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Abstract

Purpose This study was designed to compare clinical,

radiological, and general health results of two prostheses

(mobile vs. fixed weight-bearing devices) that are used in

total knee arthroplasty with a 5-year follow-up.

Methods This randomized controlled study was con-

ducted from 2004 to 2010 in the Department of Orthopedic

Surgery at two university hospitals in Isfahan, Iran. Three

hundred patients with expected primary total knee arthro-

plasty (TKA) without severe deformity (a fixed varus or

valgus deformity greater than 20�) received fixed weight-

bearing (n = 150) or mobile weight-bearing (n = 150)

devices. Clinical, radiological, and quality of life outcomes

were compared between the two groups at six-month

intervals for the first year, after which the comparisons

were made annually for the next 4 years.

Results Both groups had similar baseline characteristics.

Although there was significant improvement in both groups,

there was no significant difference between the groups with

regard to the means of the Knee Society Scores, which were

92 (SD: 12.1) for the fixed weight-bearing device and 93

(SD: 14.2) for the mobile weight-bearing device (n.s.) at the

final follow-up point. Radiographs showed that there was no

significant difference in prosthetic alignment and no evi-

dence of loosening. After TKA, the SF-36 score increased

in both groups, but there was no statistical difference

between the groups in quality of life at the final follow-up

(62 (12.2) vs. 64 (14.3), n.s.). There was no revision after

5 years.

Conclusions In terms of clinical, radiological or general

health outcomes for people who underwent TKA, the

results of this study showed no clear advantage of mobile

weight-bearing over the fixed weight-bearing prosthesis at

the five-year follow-up.

Level of evidence I.

Keywords Total knee arthroplasty � Replacement � Fixed

weight-bearing �Mobile weight-bearing � Randomized trial

Introduction

Total knee arthroplasty (TKA) has become widely

approved for treatment of severe knee functional limita-

tions, such as end-stage osteoarthritis or rheumatoid

arthritis [1]. Currently, there are two different designs of

the prosthesis devices, that is, fixed weight-bearing and

mobile weight-bearing devices, and each design has

advantages and disadvantages. Fixed weight-bearing

devices, in which the polyethylene tibial insert is locked

with the tibial tray, have yielded excellent survival rates of
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up to 95 % at the 10-year follow-up [16], but problems

related to patellofemoral articulation, polyethylene wear,

and osteolysis have been reported [4, 8, 10]. The mobile

weight-bearing devices, which facilitate movement of the

insert relative to the tray [28], reduce contact stress and

linear wear of the polyethylene [5, 31], allow reproduction

of tibial internal rotation during flexion [6, 9], and improve

patellofemoral tracking, which decrease the problems of

stability and anterior knee pain [4]. However, the mobile

weight-bearing devices have the disadvantages of greater

implant costs and potential mechanical failure due to

bearing dislocation [13, 35], which may limit their use.

Despite the potential advantages that exist for mobile

versus fixed weight-bearing devices, some comparative

studies have indicated no superiority for the mobile weight-

bearing devices over the fixed weight-bearing devices

[18, 33].

In a study of 92 bilateral TKAs, Kim et al. [23] showed

significantly better Knee Society Scores (KSS) for mobile

weight-bearing devices compared to fixed weight-bearing

devices. Also, a study by Price et al. [32] of 39 patients

who had bilateral TKAs indicated that the mobile weight-

bearing devices had higher KSS than the fixed weight-

bearing devices. In contrast, available reports showed no

significant clinical improvement in the mobile implants

compared to the fixed implants [18, 33]. Also, among

previous studies, only Lampe et al. [25] succeeded in

eliminating the variability in the design of the implant, the

surgical technique, and post-operative rehabilitation in

short-term follow-up. However, it has not been deter-

mined whether these variables have any significant impact

on the outcomes in long-term follow-up. As a result of

these controversial results, there is a need to better

understand the mobile weight-bearing implant and also a

need to determine the impact of the variables on follow-

up outcomes. Thus, this study was designed to compare

clinical, radiological, and general health results of the two

types of prostheses at the five-year follow-up assessment.

The study hypothesis was that there would be better

clinical results with the mobile weight-bearing implant

than for the fixed weight-bearing implant at the mid-term

follow-up.

Materials and methods

This prospective randomized trial was conducted from

June 2004 to November 2010 in the Department of

Orthopedic Surgery at two university hospitals (Referral

Centers, Isfahan University of Medical Sciences) in Isfa-

han, Iran. Patients with expected primary total knee

arthroplasty without severe deformity (a fixed varus or

valgus deformity greater than 20�) participated in the

study. Exclusion criteria were mediolateral instability,

infective arthritis, severe deformity, and revision. The

study was approved by the Ethics Committee of Isfahan

University of Medical Sciences, and each patient gave

informed consent prior to the study, which was performed

in accordance with the ethical standards of the 1964 Dec-

laration of Helsinki as revised in 2000. The study was

registered at http://www.clinicaltrials.gov (Identifier: NCT

01312532).

Of the 322 patients initially enrolled in the study, 22

were not included in the final analysis. Of the 15 patients

who did not meet the inclusion criteria, five patients had

mediolateral instability, eight patients had severe defor-

mity, and two patients had infective arthritis. Seven

patients were unable to get the anaesthesiologist’s per-

mission for the operation. Of the remaining 300 patients in

the final sample, 150 received fixed weight-bearing

implants and 150 received mobile weight-bearing implants

for total knee arthroplasty.

Based on a table of random numbers generated by

random allocation software in regard to simple random

allocation [34], the principal investigator (HSh) assigned

patients to either the fixed weight-bearing group or the

mobile weight-bearing group, and the surgeries were con-

ducted by the same orthopaedic surgeon. The fixed weight-

bearing prosthesis (P.F.C.� Sigma, DePuy, Johnson &

Johnson, Leeds, UK) and the mobile weight-bearing

prosthesis (P.F.C.� Sigma RP, DePuy, Johnson & Johnson,

Leeds, UK) were used in this study. These are both pos-

terior-stabilized prostheses, and they are identical with

respect to the femoral component. The pre-operative,

baseline characteristics of the two groups are shown in

Table 1.

Table 1 Baseline characteristics between groups

Variables Fixed weight-bearing group (n = 150) Mobile weight-bearing group (n = 150) P value

Age 70 (SD: 12.1) 68 (SD: 14.2) n.s.

Male/female 48 (32 %)/102 (68 %) 60 (40 %)/90 (60 %) n.s.

Varus deformity 126 (84 %) 129 (86 %) n.s.

Valgus deformity 18 (12 %) 15 (10 %) n.s.

Data are presented as mean (Standard Deviation (SD)) or number (%)
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Eligible patients underwent regional (spinal or epidural)

anaesthesia, and the surgical procedures were performed

with tourniquet control via a midline skin incision and a

medial parapatellar approach to the knee. Intramedullary

and extramedullary alignment was done for the femur and

tibia. Realignment of the knee was performed in the two

groups by appropriate soft-tissue procedures. In order to

remove a volume of bone equal to the volume of the

component to be implanted, all patellae were resurfaced,

and patellar thickness was measured before the resection.

All devices were cemented after inflation of the tourniquet,

pulsatile lavage of the bone, drying, and pressurization of

the cement. Prophylactic intravenous antibiotic (cefazo-

lin, 2 g) was administered to all patients 30 min before

making the incision, and an additional quantity of 1 g was

administered every 8 h for 3 days. Anti-thrombotic pro-

phylaxis (subcutaneous enoxaparin or deltiparin) was

begun 6 h post-operatively and continued until day five

after surgery. The standard TKA rehabilitation protocol,

including self-controlled epidural analgesia, non-steroidal

oral analgesia, anti-thrombotics, physical therapy, and

continuous passive motion, was the same for both groups.

Continuous passive motion began on the first post-opera-

tive day, and full weight-bearing ambulation began on the

second day, assisted by crutches for the first 6 weeks and a

cane for an additional 6 weeks. Patients were discharged

either to their own home or to a temporary rehabilitation

facility when they were able to actively flex the knee to

at least 90� and walk independently. Clinical and radio-

graphic follow-up was performed at one, three, and

6 months; 1 year after the operation; and yearly thereafter

until year five. The radiographs were taken during

weight-bearing in all the patients, and they were taken at

3 months, 1 year, and then every 2 years. There was no

difference between the two groups in additional soft-tissue

procedures.

Knee Society Scoring (KSS) as a primary outcome was

obtained pre-operatively and during the follow-up until

year five. KSS was used for evaluating the function of the

knee, with the higher scores indicating better knee function

[17]. Our secondary outcomes included pain, patellofe-

moral joint function, quality of life, and radiological out-

comes (alignment angles in the knee, positions of the

femoral and tibial components, the position of the patella,

and radiolucency).

Pain was evaluated with a visual analogue scale (VAS)

with scores ranging from zero to 10 (0 for no pain and 10

for intolerable pain). Patellofemoral joint function was

evaluated by a scoring system developed by Kim et al.

[20], which considers pain in the anterior knee, the strength

of the quadriceps, the ability to rise from a chair, and

the ability to walk upstairs, with a final score that ranged

from a minimum of one to a maximum of 30 points.

Radiological outcomes were assessed by the Knee Soci-

ety’s roentgenographic evaluation system. Long-standing

roentgenograms of the knee were obtained to determine

overall limb alignment before and after surgery. The

components’ interfaces for radiolucent lines were investi-

gated by fluoroscopic positioning in the anteroposterior and

lateral views. Skyline views of the patellofemoral joint

were obtained at 45� of flexion, using the technique

developed by Merchant et al. [29].

To determine quality of life, we used the Iranian version

of the short-form health survey (SF-36) questionnaire [30]

before and after the operation, since its validity and reli-

ability has been established. The questionnaires showed

that the internal consistency (to test reliability) among all

eight SF-36 scales met the minimum reliability standard,

with Cronbach’s alpha coefficients ranging from 0.7 to 0.9

except for the vitality scale, for which the alpha coefficient

was 0.6. In their study, convergent validity (to test scaling

assumptions) using each item’s correlation with its

hypothesized scale showed satisfactory results, with all

correlations above 0.4 and in the range of 0.5 to 0.9. The

SF-36 questionnaire, a generic measure of health, was used

to measure quality of life. It consists of 36 questions

(items), each of which was assigned a score ranging from

0 to 100.

Statistical analysis

Considering a = 0.05, study power = 80 %, d = 5.8

points as the minimal expected difference between the two

groups in KSS [18] with standard deviations (SDs) of 12.7

and 15.5 and a 30 % possibility of failure, a sample size of

122 patients was considered for each group. In an effort to

minimize the chance of type 2 error, we decided to recruit

150 patients per group. Neither the examiner nor the

patient knew the type of implant during the evaluation, and

the data recorded for each follow-up evaluation were

double blind.

SPSS software (Windows version 18.0) was used to

analyse the data using the independent t test (if the data

were normally distributed) and the chi-squared test for

comparing means and categorical data, respectively,

between the two groups. Values of P \ 0.05 were con-

sidered to be statistically significant.

Results

The flow of participants is shown in the CONSORT dia-

gram in Fig 1. The results of each parameter of the KSS

system during follow-up are shown in Table 2. Pre-oper-

atively, the means of KSS in the fixed weight-bearing and

mobile weight-bearing groups were 40 (SD: 18.2) and 41
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(SD: 16.1) (n.s.), respectively, and the means improved to

92 (SD: 12.1) and 93 (SD: 14.2), respectively, at the

final follow-up, that is, 5 years after surgery, but there was

no difference between the two groups in this regard

(CI 95 % = -3.9 to 1.9, n.s.).

Post-operative results improved similarly in both

groups. Pain gradually diminished over the follow-up

period, and there were 120 (80 %) and 132 (88 %) pain-

free patients, respectively, at the end of follow-up (n.s.).

The means of the functional scores were not statistically

different between the two groups before surgery (47 (SD:

22.1) vs. 45 (SD: 21.3), CI 95 % = -2.9 to 6.9, n.s.) and

5 years after surgery (85 (SD: 23.4) vs. 86 (SD: 24.6), CI

95 % = -6.4 to 4.4, n.s.) (Table 2).

The walking distance, level of support, and stairs are

shown in Table 2. The results showed that the ability to

walk improved similarly in the two groups. The mean of

patellar score was not significantly different between the

groups before follow-up (11 (SD: 4.4) vs. 12 (SD: 4.6),

CI 95 % = -2.0 to 0.02, n.s.) and at the final follow-up

(26 (SD: 5.0) vs. 27 (SD: 4.5), CI 95 % = -2.08 to 0.08, n.s.).

The total scores of the SF-36 questionnaires are shown in

Table 2. The results showed that the SF-36 scores increased

after TKA in both groups, but there was no statistical differ-

ence between the groups in quality of life at final follow-up (62

(SD: 12.2) vs. 64 (SD: 14.3), CI 95 % = -5.0 to 1.0, n.s.).

The radiological results are shown in Table 3. There

were no statistical differences in overall alignment between

Assessed for eligibility (n=322)

Excluded (n=22)
• Not meeting inclusion 

criteria (n=15 )
• Declined to participate 

(n=2 )
• Other reasons (n=5 )

Randomized (n=300)

Mobile-bearing group
Fixed-bearing group

Allocated to intervention 
(n=150)

Allocated to intervention (n=150)

Patients to be followed 
(n=150)

Patients to be followed 
(n=150)

Analyzed (n=150)Analyzed (n=150)

Flow diagram of description of sample
Fig. 1 Flow diagram

of description of sample
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the two groups pre-operatively or post-operatively.

According to the chi-squared test, there were no statistical

differences between the groups in the positions of the

femoral and tibial components, the position of the patella,

or radiolucency. There were no intra-operative complica-

tions in either group, and there were no revisions or oste-

olysis during follow-up.

With the multi-variate regression analysis, gender (n.s.),

age (n.s.), and kind of prosthesis (n.s.) had no impact on

total KSS score at the five-year follow-up.

Discussion

The most important finding of this study was the lack of

improvement when mobile weight-bearing devices were

used instead of fixed weight-bearing devices with regard to

clinical, radiological, and general health outcomes. The

variables of gender, age, and kind of prosthesis had no

impact on the final outcomes at the 5-year follow-up. The

Knee Society Score improved in the patients after TKA,

but there was no statistical difference between the two

groups. Our results are in agreement with previous studies

[1, 2, 19, 21, 37]. In a prospective study, Matsuda et al.

[27] compared the clinical and radiological results of

mobile weight-bearing implants and fixed weight-bearing

implants for 61 total knee arthroplasties and found no

improvement for mobile weight-bearing implants, with

specific attention to rotational alignment and range of

motion in the mid-term follow-up. Our results agreed with

their results, but we have called attention to some limita-

tions in their study, such as inadequate randomization and

only using KSS to evaluate patients’ symptoms.

In contrast, a study by Kim et al. [23] of 92 bilateral

TKAs reported significantly better KSS for mobile weight-

bearing implants. The difference may be that a different

kind of prosthesis was used. In their study, the excessive

constraint of the Medial Pivot fixed weight-bearing

Table 2 Clinical and quality of

life results of fixed versus

mobile-bearing prosthesis in

total knee arthroplasty

*Knee Society Score, **Visual

Analogue Scale, ***Range of

Motion, ****Anteroposterior,

*****Medial–lateral

**Data are presented as mean

(Standard Deviation (SD)) or

number (%)

Variables Pre-operative 5 years follow-up

Fixed Mobile Fixed Mobile

KSS* 41 (SD: 8) 40 (SD: 7) 92 (SD: 12) 93 (SD: 14)

Pain

None (%) 4 6 86 88

Mild (%) 12 10 14 12

Moderate (%) 48 44 0 0

Severe (%) 36 40 0 0

VAS** score 8.5 8.0 0.6 0.6

ROM*** 3–101 4–98 0–113 0–116

AP**** stability (\5 mm) (%) 92 90 99 100

ML***** stability (\5�) (%) 70 74 92 94

Total function score 47 45 85 86

Walking distance

Cannot walk (%) 2 4 0 0

\1 block (%) 10 12 0 0

1–5 blocks (%) 72 68 34 16

5–10 blocks (%) 14 14 54 62

Unlimited (%) 2 2 22 22

Walking support

No support (%) 58 64 88 92

1 cane (%) 38 34 12 8

1 crutch (%) 2 2 2 0

2 crutches (%) 2 0 0 0

Stairs

Normal (%) 82 84 92 94

Normal with support (%) 8 6 8 4

1 step no support (%) 6 6 0 2

With support (%) 4 4 0 0

Total patellar score 11 12 26 27

Short-form 36 49 (SD: 7) 51 (SD: 8) 62 (SD: 12) 64 (SD: 14)
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prosthesis imposed by the fully congruent medial tibio-

femoral articulation may not restore normal kinematics of

the knee and inhibit posterior rolling and sliding of the

lateral femoral condyle around a medial femoral condyle

during knee flexion. This subtle disturbance of kinematics

of the Medial Pivot fixed weight-bearing prosthesis may

contribute to less favourable clinical outcomes than the

PFC Sigma mobile weight-bearing prosthesis. Price et al.

[32] conducted a study of 39 patients requiring bilateral

TKA and also reported higher KSS for mobile weight-

bearing implants compared to fixed weight-bearing

implants. The difference may be due to the fact that, in the

study conducted by Price et al. [32], the blinding protocol

was broken for nine of the 39 patients, and some of the

clinical measurements were made by an examiner who

could have known which implant was in which knee. Also,

our results agree with the results of a meta-analysis con-

ducted by Smith et al. [36]. They reported that statistical

pooling of the data clearly indicates that no significant

difference exists between clinical outcomes of mobile

weight-bearing implants and fixed weight-bearing implants

in TKA.

Our study showed that the pain levels were the same for

the fixed weight-bearing group and the mobile weight-

bearing group. This finding is in agreement with many

previous studies [12, 15, 22, 38]. In contrast, there are three

Table 3 Radiological results of

fixed versus mobile weight-

bearing prosthesis in total knee

arthroplasty

Variables Fixed weight-

bearing group

Mobile weight-

bearing group

P value

Overall alignment (%)

Pre-operative

Varus [5� 72 % 74 % n.s.

Varus 3–5� 12 % 12 % n.s.

0� ± 2� 4 % 4 % n.s.

Valgus 3�–5� 8 % 6 % n.s.

Valgus [5� 4 % 4 % n.s.

Post-operative

Varus [5� 0 % 0 % n.s.

Varus 3�–5� 4 % 4 % n.s.

0� ± 2� 90 % 92 % n.s.

Valgus 3�–5� 6 % 4 % n.s.

Valgus [5� 0 % 0 % n.s.

Femoral component alignment

Anteroposterior (a angle) 94.5 ± 2.6� 94 ± 1.8� n.s.

Sagittal (c angle) 5.5 ± 0.1� 5.5 ± 0.1� n.s.

Tibial component alignment

Anteroposterior (b angle) 89 ± 8.2� 91 ± 10.3� n.s.

Sagittal (r angle) 84 ± 7.4� 84 ± 6.5� n.s.

Radiolucent line (overall) (%) 30 % 32 % n.s.

Radiolucent line (tibial side)

1 zone 22 % 22 % n.s.

2 zones 4 % 6 % n.s.

[2 zones 0 % 0 % n.s.

Radiolucent line (femoral side)

1 zone 2 % 2 % n.s.

2 zones 2 % 2 % n.s.

[2 zones 0 % 0 % n.s.

Patellar tilt [5 14 % 16 % n.s.

Patellar subluxation [5� 12 % 12 % n.s.

Patellar height (Caton index)

Pre-operative 1.0 1.0 n.s.

After 5 years follow-up 1.0 1.0 n.s.
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studies that found lower levels of pain with the mobile

weight-bearing implants [3, 23, 32]. It should be noted that

all three studies that showed a difference in pain levels at

the final follow-up had a relatively short follow-up periods

(1–2.6 years). Short-term results are not always indicative

of mid-term and long-term outcomes, so the results of these

studies should be interpreted with caution. Results at the

end of follow-up showed that 88 % of the patients in the

mobile weight-bearing group were pain free. This finding

agreed with the results of a study conducted by Aglietti

et al. in which it was reported that 84 % of patients were

pain free in the mobile weight-bearing group [1].

Stair climbing was reported as the percentage of patients

requiring aids to climb stairs versus those able to climb

stairs normally [7]. Our results showed that post-operative

stair-climbing ability was greatly improved when com-

pared to the pre-operative results. However, no significant

difference existed between the groups. Our findings agreed

with previous studies [1, 3, 22].

In the present study, the safety of the fixed and mobile

weight-bearing devices was demonstrated, and no com-

plications were found in any of the cases at the 5-year

follow-up. Our results were in agreements with the findings

in the study performed by Hasegawa et al. [15], which

indicated that there was no loosening of parts, revision, or

infection in any patient. However, in some studies, com-

plications requiring a revision in the mobile weight-bearing

group, such as bearing dislocation, instability requiring

revision, and early component loosening [12, 23, 24], were

reported. The surgeon-specific factor could be a contrib-

uting factor in complications. In this study, one experi-

enced knee surgeon (MDe) performed all of the TKAs.

However, this property limited us to design a multi-centric

study. A review study with adequate power to determine

the risk of complications with mobile weight-bearing

devices is warranted. In our study, we eliminated the var-

iability in implant design, surgical technique, and post-

operative rehabilitation. Until now, only Lampe et al. [25]

had succeeded in eliminating these factors to such an

extent. But they followed their patients only for a year, and

our study confirmed their results in longer follow-up.

Also, quality of life was improved significantly post-

operatively, but no statistical difference was found between

the groups. This finding agrees with previous studies

[14, 26].

In this study, radiological findings are in agreement with

those from the study conducted by Aglietti et al., in which

no difference in radiological outcomes was found between

groups [1]. This study also supports the results obtained by

Smith et al.’s meta-analysis study [36], which indicated

that there is no statistically significant difference in

radiological outcomes between fixed versus mobile weight-

bearing knee prostheses. Garling et al. [11] also reported no

significant difference in radiostereometric analysis com-

ponent anterior–posterior tilting between fixed and mobile

weight-bearing TKAs.

In the present study with the multi-variate regression

analysis, the results showed the variables, including gen-

der, age, and kind of prosthesis, had no impact on total KSS

score at the five-year follow-up. To the best of our

knowledge, this study is the only study that has determined

this result in the mid-term follow-up.

This study has several strengths. The trial attempted

to exclude ‘‘observer-dependent’’ bias in clinician-based

outcome (KSS), with the examiner blinded to which

implant was in which knee. A statistical power study was

performed to obtain the required population for a mean-

ingful statistical analysis. Surgical procedures were stan-

dardized, and they were all performed by the same surgeon.

Post-operative recovery, rehabilitation protocol, and med-

ical prophylaxes were the same for both groups. All

patients were evaluated for each follow-up with all patients

participating through the final follow-up. Also, we com-

pared two similar prostheses from the same manufacturer.

One limitation of this study might be the 5-year follow-

up. An even longer follow-up period may be necessary to

ascertain the long-term outcomes of mobile weight-bearing

devices [24].

The primary interest of the study was KSS, which is

clinically relevant within the first year after the operation.

However, long-term outcome is also important, especially

because it is believed that contact stresses, and therefore

loosening, could be improved by the mobile weight-bear-

ing implant and may affect the quality of life and KSS. For

that reason, the patients will be followed-up until 10 years

after the operation.

Conclusions

Mid-term follow-up does not show any advantages for

mobile versus fixed weight-bearing implants in clinical

outcomes. The variables, including gender, age, and kind

of prosthesis, had no impact on the total KSS score at the

5-year follow-up.
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