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ABSTRACT

OBJECTIVE. To determine the sensitivity, specificity, and accuracy of
primary and secondary signs of ACL tear in MR imaging. MATERIAL AND
METHODS. MR images of the knee in 31 patients who had surgical correlation were
retrospectively reviewed by two radiologists who did not know the surgical results or
the original interpretation. Surgery (open surgery or arthroscopy) demonstrated
complete ACL tear in 9 patients and intact ACL in 22 patients. The appearance of ACL
in sagittal T1/T2WI, coronal T1/T2W]I, the anterior translation of tibia, the uncovered
lateral meniscus sign, and the curvature of PCL were evaluated. RESULTS. The
primary sign of ACL tear (abnormal morphology & signal intensity) had respective
sensitivity, specificity, and accuracy of 100%, 86.3%, 90.3% on sagittal TIWI: 100%,
90.9%, 93.5% on sagittal T2WI;, 75%, 95.2%, 89.7% on coronal TIWI; and 77.7%,
90.4%, 86.7% on coronal T2WI. The secondary signs of ACL tear had respective
sensitivity, specificity, and accuracy of 77.7%, 100%, 93.1% for anterior translation of
tibia at 5-mm cut off; 44.4%, 100%, 82.8% for uncovered lateral meniscus sign; and
87.5%, 90%, 89% for the buckling of PCL. CONCLUSION. Among the primary sign
of ACL tear, an abnormal appearance of ACL on sagittal T2WI is most accurate.
Anterior translation of tibia and uncovered lateral meniscus sign are secondary signs
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that have the highest specificity in diagnosing ACL tear.

INTRODUCTION

Magnetic resonance (MR) imaging is the
most accurate and noninvasive technique for
determining the status of anterior cruciate ligament
(ACL)."® The integrity of the ACL is, however,
occasionally difficult to assess, particularly when
the ACL is not entirely included on a single
sagittal image.”'" In this situation, secondary sign
of ACL tear may be useful to support the
presumptive diagnosis of ACL tear. These signs
refer to indirect findings on the MR imaging
examination that suggest the presence of ACL tear
because of either an inferred mechanism of injury

or an instability pattern with ACL deficiency. We
investigated the sensitivity, specificity, and
accuracy of (a) abnormal morphologic features
and signal intensity (SI) of ACL assessed on
sagittal and coronal images and (b) secondary
signs of ACL tear including anterior translation
of tibia, uncovered lateral meniscus sign, and the
curvature of posterior cruciate ligament (PCL).

MATERIAL & METHODS

Preoperative MR images were evaluated
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of 31 knees of patients whose ACL status had
been surgically confirmed (by arthroscop;y or open
surgery) and in whom MR imaging had been
performed in at least two planes. Twenty-two
knees with intact ACL and 9 knees with complete
ACL tear were proved surgically. MR images were
retrospectively reviewed by two radiologists
without knowledge of physical examination or
surgical findings.

MR imaging examinations of the knee
were performed with a 1.5-T magnet (Signa; GE
Medical System, Milwaukee, WI). The knee was
positioned in the extremity coil with the patient
in supine position and the leg straightened. The
machine was angled parallel to medial border of
lateral femoral condyle. In sagittal plane, T1-.
proton-density, and T2-weigthed images (T2WI)
were obtained with spin echo (SE) using
repetition time / echo time (TR [msec] / TE
[msec]) 400/17, 4000/20-100, 3 signal average,
256x192 matrix, 20x15 - 22x16 cm field of view,
and 3-mm slice thickness with 1-mm gap. In
coronal plane, there were T1-weighted SE
sequence using TR/TE 600-680/20 msec., and
gradient recalled echo (GRE) sequence with TR/
TE 600-680/20 msec., flip angle 25 degrees, 3
signal average.

Primary sign of ACL tear. The ACL was
diagnosed as “‘normal” when it appeared as a band
of fibers of low signal intensity on T1-, proton-
density, and T2-WI. The normal orientation or
slope of the ACL parallels to the femoral
intercondylar roof. Abnormalities of both signal
intensity (SI) and morphologic features referred
to as primary MR imaging signs of ACL tear. The
ACL was diagnosed as “torn” when focal or
diffuse increased SI within the ligament was noted
on T1-, proton-density, and T2-WI. Morphologic
criteria used to support diagnosis of tear included
an irregular, wavy contour of the ligament, a
decreased slope of residual ACL, or an absence
of ACL (Fig. 1).

SEP. - DEC. 1998. Volume IV Number III

Secondary sign of ACL tear. In this study,
we used three secondary signs to support the
diagnosis of ACL tear 1) anterior translation of
tibia,” 2) uncovered lateral meniscus sign,'' and
3) buckling of posterior cruciate ligament (PCL).’
Anterior translation of tibia. The measurement
was obtained at midsagittal plane of the lateral
femoral condyle.” Two vertical lines were drawn
tangent to posterior cortex or lateral femoral
condyle and posterior cortex of lateral tibial
plateau, and the distance was electronically
measured and recorded as millimeters (Fig. 2).
Uncovered lateral meniscus sign. Posterior
displacement of the lateral meniscus compared
with the posterior margin of lateral tibial plateau
has been described as an indirect sign of complete
ACL tear.""'"? This sign was positive if a vertical
line drawn tangently to the posteriormost cortical
margin of lateral tibial plateau on sagittal image
intersects any part of posterior horn of lateral
meniscus. This sign was negative if this vertical
line did not intersect the lateral meniscus (Fig. 3).
Buckling of posterior cruciate ligament (PCL).
The PCL was considered buckled if it demon-
strated a sharp angulation apex posteriorly.” and
was recorded as present or absent (Fig. 4).

Statistical Analysis. We performed Fisher
Exact test to evaluate sensitivity, specificity, and
accuracy of the primary sign and secondary sign
of ACL tear, and performed Mann-Whitney U test
to study the median value of anterior translation
of tibia.

RESULT

Table 1 reveals the sensitivity, specificity,
and accuracy of primary signs of ACL tear. Table
2 shows the results of secondary signs. Mann-
Whitney U test revealed the median value of
anterior translation of tibia to be 0.75 mm when
the ACL was intact and 7.8 mm when the ACL
was torn (p < 0.0001).
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TABLE 1 Sensitivity, specificity, and accuracy of primary sign of ACL tear

Sequence Sensitivity Specificity Accuracy P-value
Sagittal T1 100 86.3 90.3 <0.0001
Sagittal T2 100 90.9 93.5 <0.00001
Coronal T1 75 95.2 89.7 <0.001
Coronal T2 117 90.4 86.7 <0.001

TABLE 2 Sensitivity, specificity, and accuracy of secondary sign of ACL tear

Sign Sensitivity Specificity Accuracy P-value
Anterior translation of tibia  77.7 100.0 93.1 _—
Uncovered lateral meniscus 44.4 100.0 82.7 <0.01
Buckling of PCL 87.5 90.0 89.0 <0.01

Fig. 1 Complete ACL tear. a) Sagittal T2-weighted MR image reveals focally increased SI in the mid
portion of ACL. Decreased slope of the ACL 1s also observed. This is a 26-year-old male
athlete presented with history of knee injury for 4 months. b) T1-weighted coronal MR image
shows increased SI of the ACL in the intercondylar notch (black arrow). Decreased swelling of
the ligament is due to timing of injury.
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Fig. 2 Anterior translation of tibia. On sagittal

T1-weighted MR image, the vertical lines
drawn tangent to the posterior cortex of
lateral femoral condyle and posterior
cortex of lateral tibial plateau are 21 mm
apart in this case, definitive for complete
ACL tear which was confirmed by
arthroscopy.
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Fig. 3
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Positive uncovered lateral meniscus sign.
On sagittal T1-weighted MR image, the
vertical line drawn tangent to the
posteriormost cortical margin of lateral
tibial plateau intersects the posterior horn
of lateral meniscus.
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Fig. 4 Present buckling of PCL. Sagittal T1-weighted
MR image reveals posterior angulation of the
PCL. The PCL is outlined by the black arrows.

DISCUSSION

MR imaging has been reported to be ac-
curate in showing the normal and injured anatomy
of the ACL.%""” The distinction of complete tears
from partial tears is clinically important because
the presence of a partial tear is not an indication
for surgical reconstruction.?** Conversely.
patients with complete ACL tear may have
functional disability that can lead to meniscal
injury and osteoarthritic changes.? Previous
reports have emphasized the advantages of T2WI
sagittal images in improving sensitivity, with
overall accuracy rate of 95%.%?* In our study, the
accuracy of T2W sagittal images for diagnosing
complete ACL tear is 93.5%, corresponding to
previous studies. We also found that sagittal T2W
sequence was the most accurate sequence among
those used in evaluating primary sign of ACL tear,
whereas coronal T1WI showed the highest
specificity (95%). However, diagnosing ACL tear
can be difficult in certain situations. The whole
length of an intact ACL may not be seen on one

sagittal image in 5-10% of patients,*®* resulting
misinterpretation as tear. Contrary, ACL may
appear to be abnormal on sagittal MR image in
the absence of ligamentous tear due to the
presence of mucoid or eosinophilic degeneration
within the ligament.®* In addition, suboptimal
selection of the sagittal imaging plane, volume
averaging of the ligament with effusion in the
intercondylar notch (or with the lateral femoral
condyle or the periligamentous fat), as well as
pulsation artifacts originating in the popliteal
artery’ may also cause diagnostic problems.®* In
these circumstances, other MR signs of ACL tear
may have a role.

Secondary sign of ACL tear in MR
imaging were investigated by many
authors.' 67202728 When the ACL is deficient, the
tibia may become displaced anteriorly.?® Vahey et
al.” reported anterior translation of tibia at the level
of midsagittal lateral femoral condyle to be 0.8 +
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0.6 mm when the ACL was intact, 4.1 + 1.0 mm
with acute ACL tear, and 5.8 + 0.7 mm with
chronic ACL tear. Our study found the median
value of anterior translation of tibia to be 0.75 mm
and 7.8 mm with intact and torn ACL, respectively.
Using 5 mm cut off, sensitivity and specificity of
anterior translation of tibia in diagnosing complete
ACL tear was reported to be, respectively, as 58%
and 93%,” 86% and 99%.” and 78% and 100%
by our study. The higher accuracy (93%) in our
results compared with 69% in previous study’ may
be due to small number of cases with torn
ligament in our study. Subluxation greater than 5
mm can be falsely negative with chronic tears of
the ACL due to reattachment of the torn fibers by
bridging fibrous tissue to the femur,®® or when
there 1s concomitantly displaced bucket-handle
tear of the lateral meniscus blocks anterior
subluxation of tibia.>*%

Relative posterior displacement of the
lateral meniscus compared with the posterior
cortical margin of the lateral tibial plateau has been
described as a sign of increased anterior shift of
tibia.®'"'? This “uncovered lateral meniscus sign”
was reported to have respective sensitivity and
specificity of 18% and 100%.° and 56% and
98.5%.*7 We reported the sensitivity, specificity,
and accuracy of this sign to be 44%, 100%, and
83%, respectively. From many reports, this sign
has been shown to have specificity approaching
100% in diagnosing complete ACL tear. However,
its low sensitivity makes this sign of limited use.

Buckling of PCL occurs secondary to
anterior subluxation of the tibia during
positioning for imaging, resulting in an acute angu-
lation of the normally smooth, convex posteriorly
margin of PCL.” The assessment of PCL buckling
is subjective, and was reported to have respective
sensitivity, specificity, and accuracy of 17%,
100%, and 44%. Our study demonstrates higher
sensitivity (87.5%) and accuracy (89%) but less
specificity (90%) for this sign.
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Our study concluded that, for primary sign
of ACL tear, sagittal T2WI was the most accurate
whereas coronal T1WI was the most specific se-
quence for diagnosing complete ACL tear. For
secondary sign, anterior translation of tibia and
uncovered lateral meniscus sign have 100% speci-
ficity, but the prior showed higher sensitivity and
accuracy.

ACKNOWLEDGMENT

The authors thank Adun Kampangtip and
Thanakorn Wongsinpiboon, for their technical
assisstance; and Amarin Thakkinstian for statisti-
cal analysis.

REFERENCES

1. Brandser EA. Riley MA, Berbaum KS,
El-Khoury GY, Bennett DL. MR imaging
of anterior cruciate ligament injury:
independent value of primary and
secondary signs. AJR 1996;167:121-126
Glachow JL, Katz R, Schneider M, Scott
D. Double-blind assessment of the value
of magnetic resonance imaging in the
diagnosis of anterior cruciate and meniscal
lesions. J Bone joint Surg 1989;71-A:113-
119
3. Mink JH, Levy T, Crues JV III. Tears of
the anterior cruciate ligament and menisci
of the knee: MR imaging evaluation.
Radiology 1988; 167: 769-774
4, Robertson PL, Schweitzer ME, Bartolozzi
AR, Ugoni A. Anterior cruciate ligament
tears: evaluation of multiple signs with
MR imaging. Radiology 1994:193:829-
834
5. Remer EM, Fitzgerald SW, Friedman H,
Rogers LF, Hendrix RW. Schafer MF.
Anterior cruciate ligament injury: MR
imaging diagnosis and patterns of injury.
RadioGraphics 1992;12:901-915

=2

240



THE ASEAN JOURNAL OF RADIOLOGY

10.

13.

14.

15.

Tung GA, Davis LM, Wiggins ME, Fadale
PD. Tears of the anterior cruciate ligament:
primary and secondary signs at MR
imaging. Radiology 1993;188:661-667
Vahey TN, Hunt JE, Shelbourne KD.
Anterior translocation of the tibia at MR
imaging: A secondary sign of anterior
cruciate ligament tear. Radiology 1993:
187:817-819

Fitzgerald SW, Remer EM, Friedman H,
Rogers LF, Hendrix RW, Schafer MF. MR
evaluation of the anterior cruciate
ligament: value of supplementing sagittal
images with coronal and axial images. AJR
1993;160:1233-1237.

Beltran J. The knee. In: Beltran J, ed. MRI
of the musculoskeletal  System.
Philadelphia: Lippincott, 1991: 7.20-7.24
Buckwalter KA, Pennes DR. Anterior
cruciate ligament: oblique sagittal MR
imaging. Radiology 1990;175:276-277
Moses M, Kier R, McCauley T, Barton J,
Lynch K, Jokl P. Anterior cruciate
ligament injury: indirect signs at MR
imaging (abstr). Radiology 1992;185(P):
146-147

Mink J. The cruciate and collateral
ligaments. In: Mink J, Reicher M, Crues
J, Deutsch A, eds. Magnetic Resonance
Imaging of the Knee. 2nd ed. New York,
NY: Raven, 1993; 141-188

Beltran J, Noto AM, Mosure JC, Weiss
KL, Zuelzer W, Christoforidis AJ. The
knee: surface coil imaging at 1.5 T.
Radiology 1986:159:747-751

Hinson GW, Middleton WD. The knee. In:
Middleton WD, Lawson TL, eds. Anatomy
and MRI of the Joints. New York: Raven,
1989:205-250

Mesgarzadeh M, Schneck  CD,
Bonakdarpour A. Magnetic resonance
imaging of the knee and correlation with
normal anatomy. RadioGraphics 1988;8:
707-725

19.

20.

22,

23.

24.

25.

241

SEP. - DEC. 1998. Volume IV Number III

Polly DW, Callaghan JJ, Sikes RA,
McCabe JM, McMahon K, Savory CG.
The accuracy of selective magnetic
resonance imaging compared with the
findings of arthroscopy of the knee. J Bone
Joint Surg 1988;70-A:192-197

Reicher MA, Rauschning W, Gold RH,
Bassett LW, Lufkin RB, Glen W Jr. High
-resolution magnetic resonance imaging of
the knee joint: normal anatomy. AJR 1985:
145:895-902

Reicher MA, Hartzman S, Bassett LW,
Mandelbaum B, Duckweiler G, Gold RH.
MR imaging of the knee: Part 1. Traumatic
disorders. Radiology 1987;162:547-551
Turner DA, Prodromos CC, Petasnick JP,
Clark JW. Acute injury of the ligaments
of the knee: nmagnetic resonance
evaluation. Radiology 1985;154:717-722
Chan WP, Peterfy C, Fritz RC, Genant HK.
MR diagnosis of complete tears of the
anterior cruciate ligament of the knee:
importance of anterior subluxation of the
tibia. AJR 1994:162:355-360

Noyes FR, Cummings JF, Grood ES, Walz
-Hasselfeld KA, Wroble RR. The
diagnosing of knee motion limits, sublo-
xations, and ligament injury. Am J Sports
Med 1991;19:163-171

Odensten M, Lysholm J, Gillquist J. The
course of partial anterior cruciate ligament
ruptures. Am J Sports Med 1985:13:
1830186

Samberg R, Balkfors B. Partial rupture of
anterior cruciate ligament: natural course.
Clin Orthop 1987:220:176-178

Lee JK, Yao L, Phelps CT, Wirth CR,
Czajka J, Lozman J. Anterior cruciate
ligament tears: MR imaging compared
with arthroscopy and clinical tests. Radio-
logy 1988;166:861-864

Mink JH, Reicher MA, Crues JV III,
Deutsch AL. MRI of the knee. 2™ ed.
New York, NY: Raven . 1987;145-162



THE ASEAN JOURNAL OF RADIOLOGY

26.

Hodler J, Haghighi P, Trudell D, Resnick
D. The cruciate ligaments of the knee:
correlation between MR appearance and
gross and histologic findings in cadaveric
specimens. AJR 1992:159:357-360
McCauley TR, Moses M, Kier R, Lynch
JK, Barton JW, Jokl P. MR diagnosis of
tears of anterior cruciate ligament of the
knee: importance of ancillary findings.
AJR 1994;162:115-119

28.

29,

242

SEP. - DEC. 1998. Volume IV Number III

Gentili A, Seeger LL, Yao L, Do HM.
Anterior cruciate ligament tear: indirect
signs at MR imaging. Radiology 1994;
193:835-840

Torg JS, Conrad W, Kalen V. Clinical
diagnosis of anterior cruciate ligament
instability in the athlete. Am J Sports Med
1976,4:84-93



