Long-term outcome of low contact stress total knee arthroplasty
with different mobile bearing designs
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Abstract

Purpose: to evaluate the differences in clinical outco-
me and survivorship of three different mobile bearings
for total knee arthroplasty.

Methods: a retrospective study was conducted in 60
patients (53 females, 7 males, mean age: 68 years and
5 months) each submitted to total knee replacement
using one of the three different mobile bearings of the
LCS system (Depuy Johnson & Johnson, Warsaw,
IN). The diagnosis was knee osteoarthritis in 57 cases
and rheumatoid arthritis in three cases. Three different
groups of 20 cases each were identified: total knee
arthroplasties with mobile menisci (group 1); total
knee arthroplasties with the rotating platform (group
2); and total knee arthroplasties with the anteroposte-
rior glide platform (group 3). As regards the compo-
nent fixation, 33 implants were cementless, three were
cemented, and in 24 only the tibial component was
cemented. The patella was not replaced.

Results: although the duration of follow-up differed
between the three groups, the clinical and radiological
results at final follow-up showed no revision of femo-
ral and/or tibial components for mechanical or septic
reasons, and no signs of impending failure. One meni-
scal bearing, showing polyethylene wear after 17 years,
was successfully replaced.

Conclusions: the present retrospective study confir-
med the long-term effectiveness of knee implants with
mobile bearings, in which the congruity of the surfa-
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ces makes it possible to overcome the problem of high
contact stresses that may result in polyethylene wear
and osteolysis; at the same time, these implants elimi-
nate constraint forces thereby reducing the risk of
mechanical loosening.

Level of evidence: Level 111, retrospective comparative
study.

Key words: knee arthroplasty, meniscal bearings,
mobile bearing, rotating platform.

Introduction

Osteolysis induced by wear debris of ultra-high-mole-
cular-weight polyethylene and the biological reaction
to its particles in surrounding tissues has emerged as a
significant problem after total knee arthroplasty
(TKA). The generation of polyethylene wear and the
subsequent development of osteolysis around a TKA
are phenomena that result from a combination of
patient-related, implant-related and surgical factors.
Osteolysis can currently be considered the main reason
for mid-term and long-term failure of a TKA.
Implant — related factors are important to the outco-
me of a TKA — just as important as the patient’s level
of activity over time, which will affect the loads, and
surgical factors, such as restoration of alignment and
ligament balance. The optimal design of the articular
bearing surface remains controversial, but nevertheless
needs to be carefully considered, taking into account
the stresses imparted on component-bone and modu-
lar tibial backside interfaces; the implant should be
designed to grant mobility and stability, respecting the
normal kinematics and avoiding peaks of stress on the
polyethylene surface and constraint forces on the tibial
component. In fact, although flat-on-flat designs allow
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extensive mobility, they increase the mechanical load,
causing higher contact stress; on the other hand,
implants with an intrinsic constraint transmit complex
multidirectional stresses that act mainly on the tibial
baseplate, resulting in its mechanical loosening in the
intermediate term (1, 2). A TKA with a mobile bea-
ring, maintaining the congruity of the surfaces and
providing unconstrained mobility, may represent a
good compromise able to significantly reduce pol-
yethylene wear (3-6).

On the basis of these considerations, TKAs with mobi-
le bearings have been used in our department since
November 1993; initially the meniscal design (charac-
terized by the presence of two curved tracks along the
medial and lateral aspects of the metal tibial baseplate)
was used; this was followed by the rotating platform,
which only rotates about a central pivot without any
movement in the frontal and sagittal planes, and
finally the AP glide platform, which allows rotation
and minimal controlled movement in the sagittal
plane between the flat distal polyethylene surface and
the highly polished proximal tibial tray. In a previous
publication we have already reported the outcome of
these implants at short term follow-up (7).

The purpose of the present study was to evaluate at
long-term follow-up of the differences in clinical and
radiological results of the total knee replacements per-
formed using these three different mobile bearings.
The hypothesis of the study was that total knee repla-
cements performed using mobile bearings does not
differ in clinical and radiological outcome according
to the mobile bearing design at long-term follow-up.

Methods

We conducted a retrospective study of 60 patients (53
females, 7 males; mean age: 68.5 years, range 48-82
years) who each underwent a total knee replacement
using the LCS system (Low Contact Stress, Depuy,
Johnson & Johnson, Warsaw, IN) with one of the
three different mobile bearing designs. The preopera-
tive diagnosis was osteoarthritis in 57 cases and rheu-
matoid arthritis in 3. None of the patients was opera-
ted on bilaterally, and we therefore considered 60
implants: 33 cementless, 3 cemented, 24 hybrid
(cementation only of the tibial component).

Three different groups were identified. Group 1 inclu-
ded 20 consecutive TKAs with mobile menisci. These
were implanted in 16 females and 4 males (mean age
64 years, range: 48-82) affected by knee osteoarthritis
(18 cases) or rheumatoid arthritis (2 cases) who under-
went the surgery between November 1993 and July
1994. In all cases both femoral and tibial components
were fixed without cement. The posterior cruciate liga-
ment was preserved in all the procedures.

Group 2 included 20 consecutive TKAs with the rota-
ting platform. These were implanted in 18 females and
2 males (mean age 73 years, range: 62-81) with
osteoarthritis (19 cases) or rheumatoid arthritis (1
case). They were operated on between January and
May 1995. In 9 cases both components were cement-
less, in 10 only the tibial component was cemented,
and in 1 case cemented femoral and tibial components
were used. The posterior cruciate ligament, if present,
was always sacrificed.

Group 3 included 20 consecutive TKAs with the AP
glide platform. These were implanted in 19 females
and 1 male (mean age 69 years, range: 57-75), all
affected by osteoarthritis and operated on in the
period between November 2000 and March 2001. In
4 cases cementless fixation of both components was
performed, in 14 only the tibial component was
cemented, and in 2 cases cemented femoral and tibial
components were used. The posterior cruciate liga-
ment was retained in all the procedures.

All the 60 cases were primary implants and no patient
had a history of previous knee surgery, such as high
tibial osteotomy, distal femoral osteotomy, or partial
or total knee replacement.

The patella was never replaced; a pneumatic tourni-
quet was inflated before making the skin incision and
was used during all the steps of the procedure; it was
released after wound closure and elastic dressing. The
articular drain was always removed on the second
post-operative day; assisted and active motion was
allowed thereafter. Partial weight-bearing with two
crutches was started on the third post-operative day.
Pharmacological and mechanical antithromboembolic
prophylaxis was administered: low molecular weight
heparin at a dose of 0.4 ml per day subcutaneously,
starting from the evening before the index operation
and continuing for an average of 30 days, and an arte-
ro-venous foot pump in the recovery room, replaced

JoINTs 2014;2(3):109-114



Long term outcome of mobile bearing TKA

with elastic stockings after removal of the drain. All
the patients followed the same rehabilitation protocol.
Radiological evaluation and clinical assessment with
the Knee Society Score (KSS) (6) and Hospital for
Special Surgery (HSS) score (8), respectively, were per-
formed at baseline and at the most recent follow-up in
December 2013. A statistical analysis with SPSS 11.0
software (SPSS Inc., Chicago, IL) was performed.
Student’s t test was used to perform pairwise compari-
sons for mean range of motion, mean tibial and femo-
ral component survivorship, KSS and HSS score bet-
ween the three groups. Significance was set for p-
values < 0.05.

Results

The overall follow-up duration differed between the
three groups: up to 20 years in group 1, up to 18 years
and 6 months in group 2, up to 13 years in group 3.
None of the implants needed revision for mechanical
failure or sepsis; radiological evaluation showed stable
fixation of all components, both femoral and tibial,
without any sign of impending failure.

One meniscal bearing was successfully replaced 17
years after first surgery due to polyethylene wear of the
lateral inlay on the femoral side (Fig. 1).

All the groups showed an improvement in the mean
HSS score from the preoperative evaluation to the
final follow-up: in group 1 it increased from 55 to 86
(average range of motion: 100°); in group 2 from 53
to 85 (average range of motion: 97°); in group 3 from
54.5 to 88 (average range of motion: 106°). Despite
the evident discrepancy between the length of the final
follow-up in the different groups, the results did not
show statistically significant differences between them
for average range of motion, survivorship, KSS and
HSS score.

Discussion

The results reported in the present study were very
similar to those obtained by Bistolfi et al. (9), who eva-
luated a consecutive series of 332 mobile-bearing,
posterior-stabilized knee replacements in 249 patients
at a mean follow-up of 76.3 months. The HSS score

improved from 55 pre-operatively to 86 at the end of
follow-up, a progressive radiolucent line appeared only
in 1.2% of the knees, and the cumulative survival rate
was 98.4% at 10 years, regardless of age, sex, disease
severity, and patellar treatment (resurfaced in about
50% of the implants).

In the present study, cementless fixation of the com-
ponents did not seem to affect the outcome. Similar
findings were reported by Choy et al. (10) who, at a
mean follow-up of 9.5 years, reported a 100% of sur-
vival rate of the femoral and tibial components in 186
consecutive primary LCS mobile-bearing TKAs per-
formed by a single surgeon to treat knee OA in cases
randomly assigned to undergo either cemented or
cementless fixation of the tibial component.
Mobile-bearing designs were introduced in the United
States by DePuy in the 1980s. The first ones were
based on the meniscal-bearing concept, but they were
soon followed by the rotating platform design. The
purported advantage of the dual-surface articulation is
that it provides a means of maintaining low rotational
constraint and increasing the load bearing area
(important for the durability of component fixation)
while reducing tibiofemoral contact stresses and there-
fore addressing the problem of polyethylene wear. In
fact, in mobile-bearing implants, the combination of
increased congruity and unconstrained mobility has
the effect of reducing contact stresses on the polyethy-
lene surface to tolerable levels, avoiding peak stresses
on the inlay (solving the problem presented by fixed
flat-on-flat designs) and eliminating constraint forces
on the tibial baseplate (solving the problem of highly-
conformed prostheses with fixed inserts) (11). Otto et
al. (12), in an experimental study conducted using the
same implant with rotating platform that we used in
our series, demonstrated that the polyethylene inlay
follows the axial movements of the femoral condyles
and can rotate about 6°; this results in maintenance of
a high contact area, which is a desirable clinical beha-
vior. Lacour et al. (13) recently demonstrated, in an iz
vivo three-dimensional kinematics study performed on
a posterior-stabilized rotating-platform prosthesis, that
tibial bearing rotation was maintained at 10 years
postoperatively, although femoral component-pol-
yethylene bearing rotation was reduced, suggesting
that the overall kinematic performance of a mobile-
bearing implant is not negatively affected by time.
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Nevertheless the capacity of the femoral condyles
and the inlay to reproduce the physiological
posterior roll-back in the sagittal plane is still
debated (6, 14).

McEwen et al. (15) showed that volumetric wear
of the polyethylene is significantly lower in a knee
prosthesis with a rotating platform rather than a
fixed bearing device because, under dynamic loa-
ding conditions, the mobile bearing should be
able to self-align to unidirectional motion, the-
reby reducing the forces acting tangentially on
the polyethylene molecules.
Stukenborg-Colsman et al. (1), using an electro-
nic resistive pressure-measuring sensor, found
that the average peak contact stresses were higher
on the fixed inlay (21 MPa) than on the mobile
inlay (7.7-5.3 MPa), whether the tibial compo-
nent was aligned normally, or in an internally or
externally rotated position. Ultimately, what both
these studies suggest is that the ability of the inlay
to translate on the tibial baseplate permits the
inlay to align itself on the femoral component in
such a way that the contact surface area is maxi-
mized and contact stresses are reduced.

Experimental data are confirmed by
very satisfactory clinical results.
Callaghan et al. (4) reported survi-
vorship rates of between 94.6% and
100% in two series of patients with
Oxford unicompartmental and LCS
total knee replacements followed up
for at least eight years.

Buechel and Pappas (3), comparing
the six-year outcomes of cementless
LCS total knee replacements, repor-
ted survivorship rates of 97.9% for
the meniscal bearing and 98.1% for
the rotating platform design. Ten
years later the same authors, analy-
zing the results of cementless im-
plants with a follow-up ranging
from a minimum of 10 years to a
maximum of 22 vyears, reported
long-term survival rates of 83% at

16 years for the meniscal bearing

Fig. 1. A: Anteroposterior X-ray of a right total knee replacement with meniscal bearing after 17 and 88.3% at 18 years for the rota-
years of survivorship shows loss of height in the lateral compartment due to wear of the lateral . .

bearing. B: Weight-bearing long-axis view shows the consequent valgus deformity. C: UDNg platform design (106).
Intraoperative findings demonstrate fragments of the torn lateral meniscal bearing (above, the §,;ch outstandmg clinical results

new devices to be used). D: Postoperative X-ray after replacement of the inlays.
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should be taken as confirmation of the validity of
mobile-bearing implants and should overcome all the
doubts about the possibility of increased wear due to
the two sliding surfaces (femoral condyles-inlay and
inlay-tibial baseplate). Moreover, micromotion of up to
25 micron with a cyclic axial load (17) and at least 100
micron with anteroposterior and mediolateral loads
(18) has been recorded on the undersurface of the pol-
yethylene between the tibial insert and baseplate in
several modular fixed-bearing implants; this could crea-
te an undesirable second interface subject to backside
wear (2, 19).

Nevertheless, the theoretical superiority of mobile bea-
rings has not been reflected in better clinical perfor-
mances, in terms of outcomes and survivorship, com-
pared with their fixed counterparts.

Jacobs et al. (20), aiming to assess the differences in
active flexion between patients who had undergone a
total knee arthroplasty with a mobile or a fixed, crucia-
te retaining, bearing, enrolled 92 patients from one
center using block-stratified, random allocation.
Outcome parameters were flexion, both active and pas-
sive, and Knee Society score: no short-term differences
in active flexion between fixed bearing and mobile bea-
ring were found and the clinical Knee Society score was
comparable between the two bearing groups.

In their evidence-based data review, Post et al. (21)
found articles that tracked long-term (a minimum 10
years of follow-up) survivorship of fixed-bearing or
mobile-bearing total knees, addressed functional out-
come, or involved direct comparison of mobile-bea-
ring and fixed-bearing prostheses. In summary, the
authors demonstrated that at a follow-up of 12 to 23
years the available evidence does not point to the supe-
riority of one design over another in terms of function
and that there is no difference in survivorship between
mobile-bearing and fixed-bearing designs, both being
capable of producing excellent long-term results and
clinical outcomes if properly implanted.

Wen et al. (22) conducted a systematic review and
meta-analysis to evaluate whether mobile-bearing knee
prostheses offer clinical and radiographic advantages
over fixed-bearing knee prostheses. In the 15 studies
involving 1,950 knees that they were able to identify
(searching PubMed, EMBASE, Ovid and the
Cochrane Central Register of Controlled Trials from
January 1979 to June 2010) they did not find any sta-
tistically significant difference in terms of clinical sco-

res, patient preference, radiolucent lines around the
implant and prosthesis-related complications. They
concluded that the mobile-bearing implant design,
compared with the fixed-bearing implant design,
improves outcomes only theoretically, given that the
anticipated effectiveness has not yet been verified in
current clinical practice.

These data were confirmed in a prospective randomi-
zed study conducted by Bailey et al. (23) in which no
difference in clinical outcome, in 331 cases at two-year
follow-up, was found between patients with rotating-
platform wversus fixed-bearing posterior cruciate-retai-
ning knee arthroplasties.

Finally, a randomized controlled trial in which a total
of 116 surgeons in 34 centers examined the clinical
effectiveness and cost-effectiveness of some aspects of
knee replacement surgery, including the type of bea-
rings (mobile or fixed to the tibial component), sho-
wed no definite advantage or disadvantage of mobile
bearings in terms of clinical scores, quality of life, reo-
peration and revision rates or cost-effectiveness (24).
In conclusion, our retrospective study confirmed the
long-term effectiveness of knee implants with mobile
bearings, in which the congruity of the surfaces makes
it possible to overcome the problem of high contact
stresses that may result in polyethylene wear and
osteolysis; at the same time, these implants eliminate
constraint forces thereby reducing the risk of mecha-
nical loosening.
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