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Purpose: To determine the incidence of ramp lesions and posteromedial tibial plateau (PMTP) bone bruising on magnetic
resonance imaging (MRI) in patients with multiligament knee injuries (MLKIs) and an intact anterior cruciate ligament
(ACL). Methods: A retrospective review of consecutive patients surgically treated for MLKIs at 2 level I trauma centers
between January 2001 and March 2021 was performed. Only MLKIs with an intact ACL that received MRI scans within
90 days of the injury were included. All MLKIs were diagnosed on MRI and confirmed with operative reports. Two
musculoskeletal radiologists retrospectively rereviewed preoperative MRIs for evidence of medial meniscus ramp lesions
(MMRLs) and PMTP bone bruises using previously established classification systems. Intraclass correlation coefficients
were used to calculate the reliability between the radiologists. The incidence of MMRLs and PMTP bone bruises was
quantified using descriptive statistics. Results: A total of 221 MLKIs were identified, of which 32 (14.5%) had an intact
ACL (87.5% male; mean age of 29.9 � 8.6 years) and were included. The most common MLKI pattern was combined
injury to the posterior cruciate ligament and posterolateral corner (n ¼ 27, 84.4%). PMTP bone bruises were observed in
12 of 32 (37.5%) patients. Similarly, MMRLs were diagnosed in 12 of 32 (37.5%) patients. A total of 8 of 12 (66.7%)
patients with MMRLs demonstrated evidence PMTP bone bruising. Conclusions: Over one-third of MLKI patients with
an intact ACL were diagnosed with MMRLs on MRI in this series. PMTP bone bruising was observed in 66.7% of patients
with MMRLs, suggesting that increased vigilance for identifying MMRLs at the time of ligament reconstruction should be
practiced in patients with this bone bruising pattern. Level of Evidence: Level IV, retrospective case series.
ultiligament knee injuries (MLKIs) are rare in-
Mjuries that most commonly occur from high-
energy traumatic mechanisms. MLKIs are defined as 2
or more injuries to any of the following structures: the
anterior cruciate ligament (ACL), posterior cruciate
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ligament (PCL), medial collateral ligament (MCL), and/
or the fibular collateral ligament (FCL) or posterolateral
corner (PLC) of the knee.1,2 The classification of MLKIs,
surgical techniques, timing of surgery, and reported
outcomes are variable among reports in the
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literature.3-5 As a result, particular interest has been
devoted to optimizing the evaluation and management
of these serious knee injuries in order to improve
outcomes.
Medial meniscal ramp lesions (MMRLs) are defined as

tears that occur at the meniscocapsular junction and/or
meniscotibial attachment of the posterior horn of the
medial meniscus.6 MMRLs have been reported to occur
concomitantly in 9% to 42% of all ACL injuries and can
increase the risk for graft failure after ACL reconstruc-
tion if left untreated.6-9 However, there are currently
limited data on the existence of MMRLs in knee liga-
ment injuries without evidence of an ACL tear.
MLKIs without injury to the ACL are uncommon,

with a reported incidence of 10% to 15% for all
MLKIs.3,5,10 In these particular MLKIs, the most com-
mon injury patterns involve the PCL and PLC.11 Un-
treated MMRLs have been shown to result in rotatory
knee instability, with a predilection for internal and
external rotational laxities.12-15 As both the PLC and
PCL act to resist external tibial rotation, PLC and PCL
grafts/repairs could potentially be subjected to excessive
external tibial rotatory forces in the setting of an un-
diagnosed MMRL, leading to early failure.16,17 More-
over, as MMRLs have only been reported in isolation or
in the context of ACL injuries, MMRLs may go unde-
tected in MLKIs without the presence of an ACL tear.18

Therefore, it is imperative to better understand the
incidence of MMRLs in these specific MLKIs.
As MMRLs have a propensity to elude diagnosis on

physical examination, on imaging, or through standard
anterior arthroscopic views, secondary signs have been
reported in an effort to increase detection and
recognition.6,7,9,19,20 In ACL injuries, posteromedial
tibia plateau (PMTP) bone bruises, which have been
reported to occur in up to 72% of patients with
MMRLs, can serve as an indirect indicator of the pres-
ence of meniscal injury.20-22 Recently, a comprehensive
systematic review reported that PMTP bone bruises had
the greatest association with the presence of MMRLs
when analyzed against multiple risk factors. As such,
the odds of an MMRL being present at the time of
surgery was 2 times greater in ACL injuries with PMTP
bone bruising on preoperative magnetic resonance
imaging (MRI).20 However, there is limited evidence on
the importance of PMTP bone bruises in patients
without ACL tears and in those with MLKIs.
The purpose of the current study was to determine

the incidence of MMRLs and PMTP bone bruising on
MRI in patients with MLKIs and an intact ACL. The
authors hypothesized that the incidence of MMRLs in
this patient population would be similar to those with
isolated ACL injuries. Our secondary hypothesis was
that greater than 50% of patients with MRI-diagnosed
MMRLs would demonstrate PMTP bone bruising.
Methods

Study Design
Institutional review board approval and data-sharing

agreements were obtained prior to data collection. A
retrospective review of electronic medical records
(EMRs) was performed to identify patients who were
surgically treated for an MLKI at 2 separate institutions,
Yale New Haven Hospital and NYU Langone Hospital,
between January 2001 and March 2021.
An MLKI was defined as a complete rupture to 2 or

more of the 4 major ligaments of the knee, including
the ACL, PCL, MCL, and/or the lateral (fibular) collat-
eral ligament. PLC injuries were defined as complete
ligamentous disruption of the FCL, in addition to
complete injury to at least 1 of the following: the biceps
femoris tendon, the popliteofibular ligament, and/or
the popliteus tendon.11,23 A total of 221 MLKI patients
were identified.
All ligament injuries in this MLKI database from 2

independent hospitals were initially diagnosed via MRI
and confirmed through operative reports. At the 2
study institutions, MRI scans were performed with a
field strength of 1.5 or 3 Tesla, using a 15-channel knee
coil with a combination of fat suppression and proton
density sequences. The official radiology report was
completed by a board-certified musculoskeletal
fellowship-trained radiologist with 12 years of clinical
experience and then reviewed and compared to the
MRI assessment of a board-certified orthopaedic sports
medicine fellowship-trained surgeon with 20 years of
clinical experience. All multiligament injuries were lis-
ted and classified according to the location of the
structural injury as well as the severity of injury (no
injury, partial injury, or complete injury) on MRI. If
there was discrepancy between the 2 MRI assessments
and intraoperative findings, or if there was uncertainty
in the structural ligamentous diagnosis, intraoperative
findings were utilized as the definitive diagnosis of the
patient’s ligamentous injuries.11,23 In a similar manner,
medial meniscus injuries (not including MMRLs) and
lateral meniscus injuries were diagnosed on MRI based
on the location and type of tear and confirmed with
operative reports if mentioned surgically.
After the MLKIs were classified, patients were strati-

fied into 2 separate cohorts: MLKIs with ACL injury and
MLKIs with an intact ACL. In this study, ACL injury
was defined as the presence of a partial and/or com-
plete ACL tear on MRI and/or records of undergoing
ACL reconstruction surgery. Conversely, an intact ACL
was defined as having no evidence of a partial and/or
complete ACL tear on MRI and no record of undergoing
ACL reconstruction surgery. Of the 221 MLKIs within
the database, 34 patients with an intact ACL were
identified. Only those with an intact ACL were assessed
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in this study. Of these 34 patients, the following
exclusion criteria were applied: (1) greater than 90 days
between the initial MLKI and MRI, (2) lack of T2 fat-
suppressed MRI sequences, and (3) prior ipsilateral
ligament knee injury. Two patients were excluded for
chronic injuries where an MRI was acquired after 90
days from initial injury. The remaining 32 MLKIs with
an intact ACL formed our cohort of interest for this
study. Patient demographics, including age, sex, body
mass index (BMI), time between injury and MRI, and
mechanism of injury (defined as high energy, low en-
ergy, and ultra-low velocity),1 were retrospectively
gathered from the EMRs. Additionally, the presence or
absence of a documented knee dislocation, which was
defined as a tibiofemoral dislocation documented on
initial radiographs and/or a documented reduction
performed in the emergency room, was recorded.
Similarly, the presence or absence of a peroneal nerve
injury documented via physical examination was also
recorded.

Medial Meniscal Ramp Lesions and Posteromedial
Bone Bruises Assessment via MRI
After the cohort of interest was identified, the pre-

operative MRIs of the 32 patients with an intact ACL
were retrospectively and independently rereviewed by
2 new board-certified musculoskeletal radiologists, one
of whom had 7 years of clinical experience (A.W.) and
the other with 39 years of clinical experience (L.D.K.).
Preoperative MRIs were retrospectively reviewed for
the presence or absence of MMRLs and PMTP bone
bruises. Both radiologists were blinded to all clinical
data except MRIs.
Fig 1. Anatomic review of medial meniscal ramp lesions. (A) Sa
depicting the posterior horn of the medial meniscus and the men
merge to form the common attachment of where ramp lesions oc
blue to demonstrate the proximity of the tibial attachment. (B) Th
attachment to the posterior horn of the medial meniscus and its
DePhillipo NN, Moatshe G, Chahla J, et al. Quantitative and qual
Defining meniscal ramp lesions. Am J Sports Med 2019;47(2):374.
Meniscal ramp lesions have been defined as a tear of
the peripheral attachment of the posterior horn of the
medial meniscus at the meniscocapsular junc-
tion.8,15,20,24 Recent studies have demonstrated that the
anatomic location of MMRLs occurs where 2 posterior
medial meniscal attachments (meniscocapsular and
meniscotibial) merge at a common attachment on the
posterior horn of the medial meniscus,8 as demon-
strated in Fig 1.
The MRI criteria put forth by Zappia et al.25 were

studied by our 2 musculoskeletal radiologists and used
to define the presence of a ramp lesion on MRI in this
study. In the radiologic literature, criteria from Zappia
et al.25 exhibited excellent sensitivity, specificity, and
interreader reliability for the detection of ramp lesions
on MRI when using arthroscopically confirmed ramp
lesions, through a posteromedial portal, as the gold
standard. On MRI, MMRLs were defined as a vertical
(longitudinal) tear of the peripheral capsular attach-
ment of the posterior horn of the medial meniscus at
the meniscocapsular junction. The presence of an
MMRL on MRI was noted if the concave band (ramp
capsule) with low signal intensity, posterior to the
posterior horn of the medial meniscus, was interrupted
by a line of hyperintensity crossing this capsular
reflection (Fig 2).25

For determining the presence or absence of PMTP
bone bruises, only fat-suppressed T2-weighted coronal
and sagittal images were reviewed to determine the
location within the tibiofemoral compartment. The
location of the PMTP bruises was mapped in a stan-
dardized fashion according to Moran et al.26 Contusions
on the medial tibial plateau were defined as any bruise
gittal view of a right cadaveric knee viewing from posterior
iscocapsular and meniscotibial ligament attachments as they
cur. The posterior cruciate ligament is outlined in methylene
e common meniscocapsular and meniscotibial ligament (MTL)
relation to the posteromedial tibial plateau. Reproduced from:
itative assessment of the posterior medial meniscus anatomy:
doi:10.1177/0363546518814258

https://doi.org/10.1177/0363546518814258


Fig 2. (A) A ramp lesion seen through a posteromedial portal, as the gold standard for diagnosis by Zappai. (B) Same patient with
the presence of a ramp lesion on magnetic resonance imaging and demonstrates an interrupted line of hyperintensity crossing
the capsular reflection. Reproduced from: Zappia M, Sconfienza LM, Guarino S, et al. Meniscal ramp lesions: Diagnostic perfor-
mance of MRI with arthroscopy as reference standard. Radiol Med 2021;126:1106-1116. https://doi.org/10.1007/s11547-021-
01375-3. This work is licensed under a https://creativecommons.org/licenses/by/4.0.
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that occurred in the medial (M) and/or central (C)
zones in the coronal plane (Fig 3A).22,26,27 Next, the
sagittal location of these medial tibial plateau contu-
sions was recorded and localized to the either the
anterior (A), central (C), or posterior (P) zones (Fig
3B).22,26,27

The combined sagittal-coronal location was used to
define the presence or absence of PMTP bone bruises.
PMTP bone bruises were defined as any contusion that
occurred in the P-M and/or P-C zones (Fig 3A,B). If the
contusion(s) was located across both zones, each indi-
vidual zone it extended to was counted. The signal
Fig 3. (A) Coronal proton density magnetic resonance (MR) im
location of the lesions in the coronal plane. (C, central; L, lateral; L
trochlea; MSs, medial subspine; N, notch.) *The white circle ma
bruising in the coronal plane in A. (B) Sagittal proton density MR
central (C), and posterior (P) for localization. *The white circle
plateau bruising.22
intensity and volume of the bone bruises were not
recorded.

Statistical Analysis
Interclass correlation coefficients (ICCs) were used to

calculate the reliability among the 2 radiologists for
diagnosing both MMRLs and PMTP bone bruises. ICC
agreement was defined as poor, moderate, good, and
excellent reliability: <0.5, 0.5 to 0.75, 0.75 to 0.9, and
>0.9, respectively.28 After the ICCs were calculated, if
there was any disagreement between the presence or
absence of MMRLs and/or PMTP bone bruises, the 2
age with distinct femoral and tibial zones used to record the
Ss, lateral subspine; LT, lateral trochlea; M, medial; MT, medial
rks the 2 zones (M) and (C) for posteromedial tibial plateau
image of the medial tibial plateau with 3 zones: anterior (A),
marks the sagittal posterior (P) zone for posteromedial tibial

https://doi.org/10.1007/s11547-021-01375-3
https://doi.org/10.1007/s11547-021-01375-3
https://creativecommons.org/licenses/by/4.0


Table 2. Multiligament Injury Pattern and Concomitant
Injuries for the 32 Patients With Intact Anterior Cruciate
Ligament

Injury Patterns Frequency (%)

PCL-PLC 27 (84.4)
PCL-MCL 4 (12.5)
PCL-MCL-PLC 1 (3.1)
Documented knee dislocation 9 (28.1)
Peroneal nerve injury 7 (21.8)
Medial meniscus injury (not including ramp lesions) 9 (28.1)
Lateral meniscus injury 11 (34.4)

MCL, medial collateral ligament; PCL, posterior cruciate ligament;
PLC, posterolateral corner.
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radiologists rereviewed the cases together until a
consensus was reached to determine whether a ramp or
bone bruise was present or absent. The prevalence of
MMRLs and associated PMTP bone bruises, in addition
to other demographic and injury-specific data, was
presented with means and standard deviations or fre-
quencies with percentages when appropriate. All sta-
tistical analyses were performed using Stata 13.1
(StataCorp) or Microsoft Excel (Microsoft Corporation).

Results
Of the 221 MLKIs identified, a total of 32 MLKI pa-

tients with an intact ACL met the inclusion criteria for
this study (87.5% male; mean age of 29.9 � 8.6 years;
BMI 28.3 � 5.6 kg/m2). The average time between
injury and MRI was 13.9 � 23 days (range, 0-90 days).
Patient demographics are outlined in Table 1.

Injury Characteristics
Of the 32 patients in the cohort, 27 (84.4%) had

combined PCL-PLC injuries, 4 (12.5%) had PCL-MCL
injuries, and 1 (3.1%) had a PCL-MCL-PLC injury.
Additionally, 9 of 32 (28.1%) presented with a docu-
mented knee dislocation and 7 of 32 (21.8%) had a
peroneal nerve injury noted on physical examination.
Lateral meniscus tears were present in 11 of 32
(34.4%), while 9 of 32 (28.1%) had medial meniscus
injuries (not including ramp lesions). Injury character-
istics for the whole cohort of 32 patients with an intact
ACL are reported in Table 2.

MRI Analysis: Ramp Lesions
MMRLs were diagnosed on MRI in 12 of 32 (37.5%)

MLKIs with an intact ACL. The reliability for diagnosing
MMRLs on MRI was excellent (ICC ¼ 0.934). Of the 12
patients with MMRLs, 11 of 12 (91.6%) had PCL-PLC
injuries, while 1 (8.3%) patient had a PCL-MCL
injury. Only 2 of 12 (16.6%) patients had both an
MMRL and a separate injury to the medial meniscus.
Additionally, 4 of 12 (33.3%) patients with MMRLs had
concomitant lateral meniscus injuries. Detailed injury
characteristics for the 12 patients with ramp lesions are
described in Table 3.
Table 1. Baseline Demographic Information for the 32
Multiligament Knee Injuries With an Intact Anterior Cruciate
Ligament

Demographic Variable Value

Age at surgery, mean � SD, y 29.9 � 8.6
Sex (male), % (n) 87.5 (28)
BMI, mean � SD [range], kg/m2 28.3 � 5.6 [18.8-38.4]
Time between injury and MRI,

mean � SD [range], d
13.9 � 23 [0-90]

High-energy mechanism of
injury, % (n)

65.6 (21)

BMI, body mass index; MRI. Magnetic resonance imaging.
MRI Analysis: Bone Bruising Patterns
PMTP bone bruises were noted in 12 of 32 (37.5%)

patients. The reliability for the presence or absence of
PMTP bone bruises was also excellent (ICC ¼ 0.944). Of
the 12 patients with these bone bruises, 8 (66.7%) had
an MMRL. An MRI example of an MMRL in a patient
who sustained a PCL-PLC injury is seen in Fig 4.
Discussion
The most important finding in this study was that

MMRLs were diagnosed on MRI in 37.5% (12/32) of
MLKI patients who had an intact ACL. Furthermore,
PMTP bone bruises were observed in 66.7% (8/12) of
patients with MMRLs, suggesting that the presence of
these bone bruising patterns may indicate the presence
of MMRLs in patients with MLKIs. Finally, the most
common pattern of injury (91.1%, 11/12) was a com-
bined injury to the PCL and PLC in patients with
MMRLs. These findings suggest that MMRLs can exist
in the absence of an ACL tear and demonstrate the
need to assess for potential MMRLs at the time of lig-
ament reconstruction in the ACL-intact MLKI.
Within the literature, the reported incidence of ramp

lesions in isolated ACL injuries varies, ranging from 9%
to 42%.7,20,29-31 As such, the biomechanical implica-
tions that accompany MMRLs should be considered not
only in isolated ACL injuries but also in the ACL-intact
MLKI, as the current data suggest the incidence of these
lesions may approximate those of patients with isolated
ACL injuries. However, information pertaining to the
existence of MMRLs in patients without ACL injuries is
limited. Recent cadaveric studies have reported
increased anterior tibial translation and external rota-
tion in ACL-deficient knees that underwent menisco-
capsular sectioning (equivalent to a ramp lesion).14,15

Interestingly, the degree of external rotation laxities
was not restored after ACL reconstruction (ACLR)
alone but was restored in the knees that underwent
both ACLR and posterior meniscocapsular repair.14,16

This could be particularly relevant in MLKIs with
PLC/PCL injuries, as MMRLs may compromise the



Fig 4. A sagittal T2-fat saturation magnetic resonance image
of patient 12 (in Table 3) who sustained a combined posterior
cruciate ligament and posterolateral corner injury. The top
arrow points at the medial meniscal ramp lesion, and the
bottom curved arrow shows a small posteromedial tibial
plateau bone bruise that was localized to the P-M zone.

Table 3. Injury Characteristics of Multiligament Injuries With an Intact Anterior Cruciate Ligament and Ramp Lesions

Patients (N ¼ 12) MLKI Injury Type PMTP Bone Bruise Separate MM Injury LM Injury

1 PCL, PLC N N Bucket handle tear
2 PCL, PLC N N N
3 PCL, PLC Y N Anterior and posterior radial tears
4 PCL, PLC N N N
5 PCL, PLC N N N
6 PCL, PLC Y Anterior complex tear* Posterior horn tear
7 PCL, PLC Y N N
8 PCL, MCL Y Posterior root tear Anterior horn tear
9 PCL, PLC Y N N
10 PCL, PLC Y N N
11 PCL, PLC Y N N
12 PCL, PLC Y N N

LM, lateral meniscus; MCL, medial collateral ligament; MLKI, multiligament knee injury; MM, medial meniscus (not including ramp lesions);
MRI, magnetic resonance imaging; N, no; PCL, posterior cruciate ligament; PLC, posterolateral corner; PMTP, posteromedial tibia plateau; Y, yes.
*Complex tear description: “significant tearing and anterosuperior extrusion of the medial meniscus.”
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reconstruction with excessive external rotation stresses.
However, biomechanical studies evaluating combined
PCL-PLC injuries (the most common injury pattern in
our cohort) and meniscocapsular repair have not been
conducted.
LaPrade et al.16,17,32 reported that both the PCL and

PLC resist external tibial rotation, and given that
MMRLs can increase the amount of external tibial
rotation of the knee,15 there is the potential for the
surgically treated PCL and/or PLC to experience these
increased forces during the postoperative period. It is
unclear whether this increased external tibial rotation
associated with an untreated MMRL would confer
enough stress to serve as a potential risk factor for
either PCL and/or PLC failure after reconstruction or
repair. However, while much attention has been given
to the treatment of ramp lesions in isolated ACL in-
juries, special consideration may also be needed in
MLKIs without ACL tears, because these patients have
more complicated reconstruction options if failure does
occur. Future biomechanical and clinical studies are
needed to assess the impact that untreated MMRLs can
have on the stability of the PCL-PLC repair and/or
reconstruction and how this may influence clinical and
functional outcomes in these injuries.
PMTP bone bruises have been reported to serve as an

indicator to suggest the presence of an MMRL prior to
arthroscopy in patients with isolated ACL rup-
tures.7,33-35 DePhillipo et al.7 reported that 72% of
patients with ACL injuries and arthroscopically
confirmed MMRLs had PMTP bone bruises on preop-
erative MRI. However, existing evidence that has
attempted to describe these bone bruise findings in a
cohort of MMRLs patients who have an intact ACL is
lacking. Geeslin et al.10 reported that 5 patients who
sustained isolated PLC or combined PCL-PLC injuries
had evidence of a PMTP bone bruise, but the presence
or absence of MMRLs was not noted. In the current
study, 12 patients demonstrated PMTP bone bruises,
and 8 (66.7%) of these patients had evidence of an
MMRL on MRI. While the current study is underpow-
ered to report a significant association between the 2
pathoanatomic findings, the current data suggest the
PMTP bone bruises may have the potential to be asso-
ciated with MMRLs in the ACL-intact MLKI. In order to
further understand this potential association, future
studies with adequate power are needed to assess
whether a significant association exists between PMTP
bone bruises and MMRLs in knee injuries without ACL
tears.

Limitations
Limitations of this retrospective study should be

considered. First, all MMRLs were diagnosed on MRI.
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Therefore, it is possible that the reported MMRLs in the
current study (N ¼ 12, 37.5%) may be an underesti-
mate of the true number, although this is impossible to
confirm without adequate arthroscopic exploration.
Second, bone bruise patterns can be misinterpreted or
heal when the time between injury and MRI is signif-
icantly delayed. Finally, MRIs were conducted either on
1.5 or 3T scanners, which may introduce image-related
heterogeneity due to the difference in scanners.

Conclusions
Over one-third of patients with MLKIs and an intact

ACL demonstrated MMRLs on MRI in this series. PMTP
bone bruising was observed in 66.7% of patients with
MMRLs, suggesting that increased vigilance for identi-
fying MMRLs at the time of ligament reconstruction
should be practiced in patients with this bone bruising
pattern.
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