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Abstract

Purpose Posterior stabilised (PS) total knee arthroplasty
(TKA) design development that focused on restoring normal
knee kinematics was followed by the introduction of reason-
guided motion designs. Although all PS fixed-bearing knee
designs were thought to have similar kinematics, reports show
they have differing incidences and magnitudes of posterior
femoral rollback and axial rotation. In this retrospective com-
parative study between two guided-motion total knee systems,
we hypothesised that kinematic pattern has an influence on
clinical and functional outcomes.

Methods This study represents the continuation of a previous-
ly reported clinical and kinematics analysis. We retrospective-
ly reviewed 347 patients treated with two different TKA
designs: Scorpio NRG (Stryker Orthopedics) and Journey
Bi-Cruciate Stabilised (BCS) knee system (Smith &
Nephew). Two hundred and eighty-one patients were assessed
clinically. Patients were divided into groups according to
implanted TKA. Clinical evaluation with the Knee Injury
and Osteoarthritis Outcome Score (KOOS) questionnaire
was performed. Fifteen Scorpio NRG and 16 Journey
BCS patients underwent video fluoroscopy during stair
climbing, chair rising/sitting and step up/down at six months
of follow-up.

Results At an average 29 months of clinical follow-up, pa-
tients with Journey BCS TKAs reported better clinical results.
Stiffness was more frequently reported in the Journey group
(5.2 % vs 1.2 %), whereas anterior knee pain was observed in
the Scorpio NRG group (1.9 %) only. Both prosthetic models
reported different posterior translation of the medial and
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lateral contact points (CP) in all analysed motor tasks during
knee flexion (BCS 10-18 mm; NRG Scorpio 2—3 mm). Both
designs produced progressive external rotation of the femoral
component relative to the tibia during flexion.

Conclusions Journey BCS showed statistically significant
better KOOS results. The higher posterior femoral rollback
observed in the kinematic assessment of this design, associat-
ed with a better patellofemoral design, may be the reason for
better clinical outcome. The reported cases of stiffness and
anterolateral joint pain could be attributed to excessive medial
and lateral tibiofemoral posterior translation. The NRG group
demonstrated good axial rotation, but this was not coupled
with physiological kinematic patterns. Patellofemoral pain can
be explained by a less friendly femoral-groove design. TKA
clinical-functional outcome and complications were highly
influenced by the bearing geometry and kinematic pattern of
prosthetic designs.

Keywords TKA design - Kinematics - Fluoroscopy - Clinical
result

Introduction

Total knee arthroplasty (TKA) is the gold standard for treating
symptomatic, late-stage knee osteoarthritis (OA). Although
surgical techniques and implant designs have improved
through the years, as evidenced by excellent survivorship
and long-term results [1], patients’ satisfaction after TKA is
still no more than 70-75 % [2, 3].

Changes in component geometry and modularity with the
posterior-stabilised (PS) designs permitted greater surgical
flexibility in severe OA cases. In the past, implant designs
were based on the assumption that the normal distal femur had
a changing centre of rotation during knee flexion [4], thus the
multiradius femoral component sagittal profile. Nevertheless,
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studies describing the distal anatomy of the femur reported
that the knee flexion—extension axis can be approximated in
TKA by the transepicondylar axis [5, 6]. From this assump-
tion came the postulation of a single radius of femoral condyle
curvature. Following these biomechanical principles, TKA
with a single-radius femoral component design was intro-
duced in an attempt to more accurately reproduce kinematics
of the natural knee joint [7-9]. However, in vivo kinematic
pattern studies in patients undergoing TKA demonstrated a
considerable variation from the normal knee [10]. Different
TKA design solutions for simulating physiological knee ki-
nematics were thus investigated using a guided tibiofemoral
motion with asymmetric spine-cam mechanism and an ana-
tomic geometry of tibiofemoral articulation, showing axial
rotation patterns similar to those of the normal knee [11, 12].
Although PS fixed-bearing knee implants were thought to all
have similar kinematic and kinetic patterns, reports show
differing incidences and magnitudes of posterior femoral roll-
back (PFR) and axial rotation when comparing different de-
signs [13, 14]. In this retrospective comparative study, we
aimed to evaluate the clinical outcome and in vivo kinematics
in a large, homogeneous cohort of patients undergoing prima-
ry navigated TKA in order to determine the influence of the
kinematic pattern on clinical results and patient satisfaction.

Materials and methods
Patients

The research presented here represents the continuation of a
previously reported study [15]. All patients gave informed
consent prior to being included in this retrospective study
performed in accordance with the Ethical Standards of the
1964 Declaration of Helsinki as revised in 2000. Between
January 2007 and August 2011, 347 computer-assisted
(CAS) primary TKAs were performed in 320 consecutive
patients by three senior surgeons highly experienced in
CAS-TKA. Patient exclusion criteria were prior history of
joint replacement on the affected side, evidence of neuromus-
cular or neurosensory deficiency, rheumatic disease or immu-
nologic suppression; 45 patients did not meet inclusion
criteria. All operations were performed using a medial
parapatellar approach and with the use of a surgical navigation
system (Stryker Knee Navigation System, Stryker Leibinger,
Software vs 4.0). The patella was resurfaced in all cases.

Implants
Two different guided-motion TKA designs were evaluated in
this study: the Scorpio Non-Restrictive Geometry (NRG) PS

knee system (Stryker Orthopedics, Mahwah, NJ, USA) and
the Journey Bi-Cruciate Stabilised (BCS) knee system (Smith
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& Nephew, Memphis, TN, USA). These two prosthetic de-
signs were routinely used in our department, and the surgeons
had no preference, as both implants were considered effective
and comparable for treating primary knee OA. For this reason,
the two implants were both used over the same period in all
patients. The main kinematic differences between the implants
are represented by the fact that the Scorpio NRG knee system
has an axial, unconstrained, fixed-bearing design that allows
the femur to rotate freely about the tibia in the transverse plane
but limits anteroposterior translation of the femur in knee
flexion with constrained spine-cam mechanism; the asymmet-
ric shape of condyles and the polyethylene insert of the
Journey BCS more closely reproduce the hallmarks of normal
knees, with a femoral component that consistently rolls back
after engaging the cam and post at 54° of flexion and offers a
medial pivot [16].

Clinical assessment

Pre-operative evaluation included demographic data, primary
diagnosis, prior treatment of the affected joint and radiograph-
ic knee alignment in both the frontal and sagittal planes.
Clinical outcome was analysed at a minimum of one year after
TKA by an independent observer and included functional
status evaluation using the validated Italian version of the
Knee Injury and Osteoarthritis Outcome Score (KOOS) [17].
The KOOS subscale for sports and recreation was not includ-
ed in the assessment. A normalised score (100 indicating no
symptoms, 0 indicating extreme symptoms) was calculated
for each examined subscale; possible complications requiring
additional surgical procedures were also evaluated.

Fluoroscopic assessment

Fifteen patients from the Scorpio NRG group [18] and 16
from the Journey BCS [12] group were analysed postopera-
tively at six months of follow-up by video fluoroscopic anal-
ysis during stair climbing, chair rising/sitting and step up/
down. For stair climbing, three 21-cm-high steps were used;
to assess stepping up and down, only the first step was used,
and four up/down cycles were performed in a single repeti-
tion. For the rising and sitting exercise, chair height was set
specifically for each patient in order for him or her to begin with
the knee flexed at about 80°. Data collection and analysis
procedures were previously discussed [12, 18, 19] and included
the use of a standard fluoroscope (digital remote-controlled
diagnostic Alpha90SX16, CAT Medical System, Rome,
Italy). Three-dimensional prostheses component positions and
orientations were obtained from each fluoroscopic image by an
iterative procedure using a CAD-model-based shape-matching
technique [20]. Previous validation showed that 3D position
and orientation of the metal prosthetic component, respectively,
have an accuracy >0.5 mm and 1° [20]. Relative motion of the
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tibial and femoral components was represented using a stan-
dard convention [21]. Condylar contact was assumed on the
medial and lateral compartments, as the two sets of points at
minimum distance between the femoral condyles and the
tibial base plate. The positions of these contact points (CP)
were expressed in the tibial base-plate reference frame in
terms of percentage locations over the anteroposterior (AP)
length; 0 % and 100 % corresponded to the most posterior
and most anterior location, respectively. Patterns of AP
motion of the CP were therefore obtained independently
for the medial and lateral condyles. Roll-back and screw-
home mechanism were also assessed. The difference be-
tween AP locations of the CP at maximum extension and
flexion was PFR. Contact-line rotation, defined as rotation
of'the line connecting the medial and lateral CP with respect to
the mediolateral axis on the tibial transverse plane, was cal-
culated for each flexion angle, but here, it is reported over
predefined flexion angles with 10° increments, starting from
0°. For each predefined angle, the corresponding contact
positions were taken from each trial of each patient, and then
averaged [12, 18].

Statistical analysis

Continuous data are expressed as means and standard devia-
tions (SD); categorical data are presented as absolute numbers
and percentages. In order to compare baseline and follow-up
characteristics between groups, an unpaired ¢ test was used for
continuous data and chi-square and Fisher’s exact tests for

categorical data. P values were two-sided and considered
significant if <0.05.

Results
Clinical and functional results and complications

Of the 320 patients included in this analysis, 34 (15 in the
Scorpio NRG group and 19 in the Journey BCS group) were
lost to follow-up. Five patients in the NRG and two in the BCS
group (1.6 % of all cases) were diagnosed with prosthetic joint
infection and were excluded from further assessment; 281
patients (297 knees) were therefore assessed and clinically
evaluated. No significant pre-operative differences were re-
ported between groups regarding demographic characteristics
(e.g. age, body mass index, gender) and knee alignment.

Mean follow-up was similar for both groups: 29 (12-48)
months for the Scorpio NRG group and 28 (12-50) months
for the Journey BCS group. At final follow-up, the Journey
BCS group had higher mean KOOS scores in all subscales
than the NRG group. This difference was statistically signif-
icant for the KOOS subscales of pain (p=0.005) and knee-
related quality of life (QOL) (p=0.040).

When analysing complications, stiffness requiring manipula-
tion under anaesthesia and arthroscopic debridement was more
frequently reported in the Journey group (5.2 % vs. 1.2 %),
whereas anterior knee pain was observed only in the Scorpio
group (1.9 % of cases). Other, less frequently observed,

Table 1 Journey Bi-Cruciate Stabilised (BCS) knee system fluoroscopy data [12]

Stair climbing

Chair rising/sitting

Step up/down

AP medial CP (mm)
AP lateral CP (mm)
AP medial CP (% tibia size)
AP lateral CP (% tibia size)
AP medial CP (% tibia size)
At maximum extension
At maximum flexion
AP lateral CP (% tibia size)
At maximum extension
At maximum flexion
Range of contact-line internal rotation
Contact-line rotation (+ internal)
At maximum extension
At maximum flexion
Medial PFR (mm)
Lateral PFR (mm)

9.7 (-6.0 t0 3.7)%3.0

14.3 (-10.6 to 3.5)+3.5
23.3 (352 t0 58.5)+6.4
32.7(25.1 to 58.8)+8.0

58.5+4.8
38.9+5.9

57.3+73
25.646.3
13.0 (5.6 to 21.6)+4.0

4.0+1.0
—6.5+4.8
8.5+2.0
14.3+3.4

10.0 (-7.7 t0 2.3)£2.6

18.5 (-15.3 t0 3.1)+3.0
23.0 (32.9 t0 55.9)+6.1
43.8 (14.0 to 57.8)+6.5

55.9+7.9
35.845.6

57.846.7
14.2+4.7
15.8 (7.3 to 21.7)+4.4

42453
—11.0£6.0
8.9+3.5
18.542.6

6.9 (-74 to £0.5)=3.5

13.9 (-10.8 to 3.1)+3.8
16.5 (32.1 to 48.6)+7.7
33.3(23.6 10 56.9)£9.0

48.7+7.9
33.9+6.5

55.4+11.0
23.847.6
15.2 (7.9 t0 26.2)+5.7

5.1+8.0
—10.0+5.6
5.6+3.4
13.943.2

Mean + standard deviation, range (in parentheses). Translations in percentage and contact-line rotations are values at 0° and maximum flexion

AP anteroposterior, CP contact points, PFR posterior femoral rollback
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Table 2 Scorpio NRG fluoroscopy data [18]

Chair rising/sitting Step up/down

Stair climbing
AP medial CP (mm) 3.1(42,7.3)x1.7
AP lateral CP (mm) 4.8 (4.3 t09.1)£1.8

AP medial CP (% tibia size)
AP lateral CP (% tibia size)
AP medial CP (% tibia size)

At maximum extension 34.0+2.1

At maximum flexion 34.0+£1.9
AP lateral CP (% tibia size)

At maximum extension 36.1+4.6

At maximum flexion 32.0+£1.8

Range of contact line internal rotation 9.4 (4.0 to 22.4)+£4.6

Contact line internal rotation (+ internal)

At maximum extension 1.5£3.9
At maximum flexion 1.0+4.2
Medial PFR (mm) 0.5£1.0
Lateral PFR (mm) 14+1.8

37.3(32.0 to 40.5)+4.0
36.5(27.7 to 40.5)+4.1

55(4.9 to 10.4)+1.8
75(5.7 t013.2)+1.5

35.6(25.5 to 39.0)+4.1
33.1(18.7 to0 36.9)+3.4

3.6 (4.7 t08.3)£1.8
52(5.1 t0103)+1.8
35.5(30.8 to 38.8)+4.0
35.4(26.1 to0 37.9)+4.1

35.5+6.7 344422
263+1.2 33.8+4.5
35.7£3.6 34.6+3.0
19.8+1.2 33.6+5.5

114 (4.6 to22.7)+4.5 113 (5.1 to 18.0)+4.0

1.5+£32 1.3£1.0
6.5+14 1.0£3.2
3.5+1.7 2.1+£1.5
6.7£1.3 0.6+1.2

Mean + standard deviation, range (in parentheses). Translations in percentage and contact-line rotations are values at 0° and maximum flexion

AP anteroposterior, CP contact points, PFR posterior femoral rollback

complications were represented by synovitis pain treated with
arthroscopic debridement in 0.7 % of the BCS group and
frontal plane instability corrected with polyethylene liner ex-
change in 1.1 % vs 0.3 %, respectively, in the BCS and NRG

groups.
Fluoroscopic results

Both prosthetic models reported a posterior translation during
knee flexion of the medial and lateral CP in all analysed motor
tasks (stair climbing, chair rising/sitting, step up/down): for

A/P MEDIAL CP [% tib size]

100 100

STAIR CLIMBING

A/P MEDIAL CP [% tib size]

the medial compartment, 3.1+1.7 mm, 5.5+1.8 mm and 3.6+
1.8 mm, respectively, in the Scorpio NRG group, and 9.7+
3.0 mm, 10.0+£2.6 mm, 6.94+3.5 mm respectively, in the
Journey BCS group; for the lateral compartment, 4.8+1.8 mm,
7.5£1.5 mm and 5.2+1.8 mm, respectively, in the NRG group,
and 14.3+3.5 mm, 18.5+3.0 mm and 13.943.8 mm in the BCS
group in the three motor tasks (Tables 1 and 2). In all three motor
tasks, medial and lateral CP displacements in the NRG group
were generally located posteriorly throughout the flexion arc
(between ~30 % and 40 % of the AP tibial plate length); the
BCS group showed a coupled posterior translation of the two
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Fig. 1 Fluoroscopy data: anteroposterior (AP) translation of the medial (up) and lateral (down) contact points (CP) from all patients during the three

analysed motor tasks for 10° knee-flexion step
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CPs between 0° and 30° knee flexion (between ~60 % and
40 % of the AP tibial plate length) and higher posterior
translation of the lateral than the medial CP for knee flexion
>50° (between 40 % and 20 % of AP tibial plate length for the
lateral CP and between 40 % and 35 % for the medial CP)
(Fig. 1). Both prosthetic designs showed progressive internal
rotation of the femoral component relative to the tibial plate
during flexion. In the NRG group, the described mechanisms
were somewhat limited: the reported range of contact-line
rotation was 9.4, 11.4 and 11.3 in stair climbing, chair
rising/sitting and step up/down, respectively; medial and lat-
eral CP displacements were generally located posterior
throughout the flexion arc, and posterior translation of both
occurred at flexion angles>60°. Consistent with these
findings, the pivot point of the contact lines was mostly
found in the central area of the base plate. In the BCS
group, the mechanisms were more accentuated: the range
of contact-line rotation was as great as 21.6, 21.7 and 26.2
in stair climbing, chair rising/sitting, step up/down, re-
spectively. Rollback mainly occurred at small flexion
angles, and medial pivoting occurred especially at higher
flexion. No evidence of condylar liftoff was observed in
any task in any patient (Fig. 2).

Discussion

This study indicated that TKA clinical-functional outcome
and complications are highly influenced by bearing geometry
and kinematic pattern of different guided-motion prosthetic
designs. The Journey BCS group obtained significantly better
scores in the KOOS subcategories of pain and QOL and
showed a statistically significant (p=0.018),increase in range
of motion (ROM) (mean >3.5°) with respect to the Scorpio
NRG group. We hypothesised that this increased ROM could
be due to guided kinematic patterns favouring PFR. In the
same way, PFR, associated with better patellofemoral kine-
matics, could be the reason for better clinical outcome and
KOOS scores. Published clinical evidence clearly supports the
efficacy of guided motion in restoring physiological knee
motion and normal overall function [12]. However, two recent
publications emphasised potential complications associated
with the Journey BCS: first, some patients presented with an
increased incidence of Iliotibial band (ITB) syndrome.
Luyckx and colleagues [22] reported outcomes for 1,070
Journey I BCS knees at a mean follow-up of 2.5 years.
Overall, clinical outcomes for this cohort were quite good.
Device survival of 98 % was reported, with partial or total
revision as the primary endpoint. However, symptoms of ITB
syndrome were observed in 7.2 % of patients at a mean 6
months of follow-up. After further rehabilitation, pain during
flexion persisted in 2 % of these patients, resulting in surgical
ITB release. The authors suggest that excessive translation of
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Fig. 2 Fluoroscopy data: knee axial rotation versus flexion for the three
motor tasks. Positive values indicate internal rotation

the femur in flexion can lead to increased eccentric loading of
the ITB in some patients, potentially causing pain. In addition
to ITB traction, complications associated with dislocation
were reported by Arnout et al. [23], who stated that each case
demonstrated excellent clinical outcomes at the time of dislo-
cation. However, each of these patients happened to be ex-
tremely flexible, achieving deep flexion quickly after surgery.
This movement allows the femoral cam to potentially jump
over the relatively short tibial post. Considering our cohort’s
overall complications, stiffness (6.4 %) and anterior knee pain
(1.9 %) were the most common. This finding is confirmed by
results of an analysis of 10,188 primary TKAs [24]. In partic-
ular, a higher incidence of stiffness was reported in the BCS
group (5.2 %) than in the NRG group (1.2 %). Multiple factors
can have significant effects on ROM after TKA: PFR,
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patellofemoral kinematics and posterior condyle offset are the
most important ones [25-27]. Prosthetic design may have had
a role in knee stiffness in the BCS group, considering other
factors affecting clinical outcomes in the same manner in a
homogeneous population, such as this series. In particular, we
believe that excessive femoral rollback reported for the BCS
design could induce excessive mechanical stress on soft tis-
sues. This mechanism may be responsible of fibrous metapla-
sia [27] and knee-joint synovitis with consequent knee stiff-
ness. Conversely, the NRG group reported a higher rate of
anterior knee pain (1.9 %): this was probably related to the use
of trochlear flange depth in this design. Impaired
patellofemoral tracking of the NRG femoral design could be
responsible for the reported symptom.

As reported by several authors [13, 14] and confirmed by
our study, PS fixed-bearing TKA designs can differ in kine-
matic pattern (i.e. posterior femoral rollback, patellofemoral
tracking and posterior condyle offset). This report has an
influence on clinical outcome and complications. The rele-
vance of this study is the clinical outcome and complication
rate in correlation with fluoroscopic assessment: the two de-
signs actually demonstrated different kinematics pattern.
Our results suggest that the main features of the BCS
design (an asymmetric spine-cam mechanism and an an-
atomically shaped tibial insert) can result in rollback and
screw-home mechanisms in the replaced knee. The NRG
group demonstrated consistent axial rotation with a cen-
tral pivot, explained by the single radius of curvature of
the prosthetic model on the frontal plane and a good
posterior positioning of the femoral component on the
tibial plate. Other kinematic patterns, such as rollback
mechanism and femoral external axial rotation, were
minimised compared with the BCS group. We believe that
these findings are the reason for the poorer clinical out-
come reported by this prosthetic design.

We acknowledge that our study has several limitations:
results might be impaired by the retrospective analysis and
the absence of preoperative KOOS data, which would have
provided a more comprehensive evaluation of patient im-
provement following TKA. The absence of randomisation
and the relatively short follow-up could also have weakened
our findings. However, the large cohort, the aid of surgical
navigation and the nonselective use of both designs in a
homogeneous demographic series of patients could reduce
the bias of the analysis.

Conclusion
Clinical and functional outcome in primary TKA can be
affected by the design and kinematic pattern of different

prosthetics, as revealed by coupled analysis of clinical and
fluoroscopic outcomes in this large patient cohort.
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