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Background: Posterior-stabilized total knee prostheses were introduced to address instability secondary to loss of pos-
terior cruciate ligament function, and they have either fixed or mobile bearings. Mobile bearings were developed to improve
the function and longevity of total knee prostheses. In this study, the International Consortium of Orthopaedic Registries
used a distributed health data network to study a large cohort of posterior-stabilized prostheses to determine if the outcome
of a posterior-stabilized total knee prosthesis differs depending on whether it has a fixed or mobile-bearing design.

Methods: Aggregated registry data were collected with a distributed health data network that was developed by the Inter-
national Consortium of Orthopaedic Registries to reduce barriers to participation (e.g., security, proprietary, legal, and privacy
issues) that have the potential to occur with the alternate centralized data warehouse approach. A distributed health data
network is a decentralized model that allows secure storage and analysis of data from different registries. Each registry provided
data on mobile and fixed-bearing posterior-stabilized prostheses implanted between 2001 and 2010. Only prostheses as-
sociated with primary total knee arthroplasties performed for the treatment of osteoarthritis were included. Prostheses with all
types of fixation were included except for those with the rarely used reverse hybrid (cementless tibial and cemented femoral
components) fixation. The use of patellar resurfacing was reported. The outcome of interest was time to first revision (for any
reason). Multivariate meta-analysis was performed with linear mixed models with survival probability as the unit of analysis.

Results: This study includes 137,616 posterior-stabilized knee prostheses; 62% were in female patients, and 17.6%
had a mobile bearing. The results of the fixed-effects model indicate that in the first year the mobile-bearing posterior-
stabilized prostheses had a significantly higher hazard ratio (1.86) than did the fixed-bearing posterior-stabilized
prostheses (95% confidence interval, 1.28 to 2.7; p = 0.001). For all other time intervals, the mobile-bearing posterior-
stabilized prostheses had higher hazard ratios; however, these differences were not significant.

Conclusions: Mobile-bearing posterior-stabilized prostheses had an increased rate of revision compared with fixed-
bearing posterior-stabilized prostheses. This difference was evident in the first year.

T
his study aimed to determine whether there is a dif-
ference in the rate of revision of fixed-bearing compared
with mobile-bearing posterior-stabilized total knee

prostheses. Posterior-stabilized total knee prostheses were in-
troduced to address instability secondary to the loss of poste-
rior cruciate ligament function. Some surgeons selectively use
posterior-stabilized prostheses to address instability when there
is a deficient posterior cruciate ligament or when there is sub-
stantial preoperative angular deformity that requires resection of
the ligament. However, many surgeons use this type of design
following routine resection of the posterior cruciate ligament in

the belief that this approach allows for improved knee flexion
and ease of ligament and flexion-extension gap balance1,2.

Posterior-stabilized total knee prostheses have either
fixed or mobile bearings. Mobile bearings were developed in the
hope of improving the function and longevity of total knee pros-
theses. They are most often used with posterior cruciate-retaining
designs, but there are also a number of mobile-bearing posterior-
stabilized total knee prostheses. The most common reason for
revision of a total knee arthroplasty is aseptic loosening of the
implant, with both wear and torque as contributing factors. Mobile
bearings were introduced in an attempt to reduce polyethylene
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wear and possibly reduce torque at the bone-implant interface. In
biomechanical testing, mobile bearings were found to reduce both
contact stress and polyethylene wear; this has the potential to de-
crease the risk of revision, particularly in younger and more active
patients3-7. It has also been argued that mobile bearings have
the potential to enhance patellar tracking, reduce pain, enhance
function, and reduce patellofemoral-related revision8.

Many studies have compared clinical and radiographic
outcomes of mobile and fixed-bearing total knee prostheses4,5,7,9-12.
One meta-analysis demonstrated an early reduction in anterior
knee pain for patients with mobile-bearing total knee pros-
theses7. However, other studies have not identified any clinical
or radiographic benefit for the use of mobile-bearing compared

with fixed-bearing total knee prostheses5,9-11. A number of ran-
domized controlled trials have examined comparative revision
rates and found no difference, but these studies had limited
follow-up and small numbers of patients5,10. In contrast, the
authors of larger, registry-based studies have reported higher
revision rates for mobile-bearing total knee prostheses6,13.

Very few studies have specifically compared fixed-bearing
posterior-stabilized and mobile-bearing posterior-stabilized
total knee prostheses. In a small number of studies, no differences
in midterm functional and radiographic outcomes between
patients with fixed and those with mobile-bearing posterior-
stabilized prostheses were identified4,11,12. In one study with
limited follow-up, implant survival rates were also reported to

TABLE I Distribution of Posterior-Stabilized Prostheses by Registry, Mobility, Age, Sex, Fixation Method, and Patellar-Resurfacing Status*

U.S. (KP) Australia Italy (E-R) Sweden Norway Spain (C)

Fixed-bearing PS

Age in yr

<45 203 (0.6) 281 (0.5) 13 (0.2) 13 (0.2) 7 (0.9) 4 (0)

45 to 55 3047 (8.4) 3631 (6.9) 136 (1.6) 333 (6.3) 45 (5.8) 69 (0.7)

56 to 65 10,768 (29.8) 14,354 (27.4) 1161 (13.8) 1282 (24.2) 169 (21.8) 835 (8.1)

>65 22,149 (61.2) 34,141 (65.1) 7095 (84.4) 3664 (69.2) 553 (71.4) 9384 (91.2)

Sex

Male 13,327 (36.8) 22,228 (42.4) 2148 (25.6) 1973 (37.3) 201 (26.0) 2969 (28.8)

Female 22,840 (63.2) 30,179 (57.6) 6257 (74.4) 3319 (62.7) 573 (74.0) 7323 (71.2)

Fixation

Cementless 926 (2.6) 2970 (5.7) 132 (1.6) 25 (0.5) 15 (1.9) 222 (2.2)

Hybrid 774 (2.1) 2960 (5.6) 64 (0.8) 3 (0.1) 266 (34.4) 1253 (12.2)

Cemented 34,467 (95.3) 46,477 (88.7) 8209 (97.7) 5264 (99.5) 493 (63.7) 8817 (85.7)

Resurfacing

No 218 (0.6) 21,357 (40.8) 6246 (74.3) 3310 (62.5) 746 (96.4) 5184 (50.4)

Yes 35,949 (99.4) 31,050 (59.2) 2159 (25.7) 1982 (37.5) 28 (3.6) 5108 (49.6)

Mobile-bearing PS

Age in yr

<45 51 (1.1) 101 (0.8) 6 (0.1) 7 (1.4) 0 (0) 1 (0.9)

45 to 55 714 (15.4) 1033 (7.7) 84 (1.5) 58 (12.0) 0 (0) 5 (4.6)

56 to 65 1955 (42.1) 3860 (28.9) 746 (13.1) 177 (36.6) 0 (0) 15 (13.8)

>65 1929 (41.5) 8358 (62.6) 4850 (85.3) 241 (49.9) 0 (0) 88 (80.7)

Sex

Male 1880 (40.4) 5968 (44.7) 1477 (26.0) 220 (45.5) 0 (0) 38 (34.9)

Female 2769 (59.6) 7384 (55.3) 4209 (74.0) 263 (54.5) 0 (0) 71 (65.1)

Fixation

Cementless 39 (0.8) 773 (5.8) 397 (7.0) 0 (0) 0 (0) 32 (29.4)

Hybrid 41 (0.9) 1768 (13.2) 101 (1.8) 0 (0) 0 (0) 3 (2.8)

Cemented 4569 (98.3) 10,811 (81.0) 5188 (91.2) 483 (100) 0 (0) 74 (67.9)

Resurfacing

No 48 (1.0) 5412 (40.5) 4552 (80.1) 296 (61.3) 0 (0) 38 (34.9)

Yes 4601 (99.0) 7940 (59.5) 1134 (19.9) 187 (38.7) 0 (0) 71 (65.1)

*The values are given as the number of each, with the percentage in parentheses. KP = Kaiser Permanente, E-R = Emilia-Romagna region,
C = Catalan region, and PS = posterior-stabilized prostheses.
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be similar14. It remains uncertain whether the outcome of
posterior-stabilized prostheses differs depending on whether
the prosthesis has a fixed or mobile bearing.

In the current study, the International Consortium of
Orthopaedic Registries (ICOR) used a distributed health data
network to examine a large cohort of posterior-stabilized pros-
theses to determine if the outcome of a posterior-stabilized total
knee arthroplasty differs depending on whether the prosthesis has
a fixed or mobile design.

Materials and Methods

Aggregated registry data were collected via a distributed health data network
that was developed by ICOR. This approach was used to reduce barriers to

participation (e.g., security, proprietary, legal, and privacy issues) that have the
potential to occur with the alternate centralized data warehouse approach

15,16
.

A distributed health data network is a decentralized model that allows secure
storage and analysis of data from different registries

17
. Generally, the data from

each registry are standardized (e.g., the data elements are operationalized) and
provided at a level of aggregation most suitable for the detailed analysis of
interest, with the aggregated data combined across registries

18
.

The first step undertaken to develop the health data network was to
evaluate the variation in international practice patterns, including patient se-
lection, technology use, and procedural detail. All interested registries partic-
ipated, and a methodology committee discussed the inclusion of key variables
for analytic purposes. Next, each registry with an interest in participating
completed simple tables depicting the means and proportions of patient and
procedure-related characteristics. Six national and regional registries (those of
Kaiser Permanente [U.S.], Sweden, the Emilia-Romagna region of Italy, the
Catalan region of Spain, Norway, and Australia) participated in this study.

Each registry provided data on mobile and fixed-bearing posterior-
stabilized prostheses implanted between 2001 and 2010. Only the prostheses
associated with primary total knee arthroplasties performed for the treatment

TABLE II Results from the Fixed-Effects Model: Hazard Ratios for
Revision After Mobile Compared with Fixed-Bearing
Posterior-Stabilized Knee Replacement*

Mobile-Bearing PS, Relative
to Fixed-Bearing PS HR† (95% CI) P Value

Time in yr

0 to 1 1.858 (1.281-2.695) 0.001

1 to 2 1.072 (0.943-1.218) 0.291

2 to 3 1.024 (0.922-1.137) 0.661

3 to 4 1.044 (0.946-1.153) 0.393

4 to 5 1.019 (0.923-1.124) 0.709

5 to 6 1.019 (0.915-1.135) 0.735

6 to 7 1.03 (0.875-1.212) 0.723

7 to 8 1.066 (0.816-1.392) 0.639

8 to 9 1.066 (0.775-1.467) 0.694

Sex

Male Ref.

Female 0.8 (0.748-0.855) <0.001

Age in yr

>65 Ref.

£65 0.555 (0.518-0.593) <0.001

Resurfacing

No Ref.

Yes 0.676 (0.626-0.73) <0.001

Fixation

Cemented Ref.

Cementless 1.498 (1.265-1.773) <0.001

Hybrid 1.27 (1.091-1.478) 0.002

Fixed registry effects† — —

*Confidence intervals and p values are based on a Z distribution.
HR = hazard ratio, CI = confidence interval, and PS = posterior-
stabilized prostheses. †Fixed registry effects were included in this
model (five coefficients), but the results are omitted from this table
because a precondition of data sharing was no reporting of
comparisons among registries. The estimated fixed intercept was
25.601 (standard error, 0.122).

TABLE III Results from the Random-Effects Model: Hazard Ratios
for Revision After Mobile Compared with Fixed-Bearing
Posterior-Stabilized Knee Replacement*

Mobile-Bearing PS, Relative
to Fixed-Bearing PS HR (95% CI) P Value

Time in yr

0 to 1 1.76 (1.215-2.55) 0.003

1 to 2 1.062 (0.934-1.208) 0.357

2 to 3 1.017 (0.915-1.13) 0.759

3 to 4 1.037 (0.939-1.145) 0.475

4 to 5 1.012 (0.917-1.118) 0.809

5 to 6 1.012 (0.908-1.128) 0.831

6 to 7 1.023 (0.869-1.205) 0.785

7 to 8 1.06 (0.811-1.386) 0.667

8 to 9 1.059 (0.769-1.458) 0.726

Sex

Male Ref.

Female 0.799 (0.747-0.854) <0.001

Age in yr

>65 Ref.

£65 0.556 (0.52-0.595) <0.001

Resurfacing

No Ref.

Yes 0.67 (0.62-0.724) <0.001

Fixation

Cemented Ref.

Cementless 1.491 (1.259-1.766) <0.001

Hybrid 1.280 (1.01-1.491) 0.002

Fixed registry effects† — —

Random registry effects‡ — —

*Confidence intervals and p values are based on a t distribution. HR =
hazard ratio, CI = confidence interval, and PS = posterior-stabilized
knee prostheses. †Fixed registry effects were included in this model
(five coefficients), but the results are omitted from this table because
a precondition of data sharing was no reporting of comparisons
among registries. The estimated intercept of the fixed registry effects
was 25.522 (standard error, 0.134). ‡The estimated intercept of the
random registry effects was 0.020 (standard error, 0.020).

61

TH E J O U R N A L O F B O N E & JO I N T SU R G E RY d J B J S . O R G

VO LU M E 96-A d SU P P L E M E N T 1(E) d 2014
INTERNATIONAL COMPARATIVE EVALUATION OF KNEE REPLACEMENT WITH

FIXED OR MOBILE-BEARING POSTERIOR-STABILIZED PROSTHESES



of osteoarthritis were included. All types of fixation were included except for
the rarely used reverse hybrid (cementless tibial and cemented femoral com-
ponent) technique. The use of patellar resurfacing was reported. The outcome
of interest was time to first revision (for any reason). The sample sizes by registry,
mobility, age, sex, fixation method, and patellar-resurfacing status are presented
in Table I.

Statistical Analyses
Multivariate meta-analysis was performed with linear mixed models, with survival
probability as the unit of analysis

19
. The models estimated the residual covariances

precisely as described previously
20

and also implemented a transformation
21-23

to
ensure that the models could be fitted with existing SAS software (version 9.2; SAS
Institute, Cary, North Carolina). Survival probabilities and their standard errors
were extracted from each registry for each unique combination of the covariates
(e.g., mobility, patellar-resurfacing status, and patient age) at each distinct event
time. Each unique combination was grouped into yearly time intervals, with only
the earliest observation in that interval retained.

We fitted two models, one that treated the registries as a set of fixed
effects and one that treated them as random effects. Although the random-
effects model offers some inferential advantage for combining studies

24,25
, with

few observational data and/or registries the estimated between-registry varia-
tion in the random-effects model can be rather inaccurate. Moreover, the ab-
sence of randomization for mobility groups could lead to confounding because
of registry-level effects, which the random-effects model does not address but
the fixed-effects model does

26,27
. Therefore, we gave preference to interpreta-

tion of the fixed-effects model, particularly when the parameter estimates
differed substantially between the fixed and random-effects models

26,27
. Ac-

cordingly, we present the results of the fixed-effects model below and include
the results of the random-effects model in the Appendix (Table III).

The results from the linear mixed models are presented as hazard ratios
(HRs) for revision, with a 95% confidence interval (CI) and a p value. SAS
(version 9.2) was used for all analyses. Further details regarding the model
fitting are presented in the Appendix.

Results

The study includes 137,616 posterior-stabilized knee prostheses;
17.6% had a mobile bearing and 62% were in female patients.

Five-year revision rates for all types of total knee arthroplasties
varied across registries, from 1.8% to 3.5%. Distribution of
fixed and mobile-bearing posterior-stabilized procedures by reg-
istry, mobility, age, sex, and patellar-resurfacing status is reported
in Table I.

From each registry and each covariate profile (based on age,
mobility, sex, and patellar-resurfacing status), estimates of survival
probabilities and their standard error were obtained at ten time
intervals (year zero to one through year nine to ten). The com-
plementary log-log transformation of these survival estimates was
combined in a general linear model with a fixed registry effect
(Table II) and in a linear mixed model with a registry-level ran-
dom intercept (see Appendix). There was no evidence of inter-
actions of mobility and age, sex, or patellar-resurfacing status. The
details of the model-fitting procedure are given in the Appendix.
The results of the fixed-effects model provide the hazard ratio for
revision of mobile-bearing posterior-stabilized prostheses com-
pared with that for revision of fixed-bearing posterior-stabilized
prostheses at different time points (Table II). The model indicates
that in the first time interval (year zero to one), mobile-bearing
posterior-stabilized prostheses had a significantly higher hazard
ratio for revision (1.86; 95% CI = 1.28 to 2.7, p = 0.001). For all
other time intervals, mobile-bearing posterior-stabilized prostheses
had higher hazard ratios; however, these differences were not sig-
nificant. The survival probabilities (estimated from the model) for
fixed and mobile-bearing knee prostheses are given in Figure 1.

Fig. 1

Graph comparing the survival probability of the fixed and mobile-bearing posterior-stabilized (PS) prostheses over time. The fixed-effects model outlined in

Table II is depicted. The x-axis values of 1 through 9 correspond to the interval years zero to one through eight to nine. The shading indicates the 95%

confidence interval.
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Discussion

Mobile-bearing posterior-stabilized prostheses have an in-
creased rate of revision compared with fixed-bearing

posterior-stabilized prostheses. This difference is evident in the first
year. After that, the difference is maintained, with the revision rates
for both fixed and mobile-bearing posterior-stabilized prostheses
continuing to increase at a similar rate. There was no evidence of
interactions of mobility and age, sex, or patellar-resurfacing status.

The major advantage of this study is that it includes a large
number of procedures with posterior-stabilized prostheses. Mobile-
bearing posterior-stabilized prostheses in particular are not com-
monly used, but in this study we were able to compare the outcome
with that for fixed-bearing posterior-stabilized prostheses. There
are two major limitations to this study. First, although there was
evidence of a difference in outcome, the reasons for that difference
are not apparent. This is because the reasons for revision were not
identified in the current study. Second, the performance of indi-
vidual types of prostheses was not analyzed, so it remains uncertain
whether the higher rate of revision for mobile-bearing posterior-
stabilized prostheses is true for all mobile-bearing posterior-
stabilized devices or is only evident for some.

Conclusions

The results of this study suggest that despite some potential
theoretical advantages of the use of posterior-stabilized

mobile bearings, there is no evidence that this mobile-bearing
design is associated with a reduced risk of revision when com-
bined with a posterior-stabilized design. On the contrary, the
risk of revision is increased compared with when fixed-bearing
posterior-stabilized prostheses are used.

Appendix: Model-Fitting Details

For the models comparing mobile and fixed-bearing posterior-
stabilized knee prostheses, we examined the sensitivity of the

results to outlier observations (for all data and with observa-
tions that had a standard error of more than 0.05, more than
0.025, or more than 0.0125 removed). We determined that
removing the observations with a standard error of more than
0.025 would sufficiently limit the inaccuracies that arose from
observations involving unreliable information. We began with
a model that includes an intercept, mobility, patient age, sex, fix-
ation method, patellar-resurfacing status, time, mobility by time
interaction, and registry-level random effects for intercept and
residual variance fixed at one. A likelihood ratio test with maximum
likelihood estimation found significant improvement as a result of
including the mobility by time interaction terms (x2 [9] = 100.077;
p < 0.0001), and therefore they were included in the model. Lastly,
we explored whether there was evidence of an interaction between
mobility and patellar-resurfacing status, fixation method, or sex. A
global test of all of these two-way interactions indicated no evidence
of an effect (x2 [5] = 7.851; p = 0.165). n
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