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Correlation between radiographically diagnosed
osteophytes and magnetic resonance detected
cartilage defects in the patellofemoral joint
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Abstract
Objective—To assess the correlation be-
tween radiographically diagnosed osteo-
phytes in the axial and lateral view of the
patellofemoral joint (PFJ) and (1) mag-
netic resonance (MR) detected cartilage
defects in the same joint and (2) knee pain.
Methods—Fifty seven pepole with chronic
knee pain, (aged 41–58 years, mean 50
years) were examined with axial and
lateral radiograms when standing of the
right and the left PFJ. The presence and
grade of osteophytes was assessed. On the
same day, a MR examination was per-
formed of the signal knee with proton
density and T2 weighted turbo spin-echo
sequences in the sagittal and axial view on
a 1.0 T imager. Cartilage defects in the
PFJ were noted. The subjects were ques-
tioned for current knee pain for each knee.
Results—Osteophytes at the PFJ had a
specificity varying between 59 and 100%
and a positive predictive value between 74
and 100% for MR detected cartilage
defects. The corresponding values for
osteophytes at the lateral aspect of the
femoral trochlea were both 100%. In PFJ
with narrowing (<5 mm) osteophytes had
a sensitivity and a positive predictive
value of 90 and 95% respectively for MR
detected cartilage defects, while in PFJ
with non-narrowing (>5 mm) the corre-
sponding values were 75 and 65% and the
specificity was 50%.A correlation (p<0.05)
between osteophytes at the inferior pole of
the patella and knee pain was found.

Conclusions—Osteophytes at the PFJ are
associated with MR detected cartilage
defects in the same joint. The relation was
strong for osteophytes at the lateral femo-
ral trochlea and in the PFJ with narrowing
(<5 mm), but weak in the PFJ with
non-narrowing (>5 mm).
(Ann Rheum Dis 1998;57:395–400)

It is only recently osteoarthritis (OA) of the
patellofemoral joint (PFJ) has been recognised
as an important cause of pain and disability.1

Assessment of the PFJ in axial radiograms have
been found more reproducible than grading of
the joint in lateral radiograms.2 3 The axial view
was found superior to the lateral view to detect
progression of patellofemoral OA.4 It has also
been shown, that joint space narrowing (<5
mm) in the axial view of the PFJ has a high

Table 1 Minimal joint space (MJS) in the medial and
lateral compartments of the PFJ. The measurement interval
was 1 mm, except between 4.5 and 5.5 mm where it was
0.5 mm. Percentages shown in parentheses

MJS (mm) Medial PFJ Lateral PFJ

10 1 (2) —
9 3 (5) —
8 7 (12) 9 (16)
7 19 (33) 15 (26)
6 8 (14) 13 (23)
>5 3 (5) 8 (14)
<5 6 (11) 5 (9)
4 7 (12) 7 (12)
3 3 (5) —
Total 57 57

Figure 1 (A) The axial radiogram of the right
patellofemoral joint in a 55 year old man with an
osteophyte of grade 2 at the medial aspect of the patella
(arrow), as well as at the medial and lateral aspects of the
femoral trochlea. The minimal joint space width in this
view was 9 mm medially and 7 mm laterally. The
corresponding (B) axial Pd weighted MR image is
demonstrating a cartilage defect grade 2 in the medial facet
of the patella (arrow).
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specificity for magnetic resonance (MR) de-
tected cartilage defects in the same joint.5

In recent years several investigators have
found a stronger association between knee pain
and osteophytes than between knee pain and
joint space narrowing.3 6 7 These results have
been reported for the tibiofemoral joint (TFJ)6

as well as for the PFJ.3 7 In the TFJ the presence
of osteophytes has been regarded as an early
sign of OA since Kellgren and Lawrence devel-
oped a grading system in 1957.8

MR imaging with its good tissue contrast
and anatomical resolution9 provides a non-
invasive examination tool of the PFJ in early
stages of OA, for detection of cartilage defects.
The aim of our study was to assess the corre-

lation between the presence of osteophytes in
axial and lateral radiograms of the PFJ and (1)

MR detected cartilage defects in the same joint
and (2) knee pain.

Methods
SUBJECTS

To create a cohort of people with chronic knee
pain (duration >3 months at inclusion) for
prospective follow up, an epidemiological
survey among 2000 persons aged 35–54 years
in a rural area in southern Sweden has been
performed. Chronic knee pain was reported by
279 of 2000 and 204 of 279 accepted to be
examined clinically, biochemically, and radio-
graphically at baseline 1990–91.10 At a three
year follow up a subgroup of 61 people was

Figure 2 (A) The axial radiogram of the left
patellofemoral joint in a 58 year old woman with
osteophytes of grade 1 at all joint margins. The joint space
width in the this view was 8 mm medially and 6 mm
laterally. The corresponding axial (B) Pd and (C) T2
weighted MR images show a cartilage defect of grade 1 at
the lateral facet of the femoral trochlea (arrow).

Figure 3 (A) The lateral radiogram of the right
patellofemoral joint in a 57 year old woman with an
osteophyte at the inferior and superior pole of the patella
(arrows). The joint space width in the axial view of the
same joint was 6 mm medially and >5 mm laterally. The
corresponding (B) axial Pd weighted MR image shows a
cartilage defect of grade 2 at the medial facet of the patella
(arrow).
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chosen as a random sample from the initial
cohort of 204 after exclusion of those with joint
disorders other than OA and those having more
severe OAwith obliteration of the joint space or
bone attrition in the TFJ. All, except the first
two subjects, had an axial radiogram of both
PFJ. MR imaging of the signal knee (the most
painful at inclusion) was performed in 60 of 61
patients. One patient could not take part in the
MR study because of claustrophobia. The MR
examination was diagnostic in all except one
patient (59 of 60) because of trembling caused
by Parkinson’s disease. Thus 57 of 61 patients
had an axial radiogram of both PFJ and a diag-
nostic MR study and were included in the
study.5 There were 29 women (aged 42–58,
mean 50.8 years) and 28 men (aged 41–57,
mean 49.5 years). Both examinations in each
patient were performed on the same day.

KNEE PAIN

At the follow up the subjects were questioned
for current knee pain for each knee. The diVer-
ence in the number of osteophytes between the
signal knees and the contralateral knees was
calculated in patients who had or had had pain
(at inclusion in the study) in the signal knee
only.

RADIOGRAPHIC EXAMINATION

The axial view of the patella was obtained with
the patient standing and with a vertical beam
according to Ahlbäck,11 using a technique pre-
viously described.5 The aim was to get a
tangential view of the dorsal aspect of the
patella. The beam or the angulation of the
femur or the tibia was adjusted blindly if this
was not achieved. The flexion of the knee joint
was in most examinations 40–60°. In 52 of 57
patients a lateral view of both knees also was
obtained in weightbearing and semiflexion, and
the degree of flexion was in most cases 30–50°.
The focus was 0.6 mm and the film focus dis-
tance 150 cm in the axial and 115 cm in the
lateral view. Kodak X-Omatic LW cassette with
Lanex Screen 100 was used with Kodak
TMS/RA 1 film.
The axial view was evaluated according to a

radiographic atlas published by Altman12 for
osteophytes at the medial and lateral aspect of
the patella in four grades (0–3). A similar
evaluation, but not published in any atlas, was
used for the medial and lateral aspect of the
femoral trochlea in the axial view. Figure 1 (A)
and 2 (A) show osteophytes at the medial and
lateral aspects of the patella as well as of the
femoral trochlea. Osteophytes at the superior
and inferior pole in the lateral view of the
patella were registered if present (0) or absent
(1) and are shown in figure 3 (A). All
radiograms were evaluated by one observer
(TB 1). The right knee in all patients was
evaluated a second time by the same observer
(TB 2) and once by another observer (OR) for
calculating the ê values for intraobserver and
interobserver variation and the percentage
concordance within and between the observ-
ers. The radiograms were assessed without
knowledge of the name and age of the patients
or the results from previous examinations. The
osteophytes were correlated to the minimal
joint space width in axial radiograms in PFJ
with narrowing (<5 mm) and in PFJ with non-
narrowing (>5 mm). The joint space width
measurements in the patients studied have
been reported in a previous study5 and are
shown in table 1. The bony margins used for
measuring the minimal joint space width of the
medial and lateral compartment of the PFJ
were chosen according to Buckland-Wright.13

The minimal joint space width of the PFJ was
measured in mm with a standard mm graded
plastic ruler on the plain film across the joint
space corresponding to the central 3/4 of each
of the articular surfaces of the femoral trochlea.
No correction for magnification was made.

MR EXAMINATION

MR imaging was performed in the signal knee
with a 1.0 T imager (Impact, Siemens) with a
circular polarised surface coil. The first five
patients were examined with a coronal T1
weighted spin-echo sequence, a sagittal proton
density and T2 weighted turbo spin-echo
sequence (tSEPdT2) and a 3D-gradient echo
sequence (Dess) obtained in the sagittal view.
The remaining patients were examined with
tSEPdT2 in the coronal, sagittal, and axial
views. The sagittal sequence was perpendicular

Table 2 The number (%) and the grade (0–2) of the MR
detected cartilage defects in the PFJ

MR
grade

Medial
patella

Lateral
patella

Medial
femur

Lateral
femur

0 24 (42) 29 (51) 41 (72) 43 (75)
1 11 (19) 17 (30) 10 (18) 9 (16)
2 22 (39) 11 (19) 6 (10) 5 (9)
Total 57 57 57 57

Table 3 The number (%) of marginal osteophytes in the PFJ of the signal knee.
Osteophytes at the superior and the inferior pole of the patella were graded 0–1 and at the
other locations 0–3

Grade
Medial
patella

Lateral
patella

Patella
superior pole

Patella
inferior pole

Medial
femur

Lateral
femur

0 35 (61) 29 (51) 27 (52) 35 (67) 32 (56) 46 (81)
1 19 (33) 28 (49) 25 (48) 17 (33) 22 (39) 10 (18)
2 3 (5) — 1 (2) 1 (2)
3 — — 2 (4) —
Total 57 57 52 52 57 57

Table 4 The number (%) of marginal osteophytes in the PFJ of the contralateral knee.
Osteophytes at the superior and the inferior pole of the patella were graded 0–1 and at the
other locations 0–3

Grade
Medial
patella

Lateral
patella

Patella
superior pole

Patella
inferior pole

Medial
femur

Lateral
femur

0 41 (72) 35 (61) 33 (63) 44 (85) 40 (71) 51 (91)
1 15 (26 22 (39) 19 (37) 8 (15) 15 (27) 5 (9)
2 1 (2) — — —
3 — — 1 (2) —
Total 57 57 52 52 56 56

Table 5 Correlation between marginal osteophytes in specific locations and MR detected
cartilage defects in the PFJ.Data shown as percentages

Medial
patella

Lateral
patella

Patella
superior
pole

Patella
inferior
pole

Medial
femur

Lateral
femur

Sensitivity 48 50 53 42 50 73
Specificity 82 59 63 88 71 100
Positive predictive value 86 74 76 88 80 100
Negative predictive value 40 33 37 40 38 37
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to a line connecting the dorsal aspects of the
femoral condyles, the coronal sequence was
parallel to that line and the axial sequence was
perpendicular to the long axis of the patella.
The sequence parameters for the tSEPdT2
were: TR/TE 4200/15–105 ms with two signals
averaged, echo train length 7, FOV 145×145
mm, section thickness 3 mm with 0.3–0.6 mm
intersection gap, matrix size 252×256 and
acquisition time 5 min 8 s.
The MR examinations were assessed for car-

tilage defects in each of the articular surfaces of
the PFJ.5 The defects were graded as absent
(grade 0), <50% reduction of the cartilage
thickness (grade 1), >50% reduction of the
cartilage thickness (grade 2), and as involving
bone loss (grade 3). Signal changes in the
cartilage with an intact surface were not
registered. Figures 1 (B), 2 (B), 2 (C), and 3
(B) show the cartilage defects in Pd and T2
weighted MR images.
The MR studies were interpreted blind and

separately by two of the authors (TB, OR) with
experience in musculoskeletal MR imaging,
who then reached a consensus. The MR
detected cartilage defects in the patients
studied have been presented in a previous
study5 and are shown in table 2.
The study was approved by the Committee

on Ethics at the Faculty of Medicine, Univer-
sity of Lund.

STATISTICAL ANALYSES

The measure used to assess intraobserver and
interobserver agreement was ê. A ê value of
1.00–0.81 was considered as very good,
0.80–0.61 as good, 0.60–0.41 as moderate,
0.40–0.21 as fair and 0.20–0.00 as poor.14 As
the distribution of grades of the osteophytes
was skewed, the percentage concordance
within and between the observers was also cal-
culated.
The McNemar test was used to compare the

number of osteophytes between the signal knee
and the contralateral knee. The test was also
performed with 15 contingency tables in which
the numbers of ostoephytes at the diVerent
aspects of the PFJ were compared with each
other.

Results
Bilateral knee pain or pain in the contralateral
knee only was reported by 17 patients. In the
remaining 40 subjects pain of the signal knee
was unchanged or worse in 20 and was less or
appeared only irregularly in 20 subjects during
the three years of observation.
The lateral view of the patella was obtained

in 52 of 57 patients and thus osteophytes at the
superior and inferior pole of the patella could
be assessed in 52 people only. In the other
locations all 57 subjects could be assessed
except for the femoral trochlea of the contralat-
eral knee in one person. Tables 3 and 4 show
the number of osteophytes in the diVerent
locations. In the signal knee, osteophytes were
present in 49 patients and in the contralateral
knee in 38. The number of osteophytes at the
lateral femur in the signal knee was smaller
(p<0.05–p<0.001) than at all other locations in
the signal knee and also at the inferior pole of
the patella (p<0.05) compared with the
superior pole and the lateral patella.
In the 40 subjects who exclusively had or had

had pain in the signal knee more osteophytes
were found at the inferior pole of the patella of
the signal knee compared with the contralateral
knee (p<0.05).
Tables 5–7 show the correlation between

osteophytes andMR detected cartilage defects.
Osteophytes at the lateral aspect of the femoral
trochlea had a specificity of 100% for MR
detected cartilage defects in the PFJ. This
means that MR detected cartilage defects
could be predicted in 11 of 57 PFJ with osteo-
phytes exclusively at this location. Osteophytes
at the medial aspect and at the inferior pole of
the patella had a specificity of 82% and 88%
respectively. If osteophytes at these two loca-
tions were present in the same joint they also
had a specificity of 100% for MR detected car-
tilage defects. Table 8 (A) and 8 (B) shows the
correlation between osteophytes and MR
detected cartilage defects in PFJ with narrow-
ing (<5 mm) and in PFJ with non-narrowing
(>5 mm).
The ê values for the intraobserver variation

of osteophytes varied between 0.75 and 0.96
and the corresponding values for the inter-
observer variation between 0.53 and 0.92.
The intraobserver percentage concordance

Table 6 Correlation between marginal osteophytes in
specific locations and MR detected cartilage defects in the
patella. Data shown as percentages

Medial
patella

Lateral
patella

Patella
superior
pole

Patella
inferior
pole

Sensitivity 45 50 51 40
Specificity 74 53 59 82
Positive predictive value 77 68 72 82
Negative predictive value 40 34 37 40

Table 7 Correlation between marginal osteophytes in
specific locations and MR detected cartilage defects in the
femoral trochlea. Data shown as percentages

Medial
femur

Lateral
femur

Sensitivity 65 39
Specificity 71 94
Positive predictive value 60 82
Negative predictive value 75 70

Table 8

(A) Correlation between MR detected cartilage defects and marginal osteophytes in the PFJ with the
minimum joint space width <5 mm.Marginal osteophytes had a sensitivity of 90% and a positive
predictive value of 95% for MR detected cartilage defects

Cartilage defect No cartilage defect Total

Marginal osteophyte 18 1 19
No marginal osteophyte 2 0 2
Total 20 1 21

(B) Correlation between MR detected cartilage defects and marginal osteophytes in the PFJ with
minimum joint space width >5 mm.Marginal osteophytes had a sensitivity of 75%, a specificity of
50%, and a positive and negative predictive value of 65 and 62% respectively for MR detected cartilage
defects

Cartilage defect No cartilage defect Total

Marginal osteophyte 15 8 23
No marginal osteophyte 5 8 13
Total 20 16 36
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of osteophytes varied between 88 and 98% and
the interobserver percentage concordance be-
tween 81 and 96%.

Discussion
OA is a multifactorial disease with a focal loss
of articular cartilage, and with variable under-
lying bone reaction.15 These lesions have a
varying relation to radiographic findings (os-
teophytes, joint space narrowing, bone loss and
subchondral sclerosis and subchondral cysts)
and to clinical symptoms (articular pain and
loss of function). Marginal osteophytes, whose
relation to MR detected cartilage defects this
study is about, arise in the synovium overlying
bone at the junctional zone and is the result of
metaplasia of the synovium into cartilage.16 17

“Vascularization of the subchondral bone mar-
row in this region produces calcification of the
adjacent cartilage and stimulates endochondral
ossification.The developing outgrowth extends
into the “free” articular space, along the path of
least resistance. Generally, it contains spongy
trabeculae and fatty marrow and is covered
with articular cartilage”.18

MR imaging is considered to be an accurate
means for detecting and staging moderate and
advanced cartilage lesions in the knee joint19–21

and is thus useful in the evaluation of knee OA.
The fast spin echo 2D-sequence used in this
study does not diVer in this respect and has also
been used by others.22 23 The reason why we did
not pursue with the 3D-gradient echo (Dess)
was that reconstruction in coronal and axial
planes were of inferior quality to evaluate hya-
line cartilage. The examination time was
considerably longer than the tSEPdT2 se-
quence which gives an increased risk of motion
artefacts. The examination quality of the first
five patients was considered equal and they
have therefore been included in the study.
According to recent results it appears as if high
resolution 3D-gradient echo sequences with
the addition of fat suppression or magnetisa-
tion transfer contrast are the best for depicting
hyaline cartilage.24–26 As mentioned above the
3D-gradient echo sequences have a long aqui-
sition time with potential diasadvantages.
This study was performed in middle aged

people with comparatively mild OA of the PFJ,
as only 21 of 57 had joint space narrowing (<5
mm), and no case with obliteration of the joint
space or bone loss was found.5 In general a
relation was found between osteophytes and
MR detected cartilage defects and at the
medial patella, at the lateral femoral trochlea
and at the inferior pole of the patella the
specificity and positive predictive value for car-
tilage defects was high and was 100% at the
lateral femoral trochlea. However, the sensitiv-
ity for MR detected cartilage defects was in
general low. The association between osteo-
phytes and cartilage defects could be sup-
ported by studies on experimentally induced
knee OA in dogs, in which osteophytes appear
early in the course of the disease, being detect-
able within two weeks of surgery.17 27

In this study group joint space narrowing
(<5 mm) in axial radiograms has been found to
have a very high specificity (94%) and positive

predictive value (95%) for MR detected
cartilage defects while the sensitivity was low
(50%).5 In this study the presence of osteo-
phytes had a very high specificity and positive
predictive value for MR detected cartilage
defects in PFJ with narrowing (<5 mm). How-
ever, in the PFJ with non-narrowing (>5 mm)
the values were considerably lower. Thus
osteophytes seem not to be usable for clinical
or epidemiological purposes in the PFJ with
non-narrowing as indicators of MR detected
cartilage defects at least in this age group.
The overall association between osteophytes

and cartilage defects in our study was weak and
several explanations are possible. Are the find-
ings on experimentally induced OA of the knee
(tibiofemoral joint) in dogs17 27 valid for the PFJ
in humans? If osteophyte formation is focal and
not general to a cartilage lesion the radio-
graphic technique used is insuYcient to show
the entire boundary between cartilage and
bone as this boundary is curved in various
directions. Also, MR imaging of articular carti-
lage has in general low sensitivity for superficial
cartilage lesions and this could also explain our
results.19–21

The number of osteophytes in the contralat-
eral knee without pain was generally smaller
and the diVerence was statistically significant
(p<0.05) at the inferior pole only. This finding
is in agreement with previous studies.3 7

The ê values of intraobserver and interob-
server variation for classifying osteophytes was
with one exception in general good (>0.61) or
very good (>0.81). This has also been found by
others.3 However, the distribution of grades of
osteophytes was skewed and under these
circumstances the ê value tends to be low even
if the percentage concordance between the
gradings is high as in our study.
In the radiographic atlas used12 neither

osteophytes at the medial and lateral aspect of
the femoral trochlea in the axial view of the
patella nor osteophytes at the superior and
inferior pole of the patella in the lateral view are
included. This is a drawback in this recently
developed atlas.
In conclusion osteophytes at the PFJ are

associated with MR detected cartilage defects
in the same joint. The relation was strong for
osteophytes at the lateral femoral trochlea and
in PFJ with narrowing (<5 mm), but weak in
PFJ with non-narrowing (>5 mm).

This study was supported by grants from the Thelma Zoégas
Foundation, the Stig och Ragna Gorthon Foundation and Reu-
matikerförbundet. We are grateful to Göran Ejlertsson for
statistical assistance.

1 McAlindon TE, Snow S, Cooper C, Dieppe PA. Radio-
graphic patterns of osteoarthritis of the knee joint in the
community: The importance of the patellofemoral joint.
Ann Rheum Dis 1992;51:844–9.

2 Jones AC, Ledingham J, McAlindon T, Regan M, Hart D,
MacMillan PJ, et al. Radiographic assessment of patel-
lofemoral osteoarthritis. Ann Rheum Dis 1993;52:655–8.

3 Cicuttini FM, Baker J, Hart DJ, Spector TD. Choosing the
best method for radiological assessment of patellofemoral
osteoarthritis. Ann Rheum Dis 1996;55:134–6.

4 Lanyon P, Jones A, Doherty M. Assessing progression of
patellofemoral osteoarthritis: A comparison between two
radiographic methods. Ann Rheum Dis 1996;55:875–9.

5 Boegård T, Rudling O, Petersson IF, Sanfridsson J, Saxne T,
Svensson B, et al. Joint space width in the axial view of the
patello-femoral joint: Definitions and comparison with MR
imaging. Acta Radiol 1998;39:24–31.

Radiographically diagnosed osteophytes and MR detected cartilage defects in the patellofemoral joint 399

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.57.7.395 on 1 July 1998. D
ow

nloaded from
 

http://ard.bmj.com/


6 Spector TD, Hart DJ, Byrne J, Harris PA, Dacre JE, Doyle
DV. Definition of osteoarthritis of the knee for epidemio-
logical studies. Ann Rheum Dis 1993;52:790–4.

7 Cicuttini FM, Baker J, Hart DJ, Spector TD. Association of
pain with radiological changes in diVerent compartments
and views of the knee joint. Osteoarthritis Cartilage 1996;
4:143–7.

8 Kellgren JH, Lawrence J S. Radiological assessment of
osteo-arthrosis. Ann Rheum Dis 1957;16:494–501.

9 Peterfy C. MR imaging. In: Bird HA, Dougados M, eds.
Imaging techniques. Part II: Modern methods. Baillieres
Clin Rheumatol 1996;10:635–78.

10 Petersson IF, Boegård T, Saxne T, Silman AJ, Svensson B.
Radiographic osteoarthritis of the knee classified by the
Ahlbäck and Kellgren and Lawrence systems for the
tibiofemoral joint in people aged 35–54 years with chronic
knee pain. Ann Rheum Dis 1997;56:493–6.

11 Ahlbäck S. Osteoarthrosis of the knee. A radiographic inves-
tigation. Acta Radiol 1968;277 (suppl):7–72.

12 Altman RD, Hochberg M, Murphy WA Jr, Wolfe F,
Lequesne M. Atlas of individual radiographic features in
osteoarthritis. Osteoarthritis Cartilage 1995;3 (suppl A):3–
70.

13 Buckland-Wright C. Protocols for precise radio-anatomical
positioning of the tibiofemoral and patellofemoral com-
partments of the knee. Osteoarthritis Cartilage 1995;3
(suppl A):71–80.

14 Altman DG. Practical statistics for medical research. London:
Chapman and Hall, 1991.

15 Dieppe PA. Osteoarthritis—Introduction. In: Klippel JH,
Dieppe PA, eds. Rheumatology. 1st ed. London: Mosby,
1994:7.2.1.

16 Marshall J L. Periarticular osteophytes. Initiation and forma-
tion in the knee of the dog. Clin Orthop 1969;62:37–47.

17 Gilbertson EMM.Development of periarticular osteophytes
in experimentally induced osteoarthritis in the dog. Ann
Rheum Dis 1975;34:12–24.

18 Resnick D. Niwayama G. Degenerative disease of extraspi-
nal locations. In: Resnick D, ed. Diagnosis of bone and joint
disorders. 3rd ed. Philadelphia: W B Saunders, 1995:1263–
371.

19 Hayes CW, Sawyer RW, Conway WF. Patellar cartilage
lesions: in vitro detection and staging with MR imaging
and pathologic correlation. Radiology 1990;176:479–83.

20 Heron CW, Calvert PT. Three-dimensional gradient-echo
MR imaging of the knee. Comparison with arthroscopy in
100 patients. Radiology 1992;183:839–44.

21 Brown TR, Quinn SF. Evaluation of chondromalacia of the
patellofemoral compartment with axial magnetic resonance
imaging. Skeletal Radiol 1993;22:325–8.

22 Tervonen O, Dietz MJ, Carmichael SW, Ehman RL. MR
imaging of knee hyaline cartilage: Evaluation of two- and
three-dimensional sequences. J Magn Reson Imaging
1993;3:663–8.

23 Broderick LS, Turner DA, Renfrew DL, Schnitzer TJ, HuV
JP, Harris C. Severity of articular cartilage abnormality in
patients with osteoarthritis: evaluation with fast spin-echo
MR vs arthroscopy. AJR 1994;162:99–103.

24 Peterfy CG, van Dijke CF, Janzen DL,Glüer CC,Namba R,
Majumdar S, et al. Quantification of articular cartilage in
the knee with pulsed saturation transfer subtraction and
fat-suppressed MR imaging: optimization and validation.
Radiology 1994;192:485–91.

25 Recht MP, Pirraino DW, Paletta GA, Schils JP, Belhbek GH.
Accuracy of fat-suppressed three-dimensional spoiled
gradient-echo MR imaging in the detection of patellofemo-
ral articular cartilage abnormalities. Radiology 1996;198:
209–12.

26 Disler DG. Fat-suppressed three-dimensional spoiled
gradient-recalled MR imaging: assessment of articular and
physeal hyaline cartilage. AJR 1997;169:1117–23.

27 McDevitt C, Gilbertson E,Muir H. An experimental model
of osteoarthritis; early morphological and biochemical
changes. J Bone Joint Surg Br 1977;59:24–35.

Vesalius 1543: The seventh plate of muscles.
In the seventh plate of the muscles, owing to the
slackness of the rope by which the body hung
during delineation, it falls somewhat to the rear,
and inasmuch as the peritoneum and everything
enfolded in it has already been reflected, it
provides a view of the septum transversum (dia-
phragm) which will also be observed in the
present plate depicted on the left in that form in
which we saw it when excised and, owing to its
flexibility, adhering to the wall. Furthermore, to
prevent the right scapula from falling downwards
like a broken wing, we so suspended it by a rope
that the whole of its hollow surface was brought
into view.
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