
ORIGINAL PAPER

Accuracy of routine magnetic resonance imaging in meniscal
and ligamentous injuries of the knee: comparison
with arthroscopy

Noha H. Behairy & Mohsen A. Dorgham &

Sherif A. Khaled

Received: 7 March 2008 /Revised: 26 March 2008 /Accepted: 27 March 2008 /Published online: 28 May 2008
# Springer-Verlag 2008

Abstract The aim of this study was to detect the accuracy
of routine magnetic resonance imaging (MRI) done in
different centres and its agreement with arthroscopy in
meniscal and ligamentous injuries of the knee. We
prospectively examined 70 patients ranging in age between
22 and 59 years. History taking, plain X-ray, clinical
examination, routine MRI and arthroscopy were done for
all patients. Sensitivity, specificity, accuracy, positive and
negative predictive values, P value and kappa agreement
measures were calculated. We found a sensitivity of 47 and
100%, specificity of 95 and 75% and accuracy of 73 and
78.5%, respectively, for the medial and lateral meniscus. A
sensitivity of 77.8%, specificity of 100% and accuracy of
94% was noted for the anterior cruciate ligament (ACL).
We found good kappa agreements (0.43 and 0.45) for both
menisci and excellent agreement (0.84) for the ACL. MRI
shows high accuracy and should be used as the primary
diagnostic tool for selection of candidates for arthroscopy.
Level of evidence: 4.

Résumé Le but de cette étude est de détecter un examen de
routine l’IRM et la bonne correspondance entre ces con-
statations et les constatations arthroscopiques des lésions

méniscales ou des lésions ligamentaires du genou. Nous avons
réalisé une étude prospective de 70 patients âgés de 22 à 59
ans avec analyse de l’histoire clinique, des radiographies, de
l’examen clinique, de l’examen IRM et des constatations
arthroscopiques. La sensitivité, la spécificité et l’exactitude
des constatations ont été évaluées de manière statistique. Nous
avons trouvé respectivement une sensitivité de 47% et 100%,
une spécificité de 95% et 75% et une exactitude des
constatations de 73% et 78,5%, pour les lésions du ménisque
interne ou du ménisque latéral. En ce qui concerne les
ligaments croisés, la sensitivité est de 77,8%, la spécificité
de 100% et l’exactitude des constatations de 94% avec une
bonne correspondance Kappa (0,43 et 0,45) pour les
ménisques et 0,84 pour le ligament croisé antérieur. L’IRM
peut donc être utilisée comme un élément tout à fait sûr et
routinier concernant le diagnostic primaire des lésions
miniscales ou des lésions ligamentaires chez les patients
devant bénéficier d’une arthroscopie. Niveau d’évidence : 4.

Abbreviations
MRI magnetic resonance imaging
ACL anterior cruciate ligament

Introduction

Magnetic resonance imaging (MRI) has an enormous
impact on musculoskeletal imaging and the knee is the
most frequently visualised. MRI of the knee is most
commonly indicated in patients with suspected injuries of
the menisci and cruciate ligaments. Plain radiographs have
little value unless injury is due to direct impact [10].

Orthopaedic surgeons commonly examine patients with
knee pain; however, precisely diagnosing an intra-articular
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cause of pain is difficult. MRI of the knee is used to diagnose
disorders of the knee because the high soft tissue resolution
allows precise imaging of intra-articular structures [3].

MRI of the menisci has proven useful for more than
10 years, with current sensitivity and specificity for
meniscal tears ranging from 90 to 95% in most reports
[1]. MRI has become a practical tool for the evaluation of
anterior cruciate ligament (ACL) injuries, with its high
levels of accuracy and sensitivity reported in the literature
[15].

Previous imaging provided an accuracy of 90% for the
medial meniscus, 82% for the lateral meniscus, 94% for
the ACL and 96% for the posterior cruciate ligament. The
sensitivity was 87% for the medial meniscus, 46% for
the lateral meniscus, 92% for the ACL and 80% for the
posterior cruciate ligament. The specificity was relatively
high at 92, 91, 94 and 97%, respectively [17].

Intra-articular knee lesions are associated with signifi-
cant morbidity and frequently need surgical treatment and
rest. Although common, their correct diagnosis still is a
challenge. Clinical tests may be confusing, and delay in
diagnosis can result in socioeconomic problems and
sometimes a worse prognosis. Therefore, complementary
diagnostic tools are often necessary, mainly when suspect-
ing multiple lesions [13].

The aim of this prospective study was to determine the
accuracy of routine MRI study done in different centres in
detecting meniscal and ligamentous injuries in comparison
with arthroscopy as the gold standard.

Material and method

Patient population

We examined 70 patients ranging in age between 22 and
59 years (41 men and 29 women). Patients experienced
pain, popping, locking, instability and swelling.

History taking, plain X-ray and clinical examination
included presence of effusion, range of motion, joint line
tenderness, three plane stability as well as the McMurray,
squat, Apley, anterior drawer, Lachmann, posterior drawer
and quadriceps active tests.

Patients with joint disease, e.g. rheumatoid arthritis or
previous knee operations, were excluded.

All patients were subjected to MRI and arthroscopy. The
study was approved by the Ethics Committee of Cairo
University.

MRI protocol

Due to the economic burden of MRI, we could not force
patients to go to a single radiology centre nor did we want

to. Most of them were sent to centres of their own choice
taking into consideration that all centres had a 0.5-T MRI
machine (commonly available in Egypt). The standard
imaging protocol was sagittal spin echo T1-weighted
images (T1WIs) [repetition time (TR): 500, echo time
(TE): 22], T2-weighted images (T2WIs) (TR: 3600, TR:
100) and proton density images (TR: 2200, TE: 17),
coronal short τ inversion recovery (STIR) (TR: 2300, TE:
60) and axial T2WIs (TR: 3600, TR: 100). We used 4- mm
slice thickness with 0.5-mm interslice gap and 18×18 cm
field of view (FOV) with a 256×512 or 192×256 imaging
matrix. No contrast media were given.

The MRI findings were reviewed by two radiologists.
Meniscal and ligamentous injuries were evaluated and
graded. Absence of an intrameniscal high signal was
considered as a normal meniscus. Presence of an intra-
meniscal high signal not extending to the articular surface
was considered grade 1 and 2 degeneration of the menisci,
while intrameniscal high signal intensity reaching the
articular surface was regarded as a tear.

The ACL was considered normal when it appeared as a
band of fibres of low or intermediate signal intensity on
both sagittal and coronal images. It was considered partially
torn when it appeared fuzzy with ill-defined outline and
abnormal signal intensity within, and as completely torn if
there was disruption of all fibres, discontinuity or avulsion
from its attachment.

Arthroscopy

The surgeons were aware of the MRI results, as we thought
it was better to emphasise MRI findings to decrease the
time needed to revise the videotapes in cases of contradic-
tory results.

Arthroscopies were done in a hospital environment with
complete preoperative care, all in the outpatient surgery. A
Stryker 3 CCD video camera was used with a 4-mm Karl
Storz arthroscope and a 30° angle. Standard portals were
used: superomedial portal for outflow, inferolateral for the
arthroscope and inferomedial for instrumentation. During
arthroscopy, a systematic examination was performed with
a complete evaluation of the joint. Arthroscopies were done
within 2 months of MRI after the patients had provided
signed consent.

Menisci were considered degenerated when fibrillation
was present and trimming was done. A meniscal tear was
diagnosed when there was discontinuity of its cartilage and
the surgeon proceeded to partial meniscectomy according to
the size and shape of the tear.

A complete tear of the ACL was diagnosed if the
ligament was absent in the notch region, or if there was loss
of ligament continuity with only ligament remnants at each
end and the surgeon proceeded directly to reconstructive

962 International Orthopaedics (SICOT) (2009) 33:961–967



surgery in the same setting. In cases where continuity of
one or both bundles for the ligament was present and laxity
of the ligament was noted by probing, this was defined as a
partial tear.

Statistical analysis

Structures included in the study were medial and lateral
menisci and anterior and posterior cruciate ligaments. We

considered meniscal tear and degeneration as one group
compared against the normal menisci. We studied the ACL
twice; once we considered the complete and partially torn
ACLs as one group compared against the normal and the
other time we studied the complete tear as one group
compared against the normal and partially torn ACLs.

Data were coded and entered using the Statistical
Package for the Social Sciences (SPSS) version 12. Data
were summarised using percent for qualitative data.

Fig. 1 Sagittal MRI showed
normal lateral meniscus while
arthroscopy detected a lateral
meniscal tear (tool is seen within
the tear)

Fig. 2 MRI diagnosed com-
plete ACL tear, arthroscopy
confirmed the diagnosis show-
ing buckling of the ACL with
detached femoral attachment
and reconstruction was per-
formed
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Comparisons between qualitative variables were done using
the chi-square test. P values < 0.05 were considered as
statistically significant. Sensitivity, specificity, positive and
negative predictive values, accuracy, P value and kappa
agreement measures were calculated to test validity of MRI
compared against arthroscopy.

Results

The study included 70 patients ranging in age between 22
and 59 years (41 men and 29 women). All were subjected
to examination, X-ray, MRI study and arthroscopy (Figs. 1,
2, 3, 4 and 5).

We diagnosed 36 cases of medial meniscal tear (mostly
posterior horn), 17 cases of meniscal degeneration and 17
normal medial menisci by MRI. Arthroscopy diagnosed 28
cases of meniscal tear, 10 cases of degeneration and 32
normal menisci.

Of 36 meniscal tears diagnosed by MRI only 22 (61%)
were confirmed by arthroscopy: 2 (5.6%) were degenera-
tion and 12 (33%) were found to be normal menisci.

Of the 17 diagnosed as meniscal degeneration, arthros-
copy diagnosed 8 as degeneration, 4 as tears and 5 as
normal menisci. Of the 17 diagnosed as normal menisci by
MRI, 15 were confirmed by arthroscopy while 2 were
diagnosed as meniscal tears. Two of the tears were bucket
handle based on arthroscopy while MRI only detected one.

Regarding the lateral meniscus MRI diagnosed only 4
tears and 6 degenerations with 60 normal menisci.
However, arthroscopy diagnosed 13 tears, 12 degenerations
and 45 normal menisci. Of the four diagnosed as a tear by
MRI, two were confirmed as a tear and two as degeneration
by arthroscopy. Of the six diagnosed as degeneration, four
were confirmed by arthroscopy while two were considered
tears. Seventy-five per cent of the cases found to be normal
by MRI were also normal according to arthroscopy while
10% showed degeneration and 15% showed meniscal tears.

MRI detected 18 complete ACL tears, 8 partial tears and
44 normal ACL. Arthroscopy detected 14 complete tears,
10 partial tears and 46 normal ACL. Seventy-eight per cent
of the complete tears diagnosed by MRI were also
considered complete tears by arthroscopy while the rest
(22%) were partial tears. Fifty per cent of the partial tears

Fig. 3 MRI showed degenera-
tion of the posterior horn of
the medial meniscus, while
arthroscopy showed a normal
medial meniscus

Fig. 4 MRI diagnosed a partial tear of the ACL; however, arthroscopy
showed a normal ACL

Fig. 5 MRI showed posterior horn medial meniscal tear which was
confirmed by arthroscopy
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diagnosed by MRI were confirmed by arthroscopy while
the other 50% were found to be normal.

We performed statistical analysis of the ACL two times,
once with both partial and complete tears as one group
compared against the normal and the other time with only
the complete tears compared against the partial and normal
ACLs (the method used in most of the previous studies).
We found that sensitivity, specificity, negative and positive
predictive values and accuracy were higher when consid-
ering complete and partial tears as one group compared
against the normal ligaments (Table 1).

Arthroscopy revealed 34 (48.5%) cases with concomi-
tant injury. The predominant pattern was meniscal (mainly
posterior horn of the medial meniscus) with ACL tear (19
cases) followed by combined medial and lateral meniscal
injuries (15 cases).

MRI detected 28 (40%) cases of concomitant injuries.
The predominant pattern was medial meniscal injury and
ACL tears (24 cases), while only 2 showed combined
medial and lateral meniscal injuries. Two other cases
showed lateral and medial meniscal injuries plus ACL tear.
Isolated injury of the ACL was only detected in five cases
by arthroscopy and in four cases by MRI.

None of our cases showed any pathological findings
within the posterior cruciate ligament, neither by MRI nor
arthroscopy, showing total agreement in their results.

Our study showed good kappa agreement (0.43 and
0.46) for the medial and lateral menisci, respectively, and
excellent agreement (0.84 and 0.9) for the ACL between
MRI findings compared against the gold standard arthro-
scopic findings (Table 1).

Discussion

Although intra-articular knee lesions are common, their
correct diagnosis still is a challenge [13].

MRI of the knee has become a reliable tool in the
detection of knee injuries. Injuries to menisci and cruciate
ligaments can be diagnosed on MRI with a high degree of

sensitivity and specificity, but accuracy of MRI decreases in
patients with multiple injuries [12, 7].

We detected a sensitivity of 47% for the medial meniscus
and accuracy of 73%, which are lower than most of those
reported in the literature [3, 13, 8]. However, the specificity
was 95% which was in agreement with previous studies
[13, 8].

The lateral meniscus showed a higher sensitivity in our
study than reported in most of the literature and slightly
lower specificity [13, 8, 16].

The approach taken with an ACL injury depends a great
deal on the severity of the lesion. Complete ACL tears usually
cause considerable knee joint instability and reconstructive
surgery is typically recommended. In contrast, a partial ACL
tear can be treated with physical rehabilitation. Since
reconstructive surgery involves significant remodelling, con-
firmation of the diagnosis is desirable before undertaking
unnecessary surgery on patients with incomplete ACL tears.
Arthroscopic examination allows the diagnosis to be con-
firmed through direct visualisation and probing. Unfortunate-
ly, arthroscopies are invasive and require a skilled surgeon.
MRI has become a popular and practical tool for the
evaluation of ACL injuries with its high degree of accuracy
and sensitivity as reported in the literature [4].

Our results were similar to those of Patrice et al. [16]
concerning the sensitivity and specificity of ACL tears
when we considered normal and partially torn ligaments as
one group and complete tears as another group like they did
[16]. Our results improved when we studied the complete
and partial tears as a group compared against the normal
anterior cruciate ligaments.

Isolated ACL tears are rare; Barry et al. [2] reported an
incidence of 13%. Only 2% of ACL tears were isolated in
our study, the rest being associated with meniscal tears.

The results show that diagnostic performance and
accuracy is better for cruciate ligament tears than for
meniscal tears. Regarding the menisci, our results demon-
strate that the sensitivity and specificity differ significantly
for the medial and the lateral meniscus. Those findings
were also reported by Oei et al. [11]. However, they stated

Table 1 Validity of MRI findings using arthroscopy as the gold standard reference

Structure Medial meniscus Lateral meniscus ACL complete tears against
others (partial + normal)

Anterior cruciate ligament
(partial + complete as one
group against normal)

Accuracy (%) 73 78.5 94 97
Sensitivity (%) 47 100 77.8 92.3
Specificity (%) 95 75 100 100
Negative predictive value 88.2 100 100 95
Positive predictive value 68 40 93 100
Kappa agreement 0.43 0.46 0.84 0.9
P value 0.0001 0.001 0.001 0.001
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that MRI is more sensitive in the diagnosis of the medial
meniscus and that the specificity is higher for the lateral
meniscus [11]. Our results were contradictory with a higher
sensitivity for the lateral meniscus and a higher specificity
for the medial meniscus.

In the study by De Smet and Graph [7] the sensitivity for
meniscal injuries decreased markedly in cases associated
with ACL tears. This may be the cause of the low
sensitivity detected in medial meniscal tears in our study
as most of the cases had associated ACL injuries. However,
the sensitivity of the lateral meniscus was not affected since
the majority of our cases did not have associated ACL tears.

There are several other factors that may contribute to the
discrepancy found between arthroscopic findings and MRI
reports. The interpretation of MRI may be influenced by
imaging techniques and subjective bias of the reading
radiologists [15].

Some authors reported that specific imaging sequences
improve the sensitivity and specificity for detecting meniscal
and ligamentous tears [9]. However, our study was
concerned with the routine MRI technique done in different
centres so we did not introduce specific sequences but only
used those done as a routine study in these different centres.

Most of the studies were done in big hospitals or medical
centres where both arthroscopy and MRI were done in the
same place and reported by highly trained radiologists
specialised in musculoskeletal imaging. This may contrib-
ute to the higher accuracy rates reported in these studies,
especially in the menisci.

The value of our work is that we studied the accuracy of
MRI and its agreement with arthroscopy as it is actually
done in our country without using a specific imaging
protocol. Due to the cost of MRI most people have
insurance that sends them to a specific radiology centre;
we only tried to select centres that have the same field
strength machine (0.5 T) which is most commonly used.

Another advantage of this study is that it is a prospective
study, while most of the previous studies were retrospective.
We had the advantage of concentrating on the MRI findings
during arthroscopy, hence omitting the need for reevaluating
the videotapes and MRI results in cases of discrepancy.

We were concerned that the use of 0.5-T MRI machines
may cause lower results than high-field machines, but it
was confirmed by previous studies that the level of
diagnostic accuracy in ACL and meniscal tears is compa-
rable for low- and high-field-strength MRI [5].

We noted a high negative predictive value rendering
MRI most useful as a negative diagnostic tool.

Arthroscopies allow reliable assessment of injury, but are
invasive, expensive and require hospitalisation, anaesthesia
and an experienced surgeon [15, 13].

Thomas et al. [14] suggested that when symptoms and
clinical findings support the presence of meniscal or

ligamentous injuries and arthroscopic therapeutic interven-
tion is contemplated MRI is not always beneficial. The
current practice of requesting scans to confirm the diagnosis
should be altered. Unnecessary MRI increases the financial
burden and delays treatment [14].

However, we agree with Crawford et al. [6] who stated
that MRI is the most appropriate screening tool before
arthroscopy. It is preferable to diagnostic arthroscopy in
most patients because it avoids the surgical risks [6]. Also
concerning the economic burden especially in a country
like Egypt, MRI may decrease unjustified arthroscopies.

Conclusion

We recommend MRI as the primary diagnostic tool for
internal knee derangements; however, arthroscopy should
be done in cases where MRI findings do not agree with the
clinical findings of the patients or in cases clinically
diagnosed as complete ACL tears where reconstruction
surgery is indicated.
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