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Abstract: The Anterior Cruciate Ligament (ACL) is considered the most commonly injured ligament of the knee. Magnetic 
Resonance Imaging (MRI) has become an indispensable imaging tool and modality of choice for assessing and managing knee 
conditions. This article outlines an effective MRI imaging technique that improves the diagnostic accuracy of ACL injuries of the 
knee, covering the appropriate pulse sequences and optimal imaging planes. Furthermore, the article provides a comprehensive review 
of the appearance of complete and partial ACL tears on MRI in the acute and chronic phases. In addition, it identifies and illustrates the 
primary MRI signs (signs related to the absence or abnormal visualization of the ACL fibers) and secondary MRI signs (signs related 
to the mechanism of injury or associated knee injuries) of ACL injury. 
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Introduction
The anterior cruciate ligament (ACL) is considered to be one of the most frequently injured ligaments of the knee, with 
ACL tears accounting for approximately half of all sport-related knee injuries in the United States.1–3 Early and accurate 
diagnosis of ACL tear and subsequent treatment could potentially prevent the onset of cartilage degeneration, progression 
of traumatic arthritis, or development of functional impairment of the knee joint.

In the case of ACL injury, knee radiographs are commonly negative or may demonstrate indirect signs of injury, such 
as anterior tibial translation, Segond fracture and lateral femoral sulcus sign, thus have limited value in the diagnosis of 
ACL tears.4,5

During physical examination, most experienced clinicians are able to accurately diagnose ACL injury using clinical 
tests such as the anterior drawer, Lachman, and pivot –shift tests.1,6 However, in the case of acute injury and a swollen 
knee, these tests may be challenging to perform because of knee pain. Furthermore, the diagnosis of ACL tear depends 
on the clinician’s experience and patient cooperation. In such cases, Magnetic Resonance Imaging (MRI) plays a vital 
role in supporting the clinical suspicion.

MRI allows for a more comprehensive imaging assessment and evaluation of the ligaments and menisci of the knee, 
determination of the ACL condition, and description of concurrent knee injuries.7–9 The literature has shown variation in 
the reported sensitivity (63–100%) and specificity (68–100%) of MRI in diagnosing ACL tears,10–12 variability that can 
be attributed to the slightly oblique angle at which the ACL passes the knee joint, and the challenge of displaying the 
entire ACL in the true sagittal plane using a single MRI scan.12 Other studies have reported that MRI can surpass the 
accuracy of clinical examination by detecting ACL tears that were not diagnosed during clinical examination but were 
confirmed arthroscopically.13

The identification of a torn ACL relies on observing abnormalities in the ligament itself, including disruption of 
continuity in its fibers, wavy contour of the ligament, and presence of high signal intensity within the ACL.14 Several 
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indirect (secondary) MRI signs have been described in the literature and are recommended to improve the accuracy of 
reporting the ACL condition.3,14,15

In this article, our aim is to conduct a comprehensive review of ACL features on MRI, offering a helpful resource for 
the diagnosis of ACL injuries.

ACL Anatomy
The ACL is an intra-articular, extrasynovial ligament that moves in the oblique direction from the posteromedial aspect 
of the lateral condyle of the femur and inserts distally in the anterior intercondylar region of the proximal tibia.1,6 It’s 
function is to provide rotational stability to the knee and prevent anterior tibial translation during knee extension.16,17

The normal ACL appears as a straight fiber band parallel to the intercondylar roof, consisting of two components 
named according to their tibial insertion sites: a longer anteromedial (AM) bundle and a shorter posterolateral (PL) 
bundle. The ACL has a wider tibial insertion than its femoral origin, fanning out, and a heterogeneous appearance 
between the AM and PL bundles distally through the intercondylar notch, allowing them to be distinguished from each 
other on axial, sagittal, and coronal cross-sectional images.18 (Figure 1 demonstrates a normal ACL appearance on an 
MRI scan, showing distinctively the AM and PL bundles in the A, sagittal, B, coronal, and C, axial planes). Usually, the 
posterolateral bundle has a higher signal intensity on MRI than the anteromedial bundle.6 Furthermore, there is 
a functional distinction between the two bundles. The AM bundle is maximally taut in flexion and serves to limit 
anterior tibial translation during flexion, whereas the PL bundle is maximally taut in extension and serves to limit the 
anterior tibial translation during extension and tibial rotation.18,19

Knee MRI Imaging Technique
MRI has been used extensively for imaging internal derangements and knee joint disorders. Knee MRI should be tailored 
to the specifics of each type of knee disorder to optimize the benefits of examination. However, the choice of MRI pulse 
sequence may be affected by the available equipment, software limitations, and clinician preference.20,21

Several magnet designs, such as closed-bore or open-bore magnets, in addition to different magnetic field strengths, 
can be used for imaging the knee. The accuracy of 1.5T MRI scanner or lower field strength in diagnosing partial ACL 
tears ranges from 25%-53%.22,23 However, a 3T MRI scanner has been demonstrated to have an accuracy of up to 95% in 
diagnosing partial ACL tears.24 Furthermore, a specialized extremity coil is necessary to maximize image quality. An 
appropriate field of view (FOV) usually tailored to the size of the knee (typically 16 cm) should be used to improve 
image resolution.25 A slice thickness of 4 mm or less and a small inter-slice gap (not more than 0.4 mm) are required to 
demonstrate the presence of subtle pathology.1,25 The patient is placed in a supine position with the knee extended inside 

Figure 1 Normal anterior cruciate ligament anatomy in which the AM and PL bundles are clearly delineated from each other; (A) sagittal proton density (PD) weighted fat 
suppressed image demonstrating the normal ACL, characterized by taut, continuous, low intensity ACL fibers, (B) coronal T2 weighted fat suppressed image, and (C) axial 
T2 weighted fat suppressed knee MRI image that shows the AM and PL footprint.
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the extremity coil. In case of an ACL injury investigation, external rotation from 5°to 10°of the knee will position the 
ACL orthogonal to the sagittal plane.1

The knee MRI protocol usually consists of sagittal, coronal, and axial imaging planes and starts with the acquisition 
of scout images in these planes. Axial slices are obtained directly from the scout images. When locating the sagittal 
images, an anatomical landmark, the lateral femoral epicondyle at the level of the lateral collateral ligament, is being 
used to ensure visualization of the ACL.26 Poor visualization of the normal ACL on sagittal images has been reported in 
5–10% of patients,27 requiring additional planes to improve its identification.

Studies have shown that oblique sagittal and coronal planes may be acquired for optimal demonstration of the ACL 
and to improve the diagnostic accuracy of ACL injury.28–32 Oblique coronal sequences increase the sensitivity and 
specificity for diagnosing isolated AM or PL bundle injuries.31 By applying thin slices (2.5 mm slice thickness), the two 
bundles can be differentiated as separate entities.26 Moreover, the oblique coronal plane aids in visualizing the proximal 
insertion of bundles for hemorrhage and rupture.33 A coronal oblique sequence is obtained in the long axis of the ACL, 
starting at the intercondylar roof or the Blumensaat’s line.33

The knee MRI protocol uses a combination of pulse sequences such as spin echo, fast or turbo spin echo, and gradient 
echo sequences. However, the desired contrast weighting of the images governs the repetition time (TR), time to echo 
(TE), and flip angle chosen for the exam.25 The T2 weighted fat suppressed (FS) or proton density (PD)-weighted FS 
sequences are used to demonstrate fluid as a high-intensity signal, better outlining edema, hemorrhage, and effusion, 
which commonly accompany ACL injuries.34 T1 weighted images are most commonly performed without fat suppres-
sion and are suitable for delineating anatomical structures.34

Primary Signs of Acute and Chronic ACL Tears
The literature supports MRI as a highly accurate diagnostic modality for complete ACL tears, with a sensitivity of 83% 
to 100% and a specificity of 96% to 100%.24,35–39 In the case of an acute complete ACL tear, these direct signs include 
failure to visualize the ACL fibers on images taken in any plane or discontinuity of the ligament (interruption of the 
ACL fibers seen on two different imaging planes). Another sign is the presence of an abnormal morphology 
characterized by an irregular or wavy contour of the ACL or an abnormal orientation of the ACL fibers. As such, 
ACL fibers are not parallel to the intercondylar notch roof or running more parallel to the tibial plateau7,14,15 

(Figure 2). The orientation of ACL fibers can be objectively measured, as described by Gentili et al3 in two ways. 
First, the ACL angle is measured between a line running along the anterior surface of the ACL and a second line 
running parallel to the mid-lateral tibial plateau. An angle of less than 45° is considered abnormal. In the second 
method, the ACL-Blumensaat line angle is measured between the anterior surface of the ACL fibers and a line running 
at the posterior surface of the femur (Blumensaat line). In such cases, an ACL-Blumensaat line angle of greater than 9° 
is considered abnormal (Appendix 1).

Approximately 28% of all ACL tears are partial tears that may occur in the AM or PL bundles.40 The sensitivity 
(40–77%) and specificity (51–97%) of MRI are lower for detecting partial than complete ACL tears.22,24,41 Partial tears 
are suspected if the ligament appears thickened with a T2 weighted hyperintense signal (Figure 3), the ACL is of normal 
thickness with continuous fibers and abnormal signal intensity, or abnormal ACL morphology with intact ACL fibers or 
partial discontinuity.1,19,22,24 Continuous fibers being visible suggest that the tear in the ACL is not complete.

Chronic ACL tears have a more variable appearance on MRI, which occasionally makes it more difficult to detect this 
type of injury. This is likely attributable to the fact that some signs that were present in the acute stage of the injury, such 
as edema and ACL fiber thickening, may have substantially decreased at the time of examination. In chronic complete 
ACL tear, the ACL may appear absent, demonstrating an empty notch sign where the ACL has been replaced by fluid42 

(Figure 4 shows the appearance of an empty notch sign). Occasionally, a chronic tear is replaced by fibrous scar tissue 
that resembles an intact ligament with a hypointense signal that connects the expected origin and insertion of the ACL.43 

Sometimes, the proximal fibers of the torn ACL attach to the Posterior Cruciate Ligament PCL and display abnormal 
angulations.1,43 In such cases, Gentili et al reported no significant difference in the ACL-Blumensaat line angle between 
acute and chronic ACL tears.3
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Secondary or Indirect Signs of ACL Tear
Various secondary signs associated with ACL tears have been previously described. These signs are related to the 
mechanism of injury or the associated knee injuries that occur because of ACL tears. Anterior tibial subluxation, also 
known as the anterior drawer sign, is seen in cases of complete ACL tear and is defined as the anterior translocation of 

Figure 2 Complete ACL injury; (A) proton density weighted fat suppressed sagittal image and (B) T2 weighted fat suppressed sagittal image both demonstrate abnormal 
angulation of anterior cruciate ligament fibers (white arrows). (C) T2 weighted fat suppressed sagittal image showing mid-substance rupture of ACL fibers (white arrow).

Figure 3 Partial ACL tear; (A) T2 weighted fat suppressed sagittal image demonstrates thickened fibers with increased signal intensity within the anterior cruciate ligament 
(white arrow). (B) T2 SPAIR coronal image showing AM bundle tear (white arrow).
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the tibia relative to the femur, measured at the midsagittal plane of the lateral femoral condyle.44 Two lines parallel to the 
craniocaudal axis of the image are drawn (Figure 5): one that crosses the most posterior point of the posterolateral tibial 
plateau and the second line crossing the most posterior point of the lateral femoral condyle. The distance between the two 
lines is then measured. An anterior translocation equal to 3.5 mm has indicated an ACL tear with 55.2% sensitivity and 
100% specificity,45 greater than 5 mm has a sensitivity ranging from 58% to 86% and a specificity of 93%–99%,44,46 

while a translocation of 7 mm or more has been considered a complete diagnostic sign of an ACL tear.34 As 
a consequence of anterior tibial subluxation, the posterior horn of the lateral meniscus may be unveiled, in addition to 
complete visualization of the lateral collateral ligament (LCL) on a single coronal image.34

Among the secondary findings of ACL tear that occur in cases of pivot shift mechanism of injury is the deep femoral 
notch sign, which is also known as the sulcus sign. It is defined as a depression on the lateral femoral condyle that occurs 
due to bone impaction between the terminal sulcus of the lateral femoral condyle and posterolateral tibial plateau during 
rotational movement. It has been demonstrated that a notch depth of at least 2 mm is a reliable indirect sign of ACL 
tear.47 This is measured by drawing a tangent line that connects the anterior and posterior borders of the femoral notch 
across the sulcus on the articular surface of the femoral condyle to the deepest point of the sulcus.

Another indirect sign of an ACL tear is bone contusion, which can be detected as abnormal bone marrow signal intensity 
(Figure 6; reduced signal intensity on T1 weighted images and increased signal intensity on T2 and PD weighted 

Figure 4 In this T1 weighted coronal image, an empty lateral wall (white arrow) is observed (empty notch sign), which may indicate chronic ACL injury.
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images).34,48–51 Bone contusions can be seen in the mid-to-anterior portion of the lateral femoral condyle and posterolateral 
aspect of the tibial plateau. This pattern of contusion is commonly caused by a sudden forceful pivoting moment, external 
rotation, and a valgus impact between the posterior aspect of the tibial plateau and lateral femoral condyle.

Segond fractures, osseous avulsion fractures of the anterior lateral ligament (ALL) from the lateral tibial rim, are also 
associated with ACL tears.34 The incidence of Segond fracture has been reported in 2.4% of cases with ACL injuries and 
is usually associated with higher probability of concomitant lateral meniscal tear.52 Focal bone marrow edema adjacent to 
the fracture location can be observed, emitting an abnormal MRI signal.53

Secondary changes in the PCL, such as decreased posterior cruciate ligament angle or PCL buckling (Figure 7) 48,54 have 
also been observed in ACL tears. The PCL angle is measured by drawing lines through the central portion of the tibial 
insertion and the femoral insertion of the PCL. If the angle is less than 105°, it is considered a positive sign of ACL tear.55 

Yang et al, found that measuring the angle of the inferior portion of PCL can enhance the diagnosis of partial ACL tears.56

Another sign highly suggestive of an ACL tear is an occult fracture of the posterior lateral tibial plateau with or 
without an associated fracture of the lateral femoral condyle.15,50 An increased femorotibial angle of 4.9° or greater57 are 
also secondary signs that may indicate ACL injury.

A number of factors or conditions may affect the accuracy of MRI diagnosis of partial ACL tear. First, using 
suboptimal imaging protocol may reduce image resolution and quality, hindering the diagnostic process.12 Second, minor 
partial tears which may cause only subtle changes in the appearance of the ACL can lead to false negative findings.2 

Third, MRI may have limited value in accurately diagnosing ACL tear in the presence of multi ligament knee injuries.58

Figure 5 Proton density weighted fat suppressed sagittal image demonstrates anterior tibial translation in association with ACL injury; line (A) is crossing the most 
posterior point of the posterolateral tibial plateau and is parallel to line (B) which is crossing the most posterior point of the lateral femoral condyle. The distance between 
these two lines is 15.4mm, indicating an ACL tear of the knee.
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Figure 6 In this proton density weighted sagittal image, bone contusion pattern is observed (white arrows), associated with ACL injury.

Figure 7 Proton density weighted sagittal image of the knee showing posterior cruciate ligament (PCL) buckling with decreased PCL angle in complete ACL injury.
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Conclusion
An understanding of the normal appearance of the anterior cruciate ligament on MRI and the direct and indirect signs of 
complete and partial ACL tears on MRI is essential for the accurate identification, diagnosis, and assessment of ACL injury.
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