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Knee: Cruciate Ligaments
R. Kent Sanders

Sagittal oblique 2.5-mm sequences along the plane of the anterior cruciate ligament
(ACL) typically yield three to four images of the ACL, with the first medial image depicting the anterior band in isolation from the intermediate fibers. Normal ACL morphology includes distinct fiber condensations along the anterior and posterior bands with
varying degrees of synovial tissue and fat separating the striations of the intermediate
fibers. The anterior band should be straight from origin to insertion and generally will
not contact the roof of the intercondylar notch. There are degrees of apparent mild laxity particularly in adolescents with gracile body morphotypes. Figures 72–1A and
72–1B are sagittal proton density images depicting normal variation in ACL fiber densities. In Fig. 72–1A, distinct anterior and posterior band fiber condensations (large
and small arrows, respectively) are visible against a paucity of intermediate fibers in
this 15-year-old girl. Figure 72–1B shows a more robust anterior band (large arrow)
with very dense intermediate fibers (small arrow), and a poorly defined posterior
band tibial attachment (white arrowhead) in this 40-year-old man. Note the straightness of the anterior bands and the small gap separating the anterior bands from the
intercondylar notches (black arrowheads).
Laxity of the anterior band (if it angles around the roof of the intercondylar notch)
and replacement of the intermediate fiber stripes with poorly defined low signal indicates an old partial tear and fibrosis of the ACL, while acute tears have intrasubstance
edema or hemorrhage. Figure 72–2A is a sagittal proton density image of a chronically ACL deficient knee. Arrows indicate the laxity of the ACL with impingement along
the roof of the intercondylar notch of the femur. Note the loss of the normal striated
appearance of the intermediate fibers (arrowhead) and the thickness of the anterior
band. Figure 72–2B is a fat-saturated T2 through the same location that shows the
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Figure 72–2

lack of edema in both the ACL and the adjacent bony attachments (arrowheads).
Compare this appearance to Fig. 72–3A (a sagittal T2 image with fat saturation) that
shows an acute intrasubstance partial tear of the ACL. There is increased T2 signal
among the intermediate fibers with bowing of the fibers and expansion of the cruciate synovial jacket due to intracruciate hemorrhage. The arrow in Fig. 72–3A shows
bowing of the anterior band around the intercondylar notch and loss of the normal gap
beneath the intercondylar notch. Intraosseous vasodilatation (arrowhead) is an additional sign of acuity. The ACL fibers can still be traced from femur to tibia. The effusion
is relatively small because the cruciate bleeding is mostly contained in the extrasynovial space (arrowheads in Fig. 72–3B, axial proton density with fat saturation).
Accentuated hooking of an otherwise normal-appearing posterior cruciate ligament
(PCL) may accompany this finding (Fig. 72–3C). Anterior drawer laxity with a firm
endpoint is evident clinically.
Isolated rupture of the anterior band generally occurs at the femoral or tibial attachments. Acute injuries will display associated localized bone marrow edema at the corresponding bony attachment sites. These same areas of edema frequently mature into
intraosseous fibrocystic changes in the setting of chronic injuries. Figure 72–4 is a
coronal T2 image with fat saturation that shows subarticular/intraosseous cystic
degeneration (arrowheads) of the tibial intercondylar eminence associated with a
chronic partial tear of the ACL. An arrow marks the wavy detached ACL fiber. Chronic
partial ACL injuries can also result in the development of intracruciate synovial cysts
that can present as low-grade deep knee pain with restricted motion.
Complete ACL tears occur at the femoral attachment or midsubstance of the ligament. Disorganized and frayed tissue with marked edema and hemorrhage are easily
detected in the acute setting along with marked hooking of the PCL from anterior
translation of the tibia. Figures 72–5A and 72–5B are sagittal proton density images of
similar proximal complete tears of the ACL. Figure 72–5A is an acute tear in which the
retracted ACL fibers are swollen and hemorrhagic (white arrow), and there is a large
joint effusion/hemarthrosis that anteriorly displaces the apex of Hoffa’s fat (black
arrow). In Fig. 72–5B, the chronically torn and retracted ACL stump has a discrete
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Figure 72–3

Figure 72–4

low-signal fibrotic appearance without
edema (white arrow) and is surrounded by
adherent fat rather than fluid (black arrow).
In the case of flail injuries of the knee
(ejected motor vehicle accidents and
downhill skiing), PCL tears may simultaneously occur as the result of transient anterior and posterior subluxation/dislocation.
Bone bruise patterns often elucidate the
mechanism of injury. Lateral femoral
condylar bruises/osteochondral impaction
fractures and posterior tibial plateau bruises/
impaction fractures typify ACL injuries
along with lateral greater than medial posterior meniscal tears, medial collateral ligament tears, and medial retinaculum strains.
Lateral tibial rim (Segond) fractures and lateral collateral/conjoined ligament tears are
uncommon in our experience.
The anterolateral and posteromedial fascicles of the PCL and variations of the posterior
meniscofemoral ligaments are best demonstrated on axial images. Figures 72–6A
through 72–6F show normal thin and robust
PCLs, respectively. Figures 72–6A and 72–6B
are axial proton density images through the
femoral origins of the PCL in a 27-year-old
woman and 40-year-old man, respectively.
Both images are oriented to represent a right
knee. Note the discrete yet wavy fiber definition in Fig. 72–6A (arrow) versus the denser
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Figure 72–5

and less discrete fiber definition in Fig. 72–6B (arrow). Arrowheads mark the proximal
ACLs in both cases. Figures 72–6C and 72–6D are from the same series closer to the
femorotibial joint line. Arrows indicate slight indentations of the PCL cross-sectional contour that mark the abutment of the anterolateral (to the viewer’s left) and posteromedial
fascicles (to the viewer’s right). As with the proximal images, differences in fiber conspicuity persist to the tibial attachment. Figures 72–6E and 72–6F are sagittal proton density images from the same individuals. Note the straighter contour and thinner caliber in
Fig. 72–6E. The black arrow indicates a relatively large meniscofemoral ligament of
Humphrey passing anterior to the PCL. The white arrow indicates the posterior capsule of
the knee that is thin and uniform with little or no indication of the oblique popliteal ligament fibers. In Fig. 72–6F, the PCL is less straight and uniformly thicker. The arrow indicates a fold in the cruciate synovial jacket that is excluding joint fluid (brighter signal
below) from the pericruciate extrasynovial space. The arrowhead indicates focal thickening of the posterior joint capsule due to the fiber contributions of the oblique popliteal
ligament.
Stretch injuries/partial tears of the PCL are seen with low-velocity hyperextension
injuries (especially in older individuals) and should be suspected if there is abnormal
hooking of the PCL despite a normal-appearing ACL. Kissing contusions of the anterior femoral condyles and tibial plateau may be present in an acute injury along
with strain or rupture of the posterior capsule/oblique popliteal ligament.
Hyperextension-related isolated tears of the posteromedial fascicle may cause
increased fluid signal and fusiform enlargement of the PCL without significant hooking or apparent laxity as the intact posterior medial fascicle is much larger and less
affected by extension. Figure 72–7A is an axial proton density image with fat saturation that shows a posteromedial fascicle tear in the right knee of a young adult athlete. The arrows indicate the division between the anterolateral fascicle, which is dark
and normal in cross section, and the torn posteromedial fascicle, which is enlarged
and heterogeneously increased in fluid signal. Figure 72–7B is a coronal T2 image
with fat saturation of the same case. The arrow indicates the normal-appearing
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Figure 72–6

anterolateral fascicle. The large arrowhead points to fiber separation at the interface
of the fascicles. The torn posteromedial fascicle forms the bulk of the amorphous tissue below. The small arrowhead indicates the normal fibers of the anterior band of
the ACL that is being medially displaced by the swollen PCL.
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Figure 72–7

Complete disruption of the PCL occurs with posterior knee dislocation and is frequently associated with a medial gastrocnemius tendon tear. This should prompt an
inspection of the popliteal artery for pseudoaneurysm or dissection. Arterial spasm is
frequently found. Figure 72–8A is another axial proton density fat-saturated image of
a right knee, this time demonstrating complete disruption of the PCL. The arrows indicate the outline of the massively expanded fascicles. There is hemorrhage throughout
the PCL with complete loss of the fiber architecture internally. In Fig. 72–8B, the same
tear is illustrated in the sagittal plane with a fat-saturated T2 sequence. Arrowheads
indicate the separated fascicle tracts proximally. The arrow shows disrupted fibers at
the level of the tear, from which the image in Fig. 72–8A was obtained.
Dedicated 1-mm sagittal proton density images of the reconstructed cruciate ligament can be added to the routine knee protocol for the evaluation of graft failure.
Anterior impingement and percentage of graft fiber disruption are readily depicted, as
is the relationship of the graft fibers to interference screws in cases of early failure

Figure 72–8
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Figure 72–9

from graft laceration. Figure 72–9A is a sagittal proton density image showing complete disruption of an ACL graft. The white arrow indicates the retracted graft stump
that has detached from the tibial tunnel. There is little susceptibility artifact due to the
use of a bioabsorbable interference screw (black arrow). Figure 72–9B is a 1.5 T sagittal proton density image of a case of cystic degeneration of an ACL graft. Detached
fibers have herniated into the anterior intercondylar region and there is anterior translation of the tibial resulting in graft impingement along the roof of the intercondylar
notch (arrow). There is also marked resorption of bone along the tibial tunnel (arrowheads). Note the absence of trabecular and articular surface detail when compared
with the 3 T image in Fig. 72–9A.

