly
during gait. However, the study did reveal that anterior
impingement of the tibial post was a repeatable phenome-
non. Finally, the results presented here were obtained using
a single type of implant. Further investigations with com-
parisons of different designs are required.

No benefits in any form have been or will be d from a
cial party related directly or indirectly to the subject of this anicle.
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ABSTRACT: Kneeling is an important function of the knee for many activities of daily living. In this
study, we evaluated the in vivo kinematics of kneeling after total knee arthroplasty (TKA) using
radiographic based image-matching techniques. Kneeling from 90 to 120" of knee flexion produced a
posterior femoral rollback after both cruciate-retaining and posterior-stabilized TKA. It could be
assumed that the posterior cruciate lignment and the post-cam mechanism were functioning. The
posterior-stubilized TKA design had contact regions located far posterior on the tibial insert in
comparison to the cruciate-retaining TKA. Specifically, the lateral femoral condyle in posterior-
stabilized TKA translated to the posterior edge of the tibial surface, although there was no finding of
subluxation. After posterior-stabilized TKA, the contact position of the post-cam translated to the
posterior medial corner of the post with external rotation of the femoral component. Because edge
londing can induce accelerated polyethylene wear, the configuration of the post-cam mechanism
should be designed to provide o larger contact area when the femoral component rotates © 2007
Orthopuedic Research Society. Published by Wiley Periodicals, Inc.J Orthop Res 26:435—442, 2008
Keywords: kinematics; kneeling; posterior cruciate ligament; post-cam mechanism;

total knee arthroplasty

INTRODUCTION

Kneeling is an important function for many activ-
ities of daily living. More than 50% of all patients
undergoing total knee arthroplasty (TKA) consider
kneeling important and participate in kneeling.'
Inability to kneel after knee surgery is a frequent
cause of dissatisfaction. Kneeling for different
functions requires different degrees of knee flexion.
Kneeling in 90" of knee flexion has been called
“upright kneeling” and kneeling in more than 110
of knee flexion “flexed kneeling.™ Flexed kneeling is
important especially in Middle and Far Eastern
patients as they sit on and rise from the floor. The
patella and the tibial tuberosity contact the ground
in upright kneeling, while only the tibial tuberosity
bears weight in flexed kneeling.”

Kneeling ability depends on many factors. Scar
position and skin hypoesthesia can limit kneeling
ability. A lateral incision produces less dysesthesia,

Correspondence to; Hir Miura (Telephone: +81-92-
42-5488; Fax: +81-92-642-5507;

E-mail: miura@ortho.med kyushu-u.acjp)

© 2007 Orthopaedie Hesearch Society. Published by Wiley Periodicals,
I

fewer neuromas, and less discomfort.* A patient’s
ability to kneel may be greater than their own
perception of their ability to do so.”® Many patients
undergoing TKA avoid kneeling for fear of harming
the prosthesis.

Weight-bearing load may be exerted on the
patellofemoral articulation and the retained poste-
rior cruciate ligament (PCL) after cruciate-retaining
(CR) TKA or the post-cam mechanism after poste-
rior-stabilized (PS) TKA during activities requiring
deep flexion." ® However, very little is known
regarding knee kinematics during upright and
flexed kneeling, and even less is known about how
TKA design affects knee biomechanics at this limit
of knee flexion. The purpose of this study was to
clarify in vivo knee kinematics during kneeling. In
addition, we compared kinematics with the joint ina
hyperflexed position between CR TKA and PS TKA.

The in vivo 3D position and orientation of
the components of CR and PS TKA during both
upright and flexed kneeling were evaluated using an
image-matching method, In a previous study,
Komistek et al® analyzed femorotibial contact
positions in static upright kneeling using an
iterative computer model-fitting technique. However,
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little information is available on the in vivo dynamic
kinematics of kneeling from 90 to 120" of flexion
after TKA.'"" In addition, this study analyzed
subjects having a PS TKA to determine the contact
position at the post-cam mechanism, Nakayama
et al."! measured in vitro contact areas and stresses
at the post-cam mechanism using a digital electric
stress sensor. However, in vivo post-cam contact
positions after PS TKA have not been reported.

We hypothesized that knee flexion angles and
type of TKA design would affect the tibiofemoral
contact positions during kneeling, and that the
post-cam contact position after PS TKA would not
be in the center of the post at flexed positions.

MATERIALS AND METHODS

Twenty subjects who had undergone clinically success-
ful TKA and were willing to participate enrolled in the
study. Inclusion criteria were the ability to perform both
upright and flexed kneeling. All subjects gave informed
consent, and an institutional review board approved the
study. Ten knees in eight subjects received CR TKA
on knee, Encore Medical Co., Austin, TX) and
10 knees in seven subjects received PS TKA (Nexgen
LPS, Zimmer, Inc., Warsaw, IN). The articulating
surface geometry of the polyethylene tibial insert is
conforming in PS TKA, but relatively flat in CR TKA,
allowing femoral rollback produced by tensioning of the
PCL during flexion

The 20 subjects included 18 women and 2 men with an
average follow-up of 17.3 months. The preoperative
diagnoses were osteoarthritis in 15 knees and rheuma-
toid arthritis in 5, and the average age at surgery was
71.6 years. Average postoperative knee extension/flexion
angle was —2.8/128.4". The Knee Society score (knee
score/function score) was 91.4/80.6. Three experienced
surgeons (H.M., SM.,, and K.0Q.) performed all TKAs
using a similar standard technique. The components
were aligned so that the mechanical axis passed through

(Found:

Figure 1.

Each subject was asked to perform kneeling from 90

the center of the knee prosthesis. Rotational alignment
was adjusted to bony landmarks, such as the trans-
epicondylar axis and tibial tuberosity. The PCL was
retained when it appeared normal in tension and
appearance at surgery. Soft tissues were balanced to
achieve varus and valgus stability

Each subject was asked to perform upright and flexed
kneeling in maximum knee flexion under radiological
surveillance (Fig. 1). Knee flexion in each subject reached
more than 120" of knee flexion passively. During kneel-
ing, subjects placed their leg on a box with the ankle joint
extended. Continuous X-ray images were taken using a
fAlat panel detector (Clavis, Hitachi, Co., Ltd., Tokyo), The
detector provided higher resolution dynamic images
( Distortion-free image, 0.20 x 0.20 mm/pixel resolution,
three frames/s, with an image area size 397 (H) x 298
(V) mm). The high contrast resolution of X-ray images
provided the basis for the required accuracy. "' Images
of kneeling at 90, 100, 110, and 120° of flexion were
selected from the continuous images and analyzed using
a previously published image-matching technique.'*'®

The projected 3D computer-aided design (CAD)
models of the femoral and tibial components were
superimposed on the 2D radiographic images (Fig. 2a).
The 3D CAD models of the components and the tibial
insert were reconstructed after 3D shape measurements
of the total knee prostheses by a profilometer (Mitsutoyo,
Co., Ltd., Kawasaki, Japan) (Fig. 2b). The position of the
radiation source relative to the X-ray detector was
determined from the projection image of a calibration
cage made [rom an acrylic resin board and metallic balls.
Projecting all surface points of the 3D model produced the
component silhouette, A model silhouette was matched
with the actual silhouette by translating and rotating the
3D CAD model to minimize the number of unmatched
pixels between the silhou s. After the 3D pose of the
components was estimated, the 6 degrees of freedom of
the femoral component relative to the tibial component
were determined by transforming the coordinate systems
into one common system.

The accuracy and precision of the measurement
technique was determined by in vitro investigations,'™'"

Lo muximum knee flexion

ta). Continuous X-ray images of kneeling were taken using a flat panel detector (h)
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Figure 2. A model silhouette was matched with the actual object silhouette by translating and
rotating the 3D CAD models (a). The models of the components (lower stand) were reconstructed at
CR TEA (left) and PS TKA (right) after 3D shape measurements of the total knee prostheses (upper

stand) by a profilometer (h)

The components mounted on a stage were rotated and
translated to known values. The image-matching process
was performed for the radiographic images at each
position to determine the relative pose of the components,
The root-mean-square (RMS) accuracy errors for this
process for the femoral component were 0.29 mm for in-
plane translation, 0.37 mm for out-of-plane translation,
and 0.27 for rotation, and the accuracies for the tibial
component were 0.23 mm for in-plane translation,
0.30 mm for out-of-plane translation, and 0.25 for
rotation. The maximum errors associated with tracking
the position of the tibia relative to the femur were the sum
of the RMS errors, which were 0.52, 0.67 mm, and 0.52
respectively, for in-plane and out-of-plane translations
and rotation.

The contact positions between the femoral component
and tibial insert and tibiofemoral axial rotation were
evaluated after both CR and PS TKA (Fig. 3). The contact
positions were evaluated by measuring the centroid of
contact area between the surfaces of the femoral condyles
and the insert using a CAD software program (Solid-
Works 1 2001Plus SP3.0, SolidWorks Corporation, Con-
cord, MA) (Fig. 3a). If surface separation was recognized,
the location of closest proximity between the surfaces of
the femoral condyles and the insert was measured in 3D
space, The positive or negative value of AP tibiofemoral
contact position was defined as anterior or posterior to
the midline of the polyethylene insert. The tibiofemoral
rotation was evaluated to measure the rotation angle of
the femoral component relative to the tibial component
(Fig. 3b). The positive or negative value of tibiofemoral
rotation was defined as internal or external rotation of
the femur relative to tibia. After PS TKA, the medial-
lateral and upper-lower translation of contact position

between the femoral cam and tibial post was evaluated
(Fig. 3¢). The positive or negative value of ML post-cam
contact position was defined as medial or lateral to the
center of the post, The positive or negative value of
proximal—distal post-cam contact position was defined as
proximal or distal to the most inferior point of the
articular surface.

Statistical analyses were done using Stat View 5.0
(Abacus Concepts, Inc,, Berkeley, CA). All values were
expressed as the mean+standard deviation. The
unpaired f-test was used to analyze postoperative knee
extension/flexion angles and the Knee Society scores
(knee score/function score) comparing CR with PS TKA.
Two-way, repeated measures ANOVA were used to
analyze the tibiofemoral contact positions and tibiofe-
moral rotations when investigating the effects of knee
flexion angle and TKA design and a comparison of the
interaction between these two values. Post hoc tests
(Bonferroni/Dunn) were used toidentify the source of any
differences for relevant comparisons. The paired t-test
was used to analyze the ML post-cam contact position
when comparing 90° with 120" of flexion. A value of
p < 0,05 was considered significant.

RESULTS

The average postoperative extension/flexion angle
was —3.8+257/129.3+5.4" after CR TKA and
-2.0+3.37/127.7 + 8.6" after PS TKA. No signifi-
cant differences were found in postoperative knee
extension (p = 0.24) and flexion (p = 0.66) between
CR TKA and PS TKA. The Knee Society score
(knee score/function score) was 90 +6.3/78 + 11.6
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Figure 3. (a) Locations of closest proximity or contact
between the femoral component and the tibial insert on the
medial and lateral sides. The positive or negative value of the AP
tibiofemoral contact position was defined as anterior or posterior
to the midline of the tibial insert. (b) The rotation angle of the
femoral component relative to the tibial component. The positive
or negative value of tibiolemoral rotation was defined as internal
or external rotation of the femur relative to tibia. (c) Location of
contact between the femoral cam and tibial post after PS TKA
The positive or negative value of medial-lateral post-cam
contact position was defined as medial or lateral to the center
of the post. The positive or negative value of proximal-distal
post-cam contact was defined as proximal or distal to the most
inferior point of the articular surface.

for CR and 93 +£5.7/82+13.8 for PS TKA. No
significant differences (knee score: p = 0.27; func-
tion score: p = 0.59) were found between CR TKA
and PS TKA.

The average AP tibiofemoral contact positions in
90" of flexion after PS TKA were significantly
{(p < 0.0001) more posterior than after CR TKA with
both condyles (Table 1 and Fig. 4). Kneeling from
90 to 120" of flexion produced a posterior femoral
rollback for both designs. Anterior femoral trans-
lation was not found for any subject from 90 to 120
of flexion. A significant interaction was found
between flexion position and TKA design (ANOVA,
p<0,01), indicating that the pattern of changes
during kneeling differed between TKA designs.
The total rollback after PS TKA (medial = —5.2 +
2.4 mm, range —1.1 to —8.5 mm; lateral = —4.8+
3.2 mm, range —0.3 to —10.1 mm) was more than
after CR TKA (medial = —4.3 + 3.7 mm, range —0.1
to —11.4 mm; lateral = —2.4 + 1.4 mm, range —0.3
to —4.4 mm) with both condyles. The average AP
tibiofemoral contact positions in 120° of flexion
after PS TKA were significantly (p < 0.0001) more
posterior than after CR TKA with both condyles
(Table 1).
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Changes in the rotation angle from 90 to 120" of
flexion were 0.4 + 2.5 (range —2.8 to 4.4°) after CR
TKAand —1.3+0.8" (range —2.3 to —0.1") after PS
TKA. After PS TKA, the change in the external
rotation was consistently recognized in each 10" of
flexion, The rotation angle in 120° of flexion was
~7.54£5.4" (range —15.7 to —0.5%) after CR TKA
and -6.9 +4.1" (range —12.9 to —2.17) at PS TKA.
The femoral components for both designs continued
to show external rotation from 90" to 1207 of flexion.
More than 10" of the external rotation was
recognized during kneeling for both designs (CR,
4; PS, 3).

The average ML post-cam contact position in 90°
of flexion was 4.0 + 2.2 mm (range 0.1 to 6.1 mm)
medial from the center of the post with external
rotation of the femoral component (Table 1 and
Fig. 4¢). 1.2 + 1.2 mm (range 0.1 to 3.4 mm) medial
translation of the post-cam contact position
occurred from 90 to 1207 of flexion because the
femoral component rotated externally. The average
ML post-cam contact position in 120" of flexion was
significantly more medial than in 90" (p < 0.05).
The average proximal-distal post-cam contact
position in 90" of flexion was proximal from the
most inferior point of the articular surface (Table 1
and Fig. 4¢). 1.4 £ 0.9 mm (range 0.0 to 2.4 mm)
distal translation of the post-cam contact position
oceurred from 90 to 120° of flexion. No proximal
translation was observed from 90 to 120" of knee
flexion.

DISCUSSION

Kneeling in more than 110" of knee flexion tends to
produce posterior translation of the tibia relative
to the femur because the tibial tuberosity bears
weight.? The ground reaction force on the tibial
tuberosity causes a posterior directed shear force
on the tibia during kneeling. However, posterior
translation is prevented by the retained PCL after
CR TKA and the post-cam mechanism after PS
TKA. Without PCL retention or the post-cam
mechanism, the femoral component would not
rollback posteriorly, instead translating anteri-
orly. If the retained PCL and the post-cam
mechanism did not provide posterior rollback, an
excessive patellofemoral contact force may occur,
In this study, kneeling from 90 to 120" of flexion
produced posterior rollback in both designs
(Fig. 4a and b). Previous studies reported that
the retained PCL after CR TKA reproduces
posterior rollback.”** In addition, after PS
TKA, the post-cam mechanism was designed to
function over 75" of knee flexion, so we can assume
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Table 1. AP Tibiofemoral Contact Positions [+

Anterior, — Posterior] and

Tibiofemoral Rotation [+ IR, — ER] after Both CR and PS TKA, and the ML [+
Medial, — Lateral] and Proximal-Distal [+ Proximal from the Most Inferior Point of
the Articular Surface] Post-cam Contact Position after PS TKA while Kneeling from

90" to 120" of Knee Flexion

AP Tibiofemoral Contact Positions (mm)

Cruciate-retaining TKA Medial Condyle/Lateral Condyle Rotation ()
90' 4.2+ 3.6°/-48+43.3° ~-78+48
100 2.64+25%-54+34" ~7.6+4.7
110 1.1+£28%-6.1+34" L]
120 -0.1+£3.83%-7.2+3.9° 7.5+54
ML Tibiofemoral Contact Positions (mm)
Posterior-stabilized TKA Medial Candyle/Lateral Condyle Rotation (')
a0 -3.74£3.29-10.56 £ 3.3° ~-b.6+42
100° -5.8+4.19-12.24+1.9° -59+4.2
110 ~-1.6+4.19-14.3+1.2° -64+4.1
120 -8.9+4.67/-153+2.1° -6.9+4.1

Posterior-stabilized TKA

Post-cam Contact Position (mm)

Medial-lateral/Proximal-distal

90
1000
110
1200

4.0+2276+07
4.3+23/6.9+£05
4.7+£1.5/6.3+0.7
51+1.2/62+08

Values nre mean = standard deviation.

“Significantly different between CR TKA and PS TKA (p < 0.05),

that both the retained PCL and the post-cam
mechanism were functioning.

Posterior femoral rollback was preferable to
decrease patellofemoral contact force during kneel-
ing. Increased femoral rollback in flexion correlates
with reduced patellofemoral contact load in TKA.*!
This reduction in contact force is attributed to the
increased extensor moment arm. Browne et al.?*
reported that the design with the longer extensor
moment arm required less quadriceps force and
reduced patellofemoral compressive force. In PS
TKA, contact positions at 90" of flexion were more
posterior, and rollback distance with both condyles
was longer compared to CR TKA. PS TKA may be
preferable to CR TKA to reduce patellofemoral
forces during kneeling. Komistek et al.” found
similar results using in vivo fluoroscopy to evaluate
femorotibial contact positions in upright kneeling,
reporting that the PCL has less resistance to the

anterior thrust of the femur relative to the tibia in
PS TKA.

The PS design had contact regions located more
posterior on the tibial insert in comparison to the
CR design. Specifically, the lateral femoral condyle
in the PS translated to the posterior edge of the
tibial surface during kneeling, although sublux-
ation did not occur, This finding has important
implications regarding the location and severity of
the polyethylene wear. The posteromedial corner of
the lateral compartment of the tibial insert suffered
edge loading by combining posterior translation
and external rotation of the femoral component
during kneeling. Wasielewski et al.** and Harman
et al*! showed wear patterns on retrieved poly-
ethylene insert consistent with these articular
contact patterns. The contact locations between
the femoral component and polyethylene insert
during dynamic activities are thus considered to
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Figure 4. The average tibiofemoral contact positions sfter CR TKA (a) and P8 TEA (b
demonstrated posterior roll back during kneeling from 90 to 120° of knee flexion. The average
post-cam contact position after PS TKA translated medially and downward during kneeling (c).

correspond to the wear pattern on the polyethylene
articular surface.

No in vivoe studies have yet focused on the post-
cam contact positions in PS TKA. The post-cam
contact position during kneeling translated medi-
ally and distally along the post (Fig. 4¢). The effect
of femoral rotation is important for the ML post-
cam contact position. External rotation of the
femoral component from 90 to 120" of flexion
created a medial translation of the post-cam
contact position (Fig. 5). Furthermore, 3 of 10
knees after PS TKA had more than 10° of femoral
external rotation during kneeling with the risk that
the posterior medial corner of the flat-surfaced post
could suffer excessive stress because of edge
loading. Nakayama et al.'’ reported that when
the tibial component was rotated 10", post-cam
contact stress increased more than twofold in
comparison to neutral rotation. Edge loading may
cause chronic wear and fracture of the post,
affecting the long-term prognosis following TKA.
The post-cam design should be modified to provide
alarger contact area and prevent increased contact
stress when the femoral component rotates.

Distal translation of the post-cam contact posi-
tion was found during kneeling. Condylar liftoff is
an important issue for proximal-distal post-cam
contact position. However, the proximal-distal
post-cam contact position demonstrated no prox-
imal translation. The distal translation is more
beneficial in preventing posterior dislocation of the
tibial component and in decreasing the risk of
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fracture of the post. If flexion instability exists after
PS TKA, posterior dislocation of the tibial compo-
nent may oceur,?”~>* However, none of the subjects
in this study had evidence of ligamentous laxity or
pain on physical examination.

We are concerned about the effect of the load that
iz exerted on the post-cam mechanism during
kneeling. Fracture or polyethylene wear of the post
and dislocation of the knee have been reported after
PS TKA.?* % In addition, the post-cam mechanism
could transmit anteroposterior shear and tensile
stresses to the bone—implant interfaces and cause
component loosening. After CR TKA, the PCL would
play a role in dissipating shear and tensile stresses
on the bone—implant interfaces,** However, further

Lateral

Figure 5. The contact position of the post-cam translated to
the posterior medial corner of the post with the external rotation
of the femoral component (arrow).
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