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CHAPTER 2

Effectiveness of MR Imaging in Selection of Patients for
Arthroscopy of the Knee at low field strengths
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2.1. Abstract

Purpose To determine the effectiveness of 0.5-T magnetic resonance (MR) imaging in
the appropriate identification of those patients with a high clinical suspicion of internal
derangements of the knee who require arthroscopic therapy.

Materials and methods In a prospective multicenter study, MR imaging was
performed at 0.5-T in 430 consecutive patients. The sensitivity and specificity of MR
imaging in the patients who underwent arthroscopy and the corrected sensitivity and
specificity of MR in all the study patients were calculated. For this correction, patients
with negative MR and arthroscopic results were considered representative of the
patients with negative MR results who were conservatively treated, and the number of
the former was doubled. The standard errors of the corrected values were adjusted with
the & method.

Results At MR imaging, arthroscopy was indicated in 221 patients, 200 of whom
underwent arthroscopy. Two hundred nine patients with negative MR imaging results
were randomized for arthroscopic (105 patients) or for conservative treatment (104
patients). Of the 105 patients randomized for arthroscopy, 93 actually underwent
arthroscopy. Arthroscopic treatment was necessary in 13 of 93 patients with a negative
diagnosis at MR imaging. Arthroscopic treatment was necessary in 179 of 200 patients
with a positive diagnosis at MR (sensitivity, 93.2%; specificity, 79.2%). Sensitivity and
specificity corrected for randomization were 87.3% and 88.4%. Sensitivity and
specificity corrected for randomization, respectively, were 84.1% and 94.2% for the
diagnosis of medial meniscal tears and 69.5% and 94.5% for the diagnosis of lateral
meniscal tears at MR.

Conclusion MR imaging is an effective tool in the selection of patients for arthroscopy
from among a general population. Field strength is not a substantial factor in diagnostic
performance of MR imaging of the knee.
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2.2. Introduction

Magnetic resonance (MR) imaging of the knee has become a reliable tool in the
detection of intraarticular knee injuries. Injuries to intraarticular structures like menisci
and cruciate ligaments can be diagnosed at MR imaging with a high degree of
sensitivity and specificity, but the accuracy of MR imaging decreases in patients with
multiple injuries -3,

The clinical relevance of MR imaging, however, is determined in one way by its value
in the selection of patients for or exclusion of patients from treatment with therapeutic
arthroscopy. This overall assessment of the entire joint, also called composite diagnosis @,
is more relevant than the accurate diagnosis of all specific lesions of the various
anatomic structures.

Determination of the clinical relevance of MR imaging can be affected by selection
bias. Selection criteria for arthroscopy, results of which are used as the reference
standard, play a role in most studies and potentially have a major influence on the
interpretation of MR imaging results.

The aim of this prospective multicenter study was to determine the effectiveness
of 0.5-T MR imaging of the knee for appropriately identifying patients who require
arthroscopic therapy from among those in whom there is a high clinical suspicion of
internal derangements of the knee.

2.3. Material and methods

2.3.1. Patients

Patients between the ages of 16 and 45 years who had experienced at least 4 weeks
of symptoms that included pain, swelling, instability, and/or locking of the knee and
who had been consecutively referred to the departments of orthopedics or surgery at
our institutions between March 1997 and October 1998 were eligible for this study.
Exclusion criteria were known joint disease (eg, rheumatoid arthritis), existence of a
pathologic condition diagnosed earlier at MR imaging or arthrography, contraindication
to MR (eg, claustrophobia, presence of a pacemaker) or arthroscopy, locked knee
at presentation, a history of recurrent locking of the knee in combination with an
extension deficit and a positive McMurray test at physical examination, previous knee
surgery, presence of a radiographically confirmed fracture, severe osteoarthritis of the
knee (grade 4, according to Kellgren), and a clinical diagnosis of retropatellar
chondromalacia.

Patients were included in the study at the departments of orthopedics or surgery
of three unaffiliated hospitals (one university and two general hospitals) involved in
this cooperative study. In all three hospitals, our protocol received approval of the
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institutional review board. The study was funded by the Dutch Insurance Council.
Informed consent was obtained from 613 patients.

All 613 patients underwent a standardized physical examination and anteroposterior
and lateral radiography of the knee. Radiographs were not used in the clinical assessment.
On the basis of the standardized physical examination results, the orthopedic surgeon
categorized each patient as having clinical findings highly suggestive of internal knee
derangement requiring arthroscopic treatment (category 1) or as having no need of
arthroscopic treatment (category 2). For this assessment, we used the criteria of the
Dutch Orthopedic Society. These criteria are as follows: the presence of marked joint
effusion or at least a ‘bulge sign’ (ie, a visible bulge next to the patella caused by
displacement of fluid) at physical examination; an extension deficit of at least 10°;

a flexion deficit of at least 20°; instability at the varus and valgus stress test, Lachman
test, anterior and posterior drawer test, and/or pivot test; at least one positive meniscal
provocation test (McMurray, Apley, and squat tests); and atrophy of at least 2 cm
relative to the contralateral leg measured 15 cm above the medial joint line. If at least
one of these criteria was met (ie, the patient had clinical findings suggestive of knee
derangement requiring arthroscopic treatment), the patient was included in the study.

Ultimately, 430 patients had a positive clinical diagnosis and were included. The
patients had a mean age of 30.6 years; 299 (69.5%) of the patients were male.

2.3.2. Study design

MR imaging was performed in all patients within 2 weeks after inclusion in the
study. The subsequent course of each patient’s treatment was determined by the
diagnosis at MR imaging (Fig 1). Patients with a positive MR imaging result (ie, those in
whom arthroscopic treatment was indicated) proceeded to undergo arthroscopy.
Patients with a negative MR result (ie, those in whom arthroscopic treatment was not
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Figure 1. Schematic shows study design. MR+ = signs of major injury,
arthroscopy indicated; MR- = normal MR images or signs of minor injury,
arthroscopy not indicated.
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indicated) were randomly assigned to treatment with one of two strategies. To this
end we used random permuted tables. Half of these patients underwent arthroscopy;
the other half was treated conservatively. Only those patients in whom arthroscopy
was performed within 100 days of MR imaging were accepted for this study.

2.3.3. MR imaging

In all three hospitals, we performed MR imaging with an identical 0.5-T system
(Gyroscan T5; Philips Medical Systems, Best, the Netherlands), the same software
release (Release 3; Philips Medical Systems), and a dedicated transmitreceive knee coil.
The standardized MR imaging protocol consisted of three sequences: a sagittal and
a coronal dual spin-echo (SE) sequence and a sagittal T1-weighted threedimensional
gradient-echo sequence with frequency-selective fat suppression. The following
parameters were used for both SE sequences: 140-160-mm field of view and 20 and
80 msec echo times. The sagittal dual SE sequence had a repetition time of 2,350 msec,
a matrix of 256 x 179, and a section thickness of 4 mm with a 0.4-mm intersection
gap. The coronal dual SE sequence had a repetition time of 2,100 msec, a matrix of
256 x 205, and a section thickness of 5 mm with a 0.5-mm intersection gap.
The parameters for the sagittal T1-weighted three-dimensional gradient-echo sequence
with frequency-selective fat suppression were as follows: repetition time msec/echo
time msec, 70/13; flip angle, 45°; field of view, 160 mm; matrix, 256 x 205; and
section thickness, 4 mm with 2-mm overlap.

The total time it took to perform the MR imaging examination (including the initial
survey sequence) was 26 minutes.

2.3.4. Interpretation of MR Images

One of six appointed radiologists (including T.PW.d.R., W.M.C.M., and J.L.B.) with
at least 4 years of experience with musculoskeletal MR imaging prospectively and
individually evaluated the MR images in each patient. The radiologist was informed
about the patient’s history and the findings at physical examination because we tried
to mimic the normal clinical situation as much as possible. After the radiologist had
recorded the findings on a standardized case record form, the radiologist characterized
the composite diagnosis at MR (Table 1) according to the following four categories:
category 1, normal MR study; category 2a, some findings of injury but arthroscopy
not indicated; category 2b, equivocal findings at MR imaging, after which the final
diagnosis and therefore the decision to perform arthroscopy was based on the
assessment of an experienced panel; and category 3, major findings of injury,
arthroscopy indicated. For patients in category 2b, the members of the panel (ie, the
radiologist who evaluated the MR images and an orthopaedic surgeon) decided, on the
basis of the patient’s history and findings at physical examination and MR, whether the
patient could potentially benefit from arthroscopic therapy (final positive diagnosis)
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or not (final negative diagnosis). Patients in the former group were selected for
arthroscopy, whereas patients in the latter group were randomly selected for either
arthroscopy or conservative treatment.

Table 1
Classification of pathology on MR, category 1 = normal

Category 2a Category 2b Category 3
Menisci (Classification according to Tear < 5mm Tear 2 5mm
Lotysch [5]) Degeneration without tear Cyst
Discoid meniscus
Cartilage (Classification according to Grade 1-3 chondromalacia OD with intact cartilage Isolated grade 4 chondromalacia of a
Recht [6]) Nonisolated grade 4 weight-bearing surface
chondromalacia OD with cartilage fissure
Isolated grade 4 chondromalacia of a Loose body

non-weight-bearing surface

Cruciate ligaments Acute isolated tear Chronic tear with instability Tear in combination with meniscal tear
Partial tear
Collateral ligaments Isolated tear collateral ligament Tear with capsular lesion Tear in combination with meniscal tear
Synovia Thickened plica Intraarticular PVNS
Synovitis
Other structures Bone bruise Tumor

Extraarticular PVNS

Note.—OD = Osteochondritis Disseccans; PVNS = Pigmented Villonodular Synovitis

We used a modified version of the classification system of Lotysch et al® to score
meniscal injuries on MR images. A meniscal tear on MR images was defined as being
of grade 3 signal intensity (ie, intrameniscal signal intensity unequivocally extending
to an articular surface). These meniscal tears were further classified according to the
following two categories: tears smaller than 5 mm without clinical importance (ie, not
needing arthroscopy) and tears larger than 5 mm. We used this cutoff point of 5 mm
because our orthopedic surgeons regard tears smaller than 5 mm to be stable tears,
whereas they consider tears larger than 5 mm to be unstable in the majority of cases .

The anterior cruciate ligament (ACL) was considered normal when it appeared as
a band of fibers of low to intermediate signal intensity on both sagittal and coronal
dual SE images. The ACL was considered to be partially torn when there was abnormal
signal intensity within the ligament or when otherwise intact fibers appeared wavy on
sagittal or coronal dual SE images. The ACL was considered to be completely torn if
there was disruption of all fibers or if it was not discernible at all on MR images €19,
For statistical analysis, we considered normal and partially torn ligaments as one group
and complete tears as another group.

Commonly accepted criteria were used to establish a diagnosis of other
abnormalities such as ligamental tears " and bone bruises 1213,

2.3.5. Arthroscopy

All arthroscopic examinations were videotaped and were performed in the three
participating hospitals by an experienced orthopedic surgeon or by a resident supervised
by an orthopedic surgeon. A total of 17 surgeons participated in the study. Just like the
radiologist, the surgeon was informed of the patient’s history and of the findings at
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physical examination. The surgeon, however, was informed only of the diagnostic
category at MR imaging, not the detailed MR diagnosis. The arthroscope, which had

a 30° viewing angle, was introduced into the knee through an anterolateral or
transpatellar portal. All structures were probed as well as visualized. After the diagnostic
part of the examination, the arthroscopist recorded the arthroscopic diagnosis and
therapeutic intentions, if any. To this end, a case record form was used that was
identical to that used at the interpretation of the MR images. Subsequently, one of the
authors (PW.J.V. or B.PM.t.B.), who was present at the arthroscopic examination,
revealed the detailed diagnosis at MR imaging to the arthroscopist. In case of a
discrepancy, the arthroscopist took a second look at the area during the same
arthroscopic session. Next, depending on the diagnostic findings, the arthroscopist
terminated the procedure or continued with the therapeutic part of the procedure.

2.3.6. Data analysis

The composite diagnosis at MR imaging (Table 1) and the MR imaging diagnosis
of injuries to individual structures were compared with the outcome of arthroscopy.
Arthroscopic findings were considered positive when a therapeutic intervention was
performed. Arthroscopic findings were considered negative if the procedure was
terminated without arthroscopic treatment. For each individual structure, the diagnosis
at MR imaging was compared with the diagnosis at arthroscopy.

Because patients with a negative MR imaging result were randomly selected for
one of two treatments, and thus only half of the patients with a negative MR result
underwent arthroscopy, we introduced a verification bias by artificially increasing the
prevalence of MR imaging findings of injury in the patients whose MR results could
be correlated with arthroscopic results. We calculated the sensitivity and specificity of
MR imaging in the patients who underwent arthroscopy, and we calculated a corrected
sensitivity and specificity for all patients who were included in the study to eliminate
this verification bias. For this correction, we presumed the two randomized groups
of patients to be equal, which would be true if the randomization was successful.
Thus, the findings in the patients with a negative MR result who underwent arthroscopy
are representative of the findings expected in patients with a negative MR result who
underwent conservative treatment. These findings were doubled to enable the
calculation of corrected sensitivity and specificity values for all patients included in the
study. Negative and positive predictive values are not influenced by the randomization
process.

Because of the introduction of additional uncertainty by doubling the number of
patients with negative MR imaging results and arthroscopic correlation, we had to
adjust the standard errors of the corrected sensitivity, specificity, and negative and
positive predictive values by means of a standard statistical method (6 method) '%; this
process resulted in adjusted Cls.
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2.4. Results

On the basis of findings at MR imaging, arthroscopy was indicated in 221 (51.4%)
of the 430 patients. Two of these patients (0.5%) had equivocal signs of injury at MR
(category 2b) and were assigned to this group after a final diagnosis was rendered by
the panel.

Thirteen of these 221 patients refused arthroscopy; among them was one of the
two patients who had equivocal signs of injury at MR imaging. Eight patients were
excluded because the interval between MR imaging and arthroscopy was longer than
100 days. Therefore, data from 200 patients with a positive MR imaging result who
underwent arthroscopy according to our protocol were included in our final analysis.

MR imaging results were negative in 209 (48.6%) of 430 patients. Of these
209 patients with a negative MR result, 105 were randomly selected for immediate
arthroscopy. Of these 105 patients, 93 actually underwent arthroscopy according to
protocol. Eleven patients refused arthroscopy, and one patient underwent arthroscopy
more than 100 days after MR imaging.

Thus, ultimately, data from 293 patients were analyzed. The mean interval between
MR imaging and arthroscopy for these 293 patients was 29.5 days (median, 28 days;
range, 3-87 days).

In these 293 patients, the sensitivity of MR imaging for detecting composite knee
injury was 93.2% (179 of 192), the specificity was 79.2% (80 of 101), and the accuracy
was 88.4% (259 of 293). The sensitivity of MR imaging for detecting medial meniscal
tears was 90.4% (122 of 135), the specificity was 92.4% (146 of 158), and the
accuracy was 91.5% (268 of 293). The sensitivity of MR imaging for detecting lateral
meniscal tears was 74.7% (65 of 87), the specificity was 92.7% (191 of 206), and the
accuracy was 87.4% (256 of 293). The sensitivity of MR imaging for detecting ACL
ruptures was 75.0% (27 of 36), the specificity was 93.8% (241 of 257), and the
accuracy was 91.5% (268 of 293).

The sensitivity and specificity of the composite diagnosis at MR and of the diagnosis of
injuries to individual structures, corrected for verification bias, are presented in Table 2.

;Ztr)\lseilizvily, specificity, and predictive values corrected for bias for composite and individual-structure diagnoses at MR Imaging in 293 patients

Statistic Composite Diagnosis Medial Meniscus Injury Lateral Meniscus Injury Complete Rupture ACL
Sensitivity (%) 87.3 (81.7-92.9) 84.1(77.1-91.2) 69.5 (60.3-78.6) 70.0 (55.2-84.7)
Specificity (%) 88.4 (84.2-92.6) 94.2 (91.8-96.5) 94.5 (92.2-96.8) 94.5 (92.7-96.3)
Positive PredictiveValue (%) 89.5 (85.3-93.7) 89.7 (85.3-94.6) 80.5 (71.7-89.2) 59.6 (45.3-73.8)
Negative PredictiveValue (%) 86.0 (79.0-93.1) 90.8 (85.9-957) 90.5 (86.5-94.5) 96.5 (94.6-99.4)

Note.—Data in parentheses are 95% Cls corrected for randomization. Diagnostic criteria are defined in Materials and Methods. Arthroscopic findings were the reference
standard. Incidences of pigmented villonodular synovitis (n = 0), osteochondritis dissecans with cartilage fissure (n = 2 at MR imaging), loose body (n = 3 at MR imaging),
and isolated grade 4 chondromalacia (n = 11 at MR imaging) were too low to enable calculation of sensitivity, specificity, and positive and negative predictive values of MR
imaging for these findings.

20
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2.4.1. Positive composite MR diagnosis (arthroscopy indicated)

Of the 200 arthroscopic procedures performed because of a positive MR imaging
result, 179 were indeed therapeutic, while 21 procedures remained simply diagnostic
and thus represented false-positive diagnoses at MR. Fourteen of these diagnoses were
true mistakes at MR imaging, and arthroscopy could have been avoided. The 14
false-positive diagnoses that were not confirmed at arthroscopy consisted of medial
meniscal tear (n = 4), lateral meniscal tear (n = 6), meniscocapsular separation (n = 1),
and presence of loose bodies (n = 3). Other considerations affected the decision not to
treat the remaining seven patients at arthroscopy. In three patients who had a meniscal
tear at MR imaging, the tear was recognized at arthroscopy but was considered to be
smaller than 5 mm. And although the diagnosis at MR imaging was confirmed at
arthroscopy in the other four patients, who, according to protocol, were correctly
treated arthroscopically, the orthopedic surgeon decided not to treat. In two of these
patients, the tear was considered at arthroscopy to be stable despite being larger than
5 mm (one of these patients also had an unconfirmed tear in the other meniscus at
MR imaging). One patient with an arthroscopically confirmed meniscal tear was
considered to be too young to undergo partial meniscectomy. One patient who had
a large synovial cyst behind the posterior cruciate ligament was initially not treated
arthroscopically, but eventually the cyst was resected in a second procedure.

2.4.2. Negative composite MR diagnosis (arthroscopy not indicated)

Of the 93 arthroscopic procedures performed despite a negative MR imaging result,
80 remained purely diagnostic. In 13 patients, arthroscopy revealed a pathologic
condition that was subsequently treated, indicating that the diagnosis at MR imaging
was false-negative in these patients. Eight of these false-negative diagnoses were true
mistakes at MR imaging; arthroscopy would not have been performed in these patients
in clinical practice because of this false-negative diagnosis. The findings at arthroscopy
that were not observed at MR imaging were medial meniscal tear (n = 3) and lateral
meniscal tear (n = 5). Therapeutic arthroscopy was not indicated in the remaining five
patients according to our protocol, but the arthroscopist decided to treat these patients
anyway because of the following specific reasons: a medial meniscal tear smaller than
5 mm (missed at MR imaging, but by our definition not an indication for arthroscopy)
in one patient, a lateral meniscal tear smaller than 5 mm (also diagnosed at MR) in one
patient, displaced fibers of partial ACL tear in two patients (both partial tears were
appreciated at MR imaging), and a thickened plica in the medial compartment in one
patient.

2.4.3. Individual structures

Of the 134 medial meniscal tears diagnosed at MR imaging, 122 were confirmed at
arthroscopy. In six of the 12 patients with a false-positive diagnosis of medial meniscal
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tear at MR imaging, other pathologic findings led to therapeutic arthroscopy. In two
patients, a tear smaller than 5 mm (not an indication for arthroscopy) that was seen on
MR images was not confirmed at arthroscopy. In the remaining four patients, a false-
positive diagnosis of meniscal tear at MR imaging would have led to unnecessary
arthroscopy (Fig 2). On the other hand, arthroscopy revealed 13 tears in 159 medial

menisci that were considered to be normal at MR. Of these additional 13 tears, only six

were treated arthroscopically. In two of the six treated meniscal tears, arthroscopy was

also indicated on the basis of other pathologic findings at MR imaging. Thus, only four
false-positive diagnoses at MR imaging and four false-negative diagnoses at MR would
have had clinical consequences. Corrected for verification bias, the sensitivity of MR
imaging for detecting medial meniscal tears was 84.1% (122 of 145; these numbers
are corrected for randomization); the specificity was 94.2% (227 of 241; these numbers

are corrected for randomization).

Of the 80 lateral meniscal tears diagnosed at MR imaging, 65 were confirmed at
arthroscopy. Other findings of injury visualized at MR imaging led to arthroscopic
treatment of seven of the 15 patients with a false-positive diagnosis of lateral meniscal
tear at MR. In one patient, a tear smaller than 5 mm (not an indication for arthroscopy)
seen at MR imaging was not seen at arthroscopy. Arthroscopy revealed an additional
22 tears in 213 lateral menisci that had been considered normal at MR. Of these
additional tears, 14 were treated arthroscopically. In nine of these treated meniscal

Figure 2. Sagittal intermediate-weighted MR
image (2,350/20) reveals a tear in the posterior
horn of the medial meniscus (arrow) that extends
to both upper and lower articular surfaces.

This tear was not recognized at arthroscopy
performed 16 days after the MR imaging
examination and therefore constitutes a
false-positive diagnosis at MR.

Figure 3. Sagittal intermediate-weighted MR
image (2,350/20) reveals a tear in the posterior
horn of the lateral meniscus (arrow) that extends
to both upper and lower articular surfaces.

This tear was not recognized at arthroscopy
performed 14 days after the MR imaging
examination and therefore constitutes a
false-positive diagnosis at MR.
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tears, arthroscopy was also indicated on the basis of other pathologic findings at MR.
Thus, seven false-positive diagnoses at MR imaging (Fig 3) and only five false-negative
diagnoses at MR would have had clinical consequences. Corrected for verification bias,
the sensitivity of MR imaging for detecting lateral meniscal tears was 69.5% (66 of 95;
these numbers are corrected for randomization); the specificity was 94.5% (275 of 291,
these numbers are corrected for randomization).

Of the 43 ACLs diagnosed as completely ruptured at MR imaging, 27 were
confirmed to be ruptured, 15 were considered to be partially ruptured (Fig 4), and one
was normal at arthroscopy. An ACL rupture diagnosed at MR is an important indicator
of the coexistence of other injuries. In 86% (37 of 43) of these patients, arthroscopy
was indicated because of a diagnosis at MR imaging of medial meniscal tear (44%; 19
of 43), lateral meniscal tear (14%; six of 43), or tears in both menisci (28%; 12 of 43).
Only six patients had an isolated complete ACL rupture at MR imaging; three of these
ruptures were confirmed at arthroscopy as being complete, while the other three were
considered to be partial tears.

An additional nine ACLs that were classified at MR imaging as either partially torn
(n = 8) or normal (n = 1) were revealed to be completely ruptured at arthroscopy. Six of
these nine patients were selected for arthroscopy because of a positive composite
diagnosis at MR imaging.

In 30 (83%) of all 36 patients with arthroscopically proved complete ACL rupture,
arthroscopy was indicated because of meniscal tear diagnosed at MR imaging (tear in
medial meniscus, 56% [20 of 36]; tear in lateral meniscus, 14% [five of 36]; tear in
both menisci, 14% [five of 36]). Four of the six arthroscopically proved isolated ACL

ruptures were appreciated at MR imaging; one of these six ACLs was considered to be
partially torn at MR.

The sensitivity, specificity, and negative and positive predictive values of MR imaging
for the diagnosis of meniscal tear and complete ACL rupture are listed in Table 2.

complete ACL rupture (arrow) that was not appreciated as a complete rupture at arthroscopy. The
radiologist diagnosed a complete rupture extending toward the posterior cruciate ligament. According to
the arthroscopist, however, it was a partial rupture that involved approximately 50% of the ligamentous
body.
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2.5. Discussion

We found a sensitivity of 93.2%, a specificity of 79.2%, and an accuracy of 88.4%
for composite diagnosis at MR imaging. The positive predictive value was 89.5%;
the negative predictive value was 86.0%. These results, however, do not measure
the accuracy of MR imaging in the initially selected group of patients, because we
introduced a verification bias by randomly selecting the patients with negative
MR imaging results for one of two equal groups (one of which received arthroscopic
treatment; the other received conservative treatment). This kind of verification bias
leads to a sensitivity that is overrated and a specificity that is underrated. We have
corrected for this bias by doubling the results in the group of patients in whom a
negative diagnosis at MR imaging was correlated with arthroscopic findings. Only then
can the true sensitivity and true specificity of MR imaging be appreciated. The corrected
sensitivity, specificity, and accuracy for the composite diagnosis at MR imaging are
87.3%, 88.4%, and 87.8%, respectively. In nine of 34 erroneous diagnoses at MR
imaging, no actual discordance existed between the MR findings and the arthroscopic
findings. In these patients, various factors (described in the Results section) prompted
the orthopedic surgeon to decide to treat the patient in a way that differed from that
outlined in our protocol. The data for the composite knee diagnosis, rather than the
data for diagnosis in specific structures, indicate why MR imaging is an effective tool

in the selection of patients for arthroscopic treatment.

The sensitivity of the composite diagnosis at MR imaging is somewhat higher than
that of the diagnosis in individual structures, while the specificity of the composite
diagnosis is somewhat lower than that of the diagnosis in individual structures.

The higher sensitivity is explained by the fact that in the concept of composite diagnosis
at MR imaging, signs of injury in more than one individual structure can lead to a
positive MR result, as well as by the fact that injuries are often not isolated.

On the other hand, if patients are selected for therapeutic arthroscopy on the basis

of the composite diagnosis at MR imaging and subsequent arthroscopy confirms the
presence of injury but the arthroscopist does not deem it necessary to treat the injury,

in hindsight the selection for arthroscopy was not correct: specificity will be low relative
to that for individual structures.

Thus, the concept of a clinically relevant composite diagnosis at MR imaging can
help correct for the low sensitivity of MR imaging for individual structures. In our study,
the corrected sensitivity for lateral meniscal tear was 69.5%. This low sensitivity of
MR imaging for the diagnosis of lateral meniscal tear, especially when associated with
ACL injury, is well known ©). However, because lateral meniscal tears were rarely isolated
in our study, this low sensitivity was of little consequence; in 15 of the 22 lateral tears
missed at MR imaging, arthroscopy was indicated anyway based on the presence of
other injury.
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The sensitivity of MR imaging for the detection of ACL ruptures, especially when
corrected for randomization, was rather low in our study. This is probably secondary
to the criteria used by the radiologist and orthopedic surgeon to distinguish between
normal and partially and completely ruptured ACLs. Partial ruptures are especially
difficult for the radiologist and the orthopedic surgeon to define in common terms.
The arthroscopic definition of partial rupture is large and amorphous and ranges from
the presence of some disrupted fibers to a subtotally ruptured ACL. Results could have
been better if we had adopted a scoring system proposed by Rubin et al ", which
distinguishes between high and low-grade injuries and thereby discards the diagnosis
of partial rupture. The fact that there was only one false-negative case and one false-
positive case in the distinction between a normal and a completely torn ACL supports
the approach used by Rubin et al.

The discordance between the MR imaging findings and the arthroscopic findings
of partial rupture is of little clinical importance because only a minority of complete
ACL ruptures are isolated. Therefore, 30 of the 36 patients with complete ACL rupture
in our study were assigned to undergo arthroscopy because of accompanying meniscal
tears.

In our study, we did not consider an isolated ACL tear to be an indication for
arthroscopy. In the Netherlands, an isolated rupture of a cruciate ligament is not
considered to be an indication for arthroscopy in a general population (as opposed
to ACL tear in professional athletes). Fewer than 1% of our patients were athletes
who performed on a high competitive level and trained on a daily basis.

If an isolated complete ACL rupture had been considered to be an indication for
arthroscopy in our study, the effect on our results would have been minimal. Only six
complete ACL ruptures proved to be isolated at arthroscopy. Four of these were
diagnosed at MR imaging as complete tears.

Our selection of patients on the basis of their history and the findings at physical
examination increases the prevalence of pathologic conditions revealed at MR imaging
relative to a situation without such a selection. The positive predictive value will be
higher and the negative predictive value will be lower relative to those in an unselected
population, although the effect on sensitivity and specificity is minor.

Including larger fractions of older and male patients in a study will also increase
the prevalence of pathologic conditions and will thus affect MR imaging results.

These population characteristics are reflected in the percentages of negative

MR examination results in the various studies. Study design also has a major effect

on MR imaging results. When MR imaging is used in the selection of patients for
arthroscopy, as is the case in many retrospective studies, sensitivity and specificity will
be substantially influenced because not all patients with a negative MR imaging result
will undergo arthroscopy. This leads to a sensitivity that is overrated and a specificity
that is underrated. The true sensitivity and true specificity of MR imaging can only be
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calculated when all patients with a negative MR imaging result undergo arthroscopy as
well.

Bui-Mansfield et al® found a sensitivity of 94% and a specificity of 93% for
composite diagnosis at MR imaging in a group of 50 patients selected on the basis
of criteria related to surgical indications for monitoring appropriateness. In this group,
results of 15 MR imaging examinations (30%) were considered negative. Correction
for verification bias was not necessary because all patients underwent arthroscopy.

The population consisted of predominantly male (90%) military personnel between

18 and 50 years of age with a higher prevalence of pathologic conditions relative to
that in the population in our study. Therefore, the percentage of negative MR imaging
results was rather low compared with that in our study. The sensitivity and specificity
were better than in our study. However, the Cls for the calculated sensitivity and
specificity values in the study by Bui-Mansfield et al were rather large because of the
relatively small number of patients studied. Our bias-corrected sensitivity and specificity
levels (Table 2) are well within their confidence intervals.

Ruwe et al " found that, in a group of 103 patients with clinical findings that
necessitated diagnostic arthroscopy, 62 (60%) had negative MR imaging results.
Forty-one percent of the patients, who were between 11 and 72 years of age, were
female. This could explain why the percentage of negative MR imaging results was
rather high compared with that in our study. Of the 62 patients with negative MR
imaging results, only 10 underwent arthroscopy. A total of 44 patients underwent
immediate arthroscopy. The sensitivity of 100% and specificity of 83% were thus very
much influenced by verification bias—the sensitivity was overrated and the specificity
was underrated; both are therefore not comparable with our results. Ruwe et al,
however, used clinical outcome rather than arthroscopy as the standard against which
MR imaging was compared, so there was no reason to correct for verification bias.

Rappeport et al '® examined 47 patients between 19 and 54 years of age, 68%
of whom were male, who were suspected of having intraarticular knee injuries.

All 20 (43%) patients who had negative MR imaging results underwent arthroscopy;
therefore there was no verification bias. This population was most comparable to our
study population. Rappeport et al found a sensitivity of 86% and a rather low specificity
of 65%. This low specificity in part explains the rather low percentage of negative

MR imaging results (43%) in the patients studied compared with those in our study

and in the study of Ruwe et al.

Other studies 72" are difficult to compare with ours because they either did not
include clearly described selection criteria, considered only individual structures without
regard to therapeutic consequences, or did not define precisely which diagnoses at MR
imaging indicated a need for arthroscopy.

The influence of field strength on diagnostic accuracy of MR imaging deserves some
attention. We used a 0.5-T system. On one hand there has been a growing interest in
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cheaper and potentially more cost-effective dedicated low field MR systems. On the
other hand there has been the more widespread clinical availability in recent years of
MR systems of higher field strengths (3.0-T), with theoretical technical superiority.
Several researches, comparing low field and high field strength systems (up to 1.5-T)
suggest that field strength is not an important determinant of diagnostic accuracy 229,
A comprehensive systemic review by Oei et al. % with a meta-analysis of the diagnostic
performance of MR imaging, using original articles published between January 1991
and December 2000 confirms these findings. Although they observed a trend toward
better diagnostic performance for higher magnetic field strengths (field strengths of
included articles ranged from 0.2 to 1.5-T), these differences were far from significant,
except for ACL tears. Only Fischer et al 3" found a statistically significant difference
between a 0.35-T and a 1.5-T system, and then only in imaging of the medial meniscus.
This study, however, was biased by the use of a more extensive scanning protocol with
the higher-field-strength unit.

More recent studies %33 compare 3.0-T systems to 1.5-T systems and / or
arthroscopy. These studies agree that there is the advantage of higher-resolution
imaging at 3.0-T, compared to scanning at lower field strengths. They however disagree
whether this translates in better diagnostic performance or not. Magee et al. 62
conclude that MRI of the knee performed at 3.0-T compares favorably in sensitivity and
specificity with studies performed at 1.5-T field strength or lower. They however don't
compare directly between different field strengths in one study population, but they
compare their findings at 3.0-T with results reported in previous studies, published
between 1987 and 1994. In our opinion this flaw undermines their conclusion.
Krampla et al. ®® conclude that the technical superiority of 3.0-T, compared to 1.0-T
and 1.5-T, did not lead to an increase in sensitivity or specificity. It is therefore unlikely
that field strength differences are a substantial factor in diagnostic performance of
MR imaging of the knee.

We conclude that, in a general population such as that described in this study,

a composite diagnosis obtained at MR imaging after adequate clinical selection is
accurate, despite the lower sensitivity of MR imaging for the diagnosis of injuries in
individual knee structures. Therefore, the combination of clinical examination and
0.5-T MR imaging is useful in selecting patients for arthroscopy.
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