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Abstract

Background/rationale A 10-year survivorship of 100%

was reported for patients with PFC cruciate-retaining

prostheses. Beyond 10 years, we observed additional

polyethylene wear likely related to thin liners gamma-

irradiated in air and were concerned this wear might pre-

dispose to implant construct failure.

Questions/purposes We therefore determined (1) the

functional scores at a minimum of 15 years followup, (2)

rates of radiographic failure, (3) overall revision rates, and

(4) mode of failure after 10 years and the fate of the revised

implants.

Methods We retrospectively reviewed 75 patients with

101 press-fit condylar posterior cruciate-retaining prosthe-

ses. At a minimum followup of 15 years, 35 patients (47

knees) were living and evaluated clinically. No patients

were lost to followup.

Results There were no revisions during the first 11 years

and six reoperations subsequently were performed in five

patients (6% overall rate of revision but 12.8% in patients

who survived more than 15 years). Three of six revisions

had concerning liner wear at 10 years and all six were

revised for polyethylene wear. Polyethylene exchange was

performed in four of the five patients who underwent

revisions, all of whom were doing well at an average

of 7.2 years (range, 4.7–9.1 years) after the revision

procedure.

Conclusions At long-term followup, the overall revision

rate remained low (6%). For patients surviving 15 years or

more, the rate of revision was 12.8% and all revisions were

secondary to aseptic sequelae of polyethylene wear. All

revisions occurred more than 10 years after the initial

procedures.

Level of Evidence Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

The press-fit condylar TKA system (PFC; Johnson and

Johnson, Raynham, MA) has been in use since 1984 [30].

The PFC system is one of several second-generation

prostheses modified from the total condylar and kinematic

total knee prostheses. In addition to modifications designed
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to improve flexion and patellofemoral mechanics, the PFC

and other contemporary prostheses included modularity of

the tibial component.

The PFC prosthesis was originally a cruciate-retaining

design. Consistent with general cruciate-retaining TKA

design principles, the PFC originally used a relatively flat,

nonconforming tibiofemoral interface [30]. Thin polyeth-

ylene inserts were used to maintain anatomic joint line

position and preserve proximal tibial bone. Intermediate

and preliminary long-term studies of this prosthesis have

had revision rates for aseptic sequelae of polyethylene wear

ranging from 1% to 3.8% at 8 to 17 years followup [6, 13,

20, 27, 29].

Modularity in TKA offers advantages, including increased

intraoperative versatility and polyethylene exchange, as a less

destructive and potentially cost-effective option for revi-

sion. However, drawbacks of modularity such as backside

wear also have been reported [12, 14, 16, 25]. Some sur-

geons have questioned the appropriateness of polyethylene

exchange as a revision technique, particularly in cases of

accelerated polyethylene wear [1, 15]. Early polyethylene

failure is likely related to technical issues such as mala-

lignment and instability. Simple polyethylene exchange

would not address the underlying abnormality. Still, poly-

ethylene exchange is advocated for knees with well-fixed

components [21].

One hundred percent 10-year survivorship in a cohort of

patients with PFC cruciate-retaining prostheses followed at

5-year intervals was reported [20, 31]. The clinical scores

and radiographic evaluation, as described by the Knee

Society, at each interval were reported. Beyond 10 years,

failures of the polyethylene were observed. The polyeth-

ylene was thin (8 mm in 77% of the knees), and there was

concern this would predispose the implant to failure.

Because the failure mode appeared limited to, or initiated

by, polyethylene failure, it is important to determine the

long-term survivorship with revision as an end point for

polyethylene exchange.

The purpose of the current study was to address: (1) the

functional scores at a minimum of 15 years followup, (2)

rates of radiographic failure, (3) the overall revision rates,

(4) the mode of failure after 10 years, and the fate of

implants that were revised.

Patients and Methods

One of the authors (SSK) designed this prospective study in

1988, at the completion of fellowship training, before

beginning private practice in Des Moines, IA. It was

intended to report, at 5-year intervals, the first 100 TKAs

using the cemented posterior cruciate-retaining PFC. These

cases were performed between November 1988 and

January 1991. The final patient required bilateral TKAs

such that 101 cemented primary TKAs (75 patients) with

the posterior cruciate-retaining PFC prosthesis were

included. During this interval, seven additional TKAs were

performed. Six patients with an insufficient posterior cru-

ciate ligament underwent posterior stabilized TKAs, and

one hybrid PFC (uncemented femoral component, with

unresurfaced patella) was performed in a patient younger

than 40 years. The posterior stabilized components

included two with Insall-Burstein (Zimmer, Warsaw, IN)

and four with posterior-stabilized PFC knee prostheses.

The average age of the patients at the time of surgery was

71.2 years (range, 52.2–88.8 years). Study participants

included 44 females (59 knees) and 31 males (42 knees).

There were 52 right knees (51%) and 49 left knees (49%).

Twenty-six patients (35%) had bilateral TKAs. Of these,

six patients had the bilateral TKAs performed during one

surgical procedure. Diagnoses included primary osteoar-

thritis in 86 knees (85%), rheumatoid arthritis in 13 (13%),

avascular necrosis in one (1%), and posttraumatic osteo-

arthritis in one (1%). Previous knee procedures had been

performed in 11 patients before the index TKA. These

included six arthroscopies, three meniscectomies, and two

patellectomies. The minimum followup was 15 years

(mean, 16.6 years; range, 15–18.1 years). At a minimum of

15 years after the primary procedure, 35 patients (47

knees) were living and 40 patients (54 knees) were dead.

No patients were lost to followup. After locating living

patients, consent for study participation was obtained as per

the protocol previously approved by the Institutional

Review Board.

All components were cemented. The modular metal-

backed tibial tray was titanium, and the femoral component

was manufactured with a cobalt-chrome alloy. A three-peg,

all-polyethylene patella was used in all procedures except

two. In these two procedures, the patella was not resurfaced

because prior patellectomy had been performed. A poster-

ior-lipped polyethylene insert with minimally raised

anterior and posterior borders and a large radius of curva-

ture was used in all procedures. During the interval of these

procedures, a more conforming curved tibial insert became

available but was not used in these patients. The thickness

of the polyethylene insert was labeled as 8.0 mm (minimum

thickness, 5.3 mm) in 78 knees (77%), 10.0 mm (mini-

mal thickness, 8.0 mm) in 17 knees (17%), 12.5 mm

(minimal thickness, 10 mm) in five knees (5%), and 15 mm

(minimal thickness, 13.0 mm) in one knee (1%). Beginning

in 1991, the manufacturer increased the minimal thickness

of the 8.0-mm insert from 5.3 mm to 6.0 mm, but the

thinner implant was used exclusively in this patient cohort.

All components were gamma-irradiated in air.

Indications for revision at the orthopaedic practice per-

forming the primary procedures included a painful knee
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with radiographic evidence of polyethylene wear. Intra-

operatively, fixation of the tibial, femoral, and patellar

components was assessed. If the components were well

fixed and without obvious malalignment, revision consisted

of simple polyethylene exchange. In the presence of

additional component loosening or wear, the tibial, femo-

ral, and patellar components were revised as appropriate.

One investigator (ASM) not involved in the surgical

procedures and not receiving compensation from the

implant manufacturer contacted all patients. All patients

were encouraged to return to the clinic for full clinical and

radiographic evaluations. Of the 35 patients (47 knees)

known to be living at the time of followup, all were

located, and the survivorship or need for revision of the

prosthesis was confirmed. Because of major dementia,

three patients (four knees) were unable to participate in the

full telephone assessment of clinical status such that dis-

cussion was limited to confirmation that the original

implant was not painful with ambulation. Therefore, only

32 patients (43 knees) completed the full telephone eval-

uation. Clinical outcome measures included the pain and

functional components of the Knee Society scoring system

[23] and the WOMAC [3]. Physical examinations of the 11

patients (15 knees) returning to the clinic included the

physical examination components of the Knee Society

scoring system [17].

We obtained standing AP, lateral, and Merchant views.

For patients unable or unwilling to return for full clinical

evaluation, local or portable radiographic evaluation was

arranged. Radiographic followup was obtained for 28

patients (38 knees, 81% of knees in living patients).

All radiographs were evaluated using the Knee Society

protocol [17] by two authors (JJC, ASM) not involved with

the surgery or subsequent care with findings by consensus.

Among the patients who had died, contact was made

with a surviving relative for all patients. In all cases, the

survival of the prosthesis at the time of the patient’s death

was confirmed. In addition, no pending revisions or revi-

sion indications were identified at the time of death. These

determinations were made at either the time of the 9- to

12-year study [20] or as part of the current study.

Kaplan–Meier survivorship analysis with 95% confi-

dence intervals was performed using SPSS 13.0 software

(SPSS, Chicago, IL) with any revision and component-

specific revision as the end points. The Cox proportional

hazard regression analysis was used to assess correlation of

patient age and polyethylene implant thickness with need

for revision.

Cost analysis was performed by extrapolation of data

from a recently conducted cost-analysis study performed,

in part, by one of the authors (KJB) [5]. Relying on data

from four large US orthopaedic centers, the cost-analysis

study assigned cost estimates for TKA and various revision

options, including simple liner exchange. These data were

extrapolated to estimate cost savings for the study cohort in

the current study (Appendix 1). In addition, relying on

actual use data obtained from the implant manufacturer for

1990, we estimated the nationwide cost savings of modu-

larity in this implant assuming a similar revision rate across

the country.

Results

Overall, average WOMAC scores (corrected to higher

score higher outcome) were 98 of 100 (95% confidence

interval, 96.5–99.5) for the pain component, 95 of 100

(90.8–99.4) for the stiffness component, and 60 of 100

(51.8–68.0) for the functional component. Knee Society

average pain score was 48 of 50 (47.1–49.5), and average

function score was 48 of 100 (39.8–56.5). The average age

of the patients at the time of last clinical followup was

82.5 years. Functional limitations invariably were attrib-

uted primarily to other musculoskeletal or systemic

morbidities, not the operative knee(s).

Of the 32 nonrevised knees evaluated radiographically,

13 had radiolucent lines observed on radiographic evalua-

tion. There was only one radiolucent line greater than

1 mm identified, an isolated 2-mm radiolucency in Zone 2

of the femur. There were no circumferential radiolucencies

identified. Early changes consistent with osteolysis were

evident in four patients. In three of four patients, the

osteolysis totaled less than 1 cm2 and was limited to one

tibial or femoral zone. The most extensive osteolysis was

seen in a patient who already had revision of the polyeth-

ylene liner and femoral and patellar components on the

contralateral side. The unrevised knee had extensive oste-

olytic findings, including Zones 3, 4, and 5 of the femur

and Zone 1 of the AP tibia. There were no radiolucent

lines. Clinically, the patient reported no current pain,

swelling, or functional limitation with respect to the

unrevised or revised knee.

Six reoperations were performed in five patients

(Table 1). The rate of revision therefore was 6% (six of 101

knees) at a minimum of 15 years. All revisions were per-

formed for aseptic sequelae of polyethylene wear and

occurred greater than 11 years after the index procedure.

Survivorship (Fig. 1) for revision for any reason was 91%

at 18 years (95% confidence intervals, 0.81–0.96). All

revisions occurred in patients with 8-mm polyethylene

inserts. Of the 41 unrevised knees, the polyethylene

thickness was 8 mm in 31 patients, 10 mm in eight

patients, and 12.5 mm in two patients. We observed an

association (p = 0.051) of polyethylene thickness with

revision. Those with 8-mm thickness were more likely to

need revision surgery.
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Table 1. Revision operations according to time after index procedure, components revised, and reason for revision

Case number

(patient)

Age at surgery

(years)

Gender Time to revision

(years)

Components revised Reason for revision

1 (1) 67 F 14.5 Liner Polyethylene wear, pain

2 (2) 68 M 11.8 Liner Polyethylene wear, pain

3 (3) 64 F 12.9 Liner, femur Polyethylene wear, osteolysis,

femoral loosening, pain

4 (4) 62 M 11.2 Liner, femur, patella Polyethylene wear (tibia and patella),

osteolysis, femoral loosening, pain

5 (5)* 60 F 15.6 All components Polyethylene wear, osteolysis,

tibial/femoral loosening, pain

6 (5)* 60 F 13.2 All components Polyethylene wear, osteolysis,

tibial/femoral loosening, pain

*Revision performed by orthopaedic surgeon from practice different than practice performing primary procedure; F = female; M = male.

Fig. 1A–E Kaplan–Meier survivorship curves with accompanying

95% confidence intervals for the following end points show: (A)

survivorship from any revision, (B) survivorship from liner revision,

(C) survivorship from tibial component revision, (D) survivorship

from femoral component revision, and (E) survivorship from patellar

component revision.
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There were three revision scenarios: isolated polyeth-

ylene exchange (two knees), femoral revision with

polyethylene exchange (two knees, one included the

patella), and revision of all components (two knees). None

of the six revised knees in five patients had clinical or

radiographic signs of failure at an average of 6.7 years

(range, 4.7–9.1 years) following revision.

Discussion

A 100% 10-year survivorship was reported for a cohort of

patients with PFC cruciate-retaining prostheses followed at

5-year intervals [20, 31]. The current study presents sur-

vivorship at a minimum of 15 years along with the

previously reported clinical and radiographic variables.

There are two aspects of our analysis, evaluation of the

surviving knees from the initial study group and analysis of

the six failures. The polyethylene was thin (8 mm in 77%

of the knees) and we were concerned this predisposed the

implant to failure. Because the failure mode appeared

limited to, or initiated by, polyethylene failure, we were

concerned about the short-term survivorship for polyeth-

ylene exchange. With the current minimum 15-year

evaluation, we attempted to address: (1) functional scores,

(2) rates of radiographic failure, (3) overall revision rates,

(4) mode of failure after 10 years, and the fate of implants

that had been revised.

We acknowledge several limitations of our study. First,

is the small number of failures available to study. Because

the modes of failure varied, we were unable to perform

subcohort analyses. However, the data suggest high short-

term survival for patients with polyethylene exchange.

Second, this was an older population. The average age of

the overall cohort at the time of the index procedure was

71.2 years, similar to other contemporary TKA cohorts

(Table 2). Thus, we had relatively few patients to follow,

although for most patients the implant provided function

for the duration of their lives.

Strengths of the study include the fact that the operating

surgeon (SSK) was not involved in the followup or eval-

uation of the long-term results. One of the other authors

(DDG) performed all the clinical followups during the

15-year interval and two other authors (JJC and ASM)

performed all of the radiographic analyses and data col-

lection. All patients were called and requested to return for

followup at 5, 10, and 15 years after their surgery.

Numerous TKA cohorts have been followed for

15 years or longer with survivorship rates consistently

exceeding 90% [7, 24, 26, 28, 32] (Table 2). Although

15-year studies on modular TKA were reported [13, 27],

there are relatively few studies, especially when one con-

siders the frequency with which modular TKA components

are used. In addition, as compared with our study, the

cohort of Rodricks et al. had more limited radiographic

followup [27], and that of Dixon et al. included hybrid

replacements [13]. We obtained clinical followup infor-

mation for 91% of our living patients (32 patients, 43

knees). Three patients (four knees) had dementia. The

Knee Society scores obtained in this study were compa-

rable to those of other studies with similar followup

(Table 2). We also report WOMAC scores, which were not

reported in similar studies.

We obtained radiographic followup for 80% of our

living patients (28 patients, 38 knees). Radiolucent lines

were present in 34% and were incomplete and nonpro-

gressive. The range of radiolucent lines has varied in

reports of the same implant (13–62%); however, in each of

those studies, the lines were incomplete and nonprogres-

sive [13, 27]. All studies reported concerns regarding

osteolysis [13, 27]. Early changes consistent with osteol-

ysis were evident in four patients in our study.

In the current study, the PFC prosthesis performed well

with respect to survivorship (Fig. 1). Fetzer et al. previ-

ously reported a survivorship of 100% at 10 years [20]. All

revisions occurred greater than 11 years after the index

procedure. All failures were related to polyethylene wear

leading to osteolysis and/or loosening. Our survivorship,

radiographic, and clinical outcomes are comparable to

those of other studies with similar 15-year followups,

including studies of similar prostheses designs (Table 2).

Unlike other studies with a mixture of failure modes

(infection, patellar failure), our failures can be attributed to

the durability of the polyethylene. In two of the six failures,

intervention occurred before major osteolysis. When oste-

olysis compromised component fixation, the femoral

component was involved in all four cases, the tibial com-

ponent in two of those four. Although we had small

numbers, our finding that osteolysis was more likely to

occur on the femoral side also was reported by Griffin et al.

[21].

In our cohort, relatively thin polyethylene was implant-

ed. In 78 of 101 knees, an 8-mm insert was implanted.

However, taking into account the tibial base plate, the actual

minimum thickness of an 8-mm insert implanted was

5.3 mm. All failures occurred in patients with 8-mm inserts

although given the small numbers of thicker (10, 12.5,

15 mm) inserts implanted we observed only a p = 0.051

level of significance. The PFC implant studied here also

uses a relatively flat, nonconforming surface, particularly

the posterior-lipped insert. Despite the potentially delete-

rious effects of thin [2, 10, 22, 34], flat [4, 19] inserts on

polyethylene wear, the revision rates in our patients were

low and occurred late.

Our study cohort consisted entirely of polyethylene

inserts gamma-irradiated in air, a process that has been
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associated with increased rates of polyethylene wear [9, 11,

33], particularly in combination with increased shelf life of

polyethylene before implantation [8, 9, 18]. The cata-

strophic early failure observed in PFC knee prostheses of

the same design implanted after 1991 [18] was not evident

in our cohort, which included patients who had TKAs

performed just before 1991. Polyethylene shelf life data

were not available for analysis in the current study.

At 6.7 years followup (range, 4.7–9.1 years), we found

no evidence of clinical or radiographic concerns in the six

patients who had undergone revision. Although two of the

six patients had complete revisions, four were able to

benefit from the modularity of the tibial tray. The potential

economic impact of modular exchange versus complete

revision is presented in Appendix 1. The limitations to the

cost analysis are that it is based on the assumption that the

initial decision at the time of primary total knee replace-

ment was to use a more expensive modular device versus a

nonmodular device, and that the analysis was based on our

small numbers of overall revisions (six).

Although two studies reported high rates of early

failure after polyethylene exchange revision TKA [1, 15],

our four patients undergoing polyethylene exchange (two

isolated polyethylene exchange and two polyethylene

exchange associated with femur/patellar revision) reported

no knee pain and had no evidence of progressive radio-

graphic abnormality at an average of 7.2 years (range,

4.7–9.1 years) from the revision procedure. This was

possible because of the regular followup (every 5 years)

of our patients. There is one other study advocating

consideration of modular exchange when the component

fixation is intact. In a recent retrospective review, an 84%

success rate of polyethylene exchange at a minimum of

24 months postrevision in well-aligned knees was

reported [21].

The PFC modular, cruciate-retaining total knee pros-

theses performed well clinically and radiographically at a

minimum of 15 years postoperatively. Osteolysis is rec-

ognized as the dominant mode of aseptic failure in TKAs,

particularly those in which modular-design prostheses are

implanted [9, 18]. Because osteolysis can be asymptomatic

for a relatively long time, close followup, especially after

10 years, is warranted. Modularity does offer the advantage

of a low-morbidity, cost-saving option for revision TKA

(Appendix 1.) Use of this potential benefit requires close

clinical followup of patients undergoing TKA.

Appendix 1. Cost-analysis Data

In a recent cost analysis study [5] with the modification of

using Medicare reimbursement data instead of institution-

specific data reported in the study, the average total cost for

revision of all knee components was $22,218, and the cost

of a simple liner exchange was $17,377. The cost of a liner

exchange and femoral component revision was $18,995.

Addition of a patellar revision did not add substantial cost

to this procedure.

Our estimated 12% decrease in total revision costs was

obtained by using the benefits of modularity. Extrapolation

of the data to the nationwide cohort of PFC cruciate-

retaining prostheses revealed an estimated total revision

cost savings of $1,855,647 for PFC cruciate-retaining

knees implanted during a 1-year period (1990). In consid-

ering any potential cost-saving measure, it is important to

first ensure that the cost-saving measure does not portend a

higher likelihood of a poor clinical outcome for the patient.

From January 1 to December 31, 1990 (a 1-year period

encompassed by our study interval), 11,612 cruciate-

retaining PFC prostheses were implanted in patients in the

United States (data obtained from the manufacturer

[Johnson and Johnson, Raynham, MA]). Assuming a 6%

revision rate, the total revision burden for the nationwide

cohort is 696 revisions. Based on a cost of $22,218 per

revision and a 12% reduction in revision cost, modularity

theoretically conferred an estimated total savings of

$1,855,647 for all revisions of PFC cruciate-retaining

knees implanted in 1990.

As compared with total revision, an estimated total cost

savings of $4841 (22%) was gained for each simple liner

exchange, and an estimated cost savings of $3223 (15%)

was gained for each femoral/liner exchange. Therefore,

modularity allowed an average of 18.5% reduction in cost

for 66% of the revisions. This equates to a 12% reduction

in overall revision costs for the cohort.
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