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Abstract Introduction Meniscal tears, especially in the medial meniscus, are common in
anterior cruciate ligament (ACL) injuries. Repaired anterior medial portal (RAMP)
lesions, specific meniscal injuries associated with ACL ruptures, affect the peripheral
attachment of the posterior horn of the medial meniscus. While the relationship
between femoral trochlear morphology and ACL tears is established, its association
with RAMP lesions remains unexplored. This study investigates the association
between femoral trochlear morphology and RAMP lesions in ACL-deficient knees using
magnetic resonance imaging (MRI) and evaluates MRI’s accuracy against arthroscopy.
Materials and Methods This hospital-based, cross-sectional observational study was
conducted in a tertiary care center over 18 months. It included 126 adult patients who
underwent arthroscopic ACL reconstruction and had preoperative MRI. Variables
included age, gender, body mass index, trauma nature, and various MRI parameters,
including femoral trochlear morphology and presence of RAMP lesions. MRI findings
were compared to arthroscopic findings to evaluate diagnostic accuracy.
Results RAMP lesions were detected in 21 participants (16.7%) via MRI and 28
participants (22.2%) via arthroscopy. MRI showed 71.4% sensitivity and 99.0% specific-
ity for detecting RAMP lesions. No significant association was found between femoral
trochlear morphology and RAMP lesions. However, medial tibial slope (TS) and
posterior medial tibial bone edema (PMTBE) were significantly associated with
RAMP lesions. The agreement between MRI and arthroscopy was high (Cohen’s
kappa¼ 0.773, p<0.001).
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Introduction

The medial and lateral meniscus are key components of the
knee joint, essential for stability, load distribution, and reduc-
ing friction during movement. The crescent-shaped medial
meniscus, made of fibrocartilaginous tissue, lies between
the femur and tibia, optimizing contact mechanics and joint
stability. It helps control excessive joint movement but is
prone to injuries and degeneration. Meniscal tears and
degeneration can cause various symptoms and impair-
ments, necessitating careful clinical management.1 In
1988, Strobel identified a specific meniscal injury associat-
ed with anterior cruciate ligament (ACL) rupture, termed
the repaired anterior medial portal (RAMP) lesion. This
injury affects the “peripheral attachment of the posterior
horn of the medial meniscus (PHMM)” and features longi-
tudinal vertical/oblique peripheral tears, potentially result-
ing in meniscocapsular or meniscotibial disruption. In 2016,
Thaunat et al categorized RAMP lesions into five types:
“meniscocapsular tear, partial superior tear, partial inferior
tear, complete tear, and double tear.” Recently, Greif et al
proposed modifications to Thaunat et al’s original arthro-
scopic classification.2–4

The posterior segment of the medial meniscus acts as
a secondary stabilizer for anterior tibial translation and
external rotational stability. The healing of this segment,
particularly in RAMP lesions, influences anterior knee sta-
bility following ACL reconstruction, potentially preventing
degenerative changes like osteoarthritis and reducing the
risk of ACL graft failure. Although the need for surgical repair
of meniscal RAMP lesions is debated, identifying and repair-
ing these lesions are crucial because ACL reconstructions
without addressing them may not fully restore normal knee
joint mechanics.5

Standard knee arthroscopy utilizes anterolateral and ante-
romedial portals to avoid the neurovascular structures in the
popliteal fossa, which present a higher risk of injury and
complications. However, these portals may leave the poster-
omedial compartment of the knee as a potential blind spot. To
thoroughly assess meniscal RAMP lesions, a systematic ap-
proach is required, including history, clinical examination,
magnetic resonance imaging (MRI), and arthroscopic explora-
tion of the posteromedial compartment using a transnotch
approach.6–9

RAMP lesions frequently occur alongside ACL injuries,
with prevalence rates ranging from 9 to 42%.10 Previous
studies have identified various risk factors for RAMP lesions
in ACL tear patients, like chronicity, posterior medial tibial
bone edema (PMTBE), “steeper medial tibial and meniscal

slopes,” and “gradual lateral tibial slope (TS).”11–13 Addi-
tionally, studies have shown associations between ACL tears
and femoral trochlear morphology parameters such as
“trochlear depth, facet asymmetry, trochlear sulcal angle,
and lateral inclination angle.”14–17 However, no research
has previously explored the relationship between femoral
trochlear morphology factors and RAMP lesions. In this
study, we aimed to investigate the association between
femoral trochlear morphology parameters and RAMP
lesions in ACL-deficient knees on MRI. Additionally, we
aimed to identify other anthropometric factors associated
with RAMP lesions on MRI and to evaluate the accuracy of
MRI in identifying RAMP lesions by comparing it to arthros-
copy. We hypothesized that trochlear dysplasia is signifi-
cantly associated with the presence of RAMP lesions in ACL-
deficient knees.

Materials and Methods

Study Design
Hospital-based, cross-sectional observational study.

Study Setting
This prospective study was conducted in the department of
diagnostic and interventional radiology in collaboration
with the department of orthopedics at a tertiary care referral
center over 18 months (April 2022–October 2023) following
approval from the institute’s research and ethics committee.

Participants
All adult patients who underwent arthroscopic ACL recon-
struction for a full-thickness ACL tear at the institute and had
anMRI of the knee (performed within 1 week before surgery)
were recruited for the study. Exclusion criteria included
patients who did not consent to participate and those with a
previous history of knee surgery. During the study period, 134
consecutive adult patients had arthroscopic ACL reconstruc-
tion and MRI of the knee. However, 5 patients were excluded
due to a history of knee surgery, and 3 patients did not provide
consent, resulting in a final sample size of 126 patients.

Variables
All scanswere performed using a 3.0 TGEDiscovery 750Wor
a 1.5 T Magnetom AERA system with an extremity coil.
Imaging sequences included “turbo spin-echo (TSE) proton
density-weighted (PDWI), TSE fat-saturated T2-weighted
(T2WI), and T1-weighted imaging” in various planes. Repeti-
tion times were 3,000 to 4,000ms (PDWI) and 3,000 to
5,000ms (T2WI), with echo times of 10 to 30 and 100ms,

Conclusion This study found no significant association between femoral trochlear
morphology and RAMP lesions in ACL-deficient knees. Instead, medial TS and PMTBE
were significant predictors. MRI proved to have high specificity but moderate
sensitivity compared to arthroscopy.
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respectively. Other parameters included matrix sizes of
384�384 (axial), 448�448 (coronal), 320�320 (sagittal),
a 16-cm field of view, 1.5mmslice thicknesswith no spacing,
and an acquisition number of 1.

The MRI scans were initially interpreted by a resident
(N.K.) and verified by a musculoskeletal radiologist (S.S.) with
10 years of experience in reading kneeMRIs. The readerswere
blinded to the patients’ clinical and demographic information,
eliminating bias from arthroscopicfindings as theMRI reports
were finalized beforehand. Demographic variables included
age, gender, body mass index (BMI), and occupation. Clinical
variables included the nature of the trauma (contact vs.
noncontact), duration since trauma, and anterior drawer test
results. MRI-related variables included the presence/absence
of RAMP lesions, femoral trochlear morphology parameters
(depth, facet asymmetry, sulcal angle, lateral inclination an-
gle), PMTBE, anterior tibial translation, andmedial and lateral
TS values. During arthroscopic ACL reconstruction, the

presence/absence of RAMP lesions was documented as the
reference standard (►Fig. 1).

Data Sources/Measurement
The MRI criteria for diagnosing RAMP lesions included
identifying high signal intensity at the capsular margin or
separation at the meniscocapsular junction of the PHMM on
sagittal images (►Fig. 2). Knee arthroscopy was then per-
formed using standard anterolateral and anteromedial por-
tals, with systematic inspection of the posteromedial
compartment via direct visualization through the intercon-
dylar notch. The MRI findings were correlated with arthro-
scopic findings. Methods for measuringmedial and lateral TS
and femoral trochlearmorphology parameters were adapted
from previously published literature (►Fig. 3).18,19 RAMP
lesions on arthroscopy were correlated for any potential
association with demographic, clinical, and MRI-related
variables.

Fig. 2 Magnetic resonance imaging (MRI) of the knee (proton density fat-saturated [PDFS] sequence) in sagittal plane showing full-thickness anterior
cruciate ligament (ACL) tear (arrow in A), repaired anterior medial portal (RAMP) lesion (arrows in B and C), and edema in posteromedial tibial
plateau (dashed arrow in C).

Fig. 1 Flow diagram depicting study methodology.
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Statistical Methods
The data were input into an MS Excel sheet and analyzed
using SPSS software, Version 27.0 for Windows. Descriptive
statistics for continuous variables were presented as “means
and standard deviations (SDs) or medians and interquartile

ranges (IQRs),” while “frequencies and percentages” were
used for categorical variables. Comparisons between groups
for continuous data were conducted using the “independent
sample t-test for two groups” and “one-way analysis of
variance for more than two groups,” followed by “Tukey’s

Fig. 3 The magnetic resonance imaging (MRI) of the knee utilized specific techniques to acquire femoral trochlear morphology parameters (A)
and the medial and lateral tibial slope (TS) (B). (A) In the first step, the “posterior condylar axis” (line x) is established, followed by drawing
“perpendicular lines from the highest points of the medial (line a) and lateral (line c) facets, as well as from the deepest point (line b) of the
trochlear groove.” Subsequently, the “trochlear sulcus depth” is computed as “[(aþ c) / 2] – b.” Two parallel lines are then drawn: one along the
“lateral facet of the trochlea” (line d) and the other along the “medial facet of the trochlea” (line e). The ratio of the distance between line d and
line e is calculated to assess “trochlear facet asymmetry.” The angle (α) between these lines is measured to determine the “trochlear sulcus
angle.”Additionally, the “lateral trochlear inclination angle” (β) is determined bymeasuring “the angle between the lateral trochlear slope (line f)
and the posterior condylar axis (line g).” (B) The measurement of medial TS and lateral TS was conducted using sagittal plane. The slopes were
characterized as the angle formed between a 90-degree line intersecting the proximal tibial anatomic axis (highlighted by a red line) and a
tangent line drawn along either plateau (indicated by a yellow line). To determine the anatomic axis of the tibia, two perpendicular lines
encompassing the entire tibial cortex were measured (depicted by white horizontal lines). The anatomic axis was then defined as the line passing
through the midpoint of these perpendicular lines (highlighted by a red dashed line).
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honestly significant difference test for post hoc analysis.” For
nonnormally distributed data, nonparametric tests like the
“Wilcoxon test or Kruskal–Wallis test” were employed. The
“chi-squared test” was used to compare categorical data,
with “Fisher’s exact test” appliedwhen expected frequencies
were low. Linear correlations between continuous variables
were assessed using “Pearson’s correlation” for normally
distributed data and “Spearman’s correlation” for nonnor-
mally distributed data. The diagnostic performance of vari-
ous predictors was determined by plotting the “receiver
operating characteristic (ROC) curves.” Statistical signifi-
cance was considered at p<0.05.

Results

A total of 126 adult patients meeting the eligibility criteria
were recruited during the study period. In terms of RAMP
lesions detected by MRI, 21 participants (16.7%; 95% confi-
dence interval [CI]: 10.8–24.6%) tested positive, while 105
participants (83.3%; 95% CI: 75.4–89.2%) tested negative. In
terms of RAMP lesions detected by arthroscopy, 28 partic-
ipants (22.2%; 95% CI: 15.5–30.7%) tested positive, while 98
participants (77.8%; 95% CI: 69.3–84.5%) tested negative. The
two methods agreed in 92.9% of the cases and disagreed in
7.1% of the cases. There was a statistically significant agree-
ment between the twomethods (Cohen’s kappa¼0.773, p �
0.001). The sensitivity and specificity of MRI with reference
to arthroscopy in detecting RAMP lesionswere 71.4% (95%CI:
51–87%) and 99.0% (95% CI: 94–100%), respectively.

The cohort included 103 males (81.7%; 95% CI: 73.7–
87.8%) and 23 females (18.3%; 95% CI: 12.2–26.3%) and the
gender did not have any statistically significant association
with RAMP lesion (p¼0.29). The mean age of the patients
was 32.19 years (SD¼10.39), with ages ranging from 14 to
61 years. Within the RAMP lesion-positive group, the mean
age (27.96�7.74) was lower than the RAMP lesion-negative
group (33.40�10.76). However, this difference did not dem-
onstrate any statistical significance (p¼0.25).

Among the participants, 43.7% were students, 19.8% were
farmers, 15.9% were office workers, 12.7% were daily wage
workers, and 7.9% were athletes. The mean BMI of the
participants was 22.35 (SD¼1.98), with a median of 22.50
(IQR: 20.8–23.85) and a range of 18.16 to 26.63. Regarding
injury mechanisms, 23.8% of participants experienced con-
tact injuries, while 76.2% had noncontact injuries. For the
anterior drawer test, 40.5% of participants tested positive,
while 59.5% tested negative, with a mean anterior drawer
value of 8.99mm (SD¼2.09). None of the above-described
variables demonstrated any statistically significant associa-
tion with RAMP lesion.

The mean duration of symptoms was 54.69 days (SD
¼42.73), with a median of 40.00 days (IQR: 21.25–75.75)
and a range of 2 to 180 days. The duration was higher in the
RAMP lesion-positive group (69.04�51.03 days) than the
RAMP lesion-negative group (50.59�39.39 days). However,
there was no statistically significant association (p¼0.10).

The distribution of femoral trochlear morphology and
other anthropometric parameters, anterior tibial translation,

and PMTBE, along with their association with RAMP lesions,
are presented in ►Table 1. The variables medial TS and
PMTBE were significantly associated (p<0.05) with RAMP
lesion on arthroscopy. Other parameters, including anyof the
femoral trochlear morphology parameters, did not show any
significant association with RAMP lesion on arthroscopy.

A comparison of the diagnostic performance of various
predictors in predicting RAMP lesions is shown in ►Table 2.
Medial TS significantly predicted RAMP lesions in terms of
area under the ROC curve (AUROC) and diagnostic accuracy.

Discussion

In this study, we investigated the association between femo-
ral trochlear morphology parameters and RAMP lesions in
ACL-deficient knees on MRI. Additionally, we investigated
other anthropometric factors potentially associated with
RAMP lesions on MRI and evaluated the accuracy of MRI in
identifying RAMP lesions by comparing it to arthroscopy. Our
study yielded insightful results. Though there are some
published studies that identified trochlear dysplasia as a
risk factor for ACL tears, no research has previously explored
the relationship between femoral trochlear morphology
factors and RAMP lesions. In this study, we did not find
any significant association between femoral trochlear mor-
phology parameters and RAMP lesions.

In this study, among other anthropometric parameters,
such as medial TS and lateral TS values, only the variable
medial TS was significantly associated with RAMP lesion on
arthroscopy. Among all predictors, medial TS significantly
predicted RAMP lesions in terms of AUROC and diagnostic
accuracy. Tang et al identified that specific bony anatomical
characteristics of the knee, particularly the morphology of
the medial tibia plateau, are additional risk factors for
developing RAMP lesions in ACL ruptures. D’Ambrosi et al
reported an unusually high prevalence (78.1%) of RAMP
lesions in ACL-deficient knees and found that the mean
medial and lateral TS were both 4.0�2.7 and 4.0�3.1
degrees, respectively, and that these slopes significantly
correlated with the presence of RAMP lesions. Jiang et al,
in their systematic review, determined that an increased
lateral posterior TS is associated with a higher risk of lateral
meniscal tears and lateral meniscal posterior root tears.
Similarly, an increased medial meniscal slope was linked to
a higher risk of RAMP lesions. These studies collectively
highlight the importance of knee morphology, particularly
the TS, in the risk and occurrence of meniscal injuries,
including RAMP lesions, in the context of ACL injuries.20–22

We observed that the duration of symptomswas longer in
the RAMP lesion-positive group compared to the RAMP
lesion-negative group, although this difference was not
statistically significant. In contrast, Mahmood et al found
in their study that the time from injury to surgery was
significantly longer for patients with RAMP lesions than
for those without.23

In this study, the presence of the anterior drawer test,
anterior tibial translation, and their value did not yield any
significant association with RAMP lesion. Familiari et al, in
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their study, discovered a high prevalence (34.4%) of RAMP
lesions and identified a strong association between high-
grade Lachman’s exam and male sex with the presence of
RAMP lesions. However, therewere no significant differences
in posterior TS between patients with and without RAMP
lesions.24

In this study, the PMTBE was significantly associated
(p<0.05) with RAMP lesion on arthroscopy. Green et al in
their study, found similar results.25 There was a statistically
significant agreement between MRI and arthroscopy in
regard to RAMP lesions in our study. The sensitivity and
specificity of MRI with reference to arthroscopy in detecting
RAMP lesions was 71.4% (95% CI: 51–87%) and 99.0% (95% CI:
94–100%), respectively. Moteshakereh et al conducted a
systematic review and meta-analysis on MRI’s diagnostic
performance for RAMP lesions in ACL-deficient knees. They
found pooled sensitivity and specificity to be 0.70 and 0.88,
respectively. D’Ambrosi et al reviewed MRI sensitivity, spec-
ificity, and accuracy for detecting RAMP lesions in ACL-
deficient children and adolescents. They noted a similar
prevalence to adults, with MRI showing low sensitivity but
good specificity. Laurens et al assessed MRI accuracy for
RAMP lesions in acute ACL injury patients. Among various
pathological signs, only complete fluid filling between the
capsule and the PHMM was a significant indicator, with
moderate accuracy.26–28

This study has several limitations that should be consid-
ered when interpreting the results. First, the small sample
size of 126 patients limits the generalizability of the findings
to broader populations. Additionally, the study was con-
ducted at a single tertiary care referral center, potentially
introducing selection bias and limiting the applicability of
the results to different clinical settings or populations.
Second, while the MRI scans were interpreted by experi-
enced radiologists, there is inherent variability in imaging
interpretation, which could affect the consistency of RAMP

lesion detection. The blinding of radiologists to clinical and
demographic information aimed to reduce bias, but interob-
server variabilitywas not specificallymeasured, which could
influence the study’s diagnostic accuracy findings. Third, the
cross-sectional design of the study limits the ability to
establish causal relationships between the identified risk
factors and the development of RAMP lesions. Longitudinal
studies would be necessary to better understand the tempo-
ral sequence and causality of these associations. Lastly, the
study’s reliance on MRI and arthroscopy as diagnostic tools
introduces potential measurement biases. While arthrosco-
py is considered the gold standard, it is still operator-
dependent and may miss small or subtle lesions. The study
did not account for potential differences in diagnostic per-
formance between different surgeons or radiologists.

Conclusion

This study explored the relationship between femoral troch-
lear morphology and RAMP lesions in ACL-deficient knees
using MRI, alongside other anthropometric factors, and the
diagnostic accuracy ofMRI compared to arthroscopy. Despite
the hypothesis that femoral trochlear morphology could be
linked to RAMP lesions, no significant associationwas found.
Instead, the medial TS and PMTBE emerged as significant
predictors for RAMP lesions. MRI proved to be a reliable
diagnostic tool, demonstrating high specificity but moderate
sensitivity when referenced against arthroscopy.

Future research should address the above limitations by
including larger, more diverse populations, utilizing stan-
dardized imaging interpretation protocols, and incorporat-
ing longitudinal designs to better understand the
progression and causality of RAMP lesions. Additionally,
multicenter studies could help to validate and generalize
the findings across different clinical settings and patient
demographics. A future investigation that includes both

Table 2 Comparison of the diagnostic performance of various predictors in predicting RAMP lesion

Predictor AUROC 95% CI p Sn Sp PPV NPV DA

%

Age (y) 0.640 0.533–0.746 0.025 79 57 34 90 62

BMI 0.562 0.453–0.67 0.323 93 32 28 94 45

Duration of symptoms (d) 0.602 0.471–0.732 0.102 54 74 38 85 70

Anterior drawer value (mm) 0.530 0.364–0.695 0.749 93 28 35 91 47

Anterior tibial translation value (mm) 0.556 0.424–0.687 0.408 44 68 32 78 62

Medial TS 0.713 0.575–0.851 0.001 57 93 70 88 85

Lateral TS 0.593 0.473–0.713 0.136 43 76 33 82 68

TD (mm) 0.575 0.457–0.693 0.228 68 52 29 85 56

Facet asymmetry 0.541 0.425–0.658 0.509 100 12 25 100 32

Trochlear sulcal angle 0.575 0.45–0.7 0.227 29 89 42 81 75

Lateral inclination angle 0.555 0.443–0.668 0.373 79 37 26 86 46

Abbreviations: AUROC, area under ROC curve; BMI, body mass index; CI, confidence interval; DA, diagnostic accuracy; NPV, negative predictive
value; PPV, positive predictive value; RAMP, repaired anterior medial portal; ROC, receiver operating characteristic; Sn, sensitivity; Sp, specificity; TS,
tibial slope.
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ACL rupture cases and intact ACL cases will allow to assess
the prevalence of RAMP lesions and their association with
trochlear dysplasia across a broader population.
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