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Summary

Objective: The patellofemoral joint is an example of an incongruent articulation commonly affected by osteoarthritis (OA). The relationship
between femoral sulcus angle and the development and progression of patellofemoral OA is unclear. The aim of this study was to examine
the relationship between the femoral sulcus angle at baseline and patella cartilage volume at baseline and at 2-year follow-up among
community based adults with established knee OA.

Methods: One hundred subjects had magnetic resonance imaging of their symptomatic knee at baseline and at 2-year follow-up. From these
images, patella cartilage volume was determined. Radiographic skyline views of the patellofemoral joint were taken at baseline to measure the
femoral sulcus angle.

Results: For every 1� increase in the femoral sulcus angle (i.e., as the sulcus angle became more shallow) there was an associated 9.1 mm3

(95% CI 3.1, 15.0) increase in medial patella cartilage volume at baseline (P¼ 0.003). There was a similar trend that approached statistical
significance between the femoral sulcus angle and the lateral patella facet cartilage volume at baseline (P¼ 0.09). There was no association
between the femoral sulcus angle at baseline and the change in patella cartilage volume over 2 years in either patellofemoral compartment.

Conclusion: These results infer that the femoral sulcus angle is a cross-sectional determinant of the amount of patella cartilage, but is not
a major determinant of the annual change of patella cartilage volume among people with knee OA. These data suggest that a shallower sulcus
in the context of established OA may be an advantageous anatomical variant. Further longitudinal studies are required to determine the role of
the femoral sulcus angle in OA.
ª 2007 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Introduction

The patellofemoral joint, which is formed by the articulation
between the irregularly shaped under-surface of the patella
and the femoral trochlear groove, is one example of an in-
congruent joint that is commonly affected by painful and dis-
abling pathological processes such as osteoarthritis (OA)1.
Incongruent joints sacrifice stability for mobility, and as
a result, are commonly affected by pathological processes.
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In particular, the larger lateral patellofemoral compartment
is most commonly affected by OA2e4.

Of the bony landmarks along the trochlear groove, the
femoral sulcus angle, which forms an articular surface for
the patella between the medial and lateral femoral condyles,
has been recognised as an important factor in patellofemoral
stability2,5. Nevertheless, no study has examined the femoral
sulcus angle in the context of patellofemoral OA. One reason
for this paucity of data may have arisen because of the
difficulty in obtaining valid and reliable measures of patello-
femoral joint structure, namely cartilage volumes that are
sensitive to change. Radiographic quantitation of patellar
cartilage, approximated by radiographic joint space, is unreli-
able when assessed longitudinally by either the skyline or lat-
eral views, since these views may be affected by knee
position, patellar tilt and subluxation6,7. Moreover, indirect
examination of the radiographic joint space width as a surro-
gate for patellofemoral cartilage has proven to be problem-
atic, unless joint space narrowing is very severe8. In
contrast, magnetic resonance imaging (MRI) enables patel-
lar cartilage to be directly assessed9e11. Another reason
may also be that accurate measures of sulcus angle from
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radiographs are problematic due to their dependence on the
degree of knee flexion, and only one group has previously
described three-dimensional (3D) analysis of the sulcus an-
gle by using an open MRI scanner12.

The aim of this study was to examine whether the femoral
sulcus angle is a determinant of compartmental patella
cartilage volume at baseline and change in compartmental
volume in a population with OA over 2 years.

Methods
STUDY PARTICIPANTS
Subjects with knee OA were recruited by advertising
through local newspapers and the Victorian branch of the
Arthritis Foundation of Australia and in collaboration with
General Practitioners, Rheumatologists and Orthopaedic
Surgeons13. Subjects aged over 40 years who fulfilled Amer-
ican College of Rheumatology (ACR) clinical and radio-
graphic criteria for knee OA14 were examined in this study.
Subjects were excluded if any other form of arthritis was
present, if there was any contraindication to MRI or if a total
knee replacement was planned. The study was approved
by the ethics committees of the Alfred and Caulfield hospitals
in Melbourne, Australia. All patients gave informed consent.
DATA COLLECTION
At baseline, weight was measured to the nearest 0.1 kg
(shoes, socks and bulky clothing removed) using a single
pair of electronic scales and height was measured to the
nearest 0.1 cm (shoes and socks removed) using a stadiom-
eter. Body mass index (BMI) was calculated as weight/
height2 (kg/m2).

At baseline, radiographs were taken to determine inclu-
sion in the study. Each subject had a weight-bearing an-
tero-posterior tibiofemoral radiograph, taken in full
extension and a skyline (infero-superior) view, taken in
the supine position, with 45� of knee flexion (using a perspex
positioning wedge). Radiographs were taken of the symp-
tomatic knee. Where both knees had OA and were symp-
tomatic, the knee with least severe radiographic OA was
used to reduce subject loss to follow-up for joint replace-
ment surgery. Radiographs were scored independently by
two trained observers using a published atlas to classify dis-
ease. The radiological features of OA were graded in each
compartment (medial tibiofemoral, lateral tibiofemoral and
patellofemoral), on a four-point scale (0e3) for individual
features of osteophytes and joint space narrowing15. In
the case of disagreement between observers, the films
were reviewed with a third independent observer. Intraob-
server reproducibility for agreement on features of OA
was 0.93 for osteophytes (grade 0,1 vs 2,3) and 0.93 for
joint space narrowing (grade 0,1 vs 2,3). Interobserver re-
producibility was 0.86 for osteophytes and 0.85 for joint
space narrowing (k statistic)16.
RADIOGRAPHY AND FEMORAL SULCUS ANGLE

DETERMINATION
Fig. 1. Skyline radiographs used to measure femoral sulcus angle.
The femoral sulcus angle was defined by lines joining the highest
points of the medial and lateral condyles and the lowest point of
the intercondylar sulcus as previously described17,18. (A) Shows

a shallow and (B) a narrow sulcus angle.
Radiographic skyline (infero-superior) views were taken
with each subject positioned in supine with 45� of knee flexion
(using a perspex positioning wedge). Femoral sulcus angles
were measured from these images. The femoral sulcus angle
was measured independently by two trained observers as
previously described17,18. The femoral sulcus angle was
defined by lines joining the highest points of the medial and
lateral condyles and the lowest point of the intercondylar sul-
cus (Fig. 1). The angle was measured using the software
program Osiris (University of Geneva, Switzerland). All
angles were reported in degrees. The intraclass correlation
coefficient (ICC) between the two sulcus angle measure-
ments was calculated to assess the reliability of the two
sulcus angle measurements using Stata software version 9
(StataCorp 2005). The ICC was estimated to be 0.98 (95%
CI 0.97e0.99).
MRI
Each subject had an MRI performed at baseline and
approximately 2 years later on the same knee was X-rayed
at baseline. Knees were imaged in a sagittal plane on the
same 1.5-T whole-body magnetic resonance unit (Signa
Advantage HiSpeed GE Medical Systems, Milwaukee, WI,
USA) using a commercial receive-only extremity coil. The
following sequence and parameters were used: a T1-
weighted, fat-suppressed 3D gradient recall acquisition in
the steady state; flip angle 55�; repetition time 58 ms;
echo time 12 ms; field of view 16 cm; 60 partitions; 512
(frequency direction, superioreinferior)� 512 (phase en-
coding direction, anterioreposterior) matrix; one acquisition,
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time 11 min 56 s. Sagittal images were obtained at a parti-
tion thickness of 1.5 mm and an in-plane resolution of
0.31� 0.31 mm (512� 512 pixels)9,16.

Patella cartilage volume was determined at baseline and
approximately 2 years later by means of image processing in
an independent workstation using the software program Osiris
(University of Geneva, Switzerland) by creating an isotropic
volume from the input images, which were reformatted in the
axial plane (voxel dimensions 0.427� 0.427� 1.281 mm3)
using a validated method16,19. Briefly, we used the patella
ridge to divide the patella cartilage into medial and lateral
facets. Medial and lateral patella facet cartilage volumes
were then measured separately by two trained observers on
each MRI by manually drawing disarticulation contours around
the cartilage boundaries on each section blind of patient’s iden-
tification and study sequences as previously described20

(Fig. 2). The coefficient of variation (CV) for cartilage volume
measures was 2.6% for patellar cartilage.
STATISTICAL ANALYSES
Change in knee cartilage volume was obtained by sub-
tracting cartilage volume at follow-up from that at baseline.
The annual change was calculated by dividing this figure
by the time between MRI scans. The annual change in car-
tilage volume followed a normal distribution and therefore
the association between femoral sulcus angle and change
in cartilage volume was explored using multiple linear re-
gression. The contribution of each of the variables to the
models was determined by examining the total and partial
variance of each of the variables on the patella cartilage
volume21. A P-value of less than 0.05 (two-tailed) was
regarded as statistically significant. All analyses were
Fig. 2. Patella cartilage volume was determined by means of image
processing using the software program Osiris (University of
Geneva, Switzerland). The patella ridge was used to divide the
patella cartilage into medial and lateral facets. Medial and lateral
patella facet cartilage volumes were then measured separately on
each MRI by manually drawing disarticulation contours around

the cartilage boundaries on each section.
performed using the SPSS statistical package (standard ver-
sion 15.0, SPSS, Chicago, IL, USA).

Results

Femoral sulcus angle and patella facet measurements
were available for 100 participants. The characteristics of
the study population are presented in Table I. The mean
(standard deviation (SD)) femoral sulcus angle was 131.8�

(10.2�). There was no significant difference in the femoral
sulcus angle between men and women (P¼ 0.9). Within
the patellofemoral compartment grade 2 or more patello-
femoral osteophytes were present in 35% and grade 2 or
more patellofemoral joint space narrowing was observed in
12% of participants. Within the medial tibiofemoral compart-
ment, 20% of participants had grade 2 or greater tibiofemoral
osteophytes and 27% had grade 2 or greater tibiofemoral
joint space narrowing. Within the lateral tibiofemoral com-
partment, 31% of participants had grade 2 or greater tibio-
femoral osteophytes and 11% had grade 2 or greater
tibiofemoral joint space narrowing.

In cross-sectional analyses, for every 1� increase in the
femoral sulcus angle (i.e., as the femoral sulcus became
more shallow), there was a 9.1 mm3 (95% CI 3.1, 15.0) in-
crease in the medial (P¼ 0.003) and a 15.4 mm3 (95% CI
1.8, 29) increase in total patella cartilage (P¼ 0.03) volume
after adjustment for potential confounders (age, gender,
BMI and patella bone volume). A similar trend between
femoral sulcus angle and the lateral patella cartilage volume
at baseline was also observed (P¼ 0.09). No significant
relationship between femoral sulcus angle and annual
Table I
Characteristics of study population

Subject characteristics Total eligible
(n¼ 100)

Age (years) 63.3 (10.2)
Gender (% female)* 61 (61%)
Height (cm) 166.7 (8.9)
Weight (kg) 81 (15.4)
BMI (kg/m2) 29 (4.9)
Femoral sulcus angle (() 131.8 (10.2)
Patellofemoral osteophytes �grade 2* 35 (35%)
Patellofemoral joint space narrowing �grade 2* 12 (12%)

Tibiofemoral osteophytes �grade 2*
Medial compartment 20 (20%)
Lateral compartment 27 (27%)

Tibiofemoral joint space narrowing �grade 2*
Medial compartment 31 (31%)
Lateral compartment 11 (11%)

Patella bone volume (mm3) 21,064 (4840)

Patella cartilage volume at baseline (mm3)
Total 2535 (968)
Medial compartment 972 (408)
Lateral compartment 1563 (592)

Patella cartilage volume at 2 years (mm3)
Total 2085 (848)
Medial compartment 779 (371)
Lateral compartment 1313 (539)

Annual change in patella cartilage volume (mm3)
Total 231 (236)
Medial compartment 102 (103)
Lateral compartment 128 (148)

All variables described as mean (�SD) unless otherwise stated.

*Described as total number (percentage).
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change in cartilage volume over the study period was
observed (Table II).

Discussion

The cross-sectional component of this study demon-
strated that for every 1� increase in the femoral sulcus angle
(i.e., as the sulcus became more shallow), there was an
associated 9.1 mm3 increase in medial patella cartilage
volume among people with knee OA. A similar trend
was also seen between the femoral sulcus angle and the
lateral patella cartilage volume. There was no significant
relationship between the femoral sulcus angle at baseline
and longitudinal change in patella cartilage volume over
2 years.

No previous study has examined the relationship be-
tween the femoral sulcus angle and patella cartilage vol-
ume. The femoral sulcus has previously been examined in
the context of patellofemoral subluxation/dislocation17,22,23,
trochlear dysplasia24 and patellofemoral pain syndrome18.
In a small study that examined 21 women with recurrent
patellar dislocation, it was shown that the mean femoral sul-
cus angle was significantly larger (shallower) in people with
recurrent dislocation compared to a control group with no
history or signs of dislocation23. Another small study of 16
patients with femoral trochlear dysplasia showed that the
femoral trochlear groove was significantly shallower com-
pared to 23 people without trochlear dysplasia24. In a study
comparing 23 women with patellofemoral pain to 12 control
subjects, although the femoral sulcus angle was not signifi-
cantly different between the two groups, a more shallow
sulcus was associated with increased lateral patella dis-
placement and tilt18, which are both thought to contribute
towards the pathogenesis of patellofemoral pain.

Although the existing literature has generally supported
the notion that a shallower femoral sulcus is associated
with decreased patellofemoral congruency and stability2,5,
our study is the first to have examined the femoral sulcus
angle in the context of knee OA. Whereas our cross-
sectional results demonstrate that a greater medial patella
cartilage volume is associated with a shallower femoral sul-
cus in people with knee OA, the femoral sulcus angle was
not a significant determinant of the annual patella cartilage
loss. Further studies are required to determine factors
influencing the rate of loss of patella cartilage volume.
Table I
The relationship between femoral sulcus

Univariate analysis

Regression coefficient (95% CI)*

Baseline cartilage volume
Total patella cartilage 14.6 (�5.4, 35)
Medial patella cartilage 8.1 (�0.002, 16.14)
Lateral patella cartilage 6.4 (�5.5, 18.4)

Annual change in cartilage volume
Total patella cartilage 2.2 (�2.8, 7.2)
Medial patella cartilage 0.81 (�1.4, 2.9)
Lateral patella cartilage 1.4 (�1.7, 4.5)

The bold values signify that the findings were statistically significant.

*Change in dependent variable per unit increase in sulcus angle.

yChange in patella cartilage volume (mm3) per unit increase in sulcus

BMI and a patella bone volume (mm3).

zAnnual change in patella cartilage volume (mm3) per unit increase i

patella bone volume and baseline cartilage volume.
Mechanistically, it may be that a shallower femoral sulcus in-
creases the surface area for articulation with the patella. In-
creased articular contact area theoretically may reduce
contact pressure and thus allow better distribution of retro-
patellar joint load25. Therefore, a shallower rather than
a deeper femoral sulcus may be better suited to providing
optimal mechanical stimulation to articular cartilage and
reducing contact stresses. Moreover, the tendency for the
association between the femoral sulcus angle and patella
cartilage volume to be significant in the medial patello-
femoral compartment may signify that a shallower sulcus
may be a determinant that protects the medial compartment
from degenerative processes.

The results of this study are limited to people with knee
OA and cannot be generalised to non-osteoarthritic popula-
tions. Although we demonstrated a cross-sectional associa-
tion between the femoral sulcus angle and patella cartilage
volume, the baseline angle was not significantly associated
with change in cartilage volume over 2 years. It may be that
our sample size or follow-up period was too small to detect
change in cartilage volume that is attributed to the sulcus
angle. In cross-sectional analyses, the sulcus angle
explained only 8% of the 53% variance in patella cartilage
after multiple regression analyses. Although significant,
this relatively small contribution towards patella cartilage
volume variability may infer that longer time frames are
needed to detect significant changes in cartilage volume
that are related to the femoral sulcus angle. Another limita-
tion of our study is that the two-dimensional analysis of the
femoral sulcus angle employed is highly dependent on the
degree of knee flexion, however, a method for accurately
measuring the sulcus angle (bony or cartilaginous) from
MR images is yet to be validated. Patella tilting and lateral-
isation were also not measured in this study and may con-
tribute to changes in the patella cartilage.

In conclusion, this study demonstrated that among peo-
ple with knee OA, a more shallow sulcus is associated
with increased medial patella cartilage volume compared
to a deeper sulcus angle. Despite this cross-sectional asso-
ciation, the femoral sulcus angle at baseline was not asso-
ciated with longitudinal change in patella cartilage volume
over 2 years. These data suggest that a shallower sulcus
in the context of established OA may be an advantageous
anatomical variant. Further longitudinal studies are required
to elucidate the role the femoral sulcus angle plays in OA.
I
angle and patella cartilage volume

Multivariate analysis

P-value Regression coefficient (95% CI) P-value

0.15 15.4 (1.8, 29) 0.03
0.05 9.1 (3.1, 15)y 0.003
0.3 7.2 (�1.2, 15.5)y 0.09

0.4 �0.6 (�5.2, 4) 0.8
0.46 �0.16 (�2.3, 1.9)z 0.9
0.4 �0.3 (�3.1, 2.5)z 0.84

angle in the regression equations after adjustment for age, gender,

n sulcus angle without and with adjustment for age, gender, BMI,
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