
I
i
(
d
c
(
t

U
R

t
f

d
1

The Journal of Arthroplasty Vol. 19 No. 1 2004

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Institutional Research Information System University of Turin
Comparison of the PFC Sigma Fixed-Bearing and
Rotating-Platform Total Knee Arthroplasty in the

Same Patient

Short-Term Results
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Abstract: This study compares the fixed-bearing PFC Sigma Total Knee Arthroplasty
to the recently introduced rotating-platform version of the same design in 26
patients. At an average follow-up time of 46 months for the fixed-bearing side and
16 months for the rotating-platform side, no significant differences were found in
terms of knee preference, knee pain, range of motion, overall satisfaction, or Knee
Society scores (KSSs). No revisions, subluxations, dislocations, or infections were
seen. Also no radiographic evidence of component loosening, osteolysis, or malalign-
ment was found in any knee. The results of cementing the PFC Sigma rotating-
platform, posterior-stabilized total knee show excellent patient satisfaction at 1 year
and comparable clinical and radiographic results to the fixed-bearing version. Key
words: total knee arthroplasty, mobile-bearing, rotating-platform, fixed-bearing,
patient outcomes.
© 2004 Elsevier Inc. All rights reserved.
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n October 2000, the press-fit condylar Sigma rotat-
ng-platform (PFC SigmaRP) total knee arthroplasty
TKA) (DePuy Orthopedics, Warsaw, IN) was intro-
uced in the United States after a multicenter, pre-
linical trial in Europe in more than 3,000 knees
Fig. 1). The design features of the PFC SigmaRP
ake advantage of improvements over the PFC
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35
odular TKA (DePuy Orthopedics) introduced in
990 and the 20-year experience gained with the
ew Jersey low-contact stress (LCS) mobile-bear-

ng knee (DePuy Orthopedics) [1].Currently, these
re the only 2 primary rotating-platform knee im-
lants with US Food and Drug Administration
FDA) approval. The purpose of this study was to
ompare the fixed-bearing and rotating-platform
esigns of the PFC Sigma total knee system in the
ame patient.

Materials and Methods

Between December 2000 and October 2001, 3
urgeons performed 163 consecutive primary total
nee arthroplasties with the PFC SigmaRP in 141
atients. In this consecutive series, only 2 patients
eceived fixed-bearing TKA (one because of patient

hoice and one because of surgeon choice as a result
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f post-traumatic arthritis with significant preoper-
tive instability). From this prospective cohort, 26
atients were identified in whom the fixed-bearing
ersion of the same PFC Sigma design had been
reviously implanted in the opposite knee. In this
atient-matched series, 16 of the fixed-bearing
nees were metal-backed and 10 were all-polyeth-
lene. Seventeen patients (34 knees) were women,
nd 9 patients (18 knees) were men. The average
atient age at surgery was 74 years (range, 50–89
ears). The diagnosis was osteoarthritis in 25 pa-
ients and rheumatoid arthritis in one patient.
oronal deformity was varus in 44 knees and val-
us in 8 knees.
The procedure, described by the senior author

C.S.R.), has been well documented [2]. All com-
onents were fixed with cement. All patellae were
esurfaced with a polyethylene button. All implants
ere posterior stabilized. All patients followed the

ame postoperative rehabilitation protocol, de-
cribed elsewhere [3].

Patients were evaluated with self-administered
atient assessment questionnaires that include an-
logue scales (rated 0 through 10) to determine
evels of knee pain, knee preferences, and overall
atisfaction. Additionally, patients were directly
uestioned on which knee bends more and how
any blocks they can walk. When patients could
ot complete the form during follow-up visits, fur-

ig. 1. Photograph of the PFC Sigma rotating-platform
rosthesis.
her information was acquired via phone interview. p
he patients and the assessor (R.R., I.L.) were
linded with respect to type of implant. Clinical and
adiographic evaluations were assessed using the
SS in an unblinded fashion by the senior surgeon

C.S.R.) [4,5]. Clinical range of motion (ROM) was
easured using a combination of visual inspection

nd goniometer recordings by the senior surgeon
C.S.R.). Data were collected and tabulated using
icrosoft Excel (Redmond, WA). Mann-Whitney

esting of continuous variables for KSS, pain scores,
atisfaction scores, and ROM were performed using
raphPad InStat statistical software (GraphPad
oftware, San Diego, CA). P values less than .05
ere considered significant.
Preoperative, early postoperative, and final fol-

ow-up standing anteroposterior, lateral, and Mer-
hant views radiographs were evaluated, according
o the method of the Knee Society, for radiolucency
t the bone–cement interfaces around the 3 com-
onents, any change in the position of the compo-
ents, femorotibial alignment in the coronal plane,
nd osteolysis [5].

Results

At an average follow-up time of 46 months
range, 18–132 months) for the fixed-bearing side
nd 16 months (range, 13–21 months) for the ro-
ating-platform side, 12 of 25 patients (48%) could
ot distinguish between the 2 designs with respect
o preference or range of motion. No patient was
ost to follow-up evaluation. One patient had in-
omplete questionnaire data and was excluded
rom analysis. Nonetheless, clinical KSS and radio-
raphic evaluations were performed on all 26 pa-
ients.

Average knee pain was rated 0.80 and 0.92 for
he fixed-bearing and rotating-platform sides, re-
pectively (0, no pain; 10, severe pain; P � .94).
verall satisfaction was rated 8.9 and 9.2, respec-

ively (10, completely satisfied; 0, unsatisfied; P �
66). Five patients preferred the rotating-platform
ide. Eight patients preferred the fixed-bearing side
2 were all-polyethylene; 6 were metal-backed).

The average preoperative clinical and functional
SS for the fixed-bearing side were 56 points

range, 40–70 points) and 50 points (range, 20–80
oints), respectively, and the average scores at final
ollow-up evaluation were 96 points (range, 83–
00 points) and 96 points (range, 65–100 points),
espectively. The average clinical and functional
SS for the rotating-platform side were 49 points

range, 24–77 points) and 48 points (range, 30–60

oints), respectively, preoperatively and 96 points
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range, 60–100 points) and 95 points (range, 65–
00 points), respectively, at the final follow-up
valuation. Preoperatively, the rotating-platform
ide was significantly worse than the fixed-bearing
ide (combined KSS rotating-platform � 97, fixed-
earing � 106, p � 0.01). There were no significant
ifferences between the two sides post-operatively
combined KSS rotating-platform, 191; fixed-bear-
ng, 192; P � .63).

The preoperative femorotibial angle in the coro-
al plane for the fixed-bearing side averaged 4° of
arus (range, 20° of valgus to 20° of varus), and at
he final follow-up evaluation averaged 5° of valgus
range, 6° of valgus to 3° of valgus). The preopera-
ive femorotibial angle in the coronal plane for the
otating-platform side averaged 3° of varus (range,
1° of valgus to 20° of varus), and at the final
ollow-up evaluation averaged 5° of valgus (range,
° of valgus to 3° of valgus).
The average active range of motion for the fixed-

earing side was from 2° (range, 0° to 15°) to 116°
range, 100° to 130°) preoperatively and from 0°
range, 0° to 5°) to 119° (range, 110° to 125°) at
nal follow-up evaluation. The average active
ange of motion for the rotating-platform side was
rom 2° (range, 0° to 10°) to 119° (range, 70° to
30°) preoperatively and from 0° (range, 0° to 5°)
o 120° (range, 110° to 125°) at the final follow-up
valuation. No significant difference was seen be-
ween preoperative or postoperative ROM for the 2
ides (P � .15 and P � .24, respectively).

Based on patient responses to questionnaires, 19
xed-bearing knees were not painful (pain rating, 0
r 1), 5 were mildly painful (pain rating, 2, 3, or 4),
ne was moderately painful (5, 6, or 7), and none
ad severe pain (9 or 10). On the rotating-platform
ide, 19 knees were not painful, 4 were mildly
ainful, 2 were moderately painful, and none had
evere pain. Nine patients could walk an unlimited
istance, 6 patients could walk between 10 and 20
locks (one half to one mile), and 10 patients could
alk between 5 and 10 blocks. No patients were

imited to household ambulation.
No revisions or infections occurred. Additionally,

o subluxations or dislocations of any bearings
ere seen. One rotating platform knee underwent

uccessful manipulation. No other complications
ccurred.
Radiographs of the 52 knees showed little radi-

lucency at the bone–cement interfaces around the
omponents (Fig. 2). No knee had any circumfer-
ntial radiolucency around any of the 3 compo-
ents. No knee had radiolucency in more than 2
ones around the tibial or femoral component. In

ne fixed-bearing knee, a radiolucent line was seen p
n 2 zones around the patellar component without
vidence of osteolysis or synovitis. One mild patel-
ar tilt was seen in each of the 2 groups.

Discussion

Many different designs, whether fixed-bearing or
obile-bearing, have documented long-term dura-

ility [6–14]. The “gold standard” at our center has
een a one-piece, posterior-stabilized, all-polyeth-
lene tibial component fixed with cement. This
xed-bearing design has produced excellent long-
erm results, with survivorship of 95% at 15 years
nd 90% at 20 years [15].
Nonetheless, in response to published biome-

hanical studies supporting metal-backed tibial
omponents, we have also frequently cemented
odular designs with metal tibial baseplates start-

ng in the early 1980s [16]. Several reports have
ocumented an increased incidence of backside
olyethylene wear with these modular compo-
ents [17,18]. We chose to implant a consecutive
eries of the recently introduced PFC SigmaRP de-
ign in December of 2000 with the hope of address-
ng this issue. To our knowledge, this is the first
ublished report using this prosthesis.
The PFC SigmaRP uses the same femoral compo-

ent as the existing PFC Sigma knee and is part of
ts integrated total knee system. The tibial compo-
ent is a highly polished, 4.8-mm thick, chromium-
obalt baseplate. Other advantages include almost
ull conformity in both the coronal (1.03:1) and
agittal (1.021:1) planes and a 16-mm post in the

ig. 2. Radiograph of 3 year follow-up of PFC Sigma
xed-bearing on the right and 1 year follow-up of the
FC Sigma rotating-platform on the left.
osterior-stabilized version to protect against bear-
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ng dislocation, which is always a concern with
hese designs. No dislocations occurred in this study
roup, and only 2 cases of mild, temporary sublux-
tion were seen in the entire cohort of 368 knees.
e believe this is also an indication of our meticu-

ous attention to flexion gap stability.
Unlike some other mobile-bearing designs found
ainly in Europe, the PFC SigmaRP knee has uni-

irectional motion that has been shown to produce
ignificantly less wear than multidirectional
nees [19]. Thus, it is safe to say that not all mobile-
earing designs are alike. That being said, McEwan
t al. has shown significantly decreased volumetric
ear (3 times less) with a unidirectional, rotating-
latform design (LCS) compared with the fixed-
earing PFC Sigma knee in knee simulator studies
internal data, DePuy International, Leeds, UK).
ther similar studies have also documented signif-

cant theoretical advantages of the highly conform-
ng rotating-platform design in terms of wear re-
uction and improved kinematics [20–24].
onetheless, no clinical study to date has shown

uperior results with the rotating-platform design
ver a fixed-bearing one [25]. According to Cal-
aghan [26], “if mobile-bearing knee replacements
re inserted with the same precision as fixed-bear-
ng knee replacements, the results should at least be
omparable.” This patient-matched study has con-
rmed that notion.
Some improvement appeared to occur in overall

OM with the newer PFC SigmaRP design com-
ared with the LCS rotating knee. Two separate
tudies have shown an average ROM of 102° and
10° with the cemented LCS rotating-platform,
hich was often considered a short-coming of this
esign [6,8]. Our average ROM is at least 10° more

Table 1. Su

Fixed-Bearing Ran

reoperative KSS 56 40–
reoperative KSFS 50 20–
ostoperative KSS 96 83–
ostoperative KSFS 96 65–
ombined preoperative scores 106
ombined postoperative scores 192
verage follow-up 46 18–13
verage knee pain .80 0–
atisfaction 8.9 0–
reoperative deformity 4° varus 20° valgus
ostoperative deformity 5° valgus 3–6° v
reoperative ROM 2–116° 0–15°, 1
ostoperative ROM 0–119° 0–5°, 11

Abbreviations: KSS, knee society score; KSFS, knee society fu
han previously reported for cemented rotating-
latform knees. One reason for this may be the
mproved design characteristics of the PFC Sigma
emoral component and its optimal post to cam
lacement on the tibial plateau.
However, several weaknesses can be noted with

ur study. First, our small study group was ex-
racted from a larger consecutive cohort. This selec-
ion can confound results and may not be applicable
o the group as a whole. This was done as an initial
eview of our experience with this new prosthesis.
he 2-year follow-up results of the entire cohort
ill be published in 2004. Second, the demograph-

cs of our select group suggest a somewhat older
atient population with a moderate activity level
nd associated comorbidities. Finally, we are com-
aring the 1-year follow-up data of the rotating-
latform design with the 4-year follow-up data of
he fixed-bearing design, with its attendant differ-
nces. Nevertheless, studying 2 knee designs in the
ame patient eliminates variability by means of an
nternal control and, therefore, provides a more

eaningful comparison.
Whether or not the PFC SigmaRP design is a

ignificant improvement over the existing fixed-
earing version remains to be seen. Our initial
xperience has shown excellent patient satisfaction
t 1 year and comparable clinical and radiographic
esults.
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