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Abstract The Dual Bearing Knee (DBK) prosthesis is a new
concept which has a mobile-bearing insert. In May 2001, the
posterior femoral condyle design of the DBKwas changed to
become smaller and there was a posterior shift in the base
of the insert dish (Hi-Flex). Between 1998 and 2004, 371
DBKs (112 Hi-Flex and 220 Standard) were performed by
one surgical team. There was a significant difference in
postoperative flexion angle between the Hi-Flex and
Standard DBKs (117.0° and 111.3°; p=0.001). The delta
flexion angle in the Hi-Flex (−2.4°) was significantly
increased compared with that in the Standard DBK
(−9.6°) (p=0.001). In the Hi-Flex DBK, the postoperative
flexion angle (5.7°) and the delta flexion angle (7.2°) were
significantly larger than for the Standard DBK (p<0.001).
These results suggest that the flexion is greater for a design

with smaller posterior condyle prosthesis and with a
posterior shift in the base of the insert dish in CR mobile-
bearing TKA.

Introduction

Total knee arthroplasty (TKA) is associated with excellent
clinical results, particularly in terms of pain alleviation and
gait recovery. In recent years, demand has increased for
TKA that can achieve deeper flexion, such as sitting erect
with the legs flexed or kneeling. Many studies have been
conducted on range of motion of the knee following TKA,
and preoperative range of motion is generally accepted as
the most important factor [1]. However, whether the
posterior design changes in CR mobile-bearing TKA affects
range of motion following TKA remains unclear. In May
1998, we developed a fully congruent designed mobile-
bearing knee replacement (the Dual Bearing Knee; DBK
prosthesis) in collaboration with Finsbury UK. In May
2001, in order to achieve a greater range of motion, we
reduced the curvature radius of the posterior condyle of the
femoral component (no change in anteroposterior diameter
or osteotomy) and moved the base of the dish of the insert
posteriorly by 3 mm (Fig. 1a, b). The effects of these design
changes on postoperative range of motion and degree of
postoperative improvement in flexion angle were carefully
investigated.

Materials and methods

In the coronal and sagittal planes, the femoral component of
the DBK has a single radius shape, and the insert has the
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same curvature to improve compatibility with the femoral
component. This slot-type insert can rotate freely and glide
in the anteroposterior direction. The slot-type insert of DBK
allows 6 mm of AP sliding.

The DBK prosthesis is not approved for use in the
United States. We investigated the patients with a preoper-
ative flexion angle of over 90° on whom DBK TKA was
performed from May 1998 to March 2004. The Hi-Flex-
design DBK was used in 122 knees (Hi-Flex group; August
2001–March 2004), while the Standard-design DBK was
used in 249 knees (Standard group; May 1998–July 2001).
Of these, 112 knees in the Hi-Flex group and 220 knees in
the Standard group that could be directly examined between
11 and 13 months after operation served as subjects
(follow-up rates: 91.8% and 88.4%, respectively). Demo-
graphic data on the patients are summarised in Table 1.

No significant inter-group differences in any of the
parameters were identified.

All the operations were done by one surgical team. A
medial parapatellar approach and the modified gap tech-
nique were used in TKA [2–4]. The posterior cruciate
ligament (PCL) was conserved in all cases. Cement fixation
was used in all cases, and the surgical wound was sutured at
a knee flexion angle of 90°.

The patient’s active range of motion was measured by a
physical therapist using a goniometer.

The following data were obtained 11–13 months after
surgery and analysed: Knee Society Score, as knee score
(KS) divided by functional score (FS); pre- and postoper-
ative range of motion (flexion, extension and total range of

motion); degree of improvement (postoperative from
preoperative) in flexion, extension and range (delta flexion,
delta extension and delta range); femoral–tibial angle
(FTA); component angles (alpha, beta, gamma and theta);
joint line (JL); posterior condylar offset (PCO); patella
tendon length (PTL); and patellar thickness (PT). Differ-
ences in these parameters before and after surgery were
calculated. Parameters were compared within and be-
tween groups. Paired t-tests, Student t-tests and Pearson’s
correlation coefficient tests were used, and values of
p<0.05 were considered statistically significant for all
analyses.

Results

Table 2 shows clinical outcomes for the Hi-Flex and
Standard groups. Knee society score (KS/FS) was signifi-
cantly improved for both groups (p<0.001). For pre- and
postoperative range of motion, the Hi-Flex group displayed
significant improvements in extension angle and range of
motion (p<0.001), while flexion angle was maintained
postoperatively. Conversely, in the Standard group, exten-
sion angle was significantly improved, but flexion angle
was decreased (p<0.001).

Between the Hi-Flex and Standard groups, no significant
intergroup differences in preoperative flexion angle, extension
angle or range of motion were noted. Pre- and postoperative
mean flexion angles for the Hi-Flex group were 119.4° and
117.0°, respectively, and 120.7° and 111.3° for the Standard

Standard DBK

Hi-Flex DBK

b

Standard slot            Standard slot            HiHi -- Flex Flex slotslot

c

a
Fig. 1 Design changes in the
Dual Bearing Knee (DBK).
a DBK prosthesis. b With the
femoral component, the curva-
ture of the posterior condylar
area was reduced from the
Standard design (broken arrow)
to the Hi-Flex design (solid
arrow). c With the insert, the
bottom of the dish (solid arrow)
was moved posteriorly 3 mm.
This lowered the height of the
posterior lip (broken arrow)
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group, respectively. There was no difference in the number of
patients who lost motion between groups. However, postop-
erative flexion angle and range of motion were significantly
greater for the Hi-Flex group (p=0.001) (Table 2). The degree
of improvement, delta flex and delta range for the Hi-Flex
group were also significantly greater (p=0.001 and 0.005,
respectively) (Table 2).

The delta flexion, in standard DBK, 33 knees (29.5%)
gained, 14 knees (12.5%) were unchanged, and 65 knees
(58%) decreased. In Hi-Flex DBK, 56 knees (26%) gained,
29 knees (13%) were unchanged, and 135 knees (61%)
decreased. The percentages of patients who gained and who
lost motion are almost the same in both standard DBK and
Hi-Flex DBK.

Table 3 shows the results of radiographic measurements.
Pre- and postoperative FTAs for the Hi-Flex group were
179.2° and 175.5°, respectively, and 182.0° and 174.8° for
the Standard group, respectively. Significant improvements
were apparent in both groups (p<0.001). For both groups,
component angles (alpha, beta, gamma and theta) were

favourable, and no significant inter-group differences were
identified.

JL was measured according to the methods of Figgie et
al. [5]. For both groups, JL was significantly increased
postoperatively (p<0.001); however, no significant inter-
group difference was found. PCO was measured as
described by Bellemans et al. [6]. Significant inter-group
differences existed before and after surgery (p=0.02 and
0.01, respectively). No significant inter-group differences
were found in JL, PTL or PT before or after surgery.

As to the degree of improvement in radiographic
parameters, delta FTAs for the Hi-Flex and Standard groups
were −4.5°±6.2 and −7.7°±8.0, respectively, and there was
a significant inter-group difference (p=0.04). However, no
significant inter-group differences were apparent in the
other parameters: delta JL was +2.6 mm ±3.0 and +3.9 mm
±4.8, respectively, for the Hi-Flex and Standard groups;
delta PTL was +0.3 mm±2.7 and +1.5 mm±5.5, respec-
tively; and delta PT was −0.1 mm±0.9 and +0.3 mm±1.3,
respectively.

Table 2 Clinical results in the Hi-Flex and Standard DBK groups and their comparison

Parameter Hi-Flex DBK (n=112) Standard DBK (n=220) Hi-Flex vs Standard

Pre-op F.U. p value Pre-op F.U. p value Pre-op F.U.

ROM

Flexion 119.4±12.9 117.0±11.3 N.S. 120.7±13.4 111.3±16.5 p<0.001 N.S. p=0.001

Extension −10.1±9.0 −1.3±3.3 p<0.001 −11.2±9.5 −1.8±4.6 p<0.001 N.S. N.S

Range −109.3±18.3 115.8±12.4 p<0.001 109.6±18.7 109.5±18.2 N.S. N.S. p=0.001

⊿Flexion −2.4±13.3 −9.6±17.5 p=0.001

⊿Extention 8.8±8.5 9.3±9.5 N.S.

⊿Range 6.4±17.3 −0.1±20.9 p=0.005

Knee society score

Knee score 41.8±17.1 87.4±6.7 p<0.001 34.4±19.9 88.7±10.2 p<0.001 N.S. N.S

Function score 29.7±21.5 61.5±24.8 p<0.001 33.8±21.4 64.2±24.5 p<0.001 N.S. N.S.

⊿Knee score 45.7±16.1 54.3±21.1 N.S.

⊿Function score 31.8±26.5 30.4±28.0 N.S.

Values given as mean±standard deviation (SD)

DBK Dual Bearing Knee, F.U. follow-up, N.S. not significant

Demographic Hi-Flex DBK (2001.8–2004.9) Standard DBK (1998.5–2001.7)

Number of knees (patients) 112 (98) 220 (203)

Disease 49 OA, 62 RA, 1 ON 138 OA, 82 RA

Gender Six males, 106 females 31 males, 189 females

Side 58 right , 54 left 115 right, 105 left

Average height (range) 152 cm (136–172) 153 cm (136–189)

Body weight (range) 54.1 kg (36.0–76.0) 58.1 kg (40–90)

B.M.I. (range) 23.5 (14.4–33.3) 24.9 (14.3–34.2)

Age (range) 65.0 years (26–90) 69.0 years (30–94)

Follow-up (range) 12.0 months (11–13) 12.5 months (11–13)

Table 1 Patients in the Hi-Flex
and Standard DBK groups

BMI body mass index
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In order to predict postoperative flexion angle based on
preoperative flexion angle for each implant design, a single
regression analysis was used to determine a regression line
for pre- and postoperative flexion angles for the Hi-Flex
and Standard groups (Fig. 2a, b). In both groups, the
preoperative flexion angle exhibited a significant correla-
tion to postoperative flexion angle.

A regression line for preoperative flexion angle and delta
flex was also determined (Fig. 3). In both groups, the
preoperative flexion angle exhibited a significant correla-
tion to delta flex. The results confirmed that preoperative
flexion angle has a negative impact on delta flex.

An investigation was also performed to identify factors
influencing delta flex. In the Standard group, delta flex was
significantly greater for RA patients than for OA patients
(p=0.002). In the Hi-Flex group, delta flex was significant-
ly greater for female patients than for male patients (p=
0.003). No significant differences existed with respect to
right/left knee and patellar replacement.

In both groups, delta flex exhibited no significant
correlation to age, BMI, component angles (alpha, beta,
gamma and theta), or preoperative, postoperative and delta
values of FTA, JL, PCO, PTL and PT.

Discussion

In the latest reports, the use of navigation, the different
types of inserts (fixed-bearing / rotating platform) and the
different surgical approaches (modified subvastus / medial

50
60
70
80
90

100
110
120
130
140
150

50 70 90 110 130 150
pre-op flexion angle

post-op
flexion angle

Hi-Flex DBK group
Y=0.35X+75.0  R=0.40 R2=0.16 p<0.0001

50
60
70
80
90

100
110
120
130
140
150

50 70 90 110 130 150

Standard  DBK group
Y=0.42X+ 60.5   R=0.34 R2=0.12 p<0.0001

pre-op flexion angle

post-op
flexion angle

a

b

Fig. 2 Prediction of postoperative flexion angle. Single regression
analysis was used to calculate a regression line for flexion angle
before and after surgery in both groups. In both groups, pre- and
postoperative flexion angles exhibited significant correlations. a Hi-
Flex Dual Bearing Knee (DBK). b Standard DBK

Table 3 Radiographic results in the Hi-Flex and Standard DBK groups and their comparison

Parameter Hi-Flex DBK group (n=112) Standard DBK group (n=220) Hi-Flex vs Standard

Pre-op F.U. p value Pre-op F.U. p value Pre-op F.U.

Alignment

FTA (°) 179.2±7.7 175.5±2.3 p<0.001 182.0±7.3 174.8±2.8 p<0.001 p=0.04 N.S.

Component angle (°)

α 94.0±2.6 95.3±2.8 N.S.

β 89.0±2.2 90.0±2.0 N.S.

γ 1.2±2.3 1.0±2.4 N.S.

δ 84.0±2.7 83.0±3.5 N.S.

Joint line (mm) 28.2±5.1 30.9±5.3 p<0.001 27.0±3.9 30.8±3.7 p<0.001 N.S. N.S.

Posterior condylar offset (mm) 26.4±3.3 25.9±3.1 N.S. 24.5±3.2 23.9±3.1 N.S.

Patella tendon length (mm) 51.1±6.1 51.3±5.4 N.S. 47.8±4.8 49.3±4.8 N.S. p=0.01 N.S

Patella thickness (mm) 21.3±1.0 21.1±1.0 N.S. 21.3±1.4 21.7±1.7 N.S N.S N.S

Values given as mean±standard deviation (SD)

DBK Dual Bearing Knee, F.U. follow-up, N.S. not significant
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parapatellar ) have no influence the flexion angle after total
knee arthroplasty [7–9].

What is the factor that improves flexion angle after the
total knee arthroplasty?

Our study investigated the effects of implant posterior
design changes on postoperative flexion angle following
TKA. While the need for design changes to allow greater
flexion has been recognised, this is the first study to
actually provide clinical data in CR mobile-bearing TKA.

In past studies investigating the posterior condylar
design of femoral components, Anouchi et al. [10] used
Advantim (Wright Medical Technology, Arlington, TN)
and reported no significant difference in degree of
postoperative improvement in flexion angle between 232
conventional TKAs and 50 TKAs using a larger posterior
condyle for the femoral component. In that study, mean
flexion angle two years after surgery was 107°±10°, and
mean postoperative flexion angle for the Hi-Flex group in
our study was about 10° greater, at 117.0°±11.3°,
suggesting that the effect of the change in their posterior
condyle was insufficient.

In PS mobile-bearing TKA, Gupta et al. [11] and
Ranawatt et al. [12] used P.F.C.Sigma RP-F and P.F.C.
Sigma RP (DePuy Orthopaedics, Inc.,Warsaw, IN) and
reported a significant difference in degree of postoperative
improvement in flexion angle between 50 Sigma RP-F
TKAs and 50 Sigma RP TKAs. The P.F.C.Sigma RP-F
changed the radius of curvature of the posterior femoral
condyle less than the P.F.C.Sigma RP, suggesting that the
effect of the change in their posterior condyle was
sufficient.

In our study, by decreasing the curvature of the
posterior condyle for the femoral component, the posterior
space was enlarged to allow easier rollback mechanism,
thus improving postoperative flexion angle. Furthermore,
by moving the base of the insert dish in a posterior
direction, the height of the posterior lip on the insert was
lowered to reduce posterior impingement, thus leading to
better results.

In addition, Walker et al. [13] demonstrated that the
factors which contribute to the improvement of postoper-
ative ROM are proximal femoral condyle, large posterior
offset, small anterior distance, and large posterior slope. In
this study, the small anterior distance due to the posterior
shift in the base of the insert dish would be useful.

We examined only the clinical data and previously
reported in vivo kinematics of Standard DBK with
fluoroscopy [14]; we are now investigating the difference
in the contact points between Standard DBK and Hi-Flex
DBK. Our latest investigation of in vivo kinematics
demonstrated that the medial and lateral nearest contact
points of Hi-Flex DBK moved significantly posterior
compared with Standard DBK (unpublished data).

In our study, in order to exclude the effect of the
postoperative period, we compared the postoperative flexion
angle at 12 months after operation. Because the periods of
the operations between Standard DBK and Hi-Flex DBK
were different, if we used the latest follow-up data, the
average follow-up periods in each group must be different.
However, even when we compared the latest follow-up data,
postoperative flexion angle, postoperative range of motion,
delta flex and delta range were significantly improved for the
Hi-Flex group compared to the Standard group.

Ritter et al. reported that postoperative flexion angle
correlated to post- and intraoperative flexion angles [1].
Anouchi et al. assessed delta flex 24 months after surgery
by dividing patients into three groups with respect to
preoperative flexion angle (<90°, 91–104° and ≥105°) and
documented that degree of improvement for the <90° group
was 19° greater compared to the 91–104° group and 35°
greater when compared to the ≥105° group (p<0.0001)
[10]. Thus, the preoperative flexion angle correlates to the
postoperative flexion angle, because if the preoperative
flexion angle is small, the degree of improvement is large,
but if the preoperative flexion angle is large, the postoper-
ative flexion angle decreases.

In our study, a significant positive correlation existed
between pre- and postoperative flexion angles for the Hi-
Flex and Standard groups (Fig. 2a, b). Furthermore, a
significant negative correlation existed between preopera-
tive flexion angle and delta flex. In this manner, the results
in our study are consistent with previous reports [1, 5].

In our study, the value of delta flex would have been
zero at 115.4° for the Hi-Flex group and 104° for the
Standard group (Fig. 3a, b). We believe that this difference
of 10.7° due to the component design change is important
for obtaining better results using the Hi-Flex-design DBK.

Regarding the relationship between delta flex and disease
type, Schurman et al. reported that the degree of improve-
ment for RA and OA was −8° and −3°, respectively, thus
significantly greater for OA [15]. However, Ritter et al.
documented no significant differences in postoperative range
of motion among patients with OA, RA and ON [1]. In our
study, delta flex for the Standard group was −4.9° for RA
patients and −12.4° for OA patients, and a significant
difference was noted between RA and OA. However, no
significant differences were found between RA and OA in
the Hi-Flex group, although delta flex tended to be better for
RA patients.

For the relationship between delta flex and age, Ritter et
al. reported that mean postoperative flexion angle was
lower for women than for men [1]. In our study, delta flex
for female patients in the Hi-Flex group was significantly
greater than that for male patients in the Hi-Flex group.

Figgie et al. reported that, in CR-type TKA, when JL
was set high, PCL was overly tense, hindering the rollback
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mechanism and impairing knee flexion, and they noted that
the JL should not increase by more than 8 mm [5]. Kim et
al. performed fixed- and mobile-bearing CR-type TKAs
and reported that postoperative flexion angle for a group
with an increase of ≥5 mm in JL was lower than that for a
group with an increase of <5 mm [16]. In our study, JL was
significantly increased for both groups, but no significant
correlation between delta JL and delta flex was identified.
The reason for this was that degree of increase in JL was
suppressed for the Hi-Flex and Standard groups at +2.6
and +3.9 mm, respectively.

Bellemans et al. studied 30 patients who underwent
CR-type TKA with postoperative flexion of ≥100° by
3-dimensional video fluoroscopy [6]. They reported that
because the posterior surface of the femur and insert

impinged during maximum flexion in 72% of patients,
maintaining the posterior condylar offset would be impor-
tant. Furthermore, when PCO decreased by 1 mm postop-
eratively, postoperative flexion angle decreased by 6.1°. In
our study, no significant change in PCO was noted for
either group. In addition, delta PCO for the Hi-Flex and
Standard groups was −0.5 and −0.6 mm, respectively, and
no correlation existed between delta PCO and delta flex.
However, preoperative PCO for the Hi-Flex and Standard
groups was 26.4 and 24.5 mm, respectively, and postoper-
atively the PCO was 25.9 and 23.9 mm, respectively. The
relationship between flexion angle and PCO was investi-
gated before and after surgery, but no correlation was seen
between preoperative flexion angle and preoperative PCO,
between postoperative flexion angle and postoperative PCO
in the Hi-Flex group or between postoperative flexion angle
and postoperative PCO in the Standard group. In other
words, these findings suggest that PCO is not related to the
flexion angle.

In a clinical report, Ryu et al. divided patients into
groups displaying favourable post-TKA flexion (≥120°)
and poor post-TKA flexion (≤90°), and documented that
patellar thickness for the poor flexion group was increased
[17]. They subsequently recommended that patellar thick-
ness should remain at the preoperative thickness. Barrack et
al. resurfaced the patella within 1 mm of original thickness
using calipers and reported no significant differences in
postoperative range of motion between a group with
patellar replacement and another group without patellar
replacement [18]. In our study, no significant difference
was noted in patellar thickness before and after surgery in
either group. Also, delta PT for the Hi-Flex and Standard
groups was −0.1 and +0.3 mm, respectively, and exhibited
no correlation to delta flex. Furthermore, no significant
difference in delta flex was identified irrespective of
whether the patella was replaced.

In conclusion, postoperative flexion angle, postoperative
range of motion, delta flex and delta range were significantly
improved for the Hi-Flex group compared to the Standard
group. In CR mobile-bearing TKA, the results suggest that
two design changes improve post-TKA flexion angle of the
knee: a smaller radius of curvature for the posterior condyle
and a posterior shift in the base of the insert dish.
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