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A B S T R A C T
Introduction: Magnetic resonance imaging (MRI) of the knee joint is used routinely for the detection of traumatic lesions.
The sensitivity of Intermediate weighted fast spin echo (Iw FSE) images were compared with that of standard fat-suppressed
three-dimensional spoiled gradient-echo (SPGR) MR images for detecting hyaline cartilage defects of the knee, using
arthroscopy as the standard of reference.
Materials and methods: We assessed 90 consecutive patients for hyaline cartilage defects of the knee with both of
Intermediate weighted fast spin echo (Iw FSE) and a sagittal fat-suppressed three-dimensional SPGR sequences. Of these
patients, 50 with meniscal or ligament injury, or persistent symptoms, underwent subsequent arthroscopy. The images
were then retrospectively analyzed for articular defects in a blinded fashion by two independent observers. Sensitivity,
specificity, accuracy and intra observer and inter observer agreement were determined for the different imaging
techniques.
Results: A total of 300 surfaces of 50 knees were evaluated, of which 221(~72%) were normal surfaces and 79 (27%) showed
cartilage defects according to arthroscopy. When looking at all surfaces combined for each reader, the Iw FSE and SPGR
imaging sequences had almost equal sensitivity for detecting hyaline cartilage defects.We found no difference in specificity
and accuracy (98% versus 98%, p >.87 and 88-94% versus 88 – 98%). We also found that combined evaluation of Iw FSE MR
and 3D-SPGR images gave no added diagnostic advantage (sensitivity, 86%; specificity, 98%; p >.48). The study achieved
excellent reproducibility among readings and between readers for all the surfaces of knee.
Conclusion: Intermediate weighted fast spin echo (Iw FSE) has equal sensitivity that of Fat-suppressed three-dimensional
SPGR imaging for the detection of hyaline cartilage defects of the knee.
Key words: Intermediate weighted fast spin-echo (Iw FSE), 3-dimensional spoiled gradient-echo (3D SPGR)

INTRODUCTION

Traumatic cartilage lesions of the knee are common in
physically active individuals, however the accurate numbers
and localizations are not well known1,2.
The most crucial prerequisite for adequate long-term
diarthrodial joint function is the integrity of its articular
cartilage. Many previous studies1-4 have demonstrated that
the prevalence of articular chondral trauma is high and
cartilage damage is generally acknowledged as an early
factor in the process of irreversible joint degeneration. The
recent development of new surgical procedures and tissue
engineering, such as autologous chondrocyte implantation
(ACI), have promising results for repair of hyaline or hyaline
like cartilage.

A variety of magnetic resonance imaging (MRI) sequences
for assessment of articular cartilage have attracted immense
interest and has been the subject of numerous research
studies over the past years2,3.
With conventional spin echo sequences, sensitivities as
low as 29% to 53% have been reported for the detection of
hyaline cartilage lesions2,3. Better results have been published
with the use of cartilage-specific sequences,like Intermediate
weighted fast spin-echo sequences (Iw FSE)4,5, and
3-dimensional spoiled gradient-echo sequences (3DSPGR)
sequences2,6,7.
In this study, we have attempted to compare cartilage
sensitive MRI sequences in the morphologic assessment of
articular cartilage in patients with multi ligamentous injury
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STATISTICAL ANALYSIS

to the knees by using arthroscopy as the reference standard.

MATERIAL AND METHODS

This was a prospective study conducted in the department
of Radio diagnosis and imaging, Kasturba Medical College,
Manipal from Oct 2010 to Aug 2012.
The study protocol was approved by our Institutional ethics
committee and informed consent was obtained from all
patients before the MRI study.
All patients with traumatic knee injury referred for MR
evaluation were scanned on a 1.5T GE HDxt MRI system
using a dedicated quadrature phased array knee coil with the
routine MR imaging protocol, which included 3 plane PD
weighted FS. A quick preliminary assessment of the menisci
and cruciate ligaments was performed after the routine
protocol. Patients having multiligamentous injuries were
further scanned with cartilage specific sequences and were
included in the study.
Cartilage specific sequences used in our study were 3 plane
Intermediate weighted (Iw-FSE) non fat sat and Sagittal
three dimensional spoiled gradient echo (3D SPGR) fat sat
sequences.
Inclusion criteria
1. Patients with definite history of external injury to the
knee.
2. Knees with multi ligamentous injury.

Exclusion criteria
1. Prior h/o knee surgery.
2. Contraindications for MR imaging.
3. Knees with isolated meniscal or cruciate ligament injury.
4. Non availability of arthroscopy record.
Image analysis
All 300 surfaces of 50 knees were analyzed for cartilage
injury. The following six articular surfaces were evaluated:
1. Medial patellar facet
2. Lateral patellar facet
3. Medial femoral condyle
4. Medial tibial condyle
5. Lateral femoral condyle
6. Lateral tibial condyle
The knees were assessed for cartilage signal and morphology,
meniscal integrity, synovitis/effusion, intra-articular loose
bodies, periarticular cysts, bursitis and anterior and posterior
cruciate ligament integrity.
Cartilage injuries were assessed using a modified version
of the Noyes classification system for articular cartilage
defects:
Grade 0 Intact cartilage with normal signal and uniform
thickness.
Grade 1 Focal abnormal signal without surface
abnormalities.
Grade 2 Superficial ulceration or fissuring, with a depth of
not more than 50% of cartilage thickness.
Grade 3 Deep ulceration or fissuring of more than 50% but
less than100% of cartilage thickness.
Grade 4 Full-thickness cartilage defect with normal or
erosion of subchondral bone.

Descriptive analysis, cross tabulation bar charts and grading
tables were obtained using the SPSS software.
The distribution of grading of articular lesions for different
articular surfaces were calculated and compared with
arthroscopic grading. More than 85% of lesions showed a
maximum difference of one grade between arthroscopy and
MR imaging for different articular surfaces.

STATISTICAL ANALYSIS

Correlation of grades between arthroscopy and MR imaging
for different articular surfaces were calculated by using
spearman’s rho correlation (r). Spearman’s rho correlation
ranges from -1 to + 1.
-1 – Negative correlation
0 - No correlation
+1 - Positive correlation
The more positive the r, stronger is the correlation.

RESULTS

The study group consists of 50 subjects, of whom 38 cases had
history of RTA,6 cases had history of fall and the remaining6
cases had a history of blunt trauma. All patients had injuries
in the last six months prior to the MRI examination.43
Iw FSE
3DSPGR
TR
4000
min
TE
34
min
FLIP ANGLE
90
10
VBW
31/32
15
ETL
12
1
FOV
16
12
SL(mm)
4
2
GAP
0
0
MATRIX
512x512
320x256
NEX
4
3
TIME (min)
5-6
6–7
Table-1: Imaging parameters for the sequences performed
during the MR examination
Grade 4
50
45
40
35
30
25
20
15
10
5
0

9
4
3
2

Grade 3
4
12
1

12
1
3
1

42
32

PAT PAT
MED LAT

Grade 1

Grade 2

33

FEM
MED

Grade 0

8
21
1

21
8
2

11
7
2

38

37

39

TIB
MED

FEM
LAT

TIB
LAT

Graph-1: Distribution of Grading of cartilage injury for
different articular sufaces of knee on MRI
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(86%) are below the age of 50 years and 17 cases (14%) are
above 50 years.
Grading and distribution of the cartilage defects: A total of
300 surfaces of 50 knees were evaluated, of which 22(~72%)
were normal surfaces and 79 (27%) showed cartilage defects.
9(~ 3%) were grade 1 lesions, 24(~ 8%) were grade 2, 10
(~ 3%) were grade 3,and 36(~12%)were grade 4 lesions

Figure-1: Iw FSE Imaging: Fig A shows the normal tri
laminar appearance of cartilage. Fig B shows focal area
of increased signal intensity in the retro patellar cartilage
without loss of cartilage - G-I cartilage injury. Fig C shows
Partial-thickness defect ≥ 50% involving the lateral tibial
condyle with exposure of the normal subchondral bone
surface – G –III. Fig D: full thickness cartilage defect with
contusion of the subchondral bone.

according to arthroscopy. Chondral lesions were seen more
frequently in the medial patellar surface cartilage and medial
femoral surface cartilage (Table-2, Graph-1).
Sensitivity for iw FSE ranged from as high as 97% for medial
tibial condyle to as low as 62% for lateral femoral and tibial
condyles. Specificity was greater than 90% and accuracy
ranged from 88% to 96%respectively.
Sensitivity for 3D SPGR ranged from 98% for medial
tibial condyle to 62% for lateral femoral and tibial condyles.
Specificity was greater than 90% and accuracy ranged from
88% to 98%respectively.

Figure-2: 3DSPGR Imaging: Fig A shows uniform bright
appearance of normal cartilage. Fig B shows focal area of
reduced signal intensity with Partial-thickness defect ≥
50% involving the lateral tibial condyle with exposure of
the normal subchondral bone surface – G –III. Fig D: Full
thickness cartilage defect with contusion of the subchondral
bone – G- IV.

Grading

Patella medial
Patella lateral
Medial Femoral
Medial Tibial
Lateral Femoral
surface
surface
condyle
condyle
condyle
Normal/ Grade 0
32
42
33
38
37
Grade 1
2
1
1
1
2
Grade 2
3
2
3
1
8
Grade 3
4
1
1
2
1
Grade 4
9
4
12
8
2
Table-2: Distribution of Grading of cartilage injury for different articular sufaces of knee on MRI

Lateral Tibial
condyle
39
2
7
1
1

Iw FSE
Sensitivity%
Specificity%
Accuracy%
Hollis G potter et al
87
94
92
Hyun-joo Kim et al
88
98
96
Our study
62-96 (79)
97
92
Table-3: Comparison of sensitivity, specificity and accuracy of Iw-FSE imaging in our study with similar studies in the literature.
3D SPGR
Sensitivity%
Specificity%
Accuracy%
David G Disler et al
85-95
97
94
Lixiao-ming et al
64
87
82
Our study
62-96 (79)
96
93
Table-4: Comparison of sensitivity, specificity and accuracy of 3D-SPGR imaging in our study with similar studies in the literature
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In our study, r values (spearman’s rho correlation) ranged
from as high as 0.956 for medial patellar surface cartilage to
as low as 0.5 in for lateral tibial surface articular cartilage for
both the Intermediate weighted fast spin echo (Iw FSE) and
3D SPGR MR sequences.

DISCUSSION

The knee joint is one of the most commonly involved joints
in external injuries because of the human bipedal nature2,8.
Injuries include acute, chronic as well as repetitive trauma.
The complex structure and function of the articular cartilage
can be disrupted by even minor injuries2,9,10. Hyaline cartilage
defects in the knee are an important source of patient
symptoms3,4,11. With the recent development of chondrocyte
transplantation11,12 and other advanced surgical techniques,
the pre surgical recognition and characterization of such
defects has become increasingly relevant11 Detecting hyaline
cartilage defects in the knee is important because symptoms
and signs associated with such defects can be confused
clinically with meniscal tears. Meniscal tears are easily
repaired, but treating chondral defects is controversial and of
limited prognostic value, because hyaline cartilage does not
regenerate but rather repairs with growth of fibrocartilage
from sub chondral mesenchyme. Increasing numbers of
studies have described the common incidence of hyaline
cartilage injuries, their confusion at clinical presentation with
meniscal tears, and clinicians’ inability to recognize hyaline
cartilage injuries with standard MR imaging techniques.
In the study conducted by LI Xiao-ming et al, the incidence
of cartilage changes of all the evaluated surfaces was 41%
(339/828), cartilage defects was 22% (183/828), grade 3
lesions was 3% (25/828), and grade 4 lesions was 3% (26/828).
Surgical grading of the 324 cartilage surfaces evaluated by
Sonin et al shows “normal” (grades 0 and 1) in 241 surfaces
(74.4%); partial-thickness defects (grades 2 and 3) in 56
(17.3%); and full-thickness defects (grade 4) in 27 surfaces
(8.3%). Of the partial-thickness defects, 29 (9.0% of the
total) were grade 2 and 27 (8.3% of the total) were grade 3.
In our study, the incidence of cartilage defects in all the
evaluated surfaces was 27% (79/300), grade 1 lesions was 3%,
grade 2 lesions was 8%, grade 3 lesions was 3% and grade 4
lesions was 12%.
The incidences of cartilage lesions of different grades in
our study were slightly lower than that of previous studies;
however, these differences may be partly because of the
relatively smaller sample size as patients with non traumatic
knee pain and those with degenerative osteoarthritis were
precluded from our research.
As the T2 value of cartilage reflects its collagen content, tissue
anisotropy and its water content13,14 Iw-FSE imaging can
detect early chondromalacia according to the T2 contrast13,15.
The magnetization transfer effect is also one of the factors
for cartilage contrast on the FSE imaging13,16. In addition,
subchondral change in the cases of chondral lesions can be
detected on the Iw-FSE sequence rather than on the 3D
sequence.
Schaefer et al reported that grade I cartilage lesions
were underestimated on 3D sequences and that the intra
substantial contrast between chondral lesions and intact

cartilage was poor on the 3D sequence. Therefore, the IwFSE images can more easily detect the cartilage lesions13,17.
The Iw-FSE described in our study offers another advantage
in that it allows adjacent menisci, ligaments, and subchondral
bone to be evaluated13,18 (figure-1).
The pulse sequence described in our study offers a slight
advantage in that it allows adjacent menisci, ligaments,
and subchondral bone to be evaluated12,19. In addition, after
arthroscopic treatment, metallic instrumentation (such as
suture anchors and compression screws) and residual metallic
debris from the arthroscope may cause local disturbance in
the magnetic field. Fast-spin-echo sequences are superior to
gradient-echo techniques in diminishing the susceptibility
artifact caused by metallic instrumentation, which may
obscure the overlying articular cartilage11,19.
The sensitivity, specificity and accuracy of iw-FSE imaging
in our study aresimilarto the studies by the Hollis G potter
et al and Hyun-joo Kim et al. The increased sensitivity,
specificity and accuracy in our study is due to the adjusted
scan parameters like matrix size (512 x 512), slice thickness
(4mm) with no gap, which lead to increased SNR and better
detection of cartilage lesions (Table-3).
Sensitivity for 3D SPGR ranged from 98% for medial
tibial condyle to 62% for lateral femoral and tibial condyles.
Specificity was greater than 90% and accuracy ranged from
88% to 98%respectively.
3D SPGR imaging is one of the most commonly used
sequences for cartilage evaluation in clinical practice2,3,4,6,7.
In our study, chondral lesions of the knee were shown to be
accurately detected on 3D SPGR imaging, with sensitivity
ranging from 62-96%, specificity of 96% and accuracy of 93%.
Sensitivity, specificity and accuracy of 3D SPGR imaging
in our study are almost similar to the studies by David G
Disler3,4 et al and lixiao-ming2 et al (Table-4).
Since fat-suppressed 3DSPGR essentially suppresses
all stationary tissue, it is not useful in evaluating the
fibrocartilage, ligaments, or soft tissues of the knee2,20 and is
not sensitive for marrow edema, which is often an indication
for an overlying cartilage defects2 (figure-2).
Magnetic resonance imaging demonstrated relatively poor
sensitivity with regard to the detection of chondral lesions of
the lateral tibial plateau; partly because of the relatively small
number of chondral lesions that were noted in this region
at arthroscopy. It should be noted, however, that the lateral
tibial plateau also was described by Disler et al3,4. as a difficult
region in which to detect chondral lesions. This difficulty
may also be due to the convex surface of the plateau, which,
when subjected to sectioning into tomographic coronal and
sagittal images, may impart more partial volume effects and
imaging artifacts. In contrast, magnetic resonance imaging
demonstrated superior sensitivity (>90 per cent) with regard
to the detection of defects involving the patellar facets and
medial femoral and tibial condyles which are relatively thick
and straight and this finding was consistent with those of
other studies.

CONCLUSION

Hence, our study showed that hyaline cartilage defects of
the knee can be accurately identified on cartilage specific
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sequences like intermediate weighted (Iw) FSE and fat
suppressed 3D SPGR. Intermediate weighted (Iw) FSE and
Fat-suppressed 3D SPGR imaging significantly improved
sensitivity for the detection of hyaline cartilage abnormalities
over the standard MR imaging techniques we studied
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