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Background: Although unicompartmental knee arthroplasty (UKA) has become more common because
of its good outcomes, several complications have been reported. Tibial implant alignment, an important
cause of such complications, has been investigated; however, the optimal alignment of the tibial implant
has not been determined. This study used 3-dimensional finite element analysis to investigate changes
in stress distribution in the proximal tibia after UKA at multiple tibial implant alignments.

Methods: A 3-dimensional finite element model was created with CT digital imaging and communica-
tions in medicine (CT-DICOM) data from a medial osteoarthritic knee. Change in stress distribution of
the tibial implant alignment on the coronal plane (middle position, varus 5°, valgus 5°) and sagittal
plane (0°, 5°, 10°) under conditions of a loose boundary between implant and bone and no loosening
was analyzed with 3-dimensional finite analysis.

Results: In the absence of loosening, the stress distribution was high at the lateral rim of the subchon-
dral bone in the varus alignment model, and the high stress distribution moved from the anterior to the
posterior position with posterior tilting from 0° to 10°. With loosening, the stress distribution was high
at the proximal tibial medial cortex in the valgus alignment model.

Conclusions: To reduce UKA complications, the present findings indicate that the optimal alignment of
the tibial implant is at the middle position on the coronal plane, with a posterior inclination similar to
the original inclination on the sagittal plane. (J] Nippon Med Sch 2020; 87: 60-65)
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Introduction ported complications of UKA*. Although tibial implant

The initial results of unicompartmental knee arthroplasty
(UKA) were discouraging'. However, recent improve-
ments in surgical technique and implant design, and
identification of appropriate surgical indications, have in-
creased UKA uptake. UKA results in rapid postoperative
recovery and good kinematics—because of its less inva-
sive surgical technique in preserving bone stock and bi-
lateral cruciate ligaments—and patient satisfaction has re-
cently been high*. Nevertheless, tibial implant loosening

and subsidence and tibial medial condyle fracture are re-

alignment is a known cause of complications, few studies
have investigated optimal alignment, which thus remains
controversial.

This study used 3-dimensional finite element analysis
(3-D FEA) to investigate the effects of coronal and sagit-
tal tibial implant alignment on stress distribution in the
proximal tibia and to identify the optimal tibial implant

alignment in UKA.
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Fig. 1 The finite element model

Materials and Methods

Three-D Finite Element Model

A 3-D finite element (3-D FE) model was created by
using CT digital imaging and communications in medi-
cine (CT-DICOM) data from a medial osteoarthritic knee
(Fig. 1). Informed consent for publication was obtained
from the patient. The lateral femorotibial angle was 180°,
and tibial posterior inclination was 7°. The morphology
of this model was relatively consistent with previously
reported data’. The model consisted of 48,800 second-
order tetrahedral elements with Mimics Ver. 21 (Material-
ise). The average length of the elements was 0.8+0.02
mm. The shape of the tibial component was also repro-
duced from a commercially available design, the Persona
Partial Knee (Zimmer-Biomet, Warsaw, US; diameter, ap-
proximately 45 mm x 19.9 mm). We assumed the elastic-
ity of each material and set Young’s modulus and Pois-
son’s ratio by using previously published values’ (Table
1).

Alignment and Load

The alignment of the tibial implant was set on the
coronal plane (middle position, varus 5°and valgus 5°)
and sagittal plane (0°, 5°, 10°). The implant inclination
angle was chosen in accordance with the study of Chtel-
lard et al’. The analytic model was completely fixed at
the end of the distal tibia, and a total load of 1,500 N
was applied equally to both condyles, parallel to the axis
of the tibia. In this study, the interface between the tibial
component and cutting surface was defined by using two

conditions. Thus, the ideal fixation for which sufficient
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Table 1 Material property

Young's Poisson’s ratio
modulus (GPa)
Tibial implant 100 0.32
(Ti-6AL-4V)
Cortical bone 5 0.31
Cancellous bone 1 0.24

time had elapsed after surgery was assumed for the
bonded interface. Conversely, the loosening condition
was expressed as the contact-only (zero friction) setting
in the finite element software.

Analysis

The Von Mises stress value expresses tensile or com-
pressive stress on a given material loaded multi-
directionally and was used to determine whether bone
will yield when evaluating bone stress distribution,
which is anisotropic and heterogeneous’. Because loosen-
ing of the tibial implant in UKA might be caused by col-
lapse of the subchondral bone below it”, changes in
stress distribution at the subchondral bone of the osteot-
omy region were analyzed. In addition, change in stress
distribution at the tibial proximal medial cortex was in-
vestigated because fracture of the tibial medial condyle
ultimately results in failure of the tibial proximal medial
cortex. Abaqus Ver. 6.3 (Fujitsu) was used for all analy-

ses.

Results

Non-Loosening Condition

Tibial component alignment was adjusted on the coro-
nal plane, and the Mises equivalent stress value for sub-
chondral bone under the tibial implant was calculated in
the absence of loosening. In the varus 5° model, stress
concentration at the subchondral bone under the lateral
rim of the tibial implant was higher than at the middle
position in the valgus 5° model. In contrast, the stress
distribution was lower at the anterior cortex and anterior
subchondral bone of the keel in the middle-position
model. In addition, stress distribution was lower at the
posterior cortex and posterior subchondral bone of the
keel in the valgus 5° model (Fig. 2, 3).

When the alignment of the sagittal plane was altered,
the high stress distribution moved from the anterior to
the posterior position when posterior inclination was
changed from 0° to 5° and then 10°. In the posterior in-
clination 0° model, stress concentration was high at the
anterior cortex (Fig. 2, 4).

When alignment on the coronal and sagittal planes
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Fig. 2 Superior view of Von Mises stress distribution for subchondral bone at the bone-implant
interface after removal of tibial implant (non-loosening model).

was adjusted, stress distribution in the medial cortex of Stress concentration was higher at the medial cortex of
the proximal tibia did not change. the proximal tibia in the valgus 5° model than in the
Loosening Condition other models (Fig. 5).

Under the loosening condition, stress distribution in

subchondral bone changed, but the trend was unclear.

62 J Nippon Med Sch 2020; 87 (2)



Optimal implant alignment in UKA

MPa ——Varus 5 °

Anterior cortex

Anterior keel

Middle ——Valgus 5 ¢

Posterior keel Posterior cortex

Fig. 3 Von Mises stress values for subchondral bone at the bone-implant interface

(posterior inclination 5°; non-loosening model)
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Fig. 4 Von Mises stress values for subchondral bone at the bone-implant interface

(middle position; non-loosening model)

Discussion

Previous studies used FEA to analyze stress in the proxi-
mal tibia after UKA. Inoue et al.* reported that a varus
alignment was better for preventing fracture of the tibial
medial condyle after UKA. Using analysis of subchondral
bone under the tibial component, Sawatari et al." and Ie-
saka et al.” reported that a valgus alignment was prefer-
able for obtaining a satisfactory stress distribution. Zhu
et al.” reported that the middle position was best. Thus,
the optimal alignment of the tibial implant in UKA is un-
clear.

In the present study, we analyzed the stress contribu-
tion of the proximal tibia by varying the coronal and sag-
ittal alignments of the tibial implant. In the absence of
loosening, stress tended to be higher on the lateral rim

than on the medial rim under the implant overall. When
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coronal alignment was changed in the absence of loosen-
ing, stress concentration was high at the subchondral
bone under the lateral rim of the tibial implant in the
varus 5° model, most likely because medial inclination of
the tibial implant moves the implant inward. Thus, it ap-
pears that varus alignment of the tibial implant should
be avoided.

Stress distribution was high at the subchondral bone
under the lateral rim when the tibial implant moved
from an anterior to a posterior position (posterior inclina-
tion from 0° to 5° and then 10°). In particular, stress dis-
tribution was higher at a 0° alignment. The possibility of
subsidence of the tibial implant is greater for a less pos-
terior inclination. Many studies have reported that recre-
ating the original posterior inclination of the tibia results

in good outcomes'"". In addition, positioning the tibial
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Fig. 5 Von Mises stress values for the medial cortex of the proximal tibia (posterior inclination, 5°; loos-

ening model)

implant in an inadequately or excessively posterior incli-
nation leads to implant loosening or subsidence™”. There-
fore, because the original posterior inclination of the tibia
in the present 3D-FE model was 7°, it might be appropri-
ate to reproduce the original posterior inclination in the
tibia. However, analysis of a posterior inclination simu-
lating vivo conditions was difficult because of the high
number of elements, including the anterior cruciate liga-
ment.

In the loosening condition, changes in the stress distri-
bution in subchondral bone under the tibial implant were
substantial, which suggests that the tibial implant was
unstable. Nevertheless, no clear trend in stress distribu-
tion was noted. Meanwhile, stress concentration was ob-
served at the proximal medial cortex of the tibia in the
valgus model, which could lead to tibial medial condyle
fracture.

Data for stress distributions for subchondral bone in
coronal alignment suggest that a coronal inclination of
the tibial implant from the middle position to a slightly
valgus position is desirable. However, under conditions
of loosening, the risk of tibial medial condylar fracture
might be higher if stress concentration is high at the tib-
ial proximal medial cortex in the valgus model. Thus, the
middle position is the optimal alignment to reduce post-
operative complications, as it decreases the possibility of
loosening and subsidence of the tibial implant and tibial
medial condyle fracture.

In determining optimal sagittal plane alignment, ele-
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ments other than alignment of the tibial implant are im-
portant; however, past and present findings suggest that
the limited posterior inclination of the original tibia
should be reproduced.

This study has several limitations. First, the equilib-
rium state in vivo could not be reproduced under the re-
striction of soft tissues such as ligaments. Second, the
load conditions were parallel to the bone axis of the tibia,
an equal load was applied to both condyles, and the po-
sition of the lower limbs and alignment of the entire leg
were not taken into account. Third, tibia data were col-
lected from only one person and may not be generaliz-
able. Fourth, this study shows no clear, direct relation-
ship between the present findings and clinical results, in-
cluding survival rates. However, our findings are consis-
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tent with previously reported clinical outcomes
the future, more accurate studies may be necessary. How-
ever, this is the first report to use 3-D FEA to identify the
optimal coronal and sagittal alignment of the tibial im-
plant in UKA.

In conclusion, a 3D-FE model was used to analyze
changes in stress distribution in the proximal tibia while
altering the alignment of the tibial implant in UKA on
the coronal and sagittal planes. The optimal alignment of
the tibial implant in UKA was the middle position on the
coronal plane and the original posterior inclination on

the sagittal plane.
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