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In a prospective study, magnetic resonance 
imaging was performed before arthroscopy for 
all patients (n = 121) with a meniscal tear (n = 
125). Criteria of the study were stable cruciate 
and collateral ligaments, absence of pathologic 
radiographic findings, and absence of prior 
surgical interventions of the involved knee 
joint. In 43 knees (34%), the clinical diagnosis 
of a meniscal tear was discarded because of the 
results of the magnetic resonance imaging ex- 
amination. Synovitis was diagnosed in 16 pa- 
tients (13%), articular cartilage damage in 10 
patients (8%), bone bruise injuries in 10 pa- 
tients @%), osteochondritis dissecans in 3 pa- 
tients (2%), disruption of the inner layer of the 
medial collateral ligament in 3 patients (2%), 
and osteonecrosis in 1 patient. The use of mag- 
netic resonance imaging in establishing diag- 
nosis of disorders of the knee joint altered 
treatment in a significant proportion of pa- 
tients. Magnetic resonance imaging should be 
done before arthroscopy of the knee in all cases 
in which the clinical diagnosis has been re- 
duced to a suspected meniscus injury. 
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In some reports, clinical investigation of 
meniscal injuries is afflicted with a high 
percentage of false positive findings.49.62 A 
variety of clinical tests have been estab- 
lished to recognize meniscal injuries with a 
diagnostic accuracy varying between 35% 
and 95%.49.57.62,6557 Therefore, arthroscopy, 
based only on clinical evaluation may lead to 
diagnostic arthroscopies or even to incorrect 
therapeutic consequences. 

Despite controversies concerning cost ef- 
fectiveness, magnetic resonance imaging 
(MRI) recently has become a more popular 
diagnostic tool for evaluation of knee joint 
disorders.'.15.'7.45,49.6?.75 In the radiologic lit- 
erature, a high rate of accuracy, sensitivity, 
and specificity concerning meniscal disease 
has been reported; additionally, alterations in 
the surrounding tissue can be visualized on 

The purpose of the present prospective 
study was to evaluate the influence of MRI 
on the indication for arthroscopy and, conse- 
quently, on a possible reduction of the num- 
ber of arthroscopies or alteration in therapy. 

MRI scans.7.20.52.56.64.70.75 

MATERIALS AND METHODS 

From October 1993 through September 1994, 121 
consecutive patients involving a total of 125 
knees fulfilled the criteria of this prospective 
study: clinical diagnosis of a meniscus injury es- 
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tablished by a member of the knee clinic; stable 
cruciate and collateral ligaments without previ- 
ous history of knee injury or previous surgery of 
the involved knee joint; and no pathologic radi- 
ographic findings. 

Anteroposterior and lateral weightbearing ra- 
diographs of the involved knee joint and an axial 
view of the patella were obtained for all patients. 

Detailed history of the patients' symptoms 
were reported. Clinical evaluation included deter- 
mination of joint line tenderness, joint effusion, 
range of motion, meniscus tests (McMurray, 
Steinmann I, Steinmann 11, Boehler), ligamentous 
stability tests, patellar tracking, and stability. 

All patients with the clinical diagnosis of a 
meniscal injury were preliminary scheduled for 
arthroscopy with the same surgeon (C.R.). 

Magnetic resonance imaging was conducted 
before surgery. Magnetic resonance imaging was 
performed with a 0.5 Tesla superconducting mag- 
net (MRT-50A/20, Toshiba Medical System Fac- 
tory, Nasu, Japan). Data were collected with the 
use of a 256 x 160 double matrix. The use of a 
field of view 150 to 200 mm resulted in an in- 
plane spatial resolution of 1.2 to 1.8 mm. Section 
thickness was 5 mm (intersection gap in T I ,  1 
mm; in T2* [FE], 0. The spin echo was used, and 
T2* (TWTE: 600/22; flip angle 30") images were 
obtained in the axial, coronal, and sagittal planes 
with 2 acquisitions. A surface coil (cervical coil, 
Toshiba) was used for the examinations. Mag- 
netic resonance imaging scans were sent to Vi- 
enna without accompanying radiographs and with 
the diagnosis of a suspected meniscal injury. 
These were evaluated by an independent radiolo- 
gist (L.H.), who was not aware of being part of 
the study at that time and who did not meet the 
patients. Additionally, the scans were reevaluated 
independently by the surgeon (C.R.). Menisci 
were graded on a scale of 1 to 3 according to the 
character of intrameniscal MRI signal.66 Only 
menisci exhibiting an intrameniscal signal com- 
municating with the meniscal articular surface 
(Grade 3) were considered suitable for surgery. 

Whenever MRI confirmed the diagnosis of a 
torn meniscus, surgery was performed with the 
patient under general or epidural anesthesia per- 
formed by the same surgeon. 

Fifty six (46%) female and 65 (54%) male pa- 
tients with 62 right and 63 left knees were in- 
cluded in the study. sensitivity, specificity, and 
accuracy as well as positive and negative predic- 

tive values of MRI evaluation of meniscal disease 
were determined only for patients who were 
treated surgically. 

RESULTS 

One hundred twenty-five knee joints were 
included in the current prospective study. 
Magnetic resonance imaging evaluation be- 
fore surgery discarded the clinical diagnosis 
of a meniscal tear in 43 knee joints (34%) 
(Table 1). 

Eighty patients (64%) required 8 1 surgical 
procedures ( 1  open synovectomy, 80 arthro- 
scopies) (Table 2). There were no infections 
or neurovascular complications. Forty-five 
knee joints (36%) were treated conserva- 
tively (Table 3). Among these, 10 patients 
(8%) had refused surgery despite clinical and 
MRI findings of a meniscal injury. 

In 43 knees (34%), MRI evaluation dis- 
carded the clinical diagnosis of a meniscal 
tear (Table 1): in 16 patients (13%), MRI did 
not confirm the clinical diagnosis of a menis- 
cal tear but showed thickened or irregular 
synovium and free fluid of the knee joint, 
pertinent with the diagnosis of synovitis. For 

TABLE 1. Alteration in Therapy (N = 43 
[34%]) 

DiagnosidNo. 
of Patients Altered Treatment 

Synovitis 
n = 16 (13%) 

Cartilage damage 
n = 10 (8%) 

Bone bruise injury 
n = 10 (8%) 

Osteochondritis 
dissecans 
n = 3 (2%) 

Osteonecrosis 
n = l  1 core decompression 

Medial collateral 
ligament strain 
n = 3 (2%) 

1 open synovectomy 
1 arthroscopic synovectomy 

1 drilling 

2 bone biopsies 

1 drilling 

1 diagnostic arthroscopy 
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TABLE 2. Surgical Treatment (N = 81 
[64%]) 

Surgical Treatment No. of Patients 

Arthroscopies (n = 80) 
Partial resection medial meniscus 
Medial meniscus repair 
Partial resection lateral meniscus 
Partial resection medial & lateral 
False positive MRI 
Drilling 
Bone biopsies 
Core decompression 
Synovectomy 
Diagnostic arthroscopy 

Open synovectomy (n = 1) 

49 (39%) 

7 (6%) 
5 (4%) 

3 (2%) 
9 (7%) 
2 (2%) 
2 (2%) 
1(1%) 
1 ( 1 % )  
l ( l % )  

MRI = magnetic resonance imaging. 

these patients, serous effusion was evacuated 
from the knee joint and led to further sero- 
logic analysis. For 3 of these patients, 
changes corresponding to polyarthritis were 
found. For 1 patient, villonodular synovitis 
was suspected from the MRI scans and 
therefore led to open synovectomy. Never- 
theless, the histologic examination merely 
revealed extensive nonspecific synovitis. For 
1 patient, Lyme synovitis was diagnosed 
from the synovial fluid. 

For 10 patients (8%), a diagnosis of articu- 
lar surface damage was assessed on MRI 
scans as the only pathologic finding, which 
was considered responsible for patients’ dis- 
comfort. For 1 patient, drilling of the inter- 
condylar groove and consequent postopera- 
tive nonweightbearing for 6 weeks were 

TABLE 3. ConservativeTreatment (N = 
45 [36%]) 

Nonoperative treatment No. of Patients 

Conservative (n = 35) (28%) 
Synovitis 14 (1 1%) 

Bone bruise injury 8 (6%) 
Medial collateral ligament strain 2 (2%) 
Osteochondritis dissecans 2 (2%) 

Cartilage damage 9 (7%) 

Surgery refused (n = 10) (8%) 

conducted.46 In 3 patients, MRI scans re- 
vealed the diagnosis of osteochondritis dis- 
secans, which had not been detected on the 
radiographs. Two of these patients were 
treated conservatively. For 1 patient, osteo- 
chondritis dissecans was detected on the me- 
dial and lateral femoral condyle (Fig 1). Be- 
cause of persistent pain and failure of a 
rehabilitation program, arthroscopy was per- 
formed. Arthroscopically, the articular surface 
showed no pathologic change. Softening of 
the cartilage on the medial femoral condyle 
within the area of the osteochondritis disse- 
cans was barely detectable; no conspicuous 
alterations were found on the articular surface 
of the lateral condyle. On the medial side, the 
osteochondritis dissecans was located and 
reamed extraarticularly. No further surgical 
intervention was performed on the lateral 
side. After 6 weeks of nonweightbearing and 
a rehabilitation program, the patient recov- 
ered. An MRI control 12 weeks after surgery 
demonstrated almost complete disappearance 
of the edema within the medial condyle and 
complete resolution of the osteochondritis 
dissecans of the lateral femoral condyle. 

In 10 additional patients, MRI evaluation 
revealed isolated bone bruise injuries with- 
out concomitant ligamentous injuries (Fig 
2). All but 2 patients had a history of a minor 
knee trauma. Six of 10 patients developed a 
serous joint effusion 2 to 4 weeks after in- 
jury. In the 2 patients who denied any prior 
trauma, a malignant process could not be ex- 
cluded. Consequently, subchondral bone 
biopsy specimens were obtained from the in- 
volved side and examined histologically. 
Arthroscopy was performed to evaluate the 
knee joint and to control strict subchondral 
position of the cannulated drill, which was 
inserted extraarticularly. Articular surface, 
ligaments, and menisci were found intact in- 
side the knee joint in both patients. Histo- 
logic examination of these 2 patients re- 
vealed a repair process of fractured 
cancellous bone within the same area, which 
had been interpreted as bone bruise injury on 
MRI scans. 
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Fig 1A-C. (A) Normal preoperative anteroposterior and lateral radiograph of the knee in a 19-year- 
old man. (B) Preoperative coronal MRI demonstrates osteochondritis dissecans of the medial and 
lateral femoral condyle and of the proximal tibia (arrows). (C) Preoperative sagittal MRI showing os- 
teochondritis dissecans of the lateral femoral condyle (arrows). 

For a 53-year-old man with the clinical di- 
agnosis of a lateral meniscus injury, MRI ad- 
ditionally revealed osteonecrosis of the me- 
dial and lateral femoral condyle, which had 
not been detectable on the radiographs (Fig 
3A-C). At arthroscopy, the articular surface 
of the knee joint was found intact. The loose 
part of the lateral meniscus was resected. Os- 
teonecrosis was treated conservatively with 
nonweightbearing and a rehabilitation pro- 
gram. However, the patient’s condition did 
not improve. Ten weeks after arthroscopy, 
the patient reported increasing pain and in- 

ability to walk. At clinical examination, se- 
vere effusion was found. Magnetic reso- 
nance imaging demonstrated progression of 
osteonecrosis, including infarction of the ar- 
ticular surface of both femoral condyles. A 
core decompression was done under arthro- 
scopic control. The articular surface was 
found to be covered with granulation tissue. 
Histologic examination confirmed the diag- 
nosis. At followup after 12 months, signs of 
osteonecrosis had completely resolved on 
the MRI scans (Fig 3D). Clinically, the pa- 
tient had recovered completely. 

Fig 2A-C. (A) Normal anteroposterior and lateral radiographs of the knee in a 30-year-old man, 
who had sustained a minor twisting injury at skiing with the suspected clinical diagnosis of a lateral 
meniscus injury. (B) Coronal MRI shows a bone bruise injury of the lateral tibial condyle (arrows). (C) 
Sagittal MRI of the lateral tibial condyle reveals a bone bruise injury (black and white arrows). 
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Fig 3A-D. (A) Anteroposterior and lateral radiographs of the knee in a 53-year-old man with the 
suspected clinical diagnosis of a lateral meniscal injury. (B) Preoperative coronal MRI demonstrates 
osteonecrosis of the medial and lateral femoral condyle (arrows). (C) Preoperative sagittal MRI 
shows osteonecrosis of the medial femoral condyle (arrows). (D) Magnetic resonance imaging 1 
year after surgery demonstrates complete disappearance of osteonecrosis. Note the remains of the 
drill canals (arrows). 

Because of false MRI results, arthroscopy ate ligament appeared similar to meniscal 
had retrospectively not been indicated for 9 tears on MRI scans. At arthroscopy, some 
patients. For 5 of these patients, the only fibers of the anterior cruciate ligament were 
pathologic finding was articular surface found captured in the medial compartment 
damage, which did not require any further of the knee joint without biomechanical 
surgical measures. For 2 additional patients, consequences for joint stability or limitation 
incomplete disruptions of the anterior cruci- of range of motion. For 1 patient synovitis 
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and for another gout arthritis were detected 
at arthroscopy as the only pathologic find- 
ings. In both cases, the results of serologic 
blood analysis before arthroscopy had been 
negative. 

For 1 patient, diagnostic arthroscopy was 
done. Clinical examination indicated a me- 
dial meniscal injury, but MRI revealed a dis- 
ruption of the inner layer of the medial col- 
lateral ligament. The patient developed a 
flexion contracture and therefore was reeval- 
uated by MRI; again the findings were con- 
sistent with that of intact menisci. Because 
of continuing tenderness of the medial com- 
partment and a resistant flexion contracture 
of lo", arthroscopy was performed despite 
negative results on both MRI examinations; 
nevertheless, no pathologic alterations could 
be found. 

Sensitivity, specificity, accuracy, and pos- 
itive and negative predictive values of MRI 
i n  determining meniscal disease could be 
evaluated only for patients who had under- 
gone surgery. Magnetic resonance imaging 
evaluations by the radiologist (L.H.) and the 
surgeon (C.R.) were compared (Table 4). 

DISCUSSION 

Magnetic resonance imaging has been used 
increasingly to determine knee joint disor- 
ders. Advantages include its noninvasive na- 
ture, the ability to evaluate the knee joint in 
multiple planes, the absence of ionizing radi- 
ation, and the capacity to evaluate all struc- 
tures and surrounding soft tissue of the knee 

imaging may be limited by costs, by misin- 
terpretation, and by errors due to technical 

The purpose of the current study was to 
evaluate the influence of preoperative MRI 
on the decision for surgery whenever a 
meniscus injury was suspected. From a total 
of 125 consecutive knees, the number of 
arthroscopies was reduced in 28% of all 
cases and therapy was altered in 34% of all 
knees because of the MRI findings. This per- 

joint.2.7.1 I .12.20.51-53,56,7.5 Magnetic resonance 

shoficomings. 1.1 7,22,39,45.49,62,69,70.73-75 

TABLE 4. Sensitivity, Specificity and 
Accuracy Statistics 

MRI % 

Sensitivity 
Medial meniscus 
Lateral meniscus 

Medial meniscus 
Lateral meniscus 

Medial meniscus 
Lateral meniscus 

Medial meniscus 
Lateral meniscus 

Positive predictive value 
Medial meniscus 
Lateral meniscus 

Specificity 

Accuracy 

Negative predictive value 

93% 
78% 

74% 
89% 

89% 
88% 

81 Yo 
97% 

90% 
47% 

MRI = magnetic resonance imaging 

centage is consistent with that arrived at by 
Spiers et a1,62 who calculated a possible 29% 
reduction in the number of arthroscopies in 
58 patients, without missing any significant 
meniscal lesion, if they would have accepted 
preoperative MRI findings. 

Magnetic resonance imaging has been 
found to be effective in evaluating dis- 
eases of the synovium of the knee 

rent study, MRI evaluation revealed synovi- 
tis in 16 patients (13%). Most authors report 
only a few cases of synovial diseases deter- 

by Singson et a1,60 only 12 of 550 knees with 
significant joint effusion showed thickened 
or irregular synovium. Of these, the cause of 
synovitis was proven in 10 patients. In the 
current study, Lyme synovitis was diagnosed 
in only 1 patient. 

Magnetic resonance imaging has been 
used to evaluate the status of articular carti- 
lage of the knee joint.40 Sensitivity of MRI 
for depicting cartilage lesions has been re- 
ported as dependent on the extent of the 
chondral lesion. Advanced stages of chon- 

j0int~23.25.28.30,31.33.36.37.5R.60,63.75.76 In the cur- 

mined by MRI.23.28.3 1,33,36.37,60.63,76 In a study 
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dromalacia are visualized with a high sensi- 
tivity.2,6,2',40.41.'4.56 This finding contrasts the 
reports of others, who have stated that carti- 
laginous loose bodies and rice bodies as well 
as defects of articular cartilage were not well 
identified on MRI scans.17.45.62 In the current 
study, in 10 patients (8%), articular cartilage 
damage identified on MRI scans was consid- 
ered causal for knee joint discomfort and had 
been incorrectly diagnosed as a meniscal in- 
jury at clinical examination. Surgery was per- 
formed for only 1 patient because of the ex- 
tent of the lesion seen on MRI and the 
impairment of pain and swelling and failure 
of rehabilitation. Although arthroscopy is 
highly accurate in the determination of chon- 
dral lesions,4l,48-56.62 therapy usually remains 
conservative. In the current study, arthroscopy 
remained a mere diagnostic intervention for 9 
patients, who had had false positive MRI 
findings of a torn meniscus. For 5 of these pa- 
tients, only chondral lesions were found at 
arthroscopy. 

For 3 patients, MRI detected osteochon- 
dritis dissecans, which had not been visible 
on radiographs and which had been consid- 
ered to be meniscal injuries. For 1 patient, 
osteochondritis dissecans of the medial 
femoral condyle was reamed from an ex- 
traarticular approach, whereas osteochondri- 
tis dissecans of the lateral femoral condyle 
was left alone.9~l8 

Mink and Deutsch38 defined bone bruise 
on T1-weighted images as a geographic and 
nonlinear area of signal loss involving the 
subcortical bone due to trauma. Bone bruise 
injuries have been reported with a frequency 
of up to 79% in association with anterior cru- 
ciate ligament injuries but also in association 
with other meniscoligamentous inj~wies.32.38.68.~~ 
However, Mink and Deutsch38 additionally 
noted that 7 of the 30 bruises were in patients 
with stable knees at examination. Tung et 
a168 reported bone bruises in 5 of 53 cases in- 
volving patients with normal anterior cruci- 
ate ligaments. In the current study, MRI 
evaluation revealed an isolated bone bruise 
injury in 10 patients (8%) without concomi- 

tant ligamentous injuries. Further, no bone 
bruise injuries associated with a meniscal 
injury were observed. Clinical significance 
of bone bruise injuries has been discussed 
in the literature, but treatment has not been 
established.38.68.72 In the current study, 2 pa- 
tients reported no prior trauma, and a 
malignant process could not be excluded. 
Consequently, subchondral bone biopsy speci- 
mens were obtained from the involved side. 
Histologic examination revealed a subcortical 
fracture of cancellous bone and a repair 
process within the same area which had been 
interpreted as bone bruise injury on MRI scans. 
At clinical examination, isolated bone bruise 
injuries should be considered, because such 
injuries may be misinterpreted as meniscal 
injuries. 

Magnetic resonance imaging has been 
used to delineate osteonecrosis after sponta- 
neous occurrence in association with the use 
of steroids, after chemotherapy, after arthro- 
scopic surgery, and with systemic dis- 

nosis of osteonecrosis has been based on 
radiographic findings. Magnetic resonance 
imaging and other imaging techniques were 
used to describe the nature of the dis- 
ease.4.5.13,29,34.44.55,77 In contrast to the reports 
mentioned above, diagnosis of spontaneous 
osteonecrosis was based exclusively on MRI 
evaluation in the current study. Similarly, as 
reported by Forst et a1,16 radiographs did not 
show any signs of osteonecrosis. The pres- 
ence of a lateral meniscal tear led to inade- 
quate treatment of osteonecrosis, because 
initially only the torn portion of the lateral 
meniscus was resected. Successful treatment 
of spontaneous osteonecrosis of the knee 
joint and of the femoral head by core decom- 
pression has been reported before.14.16-24 

Effectiveness of MRI for detecting menis- 
cal tears visualized at arthroscopy has been 
reported within a range of 45% to 

rent study, sensitivity of the MRI compared 
with arthroscopic findings was 93% for the 
medial and 78% for the lateral meniscus; 

ea~e~.3-6,8.13,29,34.43.44,51,55,56.77 Usually, diag- 

~ ~ ~ ~ ~ ~ 1 . l l , l 2 . l 5 . 1 7 . 2 7 , 3 2 , 3 5 , 4 5 , ~ 9 , 5 0 . 5 2 . 5 9 , 6 ~  In the cur- 
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specificity was 74% for the medial and 89% 
for the lateral meniscus; and accuracy was 
89% for the medial and 88% for the lateral 
meniscus. These findings are consistent with 

Accurate assessment of meniscal disease 
may be affected adversely by variations of 
anatomic structures of the knee joint, which 

A variety of technologies and techniques 
have been described to influence the diag- 

False positive scan results have been re- 

noted that of 145 menisci exhibiting a Grade 
1 or Grade 2 signal, 89% were found to be 
normal at surgery; further, of 123 menisci 
exhibiting a Grade 3 signal, 94% had tears at 
surgery. In the current study, there were 9 
false positive MRI findings; at arthroscopy, 
the menisci were found to be intact. 

A variety of other pathologic alterations 
can be visualized on MRI scans but did not 
occur among this collective. 10.26.56.75 There- 
fore, it cannot be concluded from the cur- 
rent study that such changes might not be 
misinterpreted as meniscal injuries at clini- 
cal examination. Magnetic resonance imag- 
ing improved diagnostic accuracy of knee 
joint disorders in the current study. Never- 
theless, the authors believe that MRI 
should not replace careful clinical exami- 
nation and complete evaluation of a pa- 
tient’s history. However, indication for 
MRI before arthroscopy of the knee should 
be established in all cases in  which clinical 
diagnosis has been reduced to a suspected 
meniscal injury. 

the data reported earlier. 1.1 1.12.15.32.35.45.49.52.61 

may appear abnormal on MRI scans.--. 71 7 I .13.74 

nostic accuracy of MR1.l 1.15.19.38,39.32.15.5~,69 

ported before. I I .15.3?.35.3R.45.17.49.59 Crues et all I 

CONCLUSION 

In the current prospective study, it was 
shown that MRI examination of suspected 
meniscus injuries before the scheduled oper- 
ation could reduce the total number of 
arthroscopies in 28% of cases. Only for 9 pa- 
tients (7%) was arthroscopy retrospectively 
considered to be a diagnostic intervention. 

Magnetic resonance imaging additionally 
has proven to be valuable in  the detection of 
pathologic changes located beneath the artic- 
ular surface or in extraarticular spaces. 
These remain hidden during arthroscopy and 
on radiographs and can mimic meniscal in- 
juries. Because of MRI findings, therapy was 
altered in 43 knees (34%). 
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