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INTRODUCTION

Partial anterior cruciate ligament (ACL)tear has been rec-
ognized for many years'-?. It is generally treated conserva-
tively because prognosis is considered better than complete
tear”, whereas complete ACL tear is usually treated operatively
especially for those who are young and physically active. Al-
though magnetic resonance (MR )imaging has been shown to
be an accurate means for diagnosing complete ACL tear®" ¥,
it is not proven whether partial ACL tear can be reliably diag-
nosed on the basis of MR findings.

This study was undertaken to determine whether sagittal spin
echo images can distinguish between acute partial and com-

plete anterior cruciate ligament tear.

MATERIALS AND METHODS

Among the patients who underwent arthroscopy for suspected
anterior cruciate ligament tear for the past four years, there
were eight patients (two males and six females aged 17 to 46
years)with partial anterior cruciate ligament (ACL)tear, who
underwent both MRI and arthroscopy within six weeks follow-
ing traurna (partial tear group). Six of these patients had a torn
anteromedial band and the others had a torn posterolateral band.

There were three arthroscopists who performed examina-
tions. The criteria of partial ACL tear used by these surgeons
include ;

1) An end of partially torn band of ligament is directly visu-
alized and good tension is proved in the intact band of liga-
ment by palpation with a probe on arthroscopy, 2) Lachman
test is scored zero or 1 -+, and pivot shift test is negative . The
clinical information was obtained from medial records and it
was included in the criteria to exclude cases with only few fibers
of ligament remaining intact. Those who underwent arthroscopy
over six weeks following trauma and those with concomitant
posterior cruciate ligament (PCL) tear were excluded. There

were fourteen MR examinations in fourteen patients with
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386 Partial vs. Complete ACL Tear

complete ACL tear confirmed at arthroscopy within six weeks
following trauma (complete tear group). Ten examinations in
ten patients with arthroscopically intact ACL were selected
at random to serve as control for this study (control group).

Proton density-weighted and T2-weighted sagittal spin-echo
or turbo spin echo images of the three groups were retrospec-
tively reviewed by the authors (M.Y. and T.Y.)with attention
to the primary and secondary signs of ACL tear. Coronal im-
ages were not included in this study, because several differ-
ent protocols were employed. The results of the arthroscopies
were known at the time of image review. The primary signs
of ACL tear include discontinuity of low signal band, abnor-
mal axis of the ligament (any deviation of the ligament from
expected course)and focal or diffuse increased signal inten-
sity. The secondary signs of ACL tear include bone bruise,
anterior translocation of the tibia with regard to the femur and
PCL curvature value. The degree of anterior translocation of
the tibia with regard to the femur was measured according to
Vahey® with regard to a plane parallel to the long
(cephalocaudal) axis of the image at the midsagittal plane of
the lateral condyle. The most posterior aspect of the posterior
edge of the convex black line of cortical bone was used to
measure the degree of subluxation. The PCL curvature value
was defined according to Tung” as x/y , where y represents
the distance between the anteriormost tibial and femoral in-
sertion points of the ligament and x represents the maximal
distance of a perpendicular line drawn between line y and the
undersurface of the PCL, measured on proton-density-weighted
sagittal images .

The data were analyzed by one factor ANOVA and Scheffe's
F-test for statistical significance.

MR imaging examinations of the knee were performed with
one of two 1.5 T magnets (Siemens Magnetom H15, Shimadzu
SMT150GUX) by using a dedicated knee coil. The imaging
parameters include 2000720, 80/2 (TR/TE/excitations) (spin
echo), 3300/19, 93 (turbo spin echo), slice thickness 4 to 5 mm,
gap 0-1 mm,14-16 cm field of view and matrix 192 or 256 x
256. The sagittal images were obtained in the plane parallel
to the medial aspect of the lateral femoral condyle.

RESULTS

Primary signs(Table 1) :

Discontinuity, abnormal axis and increased signal intensity
on proton-density-weighted images were noted in almost all
knees with partial and complete tears. All knees with complete
ACL tear had discontinuity and increased signal intensity on
T2-weighted images, whereas half of the knees with partial
tear had continuous band of low signal and three of eight knees

with partial tear lack increased signal intensity on T2-weighted
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images (Fig.1).
Secondary signs (Table 2) :

Bone bruise was noted in five (62.5%)of eight knees with
partial tear (Fig.2)and in six (43% ) of fourteen knees with
complete tear. Bone bruise was noted in the middle third of
the lateral femoral condyle or in the posterior aspect of the lateral
tibial plateau or in both regions. In the anterior translocation
of the tibia with regard to the femur, there was statistical dif-
ference only between control group and complete tear group
(P < 0.05). In PCL curvature value, no statistical difference
was noted among the three groups.

DISCUSSION

'Partial tear of the ACL' is defined differently among vari-
ous researchers and no universal definition is available at the
moment. Noyes et al® defined partial ACL tear as those with
less than 75%tearing, good tension in the remaining intact
portion and negative pivot shift test. Barrack et al” used cri-
teria ; 1) a significant portion of at least one bundle was in
continuity and was potentially functional as judged by palpa-
tion with a probe and arthroscopic anterior drawer testing ;
2) the Lachman test scored zero or 14 (less than Smm); 3) the
pivot shift was negative or only trace-positive. Lehnert et al”
defined as partial tears those injuries in which one-quarter to
three quarters of the ligament was torn. It seems, however,
that the majority of the authors think that a significant por-
tion of the ligament should be intact to be eligible for partial
tear and when only few fibers of the ligament remain intact
but are not functional, they are considered analogous to com-
plete tear. Our definition of partial ACL tear includes
arthroscopic features and clinical information to minimize bias
among arthroscopists. We focused on acute cases and excluded
chronic cases, because chronic complete ACL tear with bridging
fibrous scars may mimic partial ACL tear or intact ACL.

Although partial tears are thought to have better prognosis”, long-
term follow-up results are controversial in terms of frequency
of ACL deficient knee, ranging from 14 to 56%% ', These
differences may account for difference in patient population,
amount of ligament tearing®, presence or absence of other liga-
ment injuries, and difference in rehabilitation program.

Acute partial tears of the ACL are distinguishable from
normality, but are not distinguishable from complete tears on
the basis of proton-density-weighted images, because both have
discontinuity and abnormal axis of the ligament and increase
in signal intensity. There is, however, a couple of findings
suggesting partial tear. Preserved continuity of the low signal
band on T2-weighted images is one of them and was seen in
four of eight knees with partial ACL tear, even though pro-

ton-density-weighted images show discontinuity of the liga-
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Table 1 Primary signs of ACL tear

T2-weighted image

proton density-weighted image

discontinuity | abnormal axis |increased signal | discontinuity abnormal axis | increased signal
partial tear 8/8 8/8 8/8 4/8 8/8 3/8
14/14 1314
complete tear (NVB)* 13/14 14/14 14/14 (NV4)* 14/14
control 0/10 0/10 010 010 010 0/10

# Numbers in parentheses indicate cases with non-visualized low signal band of the ligament

(A) (B)
MR images of the knee of 43 year old female with torn anteromedial band of ACL. proved at arthroscopy.
(A) Proton-density-weighted sagittal image (2000/20)shows the ACL to be convex posteriorly with increasad signal intensity in the tibial
side of the ligament (arrow).
(B)T2-weighted sagittal image (2000/80)shows contiguous low signal band of the ligament, again convex posteriorly.

Fig.1

ment. Another interesting observation is the fact that non- by definition, intact. At least a part of ligament should, there-

visualization of the ligament on proton-density-weighted im- fore, be depicted as a continuous band of low signal intensity
ages was seen in only complete ACL tears, and at least a part separately from torn ligament on MRI, when slice thickness
of low signal band was visible in partial tears. is thin enough. This was not possible in our imaging proto-

In partial ACL tear, a significant portion of the ligament is, col with section thickness of either 4 or 5 mm, where partial
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Table 2 Secondary signs

bone bruise anterLc:;rJ;::nE;cation PCL curvature value
partial tear 5/8 4.3(3.6)mm 0.18(0.07)
complete tear 6/14 6.1(4.4)mm 0.21(0.08)
control 0/10 0.78(3.6)mm 0.18(0.5)

Numbers in parentheses indicate one standard deviation

volume averaging is inevitable. Perhaps thinner section slices

or three dimensional technique may enable us to see torn and

intact components.

Both anterior translocation of the tibia and PCL curvature

value are related to anterolateral instability. These secondary
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Fig.2 MR images of the knee of 17 year-old female
with torn posterolateral band of ACL with bone bruise
proved at arthroscopy.

Proton-density- (A)and T2-weighted (B)sagittal images
(2000/20,80) shows discontinuity of the ACL (arrow
head). Bone bruise is seen in the middle third of the
lateral femoral condyle and the posterior aspect of the
lateral tibial plateau (arrow)on T2-weighted sagittal
image (C).

signs of ACL tear may increase the conspicuity of tears and
the confidence in the diagnosis of the tears, however, it was
not known whether these signs can truly indicate the complete-
ness of the tear ', Because partial tears are associated with

less degree of anterolateral instability, a significant difference

HAER S 56k H6



Minoru Yamato et al. 389

in PCL orientation and tibial subluxation between the com-
plete and partial tear groups appears likely, contrary to our
results. It should be noted, however, that in acute stage of ACL
tear physical examinations utilizing anterolateral instability may
be difficult to perform due to muscular spasms which may be
responsible for statistically insignificant difference in PCL
orientation and tibial subluxation between the complete and
partial tear groups.

Bone bruise associated with ACL tear is believed to result
from impaction of the lateral femoral condyle into the poste-
rior tibia, either during the initial rotary subluxation or as the
lateral femoral condyle recoils to return to anatomic alignment'?
. Murphy et al'? emphasized that bone bruise suggests com-
plete ACL, tear, because only one of six partial ACL tears had
a bone bruise in their series. We think, however, that bone
bruise does not necessarily indicate complete ACL tear on the
basis of our result where five of eight knees with partial ACL
tear are associated with bone bruise. Similar results were re-
ported recently by McCauley et al'® where the frequency of
bone bruising was similar in partial tear and complete tear
groups. The difference in the results may simply represent
difference in population of the patients, that is difference in
the degree of tear, because no arthroscopic criteria of partial
ACL tear was given in their study. Although we did not at-
tempt to quantify the degree of tear, the quantity of the torn
ligament may account for presence or absence of bone bruise.

Further study is necessary to determine whether bone bruise
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anterior cruciate ligament : Primary and secondary signs at MR
imaging. Radiology 188 : 661-667, 1993

8) Noyes FR, Mooar LA, Moorman CT III, et al : Partial tears of
the anterior cruciate ligament : Progression to complete ligament
deficiency. J Bone Joint Surg[Br]71-B: 825-833, 1989

9) Lehnert M, Eisenshenk A, Zellner A : Results of conservative
treatment of partial tears of the anterior cruciate ligament. In-
ternational Orthopaedics (SICOT)17 : 219-223,1993

10) Oensten M, Lysholm J, Gillquist J : The course of partial ante-
rior cruciate ligament ruptures. Am J Sports Med 13 : 183-6,1985

11) Kaye JJ : Ligament and tendon tears : Secondary signs. Radiol-
ogy 188 : 616-617,1993

12) Murphy BJ, Smith RL, Uribe JW : Bone signal abnormalities
in the posterolateral tibia and lateral femoral condyle in com-
plete tears of the anterior cruciate ligament : A specific sign?
Radiology 182 : 221-224, 1992

13) McCauley TR, Moses M, Kier R : MR diagnosis of tears of an-
terior cruciate ligament of the knee : Importance of ancillary
findings. AJR 162 :115-119, 1994



