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Abstract

Purpose Because different targets are used for internal-external rotation, an asymmetric baseplate designed for mechani-
cal alignment may lead to under-coverage and concomitant posterior rim loading in the lateral compartment following
unrestricted kinematic alignment (KA) TKA. Recognizing that such loading can lead to premature wear and/or subsidence,
our aim was to determine the cause(s) so that occurrence could be remedied. Our hypothesis was that baseplate design
features such as asymmetric shape when aligned in KA would consistently contribute to posterior rim loading in the lateral
compartment.

Methods Based on analysis of fluoroscopic images of 50 patients performing dynamic, weight bearing deep knee bend and
step up and of postoperative CT images, five possible causes were investigated. Causes included internal rotation of the
baseplate when positioned in KA; posterior position of the lateral femoral condyle at extension; internal tibial rotation with
flexion; internal rotational deviation of the baseplate from the KA rotation target; and posterior slope.

Results The incidence of posterior rim loading was 18% (9 of 50 patients). When positioned in KA, the asymmetric base-
plate left 15% versus 10% of the AP depth of the lateral compartment uncovered posteriorly for posterior rim loading and
non-posterior rim loading groups, respectively (p =0.009). The lateral femoral condyle at extension was more posterior by
4 mm for the posterior rim loading group (p =0.003).

Conclusions Posterior rim loading in the lateral compartment was caused in part by the asymmetric design of the tibial
baseplate designed for mechanical alignment which was internally rotated when positioned in KA thus under-covering a
substantial percentage of the posterior lateral tibia. This highlights the need for new, asymmetric baseplates designed to
maximize coverage when used in KA.

Level of evidence III.

Keywords Total knee replacement - Total knee arthroplasty - Mechanical alignment - Tibiofemoral kinematics

Introduction

An important variable in the design of tibial baseplates is
the shape (i.e. footprint) on the resected surface of the tibia.
Since increased stress (i.e. patient weight/baseplate area)
following TKA has been related to increased migration [4],
P4 Maury L. Hull which can lead to aseptic loosening and eventual revision
mihull@ucdavis.edu surgery, the shape of the baseplate should cover maximum
Department of Biomedical Engineering, University area [4, 5]. Recognizing that the tibial plateau is asymmet-
of California Davis, Davis, CA 95616, USA ric, various studies have recommended anatomic baseplate

Department of Mechanical Engineering, University shapes to achieve better coverage [14, 37].
of California Davis, Davis, CA 95616, USA Since rotational alignment of a tibial baseplate simulta-

Department of Orthopaedic Surgery, University of California neously affects coverage and knee joint function, design of
Davis Medical Center, Sacramento, CA 95817, USA an anatomic (i.e. asymmetric) baseplate should reflect the
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intended alignment target in TKA. Two methods which dif-
fer in their targets for rotational alignment are mechanical
alignment (MA) and kinematic alignment (KA). Mechanical
alignment strives to align the anterior—posterior (AP) axis
of the tibial baseplate perpendicular to the transepicondylar
axis [18] whereas KA strives to align the AP axis paral-
lel to the flexion—extension (FE) plane of the knee [16]. To
achieve the desired rotational alignment in MA, a common
alignment target is the medial third of the tibial tubercle [7,
33]. To achieve the desired alignment target in KA, tem-
plates have been developed [29] which generally position
the AP axis more medial than MA. Thus, rotationally align-
ing an asymmetric baseplate designed for MA but used in
KA requires internally rotating the baseplate relative to the
alignment target in MA which may undercover the posterior
lateral tibia (Fig. 1).

Under coverage of the posterior lateral tibia can lead to
posterior rim loading on the tibial insert which is a con-
cerning event (Fig. 2). Reported adverse consequences are
early wear and/or fracture of the insert [13] and posterior
subsidence caused by high repeated localized loading lead-
ing to eventual aseptic loosening [12, 27] (Fig. 3). For either
consequence, costly revision surgery would be warranted. A
previous study using asymmetric, fixed bearing, posterior
cruciate-retaining (PCR), low-conforming components in
unrestricted kinematically aligned (KA) TKA reported an
incidence of posterior rim loading in the lateral compart-
ment of 16% (4 of 25 patients) [26]. Hence, it is of inter-
est to determine the causes of posterior rim loading so that
remedial measures can be taken as appropriate.

In addition to internal rotation of the asymmetric tib-
ial baseplate when positioned in KA, four other possible
contributing causes of posterior rim loading in the lateral

Fig. 1 Images showing an asymmetric tibial baseplate in mechanical
alignment (A) and kinematic alignment (B). In mechanical alignment,
a common rotational alignment target for the AP axis of the baseplate
is the medial 1/3 of the tibial tubercle [7, 33]. In kinematic alignment,

@ Springer

Fig.2 Example of posterior rim loading in the lateral compartment
of a left knee at 60° of flexion during a dynamic, weight bearing deep
knee bend after unrestricted KA TKA. Posterior rim loading devel-
ops when the lateral femoral condyle is sufficiently posterior on the
tibial insert such that the location of tibial contact is on the posterior
rim of a concavity forming the articular surface of a compartment
in the insert. The relative 3D position and orientation of the compo-
nents were determined using single-plane fluoroscopy followed by 3D
model-to-2D image registration

compartment include (1) posterior position of the lateral
femoral condyle at extension, which could predispose the
joint to posterior rim loading with internal rotation of the
tibia during flexion, (2) internal tibial rotation with flex-
ion, (3) internal rotational deviation of the tibial baseplate
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A v @:’
;'4 Internal

Rotation

the target for the AP axis of the baseplate is parallel to the flexion—
extension (FE) plane. To hit the target for kinematic alignment, the
baseplate must be rotated internally leaving the posterior lateral tibia
uncovered
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Fig.3 Images showing adverse
consequences of posterior rim
loading. Left) fracture of the
posterior rim; Right) subsidence
of the posterior tibia, reactive
sclerosis, and loosening of the
tibial baseplate. Both conse-
quences require revision surgery

from the KA rotation target which would uncover the pos-
terior lateral tibia, and (4) posterior slope. Increased pos-
terior slope would lead to an increased anterior component
of the tibial contact force in weight bearing which would
force the tibia anteriorly on the femur secondary to loss
of the ACL [20].

The purposes of this study were to develop methods to
quantify these five causes and to assess their respective
contributions to the occurrence of posterior rim loading
in the lateral compartment. If the occurrence was traced
to the asymmetric shape of the baseplate and/or other
design features of the insert (e.g. low-conformity), then
this result would highlight the need for design modifica-
tions to limit the incidence of posterior rim loading in
KA TKA. To determine whether patient-reported out-
comes were adversely affected by posterior rim loading,
this study also reported function scores. Our hypothesis
was that asymmetric shape of a baseplate designed for
MA would consistently contribute to posterior rim loading
in the lateral compartment by under-covering the posterior
lateral tibia when positioned in KA.

Methods

A total of 50 patients were involved by combining two
cohorts of 25 patients each from previously published
studies [8, 26]. Both previous studies were approved by
the Institutional Review Board (IRB# 954288 and IRB#
1385598-6). Since the methods of patient recruitment were
described previously, the interested reader is referred to
those publications. Worthy of note is that patients were
selected with no restriction on preoperative varus-valgus
or flexion-contracture deformity. Demographics of patients
who developed posterior rim loading and those who did
not develop posterior rim loading are given in Table 1.

Surgical technique

In brief, a single surgeon performed unrestricted, calli-
per-verified KA TKA using manual instruments through
a mid-vastus approach and intraoperatively recorded a
series of verification checks using a previously described
technique [17]. For the femoral component, the inter-
nal-external axial (IE) and varus-valgus (VV) rotations
and the AP and proximal-distal (PD) positions were set
coincident with the native distal and posterior joint lines
by adjusting the caliper-measured thicknesses of the distal
and posterior femoral resections to within 0 +£0.5 mm of
those of the femoral component condyles after compen-
sating for cartilage wear and kerf of the saw blade. These
steps set the distal lateral femoral angle within & 3° of the
healthy contralateral limb in 97% of patients [24] and the
IE rotation of the femoral component with a deviation of
0.3°+1.1° external from the FE plane which is the KA
target [23, 25].

For the tibial component, the VV rotation and posterior
slope of the resection were set coincident with the native
proximal tibial joint line and native posterior slope of
the medial compartment, respectively. The proportion of
patients with a proximal medial tibial angle within+3° of
the native contralateral healthy limb is 97% [24] and the
mean difference between the posterior slope of the tibial
component and the native posterior slope is 0° +2.4° [19].

Kinematic tibial templates were used to set IE rotation to
the KA target which is the FE plane. The largest of seven
kinematic templates was best fit within the cortical edge of
the tibial resection. The accuracy of localizing the FE plane
by a best fit of the kinematic tibial template on the tibial
resection is 0°+4° [29]. The largest trial tibial baseplate
that maximized the tibial resection coverage without corti-
cal overhang and set the AP axis of the component parallel
to the slot was selected. There was no up- or downsizing of
the tibial component based on the femoral component size.

@ Springer
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Table 1 Demographic data for posterior rim loading patients and all other patients

Posterior rim loading patients (N=9) All other patients (N=41) p value

(mean + SD) (mean +SD)
Age (years) 68+9 65+7 0.244
Sex 6 Females 18 Females

3 Male 23 Males
BMI (kg/m?) 32+5 28+5 0.034*
Preoperative weight bearing deformity (degrees) 4+8 0+7 0.158
[— Varus, + Valgus]
Type of deformity Varus, N=4 Varus, N=29

Valgus, N=4 Valgus, N=9

Neutral, N=1 Patellofemoral, N=1
Kellgren—Lawrence classification III, N=2 II,N=1

IV, N=7 I, N=12

IV, N=28

Passive extension, KA TKA (degrees) 0+2 0+0 0.077
Passive flexion, KA TKA (degrees) 118+9 121+10 0.325

Statistical significance was set at p < 0.05. Significant p-values are bolded and starred.
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Fig.4 Cross-sections of the tibial insert in the medial and lat-
eral compartments. Cross-sections are in the AP direction and pass
through the respective dwell points

The implants used were Persona posterior cruciate
retaining (CR) components (Zimmer-Biomet, Warsaw, IN).
These components consist of an asymmetric tibial baseplate
(Fig. 1) interfaced with an insert which offers low conform-
ing articular surfaces in the form of shallow concavities in
both the medial and lateral compartments. In both compart-
ments the height above the dwell point is higher anterior
than posterior (Fig. 4).

Data collection
Fluoroscopic images (OEC 9900 Elite, General Electric,

Boston, MA) were recorded for each patient’s KA TKA knee
in an oblique sagittal orientation of approximately 10°-15°

@ Springer

at 15 frames per second while they performed a dynamic,
weight-bearing deep knee bend from full extension to maxi-
mum flexion, and again while they performed a step-up. For
the deep knee bend, patients staggered their stance in the AP
direction to prevent the contralateral knee from impeding the
view of the knee under study, and to keep both feet planted
on the platform. For the step-up, patients placed the foot of
the limb under study on a 22 cm high step and lifted them-
selves as though they were climbing a set of stairs, but did
not follow through with the contralateral limb, again to pre-
vent obstructing the view of the knee under study. Patients
performed the activities over 5—7 s to reduce motion blur.
Handrails were provided to aid in stability. Passive limits of
extension and flexion were measured. Patient-reported out-
come scores were obtained at the time of imaging (Table 2).

Data processing

Fluoroscopic images were corrected for distortion after
which images at 0°, 30°, 60°, 90°, and maximum flexion
were identified for the deep knee bend and images at 0°, 15°,
30°, 45°, and 60° were identified for the step-up. The in vivo
3D position and orientation of the manufacturer-supplied
component models were determined using 3D model-to-2D
image registration techniques [2] and open-source software
(https://sourceforge.net/projects/jointtrack/). The femoral
component was translated in the out-of-plane direction
until it was centred on top of the tibial component. This
step was necessary given that the out-of-plane translation
errors encountered in registration using single-plane images
can result in the reconstruction of physiologically impossible
poses [11, 30]. Coordinate systems were established on the
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Table 2 Patient-reported
outcome scores for the posterior
rim loading patients and all
other patients

Posterior rim load- All other patients p value

ing patients (N=9) (N=41) (mean + SD)

(mean +SD)
Oxford Knee Score (48 best, 0 worst) 4443 45+5 0.858
WOMAC Score (0 best, 96 worst) 10£10 9+13 0.832
Forgotten Joint Score (100 best, 0 worst) 77+£13 73+£28 0.684
Knee Society Score (150 best, — 20 worst) 136+ 13 134+22 0.835
UCLA Score (10 best, 1 worst) T+2 T+1 0.779

Fig.5 Axial view of a right tibial component shows the tibial coor-
dinate system used to report AP positions of the medial and lateral
femoral condyles. The centre of the bounding box around the compo-
nent defined the origin of the coordinate system. Directions of axes
coincided with those of the manufacturer's CAD model.

tibial baseplate for the TKA knee to report the AP positions
of the femoral condyles (Fig. 5).

The AP positions of the medial and lateral femoral
condyles for the TKA knees were indicated by the lowest
(i.e. closest) points of the femoral condyles with respect
to the transverse plane of the tibial baseplate. Because this
method references only the transverse plane of the base-
plate and does not take into account the AP dimensions
of the baseplate and insert, it is possible that the lowest
point is more posterior than the most posterior point of
the insert. Accordingly, a lowest point beyond the most
posterior point of the insert was evidence of posterior rim
loading. Further, because the method does not account for
curvature of the articular surface of the insert, the femoral
condyle can be contacting (and hence loading) the poste-
rior rim even if the posterior position of the femoral con-
dyle is inside the insert [34]. To correct the AP position
of a femoral condyle to a location of contact by a femo-
ral condyle on the tibial insert (i.e. tibial insert contact
location), lowest points lying within 4 mm of the most

posterior point on the insert [31] also were evidence of
posterior rim loading. All AP positions were standardized
to the 53 mm AP depth of the mid-sized tibial baseplate
(Size F, Persona CR, Zimmer-Biomet). I-E rotation was
determined as the angle between the line connecting the
actual (i.e. non-standardized) A—P positions of the lowest
points in each compartment at extension and the line con-
necting the actual A-P positions of the lowest points in
each compartment at a particular flexion angle.

Five potential contributing causes of posterior rim
loading were evaluated. One was tibial component rota-
tion required to kinematically align the baseplate causing
the posterior lateral tibial to become uncovered and was
computed as a percentage of the AP depth of the base-
plate (Fig. 6, Images 3a—c). A second was internal rota-
tional deviation of the tibial baseplate from the KA rota-
tion target (Fig. 5, Image 2) which required that the AP
axis of the baseplate be parallel to the FE plane of the
knee. Internal rotation deviation would cause a larger
portion of the posterior lateral tibia to be uncovered. A
third was increased posterior slope of the tibial component
(Fig. 6, Image 4). A fourth was posterior position of the
lateral femoral condyle at full extension. Internal rotation
of the tibia on the femur with flexion, as indicated by the
external rotation of the AP positions of the femoral con-
dyles, was a fifth potential contributing cause. Internal
rotation was determined based on the true AP positions
rather than standardized AP positions.

Statistical analysis

Demographic variables (Table 1), patient-reported out-
come scores (Table 2), and the five contributing causes
(Table 3) were analyzed for differences between the
patients with posterior rim loading and the remaining
patients without posterior rim loading using a one-way
analysis of variance (ANOVA). An intraclass correlation
coefficient (ICC) analysis was performed to determine
the repeatability and reproducibility of the registration
method. The methods and results of the ICC analysis were
described previously [26].

@ Springer
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Fig.6 Composite shows a lateral view of the femoral and tibial com-
ponents for Patient 15 at 60° of flexion where posterior rim loading
occurred in the medial and lateral compartments (1). Internal-exter-
nal rotational deviation () of the tibial component from the IE rota-
tion target was measured on a postoperative axial CT scan for each
patient as the angle between a line connecting the femoral lugs and
a line connecting the posterior tips of the proximal tibial keel (2).
The percentage of the posterior lateral tibia left uncovered (3a) was
measured as the distance from the posterior edge of the tibia to the
posterior rim of the tibial insert, divided by the AP depth of the tibial

baseplate. The distance from the posterior edge of the tibia to the pos-
terior rim of the tibial insert was the sum of the distance from the
posterior edge of the tibia to the posterior edge of the baseplate (3b)
plus the distance from the posterior edge of the baseplate to the pos-
terior rim of the tibial insert (3c). Here, the percentage uncovered
was 16% (3a—c). The posterior slope of the tibial component (¢) was
measured relative to a line perpendicular (orange line) to the proximal
tibial anatomic axis, which was defined as a line connecting the mid-
points of two lines drawn across the tibia 5 cm and 12 cm distal to the
joint line (4)

Table 3 Five potential contributing causes for posterior rim loading patients and all other non-posterior rim loading patients

Posterior rim load- All other p value
ing patients (N=9) patients (N=41)
(mean +SD) (mean +SD)
AP percentage of posterior lateral tibia uncovered 15% +7% 10% +5% 0.009*
Deviation in rotation of tibial component from KA target [+ Internal, — External] 3°+7° 0°+3° 0.207
Posterior slope of tibial component 7°+4° 6°+3° 0.637
AP position of lateral femoral condyle at full extension deep knee bend [+ Anterior, — — 8 mm+3 mm — 4 mm+4 mm 0.003*
Posterior]
Approximate IE rotation of tibia on femur from full extension to maximum flexion, 7°+£6° 6° +4° 0.546

deep knee bend [+ Internal, — External]

*Qutlier omitted in analysis

Results

Posterior rim loading occurred for eight patients in the
deep knee bend and for one additional patient in the step
up who did not develop posterior rim loading in the deep
knee bend. Flexion angles at which the position of the

@ Springer

lateral femoral condyle was most posterior differed among
patients.

The mean AP percentage of the posterior lateral tibia
uncovered was 5% greater for the posterior rim loading
patients than all other patients without posterior rim load-
ing (p=0.009) (Table 3). Also the mean AP position of the
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lateral femoral condyle was 4 mm more posterior for the
posterior rim loading patients (p =0.003).

Notwithstanding the occurrence of posterior rim loading,
patient-reported outcome scores for patients with posterior
rim loading were relatively high with mean values being
virtually identical to all other patients without posterior rim
loading) (Table 2).

Discussion

This study quantified contributing causes of posterior rim
loading in the lateral compartment following unrestricted,
calliper-verified KA TKA using manual instruments and
asymmetric, fixed bearing, PCR, low-conforming compo-
nents. The most important findings were that (1) internal
rotation of the asymmetric tibial baseplate when used in KA
was a consistent contributing cause and the posterior posi-
tion of the lateral femoral condyle at extension also was a
consistent contributing cause, and (2) patient-reported out-
come scores were relatively high for all patients who devel-
oped posterior rim loading with mean values being virtually
identical to those scores of all other patients who did not
develop posterior rim loading.

Considering first internal rotation of the asymmetric tibial
baseplate, it should be noted that the AP percentage of the
posterior lateral tibia uncovered in Table 3 could be due
either to internal rotation of the asymmetric tibial baseplate
when positioned in KA and/or to internal rotational devia-
tion of the asymmetric tibial baseplate from the KA target.
For those patients with posterior rim loading however, the
small average internal rotational deviation of 3° in conjunc-
tion with large variability of +7° (Table 3) excluded consist-
ent internal rotational deviation from the IE rotation target
as a primary cause for under-coverage. Consequently, under-
coverage was due primarily to internal rotation of the asym-
metric tibial baseplate when positioned in KA.

Although the tibial baseplate was neither upsized nor
downsized based on the femoral component size, a feature
of this particular component set had the potential to affect
the under coverage of the posterior lateral tibia. Namely,
the same size insert could be used with two different sized
baseplates. Thus, if the larger of the two sizes was used, then
although the baseplate per se would offer greater coverage
of the resected surface of the tibia, use of the same sized
insert that fit the smaller baseplate in the pair would lead to
under coverage. To assess whether the proportion of larger
sized baseplates differed between the posterior rim loading
patients and all other patients, a post hoc Fisher’s exact test
was performed. This test revealed no statistically significant
difference (p =0.2814) indicating that the baseplate size/
insert combination likely did not affect our results.

A second consistent contributing cause was the poste-
rior position of the lateral femoral condyle at full exten-
sion likely due in part to anterior movement of the tibia
secondary to loss of the ACL. Loss of the ACL generally
results in increased anterior laxity but the increase varies
widely between knees [32]. Although anterior laxity was
not measured in the present study, possibly the patients who
developed posterior rim loading in the lateral compartment
had greater increases in anterior laxity following loss of the
ACL than the patients who did not develop posterior rim
loading. Regardless, patients who developed posterior rim
loading are representative of the patient population.

The design of the tibial insert also likely plays a role in
the posterior position of the lateral femoral condyle at exten-
sion. For this particular insert design, both compartments
feature an asymmetric shallow (i.e. low-conforming) con-
cavity where the height of the rim is considerably greater
anterior than posterior (Fig. 4). Hence, the femur is able to
displace posteriorly on the tibia with little resistance pro-
vided by the posterior articular surfaces of the shallow con-
cavities which is secondary to the loss of the ACL. Further,
the dwell points of the concavities are posterior on the insert
surface as intended for this insert design [29] which exacer-
bates the tendency for the positions of the femoral condyles
at extension to be posterior.

It is unlikely that variation in tension of the posterior cru-
ciate ligament (PCL) influenced the occurrence of posterior
rim loading. During unrestricted, calliper-verified KA TKA,
one verification check performed with trial components at
90° of flexion determines whether the AP offset, which is
the distance from the anterior tibia to the distal surface of
the medial femoral condyle, is restored to that of the knee
at the time of exposure. When the offset is larger than at
exposure, the PCL is too tight. When the offset is smaller,
the PCL is too loose. Intraoperatively, the verification check
above restores posterior laxity to that of the native knee over
the full range of flexion [32] indicating that PCL tension is
restored to native as well.

It is also unlikely that a large size differential between
the femoral and tibial components played a role in the
occurrence of posterior rim loading. For the nine patients
who developed posterior rim loading, only one baseplate
and femur size combination was at the low and high lim-
its, respectively, of compatibility as recommended by the
manufacturer [1].

Comparison of our results to those previously published
is necessarily limited. This is because few studies report
patient-specific results of the AP position of the lateral
femoral condyle but rather report descriptive statistics
(e.g. mean and standard deviation). However, two previ-
ous studies are relevant. One study reported the absence of
posterior rim loading following unrestricted KA TKA in
contrast to the results herein [15]. This may have occurred

@ Springer
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because the activities of daily living studied differed,
because the implant designed differed, and/or because the
AP position of the lateral femoral condyle was not cor-
rected to indicate the tibial insert contact location since the
4 mm posterior correction was unknown at that time [31].
The other study, which also preceded the publication of
the posterior correction, reported a much higher incidence
of posterior rim loading [22]. Using mechanically aligned
TKA and a bi-surface implant design which allowed high
flexion past 120° in 25 of 43 knees, the incidence of pos-
terior rim loading (termed posterior subluxation in their
paper) was 64% (16 of 25 high flexion knees) during a
deep knee bend. The four times higher incidence than that
reported herein was evidently due in part to the greater
flexion angle as well as differences in the implant design
and surgical alignment method.

To limit the incidence of posterior rim loading in the lat-
eral compartment, design modifications should be consid-
ered. One modification for reducing under-coverage of the
posterior lateral tibia is an asymmetric tibial baseplate that
more fully covers the tibial resection when the IE rotation is
set parallel to the FE plane of the native knee. Making this
modification would minimize under-coverage due to inter-
nally rotating a baseplate designed for MA. This modifica-
tion could easily be realized by having the baseplate match
the shape of the template used to set the IE rotation of the
baseplate in KA [29]. Another modification is a tibial insert
with more conformity particularly in the medial compart-
ment to mimic that of the native knee [6, 10] in conjunction
with a dwell point(s) which is further anterior.

Even if the asymmetric baseplate was redesigned to
reflect the KA alignment target in IE rotation, the wide
variability in the asymmetry of the tibial plateau present
challenges to the designer in maximizing coverage for all
patients. In a study of some 2200 tibias, tibial asymmetry
was 3.7 mm on average with the AP depth of the medial
tibial plateau being greater than that of the lateral tibial pla-
teau [21]. However, asymmetry in more than 20% of patients
exceeded 5 mm. Accordingly, some compromise would be
necessary. To limit the risk of posterior rim loading in the
lateral compartment, it would seem prudent to maximize
coverage of the lateral tibial plateau at the expense of under-
coverage of the medial tibial plateau.

Despite the occurrence of posterior rim loading,
mean patient-reported outcome scores for these nine patients
were relatively high being virtually identical to all other
patients without posterior rim loading (Table 2). This may
be because the deep knee bend is an infrequent activity of
daily living and/or because posterior rim loading does not
compromise tibiofemoral joint function. In any case, it will
be of interest to follow these patients into the future to deter-
mine whether the occurrence of posterior rim loading leads
to long term complications.

@ Springer

Some limitations merit discussion. First, this study
considered one asymmetric, fixed-bearing, PCR, low-con-
forming component design (Persona CR, Zimmer Biomet,
Warsaw, IN). It is well-documented that component design
and the presence or absence of the posterior cruciate liga-
ment (PCL) are important independent variables which
affect tibiofemoral kinematics [3, 9, 28, 35, 36] so that
these results may not be generalizable to KA TKAs per-
formed with different component designs. Nevertheless,
our results alert manufacturers of asymmetric baseplate
designs that coverage may be compromised when used in
KA in which case coverage for both MA and KA should
be evaluated as part of the design process. If the coverage
is compromised as for the baseplate used herein, then a
KA-specific baseplate design is warranted. Next, although
the sample size was not sufficiently large to confidently
conclude that small differences in means were not sig-
nificantly different from zero, the issue is moot because
the posterior slope and approximate IE rotation differed
by only 1° in their mean values (Table 3), which is not
clinically important, and the means of the patient-reported
outcomes were virtually identical (Table 2).

Conclusions

Internal rotation of the asymmetric tibial baseplate designed
for MA left on average 15% of the posterior lateral tibia
uncovered when used in KA and was a consistent contribut-
ing cause of posterior rim loading in the lateral compart-
ment following unrestricted, caliper-verified KA TKA. Also,
posterior position of the lateral femoral condyle at extension
of 8 mm on average posterior of the centreline of the tibial
baseplate was a consistent contributing cause. These results
highlight the need for new, asymmetric baseplate designs
which maximize coverage based on the KA rotational align-
ment target.
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