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without need of reoperation for any reason was 98  % at 
3  years minimum follow-up; two reoperations were done 
for removal of fibromatous intra-articular tissue (“Clunk 
syndrome”). There were no revisions for septic or aseptic 
loosening of the components. The mean ROM improved 
from 104° preoperatively to 115° (97°–132°) postopera-
tively: postoperative flexion was 120° or more in 58 % of 
the knees. Severe anterior knee pain was present in 9 % of 
patients. Radiographic evaluation showed 90 knees with 
a tibio-femoral anatomical axis between 8° and 2° of val-
gus (±3° from the intraoperative goal). CT evaluation of 
30 consecutive knees showed that the femoral component 
positioning in relationship to the trans-epicondylar axis had 
only 2.80° of external rotation (±2.10°) with respect to a 
planned external rotation of 3°. This difference was statisti-
cally significant.
Conclusions  Although the PFC Sigma PS system pro-
vides good and predictable results for tricompartmental 
arthritis of the knee, anterior mechanism complications still 
represent a reason for dissatisfaction in a substantial group 
of patients.

Keywords  Total knee arthroplasty · Patella · Anterior 
knee pain · Femoral component design · Patellar 
resurfacing · TKA

Introduction

Although current results are relatively promising, total 
knee arthroplasty (TKA) is not a “perfect” operation. The 
Ontario Joint Registry showed that only 70 % of patients 
met their expectations at 1 year follow-up after TKA [1]. 
Twenty percent of patients report persistent knee pain at 
5 years after surgery [2], where anterior knee pain related 

Abstract 
Introduction  Anterior knee pain following TKA performed 
utilizing the PFC Sigma system still represents a cause of fail-
ure. The purpose of this study was to evaluate whether or not 
a recent change in the femoral design (PFC Sigma PS) had a 
positive impact on the patello-femoral complication rate.
Materials and methods  A consecutive series of 100 TKA 
using the PFC Sigma PS system was followed prospec-
tively for a minimum of 3 years. All patellae were replaced 
and a standard lateral release was never performed. Radio-
graphic analysis following the Knee Society Score (KSS) 
included antero-posterior weight-bearing, lateral and 
bilateral axial radiographs. TKA rotational alignment was 
recorded at the final follow-up in 30 consecutive knees by 
performing a CT evaluation.
Results  Good to excellent clinical results according 
to the KSS were achieved in 94 % of the knees. Survival 
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to the patello-femoral joint represents an often cited cause 
for revision surgery [3]. Historically, this complication 
has been linked to component design characterized by an 
“unfriendly” trochlea: in fact, basic design modifications 
in the same TKA implant were related to a substantial 
decrease in extensor mechanism complications [4]. In more 
recent times, the implant industry’s answer to patient and 
surgeon dissatisfaction has been to produce gender-specific 
designs [5] and more anatomical femoral components. On 
the other side, tibiofemoral malalignment with respect to 
the mechanical axis and rotational malalignment have been 
associated with implant failure and increase in patello-fem-
oral complication rate [6, 7].

The PFC Sigma (DePuy Orthopaedics Inc., Warsaw, 
USA) TKA was introduced in 1996 as a development of 
the Press-Fit Condylar (PFC) implant (Johnson & Johnson, 
Raynham, Massachusetts, USA). Design features included 
modularity to increase intraoperative adaptability, an updated 
femoral coronal geometry and a deeper and more prolonged 
trochlear groove to improve patellar tracking beyond 90° of 
flexion. In recent years, a number of studies have investigated 
the functional outcome of the PFC and PFC Sigma knee sys-
tems [8–10], showing satisfactory midterm results. Unfortu-
nately, both painless and painful patellar crepitations, general 
anterior knee pain and instances of patellar clunk syndrome, 
have been reported with an incidence of up to 21 % by many 
authors, including the implant’s designers [11, 12]. Because 
of these and other issues on patello-femoral complications, 
the PFC Sigma femoral component was re-designed, becom-
ing available in 2009 under the name PFC Sigma PS (DePuy 
Orthopaedics Inc., Warsaw, USA). The new principal design 
features included a “J curve” femoral design, three different 
tangential radius curves in the sagittal profile, and a single 
radius curve in the coronal profiles. The femoral box edge 
and the trochlear groove edges were refined too, to provide 
a better patellar route during ROM. A new specific TKA 
instrumentation (High Performance: HP; DePuy Orthopae-
dics Inc., Warsaw, USA) was introduced as well.

The aim of this study was to investigate whether these 
modifications to the femoral design, coupled with the 
new instrumentation, had a positive impact on avoiding 
the development of anterior knee pain and other extensor 
mechanism complications. We have undertaken a 3-year 
minimum follow-up of the new TKA system and have stud-
ied the frequency of complications and reasons for patient 
dissatisfaction. To our knowledge, this is the first clinical 
and radiological study on the PFC Sigma PS TKA implant.

Materials and methods

Between October 2009 and April 2010, 100 consecu-
tive PFC Sigma PS posterior stabilized fixed-bearing 

knee prostheses were performed on 100 consecutive, non-
selected patients after approval from the institutional review 
board (IRB). All patients gave their informed consent prior 
to their inclusion in the study. The indications for surgery 
were advanced degenerative change with severe pain on 
weight-bearing, impaired knee function and limitation of 
daily activity. The preoperative diagnosis in this consecutive 
series was always osteoarthritis. The patients’ mean age at 
surgery was 73  years (range 55–87  years). There were 67 
females and 33 males in the study group. Patients’ preop-
erative Knee Society Score (KSS) and Knee Society func-
tional score (KSFS) were recorded. The surgical approach 
included a standard midline skin incision and a medial peri-
patellar capsulotomy, consistently avoiding standard lateral 
releases. The Sigma HP instrumentation was used to allow 
3° of external rotation to the cemented femoral component 
and the “balanced gaps technique” was the chosen surgical 
technique. The tibial component rotational alignment was 
set matching the tibial anterior cortex (Fig. 1) with its ante-
rior side (“curve-on-curve technique” for rotational align-
ment) [13]. The desired tibio-femoral AP axis was set at 5° 
of valgus, which has been shown to be safe in primary TKA 

Fig. 1   Right knee. The rotational reference landmark for the tibial 
component was always the anterior tibial cortex (“curve-on-curve” 
technique). The “Akagi line” is highlighted: the tibial component is 
externally rotated with respect to this anatomical landmark

Fig. 2   Right knee. Patellar tracking in deep flexion showing full con-
gruence in the trochlear groove
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[14]. All patellae were replaced with a so-called “freehand 
technique” independently from the gravity of patellofemoral 
osteoarthritis, and tracking of the patella was checked using 
the “no thumb technique” (Fig.  2): a release of the deep 
lateral patello-femoral ligament was performed at the end 
of the procedure in 17 % of patients to gain better patellar 
tracking. Any sagittal osteotomy of the lateral patellar facet 
was performed in this consecutive series. 

All patients were prospectively followed up for a mini-
mum of 3 years, with a mean follow-up of 44 months. At 
the final follow-up, all patients completed the Western 
Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) questionnaire. Full-length leg radiograph, stand-
ard antero-posterior weight-bearing, and lateral and bilateral 
axial radiographs were performed on all patients during the 
final follow-up. All radiographs were reviewed by a blinded 
viewer (SC) according to the Knee Society criteria for radi-
olucency, change in the position of the components, femo-
rotibial alignment, and evidence for loosening, wear and 
osteolysis. TKA rotational alignment was recorded at fol-
low-up in 30 consecutive knees (number 30 to number 60) 
by performing a CT evaluation. This radiological evaluation 
was limited to only 30 TKA on direct request by our IRB. 
This study sub-group was composed of 22 females and 8 
males: their average age was 69 years (range 52–83 years). 
The knee deformity in this sub-group of patients was varus 
in 25 knees (range 6°–17°) and valgus in 5 (range 5°–14°). 
The right knee was involved in 23 cases and the left in 7. 
The CT study was performed [13] with the patient assum-
ing a supine position on the radiological table with the 
knee bent at 20°; CT images were 2 mm in thickness and 
with 2 mm in reconstructive increments, starting at the dis-
tal metaphysis and finishing at the tibial tubercle. Particu-
lar attention was paid to the following CT measurements, 
both preoperatively and at the 3-year follow-up: patellar 
tilt (PTA) according to Fulkerson et  al. [15], patellar con-
gruence angle (CA) according to Aglietti et al. [16], patel-
lar lateralization measuring the lateral patellar displacement 
(LPD) according to Brossman et al. [17] and femoral com-
ponent external rotation in relation to the trans-epicondylar 
axis (TEA), measuring the posterior condyles angle (PCA) 
according to Boisgard et al. [18].

All statistics and calculations were performed with 
SPSS 16.0 (SPSS Inc., Chicago, IL). Two-tailed P values 
<0.05 were considered to be statistically significant.

Results

Clinical results

At the final follow-up, all patients were available for anal-
ysis. Good to excellent clinical results according to the 

Knee Society Rating System were achieved in 94 % of the 
knees: the clinical evaluation of the 100 consecutive knees 
showed a mean KSS of 89 points and a mean KSFS of 76 
points. The mean preoperative KSS was 39 points (range 
30–65), where the mean preoperative KSFS was 36 points 
(range 25–55). The mean ROM improved from 104° pre-
operatively to 115° (97°–132°) postoperatively: postopera-
tive flexion was 120° or more in 58 % of knees. Average 
WOMAC at the follow-up was 32 (range 22–107). Loss 
of full extension at follow-up more than 5° was present in 
three knees (3 %); preoperative loss of full extension was 
present in 73 knees (73 %), averaging 13° (range 1°–27°).

Radiological results

The radiological assessment at follow-up showed that the 
femorotibial alignment, with respect to a desired anatomi-
cal axis of 5° of valgus, averaged 5.3° of valgus (range 
from 6° of valgus to 4° of varus). Ninety knees had a tibi-
ofemoral anatomical axis between 8° and 2° of valgus 
(±3° from the goal). On the Knee Society TKA roentgeno-
graphic evaluation form, radiolucencies were found around 
the femoral components in three (3 %) cases: all of them 
were behind the prosthetic anterior flange. Tibial tray radi-
olucent lines were found in 4 of the 100 knees (4 %): they 
were all in zone 1 and 2 in the AP knee view, none was 
more than 1 mm in width and none was progressive. None 
of the components was found to be radiologically loose. No 
radiolucent lines were found in all-polyethylene patellae.

All 30 patients selected for CT evaluation were available 
at follow-up and the results are shown in a different study 
[13]. The rotational alignment of the femoral component 
has been studied measuring the posterior condyles angle 
(PCA): the femoral component positioning in relationship 
to the trans-epicondylar axis at follow-up showed an aver-
age of 2.80° of external rotation (±2.10°). The planned 
external rotation of the femoral component was 3°.

Postoperative complications

There were no intraoperative complications. In the early 
postoperative period, one patient experienced a partial rup-
ture of the quadricipital tendon during a session of physi-
cal therapy: because the extensor mechanism was overall 
intact, the lesion was treated conservatively. ROM at final 
follow-up in this patient was 0°–122°. Anterior knee pain 
was present in nine patients (9 % of the knees). Severe and 
painful crepitations were noted in five of these patients 
(5 %), two of whom (2 %) required reoperation to remove 
fibromatous intra-articular tissue (“Clunk syndrome”) 
(Fig.  3). Both patients had a CT scan evaluation showing 
slight internal rotation of the femoral component (2.5° and 
2.8°, respectively). One patient had a traumatic patellar 
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fracture at 14 months from the index procedure. The frac-
ture was treated conservatively, but the patient reported 
severe anterior knee pain at follow-up. This patient was in 
the CT study group too: the femoral component position-
ing in relationship to the trans-epicondylar axis at follow-
up showed only 2.60° of external rotation. The other three 
patients in this group had mild to moderate painful crepi-
tations during daily activities, but were not part of the CT 
study sub-group, so the authors were not able to investigate 
a possible rotational malalignment of the components. 

Discussion

The purpose of this study was to evaluate whether or not 
a change in the femoral design of a widely used PS TKA 
(PFC Sigma PS) had a positive impact on the extensor 
mechanism complication rate. The results of the Press-Fit 
Condylar (PFC) TKA, improvement of the total condylar 
knee implant, were overall satisfactory with a 93  % sur-
vival rate at 15 years [18]. Unfortunately, the revision rate 
for patello-femoral related problems was reported up to 
5.2  % [19]. The PFC Sigma implant was first introduced 
in 1996, providing an updated femoral coronal geometry 
and a deeper trochlear groove to improve patellar track-
ing with respect to previous similar implants. Painless or 
painful patellar crepitations up to 21 % and patellar clunk 
syndromes up to 5 % have been reported by many authors, 
including the implant’s designers [11, 12]. Revisions for 
patello-femoral problems have shown to still only be a 
minor issue with this implant [20], not differing between 
patient’s sex [21]. The use of the mobile-bearing PFC 
Sigma option did not reduce the patello-femoral complica-
tion rate, as it failed to improve patellar tracking [22]. In 
fact, Meftah et  al. recently reported a 21  % incidence of 

anterior knee pain and crepitation at 3–5 years [23]. Pre-
vious studies hypothesized that this high rate of patello-
femoral complications might be linked to the medializa-
tion of the prosthetic femoral groove typical of this implant 
[24]. In a different study, Meijerink et al. [25] noted a trend 
toward lateral tracking of the patella in early flexion when 
using the PFC Sigma prosthesis. Because of these issues, 
a new PFC Sigma PS System (De Puy, Warsaw, USA) 
was introduced in 2009, with new instrumentation and a 
peculiar femoral design. This new design followed many 
recommendations from the literature: Barink et  al. [26] 
showed that an appropriate design for the prosthetic troch-
lea rather than its replacement was the main determinant 
of good patella-femoral outcomes in TKA; Kulkarni et al. 
[27] showed that a femoral “J curve design” allowed for 
patella medialization, thus reducing patellofemoral lateral 
shear forces; D’Lima et al. [28] demonstrated that a single 
radius curve in the femoral coronal profile restored quadri-
ceps force to physiological levels during ROM. In fact, the 
new PFC Sigma PS has a “J curve” shape with three differ-
ent tangential radii in the sagittal profile and a single radius 
curve in the coronal profile. A prolonged anterior flange 
and a “smoother” transition from trochlea to the box are 
innovative to this design, as well.

The primary objective of the current study was to evalu-
ate if recent improvements in the PFC Sigma PS femoral 
design correlated with higher patient satisfaction, particu-
larly with regard to anterior knee pain and symptomatic 
crepitations. Anterior knee pain was present in 9 % of our 
knees, severe painful crepitations was noted in 5 % of these 
patients and two patients (2 %) required reoperation with 
removal of fibromatous intra-articular tissue (“Clunk Syn-
drome”). Slight internal rotation of the femoral component 
was highlighted as the main predisposing factor of this 
complication. In fact, the femoral component positioning in 
relationship to the trans-epicondylar axis in 30 consecutive 
knees showed an average of 2.80° of external rotation with 
respect to a planned 3°, and both patients who underwent 
“Clunk syndrome” removal showed insufficient femoral 
component external rotation. Previous reports suggested 
that the commonly reported 3° of external rotation of the 
femoral component might be insufficient to make a rectan-
gular flexion gap at 90°, increasing the risk of patello-fem-
oral complications [29]. Nonetheless, the rate of extensor 
mechanism complication registered in the current study, 
still considered high by the authors, diminished sensibly 
with respect to previous reports [23]. This study confirmed 
good to excellent results with the PFC PS Sigma implant in 
94 % of the patients. The mean ROM improved from 104° 
preoperatively to 115° at the final follow-up.

The radiological evaluation of the implant alignment 
showed a correct restoration of the anatomical axis ±3° 
in 90  % of the knees. Conversely, Winemaker et  al. [30] 

Fig. 3   Left knee. Removal of fibromatous intra-articular tissue 
(“Clunk syndrome”)
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recently showed no association between component posi-
tion and early failure in 398 primary cemented TKA 
at 14  years follow-up. It was suggested that restoring a 
straight axis in TKA might aim at the wrong target. The 
still high incidence of extensor mechanism complications 
typical of the current study might be related to the fact that 
patellar tracking is governed by a combination of static and 
dynamic factors. Maltracking may result from excessive or 
unbalanced tension in the surrounding soft tissues during 
knee flexion, so our static radiographic measurements do 
not reflect patello-femoral congruence during ROM, leav-
ing the question on the effect of the femoral component 
design on anterior knee pain development partially unan-
swered. This is a limitation of our study.

The present study confirmed that the reduction of major 
extensor mechanism complications with respect to the 
previous version of the PFC Sigma TKA might be strictly 
linked to the surgical technique during patellar replace-
ment, as shown by others [31, 32]. In particular, meticulous 
removal of the peri-patellar synovial layer is mandatory to 
avoid postoperative clunk syndrome.

This study had several other limitations. First, it was 
performed in a select patient population affected by knee 
osteoarthritis and selection bias may have influenced the 
clinical outcomes. Also, this assessment lacks both a com-
parison group with the previous version of the identical 
prosthesis and longer-term follow-up.

Despite overall positive results in the first three postop-
erative years, the PFC Sigma PS TKA system still presents 
a high rate of extensor mechanism complications. The sur-
gical community has hence become divided on the issue of 
how the patella is best served when performing TKA [33, 
34]. The results presented in the current study showed that 
the design changes to the original PFC Sigma femoral com-
ponent leading to the PFC Sigma PS system reduced, but did 
not abolish the incidence of postoperative anterior knee pain.
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