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Tears in the distal superficial medial collateral ligament: the wave
sign and other associated MRI findings
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Abstract
Objective To analyze theMRI characteristics of distal superficial medial collateral ligament (sMCL) tears and to identify features
of tears displaced superficial to the pes anserinus (Stener-like lesion (SLL)).
Materials andmethods KneeMRI examinations at four institutions were selected which showed tears of the sMCL located distal
to the joint line. MRIs were evaluated for a SLL, a wavy contour to the sMCL, and the location of the proximal sMCL stump.
Additional coexistent knee injuries were recorded.
Results The study included 51 patients (mean age, 28 years [sd, 12]). A SLLwas identified in 20 of 51 cases. The proximal stump
margin was located significantly (p < 0.01) more distal and more medial with a SLL (mean = 33 mm [sd = 11 mm] and mean =
6.5 mm [sd = 2.5 mm], respectively), than without a SLL (mean = 19 mm [sd = 16 mm] and mean = 4.8 mm [sd = 2.4 mm],
respectively). Medial compartment osseous injury was significantly (p < 0.05) more common with a SLL (75%) than without a
SLL (42%). The frequency of concomitant injuries in the group (ACL tear, 82%; PCL tear, 22%; deep MCL tear, 61%; lateral
compartment osseous injury, 94%) did not differ significantly between patients with and without a SLL.
Conclusion A distal sMCL tear should be considered when MRI depicts a wavy appearance of the sMCL. Distal sMCL tears
have a frequent association with concomitant knee injuries, especially ACL tears and lateral femorotibial osseous injuries. A SLL
is particularly important to recognize because of implications for treatment.
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Introduction

The superficial medial collateral ligament (sMCL) is the larg-
est ligament at the medial aspect of the knee [1] and is the

primary static stabilizer against valgus stress [2, 3]. The sMCL
and other medial knee stabilizers (i.e., the deep medial collat-
eral ligament and the posterior oblique ligament) are often
reported as the most commonly injured ligamentous structures
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of the knee [1, 4–7]. Clinically, these injuries are classified
both by the structural severity (grade I, microscopic tear; grade
II, partial tear; grade III, complete tear) and the degree of
medial joint space widening caused by valgus stress (at 0
and 30° of knee flexion) [8, 9].

MRI is capable of detecting acute sMCL injuries [10], and
the MRI grading of acute sMCL injuries has a very high de-
gree of agreement with instrumented valgus-varus laxity test-
ing [11]. Most sMCL injuries are located proximal to the joint
line and heal with non-operative treatment.

Although sMCL sprains and isolated sMCL tears are
usually treated non-operatively, surgery is commonly ad-
vocated when a complete sMCL tear occurs with other
major ligament tears or when a distal sMCL tear is
displaced [12–15]. Distal sMCL tears (at or near the
tibial attachment) are increasingly recognized as an in-
dication for surgery, because of a lower likelihood of
anatomic ligament healing [12–15]. Undiagnosed distal
sMCL ruptures can lead to chronic valgus instability as
well as poorer outcomes for patients undergoing surgical

Fig. 1 Normal anatomy. a
Coronal anatomic section shows
the normal anatomy of the distal
sMCL (black arrows) attachment
to the tibia deep to the pes
anserinus tendons (white arrows).
b 39-year-old patient with a nor-
mal sMCL. A proton density cor-
onal image reveals the normal
distal attachment of the sMCL
(black arrows), 5 cm distal to the
joint line and deep to the pes
anserinus tendons (white arrows)

Table 1 Tabulation of MRI features and coexisting injuries associated with 51 distal sMCL tears, with and without a Stener-like lesion

Stener-like lesion No Stener-like lesion

n % n %

Medial ligaments

sMCL “wave sign” 18 90 21 68

Deep MCL tear 14 70 17 55

Cruciate ligaments

Anterior cruciate ligament tear 18 90 24 77

Posterior cruciate ligament tear 4 20 7 23

Lateral ligaments

Fibular collateral ligament tear 2 10 3 10

Posterolateral corner tear 4 20 4 13

Menisci

Medial meniscus tear 7 35 11 35

Lateral meniscus tear 7 35 12 39

Osseous injury

Medial—all*** 15 75 13 42

Medial—fractures and osteochondral impactions 3 15 7 23

Lateral—all 19 95 29 94

Lateral—fractures and osteochondral impactions 11 55 16 52

Total 20 31

sMCL superficial medial collateral ligament, deep MCL meniscofemoral and meniscotibial ligaments

***p < 0.05, Fisher’s exact test

Skeletal Radiol

Stephane
Texte surligné 

Stephane
Texte surligné 

Stephane
Texte surligné 



management of other injuries (e.g., failure of ACL re-
construction) [14]. Recent orthopedic literature has
highlighted interest in optimizing a variety of surgical
techniques for repair [12, 16–21] and reconstruction of
the sMCL [22–28].

Compared with proximal sMCL tears, healing of dis-
tal sMCL ruptures may be impaired due to a relatively
poor blood supply [14], less connection to adjacent soft
tissue that can disperse traumatic loads [1, 2], or dis-
placement of a torn sMCL stump from its anatomic
insertion. In particular, some distal sMCL tears can dis-
place superficial to the pes anserinus, as has been rec-
ognized in the radiology and orthopedic literature [13,
16, 19, 29–32]. Analogous to a Stener lesion in the
thumb [33], this pattern of soft tissue interposition pre-
cludes normal healing of the displaced ligament stump
back to bone and is an indication for surgery. This
pattern of distal sMCL injury has been aptly recognized
as a Stener-like lesion (SLL) of the sMCL [29, 30].

While the anatomy of the sMCL and pes anserinus is well
known [1, 34–37] (Fig. 1), there is a paucity of radiologic
literature on the MRI features of distal sMCL injuries that
might influence surgical planning and patient management.
The objective of this study was to analyze the MRI character-
istics of distal sMCL tears and to seek distinguishing features
of cases with a SLL.

Materials and methods

Patient cohort

This study was institutional review board approved and com-
plied with Health Insurance Portability and Accountability
Act (HIPAA) guidelines with exemption status for individual
informed consent. A retrospective search was performed for
MRI examinations of distal sMCL tears at four institutions
obtained between January 2008 and December 2018. Cases
were identified by searching the body and impression fields of
knee MRI reports for terms including “distal MCL tear,”
“displaced MCL tear,” “Stener lesion,” and “knee disloca-
tion,” in addition to reviewing investigator teaching files.
The inclusion criterion was an MRI examination that reported
a sMCL tear centered distal to the joint line. All examinations
were performed on 1.5-T or 3-T MRI scanners. Pulse se-
quences for evaluation included sagittal proton density, sagit-
tal fat-suppressed fluid-sensitive, coronal proton density, cor-
onal fat-suppressed fluid-sensitive, axial fat-suppressed fluid-
sensitive, and axial proton density (or T2-weighted) series.
(Eight cases of distal sMCL tears were excluded from analysis
because five or more series were not available for review.)
Slice thickness and interslice gap were 3.3 to 4 mm and 0.3
to 1 mm, respectively. Patient characteristics were recorded in

each case, including age, sex, side of injury, and history of
trauma.

MRI interpretation

All MRI examinations were assessed by consensus of
two musculoskeletal radiologists with more than 20
years of subspecialty experience, using Horos viewing
software (version 3.3.0). High-grade sMCL tears were
diagnosed when fiber discontinuity was complete or es-
sentially complete. We defined sMCL tears as “distal”
when located inferior to the medial joint line. A SLL
was recognized when the proximal stump margin of a
sMCL tear was situated superficial to the pes tendons or
sartorius fascia. The sMCL was scored as “wavy” if
fibers had a serpentine morphology that has been de-
scribed as the “wave sign” [13]. The horizontal position
of the proximal sMCL stump was defined by the dis-
tance between the medial tibial cortex and the stump,
measured along a line projected perpendicular to the
medial tibial cortex, as depicted on coronal images.
The vertical position of the proximal sMCL stump was
defined by the vertical distance between the medial cor-
ner of the medial tibial plateau and the stump, as visu-
alized on coronal images. These vertical and horizontal
position metrics were defined ad hoc for purposes of
this study analysis.

Coexisting knee injuries were scored as present or absent,
including tears of the deep sMCL (either the medial
meniscotibial ligament or the medial meniscofemoral liga-
ment), anterior cruciate ligament (ACL), posterior cruciate
ligament (PCL), fibular collateral ligament (FCL), posterolat-
eral corner (not including the FCL), medial meniscus, and
lateral meniscus. The posterior oblique ligament was not
scored. Osseous injuries involving the medial vs. lateral
femorotibial compartments were recorded, including contu-
sions (defined as posttraumatic marrow edema), impaction
injuries (defined as subtle impaction deformity in the
subchondral bone plate), and frank fractures (defined as linear
signal with interruption of the cortex). Osteochondral impac-
tion injuries and fractures were also analyzed separately in a
subgroup we defined as high-grade osseous injuries.

Statistical analysis

Descriptive statistics, including counts, standard deviation
(sd), and percentages, were computed using PSPP software
(version 1.20, GNU Free Software Foundation, www.gnu.
org/s/pspp/). Comparison of group means was examined
with the t test or Kruskal-Wallis test, while comparison of rates
was examined with Fisher’s exact test. A p < 0.05 was
interpreted as significant.
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Results

The study of distal sMCL tears included 51 patients (36 men,
15 women; mean age, 28 years (sd, 12); 18 left and 33 right
knees). The mean age of patients with a SLL (26 years, sd, 8)
was not significantly different than that of patients without a
SLL (30 years, sd 14). All patients had a history of trauma.

MRI features of the distal sMCL tears and coexisting inju-
ries are detailed in Table 1. Most tears (31/51) of the distal
sMCL were non-displaced (Fig. 2). A SLL of the sMCL was
identified in 20 of 51 (39%) cases (Fig. 3). Low-signal fibers
of the sMCL had a wavy appearance (positive “wave sign”) in
18/20 (90%) of cases with a SLL (Fig. 4) and in 21/31 (68%)
of cases without a SLL; this difference did not reach signifi-
cance (p < 0.10).

When the torn distal sMCL was displaced, the stump was
located superficial to the pes anserinus. No distal sMCL tears
were displaced into the joint. The proximal sMCL stump mar-
gin was located significantly (p < 0.01, Kruskal-Wallis) more
distal in cases with a SLL (mean = 33 mm, sd = 11 mm) than
in cases without a SLL (mean = 19 mm, sd = 16 mm), sug-
gesting that a SLL was more likely to occur with more distal
sMCL tears. The proximal sMCL stump margin was also lo-
cated significantly (p < 0.05, Kruskal-Wallis) more medial in
cases with a SLL (mean = 6.5 mm, sd = 2.5 mm), compared
with cases without a SLL (mean = 4.8 mm, sd = 2.4 mm).

Distal sMCL tears were frequently accompanied by other
soft tissue and osseous injuries. Of the cases with a SLL, only
2/20 (10%) occurred without associated tears of the ACL,
PCL, or FCL; only 6/31 (19%) cases without SLL were

Fig. 2 22-year-old man with a distal sMCL tear, without Stener-like
displacement on initial MRI; follow-up MRI at 4 months after conserva-
tive treatment reveals ligament healing. This corresponded to stability
with valgus testing on physical examination. Proton density (a) and fat-
suppressed T2-weighted (b) coronal images reveal tearing of the distal

sMCL with the torn retracted ligament fibers (black arrows) remaining
deep to the pes anserinus tendons (white arrows). Proton density (c) and
fat-suppressed T2-weighted (d) coronal images 4 months later reveal
interval healing with thickened distal sMCL fibers (black arrows) that
remain deep to the pes anserinus tendons (white arrows)
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similarly “isolated.” The frequencies of ACL tear, PCL tear,
deepMCL tear, and lateral compartment osseous injury (90%,
20%, 70%, and 95%, respectively) in cases of SLL were not
significantly different (p > 0.10) than the frequencies of these
coexisting injuries in cases without a SLL (77%, 23%, 55%,
and 94%, respectively). The frequency of medial compart-
ment osseous injury (15/20, 75%) was significantly higher
(p < 0.05, Fisher’s exact test) in cases of a SLL, as compared
with cases without a SLL (13/31, 42%).

Discussion

In this study of sMCL tears located distal to the medial joint
line, the torn sMCL was displaced superficial to the pes
anserinus in over one-third of cases. This can be a subtle
finding and is important to recognize, as the interposed pes

tendons preclude the sMCL from healing in an anatomic po-
sition, which can lead to chronic valgus instability of the knee.
This SLL pattern of sMCL injury is an indication for early
surgical repair with direct reattachment to the tibia, with or
without augmentation [12, 16–21]. If the diagnosis is delayed,
more extensive surgery may be needed, with reconstruction of
the sMCL [22–28].

A SLL cannot be diagnosed reliably on clinical examina-
tion and is not visible by arthroscopy. Therefore, distal sMCL
tears are important to recognize at MRI evaluation. Coronal
images provided the best panoramic view of the distal sMCL
and revealed a positive sMCL “wave sign” in 76% (39/51) of
our patients that can be helpful in calling attention to the pres-
ence of a high-grade distal sMCL tear. Taketomi et al. [13]
reported on 12 patients with distal sMCL tears that exhibited a
“wave sign,” both with and without a SLL. In our series, we
found that the “waves” had a spectrum of shapes and

Fig. 3 55-year-old woman with a distal sMCL tear and Stener-like dis-
placement of the torn ligament fibers. Proton density coronal (a, b) and
proton density (c) and fat-suppressed T2-weighted (d) axial images reveal

tearing of the distal sMCL, with the medially displaced torn fibers (black
arrows) located superficial to the pes anserinus tendons (white arrows)

Skeletal Radiol

Stephane
Texte surligné 

Stephane
Texte surligné 

Stephane
Texte surligné 

Stephane
Texte surligné 

Stephane
Texte surligné 



amplitudes (Fig. 5) and was more commonly seen in distal
sMCL tears with SLL, than those without SLL, although this
difference did not reach statistical significance. We did

observe that the sMCL stump margin was located significant-
ly more distal (relative to the medial tibial plateau) and more
medial (relative to the medial tibial cortex) in cases with a SLL
compared with cases without a SLL.

In our experience, axial images are often crucial in defini-
tively showing whether the sMCL stump is situated deep
(non-displaced) or superficial (displaced) to the pes anserinus.
Although the diagnosis of a SLL on axial fat-suppressed T2-
weighted images is generally straightforward, it is our impres-
sion that images without fat-suppression may be complemen-
tary in confirming a definitive diagnosis of a SLL by delineat-
ing the soft tissue planes around two thin anatomic
structures—the distal sMCL and the distal sartorius (Fig. 6).

With both coronal and axial imaging, a serious potential
pitfall is inadequate scan coverage or field of view that fails to
encompass the distal sMCL attachment site on the tibia, which
is located 5 [35] to 6 cm [1, 27, 37, 38] distal to the medial
joint line. If an MRI exam does not include 5–6 cm distal to
the medial joint line, the diagnosis of a SLLmay be difficult or
missed entirely. In such cases, we have found it may be nec-
essary to call the patient back for additional imaging (Fig. 6).
Although we did not study mechanism of injury for distal
sMCL tears, Griffith et al. [39] found that with an applied
valgus load, the distal sMCL (unlike the proximal sMCL)
loading changes significantly with knee flexion and that the
distal sMCL (compared with the proximal sMCL) experiences
significantly greater loading at 60° of knee flexion. These
authors also note that the proximal sMCL has broad connec-
tions with adjacent soft tissues that can mitigate loads, where-
as a tensile force at the distal sMCL tends to be transferred to
the tibial attachment site. Our study found that lateral osseous
injuries were very frequent with sMCL tears, both with and
without a SLL, but that medial osseous injuries were signifi-
cantly more common in patients with a SLL (75%) than with-
out a SLL (42%).

In the current study, distal sMCL tears were frequently
accompanied by other knee injuries. For surgeons planning
ligament reconstruction procedures, it is particularly important
to note the high frequency of concomitant ACL tears (90%
with a SLL vs. 77% without a SLL) and PCL tears (20% with
a SLL vs. 23% without a SLL). The concomitant occurrence
of cruciate ligament injuries is in line with the largest previous
study [32] of distal sMCL tears in which 20 patients were
reported; of these, 16 patients were found to have ACL inju-
ries, 3 patients had combined ACL and PCL injuries, and only
1 had an isolated distal sMCL injury. All of those patients
required surgery, and the authors concluded that failure to
diagnose and repair distal sMCL tears acutely can adversely
affect surgical options and adversely influence clinical and
functional patient-reported outcomes.

We acknowledge the limitations of our study, including
retrospective review of cases with a selection bias and lack
of surgical follow-up. However, we believe that this study

Fig. 4 48-year-old woman with a distal sMCL tear and Stener-like dis-
placement of the torn ligament fibers. Proton density coronal image (a),
proton density axial image (b), and further distal proton density axial
image (c) reveal tearing of the distal sMCL with wavy fibers (black
arrows) displaced superficial to the pes anserinus tendons (white arrows)
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should raise awareness and enhance diagnosis of a clinically
important injury pattern. To our knowledge, this is the largest
study comparing the MRI patterns of distal sMCL tears.
Future research might address the possibility that these inju-
ries are underdiagnosed on MRI, due to a low index of suspi-
cion, satisfaction of search error (in the setting of multiple

other derangements), lack of knowledge about sMCL tears
occurring distally, or limitations in the field of view. Other
studies can address issues that we did not, including injury
prevalence, mechanism of injury, concomitant injuries of the
posterior oblique ligament, optimal management, and long-
term clinical outcome.

Fig. 5 Coronal images
illustrating a spectrum of
appearances for the “wave sign”
seen with a distal tear of the
sMCL, both without a Stener-like
lesion (a) and with a Stener-like
lesion (b–d)
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In conclusion, a high-grade distal sMCL tear should be
considered when MRI depicts a wavy appearance to the
sMCL. Distal sMCL tears are frequently accompanied by

other serious knee injuries, especially ACL tears and lateral
femorotibial osseous injuries. Regardless of concomitant inju-
ries, a SLL of the distal sMCL is particularly important to

Fig. 6 34-year-old woman with a
distal sMCL tear and Stener-like
displacement of the torn ligament
fibers. Proton density (a) and
STIR (b) coronal images as well
as STIR (c) and T2-weighted (d)
axial images reveal tearing of the
distal sMCL with equivocal dis-
placement of the torn fibers (black
arrows) superficial to the pes
anserinus tendons (white arrows).
The patient returned for additional
proton density axial images (e, f)
further distally that demonstrate
definite medial displacement of
the torn sMCL fibers (black ar-
rows) superficial to the pes
anserinus tendons (white arrows)
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recognize because of its independent implications for
treatment.
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