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Bucket-handle Tear of the Meniscus

Clinical History:

A 25 year-old male presents with medial knee pain after recent injury. Three contiguous sagittal fat-
suppressed proton density-weighted images are provided. What are the findings? What MRI sign is
demonstrated? What is your diagnosis?
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Findings:

Figure 2:

2a-c: Three contiguous sagittal fat-suppressed proton density-weighted images along the medial
knee demonstrate abnormal linear horizontal oblique signal at the medial meniscus posterior
body and adjacent posterior horn, communicating with the tibial surface (long arrow).
Additionally, the medial meniscus body is thin in caliber, consistent with an “absent bow-tie”

sign (short arrow).

2d: Sagittal fat-suppressed proton density-weighted image near the central knee demonstrates
an irregular displaced bucket handle segment located within the intercondylar notch (arrows).
2e: Coronal fat-suppressed proton density-weighted image demonstrates a displaced bucket
handle segment within the intercondylar notch (arrow) and a truncated appearance of the native
body (asterisk).

2f: Axial fat-suppressed proton density-weighted image demonstrates the extent of the
displaced bucket handle, flipped anterolaterally into the intercondylar notch (arrows).
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Diagnosis:

Bucket-handle tear of the medial meniscus.

Introduction:

Bucket-handle tears are so named because the inner rim of the meniscus pulls away from the residual
meniscal periphery, resulting in a longitudinal tear pattern that resembles the shape of a bucket.
Bucket-handle tears are quite important clinically, as locking of the joint often occurs, necessitating
arthroscopic treatment of the tear. Unfortunately, bucket-handle tears of the meniscus are one of the
more frequently missed tear patterns with MR imaging.

Incidence, epidemiology, clinical symptoms

The frequency of bucket-handle meniscal tears has been reported between 9-26%, more commonly in
young and middle-aged adults, with a 88% male predominance, and with an 76% predilection for the
less mobile medial meniscus . An association between anterior cruciate ligament (ACL) ruptures and
bucket-handle tears also exists, reported between 11-48%". In the acute setting, a bucket-handle tear
may present with intermittent locking and an inability to fully extend the knee. In the chronic setting, a
bucket-handle tear may scar into the intercondylar notch, remaining unreduced?.

Anatomy

In the normal meniscus, longitudinally oriented type 1 collagen bundles exist along the long-axis of the
meniscus, providing hoop strength and preventing extrusion of the meniscal tissue away from the load-
bearing tibiofemoral surfaces. Radially oriented tie fibers attach perpendicularly between the
longitudinal bundles, thereby forming an interconnected lattice of structural support (Figure 3a-b) 3.

When a tear dissects along the long axis of the meniscus, between the longitudinally oriented collagen
bundles, the tear is termed a longitudinal tear (Figure 3b-c). Longitudinal tears separate the meniscus
into central and peripheral segments, oriented perpendicular to the tibial plateau. Longitudinal tears
tend to occur in younger patients, after significant trauma, and have a propensity to involve the
periphery of the meniscus 3.

A bucket-handle tear of the meniscus is a subtype of longitudinal tear, typically beginning in the
posterior horn, extending longitudinally through the body and towards the anterior horn. The inner
margin of torn meniscal tissue can often become displaced, extending towards the intercondylar notch,
forming the so-called “bucket handle” (Figure 3e).
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Figure 3: Meniscal (Normal and Tear) Anatomy

3a-b: Longitudinally oriented collagen bundles are present along the long-axis of the meniscus,
providing hoop strength. Radially oriented tie fibers attach perpendicularly between the
longitudinal bundles, forming an interconnected lattice of structural support.

3c-d: Longitudinal tear, dissecting along the long axis of the meniscus, between the
longitudinally oriented collagen bundles, separating the meniscus into central and peripheral
segments.

3e: Bucket-handle tear subtype of longitudinal tear. The inner margin of the torn meniscus has
displaced towards the intercondylar notch, thus forming the “bucket handle”.

In 1990, Dandy described the arthroscopic appearance of various meniscal tear patterns, occurring in
both the medial and lateral meniscus®. In the medial meniscus, 4 variations of bucket handle tears are
described, all of which began at or near the posterior insertion (root), extending anteriorly. In the
lateral meniscus, 6 bucket-handle tear variations are described. Longitudinal tears of the lateral
meniscus begin at the posterior insertion and extend anteriorly to either the popliteus hiatus or the
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anterior insertion, but not ending between. Dandy also described various non-bucket handle tears in his
classification, which are not included in this discussion.

According to Dandy’s classification of medial meniscal tears, a locked type | (complete) longitudinal tear
extends the whole length of the meniscus to within 1 cm of the anterior insertion (Figure 4a). A locked
type Il (incomplete) longitudinal tear extends beyond the junction of the middle and anterior thirds, but
not as far as the anterior root (Figure 4b). Some bucket-handle tears were noted to contain ruptured
fragments and were divided based on the site of rupture and resultant fragment attachment. A
detached anterior fragment ruptured from the posterior horn, with a long segment retaining
attachment to the anterior horn (Figure 4c). A detached posterior fragment ruptured anteriorly, with a
long segment retaining attachment to the posterior horn (Figure 4d). These fragments were often
found lying in the posteromedial compartment.
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Figure 4: Dandy Classification of Medial Meniscal Tears
4a: Locked type-I fragment

4b: Locked type-ll fragment

4c: Detached anterior fragment

4d: Detached posterior fragment.

According to Dandy’s classification of lateral meniscal longitudinal tears, whole-length, whole-width
tears extend the full length of the meniscus at or near the periphery, leaving no stable bridge across the
popliteus tendon (Figure 5a). Half-length, whole width tears begin at the posterior insertion, stopping
at the popliteus hiatus, occupying the whole meniscal width (Figure 5b). Whole-length, half-width tears
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extend the full length of the meniscus, but do not include the whole width (Figure 5c). Half-length, half-
width tears extend from the posterior insertion to the popliteus hiatus, involving only part of the
meniscal width (Figure 5d). Ruptured fragments arising from longitudinal tears can be of variable shape
and length and were not subdivided (Figure 5e). Anterior tags arise from vertical tears at the lateral
meniscus anterior insertion, extending into a radial tear of the middle third, creating a right-angled tear

tag (Figure 5f).
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Figure 5: Dandy Classification of Lateral Meniscal Tears
5a: Whole-length, whole-width fragment

5b: Half-length, whole-width fragment

5c: Whole-length, half-width fragment

5d: Half-length, half-width fragment

5e: Ruptured fragment5f: Anterior tag
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MRI Findings:

At least 6 MRI signs of meniscal bucket handle tears have been described. The absent bow-tie sign
described by Helms et al.> requires 2 adjacent sagittal images to maintain a normal body segment
appearance, resembling a “bow-tie”. A normal meniscal body averages 9-12 mm in width, therefore 4
mm images should reveal the body on two successive images (Figure 6a, Figures 6¢-d). If a displaced
bucket-handle tear is present, a portion of the meniscal body free edge should be deficient, with only
one (or less) normal body slices seen on sagittal imaging (Figure 6b, 6e-f). The frequency of the absent
bow-tie sign has been reported between 88.8 and 97%.
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Figure 6: Absent Bow-Tie Sign

6a: lllustration of the normal meniscal body “bow-tie” appearance.

6b: lllustration of the abnormal “absent bow-tie” meniscal appearance with a bucket-handle
tear.

6¢-d: Two contiguous sagittal fat-suppressed proton density-weighted images demonstrate a
normal bow tie appearance of the medial meniscus.

6e-f: Two contiguous sagittal fat-suppressed proton density-weighted images demonstrate an
irregular truncated appearance of the medial meniscus body consistent with an “absent bow-tie”
sign. Figure 6f also demonstrates abnormal linear increased signal within the adjacent posterior
horn.
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The double PCL sign was originally described by Weiss et al.® and is a low signal intensity-band of tissue
that resides parallel and anteroinferior to the posterior cruciate ligament (PCL) on sagittal imaging
(Figure 7). The second (double) PCL is the displaced bucket-handle medial meniscal tissue within the
intercondylar notch and the medial tibial eminence. The intact ACL serves as a barrier, preventing
further lateral displacement of the meniscal segment. The double PCL sign specificity was reported at
98-100% and a positive predictive value of 93%’.

Figure 7: Double PCL Sign

Sagittal proton density-weighted image through the central knee demonstrates a displaced
bucket handle of medial meniscal tissue, anterior and parallel to the posterior cruciate ligament
(PCL), resembling a second or “double” PCL.
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The flipped meniscus sign was described by Haramati et al.® and is present when tissue containing a
well-defined meniscal shape is located immediately posterior to the anterior horn, seen in conjunction
with a shortened posterior horn ° (figure 8). A meniscal fragment within the intercondylar notch sign is
described as a bandlike area of low signal tissue within the notch, but not appearing on the same slice as
the PCL ° (figure 9). These two signs can be seen in both medial and lateral bucket-handle meniscal
tears, whereas the double PCL sign is only seen in medial bucket-handle tears. The frequency of the
flipped meniscus sign has been reported at 25%, and the fragment within the intercondylar notch sign

has been reported between 51 and 93%!.
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Figure 8: Flipped Meniscus Sign

Sagittal proton density-weighted image demonstrates tissue containing a well-defined meniscal
shape (short arrow) located immediately posterior to the anterior horn (A), seen in conjunction with
a shortened posterior horn (long arrow).
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Figure 9: Fragment in Intercondylar Notch Sign

Sagittal fat-suppressed proton density-weighted image demonstrates a bandlike area of low signal
tissue within the notch, but not appearing on the same slice as the PCL (arrow).
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The double anterior horn sign was described by Ruff et al.'® as two adjacent triangular seemingly
anterior horns on a sagittal image. The anterior triangle represents the normal anterior horn, while the
posterior triangle represents the displaced bucket handle segment (figure 10). This is similar to the
flipped meniscus sign but differentiated by the visualization of two separate anterior meniscal entities
rather than a single large entity. The frequency of this sign has been reported between 29 and 33%*.

Figure 10: Double Anterior Horn Sign

Sagittal fat-suppressed proton density-weighted image demonstrates two adjacent apparent
triangular anterior horns. The anterior triangle represents the normal anterior horn (arrow), while
the posterior triangle represents the displaced bucket handle segment (dashed arrow).
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The disproportional posterior horn sign was described by Chen et al.™ as supportive criterion to identify
a posterocentrally displaced meniscal segment. If the meniscal posterior horn in the central portion
appears larger than that in the peripheral section, it is considered a positive disproportional posterior
horn sign (figure 11). The frequency of this sign has been reported between 21 and 27.7%?.

Central

Figure 11: Disproportional Posterior Horn Sign

Sagittal proton density-weighted image of the meniscal posterior horn closer to the central knee (113,
arrow) appears larger than that of a more peripheral image (11b arrow), consistent with a positive
“disproportional posterior horn sign”, supportive criterion of a posterocentrally displaced meniscal

segment.

11cis a coronal fat-suppressed proton density-weighted image confirming the displaced bucket handle
segment extending towards the intercondylar notch.
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MRl is a proven accurate method to non-invasively diagnose bucket handle meniscal tears, particularly
when more than one of these signs are present!2. The absent bow tie sign has a reported sensitivity of
88%. The presence of a displaced fragment sign has a reported sensitivity of 90.7%. The combination
of an absent bow-tie sign and displaced fragment sign has a specificity of 85.7%. The double PCL sign
specificity has been reported as 100%. The anterior flipped meniscus sign specificity is reported at
89.7%.

Simultaneous bucket handle tears of both the medial and lateral menisci can also occur, more
commonly with tears of the ACL and presumably related to increased instability of the knee®®. Without
an intact ACL, forces transmitted through the medial meniscus have been reported to increase 197% at
60 degrees of flexion!*. The appearance of the four structures in the intercondylar notch (two meniscal
fragments, ACL, and PCL) on the coronal images has been described with bicompartmental meniscal
tears and called the “quadruple cruciate sign”*® (figure 12).
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Figure 12: Quadruple Cruciate Sign

Coronal fat-suppressed proton density-weighted image demonstrates four structures in the
intercondylar notch, consistent with the “quadruple cruciate sign”, indicative of bicompartmental
bucket handle tears. 1 = anterior cruciate ligament (torn in this case), 2 = posterior cruciate
ligament, 3 = displaced lateral meniscus bucket handle, 4 = displaced medial meniscus bucket handle.
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Pitfalls and Differential Diagnosis

Normal structures and normal anatomic variants are potential pitfalls in diagnosing bucket-handle
meniscal tears. The most commonly seen are the normal meniscofemoral ligaments, which arise from
the posterior horn of the lateral meniscus and attach to the lateral aspect of the medial femoral
condyle. On sagittal imaging, these lie adjacent to the PCL and can be confused for a double PCL sign. A
ligament of Humphrey (figure 13a) is located anterior to the PCL, while the ligament of Wrisberg lies
posterior to the PCL (figure 13b).
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Figure 13: Meniscofemoral ligaments

13a: Intersecting bandlike low signal along the anterior aspect of the PCL (arrow), representing a
normal ligament of Humphrey, which can mimic the double PCL sign.

13b: Intersecting bandlike low signal along the posterior aspect of the PCL (arrow), representing a
normal ligament of Wrisberg.
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Figure 14: Oblique meniscomeniscal ligament

14a: Illustration demonstrating a medial oblique meniscomeniscal ligament (arrows) coursing from
the lateral meniscus posterior horn (arrowhead), through the intercondylar notch, to the medial
meniscus anterior horn (*).

14b: Sagittal proton density-weighted image demonstrates an oblique meniscomeniscal ligament
anteroinferior to the PCL (arrow).

14c: Axial fat suppressed proton density-weighted image demonstrates a medial oblique
meniscomeniscal ligament (arrow) coursing from the lateral meniscus posterior horn, through the
intercondylar notch, to the medial meniscus anterior horn.
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A ring meniscus is a rare anatomical variant in which a low signal intermeniscal bridge is present
between the anterior and posterior meniscal horns, forming a complete ring®’ (figure 15a). These
typically occur in the lateral meniscus but rare reports of medial rings are also reported’. On coronal
imaging, the intermeniscal bridge can appear as a mirror image of the body segment (“mirror-image”
sign) (figure 15b)8. This should be smooth and triangular, whereas a bucket-handle tear will typically
demonstrate frayed and truncated meniscal components of varying size. On sagittal imaging, the
intermeniscal bridge appears as a smooth “bow-tie” on two consecutive slices, similar to the normal
bow-tie appearance of the peripheral meniscus, described as the “central-bow tie sign” (figure 15c)&.
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Figure 15: Ring Meniscus

15a: Illustration demonstrating a lateral ring-shaped meniscus with an intermeniscal bridge between
the anterior and posterior horns of the meniscus.

15b: Coronal proton density-weighted image demonstrates a triangular intermeniscal bridge (arrow),
appearing as a “mirror-image” of the lateral meniscus body.

15c: Sagittal proton density-weighted MRI demonstrating the “central bow tie sign” in a patient with
a lateral ring- shaped meniscus.

(Case courtesy of Evelyne Fliszar, MD and Donald Resnick, MD, University of California San Diego)
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MRI Assessment of Repairability:

The menisci are vascularized from geniculate artery branches, entering the peripheral portion of the
menisci. In the adult knee, only the peripheral third of the meniscus is vascularized (also known as the
“red-zone”) while the inner two-thirds are avascular (“white-zone”). Therefore, peripheral tears that lie
closer to the meniscosynovial junction are more likely to be located within a vascularized territory,
increasing their chances of healing or being successfully treated with a primary meniscal repair rather
than meniscectomy. The ideal tear is an acute longitudinal tear in the peripheral third of the meniscus,
in a young patient with either a stable knee or who will undergo a concomitant ACL reconstruction®.

According to Thoreux et al.?%, a bucket-handle tear is considered repairable when it meets all of the
following MRI criteria:

1. Peripheral rim segment less than 4 mm wide
2. Tear length of 1 cm or greater, regardless of total lesion length
3. Minimal damage to the inner and peripheral meniscal fragments

The peripheral rim segment is measured on coronal images for assessment of the body, and on sagittal
images for assessment of the posterior horn. The length of the bucket-handle tear is an indication of its
instability. The inner and peripheral meniscal tear components should contain normal low signal,
excluding the presence of meniscal degeneration or multidirectional complex tearing.

Figure 16: Repairable Meniscus

Fat-suppressed coronal (16a) and sagittal (16b) proton density-weighted images demonstrate a
displaced bucket-handle lateral meniscal tear (*) with a very thin peripheral rim (arrow), greater than
1 cm in length, with minimal damage to the meniscal fragments, consistent with a repairable tear.
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Notch

Figure 17: Irreparable Meniscus

17a-b: Fat-suppressed coronal proton density-weighted images demonstrates a displaced
bucket-handle tear located within the intercondylar notch (arrow). The body remnant is irregular
and measures 7mm in transverse diameter, indicating the tear has occurred through the avascular
meniscal “white zone”. The displaced bucket-handle tear is also irregular (dashed arrows). The
tear location and irregularity make this an unfavorable meniscal repair candidate.

17c: Arthroscopic image of the same patient confirms the irregular displaced bucket-handle tear
(BHT) within the intercondylar notch.

17d: Arthroscopic image demonstrates the resected meniscal tissue, after a partial
meniscectomy.

Arthroscopy images courtesy of David Moore, MD (Elite Sports Medicine and Orthopedics,
Nashville, TN)
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Surgical Repair Techniques?*

Several primary meniscal repair techniques exist. The most performed is the “all-inside” technique
whereby the meniscus is repaired all-arthroscopically, typically using pledgeted sutures. This technique
has grown in popularity with the advent of newer devices allowing repair through small arthroscopy
portals. Other techniques, requiring larger incisions, involve the passage of a needle through the

meniscus and are named based on the direction of the needle placement (“inside-out”, “outside-in”).
While these techniques can allow for greater precision, they also require greater surgical exposure.

With the “inside-out” technique, a needle is passed from inside the joint, through the torn meniscus,
outside of the capsule where sutures are tied. The “inside-out” technique is traditionally considered
the gold standard, useful for large/complex tears (such as a displaced bucket-handle tear), allows the
ability to place more sutures, and with precise placement potentially less damaging to the meniscus.

An “outside-in” technique may also be performed, inserting a needle from outside of the joint, through
the meniscal tear, into the joint, and is most commonly used for anterior horn and anterior body repairs.
If a bucket-handle meniscal tear extends far anteriorly, an “inside-out” or “outside-in” repair may be
used to fix the most anterior portion.
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Figure 18: Meniscal Repair

18a: Fat-suppressed axial proton density-weighted image demonstrates a displaced lateral bucket-
handle tear located within the intercondylar notch (arrows).

18b: Arthroscopic image of the same patient confirming the displaced bucket-handle tear (arrows).

18c: Arthroscopic image demonstrates the suture placement (arrow) during an all-inside primary
meniscal repair.

18d: Arthroscopic imaged following meniscal repair demonstrates a normal reduced appearance of
the repaired lateral meniscus (arrow).

Arthroscopy images courtesy of David Moore, MD (Elite Sports Medicine and Orthopedics, Nashville,
N)
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Bucket-handle tear primary repair surgical outcomes have a high success rate, particularly with a
competent ACL. In a second look arthroscopy study by Feng et al.Z, the bucket-handle tear repair
success rate was reported as 89.6% with healing occurring after an average of 26 months. Following
bucket-handle tear repair, MRI can also effectively evaluate the postoperative meniscus.

Summary:

MRI can be used effectively to both diagnose and determine the repairability of bucket-handle meniscal
tears. Several MRI signs have been described and accuracy is improved with the presence of multiple
signs. Accuracy can also be improved with knowledge of bucket-handle tear mimics and variant
meniscal anatomy. Primary surgical repair of bucket-handle tears has favorable outcomes, particularly
in peripheral tears at least 1 cm in length, with minimal damage to the inner and outer torn segments.
MRI provides valuable guidance as to whether a bucket handle tear is repairable.
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