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Abstract

Purpose An unnatural design of the sagittal geometry of
the femoral trochlea may cause abnormal patellofemoral
kinematics and complications after knee arthroplasty. Most
previous studies examined the sagittal curvature of the
femoral trochlea on 2D parasagittal planes, which may not
represent the true sagittal curvature of the complex 3D
femoral trochlea.

Methods The current study evaluated the sagittal geom-
etry of the femoral trochlea of 100 healthy Chinese subjects
(50 women and 50 men) with 3D analysis. A close-fit
sphere was generated on the surface of the medial and
lateral trochlear articular surface, respectively. The radii of
the spheres represented the sagittal radii of the femoral
trochlear sagittal curvature. A cylinder was then estab-
lished and its radius was adjusted to allow the deepest
points of the curved trochlear groove touching the cylin-
drical surface. The radius of the cylinder represented the
sagittal radius of the trochlear groove.

Results In the men, the average radii of the curvature of
the femoral trochlea were 18.8 & 2.5 mm and 25.5 £
2.8 mm for the medial and lateral femoral trochleas,
respectively. In the women, the average radii of the cur-
vature of the femoral trochlea were 20.2 + 3.0 mm and
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26.6 & 2.7 mm for the medial and lateral femoral troch-
leas, respectively. The average radius of the cylinder of the
trochlea groove was 19.6 £ 2.0 mm with a circular arc of
123.2° £ 13.0° in the men. In the women, the radius was
20.2 £ 1.7 mm with a circular arc of 127.9° £ 11.7°.
Conclusion The present study provided a reliable and
consistent assessment of the sagittal geometry of the fem-
oral trochlea in the Chinese population. The results of the
current study may be helpful to improve the understanding
of the knee kinematics and develop the physiological knee
prostheses.

Keywords Femoral trochlea - Femoral trochlear groove -
Sagittal curvature - Knee arthroplasty - Chinese population

Introduction

The abnormal patellofemoral kinematics and complications
after knee arthroplasty have been attributed in part to the
unnatural design of the sagittal geometry of the femoral
trochlea [2, 7, 24]. For instance, Heinert et al. [11] found
that the sagittal radius of the trochlear groove of some total
knee arthroplasty (TKA) component was 40 £ 6 mm,
significantly larger than the 23 & 2 mm measured in the
natural knees. The design of the femoral trochlea is
the main determinant of the patellofemoral outcome in the
TKA [14, 15, 20], and an inappropriate radius of the cur-
vature of the femoral component design may cause patellar
catching, maltracking, or abnormal pressure distributions
[9, 17], particularly when the natural patella is retained
during the TKA [11].

Many studies have investigated the geometry of the
femoral trochlea; however, the majority of them focused on
the depth and orientation of the trochlear groove in the
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transverse or coronal plane [1]. A few studies evaluated the
sagittal curvature of the femoral trochlea with the projected
images of the trochlea on to the parasagittal planes [26], or
the parasagittal sections of the human knees [21]. How-
ever, the femoral trochlea is a complex 3-D structure and
the measurements with the above methods depend on the
measuring coordinate system and the direction of the
slicing plane, resulting in great variability among the study
results. For example, it has been widely recognized that the
trochlear groove is bilinear in the coronal plane, with the
distal half oriented 0.2° £ 2.8° laterally and the proximal
half oriented 4.2° + 3.2° medially relative to the
mechanical axis of the femur [3], covering a width about
4% of the epicondylar width or around 3 mm in the
mediolateral direction [3, 22]. Therefore, it seems impos-
sible to measure the sagittal radius of the trochlear groove
in a consistent way when using single circular arcs [24, 27],
since slicing a cylinder at different oblique angles produces
variable elliptic arcs [24].

The primary aim of the study was to define the sagittal
geometry of the femoral trochlea based on 3-D analysis. It
was hypothesized that the best-fit spheres could be made to
match the articular surface of the medial and lateral trochlea,
and a cylinder existed that allowed the whole path of the
trochlear groove to spread on the cylindrical surface [12].

Materials and methods

One hundred healthy Chinese subjects (fifty men and fifty
women) were recruited for this study after obtaining
informed consent from the subjects and approval by the
institutional review board. The median age was 44 (range,
33-56) years for the female subjects and 51 (range, 30-60)
years for the male subjects. The median weight was 62
(range, 43-76) kg for the female subjects and 70 (range,
45-90) kg for the male subjects. The median height was
160 (range, 150-175) cm for the female subjects and 171
(range, 162-190) cm for the male subjects. Both knees of
each subject were studied. All the knees included in this
study were healthy and without any symptoms of soft tis-
sue injuries or osteoarthritis. This was verified both via
clinical examination and examination of CT images. Indi-
viduals with previous knee trauma, knee pain, and other
chronic diseases of the musculoskeletal system were
excluded from the study.

Creation of 3D knee model
Computed tomography scanning was performed for both

femurs of each subject using a helical CT scanner (Light
Speed 16, GE Medical System, USA). During the scan, the
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subject was supine with his or her knees in a relaxed and
extended position. The scanning procedure was performed
to acquire 0.625 mm CT slices (resolution 512 x 512
pixels) with a field of view of 360 x 360 mm around knee
joint. The CT images were then imported into the Mim-
ics10.01 medical imaging program (Materialise, Leuven,
Belgium) for use in conducting 3-D reconstruction of the
geometric pattern of the skeleton knee model [25].

Measurements of the sagittal curvature of the femoral
trochlea

For the convenience of the study on the particular region of
the femoral trochlea, the images of the patella and tibia
were deleted in all the 3D knee models, leaving only the
distal femur. The smooth osseous femoral trochlea, which
started from the most anterior prominence of the femoral
trochlea and end at the normal indentation where the
anterior horn of the meniscus articulates with the femoral
condyle at full knee extension [26], was clearly demon-
strated (Fig. 1). A close-fit sphere was generated on the
surface of the medial and lateral trochlear articular surface,
respectively. The radius of the medial or lateral sphere
represented the sagittal radius of the medial or lateral
trochlear sagittal curvature, respectively. The line con-
necting the centers of the two spheres was defined as the
trochlear axis (Fig. 2). The femur was then placed to make
both the tangent line of the posterior femoral condyles and
the anatomical axis of the femoral shaft to be horizontal.
Then, the anteroposterior dimensions of the medial (MAP)
and lateral (LAP) femoral condyles were measured,
respectively (Fig. 2). The values of the sagittal radii of the
medial and lateral femoral trochlea were normalized by the
anteroposterior dimension of the medial and lateral femoral
condyles, respectively.

Measurements of the sagittal curvature of the femoral
trochlear groove

The curved path of the trochlear groove was defined by
tracing the deepest points of the trochlear groove with the
software (Fig. 3). A cylinder was then established with its
axis (trochlear groove axis) parallel to the femoral trochlear
axis (the line connecting the centers of the two best-fit
spheres of the medial and lateral femoral trochlea), and its
radius was adjusted to allow the deepest points of the
trochlear groove touching the cylindrical surface (Fig. 3).
The radius of the cylinder represented the sagittal radius of
the trochlear groove. The values of the radii were nor-
malized by the anteroposterior dimension of the lateral
femoral condyle.
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Femoral trochlea

Fig. 1 The region of the femoral trochlea was defined on the 3D
model of the distal femur. A close-fit sphere was generated on the
surface of the medial and lateral trochlear articular surface, respec-
tively. The line connecting the centers of the two spheres was defined
as the “trochlear axis”

Fig. 2 The radius of the medial or lateral sphere represented the
sagittal radius of the medial or lateral trochlear sagittal curvature,
respectively. MAP/LAP medial/lateral anteroposterior dimension of
the femoral condyle

Two coronal planes, which contained the most proximal
and the most distal points of the trochlear groove, respec-
tively, were made around the trochlear groove axis. The
sector angle between the two planes represented the arc
angle of the trochlear groove.

All of the measurements were finished by one surgeon to
eliminate the interobserver bias. To assess the repeatability
of the measurements, each parameter was measured three
times in one randomly selected femur. The standard devi-
ation of the three measuring trials was determined and used
to represent the repeatability of the measurement.

Statistical analysis

A Student’s t test was performed to determine if the sagittal
curvature of the femoral trochlea was statistically different
between the women and men, and between the medial and
lateral sides. The differences of average age, weight, and
height between the men and women were also analyzed with
Student’s ¢ test. A P value of less than 0.05 was considered to
indicate statistical difference. Best-fit lines representing the
relationship between the anteroposterior dimension of the
femoral condyle and the sagittal curvature of the femoral
trochlea were calculated using least-squares regression.

Results

The differences of average age, weight, and height between
the men and women were all significantly different by
Student’s ¢ test (P < 0.01).

In the men, the radii of the curvature of the femoral
trochlea were 18.8 + 2.5 and 25.5 + 2.8 mm for the medial
and lateral femoral trochleas, respectively (Table 1). In the
women, the radii of the curvature of the femoral trochlea
were 20.2 £ 3.0 and 26.6 + 2.7 mm for the medial and
lateral femoral trochleas, respectively (Table 1). In both the
men and women, the differences between the medial and
lateral femoral trochleas were statistically significant before
and after normalization by the anteroposterior dimensions of
the medial and lateral femoral condyles, respectively
(P < 0.01) (Table 1). Additionally, the radii of the curvature
of the medial and lateral femoral trochleas of the women
were statistically significant larger than those of the men
before and after normalization by the anteroposterior
dimensions of the femoral condyles (P < 0.01) (Table 1).
However, the morphological data showed a progressive
decline in the sagittal radii of the femoral trochlea with
increasing anteroposterior dimensions of the femoral con-
dyles in both genders (Fig. 4). The lines representing the
change in the sagittal radii of the femoral trochlea with
increasing anteroposterior dimensions of the femoral con-
dyles for the women and men were nearly coincident.
Therefore, the differences in the sagittal radii of the femoral
trochlea between the genders may be caused by the fact that
the average femoral size of the women was generally smaller
than that of the men.
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Fig. 3 The measurements of the sagittal curvature of the trochlear
groove. a The curved path of the trochlear groove was defined by
tracing the deepest points of the trochlear groove. A cylinder was
established with its axis (trochlear groove axis) parallel to the femoral
trochlear axis, and its radius was adjusted to allow the deepest points
of the trochlear groove touching the cylindrical surface. The radius of
the cylinder represented the sagittal radius of the trochlear groove.

The radius of the cylinder of the trochlea groove was
19.6 £ 2.0 mm with a circular arc of 123.2° 4 13.0° in the
men. In the women, the radius was 20.2 £ 1.7 mm with a
circular arc of 127.9° £ 11.7°. The difference of the sagittal
radius of the trochlear groove was statistically significant
between the men and women before and after normalization
by the anteroposterior dimension of the lateral femoral
condyle (P < 0.05). However, this difference was also
caused by the differences of femoral sizes between the
women and men (Fig. 5). The difference of the circular arc
angle of the trochlear groove between the men and women
was statistically significant (P < 0.05) (Table 2).

The repeatability of the measurements was 0.2 and
0.2 mm for the sagittal radii of the medial and lateral
femoral trochleas, respectively; 0.3 and 0.3 mm for the
anteroposterior dimensions of the medial and lateral fem-
oral condyles, respectively; 0.3 mm for the femoral groove
radius and 0.4° for the femoral groove arc angle.

Discussion

The most important findings of the present study were that
the sagittal articular curvature of the femoral trochlea could

(“Femoral trochlear axis” is the line connecting the centers of the
best-fit spheres of the medial and lateral femoral trochlea. “Trochlear
groove axis” is the axis of the best-fit cylinder of the trochlear
groove). b The medial femoral condyle was resected to show the
trochlear groove and the best-fit cylinder. The arc angle of the
trochlear groove was also showed

be appropriately described by the best-fit spheres for the
medial/lateral trochlea, and a cylinder existed that allowed
the curved path of the trochlear groove to spread on the
cylindrical surface.

The previous studies usually measured the sagittal pro-
files of the femoral trochlea with the projected contours of
the trochlea on to the parasagittal planes [26], or the
parasagittal sections of the human knees [21]. However,
the shape of the distal femur was trapezoidal with the
medial and lateral femoral condyles running obliquely and
converging anteriorly to form the trochlea [6, 16]. The
measurements based on the 2D images depend on the
measuring coordinate system or the direction of the slicing
plane. Our previous study measured the sagittal curvature
of the trochlea in the 2D parasagittal plane which was
perpendicular to the femoral transepicondylar axis. The
results showed that the radii of the curvature for the medial
and lateral trochlea of the Chinese men were 18.1 + 3.3
and 28.3 £ 1.9 mm, respectively, and 14.5 + 2.9 and
249 + 2.1 mm for the medial and lateral trochlea in the
Chinese women, respectively. After standardization by the
anteroposterior dimension of the lateral femoral condyle,
the radius of the medial trochlea of the men was signifi-
cantly larger than that of the women [26]. Siu et al. [24]

Table 1 Sagittal radius of the curvature of the lateral/medial femoral trochlea

RI (mm) Rm (mm) RI/LAP (%) Rm/MAP (%) P value
(range) (range) (range) (range) (RI/LAP vs.
Rm/MAP)
Male 25.5 + 2.8 (18.8-30.7) 18.8 £ 2.5 (13.2-25.4) 38.9 + 4.7 (27.3-49.3) 30.3 £ 4.4 (19.043.0) <0.01
Female 26.6 + 2.7 (20.5-35.8) 20.2 £ 3.0 (13.0-28.2) 44.8 + 4.9 (35.5-60.4) 36.0 £ 5.9 (20.9-52.6) <0.01

P value (male vs. female) <0.01 <0.01

<0.01 <0.01

RI radius of curvature of the lateral femoral trochlea, Rm radius of curvature of the medial femoral trochlea, LAP anteroposterior dimension of the
lateral femoral condyle, MAP anteroposterior dimension of the medial femoral condyle

@ Springer



Knee Surg Sports Traumatol Arthrosc (2012) 20:957-963

961

+ Female + Male

Linear (Female) = = -Linear (Male)

Rm/MAP

0.15 T T T T d
50 55 60 65 T0 75
MAP (mm)
b 0. 65 1
0.55 1 . o ~
o 0.45- v
< . o e’
"‘:I-.. ¢ oo‘ * *a ‘.-v‘.o
= . ~0, Lo T f" -,
0.35 L M S
. . s "
-
0.25 1
0.15 T T T T 1
50 55 60 65 T0 75
LAP (mm)

Fig. 4 The morphological data showed a progressive decline in the
sagittal radii of the femoral trochlea with increasing anteroposterior
dimensions of the femoral condyles in both genders. The lines
representing the change in the sagittal radii of the femoral trochlea
with increasing anteroposterior dimensions of the femoral condyles
for the women and men were nearly coincident

¢+ Female + Male Linear (Female) = = -Linear (Male)
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Fig. 5 The morphological data showed a progressive decline in the
radii of the femoral trochlear grooves with increasing anteroposterior
dimensions of the femoral lateral condyles in both genders. The lines
representing the change in the radii of the femoral trochlear grooves
with increasing anteroposterior dimensions of the femoral lateral
condyles for the women and men were nearly coincident

reported that for a nominally sized distal femur of 85 mm
in mediolateral and 73 mm in anteroposterior dimensions,
the radius of curvature for the medial and lateral femoral

trochlea was 27.8 and 24.0 mm, respectively. The current
study used best-fit spheres to describe the articular shape of
the trochlea, showing that the radii of the curvature of the
femoral trochlea in the men were 18.8 £ 2.5 and 25.5 £
2.8 mm for the medial and lateral trochlea, respectively,
and were 20.2 &+ 3.0 and 26.6 £ 2.7 mm for the medial
and lateral trochleas in the women, respectively. Similar to
the method used in the current study, Zoghi et al. [27]
showed that the lateral trochlea could be approximated to a
cylinder with an average radius of 26 mm, but they only
examined four cadaveric human knees. Iranpour et al. [13]
used best-fit spheres to describe the distal femoral con-
dyles. The differences among the studies may be due to the
variations in the reference axis, measuring method, the
racial differences in the distal femoral shape, and the dif-
ferent sample sizes. An inappropriate radius of curvature
design may cause patellar catching, maltracking, or
abnormal pressure distributions and contact locations in the
patellofemoral arthroplasty or TKA [9, 17], particularly
when the natural patella is retained during the surgery [11].

The present study also confirmed that the radii of the
lateral femoral trochlea were significantly larger than that
of the medial trochlea in both the men and women, which
seemed to be a reasonable arrangement. During knee
flexion, the resultant force vector from the quadriceps
muscle and the patellar tendon, combined a force compo-
nent caused by the Q angle, tend to pull the patella pos-
teriorly and laterally. Theoretically, a larger radius of the
articular surface of the lateral trochlea would allow greater
patellofemoral contact area and more smooth patellofe-
moral tracking during the knee flexion [1, 19].

Lots of studies have reported the depth and orientation of
the trochlear groove in the transverse or coronal plane [1].
Only a few studies evaluated the sagittal geometry of the
femoral trochlear groove [8, 24]. Iranpour et al. [13] found
that the trochlear groove could be fitted accurately to a
simple circle, which had an average radius of 23 & 4 mm
(range, 16-34 mm). The same authors also found that the
path of the center of the patella was circular after the patella
engaged with the trochlear groove, and the radius of the
circle fitted to the center of the patella was 44 £ 2.9 mm
[12]. Elias et al. [8] examined the distal femur roentgeno-
graphically in the lateral plane, reporting that the radii of the
patellar groove averaged 24 mm with the arc angle of 90
degrees. Zoghi et al. [27] examined four cadaveric human
distal femurs, showed that the intertrochlear portion could be
modeled using an oblique cylinder with an average radius of
22 £+ 4 mm. The current study also found that a cylinder
could be made to allow the whole path of the curved
trochlear groove to spread on the cylindrical surface, and
the radii of the cylinders averaged 19.6 + 2.0 and
20.2 £ 1.7 mm for the men and women, respectively. The
differences among the results may be due to the different
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Table 2 Sagittal radius and arc angle of the femoral trochlear groove

Groove radius (mm) (range)

Groove radius/LAP (%) (range)

Groove arc angle (°) (range)

Male
Female

19.6 + 2.1 (15.0-24.7)
20.2 £ 1.7 (16.6-24.6)

P value (male vs. female) <0.05

29.9 £+ 3.3 (22.6-36.9)
34.1 £ 3.3 (27.1-42.3)
<0.01

123.2 £ 13.0 (87.1-151.8)
127.9 £ 11.7 (97.1-151.7)
<0.01

LAP anteroposterior dimension of the lateral femoral condyle

measuring method used, the racial differences in femoral
geometry, and the different sample sizes. Most of the
modern knee prostheses had constant radius sagittally on the
trochlear surface, which is believed to allow a larger patel-
lofemoral contact area and therefore avoid excessive contact
pressures during knee flexion [4, 10, 18].

The current study had several limitations. Firstly, we
evaluated healthy knees, while in clinical circumstances
the anatomy of the femoral trochlea in patients with knee
osteoarthritis may have greatly degenerated due to the
disease progression. Another limitation was that the CT
scanned images were used to construct the 3D distal femur,
which did not contain the cartilaginous surfaces. Although
some studies have shown the geometry of the cartilage
surface differed from that of the bone in the trochlea, the
difference was small [13]. Thirdly, though the anatomical
prosthesis design of the femoral trochlea help to restore the
natural patellar tracking, the actual circularity of the
patellar path may be altered by variations on the patellar
side such as with/without resurfacing, overstuffing, or
understuffing of the joint [12]. The information of the 3D
architecture of the distal femur was relevant for the design
of the femoral component of total or partial knee prosthesis
to work toward an “anatomical” knee for replicating the
natural kinematics [5, 23].

Conclusion

The present study provided a reliable and consistent
assessment of the sagittal geometry of the femoral trochlea
in the Chinese population. The results of the current study
may be helpful to improve the understanding of the knee
kinematics and develop the physiological knee prostheses.
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