’ Follow us @BonejointRes

OPEN ACCESS

KNEE

Effect of tibial component alignment on
knee kinematics and ligament tension
in medial unicompartmental knee
arthroplasty

K. Sekiguchi,
S. Nakamura,
S. Kuriyama,
K. Nishitani,
H. Ito,

Y. Tanaka,

M. Watanabe,
S. Matsuda

Kyoto University,
Kyoto, Japan

K. Sekiguchi, MD, Postgraduate
PhD Student, Department of
Orthopedic Surgery, Kyoto
University, Graduate School of
Medicine, Kyoto, Japan; Medical
Staff, Yawata Central Hospital,
Yawata, Japan.

S. Nakamura, MD, PhD,
Assistant Professor,

S. Kuriyama, MD, PhD,
Assistant Professor,

K. Nishitani, MD, PhD,
Assistant Professor,

H. Ito, MD, PhD,

Associate Professor,
Y. Tanaka, MD, PhD Student,
M. Watanabe, MD,

PhD Student,

S. Matsuda, MD, PhD,
Professor, Department of
Orthopedic Surgery, Kyoto
University, Graduate School of
Medicine, Kyoto, Japan.

Correspondence should be sent to

Objectives

Unicompartmental knee arthroplasty (UKA) is one surgical option for treating symptomatic
medial osteoarthritis. Clinical studies have shown the functional benefits of UKA; however, the
optimal alignment of the tibial component is still debated. The purpose of this study was to
evaluate the effects of tibial coronal and sagittal plane alignment in UKA on knee kinematics
and cruciate ligament tension, using a musculoskeletal computer simulation.

Methods

The tibial component was first aligned perpendicular to the mechanical axis of the tibia, with
a 7° posterior slope (basic model). Subsequently, coronal and sagittal plane alignments were
changed in a simulation programme. Kinematics and cruciate ligament tensions were simu-
lated during weight-bearing deep knee bend and gait motions. Translation was defined as the
distance between the most medial and the most lateral femoral positions throughout the cycle.

Results

The femur was positioned more medially relative to the tibia, with increasing varus align-
ment of the tibial component. Medial/lateral (ML) translation was smallest in the 2° varus
model. A greater posterior slope posteriorized the medial condyle and increased anterior
cruciate ligament (ACL) tension. ML translation was increased in the > 7° posterior slope
model and the 0° model.

Conclusion

The current study suggests that the preferred tibial component alignment is between
neutral and 2° varus in the coronal plane, and between 3° and 7° posterior slope in the
sagittal plane. Varus > 4° or valgus alignment and excessive posterior slope caused exces-
sive ML translation, which could be related to feelings of instability and could potentially
have negative effects on clinical outcomes and implant durability.
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Introduction

Unicompartmental knee arthroplasty (UKA) is one surgi-
cal option for treating symptomatic isolated medial osteo-
arthritis (OA). Theoretically, UKA has some advantages
over total knee arthroplasty (TKA). It is less invasive,! pro-
motes rapid recovery,? and produces superior functional
results.3 UKA also preserves native structures, including
the cruciate ligaments and the patellofemoral joint, which
enables UKA to more closely resemble natural knee kine-
matics.# However, despite current progress in the UKA
surgical procedure or implant design, previous studies
have shown that UKA survival does not match that of
TKA.3>6 Further improvements are desired before UKA
can be considered as a treatment option more widely.

Component position and alignment are thought to be
crucial for better clinical outcomes and durability.”-12 In
addition, the cruciate ligaments, particularly the anterior
cruciate ligament (ACL), are also important to the success
of UKA. An ACL-deficient knee is thought to be a con-
traindication due to a higher failure rate.’># In terms of
implant survival in a clinical setting, previous studies
showed that valgus alignment in the coronal plane and
greater posterior slope in the sagittal plane at tibial com-
ponent should be avoided.®? To investigate the effects of
different tibial component alignments, previous studies
often utilized finite element analysis (FEA),'>-17 and evalu-
ated the effects on tibial bone stresses in a static condi-
tion. So far, no studies have shown the effects of coronal
and sagittal plane alignment on ligament tension in a
dynamic manner.

Knee kinematics are considered to be related to clinical
outcomes after knee prosthesis.’® Concerning UKA,
movement patterns in the anteroposterior (AP) direction
are often analyzed and used as parameters. These gener-
ally indicate that UKA kinematics closely resemble those
of a normal knee.'® However, the effects of tibial compo-
nent alignment on knee kinematics and kinetics in UKA
are still unclear. In addition, kinematics in the medial/
lateral (ML) direction have not been widely analyzed due
to limitations of the analysis methods.

In this study, the musculoskeletal knee model
(LifeMOD/KneeSIM 2010; LifeModeler Inc., San Clemente,
California) was used to clarify the various loading states in
dynamic conditions. The purpose of this study was to
investigate the effects of different tibial component coro-
nal and sagittal plane alignments on knee kinematics and
ligament tension. It was hypothesized that malalignment
(relative to preoperative alignment) would adversely
affect knee kinematics and ligament tension, which could
have a negative effect on clinical outcomes.

Materials and Methods

The musculoskeletal knee model was used for the com-
puter simulation (Fig. 1a). This programme mimics
Oxford-rig type setup, commonly used to analyze kine-
matics of the knee with implant in cadaver specimens.?®

This programme has been used by several researchers in
order to investigate the kinematic difference in different
implant design or different component positions.20-23
Regarding tibial component of TKA, detrimental kinematic
effects of varus alignment or excessive posterior slope
were reported using this programme.?324 This pro-
gramme has been validated in previous reports in patients’
fluoroscopic surveillance and cadaveric experiments.22:24,25
Concerning kinematics, the mean absolute difference of
the AP contact positions between this simulation pro-
gramme and fluoroscopic surveillance was 1.0 mm from
0° to 120° of flexion, during a weight-bearing deep knee
bend activity for three patients implanted with TKA.25

This simulation programme includes the femorotibial
and patellofemoral contact, ACL, posterior cruciate liga-
ment (PCL), medial collateral ligament (MCL), lateral col-
lateral ligament (LCL), elements of the knee capsule,
quadriceps muscle and tendon, patellar tendon, and the
hamstring muscles as components. A weight-bearing
deep knee bend and gait motions were analyzed. In the
deep knee bend motion, the knee was flexed from 0° to
150°, and then extended to 0°. In the gait motion, two
double knee actions were represented, and the knee was
flexed to 15° and 60° during the stance and swing phases,
respectively (Fig. 1b). A constant vertical force of 4000 N,
equivalent to approximately five times body weight
(80 kg), was used.?6-2° The 4000 N load was applied at
the hip and loaded onto the knee joint. In this simulation
model, the hip joint was modelled as a revolute joint, and
it was only allowed to slide vertically. The ankle joint
model was allowed to translate freely in the ML direction,
and to rotate freely in the direction of flexion and the axial
and varus-valgus directions. The simulation was driven
using a controlled actuator arrangement, similar to a
physical machine. The quadricep and hamstring muscle
forces were calculated to induce deep knee bend and gait
motions. A closed-loop controller applied tension to
these muscles to match the firing at a prescribed flexion
angle at each point in the deep knee bend and gait
motions; co-contraction between these muscles was
defined to coordinate the motion.

The origins of the insertion points and stiffness of the
ligaments were based on relevant anatomical studies of
normal knees.30-32 The ACL, PCL, and MCL comprised two
bundles in this simulation model. All ligament bundles
were modelled as nonlinear springs with material proper-
ties obtained from a published report.3? The stiffness
coefficients of the ACL anteromedial (AM) bundle, ACL
posterolateral (PL) bundle, PCL anterolateral (AL) bundle,
and PCL posteromedial (PM) bundle were all 702 N/mm.
The stiffness coefficients were lower for the MCL-anterior
and MCL-posterior (both 63 N/mm), and also for the LCL
(59 N/mm).3234:36 |n addition, the joint capsule stiffness
coefficients were determined as 1.75 N/mm for the medial
and lateral side. The initial strain of each ligament was
determined using previous cadaver studies.36-38
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Computer simulation model for a) anterior and b) lateral views of the properties. Simulation protocols and range of movement for c) the deep knee bend and

d) gait cycles.

The KneeSIM programme used Parasolid geometry for
the femoral and tibial components. Parasolid models of a
fixed-bearing medial UKA with a multi-radius femoral
component and a flat polyethylene insert (TRIBRID;
Kyocera, Osaka, Japan) were imported into the simula-
tion model. The femoral component was positioned per-
pendicular to the mechanical axis of the femur in the
coronal plane, and parallel to the transepicondylar axis in
the axial plane. The adequate size (size 6) was selected
and virtually implanted to keep the level of the joint line
on the distal and posterior surface of the femur, without
any anterior notching.

The original bone model in the simulation programme
had a neutral limb alignment, in which the mechanical
axis of the limb passed the centre of the knee joint with 7°
of posterior tibial slope. The original bone model (intact
knee model) was simulated, and validation was per-
formed by comparing with a previous in vivo normal
knee kinematic study.?® In terms of AP position during
deep knee bend motion from 0° to 120° of flexion in 10°
increments, root mean square errors (RMSE) between
our intact knee model and a previous study were 2.3 mm
and 1.5 mm at medial and lateral condyles, respectively.

In the basic model, the tibial component was placed in
mechanical varus/valgus 0° in the coronal plane, parallel
to the AP axis in the axial plane, and with 7° of posterior
slope in the sagittal plane. The adequate size (size 4) was
determined to avoid overhang of the medial and AP
aspects of the tibia. In the proximal/distal direction, the
tibial component was implanted to keep the joint line at
the centre of the medial tibial plateau, with an 8 mm
thickness of polyethylene combined with the tibial com-
ponent. Subsequently, the coronal alignment was varied
from 6° varus to 4° valgus in 2° increments (six differ-
ent coronal alignment models), based on the centre
of the tibial component in the ML direction. The sagittal

alignments were also altered from 0° to 11° of posterior
slope (six different sagittal alignment models), based on
the centre of the tibial component in the AP direction. In
all, 11 different alignment models for the tibial compo-
nent were constructed and analyzed (Fig. 2). Neutral
limb alignment was maintained for all models after vir-
tual implantation.

Knee kinematics were analyzed in the ML and AP direc-
tions using the tibial component coordinate system. We
used flexion facet centres as the reference system of the
femur. Flexion facet centres were set as the centres of cir-
cles to fit the articular surface of the posterior condyles at
sagittal planes.2° Regarding the AP direction, AP positions
of the medial and lateral flexion facet centres were evalu-
ated. Regarding the ML direction, the midpoint between
the medial facet centre and lateral facet centre was used
as a reference point for the position of femur and evalu-
ated. The anterior and medial directions for the AP and
ML positions of the femur, respectively, were denoted as
positive in the kinematic analyses. ML translation was
defined as the distance between the most medial point
and the most lateral point throughout one cycle for both
motions (Fig. 3). The tension of each cruciate ligament
was calculated as the sum of the forces of the two
bundles.

Results

Medial/lateral position. In the coronal models, increased
varus alignment medialized the position of femurthrough-
out a cycle of both deep knee bend and gait motions
(Fig. 4). The femurat 6° varus model was positioned medi-
ally at maximum 5.2 mm and 6.1 mm compared with
neutral alignment model during deep knee bend and gait
motions, respectively. On the contrary, valgus inclination
lateralized the position of the femur. The femur at 4° val-
gus model was positioned laterally at maximum 4.3 mm
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Fig. 2a

Fig. 2b

The schema of a) coronal and b) sagittal models analyzed in this study. Coronal model: varus 6° to valgus 4°, posterior slope 7°. Sagittal model: varus/valgus

0° (neutral), posterior slope 0° to 11°.
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Fig. 3b

a) Chart showing the evaluation method for medial/lateral (ML) translation for deep knee bend. b) Model showing the evaluation method. Red and blue circles
indicate medial and lateral flexion facet centres, respectively, while the white circle indicates the midpoint between both facet centres.

and 4.2 mm compared with neutral alignment model
during deep knee bend and gait motions, respectively.
In the sagittal models, modification of sagittal alignment
had a smaller impact on the ML position.

Medial/lateral translation. The ML translation within
one cycle was the smallest for the 2° varus model in the
coronal models (2.7 mm and 2.0 mm for deep knee bend
and gait motions, respectively) (Fig. 5). The correspond-
ing values increased with both increased varus alignment
(4.8 mm and 3.4 mm in the 6° varus model, respectively)
and increased valgus alignment (3.5 mm and 4.9 mm in
the 4° valgus model, respectively). Regarding the sagittal
models, ML translation was increased with a greater pos-
terior slope (> 7°) for deep knee bend and gait motions

(4.5 mm and 5.0 mm in the 11° posterior slope model,
respectively). At decreased posterior slope (< 7°), ML
translation was slightly increased at posterior slope 0°
model.

Anteroposterior position. In the coronal models, medial
and lateral AP positions were similar for both deep knee
bend and gait motions (Fig. 6a). In the sagittal models,
increased posterior slope posteriorized the medial con-
dyle, whereas there was little effect on the position of the
lateral condyle (Fig. 6b). In the 11° posterior slope model,
the medial condyle was positioned 4.1 mm and 4.3 mm
posteriorly at maximum compared with the 7° model
during deep knee bend and gait motions, respectively.
In the 0° posterior slope model, the medial condyle was
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Medial/lateral (ML) positions of the femur in all models: a) coronal model, deep knee bend; b) coronal model, gait; c) sagittal model, deep knee bend; d) sagittal

model, gait. PS, posterior slope.

positioned 6.6 mm and 7.5 mm anteriorly at maximum
compared with the 7° model during deep knee bend and
gait motions, respectively.

Cruciate ligament tension. In the coronal models,
changes in coronal alignment had little impact on ACL
and PCL tensions (Fig. 7a). For the sagittal alignment
models, ACL tension tended to increase with a greater
posterior slope, especially for the gait motion (Fig. 7b).
In comparison with the maximum ACL tension with the
7° posterior slope model during the gait motion (222 N),
the 11° model and the 0° model showed a 60% increase
(356 N) and a 32% decrease (150 N), respectively. PCL
tension decreased with a greater posterior slope during
both motions. During the deep knee bend motion, the
maximum PCL tension showed a slight decrease from
834 N to 776 N when increasing the posterior slope from
7° to 11°, which increased to 899 N in the 0° posterior
slope model. During the gait motion, a similar trend
was observed when the posterior slope was increased,
although the PCL tension was generally smaller than in
the deep knee bend motion.

Discussion

In the current study, changes in knee kinematics and
ligament tension were analyzed during deep knee
bend and gait motions with different coronal and sagittal
plane tibial alignments, using computer simulation.
Medialization and lateralization of the femoral position
was observed in the severe varus and valgus coronal
alignment models, respectively. ML translation was small
in the neutral and 2° varus models. A posteriorization of
the medial condyle and greater ACL tension were
observed with increasing posterior slope. Based on the
current kinematic and kinetic results, a 2° varus to neutral
alignment in the coronal plane and a 3° to 7° posterior
slope in the sagittal plane are preferable.

Despite several limitations, computer simulation is a
useful tool for kinematic and kinetic analyses. It enables
moving patterns to be examined in a dynamic manner,
and allows slight differences between conditions (modifi-
cation of individual parameters) to be explored. Regarding
TKA, several computer simulation studies have reported
the effect of tibial component alignment on knee
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Medial/lateral (ML) translation throughout one cycle: a) coronal model, deep knee bend; b) coronal model, gait; c) sagittal model, deep knee bend; d) sagittal

model, gait. AR, AL, PS, posterior slope.

kinematics and ligament tension. Varus alignment could
lead the ML instability at mid-flexion of knee bending and
condylar lift-off when combined with lateral joint laxity.?3
Excessive posterior slope could cause the abnormal ante-
rior sliding of the tibial component at stair-climbing,2* as
well as progressive loosening of the TF joint gap due to a
reduction in collateral ligament tension during flexion.4°
However, no computer simulation studies have yet dealt
with the effects of component alignment on the kinemat-
ics after UKA. Recent advances in surgical procedures,
including robotic-assisted surgery, have improved the
accuracy of implant positioning.241.42 This enables us to
position the tibial component to almost within 2° of the
planned position, even in an introduction period.*? We
think that our current study is relevant, and further
detailed study using computer simulation for optimal
alignment has become increasingly significant, because
accurate implant positioning will be easily achieved by
the advancement of technology.

Concerning coronal plane alignment, clinical reports
described that excessive varus alignment could worsen
the survivorship of UKA® and increase the risk of loosen-
ing.*?> The biomechanical effects were recently analyzed

with an FEA model. Inoue et al’® showed that valgus incli-
nation increased stress concentration on the medial tibial
metaphyseal cortices, possibly increasing the risk of
medial tibial condylar fractures. Innocenti et al'> recom-
mended neutral tibial alignment or a slight varus align-
ment (3°), based on collateral ligament strain and bone
and polyethylene insert stress distribution. In the current
study, neutral and 2° varus alignments were preferred
because of less ML translation within one cycle of the
deep knee bend and gait motions. From a kinematic
standpoint, this strengthens previous clinical findings
and biomechanical theories.

In terms of sagittal plane alignment, previous reports
showed that a greater posterior slope could be detrimen-
tal to the survivorship of UKA.8 Hernigou and Deschamps?®
concluded that a tibial implant slope of > 7° should be
avoided, because disruptions of the ACL were observed
in the group with a greater posterior slope. In the current
study, with increasing posterior slope of the tibia, the
medial compartment of the femur was positioned poste-
riorly, and ACL tension was increased. In addition to ACL
tension, ML translation was also increased with greater
posterior slope (> 7°). Regarding small posterior slope
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a) to d) Anteroposterior (AP) positions of the medial and lateral femoral condyles in coronal alignment models: a) medial, deep knee bend; b) medial, gait; c)
lateral, deep knee bend; d) lateral, gait. e) to h) AP positions of the medial and lateral femoral condyles in sagittal alignment models: €) medial, deep knee bend;

f) medial, gait; g) lateral, deep knee bend; h) lateral, gait. PS, posterior slope.
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a) to d) Tension of the anterior cruciate ligament (ACL) and the posterior cruciate ligament (PCL) in coronal alignment models: a) ACL, deep knee bend; b) ACL,
gait; ¢) PCL, deep knee bend; d) PCL, gait. e) to h) Tension of the ACL and PCL in sagittal alignment models: e) ACL, deep knee bend; f) ACL, gait; g) PCL, deep

knee bend; h) PCL, gait. PS, posterior slope.
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(< 7°), ML translation was slightly increased in the poste-
rior slope 0° model. The results showed, even if not
strongly, that a posterior slope of 0° could be suboptimal
regarding kinematics. In summary, kinematic results of
our models suggested that 3° to 7° of posterior slope
were preferable, and that excessive posterior slope (> 7°)
should be avoided, which supports the clinical findings.

A novel feature of the current study was the examina-
tion of ML translation. Previous methods including single
plane fluoroscopic analysis, cadaver studies, and a navi-
gation during surgery had difficulty detecting ML motion.
Single-plane fluoroscopy was commonly assessed in the
ML direction of the knees.** However, the translational
error in the position of the ML direction was large because
of out-of-plane motion (although it had advantages
when evaluating weight-bearing conditions).4> In cadaver
and surgical navigation studies, analyses were performed
in non-weight-bearing or much lower weight-bearing
conditions compared with full weight acceptance. The
computer simulation used in the current study was a use-
ful tool to accurately evaluate the kinematic and kinetic
effects of the coronal and sagittal plane alignment of the
tibial component. Changes in both coronal plane align-
ment and sagittal plane alignment affected stability in the
ML direction. The significance of ML stability remains to
be fully elucidated in the field of UKA. However, thrust in
the ML direction could cause a feeling of instability,
excessive frictional force, or abnormal tibial stress distri-
bution, possibly leading to poor clinical outcomes or
implant failure.

This study had several limitations. First, only one fixed-
bearing prosthesis was used in the current study. Several
reports describe the difference in knee kinematics
between fixed-bearing UKA and mobile-bearing UKA.4¢ It
is possible that other types of prosthesis could produce
different results. Second, the original bone model in the
current study had a neutral limb alignment with a 7° pos-
terior slope, and only one bone model was used. Several
bone models differing in preoperative alignments are
necessary to fully reveal whether it is best to preserve the
patient-specific native alignments or not. However, we
believed that our model, which has a 7° posterior slope
as a native alignment, could be one appropriate model
for analysis with medial UKA, because the report showed
that the mean preoperative posterior slope of 2031 knees
undergoing medial UKA was 6.8° (sD 3.3°).#” Third, nei-
ther statistical processing of the data nor calculation of
standard deviations was performed due to setup of this
simulation programme. However, we analyzed two
motions, and the effect of alignment change was almost
consistent, which could strengthen the reliability of the
data. Last, this model simplified the properties of the soft
tissues (e.g. ligaments and muscles). The simulation
model also cannot reproduce all daily activities; however,
it is difficult to reproduce the exact in vivo mechanical

conditions with any of the methods (including mechani-
cal tests and cadaver studies).

In conclusion, regarding tibial component of UKA,
slight varus to neutral alignment in the coronal plane and
3° to 7° of posterior slope in the sagittal plane seem to be
preferable. Varus (> 4°) or valgus alignment and exces-
sive posterior slope (> 7°) caused the excessive ML trans-
lation, which could be related to a feeling of instability
and could potentially have negative effects on clinical
outcomes and implant durability.

References
1. Yang KY, Wang MC, Yeo SJ, Lo NN. Minimally invasive unicondylar versus total

condylar knee arthroplasty—early results of a matched-pair comparison. Singapore

Med J2003;44:559-562.

Lombardi AV Jr, Berend KR, Walter CA, Aziz-Jacobo J, Cheney NA. [s recovery

faster for mobile-bearing unicompartmental than total knee arthroplasty? Clin Orthop

Relat Res 2009;467:1450-1457.

. Lyons MC, MacDonald SJ, Somerville LE, Naudie DD, McCalden RW.

Unicompartmental versus total knee arthroplasty database analysis: is there a

winner? Clin Orthop Relat Res 2012;470:84-90.

Heyse TJ, El-Zayat BF, De Corte R, et al. UKA closely preserves natural knee

kinematics in vitro. Knee Surg Sports Traumatol Arthrosc 2014;22:1902-1910.

Niinimaki T, Eskelinen A, Mikela K, et al. Unicompartmental knee arthroplasty

survivorship is lower than TKA survivorship: a 27-year Finnish registry study. Clin

Orthop Relat Res 2014;472:1496-1501.

. Arirachakaran A, Choowit P, Putananon C, Muangsiri S, Kongtharvonskul
J. Is unicompartmental knee arthroplasty (UKA) superior to total knee arthroplasty
(TKA)? A systematic review and meta-analysis of randomized controlled trial. Eur J
Orthop Surg Traumatol 2015;25:799-806.

. Collier MB, Eickmann TH, Sukezaki F, McAuley JP, Engh GA. Patient, implant,
and alignment factors associated with revision of medial compartment unicondylar
arthroplasty. J Arthroplasty 2006;21(6)(suppl 2):108-115.

. Chatellard R, Sauleau V, Colmar M, et al. Medial unicompartmental knee
arthroplasty: does tibial component position influence clinical outcomes and
arthroplasty survival? Orthop Traumatol Surg Res 2013;99(4)(suppl):S219-S225.

. Hernigou P, Deschamps G. Posterior slope of the tibial implant and the outcome of
unicompartmental knee arthroplasty. J Bone Joint Surg [Am] 2004;86-A:506-511.

10. Shelton TJ, Nedopil AJ, Howell SM, Hull ML. Do varus or valgus outliers
have higher forces in the medial or lateral compartments than those which
are in-range after a kinematically aligned total knee arthroplasty? limb and
joint line alignment after kinematically aligned total knee arthroplasty.
Bone Joint J2017;99-B:1319-1328.

11. Huijbregts HJTAM, Khan RJK, Fick DP, et al. Component alignment and clinical
outcome following total knee arthroplasty: a randomised controlled trial comparing
an intramedullary alignment system with patient-specific instrumentation. Bone Joint
J2016;98-B:1043-1049.

12. Bell SW, Anthony |, Jones B, et al. Improved accuracy of component positioning.
J Bone Joint Surg [Am] 2016;98-A:627-635.

13. Kozinn SC, Scott R. Unicondylar knee arthroplasty. J Bone Joint Surg [Am]1989;71-
A:145-150.

14. Goodfellow J, 0'Connor J. The anterior cruciate ligament in knee arthroplasty.
A risk-factor with unconstrained meniscal prostheses. Clin Orthop Relat Res
1992,276:245-252.

15. Innocenti B, Pianigiani S, Ramundo G, Thienpont E. Biomechanical effects of
different varus and valgus alignments in medial unicompartmental knee arthroplasty.
J Arthroplasty 2016;31:2685-2691.

16. Inoue S, Akagi M, Asada S, et al. The valgus inclination of the tibial component
increases the risk of medial tibial condylar fractures in unicompartmental knee
arthroplasty. J Arthroplasty 2016;31:2025-2030.

17. Small SR, Berend ME, Rogge RD, et al. Tibial loading after UKA: evaluation of
tibial slope, resection depth, medial shift and component rotation. J Arthroplasty
2013;28(9)(suppl):179-183.

18. Nishio Y, Onodera T, Kasahara Y, et al. Intraoperative medial pivot affects deep
knee flexion angle and patient-reported outcomes after total knee arthroplasty.
J Arthroplasty 2014;29:702-706.

N

w

b

o

(=]

~

(-]

VOL. 8, NO. 3, MARCH 2019



135

19.

20.

2

-

2

N

23.

24

Y

2

(3]

26.

(=1

21.

~

28.

29.

30.

3

-

32.

33.

3

F=]

3

o

36.

Patil S, Colwell CW Jr, Ezzet KA, D’'Lima DD. Can normal knee kinematics be
restored with unicompartmental knee replacement? J Bone Joint Surg [Am] 2005;87-
A:332-338.

Morra EA, Rosca M, Greenwald JFI, Greenwald AS. The influence of
contemporary knee design on high flexion: a kinematic comparison with the normal
knee. J Bone Joint Surg [Am]2008;90-A:195-201.

. Zumbrunn T, Varadarajan KM, Rubash HE, et al. Regaining native knee

kinematics following joint arthroplasty: a novel biomimetic design with ACL and PCL
preservation. J Arthroplasty 2015;30:2143-2148.

. Colwell CW Jr, Chen PC, D'Lima D. Extensor malalignment arising from femoral

component malrotation in knee arthroplasty: effect of rotating-bearing. Clin Biomech
(Bristol, Avon) 2011;26:52-57.

Watanabe M, Kuriyama S, Nakamura S, et al. Varus femoral and tibial coronal
alignments result in different kinematics and kinetics after total knee arthroplasty.
Knee Surg Sports Traumatol Arthrosc 2017,25:3459-3466.

Okamoto S, Mizu-uchi H, Okazaki K, et al. Effect of tibial posterior slope on
knee kinematics, quadriceps force, and patellofemoral contact force after posterior-
stabilized total knee arthroplasty. J Arthroplasty 2015;30:1439-1443.

. Tanaka Y, Nakamura S, Kuriyama S, et al. How exactly can computer simulation

predict the kinematics and contact status after TKA? Examination in individualized
models. Clin Biomech (Bristol, Avon)2016;39:65-70.

Innocenti B, Pianigiani S, Labey L, Victor J, Bellemans J. Contact forces in
several TKA designs during squatting: a numerical sensitivity analysis. J Biomech
2011;44:1573-1581.

Kuriyama S, Ishikawa M, Furu M, Ito H, Matsuda S. Malrotated tibial component
increases medial collateral ligament tension in total knee arthroplasty. J Orthop Res
2014;32:1658-1666.

Nagura T, Matsumoto H, Kiriyama Y, Chaudhari A, Andriacchi TP. Tibiofemoral
joint contact force in deep knee flexion and its consideration in knee osteoarthritis
and joint replacement. J App/ Biomech 2006;22:305-313.

Smith SM, Cockburn RA, Hemmerich A, Li RM, Wyss UP. Tibiofemoral joint
contact forces and knee kinematics during squatting. Gait Posture 2008;27:
376-386.

LaPrade RF, Bollom TS, Wentorf FA, Wills NJ, Meister K. Mechanical
properties of the posterolateral structures of the knee. Am J Sports Med
2005;33:1386-1391.

. Park SE, DeFrate LE, Suggs JF, et al. Erratum to “The change in length of

the medial and lateral collateral ligaments during in vivo knee flexion”. Knee
2006;13:77-82.

Wijdicks CA, Ewart DT, Nuckley DJ, et al. Structural properties of the primary
medial knee ligaments. Am J Sports Med 2010;38:1638-1646.

Blankevoort L, Kuiper JH, Huiskes R, Grootenboer HJ. Articular contact in a
three-dimensional model of the knee. J Biomech 1991;24:1019-1031.

. Ishikawa M, Kuriyama S, Ito H, et al. Kinematic alignment produces near-normal

knee motion but increases contact stress after total knee arthroplasty: a case study
on a single implant design. Knee 2015;22:206-212.

. Kennedy NI, Wijdicks CA, Goldsmith MT, et al. Kinematic analysis of the

posterior cruciate ligament, part 1: the individual and collective function of the
anterolateral and posteromedial bundles. Am J Sports Med 2013;41:2828-2838.
Sugita T, Amis AA. Anatomic and biomechanical study of the lateral collateral and
popliteofibular ligaments. Am J Sports Med 2001;29:466-472.

31.

38.

39.

40.

4

-

43.

44,

4

(L]

46.

4

~

K. SEKIGUCHI, S. NAKAMURA, S. KURIYAMA, K. NISHITANI, H. ITO, Y. TANAKA, M. WATANABE, S. MATSUDA

Harner CD, Xerogeanes JW, Livesay GA, et al. The human posterior cruciate
ligament complex: an interdisciplinary study. Ligament morphology and biomechanical
evaluation. Am J Sports Med 1995;23:736-745.

Robinson JR, Bull AMJ, Amis AA. Structural properties of the medial collateral
ligament complex of the human knee. J Biomech 2005;38:1067-1074.

Johal P, Williams A, Wragg P, Hunt D, Gedroyc W. Tibio-femoral movement in
the living knee. A study of weight bearing and non-weight bearing knee kinematics
using ‘interventional” MRI. J Biomech 2005;38:269-276.

Kang KT, Koh YG, Son J, et al. Influence of increased posterior tibial slope in
total knee arthroplasty on knee joint biomechanics: a computational simulation
study. J Arthroplasty 2018;33:572-579.

. Cobb J, Henckel J, Gomes P, et al. Hands-on robotic unicompartmental knee

replacement: a prospective, randomised controlled study of the acrobot system.
J Bone Joint Surg [Br] 2006;88-B:188-197.

Kayani B, Konan S, Pietrzak JRT, et al. The learning curve associated with robotic-arm
assisted unicompartmental knee arthroplasty. Bone Joint J2018;100-B:1033-1042.
Barbadoro P, Ensini A, Leardini A, et al. Tibial component alignment and
risk of loosening in unicompartmental knee arthroplasty: a radiographic and
radiostereometric study. Knee Surg Sports Traumatol Arthrosc 2014;22:3157-3162.
Komistek RD, Dennis DA, Mahfouz M. In vivo fluoroscopic analysis of the normal
human knee. Clin Orthop Relat Res 2003;410:69-81.

. Mahfouz MR, Hoff WA, Komistek RD, Dennis DA. A robust method for registration

of three-dimensional knee implant models to two-dimensional fluoroscopy images.
IEEE Trans Med Imaging 2003;22:1561-1574.

Peersman G, Slane J, Vuylsteke P, et al. Kinematics of mobile-bearing
unicompartmental knee arthroplasty compared to native: results from an in vitro
study. Arch Orthop Trauma Surg 2017;137:1557-1563.

. Nunley RM, Nam D, Johnson SR, Barnes CL. Extreme variability in posterior

slope of the proximal tibia: measurements on 2395 CT scans of patients undergoing
UKA? J Arthroplasty 2014;29:1677-1680.

Author contributions

K. Sekiguchi: Acquired the data, Wrote the manuscript.

S. Nakamura: Designed the study, Wrote the manuscript.
S. Kuriyama: Analyzed the data.

K. Nishitani: Advised on the study.

H. Ito: Advised on the study.

Y. Tanaka: Acquired the data, Advised on the study.

M. Watanabe: Acquired the data, Advised on the study

S. Matsuda: Designed the study, Approved the submission.

Funding statement

The author or one or more of the authors have received or will receive benefits for
personal or professional use from a commercial party related directly or indirectly
to the subject of this article. In addition, benefits have been or will be directed to a
research fund, foundation, educational institution, or other non- profit organization
with which one or more of the authors are associated.

ICMJE COlI statement:

The authors report an institutional grant (paid to Kyoto University, Graduate School
of Medicine) from Kyocera. S. Matsuda also reports consulting fees from Kyocera.

© 2019 Author(s) et al. This is an open-access article distributed under the terms
of the Creative Commons Attributions licence (CC-BY-NC), which permits unrestricted
use, distribution, and reproduction in any medium, but not for commercial gain, pro-
vided the original author and source are credited.

BONE & JOINT RESEARCH



