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Morphologic difference and size mismatch in the medial and lateral
tibial condyles exist with respect to gender for unicompartmental
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Abstract

Purpose The purpose of this study was to characterize the geometry of the proximal tibia in both genders in the Korean
population. Anthropometric data on the medial and lateral tibial condyles of the osteoarthritic knees of 149 males and 814
females were obtained using three-dimensional magnetic resonance imaging.

Methods In the medial and lateral proximal tibial condyles, the anteroposterior (AP) dimension, widest dimension (WD) at
defined points, and condylar aspect ratio were evaluated. These measurements were compared with similar dimensions of
the tibial components from five commonly used unicompartmental knee arthroplasty (UKA) designs in Korea.

Results Both the AP dimension and WD in the medial and lateral tibial condyles of the male patients were significantly
greater than those of the female patients (P < 0.05). In addition, the AP dimension and WD were greater in the medial than
in the lateral tibial condyle (P <0.05). There was WD overhang in three and two prostheses in the medial and lateral tibial
condyles, respectively. A decrease in the condylar aspect ratio with an increasing AP dimension was found in the medial
and lateral tibial condyles for both the male and female patients.

Conclusions Smaller medial and lateral tibial condylar dimensions are more frequent in Korean women than in Korean men.
This study highlights the finding that conventional UKA designs lead to size mismatch in the Korean population and may
indicate an important guideline on proper gender-specific UKA tibial prostheses with different WD/AP dimension aspect
ratios. In addition, this study suggests that the shape of the medial tibial plateau is different to that of the lateral plateau,
which can lead to a mediolateral overhang for medial UKA in an attempt to optimize the AP coverage.

Level of evidence III.
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Introduction

Unicompartmental knee arthroplasty (UKA) is an appro-
priate treatment for patients with osteoarthritis (OA) of the
single compartment of the knee [20]. The use of UKA is
increasing three times faster than that of total knee arthro-
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tibial compartments [14, 22, 27, 28]. In addition, the anthro-
pometry of the resected proximal-medial tibial condyle in
Korean cadavers was studied by Surendran et al., which we
compared with the dimensions of the five conventionally
used UKA tibial components [28]. Surendran et al. reported
that most of the prostheses showed a tendency toward over-
sizing in the mediolateral dimensions in the Korean popula-
tion [28]. Despite the high degree of differentiation between
individual patients, a range of five to six tibial tray sizes is
provided by most UKA tibial component systems [5].

If the prosthesis is too large, it overhangs on the bone and
impinges on the soft tissues. If it is too small, contact stress
is increased and load transfer across its surface is poorer;
this may also result in subsidence if the implant is not rest-
ing on the harder cortical bone rim [11, 16]. In addition,
Asians have a smaller build and stature than Westerners;
however, most prostheses in the market are produced to fit
to the physique of Westerners [27]. Furthermore, most of
the sizing arrays have been designed for the medial compart-
ment owing to the frequent medial OA, as compared with the
confined lateral OA [5]. Technically, lateral UKA is more
challenging than medial UKA, owing to difficulties with
exposure and limitations of traditional implants, which do
not address the anatomical differences between the medial
and lateral compartments [9, 31]. The lateral tibial plateau is
rounder than the medial tibial plateau. The tibial components
do not match the anterior—posterior and/or medial-lateral
ratio of the tibial plateau.

It leads to a problem of mismatch with the resected bony
surfaces in the Asian population and points towards the need
for a study on the anthropometry of the resected bony sur-
faces in various population groups to achieve the best out-
come of UKA. Some studies have shown differences in the
bony anatomy of the knees between males and females [15,
18, 19, 21]. Differences based on gender were also found
in the Korean population in our previous study [18, 19].
Previous studies only focused on the anthropometry of the
resected proximal-medial tibial condyle, and the sample
sizes were too small [8, 28]. However, no previous analyses
were performed on the gender-related differences in UKA in
the Korean population and evaluations for both the medial
and lateral tibial plateaus. In addition, the tibial component
size is made either preoperatively using templates [3], or
more often intraoperatively by the surgeon’s measurement.
However, the variety of UKA implants available may not
perfectly fit the resected tibial plateau. Thus, obtaining
anthropometric data on the medial and lateral tibial plateaus
becomes important to achieve the best stability and longev-
ity for UKA.

Therefore, the purpose of this study was to obtain mor-
phometric data on the medial and lateral tibial condyles of
963 Korean patients with OA (814 females and 149 males)
using magnetic resonance imaging (MRI). A gender-related

@ Springer

difference in proximal medial-lateral tibial condyles and size
mismatch were hypothesized to be associated with the kind
of UKA used in Korea.

Materials and methods

A total of 1163 OA knees (185 in male patients and 978 in
female patients) were investigated in this study.

Patients who had primary knee joint osteoarthritis and
TKA were included. Patients with any history of previ-
ous surgery or trauma to the affected knee were excluded.
Finally, 963 patients comprised of 814 female and 149 male
were included in this study. The mean ages and body mass
indexes (BMIs) of the female patients and male patients
were 69.1+6.6, and 70.3 +7.2 years, and 30.0+3.0 kg/mz,
and 29.6 +3.2 kg/m?, respectively. MRI scans were acquired
using a 1.5-T MRI scanner (Achieva 1.5 T; Philips Health-
care, Best, The Netherlands), with a high-resolution slice
thickness of 1 mm in the sagittal plane for the tibiofemoral
knee joint and 5 mm in the axial plane for the hip and ankle
joints. For the non-fat saturation condition, MRI consisted of
an axial proton-density sequence. A high-resolution setting
was used for the spectral presaturation inversion recovery
sequence (echo time, 25.0 ms; repetition time, 3590.8 ms;
acquisition matrix, 512 X 512 pixels; number of excitations,
2.0; and field of view, 140 X 140 mm). The MRI method used
in patient-specific instruments made it possible to develop
three-dimensional (3D) reconstructed models effectively
[23]. The MRI scans were imported to a modelling software
(Mimics version 17.0; Materialise, Leuven, Belgium) and
segmented to construct 3D bony and cartilage models of the
tibia. To measure the anteroposterior (AP) dimension and
widest dimension (WD), a method similar to that in previous
studies was used [8, 28].

First, a line parallel and collinear to the clinical epicon-
dylar axis of the femur mediolaterally (in the coronal plane)
was drawn over the upper tibial surface, and was designated
as mediolateral (ML) [28]. Second, the tibial mechanical
axis was defined. We fitted the sphere on the ankle and
defined the ankle centre as the sphere centre. For the tibial
knee centre, the intercondylar eminence between the lateral
and medial tubercles (spine) was chosen. The line connect-
ing the centre of the ankle joint to the centre of the knee
joint was created. The tibial transverse plane perpendicular
to this line was then created. This axis was projected on the
tibial transverse plane, and the projected line was defined as
the tibial ML line (Fig. 1a). Line XY perpendicular to the
ML line was created passing through the centre of the ML
line. Line XZ was formed at a 6° angle with line XY, and
cutting was performed along line AP parallel to line XZ,
3 mm away from the eminence. The thickness of the tibia
cut was 6 mm, and the posterior slope was 7°. Cutting was
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Fig.1 Schematic representation of medial tibial condylar cuts and measurement methods using 3D magnetic resonance imaging analysis. a An
anteroposterior cut was made parallel to line XZ, 3 mm apart. b The thickness of the tibia cut is 6 mm, and the posterior slope is 7°

performed on both the medial and lateral regions, and the
same method was used. On the cutting plane, the maximum
length in the direction parallel to line XZ was defined as
the AP dimension, and the maximum length in the vertical
direction was defined as the WD. To evaluate the variations
with the conventional UKA tibial component designs, the
WD and AP dimension of the resected medial and lateral
tibial condyles with similar measurements obtained from
the following five conventionally used unicondylar tibial
prostheses were compared: Preservation (DePuy-Johnson
and Johnson, Warsaw, IN, USA), ZUK (Zimmer, Warsaw,
IN, USA), Miller-Galante (Zimmer, Warsaw, IN, USA),
Accuris (Smith & Nephew Inc., Memphis, TN, USA), and
Advance (Wright Medical Technology Inc., Arlington, TN,
USA). All the measurements were obtained by an experi-
enced observer. To test the intraobserver and interobserver
variabilities, 100 of the 3D MRI scans from 50 female and
50 male patients were remeasured at > 1 week after the ini-
tial measurements by the same observer and by a second
observer. The intraobserver error was 0.88 and the interob-
server error was 0.92, calculated using the intraclass cor-
relation method. The internal review board of our hospital
(Yonsei Sarang Hospital Institutional Review Board No.:
18-DR-02, Protocol No.: 3D-MRI according to sex_1.0)
approved the study.

Statistical analysis

A post hoc power analysis was performed in the medial AP
dimension between the two groups using G power 3.1. The

alpha value was 0.05 and the statistical power calculated was
100%. Statistical analyses were performed using SPSS for
Windows version 12.0 (SPSS, Chicago, IL, USA), and the
Student ¢ test was used to evaluate the significance of the dif-
ferences in data between the genders among the 963 patients.
In addition, paired ¢ tests were used to test for differences
between the medial and lateral sides in the same gender. A
P value of <0.05 was considered significant.

Results

No significant differences were found in the demograph-
ics in each group, including age and BMI (Table 1). The
morphological measurements of the knees are summarised
in Table 2. The mean AP dimension and WD in the medial
condyle were found to be 50.5+4.0 and 28.1 +3.4 mm,
respectively. The mean AP dimension and WD in the lat-
eral condyle were 44.3 +3.6 and 27.2 + 3.1 mm, respectively.
The AP dimension and WD showed a significant difference
between the medial and lateral condyles (P <0.05) in both
genders.

The medial tibial condyle for the male patients was sig-
nificantly greater than that for the female patients (P <0.05).
Such a trend was also found in the lateral tibial condyle
(P <0.05). In the comparison of the AP dimension and WD
with the respective measurements in five medial tibial com-
ponents currently used in Korea, we found that three pros-
theses in male patients and two prostheses in female patients
showed WD, a overhang for all the AP dimension ranges
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(Fig. 2). WD underhang and overhang for the smaller and
larger AP dimensions, respectively, were observed in the
Preservation design, irrespective of the gender. Conversely,
WD underhang for the entire measured AP dimension range
in the medial tibial components was observed in the Accuris
design. The ZUK design was found to follow the morpholog-
ical data closer than others in the medial tibial component.

In addition, two prostheses in female patients and three
prostheses in male patients showed WD underhang for all

AP dimension ranges in the lateral tibial component (Fig. 3).
The Advance design was found to follow the morphologi-
cal data closer than the other designs in the female patients.
By contrast, the M/G design was found to follow the mor-
phological data closer than the other designs in the male
patients. To determine whether the medial and lateral tibial
components of UKA are suitable for the Korean population,
the aspect ratio (WD/AP%) of the medial and lateral tibial
condyles was evaluated (Fig. 4). A progressive decrease in

Table 1 Comparison of the age, BMI and varus—valgus deformity between Korean males and females

Parameter Whole patients (n=963) Female (n=814) Male (n=149) p value
Mean + SD (range) Mean + SD (range) Mean +SD (range)
Age 69.4+6.7 (50-94) 69.2+6.6 (50-88) 70.3+7.2 (55-94) ns
BMI (kg/m?) 30.0+3.1(27.2-35.7) 30.0+3.1(28.2-35.7) 29.6+3.2 (27.2-32.7) ns
Varus—valgus angle (°) 6.8+5.1 (—15.6-23.3) 6.9+4.7 (—15.6-23.3) 6.5+6.4 (—14.2-20.8) ns
Number of patients (varus/valgus) 867/96 738/77 129/19 N/A
ns not significant
Table 2 C"mP arison of Parameter Whole patients (n=963)  Female (n=814) Male (n=149) p value
anthropometric measurements
between Korean males and Mean + SD (range) Mean +SD (range) Mean +SD (range)
females Medial AP 50.5+4.0 (41.8-65.3) 49.5+3.3 (41.8-63.6)  55.9+4.0 (42.7-653)  <0.05
Lateral AP 44.4+3.6 (36.2-57.4) 43.4+2.8 (36.2-52.6) 49.6+3.1 (39.6-57.5) <0.05
M vs L:<0.05 M vs L: <0.05 M vs L: <0.05
Medial WD 28.1+3.4 (14.440.2) 27.7+3.3(144-39.7)  29.9+3.2(20.9-40.2) <0.05
Lateral WD 27.2+3.1(20.440.5) 26.6+2.5(20.4-38.2)  30.9+2.9(22.3-40.5) <0.05
M vs L:<0.05 M vs L: <0.05 M vs L: <0.05
Medial WD/AP  55.6+6.0 (29.2-73.1) 56.0+6.1(29.2-73.1)  53.5+4.8 (40.7-66.5)  <0.05
Lateral WD/AP  61.4+4.8 (44.9-80.2) 61.2+4.8(44.8-80.2) 62.4+4.8(48.5-73.8) <0.05
M vs L: <0.05 M vs L: <0.05 M vs L:<0.05
Medial AP/WD  1.8+0.2 (1.4-3.4) 1.8+£0.2 (1.4-3.4) 1.9+0.2 (1.5-2.5) <0.05
Lateral AP/WD  1.6x0.1 (1.3-2.2) 1.6+£0.1 (1.3-2.2) 1.6+0.1 (1.4-2.1) <0.05
Mvs L:<0.05 M vs L:<0.05 M vs L:<0.05
a - Female M Preservation AAccuris XAdvance XM/G @ Zuk b - Male MWPreservation AAccuris XAdvance XM/G @ Zuk
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Fig.2 Comparison of anteroposterior (AP) and mediolateral dimensions (WD) between the five conventional UKA designs and the tibia medial
compartments of a female and b male patients
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Fig.3 Comparison of anteroposterior (AP) and mediolateral dimensions (WD) between the five conventional UKA designs and tibia lateral

compartments of the a female and b male patients
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Fig.4 Comparison of aspect ratio (WD/AP%) between the five conventional UKA designs and measured values of a tibia medial and b tibia

lateral compartments

the medial and lateral condylar aspect ratios was seen in the
morphologic data, as the AP dimension increased, irrespec-
tive of gender (Fig. 4).

None of the five tibial medial components had a declining
change in the aspect ratio as the AP dimension increased.
The aspect ratio in the lateral tibial condyle was significantly
greater than that in the medial tibial condyle (P <0.05).
In addition, the aspect ratio among the male subjects was
significantly greater than that among the female subjects
(P<0.05).

Discussion

The most important finding of this study was the gender-
related difference in the medial-lateral tibial condyles.

The AP dimension and WD were significantly greater
in male than in the female patients. The medial tibial con-
dyle was significantly greater than the lateral tibial con-
dyle in both the male and female patients. In addition,
some prosthetic designs had morphologic data specifically

well-matched with each gender and medial or lateral side.
To design a unicompartmental tibial component suitable for
most Korean populations, morphological data on the medial
and lateral tibial condyles were evaluated. In the medial and
lateral condyles, the AP dimension and WD were measured
on the resected surface.

The variability of the tibial plateau anatomy may result in
difficult optimization for coverage and preventing significant
implant overhang or undercoverage with the conventional
UKA [5]. Proper selection of patients and implants to pro-
vide the best fit to the resected surface plays a significant
role in obtaining successful long-term UKA outcomes. In
UKA, the geometry of the tibial component should match
the resected surface as closely as possible to obtain the best
stability and load transfer [21]. Previous studies have shown
that overhang of the tibial component can lead to signifi-
cant clinical issues with pain and impingement. Chau et al.
demonstrated that in partial knees, patients with significant
overhang have an increased risk for worse knee and pain
scores post-operatively [7]. In addition, a previous study
showed that the medial collateral ligament load was twice

@ Springer



1794

Knee Surgery, Sports Traumatology, Arthroscopy (2020) 28:1789-1796

greater when overhang was >?2 mm; this further suggests
that the excess strain may lead to chronic pain issues, which
ultimately can cause revision [13]. Thus, the anthropometric
data of the resected medial and lateral tibial condyles must
be collected to design the proper tibial component in spe-
cific populations. The Asian population is known to have a
smaller build and stature than the Western population [29].
However, most of the conventional UKA prostheses cur-
rently used are designed to match the build of Westerners.

In addition, no studies have investigated the design of
the tibial component in the Asian population based on the
anthropometry of the resected medial and lateral tibial
condyles.

Both the AP dimension and WD were larger in
the male patients than in the female patients. In our
study, the AP dimension and WD were 50.5 +4.0 and
28.0+ 3.3 mm, respectively, which were slightly larger
than those obtained by Surendran et al. [28] (47.1+4.1
and 24.8 +2.5 mm, respectively) and Cheng et al. [8]
(49.8 £3.7 and 28.2 +2.2 mm, respectively), but smaller
than those obtained by Servien et al. [27] (50.8 £3 and
28.8 +3 mm, respectively for the WD) in the medial tibial
condyle. However, the AP dimension and WD are similar
to those in previous studies. In addition, a previous study
[11] showed that an asymmetric UKA design with varied
sizes and shapes can make the implant edge lay well on
the cortical bone. Our results showed that the medial and
lateral tibial condyles were asymmetrical. The AP dimen-
sion and WD in the medial tibial condyle were greater than
those in the lateral tibial condyle, except for the WD in the
male patients. Such a trend was also found in the previous
study [27]. To investigate whether the medial tibial com-
ponent of UKA is suitable for the Korean population, the
aspect ratio of the tibia; the medial and lateral tibial condy-
lar aspect ratio (WD/AP%) progressively decreased as the
AP dimension increased, were evaluated, and similar data
were obtained as those in previous studies [8, 28]. None of
the five currently used prostheses had a declining change
in the aspect ratio as the AP dimension increased. It was
suggested that redesigning the UKA for the Korean popu-
lation based on their unique morphological properties may
lead to a better outcome. The aspect ratios (WD/AP%) in
the female and male patients in our study were 56.0 +£6.1
and 5.3 +4.7, respectively. In the previous study [8], the
aspect ratio was 57.5+5.9 and 56.1 +5.6, respectively.
A gender-related difference in aspect ratio was found in
the present study as well as in previous studies [8]. Ana-
tomically, the shape of the medial tibial plateau is differ-
ent from that of the lateral tibial plateau. Owing to the
difference in aspect ratio (AP/WD%) between the medial
and lateral plateaus at the resection level, some implant
designs may lead to WD overhang while obtaining good
AP coverage. The aspect ratios (AP/WD%) of the medial
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and lateral tibial condyles were 1.8 +0.2 and 1.6 +0.3,
respectively. In the study by Sevien et al., the ratios were
1.8+0.1 and 1.6 +0.1, respectively. Bare et al. [1] recom-
mended the use of different components on the lateral side.
In a previous study, the results of lateral UKA are as good
and reliable as those of medial UKA [26]. When the popu-
lation data were compared with those obtained using the
conventional design for the tibial components, WD over-
hang was found in three products for males and two prod-
ucts for females, for all the comparative AP dimensions in
the medial tibial condyle. The need for smaller-sized UKA
tibial components was demonstrated in the medial tibial
condyle in our population group. Such results are similar
to those of previous studies that showed that the medial
tibial component UKA is suitable for the Asian population
[8, 28]. The Preservation design followed the morphologi-
cal data closer, although it showed WD undersizing for the
smaller AP dimensions and WD overhang for the larger
AP dimensions in the medial tibial condyle [28].

In the study by Surendran et al. [28], the Preservation
design followed the population anatomy more closely for the
medial plateau. In another study, Oxford and ZUK showed
a shape closest to that of the tibial cut on the medial plateau
[27]. An interesting finding was obtained from the lateral
tibial condyle. Unlike in the medial tibial condyle, WD
underhang was found in two products for male and three
products for females, for all the comparative AP dimensions
in the lateral tibial condyle. In addition, the Advance design
was found to follow the morphological data closer than did
the other designs in the lateral tibial condyle in the females,
while the M/G design followed data closer in the males.
Accordingly, some implant designs can be more suitable for
the lateral compartment or a specific gender.

This implies that for a given increase in the AP dimen-
sion of the resected medial and lateral tibial condyles, the
corresponding increase in the WD dimension is lesser in
the Korean population, unlike the relatively equal increase
in the AP dimension and WD of the conventional UKA tib-
ial component designs that lead to size mismatch. In other
words, the size mismatch between the conventional designs
and population data was due to their relatively constant con-
dylar aspect ratio as compared with its declining ratio in the
population data.

In terms of clinical relevance, the present study findings
could help surgeons understand some cases of failure. In
some patients, the tibial component may have WD overlap-
ping in medial UKA. This may be a cause of pain due to
soft tissue impingement. Subsidence and aseptic loosening
of the tibial tray are the most common reasons for revision
with UKA as some reports show a failure rate as high as 25%
attributed to aseptic tibial loosening [4, 10, 12]. In addition,
this study suggests that the shape of the medial tibial plateau
is different to the shape of lateral plateau, which can lead
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to mediolateral overhang for medial UKA in attempting to
optimize AP coverage.

To the best of our knowledge, a direct causal link between
undercoverage, which could lead to tibial implant fixation
on softer cancellous bones, and tibial loosening or subsid-
ence was not shown in any study; it has been suggested as
a contributing factor to aseptic loosening in both UKAs
[7, 11] as the cancellous bone is less able to support the
loads placed on the implant [16]. Some reports have shown
gender-related differences in the morphology of the knees
[8, 18, 19]. In this study, the male patients had larger aspect
ratios than the female patients. These results suggest that a
gender-specific prosthetic design may be able to achieve a
better outcome in UKA. Thus, whether to design gender-spe-
cific knee prostheses remains controversial. Theoretically, a
gender-specific design could improve the anatomical match
between the bone and the prostheses and avoid medial soft
tissue impingement, but the clinical outcome of a gender-
specific design requires further study. In addition, medial
and lateral UKAs were suggested to be developed separately.

This study has some limitations. First, MRI was used
to develop the 3D representation of the proximal tibia in
this study, which may have led to errors in the computation
model. Nevertheless, MRI allows for the reconstruction of
the soft tissues, such as the articular cartilage and the inac-
curacy of the 3D reconstruction could be reduced using a
protocol described in a previous study [17]. Second, only
one resected surface in the medial and lateral tibial condyles
was measured in this study. However, this study emphasized
that the basic anthropometric data for the resected medial
tibial condyle were based on the commonly performed prox-
imal tibial resection thickness and inclination values. Further
studies are needed to achieve detailed analyses of UKA-
related anthropometry at different levels of the cutting thick-
ness in the medial and lateral condyles. Third, this study
does not report post-operative clinical outcomes, as patients
with UKA implants were not examined. Nevertheless, our
findings provide valuable information for the development
of UKA that are clinically well-matched to the Korean mor-
phology and for the establishment of preoperative guidelines
related to the choice of prosthesis.

Conclusions

The present study highlights the finding that conventional
UKA designs lead to size mismatch in the Korean popula-
tion. This study may show important references on proper
gender-specific UKA tibial prostheses with different aspect
ratios (WD/AP%) for the Korean population. In addition,
the AP dimension and WD in the lateral and medial tibial
condyles are significantly different; thus, lateral UKA is spe-
cifically necessary.
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