
modifications to the prosthesis design for a better outcome. 
Nevertheless, some of these changes, including the handling of 
the posterior cruciate ligament and the design modifications for 
high flexion, are still controversial around the clinical outcomes 
and longevity4-8).

Surgeons with a preference for cruciate retaining (CR) knees 
set a high value on the function of the posterior cruciate 
ligament (PCL). They believe that the PCL has a beneficial effect 
on femoral rollback, quadriceps efficiency, joint stability and 
proprioception9,10). On the other hand, other surgeons who favor 
posterior stabilized (PS) knees have doubts about the function of 
the remaining PCL in CR knees11). Recently, increasing attention 
has been on whether the PS knee is superior to CR knee in the 
range of motion4,5).

Since the late 1990s, many implant manufacturers have 
made modifications to conventional prostheses designs to 
improve the maximal knee flexion. The design changes for 
high flexion had been in the polyethylene insert geometry, 
posterior femoral condylar offset, cam/post engagement, or a 
combination of these12-15). Nevertheless, it is unclear whether 
these design modifications improve the range of motion and 
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Introduction

Total knee arthroplasty (TKA) is a successful procedure for 
pain relief and functional restoration in patients with advanced 
osteoarthritis. Despite its success, a significant portion of patients 
are dissatisfied with their replaced knees because of their higher 
expectations on the function, such as high flexion activities1-3). 
Therefore, implant manufacturers have introduced many 
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clinical outcomes6-8,14,16). The high flexion implants used in the 
current study has a relaxed posterior slope of the polyethylene 
insert, compared to the conventional PS implant. This change 
in polyethylene insert geometry results in a reduced femoral 
rise, improved collateral ligament function in deep flexion, 
and reduced torsional constraint that requires less torque for 
rotation12). Although a high flexion design is theoretically 
superior to its conventional design, there is a controversy about 
whether a high flexion design facilitates greater knee flexion12,15). 
In addition, there are still concerns regarding whether this change 
of polyethylene insert affects the knee functions or longevity of 
replaced knees.

The purpose of this study was to compare the clinical outcomes 
of CR, PS, and high flexion PS prostheses having identical 
femoral component geometry. We hypothesized that retaining or 
substituting PCL and the change of polyethylene insert geometry 
for high flexion did not make a difference to the clinical outcomes 
of TKA. 

Materials and Methods

This study was approved by our institutional review board. 
The data of 164 patients who underwent 225 primary total 
knee arthroplasties for primary osteoarthritis using the Scorpio 
total knee system (Stryker Orthopaedics, Mahwah, NJ, USA) 
between January 1999, and December 2004, were reviewed 
retrospectively: 57 knees with the Scorpio CR implants, 50 
knees with the Scorpio PS implants, and 118 knees with the 
Scorpio Flex PS (F-PS) implants (Fig. 1). We included only 
primary osteoarthritic knees and there was no post-traumatic 
osteoarthritic knees, rheumatoid knees, stiff knees (range of 
knee motion, <60o) and severely deformed knees (tibiofemoral 
angle, >varus 20o). Implant selection was chronologically done 
in order of the prostheses development and launching. Twenty 
eight patients (37 knees) dropped out due to follow-up loss or 

death before the minimum follow-up of 5 years. In addition, 
four patients (5 knees) were excluded because of concurrent 
disease that could seriously affect the knee function such as an 
intracerebral hemorrhage, severe cerebral infarct and severe 
dementia. Another four knees were revised due to aseptic 
loosening or prosthesis infection before the 5-year follow-up. 
Aseptic loosening was observed in the PS implant (1 knee) and 
F-PS implant (2 knee). A prosthesis infection occurred in the 
CR implant. However, we did not exclude these four knees in the 
survival analysis. Of the remaining 179 knees (131 patients), CR 
implants were used in 45 knees (CR group), PS implants were 
used in 40 knees (PS group) and F-PS implants were used in 94 
knees (F-PS group). The mean follow-up duration was 7.4 years 
(median, 7 years; range, 5 to 12 years). The CR, PS, and F-PS 
groups were followed-up for a mean of 8.1 years (range, 5 to 9.7 
years), 8.0 years (range, 5 to 12 years) and 6.8 years (range, 5 to 
8.8 years), respectively. Thirty six patients had bilateral total knee 
arthroplasties with the same prosthesis (6 patients with bilateral 
CR knees, 6 patients with bilateral PS knees and 24 patients 
with bilateral F-PS knees). Twelve patients underwent bilateral 
arthroplasty in which a different type of prosthesis was implanted 
in each knee (CR and PS, 3 patients; PS and F-PS, 2 patients; CR 
and F-PS, 7 patients).

All surgical procedures were performed by two experienced 
surgeons. Identical surgical techniques were used in the three 
groups, except for preservation of the PCL and larger posterior 
tibial slope in the CR group. An attempt was made to produce 
tibial slope of 6o in the CR knees, and 3o in the PS and F-PS knees. 
A medial parapatellar arthrotomy was used, and the patellae 
were routinely resurfaced. The patellae with normal cartilage or 
small patellae (less than or equal to 20 mm in thickness) were 
preserved. All prostheses were fixed with cement. The same 
rehabilitation protocol was applied to all groups in postoperation. 
Patients began knee flexion exercises using a continuous passive 
motion exercise machine on the first day after the surgery and 

Fig. 1. Anterior/posterior and lateral radiographs of the knees with (A) cruciate retaining, (B) posterior stabilized and (C) high flexion posterior 
stabilized prostheses.
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were allowed to walk using a walker on the second day.
Clinical and radiographic evaluations were performed three 

months and one year after surgery and annually thereafter. 
However, postoperative knee scores have been regularly assessed 
since 2005. The active maximal knee-flexion angle and flexion 
contracture were measured using a goniometer with a patient 
in the supine position. Each knee was rated in accordance 
with the Knee Society and the Hospital for Special Surgery 
(HSS) scoring systems. In addition, each patient completed the 
Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) health status questionnaire. The radiographic indices 
were measured on standard weight-bearing anteroposterior and 
long leg radiographs, supine lateral radiographs (30o flexed) and 
merchant radiographs. The tibiofemoral angle, posterior tibial 
slope, changes in the posterior condylar offset and joint line level 
were assessed. The joint line level was evaluated by the distance 
from the distal femoral condyle to the proximal fibular tip in the 
anteroposterior radiographs.

All statistical analyses were performed using two-tailed tests. 
A p-value of <0.05 was considered significant. The categorical 
variables were analyzed using a cross-tabulation with a chi-
square. The continuous variables (i.e., age, body mass index 
[BMI], preoperative flexion angle, Knee Society scores) were 
examined with analysis of variance and Scheffe’s post hoc test. 
An analysis of covariance was also performed to analyze the 

postoperative flexion angle with consideration of the preoperative 
flexion angle, age, BMI and preoperative tibiofemoral angle. The 
survival rate was estimated by Kaplan-Meier analysis using a 
revision for any reason as an end point. A log-rank test was used 
to test for the differences in the survival curve by an implant 
subtype.

Results

There was no significant difference between the three groups 
in terms of the demographics and preoperative measurements 
except for the follow-up duration (Table 1).

At the 2-year follow-up, the mean active maximal flexion 
angles in the CR, PS, and F-PS groups were 114o, 119o, and 122o, 
respectively. The maximal flexion was significantly lower in the 
CR group than the F-PS group (p=0.013). On the other hand, 
the differences in the maximal flexion angle between the three 
groups decreased with time. Eventually, there was no significant 
difference in the active maximal flexion at the last follow-up. 
After adjusting for age, BMI and preoperative tibiofemoral 
angle, the mean maximal flexion angles of the CR knees was 
also significantly lower than that of the F-PS knees at the 2-year 
follow-up (p<0.001), and no significant difference was observed 
at the last follow-up (Table 2).

The average postoperative Knee Society knee score, Knee 

Table 1. Preoperative Demographics and Clinical Status of the Patients

CR group PS group F-PS group p-value

Total no. of knees 45 40 94

Gender (M/F)     2/43     3/37   7/87 0.613a)

Mean age (yr) 65.7 67.2 67.5 0.352b)

Mean duration of follow-up (yr)   8.1   8.0   6.8 <0.001b)

Patella (resurfaced/retained) 41/4 38/2 80/14 0.212a)

KS-Knee score (points) 40±17.8 38±17.3 40±17.3 0.858b)

KS-Function score (points) 42±15.4 42±14.3 42±19.6 0.995b)

HSS score (points) 42±9.8 44±10.0 44±9.7 0.600b)

WOMAC total score (points) 59±15.4 53±16.1 56±16.4 0.344b)

Body mass index (kg/m2) 27±2.5 27±3.3 28±4.2 0.339b)

Tibiofemoral angle (o) Varus 6±4.4 Varus 7±7.6 Varus 5±8.5 0.154b)

Flexion contracture angle (o) 13±6.8 15±8.2 14±10.2 0.750b)

Active maximal flexion angle (o) 126±11.6 124±16.3 124±16.8 0.784b)

Total range of motion (o) 112±14.6 109±20.7 110±23.6 0.701b)

Values are presented as number or mean±standard deviation.
CR: cruciate retaining, PS: posterior stabilized, F-PS: flexion posterior stabilized, KS: Knee Society, HSS: Hospital for Special Surgery, WOMAC: 
Western Ontario and McMaster Universities Osteoarthritis Index.
a)Chi-square test, b)Analysis of variance test. 
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Society function score, HSS score, and WOMAC scores for the 
pain, stiffness and function subscales were similar between the 
groups at the last follow-up (Table 3).

 Postoperative tibiofemoral angles averaged 6o of valgus in the 
CR group, 6o of valgus in the PS group, and 5o of valgus in the 
F-PS group (p=0.376). The mean changes in the posterior femoral 
condylar offset were also similar between the three groups (CR, 
1±1.9 mm; PS, 1±2.3 mm; F-PS, 1±2.2 mm; p=0.647). The mean 
posterior tibial slope of the CR group was higher than the other 
groups (CR, 6o±1.8o; PS, 4o±2.8o; F-PS, 4o±2.3o; p<0.001). The 
joint line levels were 15 mm in the CR group, 14 mm in the PS 
group and 16 mm in the F-PS group (p=0.201).

After a minimum follow-up of 5 years, two knees underwent 

revision surgery for aseptic loosening (CR, 1 knee; PS, 1 knee). 
Including the cases followed up for less than 5 years, aseptic 
loosening occurred in five knees (CR, 1 knees; PS, 2 knees; F-PS, 
2 knees). Loosening only involved the tibial component, and the 
plates medially sank down in all cases. The mean time from TKA 
to revision for aseptic loosening was 3.2±2.15 years. One PS knee 
was revised for periprosthetic fracture. There was no prosthesis 
infection after 5-year follow-up. The overall survival rate at 7 
years was 96.1%, and there was no significant difference in the 
survival curve between the three groups (CR, 95.9%; PS, 92.3%; 
F-PS, 97%; p=0.716) (Fig. 2). 

Fig. 2. Kaplan-Meier survivorship estimates, using revision surgery 
for any reason as an endpoint, showed a 96.1% survival rate at 7 years. 
The survival curves of the cruciate retaining, posterior stabilized, and 
high flexion posterior stabilized groups were similar. TKA, total knee 
arthroplasty.

Table 2. Comparison of Postoperative Ranges of Knee Motion between the Groups

CR group (n=45) PS group (n=40) F-PS group (n=94) p-value

2 years follow-up Flexion contracturea) 2±3.9 1±2.9 2±3.0 0.395c)

Active maximal flexiona) 114 ±14.2 119±10.1 122±15.8 0.013c,e)

Active maximal flexionb) (adjusted) 113±1.8 119±1.9 123±1.2 <0.001d,e)

Total range of motiona) 113±16.8 118±11.5 120±17.0 0.040c)

Last follow-up Flexion contracturea) 1±4.1 1±1.5 2±4.6 0.220c)

Active maximal flexiona) 117±13.1 121±11.4 120±16.1 0.338c)

Active maximal flexionb) (adjusted) 116±2.0 121±2.0 120±1.4 0.173d)

Total range of motiona) 115±15.8 121±11.9 118±17.7 0.319c)

CR: cruciate retaining, PS: posterior stabilized, F-PS: flexion posterior stabilized.
a)Degrees, the values are reported as the mean and the standard deviation, b)Degrees, the means(±standard error) of active maximal flexion at 2-year 
follow-up and last follow-up between the three groups adjusted by age, gender, body mass index, preoperative maximal flexion angle and preoperative 
tibiofemoral angle, c)Analysis of variance test, d)Analysis of covariance test, e)Significance determined by analysis of variance or analysis of covariance 
with Scheffe’s post hoc method; for active maximal flexion and total range of motion at 2-year follow-up, F-PS group was significantly higher than CR 
group.

Table 3. Comparison of Postoperative Knee Scores between the Groups

Last follow-up
CR group 

(n=45)
PS group 
(n=40) 

F-PS group 
(n=94) 

p-valuea)

KS score (points)

Knee 93±9.7 94±5.6 94±6.5 0.863

Function 73±25.0 80±19.5 77±22.8 0.348

HSS score (points) 88±7.2 90±5.0 89±6.9 0.485

WOMAC score (points)

Pain 1±2.0 1±1.2 1±1.7 0.805

Stiffness 1±0.8 1±1.1 1±1.2 0.280

Function 18±12.3 15±9.1 15±9.2 0.382

Values are presented as mean±standard deviation.
KS: Knee Society, HSS: Hospital for Special Surgery, WOMAC: Western 
Ontario and McMaster Universities Osteoarthritis Index. 
a)Analysis of variance test.
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Discussion

The role of the posterior cruciate ligament and the effect of the 
design modifications for high flexion are controversial subjects 
in TKA. This study compared the results of CR, PS, and F-PS 
prostheses with identical femoral component design.

In the current study, the CR group had a lower mean maximal 
flexion angle than the PS (Δ5o) or F-PS (Δ9o) group at the 2-year 
follow-up, even though there was only a significant difference 
between the CR and F-PS group. Many short-term studies also 
found that PS knees had significantly greater maximal flexion 
than CR knees4,17,18). Although several studies showed that CR 
and PS knees had a similar range of motion, these studies had the 
mean preoperative maximal flexion of the CR knees at 4o to 9o 
higher than the PS knees9,19,20).

In the present study, as the maximal flexion of the CR group 
increased, the difference in maximal flexion between the CR and 
F-PS groups decreased at the last follow-up. An increase in the 
maximal flexion at the mid-term follow-up was also observed 
in another CR study21), and a decrease in maximal flexion was 
observed in another PS study22). The change of flexion angle 
in the CR knee may be referable to a degeneration or failure of 
PCL. Victor et al.10) reported that the mean flexion angle of the 
CR and PS designs were similar at the midterm follow-up. In 
contrast, Harato et al.5) demonstrated significantly greater average 
knee flexion of the PS knees at 5 year follow-up. However, the 
difference in the mean flexion angle was only 3.3o. 

In the current study, the mean flexion angle of the F-PS group 
was similar to that of the PS group. On the other hand, in the 
several randomized, controlled studies, high flexion PS designs 
have demonstrated an improved range of motion comparing 
to the conventional PS designs6,23,24). In these studies, the design 
modifications for high flexion were mainly in the posterior 
femoral condylar offset and cam/post engagement. Other high 
flexion designs, which were characterized by changes in the 
polyethylene insert geometry without an increase of femoral 
condylar offset, did not show a significantly higher flexion arc 
than the conventional PS designs in the prospective study15).

Bellemans et al.25,26) reported that the posterior femoral condylar 
offset and posterior tibial slope can affect the postoperative range 
of motion. In the current study, the femoral condylar offsets 
were similarly restored in the three groups, but the mean tibial 
slopes were significantly different. We intentionally attempted 
to make a smaller tibial slope in the PS and F-PS groups because 
an excessive slope in a PS knee can cause posterior flexion 
instability27). Bellemans et al.26) stated that increasing the tibial 

slope improved maximal flexion, with an average of 1.7o more 
flexion for every degree extra of the tibial slope. Therefore, the 
difference in maximal flexion between the CR and PS knees has 
the potential to be undervalued in the current study.

The survival rate in this study was 96.1% at 7 years, which 
is comparable to the other midterm studies using identical 
prostheses. Abbas and Gunn28) reported a 99.3% survival rate 
on 173 primary PS TKA at 8 years. Similarly, Borrione et al.29) 
reported a 95.2% survival rate at 6 years in the multicenter study. 
In contrast to Rand et al.30), who reported a significantly lower 
survival rate for PS designs compared to CR designs, the survival 
curve of the CR group in the current study was similar to those of 
the other groups.

This study had several limitations. First, this study included 
a small population and was potentially underpowered, given a 
small difference in the clinical outcomes. Second, only twelve 
patients, who had a different type of prosthesis in each knee, 
were not included but both knees of the forty eight patients 
with bilateral arthroplasties were enrolled. This might have 
obscured the analysis. However, the functional status was 
assessed separately for each knee, and the outcomes were 
analyzed with consideration for possible confounding factors, 
such as preoperative flexion angle, age, BMI and preoperative 
tibiofemoral angle. Third, the index arthroplasties were 
carried out over a six year period, and the mean follow-up 
duration varied across the groups. Because the implants were 
chronologically chosen in order of the prosthesis development 
and launching, the mean follow-up durations were different 
between the groups.

 Conclusions

In the present study, the retaining or substituting PCL and the 
change of polyethylene insert geometry for high flexion did not 
make a difference to the midterm clinical outcomes of TKA 
with identical femoral geometry. Although the maximal flexion 
was lower in the CR knee than the F-PS knee at 2-year follow-
up, the difference in the maximal flexion decreased at the last 
follow-up. After a minimum follow-up of five years, the three 
different types of TKAs with identical femoral geometry provided 
similar outcomes with regard to the range of motion, functional 
outcomes and survival rate. 
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