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The Diagnosis of Meniscus Tears
The Role of MRI and Clinical Examination
Mark Ryzewicz, MD*; Bret Peterson, BS†; Patrick N. Siparsky, BS†; and Reed L. Bartz, MD‡

Magnetic resonance imaging (MRI) and clinical examination
are tools commonly used in the diagnosis of meniscus tears.
It has been suggested routine MRI before therapeutic arthroscopy for clinically diagnosed meniscus tears will reduce
the number and cost of unnecessary invasive procedures. We
designed a systematic review of prospective cohort studies
comparing MRI and clinical examination to arthroscopy to
diagnosis meniscus tears. Thirty-two relevant studies were
identified by a literature review. Careful evaluation by an
experienced examiner identifies patients with surgically
treatable meniscus lesions with equal or better reliability
than MRI. MRI is superior when indications for arthroscopy
are solely diagnostic. However, the methods by which such a
clinician arrives at a conclusion have not been identified. To
create an evidence-based algorithm for the diagnosis of a
meniscus tear future investigations should prospectively assess the value of commonly used aspects of the patient history
and meniscus tests. MRI is useful, but should be reserved for
situations in which an experienced clinician requires further
information before arriving at a diagnosis. Indications for
arthroscopy should be therapeutic, not diagnostic in nature.

Arthroscopic meniscus repair and partial meniscectomy
have become two of the most common orthopaedic procedures performed in the United States.28 However, the
correct diagnosis of a meniscal tear is not always obvious,
even for the experienced surgeon. This difficulty persists
despite the description of many provocative physical examination maneuvers and advancements in magnetic resonance imaging (MRI) technology.
In an increasingly cost-conscious medical environment,
the judicious use of expensive arthroscopic versus MRI
technology in the diagnosis of internal derangements of
the knee has not been clearly defined. Some clinicians
suggest physical examination and clinical meniscus tests,
along with a carefully taken history, are the most important and cost-effective means of diagnosing meniscal injury.47 Others have stated the routine use of MRI before
arthroscopy will reduce costs and the incidence of unnecessary invasive procedures.60 If the findings of history and
physical examination are sufficiently predictive, then an
additional imaging study may not be necessary before proceeding with a therapeutic arthroscopy. The patient can be
saved time and expense. A thorough understanding of the
value of specific meniscal tests and historical elements, as
well as the strengths and limitations of MRI, will help the
clinician delineate these patients and decide an effective
course of action. We sought to generate a reproducible
evidence-based algorithm for approaching the patient with
a suspected meniscus tear, based on such information.
We systematically reviewed the existing Englishlanguage literature to determine whether an MRI study
should be routinely ordered before arthroscopy for clinically diagnosed meniscal tears. Our hypothesis was some
clinical scenarios are clear enough that ordering an MRI
does not add substantial value to the evaluation and will
not reduce the incidence of negative arthroscopy, whereas
more ambiguous cases warrant additional imaging.

Level of Evidence: Level II, systematic review. See Guidelines for Authors for a complete description of levels of evidence.

Although initially thought to be a functionless, vestigial
remnant of a leg muscle, the meniscus is now recognized
as an integral component of the complex functioning of the
knee.28 Meniscal injury causes acute physical impairment
and sets the stage for later arthrosis of the involved knee.
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MATERIALS AND METHODS
We performed a PubMed and Cochrane database literature
search to identify all English-language studies evaluating the use
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TABLE 1. MRI versus Clinical Examination: Studies that Favored Routine Use of MRI
before Arthroscopy
Reference

N

Elvenes et al20

40 (41 knees)

Spiers et al56*

58

Weinstabl et al60

823

Age (mean
and range)

MRI (n)

32 (10–55)

41

28.9 (16–51)

58

34.9/40 (14–79)§

Patients Treated
with Arthroscopy
40 (41 knees)

58

143 (every
5th patient)

276 (75 after MRI)

Clinical Exam Sensitivity/
Specificity/Accuracy
—/—/61%

77%/43%/60.3%

93%/62%/78%

Munk et al44†

61

31.4 (15–54)

61

61

100%/6%/44%

Bryan et al10‡

118

28 (16–47)

59

66 No MRI patients:
42 MRI patients: 24

—/—/72% (orthopedic consultant)
44% (registrar)

of physical examination maneuvers and imaging studies for the
diagnosis of meniscus tears. A PubMed search using the words
“meniscus” and “knee” with limits set to “English language” and
“humans” yielded 1264 results. “Knee” was included because an
initial search without it identified numerous articles from the
ophthalmology literature, related to the meniscus of the eye.
Many articles from this search focused on rehabilitation, meniscal repair, transplantation, biomechanics or other topics not relevant to the diagnosis of a meniscal tear in the clinical setting.
One hundred thirty-six articles on physical examination maneuvers or imaging modalities for the detection of meniscus tears in
the knee were identified. Further PubMed searches were limited
only to “English,” with no other limits specified. “McMurray”
and “knee” gave 28 results, of which 14 were relevant. “Apley”
and “knee” generated seven results, all of which had been previously identified. A Cochrane database search using the search
words “meniscus” and “knee” yielded 49 clinical trials, of which
four were relevant to the diagnosis of meniscal tears. The search
words “MRI, arthroscopy,” and “knee” resulted in six clinical
trials, three of which were relevant based on their titles. Inclusion criteria were then applied to each of these references. The
prospective cohort study is the preferred study design for determining the reliability and validity of diagnostic tests.57 All prospective cohort studies reporting on a consecutive series of patients with a universally applied gold-standard were reviewed
with the aid of a worksheet including the title, author, journal,
year, reference, hypotheses, and type of study. Sources of selection, measurement and confounding bias were evaluated for each
paper. If bias was subjectively assessed severe, the article was
excluded. Although verification bias could be minimized for
MRI studies, it was not minimized for clinical examination studies because no patient without clinical symptoms of a meniscus
tear could ethically be scheduled for the gold-standard test, arthroscopy. Two of the authors (MR and BP) independently reviewed each of the articles. When there was disagreement, it was
discussed with the senior author (RB) until a consensus was
achieved.

Studies meeting the initial inclusion criteria could be grouped
by the nature of their hypothesis. They included studies on
whether the routine use of MRI could reduce the number of
negative arthroscopies, studies on the statistical performance of
specific physical examination maneuvers, or studies specifically
on MRI in the correct identification of patients with meniscal
tears found on arthroscopy. Given the different nature of each
type of study and the varying quality of literature existing for
each subtype, slightly different exclusion criteria were applied.
For studies explicitly evaluating the performance of MRI, we
required a minimum of 40 patients. The magnetic field strength
(Tesla), number of sequences obtained and criteria for a positive
diagnosis had to be reported. We required data for total number
of tears as well as explicitly stated, or derivable, values for
accuracy, sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) to be separated for medial
and lateral meniscal tears, as statistical performance is variable
for each side. Furthermore, any study containing substantial verification bias, which arises if patients are selected to undergo the
gold-standard test (arthroscopy) on the basis of the test being
evaluated (MRI), was excluded. This is known to overestimate
sensitivity and underestimate specificity.6 Eight studies were selected.11,27,29,36,38,48,49,54 Additional studies explicitly analyzing
adolescent or osteoarthritic patients were reviewed separately;
there are mentioned in the text, but not included in the tables.
We elected to report on specific physical examination maneuvers we believe are the most commonly known: McMurray’s
test (knee is maximally flexed, externally rotated and then slowly
extended to evaluate the medial meniscus; internal rotation assesses the lateral meniscus; a palpable or audible thud or click is
a positive test; some clinicians have added a varus or valgus
stress or expanded the isolated recreation of pain to constitute a
positive test); Apley’s test (the patient is positioned prone with
the knee flexed to 90 degrees; the tibia is compressed into the
distal femur and rotated externally to assess the medial meniscus
and internally rotated to assess the lateral meniscus; if this produces pain, which is less severe or relieved when the maneuver
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TABLE 1. MRI versus Clinical Examination: Studies that Favored Routine Use of MRI before
Arthroscopy (Continued)
Reference

MRI Sensitivity/
Specificity/Accuracy

Elvenes et al20

85%/84%/84%

Spiers et al56*

100%/63%/83%

Weinstabl et al60

96%/90%/96%

Munk et al44†

84%/75%/79%

Bryan et al10‡

—/—/68%

Comments
16 negative arthroscopies correctly predicted
by MRI. 3 positive arthroscopies incorrectly
negative on MRI
Number of arthroscpies would have been
reduced by 29%. No false negative MRI’s.
(NPV = 100%)
30% negative arthroscopy rate for clinical
exam group.
All patients from MRI group had surgical pathology
7 normal knees correctly identified with MRI.
14 additional patients only had “cartilage
thinning.” (34% rate of no arthroscopically
treatable lesion)
Economic analysis: no significant difference in
costs between MRI and no MRI group.
No significant difference in health outcome
at 6 to 12 months. Mechanical symptoms was
an exclusion criteria.

Method of Clinical
Diagnosis of Meniscal Tear
Patients with “clinical signs” of
meniscal tear. Not otherwise
specified.
Referrals from general practioners
or the emergency department.
Two positive meniscal tests.
Uncertain who performed
exams.
Not specified.

Variable in study arms.

*Sensitivity, specificity and accuracy data are for identification of patients with arthroscopically-treatable lesions of the knee in general.
†

Meniscal data extracted from study

‡

Study contained two arms. The clinical exam and MRI accuracy data is from the arm intended to compare the two methods. It included 114 patients, all of whom had
an MRI. The economic analysis arm of the study recruited 118 patients at a different center who were randomized to MRI or no MRI. For this arm, costs and health
outcomes were equivalent, but the no-MRI patients had more operative procedures—the outcome of these procedures is not specified.
§

Mean age for MRI group was 34.9 years, mean age for exam group was 40 years

is repeated with distraction of the tibia [putting potentially injured collateral ligaments on stretch and decompressing the meniscus], it constitutes a positive test); and joint line tenderness.
We also found well-conducted studies reporting on the Ege’s
squat test (the patient starts in a standing position, squats with
both lower legs in maximum external rotation, and then stands
up slowly; to assess the lateral meniscus, the squat is repeated
with the lower legs maximally internally rotated; a complete
squat in full internal rotation is rarely possible, even for healthy
knees, therefore the patient is allowed to steady themselves for a
slightly less than full squat;2 Ege’s test is positive when pain
and/or a click are felt by the patient; in some cases, there may be
a block to flexion); and the Thessaly test (patient is instructed to
stand on affected foot; the examiner supports the patient by
holding his or her outstretched hands while the patient rotates his
or her knee and body internally and externally three times with
the knee in variable degrees of flexion; medial or lateral joint
line discomfort or a sense of locking or catching constitutes a
positive test); these were included as well. Studies had to be a
prospective cohort investigation of at least 40 consecutive patients with a universally applied gold standard for inclusion. Six
such references were included.2,14,21,23,25,33
Papers investigating the possible role of MRI to reduce the
number of negative arthroscopies had to be prospective in nature
and include at least 40 consecutive patients. Studies that blindly
used MRI results to definitively exclude patients from arthroscopy were excluded. The results of arthroscopy for patients with
a clinical diagnosis of a meniscal tear had to be reported and

compared with those from patients who had MRI. Twelve are
summarized in table format.9,10,20,22,26,34,42–44,50,56,60
Once the exclusion criteria had been applied, the “related
articles” feature of PubMed was used for each of the 21 remaining sources to identify further publications not found in the initial search. This generated a large number of references for each
article; therefore, we reviewed the first 60 selections for relevant
titles. Additional sources were identified from the references of
the articles we selected. All of these studies were put through the
same exclusion process described earlier. After application of the
exclusion criteria, 11 additional sources—for a total of 32—were
included. All conclusions for this systematic review are based on
these 32 selections. Twenty-six of these are summarized in table
format. The remaining six dealt primarily with adolescents, patients with osteoarthritis, features of clinical history, or the postoperative patient.1,4,7,19,37,59 They are commented upon in the
text.

RESULTS
Studies investigating whether routine MRI could reduce
the incidence of negative arthroscopy, compared to proceeding with arthroscopy based solely upon history and
clinical examination, were split with regard to their conclusions (Tables 1, 2). It is clear from these studies that
varying criteria for clinically diagnosing a meniscus tear is
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TABLE 2. Comparison of Physical Examination versus MR: Studies Which Concluded Routine
MRI Unnecessary

Reference
Gelb et al

26

N

MRI
(n)

Age (mean
and range)

Patients
Treated with
Arthroscopy (n)

Clinical Examination
Sensitivity/Specificity/
Accuracy

17/72 consecutive patients
with arthroscopy-proven
isolated meniscal tears
70

72

N/A

37

91%/91%/91%

70

27.9

70

Miller42

100

57

100% (med)
84.6% lat/95.6% (med)
91.2% (lat)/96.9% (med)
85.5% (lat)
—/—/80.7%

Rose and Gold50*

154

100*

Brooks and
Morgan9†

238

57

Esmaili et al22

Kocabey et al34

Muellner et al43

50 39 meniscus tears

93

37.5 (only mean
reported)

100

41 (13–87)

154

Male 43 (16–84)
Female 50 (17–78)

50

36

22 (12–42)

21.9/23.4 (14–38)§

a major influence on the validity of history and physical
examination when compared to MRI. Studies supporting
routine MRI often did not specify the positive or negative
elements used to formulate a clinical diagnosis, or who
made that determination.10,20,44,56,60 In contrast, those
whose conclusions deemed routine MRI unnecessary reported diagnoses made by careful examination by an experienced orthopaedist.9,22,26,34,42,43,50 This presumed experienced examiner coauthored many of these studies,
which introduces bias to the results. In a study that did not
contain such bias, Bryan et al10 demonstrated that a senior
examiner was more reliable than a relatively inexperienced
one in making a correct clinical diagnosis, and this was the
only report to make such a comparison for general examination.
To better identify which patients might have an uncertain diagnosis and may benefit from MRI, we compiled the
highest quality available literature on the statistical performance of clinical meniscal tests (Tables 3–7). McMurray,
Apley, and Thessaly tests at 5° could be considered high
specificity but low sensitivity tests.2,14,23,25,33 Joint line
tenderness tends to be higher in sensitivity but lower in

238 (240 knees)

50

93

95% (med)
55% lat/55% (med)
94% (lat)/82% (med)
76% (lat)
—/—/79%

87% (med)
75% (lat)/68% (med)
95% (lat)/80% (med)
92% (lat)
100% (med)
92% (lat)/76% (med)
98% (lat)/93% (med)
96% (lat)

specificity.2,21,25,33 The only available study evaluating
Thessaly’s test at 20° of knee flexion found had high sensitivity and specificity.33 Ege’s test is based on the oftenrepeated notion that patients with meniscal tear have pain
with or a block to squatting.2 The authors found it more
specific than sensitive, and reported degenerative-type
tears pose the greatest diagnostic difficulty.
In clinical practice, several tests are generally performed on one patient. In the only study reporting the
results of a combination of tests, Akseki et al2 found McMurray’s test, joint line tenderness, and Ege’s test all were
negative in 9% of subsequently confirmed meniscus tears.
Such data for combined tests are exceedingly rare.
There was a general trend for all clinical tests to decrease their reliability when there was concomitant ligamentous injury. Furthermore, clinical examination in general was less accurate for patients with degenerative lesions compared with young patients with acute injuries.2,19
There are no prospective English-literature data on several
common meniscal tests often used in the MRI versus clinical examination literature. These include Steinmann, Payr,
and Böhler tests.
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TABLE 2. Comparison of Physical Examination versus MR: Studies Which Concluded Routine
MRI Unnecessary (Continued)

Reference

MRI
Sensitivity/Specificity/
Accuracy

Gelb et al26

82%/87%/85%

Esmaili et al22

75% (med)
66.6% (lat)/94% (med)
86.2% (lat)/85.9% (med)
73.8% (lat)
73.3%/81.3%/73.7%

Miller42

Rose and Gold50*

73% (med)
35% (lat)/79% (med)
100% (lat)/75% (med)
69% (lat)

Brooks and Morgan9†

—/—/77%

Kocabey et al34

80% (med)
85% (lat)/79% (med)
97% (lat)/80% (med)
90% (lat)
71% (med)
100% (lat)/71% (med)
100% (lat)/91% (med)
100% (lat)

Muellner et al43

Comments
In 2 of 72 patients MRI changed non-surgical
to surgical management study does not
specify these patients diagnosis

Method to Establish
Clinical Diagnosis
100% by attending surgeon

By senior resident and author
of paper at time of acute injury,
and again 3 weeks later
All knees that did not have meniscal tear at
arthroscopy had intraarticular surgical
pathology
13/40 negative arthroscopy findings after
a clinically suspected, but MRI negative,
meniscal tear. Arthroscopy found a tear
suspected on clinical exam in 27/40 patients
where MRI was negative
10/240 (4%) of arthroscopies negative for
treatable pathology.
Data not reported specifically for MRI
beyond 4 false negative
MRIs and one false positive MRI

100% by the operating surgeon

100% by senior author of the paper

91% by consultant orthopaedist

100% by senior author of the paper.
JLT, McMurray, Apley and
Steinmann tests
100% by both a senior resident and
attending with > 10 years
experience‡

Med = medial; Lat = lateral
*Data in the table for sensitivity, specificity and accuracy is only reported for the 100 patients who underwent both MRI and arthroscopy. Clinical examination data was
not significantly different in the 54 patients who did not undergo MRI.
†

Meniscal data not fully extractable. 114 knees with pre-operative diagnosis of meniscal tear

‡

Two positive findings on the following tests were required for clinical diagnosis of a meniscal tear: JLT, Bohler, McMurray, Steinmann, Apley and Payr tests.

§

Mean age for clinical exam group was 23.4 years, mean age for MRI group was 21.9 years.

Detection bias in terms of criteria required for a positive
test, particularly in the McMurray test, plays a role in
disparate results between studies. A lower threshold for a
positive test will detect more tears, and thus improve the
sensitivity, but likely at the expense of specificity. Selection bias will also influence results of studies, as inclusion
varied for patients with concomitant anterior cruciate ligament injury or for older patients in whom there are more
numerous likely etiologies, such as arthrosis, causing intraarticular knee pain.
We sought to find prospective cohort studies commenting on historical elements such as feeling a pop during a
sudden twist or squat at the time of injury, or the presence
of mechanical locking and recurrent effusions. To our
knowledge, only two exist in the English-language literature. In a prospective study of 145 patients, Abdon et al1

found a history of mechanical locking, patient’s localization of pain to the joint line, and a decreased ability to
participate in sporting activities associated with meniscus
tears. Pain at rest, sick leave, and medial patellar tenderness were all negatively correlated with a meniscus tear.1
Although not the focus of the study, Corea et al14 reported
more than 50% of patients with meniscal tears had mechanical symptoms and recurrent effusions. Currently the
clinician must rely primarily on retrospective studies to
confirm such stereotypical notions of clinical symptoms
and mechanism of injury for meniscal tears.12,15,30,32,52
There were more studies evaluating MRI for diagnosing
meniscus tears than those of any other type. Therefore, we
were able to apply the most stringent exclusion criteria to
this group of studies (Table 8). The magnetic field strength
or number of sequences did not alter the utility of MRI.
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TABLE 3.
McMurray
Test Citation

McMurray Test
Age (mean
and range)

Included
ACL-deficient
Patients

N

Asymptomatic
Control Group

Evans et al *

104

Yes

Not specified

Not specified

Fowler et al25

161

No

33 (13–67)

Karachalios
et al33
Akseki et al2

213

Yes

29.4 (18–55)

150

No

36 (17–73)

Corea et al14

93

No

25.3 (only mean
reported)

Decreased value of
the test
Decreased value of
the test
Did not decrease
performance of
the test
Not specified

23

Sensitivity

Specificity

PPV

16% (medial)
50% (lateral)
28.8%

98% (medial)
94% (lateral)
95.3%

48% (medial)
65% (lateral)
67% (medial)
53% (lateral)

94% (medial)
86% (lateral)
69% (medial)
88% (lateral)

80% (medial)
59% (lateral)

64.7% (medial)
51.6% (lateral)

93.2% (medial)
93.5% (lateral)

84.6% (medial)
80% (lateral)

83% (medial)
29% (lateral)
—

NPV
65% (medial)
93% (lateral)
—

—

—
—

82.1% (medial)
79.5% (lateral)

PPV = positive predictive value; NPV = negative predictive value; Gold-standard in all studies was arthroscopy
*Positive test was a medial thud or lateral joint line pain for each respective side.

This is consistent with previous studies not meeting the
exclusion criteria which specifically investigated this
question.5
The results of Lundberg et al38 may stand out in Table
8 as inferior compared to the others. This is the only study
that explicitly studied patients with acute injuries, with
MRI performed at a mean of 3 days after injury.38 In this
setting, 10 meniscal lesions requiring surgical treatment
were missed in 69 patients. These would have been considered patients in whom MRI had prevented “unnecessary” arthroscopy if the study design had included verification bias. Investigations not meeting the exclusion criteria for this review which have reported the outstanding
utility of MRI in evaluating the acutely injured or locked
knee are plagued by verification bias, as MRI results were
exclusively used to determine indications for arthroscopy.41
A final subgroup of patients worth mentioning is those
who have recurrent pain after a previous meniscal repair or
partial meniscectomy. High-quality literature focusing on
clinical examination in these patients does not exist. We
identified four prospective cohort studies comparing conventional MRI to MR arthrography. All patients underwent the gold standard test in two of these investigations.4,59 Both of these concluded MR arthrography was a
superior imaging method to evaluate the meniscus after a
repair, or if there had been greater than 25% resection of
the meniscus. Vives et al59 showed similar reliability of
MRI performed with intravenous contrast, which they referred to as indirect arthrography, compared to direct intraarticular contrast arthrography. A meniscus that had
been previously operated upon was an exclusion criterion
for most studies evaluating clinical examination, giving
the clinician no data to guide decisions in these patients
other than which imaging study to order.

DISCUSSION
A discussion of the diagnosis of meniscal tears is ultimately a discussion of indications for arthroscopy. One
approach to utilization could be simply trying to reduce the
absolute number of nontherapeutic invasive procedures,
without missing substantial numbers of those that are necessary. Reducing cost is another issue. This could be
achieved by avoiding MRI study before arthroscopy when
the clinical diagnosis is relatively certain. Or alternatively,
minimizing cost by reducing the number of arthroscopies
if the routine use of MRI could do so without missing a
large number of lesions.
The ability to reliably diagnose meniscal tears and other
intraarticular pathologies of the knee by noninvasive MRI
makes the concept of routinely proceeding to arthroscopy
for purely diagnostic purposes obsolete. However, an experienced examiner can generally identify patients for
whom a therapeutic arthroscopy is indicated with efficacy
similar to, or better than, MRI. If there is uncertainty in
clinical examination, then the additional data gathered
from an MRI study may be of use in decision making.
Limitations of our study were dictated by the varying
quality of existing literature. Different selection criteria
were used for different types of studies. We were able to
minimize bias for MRI studies, but clinical examination

TABLE 4.

Apley’s Test

Reference
Karachalios et al

33

Fowler et al25

Sensitivity

Specificity

Accuracy

41% (med)
41% (lat)
16%

93% (med)
86% (lat)
80%

75% (med)
82% (lat)
—

med = medial; lat = lateral
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TABLE 5. Joint Line Tenderness: Sequential Palpation of the Medial and Lateral Joint Line
Reference

N

2

Age (mean
and range)

Asymptomatic
Control Group

Gold
Standard

ACL-deficient
Knees

Sensitivity/
Specificity

No

Arthroscopy

88% (med)
67% (lat)/44% (med)
80% (lat)
85.5%/29.4%
71% (med)
78% (lat)/87% (med)
90% (lat)
86% (med)
92% (lat)/67% (med)
97% (lat)

Akseki et al

150

36 (17–73)

Fowler et al25
Karachalios et al33

161
213

33 (13–67)
29.4 (18–55)

No
Yes

Arthroscopy
Arthroscopy

Did not decrease
statistical performance
of test
Decreased value of test
Decreased value of test

Eren21

104

19.2 (18–20)

No

Arthroscopy

Decreased value of test

PPV/Accuracy
74% (med)
47% (lat)/71% (med)
77% (lat)
—/—
—/81% (med)
89% (lat)
59% (med)
92% (lat)/74% (med)
96% (lat)

ACL = anterior cruciate ligament; med = medial; lat = lateral; PPV = positive predictive value

studies contained greater bias. We did not compare the
results of studies focusing on MRI to those evaluating the
value of physical examination maneuvers. Data on history
and physical examination will generally contain more bias
than data from MRI because of more varying criteria for
what constitutes a positive test. It is more difficult and to
define and combine numerous clinical findings versus
identifying Crues Grade 3 signal on an MRI. Patients who
have no clinical signs of meniscal tear generally do not
undergo the gold standard test, arthroscopy. Therefore
some degree of verification bias is nearly unavoidable.
Limitations of MRI must also be recognized. Most of
the clinical studies have been performed in institutions
with specialists in musculoskeletal radiology. Some investigations suggest a variation in reliability of reports and
images generated from different centers.24 Others have
confirmed the extent of training of interpreting radiologist
is an important factor in gaining diagnostic accuracy.61
However, among those who specialize in musculoskeletal
radiology, diagnoses tend to be fairly consistent.61
Physicians who interpret MRI images must be familiar
with the various known specific pitfalls in interpretation of
meniscal tears, such as a meniscal flounce, radial tears, or
ligament of Wrisberg at the posterior horn of the lateral
meniscus.39,46,56,63 There is also a documented rate of
meniscal tears found on MRI imaging of asymptomatic

TABLE 6.

Thessaly’s Test33 at 5 and 20°

Thessaly
Test

Medial
Meniscus
20o/5o

Lateral
Meniscus
20o/5o

Combined with
Ligament Injury
20o/5o

Sensitivity
Specificity
False positive
False negative
Accuracy

89%/66%
97%/96%
2.2%/2.9%
3.6%/11.4%
94%/86%

92%/81%
96%/91%
3.7%/8%
0.73%/1.7%
96%/90%

80%/65%
91%/83%
9%/17.6%
1%/1.7%
90%/82%

knees. Crues Grade 3 changes have been found in the
asymptomatic knees of skeletally mature patients as young
as the second decade, including a 13% rate in patients
younger than 45 years.8,35,36 The rate increases with age.
One study reported horizontal or oblique tears are often
found in asymptomatic knees, whereas radial, vertical,
complex, or displaced tears are almost exclusively correlated with symptoms.64 The above findings suggest the
importance familiarity with the institution at which MRI is
performed, as well as clinical correlation with any positive
or negative findings.
The criteria of high-intensity signal contacting the articular surface of the meniscus (Crues Grade 3) is well
established to diagnose a meniscal tear on MRI.16,18 Explicit criteria for clinical diagnoses are less defined. The
literature does not specify the method by which the experienced clinician whose diagnostic ability is equivalent to
or better than MRI arrives at a conclusion.
Improving the clinician’s ability to clinically diagnose
meniscal tears by history and physical examination is paramount to reducing costs, while avoiding unnecessary invasive arthroscopy. Furthermore, many countries have
long waiting times for MRI studies, and therapeutic arthroscopy based on reliable clinical examination may allow for more timely treatment of a lesion.
The conclusions we reached in our systematic review
agree with those from the metaanalysis by Solomon et al55

TABLE 7.

Akseki et al2 Ege’s Test

Ege’s Test

Ege’s (medial/lateral)

Accuracy (%)
Sensitivity (%)
Specificity (%)
PPV (%)
NPV (%)

71/84
67/64
81/90
86/58
57/90

PPV = positive predictive value; NPV = negative predictive value
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TABLE 8.

MRI for Evaluation of Meniscus Tear

Reference

Magnetic Field Strength

Number of Sequences

Number of Patients

Meniscus

Number of Tears

1.5 T

1

80

Grevitt et al.29

0.2 T

2

55

LaPrade et al36

1.0 T

5

72

Lundberg et al38

1.5 T

3

69

Bui-Mansfield
et al11
Rappeport et al48

1.5 T

4

50

0.1 T

3

47

Riel et al49

0.2 T

6

244

Winters and
Tregonning62

1.5 T

3

67

Medial
Lateral
Medial
Lateral
Medial
Lateral
Medial
Lateral
Medial
Lateral
Medial
Lateral
Medial
Lateral
Medial
Lateral

35
12
25
9
34
20
19
26
20
15
14
5
114
46
31
13

Gluckert et al

27

who concluded the composite examination for meniscal
injuries of the knee performed much better than specific
maneuvers. This suggests a synthesis of examination findings and historical items must be refined for adequate
diagnosis. This has been reinforced in the German literature.31 To perform such a synthesis of information, the
clinician must be familiar with the value of each positive
or negative finding.
Multiple studies document no single meniscus test provides adequate diagnostic utility in isolation. Furthermore
there currently are no English-language data to help the
clinician evaluate the importance of positive or negative
findings for many commonly used meniscal tests. Future
studies should recognize these shortcomings and also account for the fact that a combination of positive and negative findings on physical examination maneuvers is more
relevant to the clinician.
Several of the papers comparing clinical examination to
MRI specified two or more positive findings of numerous
meniscal tests were considered diagnostic.22,34,43,60 It is
uncertain how rigidly this was adhered to by the experienced examiner. We believe at least one of the positive findings must be for one of the numerous tests considered more specific than sensitive. Perhaps there are
elements of the clinical history, such as mechanism of
injury or mechanical symptoms, which future prospective
investigations will find highly specific. Basing decisions
on multiple positive, highly sensitive—but not very specific—tests will likely lead to a number of erroneous diagnoses. However, evidence-based data to support this hypothesis are lacking.
Certain situations and patient groups will continue to be
challenging in meniscal tear diagnosis. The acutely injured
knee is often difficult to examine with the described physi-

cal examination tests, and MRI has a reduced performance
in this setting.38 Most of the studies documenting meniscus tests excluded acutely injured knees because the pain
decreases the reliability of the examination.1,2,25,33 The
high-level athlete who requires timely decision making is
most adversely impacted by the lack of evidence-based
direction in this setting.
Although meniscal examination is less reliable in patients with coexisting anterior cruciate ligament injury, it
could be argued this is of limited importance because the
patient may already have an indication for therapeutic arthroscopy.50,53 Furthermore, MRI accuracy also tends to
diminish in the presence of concomitant ligamentous derangement. Tears in the meniscal periphery and posterior
horn of the lateral meniscus are frequently not identified
on imaging.17,50,51
The patient with a suspected degenerative meniscal tear
is also a therapeutic challenge. Clinical examination is
less reliable in these patients who often have a different,
less acute mechanism of injury, and have numerous other
possible degenerative causes contributing to their intraarticular knee pain.19 In one study of patients with symptomatic osteoarthritis of the knee, MRI detected meniscus
tears in 91%, whereas asymptomatic age-matched control
subjects (mean age, 67 years) had a rate of 76%, making
MRI findings difficult to interpret.7 There is also debate
about the value of therapeutic arthroscopy in these patients.
On the other end of the age spectrum, difficulties in
MRI interpretation of pediatric and adolescent menisci
have been well described. Morphologic changes of intraarticular structures are known to occur during growth and
alter their appearance on MRI. Grade 2 and 3 signal is seen
in many young patients due to normal hypervascular-
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TABLE 8.
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MRI for Evaluation of Meniscus Tear (Continued)

Reference
Gluckert et al
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27

Grevitt et al29
LaPrade et al36
Lundberg et al38
Bui-Mansfield et al11
Rappeport et al48
Riel et al49
Winters and Tregonning62

Accuracy

Sensitivity

Specificity

PPV

NPV

95%
100%
91%
96%
99%
90%
68%
71%
94%
88%
77%
91%
95%
94%
92%
82%

97%
100%
92%
89%
100%
70%
74%
50%
90%
60%
86%
40%
93%
83%
87%
46%

93%
100%
90%
98%
97%
98%
66%
84%
97%
100%
73%
98%
94%
96%
92%
91%

92%
100%
88%
89%
97%
93%
45%
65%
95%
100%
57%
67%
97%
84%
89%
88%

98%
100%
93%
98%
100%
89%
89%
73%
94%
85%
92%
93%
94%
96%
90%
55%

PPV = positive predictive value; NPV = negative predictive value; T = Tesla

ity.13,58 In the only prospective cohort study, Luhmann et
al37 demonstrated MRI interpretations did not add value to
the clinical diagnosis of an experienced pediatric sports
medicine physician and were often grossly misleading.
These data are limited by the fact that it was for one
clinical examiner who was skilled in the examination of
this difficult patient population in whom lesions may present differently than in the typical adult population.
The most enlightening studies for our review were
those comparing clinical diagnosis to MRI. The conclusions of these studies could generally be predicted by the
description, or lack of description, of how the clinical
diagnosis of a meniscus tear was made. A careful examination by a physician experienced in knee evaluation is
required for optimal results compared to MRI. However,
the generalized application of these results is uncertain.
There were few data in terms of specific methodologies to
arrive at a clinical conclusion; and there is room for argument regarding who should be considered an experienced
examiner.
Likewise, data for specific physical examination maneuvers were available only as isolated tests. This is not
how these tests are used in clinical practice where several
of them should be performed on a given patient. They are
performed in the context of a clinical history, for which
almost no prospective data exist. One of our goals was to
develop an algorithm for evaluating a patient with a suspected meniscus tear. Given the above limitations, we did
not feel we could reasonably generate a specific standardized evidence-based approach.
Other potential reasons to order an MRI before proceeding to therapeutic arthroscopy can be cited. Retrospective studies have suggested MRI is not useful for predicting meniscal repairability.40,54 Some clinicians may

desire a noninvasive imaging study because of catastrophic, but very rare, incidences of tumors around the
knee misdiagnosed as athletic injuries.45 Our hypothesis is
these cases are sufficiently unusual to an experienced examiner upon history and physical examination that an MRI
instead of a diagnostic arthroscopy would be indicated.
Medico-legal concerns and patient expectations have not
been addressed in the literature.
Careful examination by an experienced clinician can
generally diagnose meniscus lesions as well or better than
MRI. In such cases, a judgment is made to proceed with a
therapeutic arthroscopy, rather than one for diagnostic purposes. MRI should be reserved for instances in which the
experienced clinician requires additional information before making a decision. The results of the imaging study
should be considered in the context of the broader clinical
picture.
In the past, diagnostic arthroscopy was commonly used
to evaluate the painful knee. However, noninvasive MRI is
such a useful adjunct in the evaluation of intraarticular
knee disorders that routine diagnostic arthroscopy should
be considered obsolete. Arthroscopy should only be undertaken with intention of treating a specific clinical diagnosis.
Further investigations of the statistical value of commonly used meniscus tests, the importance of various
combinations of positive and negative examination findings, and of relevant elements of the clinical history are
essential for aiding the clinician whose judgment should
drive decision making. This will be necessary before any
type of evidence-based decision-making algorithm can be
created. Such an algorithm must recognize adolescents,
patients with osteoarthritis, acutely injured patients, ACLdeficient patients, and a meniscus that had been previously
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operated upon represent unique population groups. Despite the development of highly specialized imaging
techniques and physical examination maneuvers, Graham
Apley’s statement, made in 1947 is still true today. “ There
is no constant and pathognomonic sign for a meniscus
tear.” 3
References
1. Abdon P, Lindstrand A, Thorngren KG. Statistical evaluation of the
diagnostic criteria for meniscal tears. Int Orthop. 1990;14:341–345.
2. Akseki D, Ozcan O, Boya H, Pinar H. A new weight-bearing meniscal test and a comparison with McMurray’s test and joint line tenderness. Arthroscopy. 2004;20:951–958.
3. Apley AG. The diagnosis of meniscus injuries: Some new clinical
methods. J Bone Joint Surg Am. 1947;29:78–84.
4. Applegate GR, Flannigan BD, Tolin BS, Fox JM, Del Pizzo W. MR
diagnosis of recurrent tears in the knee: value of intraarticular contrast material. AJR Am J Roentgenol. 1993;161:821–825.
5. Barnett MJ. MR diagnosis of internal derangements of the knee:
effect of field strength on efficacy. AJR Am J Roentgenol. 1993;
161:115–118.
6. Begg CB, Greenes RA. Assessment of diagnostic tests when disease
verification is subject to selection bias. Biometrics. 1983;39:
207–215.
7. Bhattacharyya T, Gale D, Dewire P, Totterman S, Gale ME,
McLaughlin S, Einhorn TA, Felson DT. The clinical importance of
meniscal tears demonstrated by magnetic resonance imaging in osteoarthritis of the knee. J Bone Joint Surg Am. 2003;85:4–9.
8. Boden SD, Davis DO, Dina TS, Stoller DW, Brown SD, Vailas JC,
Labropoulos PA. A prospective and blinded investigation of magnetic resonance imaging of the knee. Abnormal findings in asymptomatic subjects. Clin Orthop Relat Res. 1992;282:177–185.
9. Brooks S, Morgan M. Accuracy of clinical diagnosis in knee arthroscopy. Ann R Coll Surg Engl. 2002;84:265–268.
10. Bryan S, Weatherburn G, Bungay H, Hatrick C, Salas C, Parry D,
Field S, Heatley F. The cost-effectiveness of magnetic resonance
imaging for investigation of the knee joint. Health Technol Assess.
2001;5:1–95.
11. Bui-Mansfield LT, Youngberg RA, Warme W, Pitcher JD, Nguyen
PL. Potential cost savings of MR imaging obtained before arthroscopy of the knee: evaluation of 50 consecutive patients. AJR Am J
Roentgenol. 1997;168:913–918.
12. Casscells SW. The place of arthroscopy in the diagnosis and treatment of internal derangement of the knee: an analysis of 1000 cases.
Clin Orthop Relat Res. 1980;151:135–142.
13. Clark CR, Ogden JA. Development of the menisci of the human
knee joint. Morphological changes and their potential role in childhood meniscal injury. J Bone Joint Surg Am. 1983;65:538–547.
14. Corea JR, Moussa M, al Othman A. McMurray’s test tested. Knee
Surg Sports Traumatol Arthrosc. 1994;2:70–72.
15. Critchley IJ, Bracey DJ. The acutely locked knee—is a manipulation worth while? Injury. 1985;16:281–283.
16. Crues JV III, Mink J, Levy TL, Lotysch M, Stoller DW. Meniscal
tears of the knee: accuracy of MR imaging. Radiology. 1987;164:
445–448.
17. De Smet AA, Graf BK. Meniscal tears missed on MR imaging:
relationship to meniscal tear patterns and anterior cruciate ligament
tears. AJR Am J Roentgenol. 1994;162:905–911.
18. De Smet AA, Norris MA, Yandow DR, Quintana FA, Graf BK,
Keene JS. MR diagnosis of meniscal tears of the knee: importance
of high signal in the meniscus that extends to the surface. AJR Am
J Roentgenol. 1993;161:101–107.
19. Dervin GF, Stiell IG, Wells GA, Rody K, Grabowski J. Physicians’
accuracy and interrator reliability for the diagnosis of unstable
meniscal tears in patients having osteoarthritis of the knee. Can J
Surg. 2001;44:267–274.

Clinical Orthopaedics
and Related Research

20. Elvenes J, Jerome CP, Reikeras O, Johansen O. Magnetic resonance
imaging as a screening procedure to avoid arthroscopy for meniscal
tears. Arch Orthop Trauma Surg. 2000;120:14–16.
21. Eren OT. The accuracy of joint line tenderness by physical examination in the diagnosis of meniscal tears. Arthroscopy. 2003;19:
850–854.
22. Esmaili Jah AA, Keyhani S, Zarei R, Moghaddam AK. Accuracy of
MRI in comparison with clinical and arthroscopic findings in ligamentous and meniscal injuries of the knee. Acta Orthop Belg. 2005;
71:189–196.
23. Evans PJ, Bell GD, Frank C. Prospective evaluation of the McMurray test. Am J Sports Med. 1993;21:604–608.
24. Fischer SP, Fox JM, Del Pizzo W, Friedman MJ, Snyder SJ, Ferkel
RD. Accuracy of diagnoses from magnetic resonance imaging of the
knee. A multi-center analysis of one thousand and fourteen patients.
J Bone Joint Surg Am. 1991;73:2–10.
25. Fowler PJ, Lubliner JA. The predictive value of five clinical signs
in the evaluation of meniscal pathology. Arthroscopy. 1989;5:
184–186.
26. Gelb HJ, Glasgow SG, Sapega AA, Torg JS. Magnetic resonance
imaging of knee disorders. Clinical value and cost-effectiveness in
a sports medicine practice. Am J Sports Med. 1996;24:99–103.
27. Gluckert K, Kladny B, Blank-Schal A, Hofmann G. MRI of the
knee joint with a 3-D gradient echo sequence. Equivalent to diagnostic arthroscopy? Arch Orthop Trauma Surg. 1992;112:5–14.
28. Greis PE, Bardana DD, Holmstrom MC, Burks RT. Meniscal injury: I. Basic science and evaluation. J Am Acad Orthop Surg.
2002;10:168–176.
29. Grevitt MP, Pool CJ, Bodley RN, Savage PE. Magnetic resonance
imaging of the knee: initial experience in a district general hospital.
Injury. 1992;23:410–412.
30. Habata T, Uematsu K, Hattori K, Takakura Y, Fujisawa Y. Clinical
features of the posterior horn tear in the medial meniscus. Arch
Orthop Trauma Surg. 2004;124:642–645.
31. Jerosch J, Riemer S. How good are clinical investigative procedures
for diagnosing meniscus lesions? Sportverletz Sportschaden. 2004;
18:59–67.
32. Johnson LL, Johnson AL, Colquitt JA, Simmering MJ, Pittsley AW.
Is it possible to make an accurate diagnosis based only on a medical
history? A pilot study on women’s knee joints. Arthroscopy. 1996;
12:709–714.
33. Karachalios T, Hantes M, Zibis AH, Zachos V, Karantanas AH,
Malizos KN. Diagnostic accuracy of a new clinical test (the Thessaly test) for early detection of meniscal tears. J Bone Joint Surg
Am. 2005;87:955–962.
34. Kocabey Y, Tetik O, Isbell WM, Atay OA, Johnson DL. The value
of clinical examination versus magnetic resonance imaging in the
diagnosis of meniscal tears and anterior cruciate ligament rupture.
Arthroscopy. 2004;20:696–700.
35. Kornick J, Trefelner E, McCarthy S, Lange R, Lynch K, Jokl P.
Meniscal abnormalities in the asymptomatic population at MR imaging. Radiology. 1990;177:463–465.
36. LaPrade RF, Burnett QM II, Veenstra MA, Hodgman CG. The
prevalence of abnormal magnetic resonance imaging findings in
asymptomatic knees. With correlation of magnetic resonance imaging to arthroscopic findings in symptomatic knees. Am J Sports
Med. 1994;22:739–745.
37. Luhmann SJ, Schootman M, Gordon JE, Wright RW. Magnetic
resonance imaging of the knee in children and adolescents. Its role
in clinical decision-making. J Bone Joint Surg Am. 2005;87:
497–502.
38. Lundberg M, Odensten M, Thuomas KA, Messner K. The diagnostic validity of magnetic resonance imaging in acute knee injuries
with hemarthrosis. A single-blinded evaluation in 69 patients using
high-field MRI before arthroscopy. Int J Sports Med. 1996;17:
218–222.
39. Magee T, Shapiro M, Williams D. MR accuracy and arthroscopic
incidence of meniscal radial tears. Skeletal Radiol. 2002;31:
686–689.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Number 455
February 2007

40. Matava MJ, Eck K, Totty W, Wright RW, Shively RA. Magnetic
resonance imaging as a tool to predict meniscal reparability. Am J
Sports Med. 1999;27:436–443.
41. McNally EG, Nasser KN, Dawson S, Goh LA. Role of magnetic
resonance imaging in the clinical management of the acutely locked
knee. Skeletal Radiol. 2002;31:570–573.
42. Miller GK. A prospective study comparing the accuracy of the
clinical diagnosis of meniscus tear with magnetic resonance imaging and its effect on clinical outcome. Arthroscopy. 1996;12:
406–413.
43. Muellner T, Weinstabl R, Schabus R, Vecsei V, Kainberger F. The
diagnosis of meniscal tears in athletes. A comparison of clinical and
magnetic resonance imaging investigations. Am J Sports Med. 1997;
25:7–12.
44. Munk B, Madsen F, Lundorf E, Staunstrup H, Schmidt SA, Bolvig
L, Hellfritzsch MB, Jensen J. Clinical magnetic resonance imaging
and arthroscopic findings in knees: a comparative prospective study
of meniscus anterior cruciate ligament and cartilage lesions. Arthroscopy. 1998;14:171–175.
45. Muscolo DL, Ayerza MA, Makino A, Costa-Paz M, Aponte-Tinao
LA. Tumors about the knee misdiagnosed as athletic injuries. J
Bone Joint Surg Am. 2003;85:1209–1214.
46. Ohishi T, Takahashi M, Abe M, Tsuchikawa T, Mori M, Nagano A.
The use of axial reconstructed images from three-dimensional MRI
datasets for morphological diagnosis of meniscal tears of the knee.
Arch Orthop Trauma Surg. 2005;125:622–627.
47. O’Shea KJ, Murphy KP, Heekin RD, Herzwurm PJ. The diagnostic
accuracy of history, physical examination, and radiographs in the
evaluation of traumatic knee disorders. Am J Sports Med. 1996;24:
164–167.
48. Rappeport ED, Wieslander SB, Stephensen S, Lausten GS, Thomsen HS. MRI preferable to diagnostic arthroscopy in knee joint
injuries. A double-blind comparison of 47 patients. Acta Orthop
Scand. 1997;68:277–281.
49. Riel KA, Reinisch M, Kersting-Sommerhoff B, Hof N, Merl T.
0.2-Tesla magnetic resonance imaging of internal lesions of the
knee joint: a prospective arthroscopically controlled clinical study.
Knee Surg Sports Traumatol Arthrosc. 1999;7:37–41.
50. Rose NE, Gold SM. A comparison of accuracy between clinical
examination and magnetic resonance imaging in the diagnosis of
meniscal and anterior cruciate ligament tears. Arthroscopy. 1996;
12:398–405.
51. Rubin DA, Kettering JM, Towers JD, Britton CA. MR imaging of
knees having isolated and combined ligament injuries. AJR Am J
Roentgenol. 1998;170:1207–1213.

Diagnosis of Meniscus Tears

133

52. Shakespeare DT, Rigby HS. The bucket-handle tear of the meniscus. A clinical and arthrographic study. J Bone Joint Surg Br. 1983;
65:383–387.
53. Shelbourne KD, Martini DJ, McCarroll JR, VanMeter CD. Correlation of joint line tenderness and meniscal lesions in patients with
acute anterior cruciate ligament tears. Am J Sports Med. 1995;23:
166–169.
54. Shiozaki Y, Horibe S, Mitsuoka T, Nakamura N, Toritsuka Y, Shino
K. Prediction of reparability of isolated semilunar lateral meniscus
tears by magnetic resonance imaging. Knee Surg Sports Traumatol
Arthrosc. 2002;10:213–217.
55. Solomon DH, Simel DL, Bates DW, Katz JN, Schaffer JL. The
rational clinical examination. Does this patient have a torn meniscus
or ligament of the knee? Value of the physical examination. JAMA.
2001;286:1610–1620.
56. Spiers AS, Meagher T, Ostlere SJ, Wilson DJ, Dodd CA. Can MRI
of the knee affect arthroscopic practice? A prospective study of 58
patients. J Bone Joint Surg Br. 1993;75:49–52.
57. Spindler KP, Kuhn JE, Dunn W, Matthews CE, Harrell FE Jr, Dittus
RS. Reading and reviewing the orthopaedic literature: a systematic,
evidence-based medicine approach. J Am Acad Orthop Surg. 2005;
13:220–229.
58. Takeda Y, Ikata T, Yoshida S, Takai H, Kashiwaguchi S. MRI
high-signal intensity in the menisci of asymptomatic children. J
Bone Joint Surg Br. 1998;80:463–467.
59. Vives MJ, Homesley D, Ciccotti MG, Schweitzer ME. Evaluation
of recurring meniscal tears with gadolinium-enhanced magnetic
resonance imaging: a randomized, prospective study. Am J Sports
Med. 2003;31:868–873.
60. Weinstabl R, Muellner T, Vecsei V, Kainberger F, Kramer M. Economic considerations for the diagnosis and therapy of meniscal
lesions: can magnetic resonance imaging help reduce the expense?
World J Surg. 1997;21:363–368.
61. White LM, Schweitzer ME, Deely DM, Morrison WB. The effect of
training and experience on the magnetic resonance imaging interpretation of meniscal tears. Arthroscopy. 1997;13:224–228.
62. Winters K, Tregonning R. Reliability of magnetic resonance imaging of the traumatic knee as determined by arthroscopy. N Z Med J.
2005;118:U1301.
63. Yu JS, Cosgarea AJ, Kaeding CC, Wilson D. Meniscal flounce MR
imaging. Radiology. 1997;203:513–515.
64. Zanetti M, Pfirrmann CW, Schmid MR, Romero J, Seifert B, Hodler
J. Patients with suspected meniscal tears: prevalence of abnormalities seen on MRI of 100 symptomatic and 100 contralateral asymptomatic knees. AJR Am J Roentgenol. 2003;181:635–641.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

