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Abstract

Purpose This study aimed to clarify the natural knee kinematics provided by bicruciate-retaining total knee arthroplasty
(BCR-TKA) compared with those of unicompartmental knee arthroplasty (UKA) and normal knees.

Methods Volunteers and patients who had undergone UKA and BCR-TKA with anatomical articular surface performed
squatting motion under fluoroscopy. To estimate the knee’s spatial position and orientation, a two-dimensional/three-dimen-
sional registration technique was used. The rotation angle and anteroposterior translation of the medial and lateral sides of
the femur relative to the tibia in each flexion angle were directly evaluated using the same local coordinate system and their
differences amongst the three groups were analysed using two-way analysis of variance and Bonferroni post hoc pairwise
comparison.

Results From 0° to 10° of flexion, the femoral external rotation angle of BCR-TKA knees was significantly greater than that
of normal and UKA knees and the medial side of BCR-TKA knees was significantly more anteriorly located than that of
normal and UKA knees. From 40° to 50° of flexion, the medial side of UKA knees was significantly more posteriorly located
than that of normal and BCR-TKA knees. From 30° to 120° of flexion, the lateral side of BCR-TKA knees was significantly
more anteriorly located than that of normal and UKA knees.

Conclusion The in vivo kinematics of BCR-TKA knees reproduces those of normal knees to a lower extent than those of
UKA knees. Thus, BCR-TKA with anatomical articular surface reproduces in vivo kinematics of normal knees to a lower
extent than UKA.

Level of evidence III.
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PRO Patient-reported outcome

PS Posterior-stabilised

PS-TKA Posterior-stabilised total knee arthroplasty
SD Standard deviation

TKA Total knee arthroplasty

UKA Unicompartmental knee arthroplasty
Introduction

Total knee arthroplasty (TKA) is one of the most effec-
tive orthopaedic procedures for pain relief and functional
restoration in osteoarthritic knees. Recently, the indication
has been extended from the elderly to younger, more active
patients [23]. However, several studies have reported that
approximately 20% of patients who undergo TKA remain
unsatisfied [26, 27]. This dissatisfaction may be explained
by abnormal kinematics due to sacrificing of the anterior
cruciate ligament (ACL) [33].

Consequently, bicruciate-retaining TKA (BCR-TKA)
was developed in the 1960s by Gunston, who created the
polycentric knee [11], which was modified into the geomet-
ric knee in the 1970s by Cracchiolo et al. [5]. In addition,
Cloutier improved the BCR design and reported 82% sur-
vival of up to 22 years [31]. Similarly, Pritchett reported
89% survival of up to 23 years [30]. In addition, some stud-
ies reported that BCR-TKA could recreate normal knee
kinematics by preserving the ACL and posterior cruciate
ligament (PCL) [12, 33]. The BCR-TKA with an anatomi-
cal articular surface has a medial concave and lateral con-
vex articular design. The concept of this design provides
guidance for axial rotation and posterior translation that are
similar to those of normal knees. Zumbrunn et al. performed
dynamic computer simulations of BCR-TKA with an ana-
tomical articular surface using a medial concave and lateral
convex and reported that the kinematics of the knees such
as anteroposterior (AP) translation was similar to that of
normal knees [39]. Therefore, knees that underwent BCR-
TKA with an anatomical articular surface are expected to
show in vivo kinematics that are similar to those of normal
knees. However, no study has compared BCR-TKA with an
anatomical articular surface with another implant or with
normal knees.

Furthermore, several studies have reported that patient
satisfaction with unicompartmental knee arthroplasty
(UKA) is better than that with TKA [22, 36]. This suggests
that preservation of the ACL and lateral compartment results
in a good clinical outcome. Moreover, some studies dem-
onstrated that knee kinematics after UKA also replicated
normal knee kinematics in the axial rotation, AP translation,
and kinematic pathway [15, 29].

Therefore, it is meaningful to evaluate which ACL-pre-
serving arthroplasty has kinematics that are more similar to
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those of normal knees in terms of clinical outcomes. How-
ever, no study directly comparing the kinematics amongst
BCR-TKA, UKA, and normal knees has been conducted,
possibly because their local coordinate systems (LCSs) are
different.

In Asian and Middle-Eastern countries, people bend their
knees deeply in activities of daily living such as gardening,
using the restroom, and exercising; hence, many patients
who underwent arthroplasty desire deep knee bend (DKB).
Therefore, it is important to evaluate the DKB activities.

This study aimed to determine whether in vivo kin-
ematic difference amongst BCR-TKA, UKA, and normal
knees exists using the same LCS during DKB activities.
The hypothesis of this study was that there were differences
amongst BCR-TKA, UKA, and normal knees.

Materials and methods

Sixteen knees from eight volunteers, 21 knees from 20
patients who had UKA (Oxford partial knee, Zimmer Biomet
G.K., Warsaw, USA) to treat anteromedial osteoarthritis
(OA) with intact ACL, and 17 knees from 15 patients who
had BCR-TKA (Journey II XR, Smith & Nephew, Memphis,
TN, USA) to treat bicompartmental or tricompartmental OA
with intact ACL were examined. Twenty-one BCR-TKAs
were performed using the same surgical technique by 3
knee surgeons. A senior surgeon (H.I.) participated in all the
procedures as either the chief surgeon or the first assistant.
Those patients with postoperative 2011 Knee Society Score
(KSS 2011) functional activities score > 30 were examined.
Patients with severe valgus whose preoperative hip-knee-
ankle (HKA) angle was > 185° were excluded. All the vol-
unteers and patients were Japanese and provided written
informed consent to participate in this study. Institutional
review board approval was obtained, with documentation.
Survival of the ACL was confirmed using magnetic reso-
nance imaging. Characteristics of the volunteers and patients
are presented in Table 1. The mean preoperative range of
motion examined by a goniometer and the mean duration of
postoperative follow-up at the time of fluoroscopic analysis
in UKA and BCR-TKA knees and the mean HKA angle of
UKA and BCR-TKA knees before surgery and at the time
of analysis are shown in Table 2. Furthermore, Table 3
shows KSS 2011 of BCR-TKA and UKA knees at the time
of analysis. The postoperative AP stability was evaluated
using a KT 2000 arthrometer (MEDmetric, San Diego, CA,
USA) with a 134-N anterior force applied to the proximal
tibia at a 30° flexion angle. The measurement was performed
twice and the average values were used. The AP transla-
tions of UKA and BCR-TKA knees measured using a KT
2000 arthrometer at 30° flexion angle were 6.8 +2.6 and
5.6 + 1.0 mm, respectively.
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Table 1 Characteristics of volunteers and patients

Normal knees UKA knees BCR-TKA p value
knees

Sex (male/ 16:0 9:12 4:13 N/A
female)

Age (years) 38.1+6.1 72.8+7.0 71.2+59 <0.01

Body height  172.5+6.7 156.4+89 157.9+8.1 <0.01
(mm)

Body weight  68.5+9.2 60.8+9.0 60.0+10.3 0.02
ko)

Values are presented as ratio or mean + standard deviation

UKA unicompartmental arthroplasty, BCR-TKA bicruciate-retaining
total knee arthroplasty, N/A not applicable

Table 2 Preoperative range of motion, postoperative follow-up, and
hip-knee-ankle (HKA) angles

UKA knees BCR-TKA knees p value

Preoperative extension 3.8+4.8 32+22 0.83
angle (°)

Preoperative flexion angle ~ 135.5+6.3 128.7+6.1 <0.01
©)

Postoperative follow-up 9.8+2.7 77+1.1 <0.01
(months)

HKA angle
Preoperative (°) 172.7+£4.7 173.0x£5.8 0.89
At the time of analysis (°) 174.4+3.7 177.9+1.6 <0.01

Values are presented as mean + standard deviation

UKA unicompartmental arthroplasty, BCR-TKA bicruciate-retaining
total knee arthroplasty

Table3 2011 Knee Society Score

Maximum UKA knees BCR-TKA p value
total points knees
Symptoms 25 21.0+4.7 209+33 0.53
Patient satisfac- 40 287+75 308+74 0.44
tion
Patient expecta- 15 8.9+2.1 10.3+2.2 0.13
tions
Functional 100 804+132 78.6+17.3 0.98
activities

Values are presented as mean =+ standard deviation

UKA unicompartmental arthroplasty, BCR-TKA bicruciate-retaining
total knee arthroplasty

Under fluoroscopy, each participant performed a squat-
ting motion at a natural pace as a DKB activity (Online
Video 1). The squatting motion was recorded once after
practising several times. The patient’s fluoroscopic surveil-
lance was performed > 6 and < 18 months after surgery.
The sequential motion was recorded as a series of digital

X-ray images (1024 x 1024 x 12 bits/pixel, 7.5-Hz serial
spot images as a DICOM file) using a 17-inch (43-cm) flat
panel detector system (C-vision Safire L, Shimadzu, Kyoto,
Japan and ZEXIRA DREX-ZX80, Toshiba, Tokyo, Japan).
Furthermore, all images were processed by dynamic range
compression, thereby enabling edge-enhanced images. To
estimate the spatial position and orientation of the knee auto-
matically, a two-dimensional/three-dimensional (2D/3D)
registration technique [37], based on a contour-based regis-
tration algorithm using single-view fluoroscopic images and
3D computer-aided design (CAD) models, was employed.
The estimation accuracy of relative motion between metal
components was <0.5° in rotation and <0.4 mm in transla-
tion [37].

Moreover, to compare BCR-TKA, UKA, and normal
knees using the same LCS, 3D bone models were created
from computed tomography (CT) and used for the CAD
models. The imaging interval of CT was 1 mm. The 3D
bone model of UKA and BCR-TKA knees were created from
preoperative CT. In BCR-TKA knees, bony contour creation
was difficult because of an artefact. Thus, 2D/3D registra-
tion of femoral and tibial implants was performed initially;
subsequently, 2D/3D registration of femoral and tibial bone
models was performed. The relative position between the
implant and the bone was matched using surface registration
[3] between preoperative 3D models, the 3D bone models
were created from preoperative CT, and 3D models cre-
ated from postoperative CT (Figs. 1 and 2, Online Video
2). Estimation accuracy for the relative motion between the
3D bone models was < 1° in rotation and < 1 mm in transla-
tion [21]. The implant’s rotational alignment relative to bone
was evaluated using postoperative CT according to previous
studies [17, 18]. The rotational femoral component angle
was defined as the angle between the line of the anterior cut-
ting surface and the surgical epicondylar axis. The rotational
tibial component angle was defined as the angle between the
line perpendicular to the line of the medial and lateral parts
of the most posterior tibia and the AP line of tibial tray. Both
mean femoral components were externally rotated (UKA:
2.1°+3.2° BCR-TKA: 1.0° +2.6°). Additionally, both mean
tibial components were externally rotated (UKA: 3.6° +4.8°;
BCR-TKA: 5.3°+5.5°).

The LCS at the bone model was produced according to
a previous study [21]. Regarding the LCS for the femur,
the z-axis passes through the hip centre and the centre
of the line connecting the medial sulcus and lateral con-
dyle. The surgical epicondylar axis was projected onto
the plane perpendicular to the z-axis. That projection was
established as the x-axis. The line perpendicular to both
the x- and z-axes was established as the y-axis. Regarding
the LCS for the tibia, the z-axis passes through the cen-
tre of the medial and the lateral eminences and the ankle
centre. The x-axis runs parallel to the line of the medial
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Fig. 1 Surface registration Preoperation
between preoperative (blue

figures) and postoperative (pink \
figures) three-dimensional N
models. Each bone model and
corresponding implant model
were matched

Postoperation

Femoral implant

Femur

Tibial implant

| S

Fig.2 Two-dimensional/three-dimensional registration during squatting motion. a Normal knee. b Unicompartmental knee arthroplasty knee. ¢

Bicruciate-retaining total knee arthroplasty knee

and lateral parts of the most posterior tibia. The line per-
pendicular to both the x- and z-axes was established as the
y-axis. Knee rotations were described using the joint rota-
tional convention of Grood and Suntay [10]. The flexion
angle during fluoroscopy, femoral rotation angle relative
to the tibia, AP translation of the medial sulcus (medial
side), and lateral epicondyle (lateral side) of the femur
on the plane perpendicular to the tibial mechanical axis,
and kinematic pathway in each flexion angle were evalu-
ated [21]. In patients who could not extend to 0°, external
rotation was calculated at the maximum extension angle.
AP translation was calculated as a percentage relative to
the proximal AP dimension of the tibia [21]. Flexion was
denoted as positive, and extension as negative. External
rotation was denoted as positive and internal rotation as
negative. Positive and negative values of AP translation
were described as anterior and posterior to the axis of
the tibia, respectively. All the values were expressed as
mean =+ standard deviation.
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Statistical analyses

Results were analysed using SPSS version 25 (IBM
Corp., Armonk, NY, USA). One-way analysis of variance
(ANOVA) and post hoc pairwise comparison (Bonferroni
test) were used to analyse the volunteer/patient character-
istics and the flexion angle of the three groups. Two-way
ANOVA and post hoc pairwise comparison (Bonferroni
test) were used to analyse the differences in rotation angle
and AP translation amongst the three groups. Mann—Whit-
ney U test was employed to analyse the preoperative range
of motion, postoperative follow-up, HKA angle, and KSS
2011 of the UKA and BCR-TKA knees. A p value <0.05
was considered statistically significant. Moreover, a power
analysis using EZR [19] indicated that 12 knees would be
required for an alpha set at 0.05, power at 0.8, and effect
size at 0.25.
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Results
Flexion angle during fluoroscopy

Normal knees were gradually flexed from —4.8° +3.5°
to 148.8°+6.5°; UKA knees, from 4.0°+6.5° to
134.5°+12.4°; and BCR-TKA knees, from —4.1°+4.4° to
117.9°+13.1°. The extension angle of UKA knees was sig-
nificantly smaller than that of normal and BCR-TKA knees
(p<0.01), whereas the maximum flexion angle of BCR-TKA
knees was significantly smaller than that of normal and UKA
knees (p <0.01). In addition, the maximum flexion angle of
UKA knees was significantly smaller than that of normal
knees (p <0.01).

Rotation angle

The femurs of the three groups displayed external rotation
relative to the tibia with flexion. From 0° to 10° of flexion,
the femoral external rotation angle of BCR-TKA knees was
significantly greater than that of normal and UKA knees
(Fig. 3).

Fig.3 Rotation angle during degree
squatting motion. The markers
indicate the femoral external
rotation relative to the tibia.
*Significant differences between
normal knees and bicruciate-
retaining total knee arthroplasty
(BCR-TKA) knees (p <0.05).
TSigniﬁcant differences between
unicompartmental knee arthro-
plasty (UKA) and BCR-TKA
knees (p <0.05) 0

30

External rotation

30

Fig.4 Anteroposterior (AP)
translation of the femoral
medial sulcus during squatting
motion. *Significant differences
between normal and bicruciate-
retaining total knee arthroplasty
(BCR-TKA) knees (p <0.05).
TSignificant differences between
unicompartmental knee arthro-
plasty (UKA) and BCR-TKA
knees (p <0.05). *Significant
differences between normal and
UKA knees (p <0.05)
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In normal knees, the AP translation of the medial side of
the femur indicated 15.5% + 8.3% anterior movement from
0° to 50° of flexion. Flexion > 50° indicated 15.1% +7.1%
posterior movement. Moreover, AP translation of the
medial side of the femur in UKA and BCR-TKA knees
indicated mild posterior movement with flexion (UKA
knees, 10.3% +9.0%; BCR-TKA knees, 13.5% + 10.1%).
From 0° to 10° of flexion, the medial side of BCR-TKA
knees was significantly more anteriorly located than that
of normal and UKA knees. From 40° to 50° of flexion, the
medial side of UKA knees was significantly more poste-
riorly located than that of normal and BCR-TKA knees
(Fig. 4).

In all groups, the AP translation of the lateral side of
the femur indicated posterior movement with flexion (nor-
mal knees, 48.3% + 17.8%; UKA knees, 39.4% +17.0%;
BCR-TKA knees, 23.2% +11.5%). From 30° to 120° of
flexion, the lateral side of BCR-TKA knees was signifi-
cantly more anteriorly located than that of normal and
UKA knees (Fig. 5).

—e—Normal knees
—o—UKA knees
BCR-TKA knees

50 60 70 80 90 100 110 120

degree

Flexion angle

—e—Normal knees
—e—UKA knees
‘ ‘ ‘ }‘ BCR-TKA knees

70 80 90 100 110 120

Flexion angle degree
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Fig.5 Anteroposterior (AP) Anterior
translation of the femoral lateral
epicondyle during squatting
motion. *Significant differences
between normal and bicruciate-
retaining total knee arthroplasty
(BCR-TKA) knees (p <0.05).
TSignificant differences between
unicompartmental knee arthro-
plasty (UKA) and BCR-TKA
knees (p <0.05)

AP translation

40

Posterior

Kinematic pathway

In normal knees, the difference between the medial and
lateral sides of the femur reflected a medial pivot pattern
followed by a bicondylar rollback. In UKA and BCR-TKA
knees, a medial pivot pattern with flexion was observed
(Fig. 6).

Discussion

The most important finding was that BCR-TKA knees
reproduce the in vivo kinematics of normal knees to a lower
extent than UKA knees under the same LCS, which suggests
that preservation of the lateral compartment is vital during
weight-bearing activity.

This is the first study to directly evaluate the in vivo knee
kinematics of normal volunteers and patients who had UKA
and BCR-TKA during high-flexion activities of daily living

0 10 =dr=20 30 0 10 =d=20

-8—50 60 70 w30 -8—50 60 70

== 100 === 110 ==p=120 == 100 ==giy==110 ==é=120

anterior (%)

g
8
g
c
“‘:

posterior
posterior

Medial Lateral

Medial

Fig.6 Kinematic pathway during squatting motion. a Normal knee.
b Unicompartmental knee arthroplasty (UKA) knee. ¢ Bicruciate-
retaining total knee arthroplasty (BCR-TKA) knee. Blue and orange
arrows indicate the direction of the movement. In normal knees, a
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using the CAD model of fluoroscopically captured images
with the same LCS. In addition, this is the first study to
compare Journey II XR BCR-TKA with another implant
and with normal knees. Several studies have compared the
in vivo kinematics between normal knees and knees after
arthroplasty [2, 7, 9]. However, most studies compared the
kinematics using different LCSs [7, 9]. Arauz et al. com-
pared the kinematics using the same LCS; however, the
operated bone model was created from a mirror image of the
non-operated side [2]. Thus, the operated bone shape may
not be well represented. In our study, the LCS was united
by registration of preoperative and postoperative models.
Hence, a comparison of the absolute values of each group
was possible.

Regarding the rotation angle, all groups displayed femo-
ral external rotation relative to the tibia with flexion. How-
ever, in BCR-TKA knees, a larger external rotation angle
was observed from extension to early flexion. Moreover, the
femoral external rotation angle was smaller in BCR-TKA
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posterior

Lateral Medial Lateral

medial pivot pattern was observed from 0° to 50° of flexion. Beyond
50°, a bicondylar rollback was observed. In UKA and BCR-TKA
knees, a medial pivot pattern with flexion was observed
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knees than in normal and UKA knees. Generally, normal
knees during squatting show steep external rotation in
early flexion, which is called screw-home movement [13,
25]. Screw-home movement is facilitated by both the ACL
and the articular surface of normal knees and is the rota-
tion that occurs between the tibia and femur [8]. Several
studies reported that after ACL-sacrificed TKA, knees do
not show screw-home movement similar to that of normal
knees [7, 9, 20]. In addition, BCR-TKA with a symmetri-
cal articular surface showed incomplete replication of the
screw-home mechanism [1]. The results of this study sug-
gest that despite the preservation of the ACL and anatomical
asymmetrical articular design, normal knee kinematics after
TKA are difficult to achieve. The articular surface of this
BCR-TKA implant might be insufficient to recreate that of
normal knees. Additionally, the replacement of the lateral
compartment might influence the stiffness of the lateral side.
Moreover, the femoral external rotation angle of severe OA
knees during high-flexion activities was smaller than that of
normal knees due to increased collateral stiffness and other
soft tissue contractures [14]. Therefore, preoperative col-
lateral stiffness and other soft tissue contractures may also
affect postoperative kinematics of knees after BCR-TKA. In
addition, soft tissue release may become one of the meaning-
ful procedures to achieve a normal kinematic pattern after
TKA regarding the contracture knees. On the other hand,
regarding no contracture knees, it may be important to main-
tain normal alignment. Although it is difficult to compare
directly due to the difference of the LCS, previous studies
that evaluated the in vivo kinematics of posterior-stabilised
TKA (PS-TKA) knees and cruciate-retaining TKA (CR-
TKA) knees reported that a total of 5° to 10° of femoral
external rotation with flexion was observed [16, 32, 34]. In
the current study, the amount of femoral external rotation
was < 5°. These suggest that BCR-TKA knees might be more
restrictive than PS-TKA and CR-TKA. No significant differ-
ence in femoral external rotation between UKA and normal
knees was found. Mochizuki et al. reported that the kinemat-
ics of fixed-bearing (FB) UKA is not similar to that of nor-
mal knees [24]. These findings suggest that mobile-bearing
(MB) UKA, such as Oxford partial knee, may achieve more
similar rotation kinematics to that of normal knees compared
with FB UKA.

Regarding the AP translation, the medial side of UKA
knees was located more posterior than that of normal and
BCR-TKA knees. This suggests that the medial side of
UKA knees could easily slide posteriorly during weight-
bearing activities. In addition, MB UKA has low conformity
between the meniscal bearing and the tibial articular surface
due to the flat-on-flat design, which may in turn influence the
posterior slide during weight-bearing activities. On the other
hand, with regard to the lateral side, that of BCR-TKA knees
was significantly more anteriorly located than that of normal

and UKA knees from early flexion to high flexion. Arauz
et al. reported that AP translation of the lateral contact point
of BCR-TKA with symmetrical articular surface is lower
than that of normal knees due to the articular surface design
of the tibial liner, that is, the absence of a convex lateral
tibial plateau [1]. However, the result of our study suggests
that AP translation of the lateral side of BCR-TKA knees
with anatomical articular surface is also lower than that of
normal knees. Okada et al. reported that the tibial baseplate
is often placed anteriorly to preserve the ACL insertion area
and that higher ACL tension results in femoral-anterior loca-
tion in the full extension range [28]. These could in turn
affect the AP kinematics after BCR-TKA. Moreover, no
significant difference between lateral AP translation of nor-
mal knees and that of UKA knees was observed. Therefore,
lateral compartment replacement, including removal of the
meniscus, or preoperative OA condition, such as collateral
stiffness and soft tissue contractures, may affect lateral AP
translation. Previous studies have reported that PS-TKA
knees showed more posterior translation with flexion than
cruciate-retaining TKA CR-TKA knees during DKB activi-
ties [6, 38]. Therefore, the kinematics of PS-TKA knees may
more closely resemble those of normal knees.

Kinematic pathways in this study, such as a medial pivot
pattern, were observed in UKA, BCR-TKA, and normal
knees. This suggests that ACL and PCL preservation may
be associated with normal-like kinematics. However, some
differences from normal knees were noted. In normal knees,
posterior femoral rollback was observed from mid- to high-
flexion, whereas in UKA and BCR-TKA knees, posterior
femoral rollback was not observed. In this study, the medial
side of UKA knees was located posteriorly. Therefore, it
might be difficult to move posterior from mid- to high flex-
ion. In addition, Okada et al. demonstrated that the in situ
ACL forces of knees that underwent BCR-TKA are greater
than those of intact knees [28]. In addition, Tsai et al.
reported overstretching of the PCL in BCR-TKA knees [35].
Higher ACL tension after BCR-TKA may prevent posterior
femoral rollback.

In vivo kinematics of BCR-TKA knees was less similar
to that of normal knees than that of UKA knees, except the
medial AP translation. However, the patient-reported out-
come (PRO), such as KSS 2011, was not significantly differ-
ent between BCR-TKA and UKA knees. These suggest that
the in vivo kinematic pattern is not be related to the PRO. In
addition, PRO after arthroplasty is influenced by preopera-
tive conditions [4]. Hence, an evaluation of the change rate
between preoperation and postoperation is needed in future
investigations.

This study has some limitations. First, this study ana-
lysed knee joint kinematics only after surgery and did not
take the preoperative knee kinematics into consideration.
Preoperative kinematics could influence postoperative
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range of motion. Second, this study analysed patients
whose pain and KSS 2011 symptom scores were great;
this was due to the difficulty of patients with high pain
and low KSS 2011 scores performing squatting. Third, the
mean duration of postoperative follow-up between UKA
and BCR-TKA knees was different. In addition, the follow-
up duration of BCR-TKA knees was comparatively short.
Therefore, the kinematics might be different during long-
term follow-up. However, as the difference in the current
study was < 3 months, this limitation is considered to have
little clinical significance. Fourth, only knees that under-
went mobile-bearing UKA and BCR-TKA with anatomical
articular surface were analysed in the current study; hence,
results of this study might not be generalized to other types
of UKA and BCR-TKA or to other types of TKA such as
PS-TKA and CR-TKA. Fifth, the characteristics, such as
the sex and age, of volunteers and patients were quite dif-
ferent in this study; matching patients to reduce these dif-
ferences would have been desirable. Sixth, the AP stability
of volunteer was not evaluated using a KT2000 arthrom-
eter. Therefore, the AP translation of volunteers might not
be suitable as normal.

Using the same LCS, it was determined that BCR-TKA
reproduced the in vivo kinematics of normal knees to a
lower extent than UKA. Therefore, BCR-TKA knees may
have lower clinical outcomes than those of UKA. How-
ever, the PRO was not significantly different between BCR-
TKA and UKA. Regarding BCR-TKA with anatomical
articular surface, the in vivo kinematic pattern may not be
related to the clinical outcomes.

Conclusion

Although BCR-TKA knees reproduced the in vivo kine-
matics of normal knees to a lower extent than UKA knees,
there was no difference in the reported clinical outcome
scores.
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