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INTRODUCTION

Many methods from direct radiography to state-of-the-art cross-sectional diagnosis methods have been used historically either alone or 
in combination for imaging articular cartilage. Cartilage imaging has gained substantial significance in recent years in terms of treatment 
of the damage occurring in the cartilage and monitoring the result of treatment. A diagnosis method is necessary that can provide di-

Öz
Amaç: Bu prospektif çalışmada diz hiyalin kıkırdak hasarı tespitinde 
yağ-baskılı (FS) 3D_WATSc MR sekansın, standart MRG görüntüleri ile karşı-
laştırılması ve artroskopi ile korelasyonunu değerlendirilmiştir.
Yöntemler: Ortopedi ve travmatoloji uzmanı tarafından artroskopi planla-
nan ve diz MRG çekilmesi için refere edilen 40 hasta çalışmaya dahil edildi. 
Bunların 19’da artroskopide kondromalazi saptanmış olup, çalışmanın te-
melini oluşturmaktadır. Hiyalin kıkırdak hasarı yağ-baskılı (FS) 3D_WATSc 
MR sekansı ile uygun parametrede görüntülendi. Standart olarak uygula-
nan diz MRG görüntülemede iki boyutlu koronal T1 ağırlıklı spin eko, koro-
nal ve sagital T2 agırlıklı spin eko, sagital ve aksial SPIR multıplanar sekans-
lar kullanıldı. Artroskopi altın standart alınarak, altı yüzde (patella, troklea, 
femoral kondiller ve tibial platolar) kıkırdak hasarı değerlendirildi, yağ-bas-
kılı (FS) 3D_WATSc MR sekansı ve standart MRG’de duyarlılık ve özgüllük 
değerleri hesaplandı. 
Bulgular: 40 hastada, 240 kıkırdak yüzü artroskopide değerlendirildi ve 
28’inde kondromalazi saptandı. Yağ-baskılı (FS) 3D_WATSc MR sekansı-
nın kondromalazi saptamada duyarlılık ve özgüllüğü (%92, %96), stan-
dart MRG’ye (%60, %95) göre belirgin yüksektir (p<0.05). Yağ baskılı (FS) 
3D_WATSc MR sekansının, artroskopi ve standart MRG de Evre 1-2 olarak 
belirtilen erken evre kıkırdak hasarı tespitinde daha başarılı olduğu görül-
mektedir (p<0.05). 
Sonuç: Yağ baskılı üç boyutlu su seçici kıkırdak tarama (3D_WATSc) MR 
sekansı diz kıkırdak anormalliklerin tespiti için Standart MRG incelemeden 
daha duyarlıdır. Düşük maliyetli bu tekniğin standart incelemeye ek olarak 
rutin kullanımı diz kıkırdak hasarı tespitinde non-invaziv MR görüntüleme-
nin rolünü güçlendirir.
Anahtar kelimeler: Diz, kıkırdak, kondromalazi, MRG, artroskopi

Abstract
Objective: The primary aim of this prospective study was to compare 
fat-suppressed three-dimensional water selective cartilage scan (3D_
WATSc) magnetic resonance (MR) imaging with standard MR imaging for 
the detection of defects in the hyaline cartilage of the knee, using arthros-
copy as the reference standard.
Methods: Overall, 40 patients who were referred for knee MRI by orthope-
dic surgeons before arthroscopy were included in the study. Chondromala-
cia was diagnosed in 19 patients by arthroscopy and built the mainframe of 
the study. Hyaline cartilage damage was imaged using 3D_WATSc sequence 
with the appropriate parameters. Standard MRI imaging of the knee consist-
ed of two-dimensional coronal T1-weighted spin-echo, coronal, and sagittal 
T2-weighted spin-echo, and sagittal and axial superior pericardial recess se-
quences. With arthroscopy as the gold standard, sensitivity, and specificity of 
3D_WATSc and standard MR imaging for detecting cartilage damage were 
determined in six articular surfaces (patellar facets, trochlear facets, medial 
and lateral femoral condyles, and medial and lateral tibial plateaus). 
Results: In total, 240 cartilage surfaces in 40 patients were evaluated by ar-
throscopy, and 28 of them had shown to have chondromalacia. 3D_WATSc 
had higher sensitivity and specificity (92% and 96%, respectively) than 
standard MR images (60% and 95%, p<0.05) and was also more successful 
in the detection of early-stage (stage 1–2) cartilage defects than standard 
MR images and arthroscopy (p<0.05).
Conclusion: 3D_WATSc MRI sequence is more sensitive than standard MR 
imaging for the detection of abnormalities of the hyaline cartilage in the 
knee. Routine use of this low-cost technique in addition to standard imag-
ing strengthens the role of non-invasive MR imaging in the evaluation of 
cartilage damages. 
Keywords: Knee, cartilage, chondromalacia, MRI, arthroscopy
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rect and accurate information in the evaluation of articular cartilage 
in pre- and postoperative period, making correct diagnosis in sus-
pected cases of cartilage pathologies and determining the numbers, 
localizations, and sizes of existing lesions.

Although direct radiography, the main imaging method for imag-
ing the skeletal system, arthrography, computerized tomography 
(CT), and CT arthrography are the methods used in cartilage imag-
ing, none of these techniques can show the cartilage directly. The 
purpose of cartilage imaging is to evaluate the surface integrity of 
the cartilage, thickness and volume of the cartilage matrix, and its 
relationship with the subchondral bone (1). However, physiological 
and morphological changes in the cartilage itself cannot be evalu-
ated through these methods owing to indirect imaging. Magnetic 
resonance imaging (MRI) is the gold standard non-invasive imaging 
method in the evaluation of osseous, ligamentous, and meniscal 
structures with the possibility of high-resolution power, soft tissue 
resolution, and multiplanar evaluation. Use of suitable MRI sequenc-
es for the determination of the type of cartilage damage, existence, 
and degree of accompanying pathology in the subchondral bone 
will decrease diagnosis mistakes (1). 

The basic MRI sequence in the evaluation of cartilage pathologies 
is spin echo (SE). However, conventional T1-weighted (T1W) and 
T2-weighted (T2W) SE images may not be sufficient. In convention-
al T1W images, the limit between cartilage and subchondral bone 
can be distinguished, but adequate contrast cannot be provided 
between synovial fluid, cartilage, and adipose tissues (1, 2). In T2W 
images, the contrast between cartilage and synovial fluid is higher, 
but signal/noise ratio is insufficient to support spatial resolution (1, 
3). Therefore, the boundary between cartilage and subchondral bone 
gets blurred, and cartilage thickness may not be measured correctly 
(1, 4, 5). Hence, fast/turbo SE (FSE/TSE) gradient echo (GE) and proton 

density (PD) sequences are incorporated in routine MRI examinations 
in joint imaging (1, 6, 7). Fat-suppressed FSE (FS-FSE) and 3-dimen-
sion GE (3D-GE) MR imaging techniques have been reported in many 
studies as sequences that evaluate joint cartilage lesions with the 
highest accuracy and can be used routinely (8, 9). However, accuracy 
of routine MRI sequences in detecting cartilage lesions has become a 
matter of debate owing to the newly developed methods (8).

Morphological features of articular cartilage can be evaluated ac-
curately through MRI sequences specific to the cartilage. There is a 
need for several special sequences, helixes, and devices with high 
gradient power to evaluate in all joints the anatomy and pathology 
of articular cartilage that can be imaged directly, particularly knee 
joint, in a clearer and quicker manner (1, 2, 10). Cartilage-specific 
3D-GE technique is an MR sequence that allows to conduct the ex-
aminations in a short time, and it is used in cartilage imaging with 
different parameters. It has the types of T1 GE (DESS-3D-WE, SPGR, 
FLASH-3D-T1-WE, and WATSc) that suppresses the synovial fluid and 
T2 GE (DESS, SSFP, FLASH T2*-MEDIC, FFE T2*, and WATSf) that does 
not suppress. Contrast/noise between cartilage-synovial fluid and 
cartilage-subchondral bone is significantly high in three-dimension-
al water selective cartilage scan (3D_WATSc) sequence using the fre-
quency selective fat suppression; articular cartilage is observed with 
this technique as a high-signal band. Thanks to fat suppression, the 
only high-signal structure in the joint is cartilage tissue, and the sy-
novial fluid and subchondral bone have lower signal (1, 11). Homo-
geneous hyperintense view of the normal cartilage is divided into 
two with a hypointense line passing through the middle section. By 
this way, this view of the cartilage having a three-layered structure is 
a result of MR technique and termed as “truncation artifact” and does 
not reflect histological view (1, 4, 5) (Figure 1). Owing to the volu-
metric feature of 3D_WATSc technique, higher resolution and signal/
noise ratio are obtained compared with two-dimensional imaging 

Figure 1. a, b. Truncation artifact in 3D_WATSc sequence. Hypointense lines depending on normal hyperintense cartilage and truncation artifact therein 
are observed on the patellar cartilage on the axial (a) and sagittal (b) planes (ok)

a b
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techniques. With multiplanar reconstruction (MPR) images formed at 
1 mm thin sections, it is possible to evaluate the patellar and troch-
lear cartilage tissues arranged perpendicularly to the joint, especially 
where the articular surface is curved (1, 5). FS 3D_WATSc is an easy-
to-apply and widely accepted sequence that does not require new 
data, know-how, and skills for post-processing in contrast with other 
cartilage imaging methods such as magnetization transfer imaging 
and does not contain matching errors such as “misregistration” (1, 5).

MR arthrography is used in selected cases in cartilage imaging. A 
contrast agent containing gadolinium is directly administered into 
the joint in this technique. However, it is not necessary to be used 
routinely owing to the invasiveness of the method, developing tech-
nology of MR devices, and increased gradient power.

Chondromalacia patella is a disease of the deep layers of the cartilage 
holding external layers only in the late period. Its surface is smooth 
and intact. It is associated with a decrease in sulfated mucopolysac-
charides in the core ingredient (12, 13). 

Cartilage defects are defined in four stages pathologically (12, 13) 
(Figure 2). In the grading system developed by Shahriaree, chondral 
damage is evaluated together with its both traumatic and non-trau-
matic types, and it was shown in the studies conducted that it is use-
ful in associating MRI findings and arthroscopic findings (14, 15). 

Arthroscopy
Arthroscopic examinations are the most successful invasive diagno-
sis method in the evaluation of pathologies pertaining to knee artic-
ular cartilage. Some of the advantages of arthroscopy are lowness 
of complication and morbidity rates, intact proprioceptive senses, 
possibility of simultaneous treatment, and short hospital stay. Some 
of the disadvantages of arthroscopy are relative length of the inter-
vention depending on experience, requirement of advanced surgical 
technique knowledge, probability of intra-articular injury, and ex-
pensiveness of arthroscopic devices (16).

Bauer-Jackson classified isolated and traumatic cartilage injuries of 
the knee joint into six groups in terms of form and severity of lesion 
in arthroscopic examination (Table 1). The stage defined by Outer-
bridge is the most commonly preferred chondromalacia classifi-
cation at present as it is more current and easily applicable (17, 19) 
(Table 1). 

Magnetic resonance imaging
Cartilage injuries may be traumatic or degenerative. The response in 
articular cartilage in cases of traumatic injuries is related with how far 
the damage extends up to the subchondral bone. Cartilage defect is 
typically big and sharply circumscribed in traumatic injury. Usually, 
there is a defect causing full-thickness damage and reaching to the 
subchondral bone. In this case, a signal increase in the subchondral 
bone is observed in MRI examination, and this is a stimulating finding 
in terms of cartilage damage. In degenerative osteoarthritis, lesions 
are high in number and are accompanied by diffuse cartilage thin-
ning. The size and depth of defects vary. The edges of cartilage defect 
are blunt and obtuse angled (1, 4).

A modified staging system based on Outerbridge’s arthroscopic stag-
ing system is used in the evaluation of cartilage damage in MRI (1, 2, 
19) (Table 1). Normal cartilage is accepted as stage 0. Earliest joint 
cartilage changes where hyperintense signal change focuses with-
out any contour irregularity or edema appearance is observed in the 
cartilage are classified as stage 1. Fragmentation or fissure formation 
in cartilage or focal defects smaller than 50% of cartilage thickness 
are classified as stage 2; fissures bigger than 50%, fragmentation, or 
focal defects are classified as stage 3; ulcer in joint cartilage, signal in-
crease in the subchondral bone occurring upon exposure of the sub-
chondral bone, or full-thickness cartilage loss is classified as stage 4.

Defects in articular cartilage are shown as focal signal decrease in 
3D_WATSc sequence. The changes in cartilage thickness can also 
be considered as quantitative. Edema occurring in the subchondral 
bone in 83% of the cases with full-thickness defect in the cartilage 
can be evaluated using fat-suppressed FSE/TSE PD sequences (1). 

In this prospective study, six cartilage sites of the knee joint (patella, 
trochlea, medial and lateral femoral condyles, and medial and lat-
eral tibial plateaus) were evaluated in terms of routine MRI, FS 3D_
WATSc/T1A MRI sequence, or cartilage damage by arthroscopy, the 
reference diagnosis method.

METHODS

Overall, 40 female and male patients, who applied to the Orthope-
dics and Traumatology Polyclinic of our hospital with a complaint of 
knee pain, who were thought to have joint cartilage damage or other 
knee pathologies in their examination, and for whom arthroscopic 

Table 1. Bauer-Jackson, Outerbridge arthroscopic classifications, and modified MRI classification cartilage lesions (1, 19, 20).

Bauer-Jackson Outerbridge MRI

Stage Stage Stage

1 Isolated, linear 0 Normal 0 Normal

2 Stellate 1 Malacia on surface 1 Edema/focal signal change

3 Flap 2 <50% irregular surface defect 2 <50% fissure formation/focal defect

4 Crater formation 3 >50% defect reaching subchondral bone 3 >50% fissure formation/focal defect

5 Fibrillation 4
Cartilage defect where subchondral bone is 
exposed 4

Full-thickness cartilage loss, signal 
increase in subchondral bone

6 Cartilage disintegration
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examination was planned, and preoperative MRI imaging of whom 
were conducted between March 2013 and March 2014, were includ-
ed in the study. Written informed consent was obtained from the pa-
tients before MRI.

MRI examination was carried out in a radiology clinic with a 1.5T MR 
device (Philips Achieva, Philips Medical System). Patients were laid 
in a supine position, and a knee coil was placed while the knee was 
at a slight flexion (at 20°-30°). Routine knee MRI examination was 
performed at sagittal (TR/TE/FA: 800/6.6/90, NEX: 1, and ST: 4.5 mm), 
coronal (TR/TE/FA: 680/6.6/90, NEX: 1, and ST: 4.5 mm), axial (TR/TE/
FA: 680/6.6/90, NEX: 1, and ST: 5.5 mm), and fat-suppressed PD and 
sagittal T2A (TR/TE/FA: 3800/100/90, NEX: 1, and ST: 4.4 mm) and cor-
onal T1A (TR/TE/FA: 780/32/90, NEX: 1, and ST: 4.3 mm) sequences. 
Then, imaging was performed with FS 3D_WATSc T1A sequence, and 
MPR images were formed at axial, coronal, and sagittal planes (TR/TE/
FA: 20/50/25, NEX: 2, and ST: 1 mm). Duration of 3D_WATSs sequence 
was 2.5 min, and total filming time was approximately 8.5 min. 

All MRI images obtained were evaluated by two radiologists (with 
clinical experience of 4 years and 20 years) and an orthopedist (with 
clinical experience of 16 years) before arthroscopy. MRI images as-
sessed by two radiologists and an orthopedist were not evaluated in 
terms of interobserver consistency.

Six cartilage sites (patella, trochlea, medial and lateral femoral con-
dyles, and medial and lateral tibial plateaus) were examined in each 
patient. Cartilage signal changes, contour defects, and cartilage loss 
were recorded. Modified MRI staging was used for cartilage damage.

Arthroscopic examination was conducted on patients by orthopedics 
and traumatology physicians on day 1 to 15 following MRI examina-
tion. Lesions such as malacia in articular cartilage, blister fissure, or 
eburnation were evaluated during arthroscopy visually or by means 
of a probe and staged according to Outerbridge’s classification. 

The conventional MRI findings obtained were compared with the 
findings of 3D_WATSc sequence and correlated with the findings of ar-
throscopy. Arthroscopy reference diagnostic procedure was adopted, 
and MRI methods were compared through McNemar test. A p-value 
<0.05 was considered as statistically significant. Sensitivity, specificity, 
and positive and negative predictive values were calculated for MRI 
methods. SPSS software was used for statistical analysis (IBM SPSS Sta-
tistics for Windows, version 20.0; IBM Corp., Armonk, NY, USA).

The Izmir Bozyaka Training and Research Hospital Ethical Committee 
approved the study.

RESULTS

A total of 240 cartilage sites in 40 patients were evaluated in this pro-
spective study of cartilage imaging during 1 year. Table 2 shows the 
distribution of the lesions detected in arthroscopy, conventional MRI, 
and 3D_WATSc sequences by stages. Figure 1 shows the number of 
patients with lesions.

Overall, 25.7% (n=9) of patients included in the study were females, 
and 74.3% (n=31) were males. Patients were in the age range of 13-57 
years with a mean age of 31.68 years (26.77 for females and 33.38 for 
males). The patient group comprised young and middle-aged indi-

Table 2. Numbers of cartilage lesions by stages of arthroscopy, 
conventional MRI, and 3D_WATSc sequences.

No.

Stage Arthroscopy MRI 3D_WATSc

0 212 214 206

1 4 7 9

2 14 8 15

3 6 6 6

4 4 5 4

Total 240

Figure 2. Pathological stages of cartilage defects. Malacia in the 
cartilage is observed in stage 1, blister formation in stage 2, ulceration 
in stage 3, and crater formation and eburnation in stage 4

Stage 1

Normal

Stage 2

Stage 3

Stage 4
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viduals who had active daily lives and did sports, and 92.5% (n=37) 
of whom used their right knees dominantly. When cartilage lesions 
were evaluated in detail by all three methods, it was determined that 
the most commonly affected articular surface was the medial femo-
ral condyle, and that the tibial medial plateau had the second highest 
incidence. The least cartilage damage was detected in the trochlear 
facet articular surface. 

Chondromalacia was detected in 47% (n=19) of patients in ar-
throscopic examination. It was also detected in 55% (n=22) of pa-
tients in 3D_WATSc sequence and 42% (n=17) of patients in con-
ventional MRI. 3D_WATSc sequence could detect chondromalacia in 
more patients than conventional MRI (Figure 3).

Chondromalacia was detected in 34 cartilage sites by 3D_WATSc se-
quence, 26 sites by conventional MRI, and 28 sites by arthroscopy 
(Table 2). When cartilage lesions were divided as per their stages, it 
was observed that the number of stage 1 lesions detected in arthros-
copy (n=4) was less than that detected in conventional MRI (n=7) and 
3D_WATSc sequence (n=9). Furthermore, early-stage chondromala-
cia lesions (stages 1 and 2) were observed to be predominant in the 
entire patient group (most common: stage 2 and rarest: stage 4). It 
was observed that all methods were similarly successful in the detec-
tion of late-stage chondromalacia lesions (stages 3 and 4). No carti-
lage damage was observed in 204 out of a total of 240 cartilage sites 
in both arthroscopy and 3D_WATSc sequence (Table 3) and in 205 in 
both arthroscopy and conventional MRI (Table 4) (stage 0, true neg-
ative). Figure 4 shows the normal cartilage structures in 3D_WATSc 
sequence.

When stage 1 chondromalacia lesions were examined, damage in 
three cartilage sites was observed in both arthroscopy and 3D_WATSc 
sequence. No lesion was detected in arthroscopy in six cartilage sites, 
where stage 1 damage was observed by 3D_WATSc sequence (false 
positive); and stage 1 chondromalacia was detected in one cartilage 
site in arthroscopy, but no lesions could be shown by 3D_WATSc se-
quence (false negative). Figure 5 shows the stage 1 cartilage damage 
in 3D_WATSc sequence.

When stage 2 chondromalacia lesions were examined, damage was 
observed in 13 cartilage sites in both arthroscopy and 3D_WATSc 
sequence. No lesion was detected by arthroscopy in two cartilage 
sites, which were shown to have stage 2 damage by 3D_WATSc se-
quence (false positive); and stage 2 chondromalacia was detected in 
arthroscopy in one cartilage site, but no lesion could be shown by 
3D_WATSc sequence (false negative). Figure 6 shows the stage 2 car-
tilage damage in 3D_WATSc sequence.

Advanced stage chondromalacia lesions could be shown in arthros-
copy and 3D_WATSc sequence with identical sensitivity, and stage 3 
chondromalacia was detected in six cartilage sites and stage 4 chon-
dromalacia in four cartilage sites. Figures 6 and 7 show the stage 3 
and 4 cartilage damages in 3D_WATSc sequence.

Table 3 shows the comparative results of arthroscopy and 3D_WATSc 
and the numbers of lesions by stages. Table 4 shows the comparative 
results of arthroscopy and conventional MRI and the numbers of le-
sions by stages. Table 5 shows the success of conventional MRI and 
3D_WATSc sequences in detecting lesions compared with arthrosco-
py results.

When sensitivities of MRI examinations regarding the detection of 
cartilage damage were compared, it was remarkable that both sensi-
tivity and specificity of 3D_WATSc sequence were higher than those 
of conventional MRI. Furthermore, it was determined that positive 
and negative predictive values of conventional MRI examination 
were lower than those of 3D_WATSc sequence (Figure 8).

Incidence of early-stage chondromalacia in both MRI methods 
(stages 1 and 2) was found to be higher than that of advanced 
stage (stages 3 and 4). Lesion detection rates in early-stage and 
all chondromalacia cases by different techniques were analyzed, 

Table 3. Numbers of cartilage lesions by stages of arthroscopy and 
3D_WATSc sequences.

Arthroscopic stage

3D_WATSc stage 0 1 2 3 4 Total

0 204 1 1 0 0 206

1 6 3 0 0 0 9

2 2 0 13 0 0 15

3 0 0 0 6 0 6

4 0 0 0 0 4 4

Total 212 4 14 6 4 240

Table 4. Numbers of cartilage lesions by stages of arthroscopy and 
conventional MRI.

Arthroscopic stage

MRI stage 0 1 2 3 4 Total

0 205 2 7 0 0 214

1 5 2 0 0 0 7

2 1 0 6 1 0 8

3 1 0 0 5 0 6

4 0 0 1 0 4 5

Total 212 4 14 6 4 240

Figure 3. Sensitivity and specificity rates of conventional MRI and 3D_
WATSc sequences; positive and negative predictive values

Chondromalacia

3D_WATSC

Conventional MRI

Arthroscopy

Normal

0% 20% 40% 60% 80% 100%

21

23

1822

17

19
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and a statistically significant difference was detected between 
3D_WATSc sequence (96% and 92%, respectively) and convention-
al MRI examination (89% and 92.5%, respectively) (p<0.05). No sta-

tistically significant difference was found between both MRI tech-
niques for advanced stage chondromalacia cases (89% and 89%, 
respectively). 

Table 5. Success of conventional MRI and 3D_WATSc sequences in detecting lesions by stages of arthroscopy compared with gold 
standard arthroscopic diagnosis.

3D_WATSc stage TP (%) FP (%) TN (%) FN (%) A (%)

1 3 (1.25) 6 (2.5)

204 (85)

1 (0.5)
92

2 13 (5.4) 2 (1) 1 (0.5)

3 6 (2.5) 0 0
89

4 4 (1.7) 0 0

Total 26 (10.8) 8 (3.3) 2 (1)
96

Conventional MRI stage

1 2 (1) 5 (2.1)

205 (86)

2 (1)
89

2 6 (2.5) 2 (1) 7 (3)

3 5 (2.1) 1 (0.5) 1 (0.5)
89

4 4 (1.7) 1 (0.5) 0

Total 17 (7.3) 9 (4.1) 10 (4.2) 92

TP: true positive; FP: false positive; TN: true negative; FN: false negative; A: accuracy/observed consistency. 

Figure 4. a-c. Normal cartilage views in 3D_WATSc sequence. Femoral condyle and tibial plateau (a) on the coronal plane; trochlear cartilage (b) and 
normal MRI views of the patellar cartilage (c) not including pathology are observed on the axial plane

a b C

Figure 5. a, b. Stage 1 cartilage damage in 3D_WATSc sequence. 
Focal hypointense signal change fields are observed without contour 
irregularity in the tibial medial condyle (a) on the axial view and in the 
trochlear cartilage (b) on the coronal view

a b

Figure 6. a, b. In 3D_WATSc sequence, stage 2 and 3 cartilage damages. 
<50% focal defect matching stage 2 cartilage damage in the tibial 
medial plateau (a) on the coronal view and >50% focal defect matching 
stage 3 cartilage damage in the femur medial condyle (b)

a b
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DISCUSSION

The purpose of cartilage imaging was to evaluate the integrity of the 
cartilage, thickness and volume of the cartilage matrix, and its rela-
tionship with the subchondral bone. Although the cartilage tissue 
covering the articular surface has a big area, it is indeed relatively 
thin. The knee joint has the thickest cartilage layer of the body. The 
thickest cartilage in the knee is 6-7 mm in the patella, and the thin-
nest cartilage is 2 mm in the tibial plateau (8, 20).

Imaging of the cartilage, treatment of the damage occurring in the car-
tilage, and follow-up of the outcomes of treatment have gained signif-
icant importance in recent years. There is a need for a diagnosis meth-
od that can provide direct and accurate information in the evaluation 
of articular cartilage in pre- and postoperative period, making correct 
diagnosis in suspected cases of cartilage pathologies and determin-
ing the numbers, localizations, and sizes of existing lesions. For these 

reasons, MRI is now the main diagnosis method in the examination of 
the cartilage. Although there are a multitude of studies in the literature 
related to MRI, no agreement could be reached on normal cartilage 
MRI techniques and detection of cartilage lesions. While TSE/FSE PD se-
quence added to SE-based T1 and T2W sequences is the most valuable 
sequence in cartilage evaluation in routine examinations, artifacts de-
velop because of slice thickness and the “magic angle phenomenon” on 
curved surfaces. This decreases the sensitivity of the examination. Ow-
ing to volumetric examinations with thin slices that are fat-suppressed 
and some of which are liquid-suppressed, cartilage-specific 3D-GE 
sequences of which are performed, these artifacts are prevented, and 
very small-sized cartilage defects and signal changes can be detected 
by reconstructive multiplanar images (1, 4, 11, 21). 

Cartilage pathologies are observed in the form of contour irregular-
ities rather than signal changes in 3D-GE sequence. However, sensi-
tivity is low and insufficient in the recognition of superficial lesions as 
adequate contrast resolution cannot be achieved between cartilage 
and synovial fluid, both of which are high-signaled in this sequence. 
Accuracy, sensitivity, and specificity rates were reported as 91%, 
87%, and 97%, respectively, for this sequence in the literature (1, 5). 
While the highest accuracy was achieved in patellofemoral articular 
cartilage evaluation as in other cartilage imaging sequences, the ac-
curacy rate increases in high-degree cartilage defects. The greatest 
disadvantage of the sequence is long examination time that may ex-
ceed 5 min and its insensitivity to extra cartilage and bone marrow 
pathology. Faster and more powerful gradient systems are needed to 
reduce the examination time (1, 11). 

In our study, 3D_WATSc/T1A sequence is the equivalent of FS 3D 
T1A-GE sequence in Philips MR systems. Added to routine knee MRI 
examinations, this sequence was used as a low-cost and non-inva-
sive tool to diagnose cartilage lesions of the knee joint earlier. Ex-
istence and degree of chondromalacia could be determined using 
this technique with higher sensitivity and specificity than conven-
tional MRI images. The most successful values in similar studies in 
the literature were published by Recht et al. (5) and Disler et al. (22). 
Sensitivity and specificity degrees were found as 81% and 97%, re-
spectively, in the study by Recht et al. (5) and as 93% and 94%, re-
spectively, in the study by Disler et al. (22), both of which used 3D, 
fat-suppressed GE sequences. In our study, sensitivity and specific-
ity ratios were very similar to these results at 92% and 96%, respec-
tively. In addition, focal defects in hyaline cartilage could be shown 
better in our study compared with conventional MRI examination 
by 3D_WATSc/T1A sequence. 

As there are no apparent surface changes in early-stage (stages 1 
and 2) chondromalacia cases yet, minor changes that cannot be 
detected even in conventional MRI and arthroscopy, the reference 
diagnostic method, could be successfully shown by 3D_WATSc/
T1A sequence. When detection rates of early-stage lesions were 
compared, a statistically significant difference was detected be-
tween 3D_WATSc/T1A sequence and other methods (p<0.05). This 
result showed that it is more difficult to detect internal structure 
and superficial malacia of the cartilage in arthroscopy than in 
3D_WATSc sequence, which is superior than other techniques in 
detecting early-stage lesions.

In advanced stage (stages 3 and 4) chondromalacia cases, it was re-
markable that 3D_WATSc/T1A sequence is more successful than con-

Figure 7. In 3D_WATSc sequence, stage 4 cartilage damage. Focal 
full-thickness defect and medullary bone marrow edema on the 
subchondral area, matching stage 4 cartilage damage is observed in 
the femur medial condyle on coronal views

Figure 8. Numbers and rates of patients found to have chondromalacia 
in their arthroscopy, conventional MRI, and 3D_WATSc sequences
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ventional MRI in terms of sensitivity and specificity and shows total 
harmony with arthroscopy. 

MRI and arthroscopy results were compared with other studies on 
the subject matter in the literature. Rose et al. (23) detected 94% sen-
sitivity rate in early-stage chondromalacia and 98% sensitivity rate in 
advanced stage chondromalacia. Sang Hoon Lee et al. (24) detected 
sensitivity and specificity values in MRI examination that they con-
ducted using inversion recovery-fast SE technique as 75% and 94%, 
respectively, in early-stage chondromalacia cases and as 80% and 
99%, respectively, in advanced stage chondromalacia cases. These 
results are similar to the findings identified by our study. 

Arthroscopic evaluation is a semi-quantitative technique depending on 
the observation of the practitioner and remains insufficient in terms of 
diagnosis in early-stage chondromalacia cases termed as “closed chon-
dromalacia,” where surface changes are not apparent, when evaluated 
together with the difficulties in probe use. For that reason, suspicions 
have emerged recently as to whether arthroscopy is the gold standard 
in evaluating early-stage cartilage disorders. Assessing arthroscopy as 
negative and MRI as false positive in showing lesions in cartilage degen-
erations not having surface irregularities poses high risk in rating chon-
dromalacia. Therefore, MRI examination has a crucial role especially in 
the diagnosis and monitoring of symptomatic patients. Invasive proce-
dures requiring anesthesia, such as arthroscopy or arthrography, which 
will be conducted in these patients for diagnosis, will decrease, and new 
approaches will emerge with conservative treatment methods. Howev-
er, it will be indispensable to perform arthroscopic examination in case 
treatments to be conducted result in failures 

A total of eight cartilage sites that were shown in MRI by 3D_WATSc/
T1A sequence, but where arthroscopy was negative, were detected 
in our study. However, it is required to monitor both clinical and MRI 
findings of these patients in the long term for the purpose of verify-
ing MRI results conclusively. Not including long term follow-ups of 
patients leads to a relative limitation in our study. 

Gradually increasing the number of studies on the physiological 
changes of articular cartilage started to be conducted with wide-
spread use of 3 Tesla MRI devices. Both physiological and morpho-
logical changes in the cartilage can be displayed simultaneously by 
the increased magnetic field power, and substantial increases can be 
observed in contrast resolution owing to the increased signal/noise 
ratio (1). It was shown in a limited number of studies that informa-
tion close to histology is obtained with the use of contrast substance 
in 3 T devices with delayed gadolinium-enhanced MRI of cartilage 
technique, showing biochemical structure of the cartilage. However, 
comprehensive studies are still in progress. 

CONCLUSION

Cartilage-specific, fat-suppressed 3D_WATSc/T1A MR sequence 
is more successful than conventional MRI in the determination of 
knee joint cartilage pathologies. Signal of articular cartilage is high-
er than other surrounding tissues; thus, high-contrast resolution is 
achieved, and cartilage lesions are detected more easily. Particularly, 
it can be even more successful than arthroscopy in the detection of 
early-stage cartilage damage. Through the decrease in artifacts, op-
timum evaluation of especially curved surfaces and of patellar and 
trochlear cartilages arranged perpendicularly to the joint is possible 

with high-resolution two-dimensional multiplanar reconstruction 
views acquired from 1 mm three-dimensional images. Despite the 
increase in the examination time, absence of the need for formation 
of image after examination allows use of this sequence routinely. 
3D_WATSc/T1A is a low-cost, non-invasive, and repeatable tool that 
can be added to a conventional knee MRI examination adjunctly and 
can show hyaline cartilage lesions beginning from early-stage.
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