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Abstract

Background: Total knee arthroplasty (TKA) is
an effective treatment for degenerative knee
osteoarthritis. The development of new implant
designs not only focuses on pain relief but also
aims to improve knee function after TKA.

Aims: The aim of this study was to evaluate and
compare early functional outcomes after TKA
using two different types of prosthesis.

Material and methods: Patients who underwent
TKA with the Journey II Bi-cruciate Stabilized
(JII BCS) Total Knee System (n = 9) and Gene-
sis II Cruciate-Retaining (GII CR) implant (n = 9)
were included in the functional evaluation. Active
range of motion (AROM) was measured. Anterior
tibial translation was measured using an electro-
mechanical arthrometer, while single-leg stance
performance was assessed using a balance plat-
form. The Western Ontario and McMaster Uni-
versities Osteoarthritis (WOMAC) questionnaire
was used for the assessment of subjective func-
tional outcomes.

24

Results: The arthrometry result showed a signi-
ficant difference of (-)0.2mm between the opera-
ted and non-operated extremities in the JII BCS
group and 2.3 mm in the GII CR group. The sin-
gle-leg balance test result showed a significant
difference in overall stability index of 2.7° for the
JII BCS group and 4.6° for the GII CR group. Both
the AROM and WOMAC scores were higher in the
JII BCS group.

Conclusions: Compared with the GII CR implant,
the JII BCS implant provided better functional
outcomes of the anterior and posterior cruciate
ligaments in patients in the early phase after TKA.
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Introduction

Total knee arthroplasty (TKA) is accepted as the
gold standard for the treatment of severe knee
osteoarthritis. While the expectations of patients
are high [1], several studies have shown poorer
functional outcomes after TKA [2,3] than after
hip arthroplasty [4]. Noble et al. [5] provided ob-
jective information regarding the functional ca-
pacity of control subjects and patients who unde-
rwent TKA. They demonstrated that the patients
who underwent TKA experienced substantial
functional impairment compared with their age-
and sex-matched peers, especially when perfor-
ming biomechanically demanding activities [5].
They suggested that significant improvements in
the procedure and prosthetic designs are urgen-
tly needed to restore the normal knee function
after TKA.

Other studies that examined the outcomes of TKA
using conventional implants reported abnorma-
lities in knee joint kinematics, such as paradoxical
anterior translation of the femur with respect to
the tibia during knee flexion, insufficient or re-
verse axial rotation of the tibiofemoral joint, ab-
normal lateral position of the pivot point, and re-
duction in quadriceps efficiency [6-8]. In all these
studies, TKA did not achieve successful restora-
tion of the anterior cruciate ligament (ACL) func-
tion and thus resulted in ACL deficiency. Similar
results were found in the work of Pritchett [9],
who claimed that ACL deficiency after TKA cau-
ses paradoxical motion, which might be related to
limitations in knee range of motion, reduction in
quadriceps efficiency, and absence of the “feeling
of a normal knee.” Attempts have been made to
replace the ACL function with newer implants
designed to restore normal knee joint kinematics
and stability. Recently, Murakami et al. [10] used
an image-matching technique to measure in vivo
knee joint kinematics during squatting and sta-
ir-climbing activities, and showed a reproducible
and stable tibiofemoral translation during these
motions, most likely caused by the morphologi-
cal characteristics of the prosthesis designed to
support the ACL function. In another study that
investigated in vivo kinematics during gait, the

Journey II Bi-Cruciate-Stabilized (JII BCS) Total
Knee System proved to be effective for restoring
dynamic stability during gait compared with the
posterior-stabilized implant. This can be expla-
ined by the JII BCS special design, which consists
of anterior cam and weight-bearing surfaces and
is aimed at mimicking the native ACL function
and physiological shape of the knee joint line and
articular surfaces [11]. Ries [12] compared the ef-
fect of ACL sacrifice, retention, or substitution on
knee joint kinematics after TKA and suggested
that the ACL function is necessary to achieve a
more normal kinematics after TKA. When resto-
ring the ACL function by means of prosthetic de-
sign and technology, two important features may
influence the stability and kinematics of the knee
joints after TKA, namely the geometry of the
weight-bearing surfaces and the mechanical in-
teraction between the polyethylene and femoral
components, or the cam-post mechanism. The
JII BCS TKA implant used in this study replica-
tes the ACL and posterior cruciate ligament. The
sagittal shape of the medial insert compartment
conforms with the sulcus in the middle of the in-
sert, while the lateral side is slightly convex. In
addition, an anterior and asymmetrical posterior
post-cam system prevents the tibia from moving
too far forward or backward underneath the fe-
mur [13,14].

Aims

This study aimed to verify the functional status
of the lower extremity after TKA using the JII BCS
Total Knee System compared with that using the
Genesis II Cruciate-Retaining (GII CR) prosthesis.

Materials and Methods

Data were prospectively collected from two gro-
ups of patients who underwent TKA surgery with
different types of prosthesis (JII BCS vs GII CR).
A data set comprising of active range of motion
(AROM), range of anterior tibial translation (ATT),
single-leg balance test (SLBT) result, and functio-
nal score (WOMAC) was recorded in the early po-
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stoperative phase (between 3 and 4 months after
TKA). All the subjects provided informed consent.
A total of 18 patients who underwent primary
TKA using the JII BCS (Smith & Nephew, Mem-
phis, USA) or GII CR implant (Smith & Nephew)
were evaluated in this study. Patients who met
the following inclusion criteria were enrolled: age
between 50 and 70 years, no history of previous
knee surgery, and no additional surgery or cur-
rent hip or ankle joint pain (for both lower extre-

mities). After surgery each patient received su-
pervised rehabilitation (by a physiotherapist not
associated with this study) and precise guideli-
nes for TKA management in the early postope-
rative phase, which were focused on knee range
of motion, edema management, muscle strength
drills, and exercise progression regimes. Both
groups were matched for age, weight, height, and
time interval from TKA to assessment (Table 1).

Table 1. Demographic characteristics of subjects in Journey Il BCS and Genesis Il CR groups, with no significant

differences in all presented variables.

Variable JII BCS (N=9) Gll CR (N=9)
Male/female ratio 5:4 4:5

Patient age (y)? 60.8 + 6.5 56.7 + 3.6
Height (m)? 171.2 + 8.1 170.4 + 6.3
Weight (kg)? 82.3+74 83.0+ 8.8
Body mass index (kg/m2) 30.3+47 32127
Time interval from TKA 34+0.5 34+0.5

to assessment (months)?®

Notes: @Values expressed as mean + standard deviation.

Abbreviations: JII BCS - Journey II Bi-cruciate Stabilized Total Knee System; GII CR - Genesis II Cruciate-

Retaining; TKA - total knee replacement.

A single rater, who was an experienced certified
physiotherapist with 10 years of experience in or-
thopedic rehabilitation and 5 years of training in
functional testing, was involved in the collection
of the outcome data. A pilot study was conducted
with 12 participants to achieve reliable levels of
measurement for AROM, ATT, and singe-leg ba-
lance.

Knee AROM was measured in a supine position
by using a long-arm goniometer, with the sub-
ject’s arms aligned with the greater trochanter
and lateral malleolus. The goniometer axis was
placed in the center of the lateral femur condyle.
For knee flexion, the patients were asked to flex
the knee as far as possible by sliding the heel on a
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supporting surface. For knee extension, the heel
was placed on a raised block, and the participant
actively extended the knee [15]. All the subjects
performed three repetitions in each direction of
movement, and the mean value of the three me-
asurements was used in the analysis. The reliabi-
lity of knee ROM measurements was previously
reported by Rothstein et al. [16]. In addition, in-
tra-rater reliability was verified in a pilot study
that showed a good level of intraclass correlation
coefficient (ICC) for both flexion and extension
AROM (both ICC, , = 0.85). ICC values < 0.5, be-
tween 0.5 and 0.75, between 0.75 and 0.9, and
>0.90 are indicative of poor, moderate, good, and
excellent reliability, respectively [17].



For the ATT measurement, the GNRB arthrome-
ter (Genourob, Laval, France), which performs an
automated Lachman test, was utilized. The pa-
tient lay supine on the therapeutic table, with the
body in line with the measurement device. In ac-
cordance with the manufacturer’s instructions,
the knee was placed in 20° flexion in a molded
support, with the joint line between the thigh and
calf support, to reproduce the Lachman test po-
sition, following the description by Robert et al.
[18]. The patella and foot of the tested leg were
stabilized with the straps of the GRNB device. In
the next step, a displacement sensor was positio-
ned on the tibial tuberosity, and the upper part of
the displacement sensor rod was positioned be-
tween 1 and 2.5 cm (Figure 1A). A force of up to
150 N was applied to the upper part of the calf by
using the GRNB tensor in an anterior direction.
For both the operated and non-operated extre-
mities, three repetitions of ATT were recorded
using the GRNB software. In the pilot study, the
intra-rater reliability of the three repeated me-
asurements was good (ICC, ; = 0.85).

The SLBT was performed using the Biodex Balan-
ce System (Biodex Medical Systems, Shirley, NY,
USA), which utilizes sensors under its platform
to detect postural sway. We performed the po-
stural stability test to assess the patient’s ability
to maintain the center of balance on a platform,
locked in a horizontal position. The Biodex Balan-
ce System measures the deviation of the patient’s
center of gravity from the center of the platform.
SLBT includes three types of output measures,
namely the overall (OA), anteroposterior (AP), and
mediolateral (ML) stability indexes. These indexes
show the standard deviations of the fluctuations
around the reference point, which is a locked
platform at the horizontal position, and are cal-
culated by measuring the times during which the
platform deviated from the horizontal position,
along with the degree of angulation from the re-
ference point. A low score is more desirable than
a high score. The formulae for calculating OA, AP,
and ML were previously described by Arnold and
Schmitz [19]. All the participants were instructed
to assume a single-leg stance on the firm plat-

=

Figure 1. (A) Lower extremity alignment during anterior tibia translation measurement with GRNB arthrometer,
and (B) patient position during single leg balance test, all measurements were taken without visual feedback.
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form, with the contralateral extremity flexed 90°
at the knee joint (Figure 1B). Each subject perfor-
med 3 repetitions of single-leg stance on the ope-
rated extremity for 10 s without visual feedback.
The Biodex Balance System measurement was
considered reliable [19]. The ICC, ; values in the
pilot study ranged from 0.80 to 0.88.

The Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) is a self-admini-
stered questionnaire developed to study patients
with hip and knee osteoarthritis. The final score
was determined by adding the subsequent sco-
res for pain, stiffness, and physical function. The
questionnaire score ranges from O to 100 points,
where 100 represents the worst possible health
status. The WOMAC is reliable, valid, and sensiti-
ve to the changes in patients with knee osteoar-
thritis [20].

Differences in all the measured variables for the
operated extremities were compared between
the JII BCS and GII CR groups by using a non-pa-
rametric Mann-Whitney U test. The alpha level

was set at 0.05. The Statistica software (Statisti-
ca, Tulsa, USA) was used for all the calculations.

Results

The individual results of the measurement of
AROM (flexion and extension) for the operated
extremities are presented in Table 2, where (-)
indicates hyperextension. The mean knee flexion
angles achieved by the JII BCS and GII CR gro-
ups were 115.1° + 13.8° (range: 87°-130°) and 102.5°
+ 11.2° (range: 87°-120°), respectively. The mean
extension rates in the JII BCS and GII CR gro-
ups were 0.2° + 2.2° (range: -3° to 5°) and 6.6° +
4.2° (range: 0°-12°), respectively. The differences
in flexion and extension AROM between the two
groups were not statistically significant (p > 0.05).
When comparing the total AROM (flexion angle
minus the extension angle), the mean range was
114.9° + 15.6° (range: 87°-130°) in the JII BCS group
and 95.9° + 14.9° (range: 98°-120°) in GII CR group.
The difference in total AROM between the two
groups was statistically significant (p = 0.022).

Table 2. Active range of motion results for individual participants (operated extremity).

Patient No. JIIBCS GII CR

Flexion Extension Flexion Extension
1 115 -3 92 1
2 98 2 112 7
3 122 0 105 6
4 87 5 90 12
5 130 0 87 8
6 117 -2 101 9
7 123 0 103 6
8 118 0 112 0
9 126 0 120 0
Mean 1-9 115.1 0.22 102.4 6.6
SD 13.9 2.2 11.2 4.2
Min-max 87-130 -3-5 87-120 0-12

Abbreviations: JII BCS - Journey II Bi-cruciate Stabilized Total Knee System; GII CR - Genesis II Cruciate-Retaining;

SD - standard deviation; (-) - hyperextension.
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The patients in the JII BCS and GII CR groups had
mean ATT values of 6.2 + 1.3 and 8.3 + 3.5 mm for
the operated extremity, respectively (Figure 2,
left). The mean differences between the operated

8.3

6.2

ATT (mm)

Mean displacement
-1

and non-operated extremities in the JII BCS and
GII CR groups were -0.2 and 2.3 mm, respectively
(Figure 2, right).

2.3

B JiBCS

-0.2 GII CR

[
Side to side difference

Figure 2. GNRB® arthrometry results in Journey |l BCS (JIl BCS) and Genesis Il CR (Gll CR) group; (ATT) anterior tibia

translation; (*) statistically significant (p < 0.05).

Abbreviations: ATT - anterior tibia translation; JII BCS - Journey II Bi-cruciate Stabilized Total Knee System;

GII CR - Genesis II Cruciate-Retaining.

When comparing the operated and non-opera-
ted extremities, we found a statistically signifi-
cant difference between the groups (p = 0.00001).
With the GNRB arthrometer, we measured the
range of ATT and obtained information on the
slope of the translation curves. In the JII BCS gro-
up, the mean difference in ATT between the ope-
rated and non-operated extremities was small
(0.2 mm). This proves that the subjects had two
stable knees with a slight side-to-side difference
in ATT. However, in the GII CR group, we noticed

visible signs of an increasing side-to-side diffe-
rence in ATT, which correlated with the increase
in the force applied to the knees.

The OA, AP, and ML stability index values were,
respectively, 2.7° +1.5°,1.7° + 0.8°,and 1.9° + 1.6° in
the JII BCS group and 4.6° + 1.4°,4.1° £ 1.3° and 1.7°
+ 0.8° in the GII CR (Figure 3). The differences in
the OA and AP stability index values between the
JII BCS and GII CR groups were statistically signi-
ficant (p = 0.0192 and p = 0.0009, respectively).
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Figure 3. Mean results of single leg stability test for the operated extremities in Journey Il BCS (JIl BCS) and Genesis Il

CR groups (GlI CR).

Abbreviations: JII BCS - Journey II Bi-cruciate Stabilized Total Knee System; GII CR - Genesis II Cruciate-Retaining;
OA - overall index; A/P - anterior-posterior index; M/L - medial-lateral index; (*) - statistically significant

(p < 0.05).

The JII BCS group obtained a WOMAC total sco-
re of 19.4 + 7.7, whereas the GII CR group had a
score of 38 + 13. This identifiable difference was
statistically significant (p = 0.0026). We found
smaller and non-significant differences in pain

and stiffness, but all the scores were better in the
JII BCS group. For physical function assessment,
a statistically significant difference (p = 0.0009)
was obtained between the JII BCS and GII CR
prosthesis (12 + 4.4 vs 27 + 9.4; Table 3).

Table 3. Outcomes of the WOMAC questionnaire in Journey Il BCS (JIl BCS) and Genesis Il CR groups (Gll CR).

Outcome JIIBCS GIICR P-value
Pain 4.3 (x2.3) 7.4 (+4.3) 0.072
Stiffness 3.1(x15) 3.6 (x14) 0.533
Physical Function 12 (£ 4.4) 27(x94) 0.0005*
Total Score 19.4 (= 7.7) 38 (+13) 0.0002*

Notes: All values expressed as mean + standard deviation.

Abbreviations: JI BCS - Journey Il Bi-cruciate Stabilized Total Knee System; GII CR - Genesis Il Cruciate-Retaining;
(*) - statistically significant (p < 0.05).
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Discussion

Our findings showed that performing TKA with
bi-cruciate stabilized prostheses can positively
influence early functional outcomes compared
with TKA using the standard cruciate-retaining
implants. The JII BCS group demonstrated su-
perior, statistically significant differences in to-
tal AROM, mean difference in ATT between the
operated and non-operated extremities, body
balance in the SLBT, and clinical subjective score
in the WOMAC questionnaire. The importance of
both cruciate ligaments in restoring normal knee
kinematics and suggestions to consider bi-cru-
ciate implants as replacements for the function
of native cruciate ligaments have been previously
reported [21,22]. Using fluoroscopy, Grieco et al.
[22] analyzed the in vivo kinematics of 50 knees
during full weight-bearing range of motion. Of
these knees, 40 received a JII BCS implant and 10
were normal asymptomatic knees. The authors
concluded that the JII BCS implant exhibits nor-
mal-like kinematic patterns and moves in vivo as
desired. Moreover, the kinematic patterns be-
tween the knees with a JII BCS implant and the
asymptomatic knees suggest the dual post/cam
design, and the asymmetrical articular geome-
tries of the JII BCS adequately replicate ACL and
PCL functions [22]. Iriuchishima et al. [31] exami-
ned the rollback of the JII BCS implant, compared
this with a group of Oxford unicompartmental
knees and a control group (non-operated extre-
mity of the Oxford unicompartmental group), and
found no inter-group differences in the rollback
of the femur and ROM. The authors concluded
that the JII BCS TKA design is likely to repro-
duce native ACL and PCL functions and native
knee rollback. This suggests that restoration of
full ROM after TKA could be considered a crucial
factor for regaining adequate knee joint kinema-
tics. In the present study, we did not observe any
significant differences in flexion and extension
AROM between the JII BCS and GII CR groups
(mean flexion: 115.1° vs 102.4°; mean extension de-
ficit: 0.2° vs 6.6°), but the total AROM in the JII
BCS group was significantly better than that in
the GII CR group (114.9° vs 95.9°). On the basis of

the presented short-term AROM results, we could
attempt to predict satisfactory long-term outco-
mes after TKA with the JII BCS implant, as has
already been reported by other authors [23,24].

In this study, knee stability was measured using
two different devices, the GNRB arthrometer for
measuring the ATT, which can be considered a
“mechanical” stability, and the Biodex Balance
System device to perform the SLBT as an indi-
cator of lower extremity neuromuscular/balan-
ce control. To the best of our knowledge this is
the first report to compare the JII BCS and GII
CR implants by using arthrometry and balance
platform devices. Inui et al. intraoperatively me-
asured ATT in 62 patients after TKA with the JII
BCS implant and 3 months postoperatively with a
KT 2000 arthrometer at 30° knee flexion. The in-
traoperative and postoperative ATT values were
7.7 + 3.1 and 5.9 * 1.7, respectively, with a positi-
ve correlation between these outcomes (R = 0.61)
[25]. In the cruciate-retaining study, Niki et al.
measured ATT with a KT 2000 device at 7.5 years
postoperatively and obtained a result of 8.3 + 0.48
mm [26]. Chouteau et al. [27] used a radiographic
technique to quantify ATT during the anterior
drawer test 3 months postoperatively and obta-
ined an ATT of 4 mm. We recorded a mean ATT of
6.2 +1.3 mm for the JII BCS group and 8.3 + 3.5 mm
for the GII CR group. The extremities implanted
with the JII BCS showed (on average) an ATT of 2.1
mm less than that in the extremities implanted
with the GII CR. Similar results were observed in
the side-to-side comparison of the operated and
non-operated knees. The patients with a GII CR
prosthesis had 2.3 mm more ATT in the operated
extremity, whereas the JII BCS group obtained a
similar ATT between the extremities (difference
of 0.2 mm). Consequently, these outcomes show
that patients with a JII BCS implant presented
with more stable knees, with a minimum side-to-
-side difference in ATT. The shape of the slope of
the curves and the side-to-side differences in the
JII BCS group correspond with the data obtained
from a healthy population [19].
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Previous studies demonstrated that patients
presented with impaired postural control [28],
proprioception [29], and increased risk of falls
after TKA [30]. Therefore, lower extremity ba-
lance control may be critical for the functional
outcome and potential injury risk after TKA. The
results of our study suggest that TKA with the JII
BCS prosthesis is significantly better than GII CR
in terms of single-leg balance, especially in OA
(2.7°£1.5°vs 4.6° £ 1.4°) and AP (1.7° + 0.8° vs 4.1° +
1.3°), with no significant difference in the ML ba-
lance index. Following the normative data of the
balance indexes, the average outcome for healthy
subjects (aged 54-71 years) is 2.3° = 1.4°. In other
words, the healthy population outcome in this
age group ranges from 0.9° to 3.7° [25].

Limitations of the study

This study is a preliminary report and limited by
the number of patients evaluated. We did not have
any knowledge concerning the subjects’ functio-
nal state before the surgery. Surgical techniqu-
es and intraoperative soft tissue handling might
have influenced our results (e.g., AROM).

Conclusions

The design of the JII BCS prosthesis may lead to
better active ROM and could result in better joint
kinematics (less paradoxical movement and more
rollback). Restoration of the ACL and PCL func-
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tions with a dual post/cam system would lead to
better mechanical stability of the knee joint (less
AP tibial translation) and could result in better
neuromuscular control of the lower extremity,
as evaluated using the SLBT. The better functio-
nal outcome with the JII BCS Total Knee System
could be considered a sum of all the registered
clinical variables.

Abbreviations

AP - anteroposterior stability index;
AROM - active range of motion;

ATT - anterior tibial translation;

GII CR - Genesis II Cruciate-Retaining;
ICC - intraclass correlation coefficient;
ML - mediolateral stability index;

OA - overall stability index;

SLBT - single-leg balance test;

TKA - total knee arthroplasty;

WOMAC - Western Ontario and McMaster Uni-
versities Osteoarthritis.
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