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MAGNETIC RESONANCE IMAGING FOR THE DIAGNOSIS
OF CHONDRAL, MENISCAL AND CRUCIATE LIGAMENTS
INJURIES OF THE KNEE*

Francisco Consoli Karam', Jefferson Luis Braga da SilvaZ, Marcos William Fridman3,
Armando Abreu*, Rodrigo Di Mare Arbo®, Marcelo Abreu®, José Francisco Vieira’,
Luiz Anténio Simdes Pires®

OBJECTIVE: To evaluate the diagnostic accuracy of magnetic resonance imaging (MRI) of the knee. MATE-
RIALS AND METHODS: Seventy-two patients have been submitted to MRI previously to arthroscopy of the
knee performed by a single surgeon and utilized as a comparative standard method. Sensitivity, specificity,
values of likelihood and rate of interobserver agreement have been evaluated. RESULTS: The kappa agree-
ment coefficient between MRI and arthroscopy was very good for lesions in the anterior cruciate ligament
(0.84), good for lateral meniscus (0.75), reasonable for medial meniscus (0.50) and poor for chondral le-
sions (< 0.50). MRI has demonstrated high sensitivity for tears in the anterior cruciate ligament (94%) and
in the medial meniscus (92%), good sensitivity for lesions in the lateral meniscus (80%), and low sensitivity
for lesions in all of the chondral zones (< 50%), while the specificity has been excellent for all the chondral,
and ligamentous structures, besides the lateral menisci analyzed (more than 97%), and reasonable (65%)
for the medial meniscus. CONCLUSION: MRI is an useful tool in the clinical diagnosis of intra-articular knee
lesions, as already demonstrated by similar results reported both in the Brazilian and international literature.
Keywords: Arthroscopy; Magnetic resonance imaging; Knee; Lesions; Sensitivity; Specificity.

A ressonédncia magnética para o diagndstico das lesées condrais, meniscais e dos ligamentos cruzados do
joelho.

OBJETIVO: Avaliar o valor diagnéstico da ressonancia magnética (RM) do joelho. MATERIAIS E METODOS:
Setenta e dois pacientes foram submetidos a RM previamente a artroscopia do joelho realizada por um tnico
cirurgido e considerada como método padrdo. Verificou-se a sensibilidade, a especificidade, os valores de
verossimilhanca e a concordéancia entre o radiologista e o ortopedista em classificar as lesoes. RESULTA-
DOS: O coeficiente de concordancia kappa entre a RM e a artroscopia, em classificar as lesdes, foi muito
bom para lesdes de ligamento cruzado anterior (0,84), bom para o menisco lateral (0,75), razoavel para o
menisco medial (0,50) e baixo para lesdes condrais (menor que 0,50). A RM mostrou ter alta sensibilidade
para rupturas de ligamento cruzado anterior (94%) e menisco medial (92%), boa sensibilidade para lesdes
de menisco lateral (80%) e baixa sensibilidade para lesbes em todas as zonas condrais (menor que 50%),
enquanto a especificidade foi excelente para todas as estruturas condrais, ligamentares e para o menisco
lateral estudadas (maior que 97%) e razoavel para o menisco medial (65%). CONCLUSAO: A RM é uma
ferramenta util para subsidiar o diagnéstico clinico de lesdes intra-articulares do joelho, como ja foi mostrado
em resultados semelhantes encontrados na literatura produzida no Brasil e no exterior.

Unitermos: Artroscopia; Ressonancia magnética; Joelho; Lesoes; Sensibilidade; Especificidade.
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INTRODUCTION

Magnetic resonanceimaging (MRI) has
been considered as the imaging method of
choice for evaluating knee joints, almost
completely replacing arthrography in the
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last decade!®. Thisis due the fact that this
technique represents a both non-invasive
and accurate aternative to arthroscopy in
the diagnosis of internal knee derange-
ments®.

Notwithstanding the controversies
about MRI cost-benefit ratio®, it isimpor-
tant to note that the technological develop-
ment has brought higher precision to this
method, allowing a reduction in the need
for diagnostic arthroscopies.

The present study isaimed at investigat-
ing if MRI of the knee following the glo-
bal protocol (without specific sequences
for the different parts of the knee joint)
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reproduces the results found in the litera-
ture®*®), and defining for which intra-ar-
ticular structures this imaging method
could beuseful asadiagnostictool. For this
purpose, we performed atransversal study
with a prospective collection of data from
72 patients submitted to MRI in a service
of imaging diagnosis. Arthroscopy per-
formed by asingle surgeon was utilized as
a comparative standard method.

MATERIALSAND METHODS

Transversal study with prospective data
collection performed in the period between
January/2003 and December/2005, evalu-
ating 72 patients submitted to MRI of the
knee, whose findings were compared with
those from subsequent arthroscopy of the
knee considered as the standard method.
The sample included 37 MRI of the right
knee and 35 of theleft knee of 65 men and
seven women in the age range between 19
and 67 years (mean age, 35.4 years).

Inclusion criteria were the following:
patients of both sexes, age= 18 years (skel-
etal maturity); patients’ complain of symp-
tomsin the kneejoint and previous history
compatiblewithintra-articular disease; the
patient has been examined by the main
author of the present study who, after a
standard physical examination of the knee
and specifictestsfor lesions of intra-articu-
lar structures, has indicated arthroscopy
and requested MRI asacomplement for the
clinical diagnosis; the patient has under-
gonearthroscopy in the period between one
and 90 days after MRI, and has not experi-
enced any episode of traumain this period.
Patients whose lesions could not be clas-
sified because of dubious description or
interpretation of MRI reports have not been
included in the present study.

A GE Signa, 1.5 teda MRI equipment
was utilized in the present study. The stan-
dard protocol for investigation of the knee
utilized in all of the patients included the
following steps: positioning of the patient
in dorsal decubitus with slight external ro-
tation of the knee (about 5°); utilization of
specific surface coil; 4 mm dlice thickness
at 0.4 mm intervals, small field of view
(FOV) for resolution maximization (14 to
16 cm, depending on the size of the pa-
tient), 256 x 192 or 256 x 256 matrices;
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planes and sequences: sagittal T1, sagittal
PD-T2, coronal PD-T2, axial gradient-
echo, axial T2, and sagittal PD with thin
sections to evaluate the anterior cruciate
ligament.

All the studies were blindly evaluated
by a single radiologist who has collabo-
rated in the present study.

All of the arthroscopic evaluationswere
performed in asurgical center by the same
orthopedist — main author of the present
study witha15-year experienceinthistype
of procedure —, several of them also with
the assistance of a colleague of Hospital
S&o Lucas and collaborator in the present
study with a 25-year experience in arthro-
scopy of the knee. Arthroscopieswere per-
formed through the classic antero-lateral
and antero-medial parapatellar portals.
After insertion of the arthroscope through
the lateral parapatellar portal, aroutine in-
spection was performed in the whole joint
for evaluation of medial and lateral com-
partments (condyles, tibial plateaus and
menisci), intercondyle (cruciateligaments),
and finally femoropatellar joint (patellar
and synovial cartilages). Investigation
through medial and lateral suprapatellar
portalswas performed as necessary. Results
from this initial analysis where compared
with the MRI findings described by the
radiol ogist and anew inspection was made
to search for any lesion detected by the
MRI which may have been missed in the
first inspection. Finally, lesions were sur-
gicaly corrected as necessary.

Videoarthroscopy was not performedin
patients who had not an indication for sur-
gical treatment (videosurgery), and, be-
cause of ethical reasons, this procedure
could not be blindly performed, consider-
ing that the availability of a previous MRI
obliges the orthopedist to confirm its find-
ings. Lesions in the following sites were
analyzed: both menisci (medial and lateral),
cruciate ligaments (anterior and posterior),
and five different cartilaginous — medial
and lateral condyles, media and lateral
plateaus, and patella

Meniscal lesions were classified ac-
cording to changes in Tyrrel et a.© and
Stoller et al.“9 classifications as follows:
grade O (absence of lesions, or grade 1 and
2 lesions of Stoller et al.), grade 1 (lesion
in one side or grade 3 lesion of Stoller et

al.) and grade 2 (lesion in both sides of
acute and complex lesions).

Ligamentous|esionswere classified ac-
cording Heron & Calvert® into grade 0
(absence of lesion or minimal extension)
grade 1 (partia lesion), and grade 2 (com-
plete lesion).

Finally, chondral lesionsalso wereclas-
sified according changesin Outerbridge™
and Tyrrel et a.© classifications, as fol-
lows: grade O (absence of lesion), grade 1
(superficial lesion or grade 1 Outerbridge
lesion), grade 2 (superficial or deep, partial
lesion not reaching the subchondral bone,
or Outerbridge' sgrades 2 and 3), and grade
3 (complete lesion up to the chondral bone
or Outerbridge’s grade 4).

The present study wasdesigned in com-
pliance with the guidelines and rules on
research in humans (Resolution 196/1996
of National Council of Health), and was
approved by the Committee on Ethicsin
Research of Hospital S&o Lucas of Ponti-
ficiaUniversidade Catdlicado Rio Grande
do Sul, where arthroscopies were per-
formed and the present study was devel-
oped. All the patients submitted to arthro-
scopy were given information and guid-
ance on the procedure, its risks and ben-
efits, and agreed to be submitted to the
surgical treatment, besides agreeing that
their datawas utilized in the present study.

Microsoft Excel 2002 was utilized in
the statistical analysis for data tabulation
and charts, and SPSS 11.5 version for the
global data analysis. Interobserver agree-
ment as regards lesions classification, sen-
sitivity, specificity, positive and negative
likelihood values were analyzed. The con-
fidence interval was 95%.

RESULTS

Results regarding the number of dis-
eased and healthy patients, true-positive
and true-negative, and false-positive and
false-negative diagnoses are shown in
Table 1.

The kappa coefficient of agreement be-
tween MRI and arthroscopy as regards le-
sion classification was very good for le-
sions in the anterior cruciate ligament
(0.84), good for lateral menisci (0.75), rea-
sonablefor medial menisci (0.50), and low
for chondral lesions (< 0.5).

Radiol Bras 2007;40(3):179-182



MRI for the diagnosis of chondral, meniscal and cruciate ligaments injuries of the knee

MRI demonstrated high sensitivity for
identifying anterior cruciate ligament tears
(94%) and medial meniscal tears (92%),
good sensitivity for lateral meniscal lesions
(80%), and low sensitivity for al chondral
lesions (< 50%) (Table 2). The positive
likelihood value was near of above 10 for
all the chondral lesions, anterior cruciate
ligament lesions, and lateral meniscal le-
sions, and 2.65 for medial meniscal lesions
(Table 2).

DISCUSSION

As in the greatest majority of similar
studies, arthroscopy was utilized as com-
parative standard method to evaluate the
accuracy of MRI in the detection of intra-
articular lesions of theknee™*91213 |nthe
present transversal study with prospective
data collection, a same team evaluated
MRIsof 72 patientsaiming at allowing the
elaboration of a prior protocol including
the methodology for analysis and classifi-
cation of lesions. Inthe Brazilian literature,
four studies are found with the same objec-

tive®1419 only thelast of them presenting
an appropriate methodol ogy, although not
utilizing a classification for lesions or a
prospective data collection.

Similarly to many studiesin the litera-
ture, the MRI system utilized was a 1.5
teslaequipment!19, theimages acquisi-
tion protocol was the same for all the pa-
tients, and no special section of sequence
for any particular anatomical structure of
the knee could be added.

The kappa agreement coefficient as re-
gards the classification of the lesions was
very good for the anterior cruciate liga-
ment, good for the lateral meniscus, reason-
able for the medial meniscus, and low for
chondral lesions. It isimportant to note that
this coefficient of agreement is very rigor-
ous when compared with the number of
correct diagnoses by the method over the
total number of patients. These results
would be better if we had quantified the
error in percentage (weighted kappa coef-
ficient), likewise Potter et al. who, study-
ing sequences specific for the joint carti-
lage, have defined four levels of discor-

Table 1 Results regarding number of diseased patients, true-positive, true-negative, false-positive and

false-negative per structure evaluated.

Structure Patients Diseased patients | TP FN Healthy patients N FP
MM 72 26 24 2 46 30 16
LM 72 25 20 5 47 46 1
ACL 72 35 33 2 37 36 1
PCL 72 1 0 1 71 70 1
MC 72 21 7 14 51 50 1
LC 72 11 3 8 61 60 1
Pat. 72 24 10 14 48 46 2
MP 72 9 4 5 63 63 0
LP 72 8 2 6 64 64 0

MM, medial meniscus; LM, lateral meniscus; ACL, anterior cruciate ligament; PCL, posterior cruciate ligament;
MC, medial condyle; LC, lateral condyle; Pat., patella; MP, medial plateau; LP, lateral plateau; TP true-positive;

FN, false-negative; TN, true-negativo; FP, false-positive.

dance in classification of lesions, corre-
sponding to 75% accuracy (1 level), 50%
(2 levels), 25% (3 levels), and zero (com-
plete discordance). Jee et al.® have al-
ready highlighted the relevance of classi-
fying meniscal lesions and evaluating, by
means of MRI, the level of stabilization or
possibility of suture of these lesions, with
consequent aid in the surgical planning and
guidance for the patient on his postopera-
tive course of treatment and recovery. The
rationale is the same for chondral lesions,
since the previous evaluation allows de
surgeon to choose the most appropriate
method of treatment, debridement or
mosaicoplasty, for example. It is predict-
able that the future will require from MRI
this level of performance.

In the present study, rates of sensitivity,
specificity and likelihood values (Table 2)
were similar to those reported in the litera-
ture. Specificity was high (> 90%) for lat-
eral meniscal lesions, medial and lateral
condylar lesions, lesions in the posterior
and anterior cruciate ligaments and in the
medial and latera tibial plateaus. For pa-
tellar lesions, specificity was very good,
and merely good for medial meniscal le-
sions. The positive likelihood value was
highfor lesionsin condyles, tibial plateaus,
anterior cruciate ligaments and lateral me-
niscus, strongly indicating the presence of
lesion, particularly when clinical studies
point to the same direction. Inthe presence
of a previous clinical suspicion, positive
likelihood values> 10 strongly indicate the
presence of disease'®”. A merely reasonable
specificity for medial meniscal lesionsis
related to the fact that some peripheral le-
sions may have healed in the period be-
tween the MRI and arthroscopy which

Table 2 Sensitivity, specificity, positive likelihood value, and negative likelihood value. (Confidence interval of 95%).

MM LM ACL PCL MC LC Pat. MP LP
S 92.3 80 94.3 0 33.3 27.3 41.7 44.4 25
(74.87-99.09) | (59.3-93.17) | (80.84-99.3) (0-97.5) (14.59-56.97) | (6.02-60.97) | (22.11-63.36) | (13.7-78.8) | (3.19-65.09)
E 65.2 97.9 97.3 98.6 98 98.4 95.8 100 100
(49.75-78.65) | (88.71-99.95) | (85.84-99.93) | (92.4-99.96) | (89.55-99.95) | (91.2-99.96) | (85.46-99.48) | (94.31-100) | (94.4-100)
PLV 2.65 38.1 34.93 0 16.65 17.06 9.93 Infinito* Infinito*
(1.76-4) (5.36-263.99) | (5.04-241.56) (2.23-129.8) | (1.9-145.74) | (2.33-41.18)
NLV 0.12 0.2 0.06 1.01 0.68 0.74 0.61 0.56 0.75
(0.03-0.45) (0.09-0.45) (0.02-0.23) (0.99-1.04) (0.5-0.92) (0.51-1.06) (0.43-0.86) (0.31-1) (0.5-1.12)

* Infinite refers to a value divided by zero. PLV = S/1 — E (since E was 100%, 1 — 1 = 0 and calculation is unfeasible). Use a value > 100.
S, sensitivity; E, specificity; PLV, positive likelihood value; NLV, negative likelihood value; MM, medial meniscus; LM, lateral meniscus; ACL, anterior cruciate ligament;
PCL, posterior cruciate ligament; MC, medial condyle; LC, lateral condyle; Pat., patella; MP, medial plateau; LP, lateral plateau.
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ranged between one and 90 days, or dueto
the impossibility of visualizing periphera
lesions in the posterior horn of the medial
meniscus, because of the difficult accessin
thearthroscopy, assuggested by Mackenzie
et al.®, with a resulting increase in the
number of false-positive results.

The negative likelihood value was low,
especially for lesionsin the medial menis-
cus and anterior cruciate ligament. In this
case, deabsenceof lesion onthe MRI study
is a strong indicator that it really is not
present, especialy if the pretest probabil-
ity is low. Because of the low prevalence
of posterior cruciate ligament injury, i.e.,
only one patient affected among the 72
patients of the sample, an appropriate
analysis of this structure was unfeasible.

The lateral meniscus presented a good
sensitivity and a negative likelihood value
of 0.34, possibly contraindicating arthro-
scopy in the presence of poor clinical sus-
picion associated with a negative MRI.

On the other hand, for chondral lesions,
low sensitivity and negative likelihood
value > 0.5 indicate that the absence of
MRI findings does not exclude the pres-
ence of alesion, added of the low efficacy
of the physical examination for thediagno-
sis of these lesions. Spiers et al.® have al-
ready demonstrated the MRI low sensitiv-
ity and high specificity for chondral le-
sions, while contrast-enhanced MRI aswell
as arthrotomography seem to present
higher accuracy, according to the litera-
ture!™”), The utilization of specific protocols
for visualization of cartilaginous tissues
seems to considerably improve the MRI
accuracy in the evaluation of theselesions.
Potter et al. have demonstrated that spe-
cial MRI images for cartilages may result
in considerable improvement in the accu-
racy of the method, since they have found
a sengitivity of 87%, specificity of 94%,
and accuracy of 92% in their study. In the
present study, the patellar cartilage wasthe
region where MRI presented the best per-
formance, with reasonable sensitivity and
avery good specificity, leading us to con-
sider that, with the utilization of a special
coil and a specific protocol, even without
the use of contrast, MRI will significantly
improve the diagnosis of patellar syn-
dromes.

182

Karam FC et al.

Finally, it isimportant to note that mis-
takes may occur in theinterpretation of di-
agnosticimages, and so doesit with MRI®,
This should be kept in mind, since MRI
should not supersede the anamnesisand the
physical examination, but should comple-
ment them in the search an accurate diag-
nosis. A diagnosis of intra-articular knee
injury must be based on the aggregate of
findings from anamnesis, physical exami-
nation (with specific tests for each struc-
ture), and analysis of radiological studies
(plain radiographs, stress radiographs, ar-
thrography, tomography and MRI).

CONCLUSIONS

M agnetic resonanceimaging isauseful
tool intheclinical diagnosisof intra-articu-
lar knee injuries, as aready demonstrated
by similar results reported both in the Bra-
zilian and international literature.

MRI specificity, sensitivity, positiveand
negative likelihood values found for ante-
rior cruciate ligament and meniscal injuries
demonstrate the significant contribution of
this method for the clinical diagnosis of
such lesions.

Considering the high positive likeli-
hood value of the method, the visualization
of achondral lesion in a MRI study isa
strong indicator of the presence of the dis-
ease. Sincethe negativelikelihood valueis
not sufficiently low, the absence of anim-
age of the lesion does not mean that such a
lesion may be present.
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