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Fluoroscopic Analyses of
Cruciate-Retaining and Medial
Pivot Knee Implants
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Contemporary posterior cruciate-retaining to-
tal knee designs have provided pain relief and
improved knee function but have failed to re-
produce the kinematics and stability of the nor-
mal nonarthritic knee. The Medial Pivot total
knee design features a near constant radius of
curvature of the femoral component. The tibial
surface is highly congruent and asymmetric,
permitting a medial pivot motion during knee
flexion. The purpose of the current study was to
analyze and compare the gait kinematics of the
Sigma® posterior cruciate-retaining total knee
implant, the Advance® Traditional posterior
cruciate-retaining total knee implant, and the
Advance® Medial Pivot knee implant using flu-
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oroscopic analysis. In vivo kinematics were de-
termined for 15 clinically successful total knee
arthroplasties. Five knee implants were evalu-
ated from each group. The authors analyzed the
kinematics of knee motion during the stance
phase of gait for each patient. On average, sub-
jects with the Medial Pivot knee implant had a
medial pivot motion. Both posterior cruciate-
retaining designs had a paradoxical roll for-
ward of the tibia on femur during knee flexion
and had greater excursion of both condyles dur-
ing knee flexion than the medial pivot design.
Nine of 10 of the posterior cruciate-retaining de-
signs had condylar lift-off averaging 1.7 mm
whereas only one Medial Pivot knee implant
had condylar lift-off measuring 1.1 mm.

Early failures after total knee arthroplasty often
were associated with component malalignment,
soft tissue imbalance, or the use of constrained
prostheses.!:14 Tmplant failures caused by iso-
lated polyethylene wear were uncommon. As
instrumentation and soft tissue balancing tech-
niques improved, failure resulting from me-
chanical loosening declined. More recently,
knee implant failures secondary to catastrophic
polyethylene wear have been observed.2317:21
These failures have been attributed to the effects
of less conforming tibial articular geometries,
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problems associated with polyethylene steril-
ization, and altered knee kinematics.

Although contemporary posterior cruciate-
retaining knee designs have provided pain re-
lief and improved knee function in most pa-
tients, these designs have failed to reproduce
the kinematics and stability of the healthy
nonarthritic knee. Fluoroscopic studies of
contemporary cruciate-retaining knee designs
have shown an absence of femoral rollback
of the femur on the tibia and an irregular tib-
ial slide forward as the knee approaches 20°
flexion. In addition, a significant number of
cruciate-retaining designs, when evaluated
fluoroscopically, have shown edge loading
that can predispose to accelerated polyethyl-
ene wear.!920

The design of the Medial Pivot total knee
arthroplasty reflects contemporary data regard-
ing knee kinematics.%!2 Magnetic resonance
imaging (MRI) of knees from cadavers showed
an absence of anteroposterior (AP) motion
of the medial femoral condyle and posterior
translation of the lateral femoral condyle dur-
ing knee flexion.!? The Medial Pivot femoral
component has a C-curve design with a near
constant radius of curvature of the distal and
posterior femur. The tibial component is asym-
metric with a highly conforming medial aspect.
This design permits posterior rolling and slid-
ing of the lateral femoral condyle around a sta-
ble spinning medial femoral condyle during
knee flexion. The epicondylar axis of the femur
serves as the axis of rotation of the Medial Pivot
implant. In theory, these design features lower
the contact stresses on the tibial surface, provid-
ing for enhanced durability of the polyethylene.

The purpose of the current study was to an-
alyze and compare the gait kinematics of the
Sigma® posterior cruciate-retaining total knee
implant (Johnson & Johnson Professional,
Inc, Raynham, MA), the Advance® Tradi-
tional posterior cruciate-retaining total knee
implant (Wright Medical Group, Inc, Mem-
phis, TN), and the Medial Pivot knee implant
(Wright Medical Group, Inc) using fluoro-
scopic analysis.

MATERIALS AND METHODS

In vivo kinematics were determined for 15 subjects
who had a total knee arthroplasty. The mean fol-
lowup of the patients was 2 years, 2 months. Five
patients received an Advance® Medial Pivot knee
arthroplasty, five patients received the Sigma® pos-
terior cruciate-retaining prosthesis, and five pa-
tients received the Advance® Traditional posterior
cruciate-retaining knee arthroplasty. All 15 patients
were diagnosed as having primary osteoarthritis of
the knee. For patients receiving an Advance® Me-
dial Pivot knee implant, the average age was 68
years and the average height and weight were 5'9"
and 211 b, respectively. The average preoperative
range of motion (ROM) measured 119°, and the av-
erage postoperative ROM measured 118°. The av-
erage preoperative Knee Society rating score was
66 points, and the postoperative Knee Society rat-
ing score before the study was 93 points.!!

For patients receiving the posterior cruciate-
retaining prostheses, the average age was 65 years,
and the average height and weight were 5’9" and 197
Ib, respectively. The average preoperative ROM
measured 116°, and the average postoperative ROM
measured 111°. The average preoperative Knee So-
ciety score was 64 points, and the postoperative Knee
Society rating score before the study was 96 points.
The same surgeon did all the surgeries. In all 15
knees, the posterior cruciate ligament was preserved.
The subjects were selected randomly according to
their willingness to participate in the study.

Each subject was asked to do normal gait under
fluoroscopic surveillance in the sagittal plane. The
in vivo kinematics for each subject was determined
using a three-dimensional interactive model-fitting
process.* %8 (Dennis DA, Komistek RD, Sarojak
ME, Hoff WA, Stiehl JB: Assessment of 3D normal
knee kinematics under in vivo conditions during
multiple weight-bearing activities. Presented at the
Sixty-Seventh Annual Meeting of the American
Academy of Orthopaedic Surgeons, Orlando,
March 2000; Komistek RD, Dennis DA, Walker
SA, Anderson DT, Laughlin M: In Vivo Analysis of
Tibiofemoral Rotation: Does Screwhome Rotation
Occur After TKA? Presented at the Annual Meeting
of the American Academy of Orthopaedic Sur-
geons, New Orleans, 1998.) The process was done
at heel strike, 33% and 66% of stance-phase, and
toe-off. Initially, AP contact position was as-
sessed.*© (Dennis DA, Komistek RD, Sarojak ME,
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Hoff WA, Stiehl JB: Assessment of 3D normal knee
kinematics under in vivo conditions during multiple
weight-bearing activities. Presented at the Sixty-
Seventh Annual Meeting of the American Academy
of Orthopaedic Surgeons, Orlando, March 2000;
Komistek RD, Dennis DA, Walker SA, Anderson
DT, Laughlin M: In Vivo Analysis of Tibiofemoral
Rotation: Does Screwhome Rotation Occur After
TKA? Presented at the Annual Meeting of the
American Academy of Orthopaedic Surgeons, New
Orleans, 1998.) To determine AP position, a refer-
ence line was constructed across the tibia base-plate
in the coronal plane and was defined as the O posi-
tion. A contact anterior to the O reference was de-
noted as a positive contact position, and a contact
posterior to this axis was denoted as a negative con-
tact position. Next, the image was reoriented in a
pure coronal view so that axial rotation of the fem-
oral component could be assessed with respect to
the tibial component. Similar to the normal knee, if
the tibia internally rotated with respect to the femur
with increasing knee flexion, the rotation was de-
noted as positive.” (Dennis DA, Komistek RD, Saro-
jak ME, Hoff WA, Stiehl JB: Assessment of 3D
normal knee kinematics under in vivo conditions
during multiple weight-bearing activities. Presented

at the Sixty-Seventh Annual Meeting of the Ameri-
can Academy of Orthopaedic Surgeons, Orlando,
March 2000.) In assessing rotation angles, if the tib-
ial contact position was anterior of the medial con-
tact position, the rotation angle was denoted as neg-
ative, and if the lateral condyle was posterior of the
medial condyle, the rotation angle was denoted as
positive. Finally, the distances from the medial and
lateral condyles to the tibial plateau were measured
to assess for condylar lift-off. If the difference be-
tween the two measurements was greater than 1
mm, then condylar lift-off was denoted.

Three separate error analyses were conducted
to evaluate the accuracy of the model-fitting
process.:16:18 The relative error, derived for all
three experiments was consistently less than 0.5° in
rotation and 0.5 mm in translation.

RESULTS

Anteroposterior Translation

On average, subjects having an Advance®
Medial Pivot total knee arthroplasty experi-
enced minimal motion of the medial condyle
during gait (Fig 1). The medial condyle contact
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Fig 1. Knee kinematics were assessed during the following phases of stance gait: 0% (heel strike),
33% of stance phase, 66% of stance phase, and 100% (toe-off). The average medial and lateral
condyle contact positions are shown for subjects with a Medial Pivot total knee arthroplasty.
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position moved minimally throughout the
stance phase of gait. At heel strike, the medial
condyle contact position was a mean —6.3 mm
(range, —5.1-—6.9 mm). At 33% of stance
phase, the contact position was a mean —6.1
mm (range, —4.6——6.7 mm), and at 66% of
stance phase, the contact position was a mean
—6.3 mm (range, —5.2——6.8 mm). At toe-off,
the medial condyle contact position was a
mean —5.8 mm (range, —4.9—-—6.6 mm).

The Advance® Medial Pivot lateral condyle
moved during the stance phase of gait, rotat-
ing around the medial condyle. At heel strike
the lateral condyle contact position was a
mean —6.1 mm (range, —1.2-—11.0 mm). At
33% stance phase, the lateral condyle contact
position was a mean —5.2 mm (range,
—0.4-—10.1 mm), and at 66% stance phase,
the contact position was a mean —5.2 mm
(range, —0.4——10.5 mm). At toe-off, the lat-
eral condyle contact position was a mean —7.3
mm (range, —3.0-—13.9 mm).

On average, the medial contact positions for
patients with the Sigma® posterior cruciate-

retaining total knee arthroplasty were —5.4
mm at heel strike (range, —4.0——8.0 mm),
—6.7 mm at 33% stance phase (range,
—4.2—-—10.5 mm), —6.5 mm at 66% stance
phase (range, —4.9——7.6 mm), and —5.5 mm
at toe-off (range, —4.3——7.2 mm). On aver-
age, these patients had more motion of the lat-
eral condyle than the medial condyle during
the stance phase of gait (Fig 2). From heel
strike to toe-off, these patients, on average, ex-
perienced a rotation of their lateral condyle
around the medial condyle. Patients with the
Sigma® posterior cruciate-retaining total knee
arthroplasty also had more variability in kine-
matic patterns than patients with a Medial
Pivot total knee arthroplasty. Although the pa-
tients with the Sigma® posterior cruciate-
retaining arthroplasty had more lateral motion
than medial motion on average, only three of
the five patients actually experienced rotation
of the lateral condyle around the medial condyle
from heel strike to toe-off.

As observed with the patients with the Medial
Pivot arthroplasty, the patients with Sigma®
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Fig 2. The average medial and lateral condyle contact positions are shown for subjects with a Sigma
posterior cruciate-retaining total knee arthroplasty at heel strike (0%), 33% of stance phase, 66% of

stance phase, and toe-off (100%).
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posterior cruciate-retaining arthroplasties had
more motion of the lateral condyles than the me-
dial condyles. The mean contact positions were
—3.8 mm at heel strike (range, —1.4-—5.9
mm), —4.6 mm at 33% stance phase (range,
—1.2-—7.6 mm), —7.1 mm at 66% stance
phase (range, —2.5-—12.3 mm), and —7.8 mm
at toe-off (range, —5.6—-—13.0 mm).

On average, subjects having an Advance®
Traditional posterior cruciate-retaining total
knee arthroplasty experienced similar amounts
of motion of their medial and lateral condyles
(Fig 3). Therefore, because the medial and lat-
eral condyles experienced minimal motion on
average, a medial pivot motion did not occur
for subjects having Traditional Advance®
posterior cruciate-retaining total knee arthro-
plasties. Two subjects experienced more mo-
tion of their lateral condyle than of their me-
dial condyle, two subjects experienced more
medial condyle motion than lateral condyle
motion, and one subject experienced similar
motion of the medial and lateral condyles
from heel strike to toe-off. On average, at

heel strike the medial condyle contact posi-
tion was —6.7 mm (range, —1.4——8.9 mm),
—7.3 mm (range, —6.7-—8.6 mm) at 33%
stance phase, —6.0 mm (range, —3.8——8.2
mm) at 66% stance phase, and —6.2 mm
(range, —2.2——8.3 mm) at toe-off. The aver-
age lateral condyle contact position was —4.7
mm (range, —0.6——7.7 mm) at heel strike,
—3.6 mm (range, —1.6—-—6.2 mm) at 33%
stance phase, —4.8 mm (range, —3.7——6.5
mm) at 66% stance phase, and —4.4 mm
(range, —0.7-—8.3 mm) at toe-off.

Axial Tibiofemoral Rotation

Subjects having either an Advance® Medial
Pivot or Sigma® posterior cruciate-retaining
total knee arthroplasty experienced, on aver-
age, a normal axial tibiofemoral rotation dur-
ing stance phase of gait (Figs 4, 5). Patients
with a Medial Pivot implant had the following
axial rotation angles: —0.2° at heel strike
(range, —7.1°-5.6°); —1.2° at 33% stance
phase (range, —8.2°-4.9°); —1.4° at 66%
stance phase (range, —8.3°-4.9°); and 1.9° at
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Fig 3. The average medial and lateral condyle contact positions for subjects having an Advance Tra-
ditional posterior cruciate-retaining total knee arthroplasty are shown at 0% (heel strike), 33%, 66%,

and 100% (toe-off) of stance phase.
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toe-off (range, —4.8°-10.0°). Therefore, the av-
erage total axial rotation from heel strike to toe-
off was 2.2° (range, —0.2°-4.5°). Three of the
five subjects had normal axial tibiofemoral
rotation, whereas two subjects had a small
amount of opposite rotation (—0.2° and —0.1°).

On average for subjects having a Sigma®
posterior cruciate-retaining total knee arthro-
plasty, the axial rotation angles were —2.0° at
heel strike (range, —4.7°-1.5°), —2.8° at 33%
stance phase (range, —9.8°-2.5°), 0.8° at 66%
stance phase (range, —5.7°-8.0°), and 2.9° at
toe-off (range, —1.2°-7.5°). Therefore, the av-
erage total axial rotation from heel strike to
toe-off was 4.9° (range, 0.4°-11.6°). All of
the five subjects having a Sigma® posterior
cruciate-retaining total knee arthroplasty had
normal axial tibiofemoral rotation patterns dur-
ing stance phase of gait.

On average, subjects having an Advance®
Traditional posterior cruciate-retaining total
knee arthroplasty had minimal axial tibio-

%%  are shown for patients with an Advance
Medial Pivot total knee arthroplasty.

femoral rotation from heel strike to toe-off
(Fig 6). The average axial rotation angles for
subjects having an Advance® posterior cruciate-
retaining total knee arthroplasty were —2.6°
(range, —9.3°-5.1°) at heel strike, —4.8°
(range, —9.2°~—0.7°) at 33% stance phase,
—1.6° (range, —6.0°-2.1°) at 66% stance
phase, and —2.4° (range, —5.8°-1.4°) at toe-
off. Therefore, the average total axial rotation
from heel strike to toe-off was only 0.3°
(range, —7.1°-5.5°). Only three of the subjects
had normal axial tibiofemoral rotation from
heel strike to toe-off. Unlike the Medial Pivot
total knee arthroplasty, where two of the sub-
jects experienced minimal axial rotation, two
subjects having a Traditional posterior cruciate-
retaining total knee arthroplasty had signifi-
cant opposite axial rotation from heel strike
to toe-off (—4.4° and —7.1°). Unlike the sub-
jects having either an Advance® Medial Pivot
or Sigma® posterior cruciate-retaining total
knee arthroplasty, on average, subjects having

Axlal Rotation Angle (Degrees)
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Fig 5. The average axial rotation an-
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gles are shown for patients with a
%%  Sigma posterior cruciate-retaining to-
tal knee arthroplasty.
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Fig 6. Average axial rotation angles are shown
for subjects having an Advance Traditional pos-
terior cruciate retaining total knee arthroplasty.

an Advance® Traditional posterior cruciate-
retaining total knee arthroplasty had a nega-
tive axial rotation angle throughout the stance
phase of gait.

Condylar Lift-Off

Only one patient with an Advance® Medial
Pivot implant had condylar lift-off. Lift-off
measured 1.1 mm laterally and occurred at
heel strike. In contrast, all five patients with a
Sigma® posterior cruciate-retaining compo-
nent had condylar lift-off, which occurred pre-
dominantly at heel strike (average lift-off, 1.4
mm) or toe-off (average lift-off, 1.6 mm). The
maximum amount of lift-off for patients with
a Sigma® posterior cruciate-retaining total
knee arthroplasty was 1.9 mm (lateral), 1.8
mm (medial), 1.5 mm (lateral), 2.2 mm (me-
dial), and 2.1 mm (lateral).

Four of the five subjects having an Ad-
vance® Traditional posterior cruciate-retaining
total knee arthroplasty experienced condylar
lift-off. The maximum amount of lift-off was
1.6 mm (medial), 1.5 mm (lateral), 1.2 mm
(medial), and 1.1 mm (medial) for the four
subjects having lift-off. In previous studies of
posterior cruciate-retaining total knee arthro-
plasties, femoral lift-off occurred predomi-
nantly with the lateral condyle. In this in-
stance, three of the four subjects experiencing
condylar lift-off having an Advance® Tradi-
tional posterior cruciate-retaining total knee
arthroplasty had lift-off on the medial side.

vents subluxation of the tibia on the femur,
and permits rollback of the tibia during knee
flexion. Multiple fluoroscopic studies of pos-
terior cruciate-retaining knee prostheses, how-
ever, have shown the absence of femoral roll-
back during knee flexion and the presence of
an irregular forward translation of the tibia on
femur,19:20

The purpose of the current study was to eval-
uate the Medial Pivot total knee arthroplasty in
vivo using fluoroscopic analysis to determine
whether a medial pivot motion occurs during
knee flexion and compare the Medial Pivot to-
tal knee arthroplasty with two conventional pos-
terior cruciate-retaining designs. On average,
patients having the Advance® Medial Pivot and
the posterior cruciate-retaining Sigma® total
knee arthroplasties had medial pivot motion
during fluoroscopic gait analysis. Patients with
the Medial Pivot knee arthroplasty, however,
had less variability of AP motion than patients
with a Sigma® posterior cruciate-retaining de-
sign. On average, patients with the Sigma®
knee implant or the Advance® Traditional pos-
terior cruciate-retaining total knee arthroplasty
had enhanced excursion of both condyles as
compared with patients with the Medial Pivot
design. Patients with the Medial Pivot design
had, on average, greater excursion of the lateral
condyle around a medial condyle which moved
minimally. Patients with the Sigma® design
knee or the Advance® Traditional posterior
cruciate-retaining total knee arthroplasty had a
more pronounced paradoxical motion of the
tibia on the femur during knee flexion.

Although the patients with the Medial Pivot
knee arthroplasty had a medial pivot motion,
the arc of posterior translation of the lateral
condyle measured on average less than 3 mm.
In the current study, the stance phase of gait was
evaluated and a normal or anticipated arc of
medial pivot motion has not been established.
Posterior translation of the lateral condyle
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during knee motion may be affected by differ-
ences in dynamic stability of the knee in differ-
ent subjects, retention of the posterior cruciate
ligament, and whether gait analysis was done
on flat or uneven ground. The data points show
AP stability of the medial femoral condyle and
posterior translation of the lateral femoral
condyle during knee flexion.

With the Advance® Medial Pivot and
Sigma® posterior cruciate-retaining implants,
patients had a near normal axial tibiofemoral
rotation. Only three of the patients receiving the
Advance® Traditional total knee arthroplasty
had normal axial tibiofemoral rotation from
heel strike to toe-off. Two of the patients with
Advance® Traditional total knee arthroplasties
had a negative axial rotation angle throughout
the stance phase of gait. This phenomenon may
be caused by the relative increased congruency
of the femorotibial articulation associated with
this design combined with retention of the pos-
terior cruciate ligament.

Ligamentous balance, the position and ro-
tation of the implanted components, and the
direction of resultant muscle forces across the
knee during flexion all may contribute to fem-
oral component lift-off during gait. Lift-off af-
ter a posterior cruciate-retaining total knee
arthroplasty occurs primarily laterally, result-
ing in high polyethylene stresses medially.®
During the midstance phase of gait, the medial
compressive loads across the knee increase
70% to 75%.19-13 These factors may contribute
to accelerated wear and polyethylene failure
of the posterior medial joint compartment.!

All of the patients receiving the Sigma®
knees had condylar lift-off averaging 1.9 mm.
Four of the five patients receiving the Ad-
vance® Traditional total knee arthroplasty also
had condylar lift-off averaging 1.3 mm. Only
one of the five patients with Medial Pivot total
knee arthroplasties had lift-off, and the lift-off
measured 1.1 mm.

In a previous study, Dennis et al® identi-
fied lift-off in 75% of patients studied after
primary total knee arthroplasty. The 40-
patient cohort was divided equally between
patients receiving posterior cruciate-retaining

and posterior-stabilized total knee arthroplas-
ties. The reduced frequency of lift-off associ-
ated with the Medial Pivot total knee arthro-
plasty seems secondary to the asymmetric
design of the tibial component. The significant
congruency of the femorotibial articulation
medially results in an enhanced contact area
that may resist the tendency to lift-off as me-
dial compressive loads increase.

These preliminary data suggest that the Me-
dial Pivot total knee arthroplasty shows a me-
dial pivot motion during the stance phase of gait
with a lower frequency of condylar lift-off than
conventional posterior cruciate-retaining de-
signs. These factors may contribute to reduced
polyethylene wear. Correlation with long-term
clinical outcomes is necessary to validate the
efficacy of this newer design.
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