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Abstract

Purpose—To investigate (i) the frequency and natural evolution of meniscal ramp lesions
(MRLs) on MRI in subjects with acute ACL-tear and (ii) to compare knee cartilage compositional
degeneration between subjects with MRLs and subjects without meniscal pathology over 2 years.

Materials and Methods—Fifty-seven subjects with ACL tears (32 females; age 32.6+8.3y;

BMI 24.5+3.5kg/m?) from a prospective study were screened for the presence of MRLSs.
Morphological (high-resolution 3D fast spin-echo) and compositional (T1p and T2-mapping) MRI
was performed prior to and 2-years after ACL-reconstruction. Follow-up MR images were
assessed for changes in the signal-intensity of the MRLs and the presence of meniscal tears.
Differences of compositional parameters were compared between subjects with MRLs and without
meniscal lesions using an Independent Samples ¢ Tests.

Results—MRLs were found in 16% (9/56) of the subjects with ACL tears at baseline. Only one
subject with MRLs developed a posterior horn meniscal tear over 2 years. In 12 knees no meniscal
tears were found, which were defined as controls. Most interestingly, cartilage AT1p of the medial
femur and medial tibia increased significantly more in subjects with MRLs compared to controls
(mean difference, MF=6.0£0.8 vs. 2.3£0.6, p=0.004 and MT=4.4+1.4 vs. 0.4+0.6, p=0.027) and
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medial femur AT2 over 2 years increased significantly more in MRL than in control knees
(5.1+2.5 ms vs. 2.2+1.9 ms, p=0.012).

Conclusion—Subjects with ACL-tear presented MRLs in 16% of cases. Compared to controls
without meniscal lesions knees with MRLs demonstrated accelerated degeneration of cartilage
composition in the medial knee compartment over 2-years.

Introduction

Patients with tears of the anterior cruciate ligament (ACL) have frequently concomitant
intra-articular lesions (1,2) and almost 45% of all ACL-ruptured patients present with an
associated meniscal injury (3). Strobel (4) described a specific type of meniscal lesion
associated with ACL rupture involving the peripheral attachment of the posterior horn of the
medial meniscus. Currently known as a meniscal ramp lesion (MRL), this abnormality was
defined as a tear of the peripheral menisco-capsular attachment of the posterior horn of the
medial meniscus (5,6) and its incidence has been reported in 16% to 40% of all knees with
ACL tears (7,8).

Magnetic resonance imaging (MRI) is the diagnostic modality of choice for imaging of an
ACL tears and also demonstrates MRLs preoperatively. A recent systematic review and
meta-analysis demonstrated that MRI has a moderate sensitivity (0.71) and excellent
specificity (0.94) for the diagnosis of MRLs in comparison with arthroscopy (9). Recently
MRLs have received renewed interest in the orthopedic and radiological literature (10-13)
for several reasons: (i) MRLs can cause knee instability with anterior translation and
external rotational laxity (14), (ii) secondary meniscal injury may occur with progressive
tearing tear and finally (iii) patients also have an increased risk for developing osteoarthritis.
Although the need for surgical repair of MRLs is debatable (15,16), the identification and
repair of the MRLs are important as ACL reconstructions without MRLs repair may fail to
restore normal joint kinematics (14,17).

Therefore, the purpose of our study was to investigate the frequency and natural evolution of
MRLs on MR imaging in patients with acute ACL tears over a period of 24 months. We also
aimed to compare knee structural and cartilage degeneration over 24 months between
patients with ACL-tears in combination with MRLs and controls with ACL-tears without
meniscal abnormalities.

Material and Methods

Patient Cohort

Patients with complete traumatic acute ACL tear (N=57; 32 females; age 32.6+8.3y; BMI
24.5+3.5kg/m?) from a prospective study investigating the impact of ACL-tears on cartilage
and joint degeneration were included in this project. Our institutional review board approved
this study and all subjects gave written informed consent. We included subjects with
clinically diagnosed acute ACL tear, confirmed by pre-operative MRI, who underwent ACL
reconstruction as well as standard pre- and post-operative rehabilitation (18). /nclusion
criteriaalso included availability of baseline and follow-up MRIs without artifacts or other
technical deficiencies limiting image evaluation and arthroscopic surgery performed within 3
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months after injury. The exclusion criteria were history of osteoarthritis, inflammatory
disease, previous severe injury and surgery and additional injuries of the knee during the
follow-up period. All subjects underwent knee MR imaging at baseline (prior to the surgery)
and 2-years after surgery.

Twelve subjects frequency matched for age, sex and BMI from this cohort with ACL-tears
and without medial meniscal abnormalities at baseline (confirmed by baseline MRI and
during the arthroscopic surgery) and follow-up MRI were selected as controls while 9
patients with MRLs diagnosed in the baseline MRI served as case cohort. All subjects
underwent arthroscopic surgery and ACL reconstruction with standard-of-care anatomic
reconstruction of the ACL performed after injury. The subject selection process is shown in
Figure 1.

MRI and Image Analysis

MRI examinations were acquired using the same 3T GE Signa MR scanner (General
Electric Healthcare, Milwaukee, WI) with a 1Tx/8Rx knee coil and the imaging protocol
included a high-resolution 3D fast spin-echo (CUBE) sequence and T1p and T2 relaxation
time sequences. The detailed MR acquisition parameters are summarized in Table 1.

Baseline and 2-year follow-up MRIs were available for all subjects in this study. All exams
were independently evaluated for presence of MRLs by two radiologists (two board-certified
radiologists with 6 years (LF) and 9 years (JG) of experience). In case of divergent findings,
an adjudication reading with a senior MSK radiologist 24 years of experience (TL) was
performed.

A MRL was defined on MRI (19) as a complete thin, linear lesion interposed between the
posterior horn of the medial meniscus (PHMM) and the posteromedial capsule with intra-
substantially located abnormally high fluid signal on fluid-sensitive sequences (posterior
medial meniscocapsular separation) (Figure 1). Incomplete fluid interposition between the
PHMM and the capsule was not counted as a complete MRL and not included in the case
cohort.

Follow-up scans after two years in both cases and controls were assessed for longitudinal
changes in signal-intensity of the MRLs and the presence / development of medial meniscal
tears. The readers were blinded to baseline findings and the follow-up MRIs were read at
least one month after the baseline MRI, to minimize any recall bias from previous analyses.
High meniscal signal intensity was classified as a meniscal tear if it communicated with the
superior, inferior or free edge of the meniscal surface on at least two consecutive images or
two different planes (20).

After the meniscal abnormalities at different time points were registered, the intensities of
the meniscal ramp lesion signal at the different time points were compared both at baseline
and 24-month follow-up. A visual side-by-side comparison was used in order to describe
whether the signal intensity decreased or remained stable (fluid-signal) over time.
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Cartilage Compositional Analysis

The medial compartment cartilage was segmented on the 3D-FSE sequences using a semi-
automatic Matlab-based algorithm developed at our institution (21) at baseline and 2 years
after surgery in both case and control cohorts. Segmentations were registered to the T1p and
T2 maps accounting for non-rigid movement. T1p and T2 maps were reconstructed by
fitting the echo images pixel by pixel to the following equations: S(TSL)oco SOexp(-TSL/
T1p) for T1p and S(TE) oo S0exp(-TE/T2) for T2, where TSL is the time of spin lock, TE is
the echo time, and S is the signal intensity. T1p and T2 maps at the follow-up time point
were also registered to the baseline. Changes in absolute values at baseline and 2-years and
mean T1p and T2 measurements on a compartmental level over 2-years (A mean T1p and
T2) were computed by subtracting compartmental mean baseline T1p and T2 value
measurements from mean values at 2-year follow-up.

Statistical analysis

Statistical analysis was performed with SPSS (Version 22.0. Armonk, NY: IBM Corp.) using
a two-sided 0.05 level of significance. Student’s t-test (for numerical and approximately
normally distributed data) and Pearson’s chi-square tests (for categorical variables) were
used to evaluate differences between subjects with and without MRLs. Differences of T1p
and T2 at baseline and 2-year follow-up and AT1p and AT2 subscale measurements were
compared between cases and controls using Independent Samples £ Tests. Statistical
adjustment was not performed since there were no significant differences in age, gender, and
BMI between subjects with MRLs and the control group (p > 0.05).

Reproducibility

Results

Inter-reader reproducibility for the evaluation of the presence of MRLs was assessed
between the two radiologists in all 57 cases by using the intra-class correlation coefficient
(ICC).

For intra-reader reproducibility analysis, both readers repeated the readings in 25 randomly
selected patients after at least two weeks.

In the pre-operative MRI analyses reader [1] identified 9 subjects (9 / 57 subjects) with
meniscal ramp lesions and reader [2] identified 8 subjects (8 / 57 subjects). The images of
the subject with discrepant analyses were adjudicated with a third experienced reader a final
diagnosis of meniscal ramp was made.

In 16% (9/57) of the screened subjects with an ACL tear MRLs were found on the
preoperative MRIs. There were no significant differences between subjects with MRLs and
the control group regarding age (33.6 + 5.6 vs 36.4 + 5.4 years, respectively; p=0.29),
gender (52.8 % vs 50.1%, females p=0.24) and BMI (25.1 + 1.5 vs 24.8 + 2.4; p=0.91).

Inter-reader reproducibility for the evaluation of the presence of MRLs was 0.95 (95%
confidence interval, 0.93-0.97) and intra-reader reproducibility for the evaluation of the
presence of MRLs was 0.96 (95% confidence interval, 0.94-0.98).
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In 44% (4/9) of the cases, the MRLs morphology and linear signal abnormality (with fluid-
signal) did not change over 2-years (Figure 2). In 56% (5/9) of the cases the high fluid
signal-intensity interposed between the posterior horn of the medial meniscus and the
posteromedial capsule decreased over 2 years (Figure 3). One (1/9) subject with MRLs
developed a posterior horn meniscal horizontal tear over 2-years (Figure 4). None of the
controls developed any meniscal abnormalities over 2 years.

No significant differences in T1rho and T2 values of the medial tibia and medial femur were
observed between the two groups at baseline (p > 0.05). In subjects with MRL, T1rho values
in the medial tibia and medial femur were significantly higher at the 24-month follow-up
examination (medial femur= 43.6+0.5 ms vs. 40.2+3.2 ms, p= 0.001 and medial tibia=
38.2+3.7 ms vs. 34.5+3.3 ms, p=0.002). Analogously, in subjects with MRL, T2 values in
the medial femur were significantly higher at follow-up (36.2+2.3 ms vs. 32.4+1.5 ms,
p=0.001). The AT1rho from baseline to 2-years was significantly higher in subjects with
MRLs than in controls in the medial femur (6.2+0.8 ms vs. 2.3+0.8 ms, p = 0.004) and in the
medial tibia (4.4£1.4 ms vs. 0.4£1.6ms, p = 0.027). The AT2 was also significantly higher in
subjects with MRL than in controls in the medial femur (5.1+2.5 ms vs. 2.2+1.9ms, p =
0.012). Findings suggested accelerated progression of cartilage matrix degeneration in the
medial compartment over 2 years in ACL injured patients with MRLs compared to patients
without meniscal pathology. Absolute T1rho and T2 values at baseline and after 2 years and
AT1rho and T2 values of subjects with MRLs and controls at the medial femur and medial
tibia are summarized in Tables 2 and 3.

Discussion

Our study showed that meniscal ramp lesions detected by MRI are a relatively common
finding in subjects with ACL tears. Progression to a meniscal tear in meniscal ramp lesions
over 2-years is not frequent, however, subjects with meniscal ramp lesions demonstrated
accelerated joint degeneration of cartilage composition in the medial knee compartment over
2-years compared to subjects with ACL-tear without meniscal pathology.

Although first described decades ago, there continues to be a lack of an established
arthroscopic definition (4,22,23), and no consensus exists on the definition of a meniscal
ramp lesion, other than encompassing a tear of the far periphery of the posterior horn of the
medial meniscus. Arner et al (24) defined a ramp lesion as findings of posterior medial
meniscocapsular separation. Keyhani et al (11) DePhillipo et al (25) defined itas a
longitudinal tear / detachment of the peripheral rim around the posterior horn of the medial
meniscus. On the other hand, Liu et al (26) chose to include peripheral intrasubstance tears
of the meniscus, limiting their size and thus defining a MRLs as a complete tear of the
peripheral anchorage of the posterior horn of the medial meniscus, a longitudinal tear less
than 2.5 cm in length. Finally, Thaunat et al (27) suggested a classification system
subdividing MRL of the peripheral meniscocapsular junction and red-red zone based on tear
pattern and also its location. All these different definitions could be the reason why the
prevalence of ramp lesions was different in several previous studies, ranging from 9.3% and
40% in patients with ACL-tears (7,8). Also, these studies often failed to distinguish stable
lesions from unstable lesions, which displace the meniscus into the joint with anterior
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probing during the arthroscopic surgery — this could be clinically relevant, as there is
evidence that stable tears of the posterior horn may heal in the setting of ACL traumatic
tears without formal repair (28,29).

The definition of MRLs on MR is also variable in the literature, but the most commonly
cited definition is fluid-like high signal intensity / separation between the medial meniscus
posterior horn and the capsule margin (9). This was the definition that we used in our study,
which represents a complete ramp lesion (complete posterior medial meniscocapsular
separation). We did not include subjects with partial separation or with no fluid-like high
signal abnormality at the medial meniscocapsular junction. These partial lesions do not
fulfill the meniscal ramp lesion definition used in this study and the literature supports that
these incomplete / partial lesions could represent stable lesions (28,29). Our study showed
that MRLs detected by MRI are a relatively common finding in subjects with ACL tears,
similar to a study published in 2017 by Arner et all (24).

Interestingly, over 2 years the signal intensity abnormality and configuration of the MRLs
did not change in 44% of the cases, a finding that may represent lesions that did not heal
over time. In 56% of the cases, the signal-intensity decreased over 2 years and the high fluid
signal interposed between the posterior horn of the medial meniscus and the posteromedial
capsule could not be identified anymore, a finding that may represent fibrous tissue.
However, based on our data we cannot assess the stability and clinical significance of these
lesions.

One of the potential problems related to this type of lesion is the increased risk of requiring
further surgery to address meniscal injury: If the diagnosis of MRLs is not made at the time
of ACL reconstruction, secondary meniscal injury may be required if tears progress.
Extension of the lesion towards the middle third could easily destabilize the entire posterior
meniscus or result in a bucket handle tear. This could result in additional surgery for
meniscal repair, meniscal resection, or meniscectomy. However, our longitudinal data
showed that only one of the MRLs progressed to a meniscal tear over 2 years.

Another important potential problem related to this type of lesion is the increased risk of
developing osteoarthritis: If neglected or misdiagnosed, ramp lesions can lead to instability
or injury of the body of the medial meniscus which is a significant precursor to osteoarthritis
of the knee. The literature reports that the risk of osteoarthritis in patients with an ACL and
without a meniscal tear is between 0 and 13 %, but the risk increases to 21-48 % with
meniscal tears. Thus, meniscal injuries that accompany ACL tears are relevant for the long-
term prognosis, especially for OA after ACL reconstruction (2,30,31). To the best of our
knowledge, no studies have yet been published on the association of MRLs and joint
cartilage degeneration. Our results suggest that subjects with meniscal ramp lesions have
accelerated cartilage degeneration in the medial knee compartment over 2 years compared to
subjects with ACL-tears without meniscal abnormalities, demonstrating the impact of this
specific pattern of meniscal lesion on joint cartilage.

No consensus exists regarding the appropriate management of ramp lesions (5). Despite
being in the red-red zone, an area with a rich vascular supply, questions have been raised on
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whether ramp lesions can heal without repair. The subjects selected in our study participated
in an ongoing prospective study, and by the time the data was collected this specific type of
lesion was recommended to be treated conservatively. Therefore, our results describe the
natural history of conservatively managed meniscal ramps lesions and the effect on joint
cartilage longitudinally over 2 years.

This study has several limitations: First, it is based on a relatively small cohort as MRLs
were found in 9 subjects or 16% of subjects with ACL tears, which probably represents the
normal prevalence of this finding after ACL tears. Also, in our study only 1 subject out 9
with meniscal ramp lesion progressed to a meniscal tear over 2-years, and this finding need
to be reproduced in larger cohorts. However, we followed these patients over 2 years, which
is the first longitudinal investigation of this specific pattern of meniscal lesion.

Another limitation is that in the arthroscopic baseline data, no detailed surgical imaging
correlates of MRLs were recorded. However, we could access arthroscopic information
about overall meniscal abnormalities (e.g. meniscal tears, meniscal morphology and
meniscal mobility) in all subjects. Finally, by excluding partial MRLs, we could potentially
have underestimated their prevalence; however, the focus of our study was the complete
meniscal ramp lesion (complete meniscal-capsular disjunction), which is most frequently
associated with instability and clinical symptoms.

In summary, we found that meniscal ramp lesions detected by MRI are a relatively common
finding in subjects with ACL tears. Progression to a meniscal tear in meniscal ramp lesions
over 2-years is not frequent, however, subjects with meniscal ramp lesions demonstrated
accelerated degeneration of cartilage composition in the medial knee compartment over 2-
years compared to subjects with ACL-tears without meniscal pathology.
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Figure 1:
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48
subjects

Selection of study participants. Flow chart illustrating patient selection for the present study
from the overall P50 cohort. (ACL= anterior cruciate ligament; BL=baseline; BMI = body

mass index; MRI=Magnetic Resonance Imaging)
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Figure 2:
Sagittal 3D fast spin-echo sequence before surgery (baseline) of a 26 year-old man with

complete ACL-tear showing the typical MRI finding of a meniscal ramp lesion (arrow)
defined by a complete thin, linear lesion interposed between the posterior horn of the medial
meniscus and the posteromedial capsule with fluid signal (posterior medial menisco-
capsular separation).
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Figure 3:
Sagittal 3D fast spin-echo sequence of a 23 year-old woman with complete ACL-tear (A)

prior to surgery (baseline) and (B) 2-year follow-up MRI. Pre-operative MRI shows a
meniscal ramp lesion (arrow) and follow-up MRI demonstrates persistent high fluid-signal
interposed between the posterior horn of the medial meniscus and the posteromedial capsule
(arrow).
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Figure 4:
Sagittal 3D fast spin-echo sequence of a 31 year-old man with complete ACL-tear (A) prior

to surgery (baseline) and (B) 2-years follow-up MRI. Pre-operative MRI shows a meniscal
ramp lesion (arrow) and follow-up MRI demonstrates decreased signal intensity interposed
between the posterior horn of the medial meniscus and the posteromedial capsule (curved
arrow), suggestive of partial healing.
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Figure 5:
Sagittal 3D fast spin-echo sequence of a 21 year-old man with complete ACL-tear (A) prior

to surgery (baseline) and (B) 2-years follow-up MRI. Pre-operative MRI shows a meniscal
ramp lesion (arrow) and follow-up MRI demonstrates high-fluid signal interposed between
the posterior horn of the medial meniscus and the posteromedial capsule (arrow). Also in (B)
a longitudinal oblique tear in posterior horn of medial meniscus was identified (arrow head).
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