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Abstract

Purpose This study aimed to analyze the morphology of the anterior femoral condyle using a quantitative three-dimensional
reconstruction method. The morphological data were compared between genders.

Methods Computed tomography scans of femurs were taken from 90 healthy subjects and then reconstructed in 3D mod-
eling software. Coaxial cutting planes were created at 10° increments to measure the lateral and medial anterior condylar
heights (LACH and MACH, respectively), lateral and medial trochlear groove widths (LTW and MTW, respectively), and for
trochlear groove tracking. The absolute values and normalized data were compared between male and female subjects. The
sulcus angle and deepest point of the trochlear groove at each cross-section were also analyzed to determine the differences
in the depth of the trochlear groove.

Results The absolute dimensions of LACH, MACH, LTW, and MTW were significantly smaller in the female subjects, by
10.5%, 36.9%, 10.3%, and 11.0%, respectively, than in the males (p <0.05). After normalization, no significant difference
was found in the condylar height between the genders. However, the female subjects had a significantly larger value of
approximately 7.9% for the normalized trochlear width.

Conclusion Male subjects had greater condylar heights and widths than the female subjects. Although the trajectory of the
trochlear groove varied greatly among the subjects, the trochlear groove appeared to be wider and shallower in the female
subjects than in the male subjects. These results provide important information for the design of femoral trochlea to fit Asian
female patients.

Level of evidence III.
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Introduction

Mapping the morphology of skeletal bone provides impor-
tant information for designing orthopedic prostheses. As
such, variations in the morphology of the knee between
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males and females have been extensively researched [11,
16, 19-22]. Three characteristic features of female knees
that are different from those of males knees include an
larger Q-angle, less observable prominence of the femoral
trochlea, and a lower mediolateral (ML) to anteroposte-
rior (AP) femoral condylar aspect ratio [10, 11, 16, 31].
Therefore, given such differences, gender-specific implants
should be considered when developing contemporary knee
prostheses [10, 17, 20].

Most studies on knee morphology used radiographic
images or magnetic resonance imaging (MRI) to evalu-
ate gender differences in the morphology of the anterior
femoral condyle and trochlea [7, 8, 20, 29]. However, the
femoral trochlea comprises a complex three-dimensional
(3D) geometry, the curvature and trajectory of which can-
not be accurately measured via two-dimensional images.
More recent studies introduced reverse engineering tech-
niques [3, 24, 25], such as image processing and computer-
aided design, to reconstruct a 3D geometrical models for
measuring morphological parameters. Such methods pro-
vide more accurate geometry and curvature data than two-
dimensional measurements.

Using detailed 3D models, accurate measurements of
the geometry of the anterior condyle and trochlear groove
can be obtained at different flexion angles to represent
the complete shape of the femoral trochlear groove [4, 6,
13]. Pinskerova et al.’s study [28] showed that the distal
femur in Caucasian females is relatively narrower than
in males. However, no significant difference was found
after normalizing the dimensions of the femur. Some stud-
ies have further compared the knee geometry between
Caucasian and Chinese subjects and demonstrated large
dimensional differences [22, 26, 35]. Although previ-
ous studies have presented data showing differences in
trochlear groove morphology among genders and races,
morphometric parameters of the trochlear groove have
not been reported on. The trochlear groove has a complex
shape, similar to the peaks and valleys of mountains, as
shown in Fig. 1 (gray region). Although the height of the
medial and lateral condyles have been measured [6, 20,
21], to the authors’ knowledge, the mediolateral widths
between the highest points of the medial and lateral con-
dyles and the lowest point of the trochlear groove have not
been measured. Correlating the widths may be helpful to
know the lope change of the patellar groove on the ML
direction (Fig. 1b). The aim of this study was to evaluate
the relationship between the abovementioned highest and
lowest points and the width of the anterior condyle. This
information would then be used to clearly describe the
geometry of the trochlear groove on the transversal plane.
Furthermore, this study also aimed to evaluate differences
in knee morphology between the genders.
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Fig.1 a The anterior femoral condyle cut and viewed in the coronal
plane and the definition of lateral and medial condylar heights and
trochlear groove depth on the cutting plane. b The definition of lateral
and medial trochlear height and width

Materials and methods

The study was approved by the Institutional Review Board
of SCMH (IRB number: 1021004), and informed consent
was obtained from all enrolled subjects. Images were
acquired in the axial direction along the midshaft of the
femur and tibia. The inclusion criterion for this study was
healthy adult knees without any symptoms of soft tissue
injury or osteoarthritis. Individuals with a history of knee
trauma, anterior knee pain, or other chronic diseases of the
musculoskeletal system were excluded. Ninety subjects
were enrolled in this study (44 males and 46 females) out
of a pool of 108. The median age of the female subjects
was 38 years (range 20-54 years; SD 10.0) and that of
the male subjects was 37 years (range, 20-52 years; SD
9.9). The median weight of the female subjects was 56 kg
(range 37-90 kg; SD 11.6) and that of the male subjects
was 75 kg (range 53—-105 kg; SD 11.1). The median height
of the female subjects was 161 cm (range 160-170 cm;
SD 5.7), and that of the male subjects was 172 cm (range
160-185 cm; SD 5.5).

Reconstruction of the 3D knee model

Computed tomography (CT) was performed on both
femurs of each subject using a GE Light Speed 16 sys-
tem (GE Medical System, General Electric Company,
Milwaukee, WI, USA). During the scan, each subject
was requested to remain in a relaxed and extended supine
position. CT was performed using a slice thickness of
0.625 -mm (resolution 512 X 512 pixels) with a 360 X 360
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-mm field of view around the knee joint. The obtained
CT images of the knee were then reconstructed into a 3D
model of the knee.

Definition of coordinate system

Reverse engineering software RevCAD V1.50 (PouYuen
Tech Corp., Taoyuan, Taiwan) was used to measure the con-
dylar geometry on the transversal plane. This study defined
the orthogonal coordinate system based on the transepicon-
dylar axis (TEA), which is often used a reference feature for
morphological analyses and for surgery [21]. The origin of
the coordinate system was defined as the lateral end point
of the TEA. The X-axis was defined as the TEA, with the
coronal plane passing through the TEA and parallel to the
anatomical axis. The Y-axis was defined as a line parallel to
the femoral mechanical axis, which was at 6° valgus to the
anatomical axis (line along the femoral shaft) in the coronal
plane. The Z-axis was perpendicular to the X- and Y-axes.

Measurement of anterior condylar geometry

To evaluate the geometry of the anterior condyle, cutting
planes were created at 10° increments rotated along the
femoral TEA from the femoral cortex to the distal femur
(intercondylar notch) (Fig. 1a). The anterior condyle was
defined as the area of bone anterior to the anterior femo-
ral cortex [8]. The cutting curve was defined as the inter-
section between the cutting plane and the femoral model,
shown as a black bold line in Fig. 1. A cutting plane was
created on the anterior condylar to simulate the first bone cut
when performing isolated patellofemoral (PF) arthroplasty
(Fig. 1a). The height of the lateral and medial anterior con-
dyles (LACH and MACH, respectively) and height of the
anterior trochlear groove (ATGH) were measured. LACH
was defined as the distance between the highest point of
the lateral condyle and the plane referenced to the anterior
cortex of the distal femur (cutting plane in Fig. 1), MACH
was the distance between the highest point of the medial
condyle and the plane referenced to the anterior cortex of
the distal femur, and ATGH was the distance between the
lowest point of the trochlear groove and the plane referenced
to the anterior cortex of the distal femur. A positive value
of these parameters indicated that the point was higher than
the cutting plane, whereas a negative value indicated that the
point was lower than the cutting plane. The distances from
the highest eminences of the lateral and medial condyles
to the lowest point of the groove were defined as AH; and
AH,y, respectively (Fig. 1a), by Egs. 1 and 2:

AH; = LACH — ATGH, (1)

AHy; = MACH-ATGH. @)

To clearly describe the contours of the trochlear groove,
the relationship between the highest and lowest points to
the groove width was determined. The complex contours
of the anterior condyle could be simplified as peaks/val-
leys, similar to those of mountains. The peaks in the geom-
etry indicated the highest points of the medial and lateral
condyles, and the lowest point of the trochlear groove in
each cross-section was identified as a valley. In addition
to LACH and MACH, the lateral and medial trochlear
groove widths (LTW and MTW, respectively) were meas-
ured (Fig. 1b). These widths were defined as the distance
between the most anterior point of the lateral or medial
cutting curve (ridge) and the deepest point of the trochlear
groove along the X-axis. The parameters were measured at
10° increments according to the previously defined coor-
dinate system.

To eliminate the effects of knee size on the measure-
ments, normalized data were further analyzed [8]. The
anterior condylar heights were normalized by dividing the
height by the femoral AP dimension (fAP) and noted as
LACH-R, MACH-R, and ATGH-R [21]. The length of fAP
indicated the distance between the most posterior point
of the lateral condyle and the cutting plane (Fig. 1b). The
width of the anterior condylar was normalized by divid-
ing the width by the length of TEA and noted as LTW-R
and MTW-R.
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Fig.2 Measurement of the mediolateral position and orientation
of trochlear groove tracking. A roll-out projection was used to pre-
serve the length of the trochlear groove. The distance between each
trochlear groove point (/) was defined as the vertical distance on
the scheme of trochlear groove tracking. The distance (mediolateral
position) from the trochlear groove points to the mechanical axis (d)
was defined as the horizontal distance. If a point was located on the
medial side of the mechanical axis, the value was defined as positive
(d); otherwise, the value was negative (—d)
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Measurement of the trajectory of the trochlear
groove

Figure 2 shows the typical trajectory of the trochlear groove,
i.e., the connection of all projection points. Points on the
trochlear groove were traced and projected onto the XY plane
of the femur via a roll-out projection method [4]. The dis-
tance between each trochlear groove point (/) was defined
as the vertical distance on the plotted line in a proximodistal
direction (i.e., proximodistal propagation of the trochlear
groove). The distance from the trochlear groove points to the
mechanical axis (d) was indicated as the horizontal distance
in a mediolateral direction. If a point was located on the
medial side of the mechanical axis, the value was defined as
positive (d); otherwise, the value was negative (—d).

The natural orientation of the trochlear groove follows a
path that can be approximated by two consecutive straight
lines as a bilinear approximation [4, 15]. Determining the
turning point would be helpful in understanding changes in
the curvature of the trochlear groove [4]. This study ana-
lyzed the trajectory of the trochlear groove to determine
whether any difference exists between the genders (Fig. 2).
The sulcus angle was also measured at 10° increments to
understand how the angle changes. The sulcus angle was
defined as the angle formed between the lines joining the
highest points on the medial and lateral cutting curves to the
lowest point on the cutting curves (Fig. 1) [5, 20]. All data
were recorded by two authors (CP Hsu and JC Lin) to ensure
inter- and intraobserver reliability.

Statistical analysis

A Kolmogorov—Smirnov test was used to analyze whether
each set of data (AH;, AHy;, LTW, MTW, LTW-R, MTW-R,
and trochlear groove tracking) were normally distributed. If
data were normally distributed, an independent Student’s
t test was performed to determine any significant differ-
ences between the genders. If data were not -normally dis-
tributed, a Mann—Whitney U test was performed. For nor-
mally distributed data, descriptive results were presented
as means + SD. For non-normally distributed data, the
results were presented as a median and interquartile range.
A p value < 0.05 was considered statistically significant. All
statistical analyses were performed using the SPSS software
package (Version 23, SPSS Inc, Chicago, IL, USA).

A post hoc power analysis using G¥Power 3.1 (Franz
Paul, Kiel, Germany) was performed to determine the power
of the present study. Based on the results of the Student’s ¢
test regarding the difference in the femoral trochlear width
between the genders, an effect size of 0.66 was calculated.
With the underlying effect size, an a of 0.05, and a study
group of 90 subjects (male =44 and female =46), a power
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of 0.87 was calculated. The sample size was found to be
satisfactory based on the power analysis (power > 0.8).

Results
Anterior condylar geometry

The male subjects had greater absolute values of AH; and
AH,, than the female subjects (Fig. 3, Table 1). For the lat-
eral condyle, a significant difference was found between the
genders in AH| in the range of 20° to —50° (p <0.05). The
peak value of AH; occurred at 10° for both female and male
subjects. A maximum increase of 10% was found at 20° in
male subjects compared with that in female subjects. For
AH,,, there was a significant difference between the genders
in the range of —10° to —50° (p <0.05). The peak AHy,
occurred at 30° for both female and male subjects. A maxi-
mum increase of 31% was seen at 20° in male subjects com-
pared with that in female subjects. However, the difference
in the anterior condylar height was not significant between
the genders after normalization.

Regarding the trochlear width (Fig. 4), the male subjects
had greater absolute values than the female subjects on both
the lateral and medial sides. The discrepancies between the
female and male condyles on each side were larger, rang-
ing from —20° to 50° (Fig. 4a, Table 2). However, the dif-
ferences were mostly eliminated when the condylar widths
were normalized to the TEA length, particularly for the
medial condylar width (dashed lines) (Fig. 4b, Table 3).
The average TEA from the male and female subjects was
84.1+3.6 mm and 72.6 + 3.5 mm, respectively. The male
subjects had a greater absolute trochlear width than the
female subjects There were significant differences between
the genders for LTW-R in the range of —20° to 0° (Table 3)

-10° 10°

W With significant difference on lateral side  _4

With significant difference on medial side

Iy Y
— AHj of male
--- AH,; of male
Peak
8.0 value —— AH; of female
70 ‘ Anteriot _— ==- AH,yof female
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0 -20 -10 0 10 20 30 40 50
2.0 Rotate angle of cutting plane (deg)

Fig.3 AH; and AH\, in each cutting plane for male and female sub-
jects
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Table 1 AH; and AH) at each

. Cutting plane ~ AH; (mm) AH,; (mm)
cross-section angle (deg)

Male SD Female SD pvalue Male SD Female SD  pvalue
—-40 1.3 08 13 1.1  ns -08 06 -—-12 1.0 ns
-30 22 1.8 19 1.5 ns -03 04 -02 0.1 ns
-20 35 1.9 31 14 ns 02 09 0.4 02 ns
-10 44 1.8 42 1.7  ns 02 0.1 0.9 0.5  0.046*
0 52 24 48 23 ns 1.5 08 0.8 03  0.001*
10 5.8 21 54 26 ns 33 1.8 2.4 1.1 0.000%*
20 5.5 20 5.0 3.0  0.002* 42 21 32 1.7 0.000%*
30 4.9 25 44 1.9  0.001* 42 25 3.6 1.3 0.000%*
40 4.7 27 42 2.4 0.006* 42 1.8 35 1.9 0.043*
50 3.8 1.2 32 1.9  0.002* 3.7 1.2 33 20  0.028*

SD standard deviation, n.s. no significant difference

p values less than 0.05 were considered statistically significant

*Statistical significance in correlation (p <0.05)

**Statistical significance in correlation (p <0.01)

Fig.4 a Lateral and medial B Significant difference on the lateral side

trochlear groove widths and
b lateral and medial trochlear 0

groove widths of normalization _4(; 30

Significant difference on the medial side

in each cutting plane for male 50°
and female subjects LTW
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A

(p<0.05) as well as for MTW-R in the range of 10° to —20°.
Furthermore, significant gender differences were observed
for MTW-R and LTW-R at an angle of —40° near the ante-
rior cortex.

Trajectory of the trochlear groove and sulcus angle

Figure 5 describes the path of the trochlear groove, which
was initially located on the lateral side of the anterior
femur, before gradually turning to the medial side as the
angles increase, and then finally shifting to the lateral side

Aspect ratio of lateral and medial trochlear
groove width (mm)

(B)

at deep flexion angles. Both genders showed a turning
point in the trochlear groove tracking, indicating that the
trochlear groove is bilinear. The change started at approxi-
mately —20° for the male group and at — 10° for the female
group (Fig. 5). No significant difference in the trajectory
of the trochlear groove was observed between the genders.

Regarding the sulcus angle, the average angle in the
female subjects were larger than in the male subjects in the
range of —30° to— 10°. A significant difference was only
detected at — 10°. Moreover, the mean sulcus angle of the
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Table 2 Femoral trochlea width

. Cutting plane  LTW (mm) MTW (mm)
at each cross-section angle (deg)
Male SD  Female SD  pvalue Male SD  Female SD  pvalue

—-40 11.0 29 112 5.1 ns 8.1 77 92 59  0.032%
-30 13.4 08 124 23  ns 8.9 06 94 56 ns
-20 17.2 47 158 1.1 0.004* 11.8 23 110 43 ns
-10 18.7 37 177 02 0.023* 11.6 29 104 12 ns
0 20.3 22 18.6 29  0.002* 12.3 1.0 104 2.4 0.000%*
10 20.1 34 18.0 1.6 0.000%*% 15.1 48 123 2.1 0.000%*
20 19.8 07 178 3.7 0.000%%  16.0 34 136 1.7 0.000%*
30 20.6 23 179 2.5 0.000%*%  17.8 45 149 2.5  0.000%*
40 20.8 78 18.6 79  0.000%*%  17.7 55 167 43 0.000%*
50 21.9 58 19.1 2.5 0.000%*%  21.9 57 189 1.9 0.000%*
SD standard deviation, n.s. no significant difference
p values less than 0.05 were considered statistically significant
*Statistical significance in correlation (p <0.05)
**Statistical significance in correlation (p <0.01)

Table 3 The normglized data in Cutting plane LTW-R LTW-R

femoral trpchlea width at each angle (deg)

cross-section Male SD Female SD pvalue Male SD Female SD p value
—40 0.130 0.121 0.150 0.179 0.010* 0.095 0.117 0.116 0.094  0.003*
=30 0.158 0.014 0.166 0.092 ns 0.119 0.029 0.132 0.069 0.043%*
-20 0.201 0.031 0212 0.031 0.049* 0.139 0.197 0.145 0.098 ns
-10 0.227 0.041 0.243 0.030 0.021* 0.145 0.100 0.136 0.073 ns
0 0.235 0.138 0.249 0.020 0.020% 0.141 0.163 0.136 0.145 ns
10 0235 0.092 0.239 0.069 n.s 0.178 0.024 0.161 0.023  0.013*
20 0231 0.049 0.236 0.172 ns 0.195 0.124 0.180 0.132  0.032*
30 0235 0.112 0.241 0.021 ns 0.208 0.121 0.207 0.058 n.s
40 0.245 0.167 0.247 0.110 ns 0249 0.093 0.230 0.025 ns
50 0.253 0.176  0.254 0.123 ns 0262 0.134 0.257 0.114 ns

SD standard deviation, n.s. no significant difference

p values less than 0.05 were considered statistically significant

*Statistical significance in correlation (p <0.05)

female subjects appeared to be approximately 5.2° greater
than that of the male subjects (p =0.034).

Discussion

The most important finding of this study was the signifi-
cant difference in trochlear width between the genders. The
female subjects had than the male subjects after normali-
zation to TEA. The relationship of the eminences on the
lateral and medial condyles to the patellar groove was clear
in the present study. These results show definite differences
between genders in the Asian population.

A number of previous studies attempted to obtain mor-
phometric measurements of the knee joint and determine
whether any differences exist between races [22, 35] or
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genders [2, 7, 8, 21, 22]. Li et al. [22] compared morpho-
logical data between Chinese and Caucasian subjects and
found that for both groups the ratio of AP to ML dimen-
sions of the femur was smaller in females than in males
(1.22+£0.05 vs. 1.29+0.04; p<0.05 and 1.18 +0.05 vs.
1.25+0.05; p<0.05, respectively). Another study [35]
found that Chinese subjects had a lower AP:ML ratio for
the knee joint than Caucasian subjects. The abovementioned
studies recommended the development of gender- and race-
specific knee prostheses to improve patient satisfaction and
clinical outcomes.

Regarding morphological comparisons between the gen-
ders, most previous studies [7, 22, 36] reported that the abso-
lute AP and ML dimensions of the femur are larger in males
than in females and that the femoral shape in males is also
different from that in females, as determined by an analysis
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of the aspect ratio. Following on from this, other studies fur-
ther measured the detailed contours of the anterior condyle
[4, 15, 20, 34]. Koh et al. [20] recorded the trochlear mor-
phology of Korean subjects to analyze differences between
the genders using 3D MRI reconstructions of the femoral
trochlea. The authors indicated that there were significant
differences between the female and male subjects regarding
the sulcus angle and condylar height, with the former hav-
ing a larger sulcus angle and lower condylar heights on both
sides (p <0.01). However, the factor of normalization was
not considered in that study. The aspect ratio was calculated
to determine whether patient size affects the dimensions of
the anterior condyle. A significant difference (p =0.001) was
found between the genders regarding the medial condylar
height, with an average difference of 1.1 mm, while there
were no significant difference between the genders regard-
ing the lateral condylar height and condylar aspect ratio.
These results demonstrated that the anatomy of the anterior
condylar is highly variable regardless of gender and that the
aspect ratio seems to negate any difference between genders.
These findings were partly consistent with those of our cur-
rent study regarding anterior condylar height (Fig. 3). Fur-
thermore, the present study also found significant differences
between the genders for medial condylar height (»p =0.001),
but no significant difference was noted in femoral size after
normalization. Most studies of the anterior condyle mainly
focused on morphometric data for the anterior condylar
height and sulcus angle [7, 8, 16, 21], but other important
dimensions such as condylar width were often not consid-
ered. The relationship between the anterior condylar height

Medial

Lateral

and trochlear width could strongly affect the geometry of
the trochlear groove and the stability of patellar tracking.
Therefore, this study further investigated the width of the
anterior condylar to clearly understand the anterior condyle
morphology.

In the present study, a significant difference in condylar
width was noted in the range of —20° to 0° for the lateral
condyle (Fig. 4b, Table 3) and in the range of 10° to 20°
for the medial condyle. More importantly, the female sub-
jects had a larger value of normalized data than the male
subjects, particularly for the lateral condyle. The ratio of
the females’ lateral femoral trochlear width was approxi-
mately 7.9% higher than that of the males. This finding of
a smaller height and a wider angle of the groove indicates
that the anterior trochlear groove is shallower in the ML
direction in females than in males. This observation could
help explain why females have a higher incidence of patellar
instability-related complications, such as lateral tilting and
lateral subluxation [4, 30].

Complications following TKA are often related to mis-
alignment or failure of the patellofemoral (PF) joint. Given
that the trochlear groove guides the patella throughout knee
motion, its geometry plays a key role in patellar tracking and
associated complications. This study measured the trajectory
of the trochlear groove and sulcus angle at 10° increments.
The results showed that the trochlear groove trajectory goes
from lateral to medial and then backtracks to lateral, indi-
cating a turning point in the trochlear groove tracking. This
finding is consistent with a study by Barink et al. [1], dem-
onstrating that the nature of the trochlea is best described as
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bilinear. However, differences between genders regarding
the curvature of the trochlear groove has not been investi-
gated previously. The present study found that the change in
curvature was slightly different between males and females
(Fig. 5). The turning point for males occurred at approxi-
mately — 10°, whereas it occurred later at —20° for females.
This indicates that the trend of patellar tracking in the ML
direction is steeper for males than for females. However, no
significant difference in the trajectory was found between the
genders. Regarding the sulcus angle, female subjects have
greater angles than the males in the range of — 10° to—30°.
The mean sulcus angle of the female subjects appeared to
be approximately 5.2° greater than that of the male subjects
(p=0.034), which is close to the Merchant view. Using the
3D reconstructed knee model, details of the anterior flange
and trochlear groove could be easily observed to determine
any differences between the genders.

The shape of the trochlear contour in current knee pros-
theses is quite different from the anatomical contour [12].
It has been demonstrated that an inappropriate curvature
and geometry of the trochlear design may cause patellar
catching and maltracking or abnormal pressure distribu-
tion [9, 33]. Many prosthesis designs have a lateral ori-
entation of the trochlear groove, whereas others have a
symmetrical design in the ML direction. However, no knee
prostheses have accounted for the natural trochlear groove
tracking a bilinear path, even though some manufacturers
claim that their prostheses offer a design close to the ana-
tomical shape. Regarding gender-specific designs, some
manufacturers have introduced a thinner anterior flange
and a larger lateral orientation angle for female patients
[32, 37]. Such gender-specific prostheses can reduce the
chance of femoral component overhangs. The clinical
results of gender-specific designs vary in the Western
population and do not seem to produce satisfactory results
to support the benefits of female-specific knee prostheses
[8, 10, 27]. It has also been reported that females have
a narrower femoral condyle than males and that Cauca-
sian males have a narrower femoral condyle than Chinese
males [22]. The trend of measurements obtained in the
above study was similar to that in this current study, but
the measurements obtained in this study were smaller
(Fig. 6). We assumed that the thinner anterior flange in
gender-specific knee prostheses could be beneficial for
Asian females due to their smaller femoral size [7, 22,
36] and thinner patella compared with Caucasian females
[18]. However, the reported clinical results remain insuf-
ficient to support the advantage of using gender-specific
knee prostheses in Asian females.

Further biomechanical studies are required to investigate
whether a conventional or gender-specific design offers
superior kinematics and joint stability. Furthermore, there
is controversy around whether patellar resurfacing is suitable
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rior condylar height (MACH) as well as gender differences in the
anterior condylar geometry

if a different trochlear groove design is chosen. In our previ-
ous biomechanical study [14], we compared the stress/strain
distribution on the PF joint with an anatomical V-shaped and
dome-shaped femoral component. The stress distribution
was highly affected by the femoral contour design, with the
V-shaped trochlear groove reducing the compressive strain
on the unresurfaced patella. Thus, we recommended that
when resurfacing the patella, a femoral component with a
dome-shaped design might reduce the strain on the remain-
ing patellar bone. Another study evaluated the geometry
of the anterior flange of a femoral component and found
that the flange shape only affected the conformity of the PF
joint when articulating with the native patella [23]. Thus,
the authors suggested that a more anatomical design of the
femoral component is preferable if the surgeon decides not
to resurface the patella. As the morphology of the anterior
condyle is complex, with major differences between indi-
viduals, there is still room for improvement in the design of
the trochlear groove to achieve better results with total knee
and partial PF replacements.

Some limitations of this study should be mentioned. First,
this study analyzed a bone surface model of the knee, ignor-
ing cartilage thickness. However, although the geometry of
the cartilage surface is different from that of bone in the
trochlea, the difference is small [15, 29]. Second, this study
observed significant differences in the morphology of the
distal femur between the genders, but further investigation
is required to determine whether these differences have any
clinical impact. Third, this study measured the PF geometry
only in healthy knees, while knees with an abnormal anterior
condylar geometry were not considered. Future investiga-
tions may consider analyzing both normal and abnormal/
diseased joints. Despite the abovementioned limitations, we
believe that the results of this study provide useful infor-
mation regarding the detailed morphology of the anterior
femoral condyle.
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Conclusion

In this study, male subjects had greater condylar heights
and widths than the female subjects. Although the trajec-
tory of the trochlear groove varied greatly between indi-
viduals, the trochlear groove appeared to be wider and
shallower in females than in males. These results provide
information on the morphology of the anterior condyle
and can be used for improving the design of the trochlear
groove in knee prostheses.
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