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Abstract

Meniscal ramp lesions are defined as lesions at the meniscocapsular junction of the posterior horn of the medial 
meniscus and are commonly associated with anterior cruciate ligament (ACL) injuries. These lesions contribute 
to increased anterior and rotational laxities of the knee and lead to continuous instability and graft failure of ACL 
reconstruction (ACLR) if left untreated. This systematic review and meta-analysis aim to identify and quantify the 
key preoperative risk factors for medial meniscal ramp lesions (MMRLs) in patients with ACLR. The systematic 
searching for articles was done in PubMed, Cochrane CENTRAL, OVID/Medline, and Scopus for publications 
from 2008 to June 2024 as per the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020. 
This systematic review included 15 studies involving 9,110 patients, with data extraction and analysis conducted 
using random-effect models. The pooled prevalence of MMRL was 21.9%, with a range of 9.3–42.7%. Significant 
predictors of MMRL were male sex (OR: 1.59; 95% CI: 1.34–1.85; P < 0.001), younger than 30 years of age 
(odds ratio [OR]: 1.96; 95% confidence interval [CI]: 1.29–2.97; P = 0.002), complete ACL tear (OR: 3.10; 95% 
CI: 1.45–6.21; P = 0.004), concomitant lateral meniscal tear (OR: 1.56; 95% CI: 1.14–2.15; P = 0.008), and 
presence of posteromedial tibial bone marrow edema on magnetic resonance imaging (MRI) (OR: 2.16; 95% CI: 
1.26–3.54; P = 0.005). Revision ACLR and contact injury mechanisms were insignificant concerning MMRL 
occurrence. This suggests an increased occurrence of ramp lesions in young males with complete ACL ruptures, 
lateral meniscal tears, or edema of the posteromedial tibial plateau. Early detection from detailed MRI examination 
and intraoperative evaluation of the posteromedial compartment must be encouraged; this will reduce missed 
diagnoses, thereby improving knee stability and reducing the chances of graft failure as a consequence of ACLR.
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INTRODUCTION 

Meniscal ramp lesions of the meniscus, 
which are specifically located in 
the meniscal synovial region and 

linked to anterior cruciate ligament (ACL) 
deficiency, tear of medial meniscus that affects 
the peripheral attachment of its posterior horn, 
lead to separation from the postero-medial 
capsule.[1] Approximately 17% of individuals 
subjected to arthroscopic reconstruction of the 

ACL reconstruction (ACLR) have medial meniscal ramp 
lesions (MMRLS). In other populations, this prevalence may 
reach 41%.[2,3] Meniscal ramp lesions have been linked to greater 
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anterior and rotational knee laxity in ACL-deficient knees, 
according to prior research,[4,5] and knee biomechanics can 
only be restored by fixing these lesions. In addition, compared 
to controls, individuals with meniscal ramp lesions show faster 
cartilage deterioration in the medial compartment.[6] Thus, it is 
crucial to identify these injuries and avoid ACLR graft failure.

Even if previous studies’ varying sensitivity raised doubts 
about its accuracy,[7,8] the best imaging technique for 
identifying meniscus ramp lesions is magnetic resonance 
imaging (MRI).[9,10] Although arthroscopic confirmation has 
been the gold standard in this regard, it has been discovered 
that the usual anterolateral arthroscopic viewing portal has 
insufficient sensitivity in detecting ramp lesions.[11,12] The 
authors of this study have therefore proposed two less widely 
used viewing portals, the Gillquist view and the posteromedial 
portal, as a way to accurately diagnose ramp damage.[11-13]

Optimizing patient outcomes is crucial, especially when 
depending on traditional diagnostic techniques, given 

the biomechanical ramifications of leaving ramp lesions 
unrepaired during ACLR – and the related risk of graft 
failure. Knowing which patients are more likely to have 
ramp lesions may help treat surgeons to become suspicious 
in some populations and ultimately reduce the number of 
missed ramp lesions, given the inconsistent effectiveness of 
current diagnostic techniques and the potential for improved 
outcomes from repairing ramp lesions.

This systematic review aimed to identify and analyze the key 
preoperative risk factors for MMRL in patients with ACL 
injuries using current evidence from observational studies.

METHODOLOGY

The systematic review protocol was developed a priori by 
all authors and adhered to the latest Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA, 
2020) guidelines [Figure 1].[14] This review aimed to identify 

Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines of included studies
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the risk factors for MMRL in patients with ACL injuries. 
The formulation of the review followed the Population, 
Intervention, Comparison, and Outcome (PICO) framework:
•	 Population: Patients of all age groups and both sexes 

with ACL injuries who underwent ACLR
•	 Intervention: Diagnosis of medial meniscus ramp lesions 

(MMRL) during ACLR
•	 Comparative study: A Diagnosis of Ramp Lesions by 

Arthroscopy – The Gold Standard Compared with MRI 
or other clinical tools for diagnosis during pre-operative 
period

•	 Outcome: Risk factor for MMRL outcome: Risk factors 
for MMRL: Demographics, imaging features, and injury 
characteristics

•	 Focused question (PICO): The key pre-operative risk 
factors for MMRL among patients undergoing ACLR 
are as follows:

Search strategy

Searches were done using PubMed, Cochrane Central 
Register of Controlled Trials (CENTRAL), OVID/Medline, 
and Scopus databases on those studies published between the 
years 2008 and June 2024. Some of the Boolean search terms 
used include the below-mentioned keywords: “Meniscus OR 
meniscal OR menisc*” AND “ramp.” Appendix-A gives a 
detailed search strategy by database.

Besides, a gray literature search on Google Scholar was done 
to complement the manual reference list search done for each 
included study.

The database searching and selecting studies thereof were 
performed by a total of two reviewers. Agreement or the 
input of a third reviewer was used to resolve any difference 
in the study selection.

Data extraction and quality assessment

Two reviewers independently applied a standardized 
format for data extraction on the study design, population 
characteristics, MMRL prevalence, and factors associated 
thereof.

The MINORS checklist 15 was used to independently 
appraise the quality of the included studies. This scores any 
study according to whether it follows the comparative or non-
comparative study criteria, thus assuring rigorous appraisal 
of study quality.

Inclusion criteria

All studies published in English that investigated the possible 
risk factors for ramp lesions in ACL-injured patients. Any 
condition that readers would consider likelihoods that may 

exist preoperatively with either occurrence of ramp lesions 
or demographic characteristics or radiologic findings 
concerning those likely associated with ramp lesions was 
defined as a risk factor in this review. All studies are agreed 
to have been diagnosed by intraoperative verification.

Exclusion criteria

The criteria were instituted to exclude studies that did not fit the 
requirements and quality of this review. Studies with cadaver 
specimens and those on animal models were excluded, along 
with those that were based on scientific research articles. 
Survey articles, case reports, and editorials would also be 
considered inappropriate to include. All intraoperative or 
post-operative findings related to ramp lesions that did not 
fall into the boundaries of study objectives were disregarded.

All studies were considered purely 1, 2, and 3 levels of 
evidence by direct comparison of cases and controls, in 
addition to level 4 for studies providing enough data for the 
computation of odds ratios (ORs). Minimal follow-up duration 
was not enforced since the primary focus was to evaluate for 
possible risk factors for ramp lesions. Following title and 
abstract screening of all retrieved items, studies irrelevant 
to the investigation of meniscal ramp or meniscocapsular 
lesions were excluded. All the remaining complete articles 
were then evaluated meticulously for eligibility according to 
the established inclusion and exclusion criteria. The reference 
lists were further scrutinized of the included studies for any 
potentially relevant publications that may have been missed 
during the initial search.

Quality assessment

The methodological quality of the included studies was 
assessed using the MINORS checklist. This checklist 
consists of 12 criteria, of which only four are relevant to 
comparative studies. Additional group-specific criteria were 
used to evaluate potential biases in the cohort selection. For 
non-comparative subjects, the maximum MINORS score was 
16, while for comparative studies, it was 24.

Data extraction and statistical analysis

Pooled effect sizes were determined using DerSimonian-
Laird random-effect models[16], which accounted for the 
variability among studies. Heterogeneity was anticipated due 
to differences in surgeon expertise, study design, and patient 
populations.

Each study’s risk factors were documented and ORs were 
computed from unique 2-by-2 tables. Risk variables were 
categorized into four groups based on previously established 
criteria: Strong evidences, moderate evidences, little 
evidences, and marginal to no evidence.[17]
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•	 Strong evidence: Statistically significant factors 
(P < 0.05) with either a protective effect (OR < 0.8) or 
doubling of risk (OR > 2.0) for ramp lesions.

•	 Moderate evidence: Statistically significant factors 
(P < 0.05) with ORs: 1.5–2.0 or 0.8–0.9 if protective.

•	 Little evidence: Statistically significant factors with ORs 
of 1.0–1.5 or 0.9–1.0 if protective.

•	 Marginal to no evidence: Non-significant ORs (P > 0.05) 
that did not logically correlate with ramp lesions.

Risk variables used for 1:1 cohort matching were excluded 
from quantitative meta-analysis to maintain data integrity.

RESULTS

Study characteristics [Table 1 and Figure 2]

A total of fifteen studies[2,4,18-24,27,32-35] were included in both 
qualitative and quantitative analyses. Among these, 7 (58.3%) 
were retrospective case–control studies, 4 (33.3%) were 
retrospective case series, and 1 (8.3%) was a retrospective 
cohort study.[18]

Patient demographics

Across the 15 studies,[2-4,18-24,27,32-35] a total of 9,110 patients 
were analyzed. The combined mean age was 28.7 ± 3.5 years, 
with males comprising 52% of the study population. The 
combined prevalence across studies of MMRL was 21.9%, 
with individual study rates ranging from 9.3% to 42.7%.

Assessment of bias and methodological quality

The quality of included studies[2-4,18-24,27,32-35] was evaluated 
using the MINORS checklist, with a mean score of 15.5 ± 
3.4 across the studies. While comparative studies scored an 
average of 18.9, non-comparative studies had lower scores, 
averaging 11.4. Most studies demonstrated a moderate risk of 
bias due to retrospective design, potential for selection bias, 
and lack of blinding in some cases. To mitigate bias, studies 
were critically appraised for methodological rigor, and only 
studies that confirmed MMRL diagnosis through surgical or 
arthroscopic confirmation were included. Further research 
should consider designing therapies aimed at diminishing 
bias commensurate with the sources of identified bias.

In the present instance, we constructed funnel plots for the two 
most prominent risk factors of age and sex for the purposes 
of providing an overview of their relative susceptibility to 
publication bias [Figures 3 and 4]. It is worthy of mention 
that most funnel plots across all centers showed an obvious 
degree of differential asymmetry suggestive of small-study 
effects.

In addition, Egger regression was carried out on these two 
risk factors with the intent of testing for publication bias. The 
following is evidence against publication bias:
•	 Age: Coefficient= 1.58, P = 0.123 (greater than 

significance cut-off signaling little publication bias)
•	 Sex: Coefficient= 2.12, P = 0.160 (greater than 

significance cut-off signaling little publication bias).

Thus, while there is slight asymmetry in the funnel plots with 
respect to gene findings, such asymmetry is insufficient to 
argue that the risk factor analyses have been severely biased 
by publication. However, it remains possible that some 
negative studies were unpublished, which could result in an 
overestimation of effect sizes. Future reviews should aim 
to incorporate unpublished data and clinical trial results to 
provide a more comprehensive perspective.

Risk factors

The 15 studies[2-4,18-24,27,32-35] collectively examined 47 distinct 
risk factors for MMRL. Risk factors reported across multiple 
studies, including complete versus partial ACL tears, contact-
related injuries, MRI-detected posteromedial bone marrow 
edema, patient sex, age, revision ACLR, chronic injury status, 
and coexisting lateral meniscal tears, were subjected to a 
random-effects meta-analysis. Instead, a qualitative synthesis 
was carried out where there was significant heterogeneity or 
when a risk factor was evaluated in just one study.

Sex and risk of ramp lesions

Sex and the presence of MMRL were examined in Eight 
studies.[3,4,18-23] Male sex was substantially linked to a higher 
probability of ramp lesions than female sex, according to the 

Figure  2: Forest plot of key risk factors for MMRL in 
ACL-injured patients. ACL: Anterior cruciate ligament, 
ACLR: Anterior cruciate ligament reconstruction, 
MRI: Magnetic resonance imaging, OR: Odds ratio, 
MMRL: Medial meniscal ramp lesions
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Table 1: Characteristics of included studies
Lead 
author (year)

Study 
design

Population No. of 
patients

Prevalence 
of 

MMRL (%)

Risk factors

Liu et al.[18] Case‑control Primary ACLR 868 16.6 Sex, age, chronic injury

DePhillipo et al.[2] Case series Primary and 
revision ACLR

301 16.6 Sex, age, BMI, chronic injury, sports 
participation, contact injury, concomitant 
injuries

Di Vico et al.[20] Case series Primary ACLR 115 9.6 Sex, chronic injury

Seil et al.[3] Case‑control Primary and 
revision ACLR

224 23.7 Sex, CLMT, PTBE, contact injury, tear severity

Sonnery‑Cottet 
et al.[23] 

Case‑control Primary and 
revision ACLR

3214 23.9 Sex, age, revision ACLR, chronic injury, knee 
laxity, CLMT

Yeo et al.[4] Case‑control Primary ACL 
tear

78 9.0 Sex, PHMM vertical tear, corner notch sign, 
perimeniscal fluid, posterior irregularity, 
complete fluid filling between posterior capsule 
and PHMM, posterior capsule edema

Balazs et al.[19] Case series Primary and 
revision ACLR

372 43.7 Sex, revision ACLR, CLMT, PTBE, contact 
injury, race, smoking, tear severity, laterality, 
previous ipsilateral meniscal surgery, level of 
play

Bernholt et al.[27] Case series Primary ACLR 825 NR Posterolateral tibial plateau and lateral femoral 
condyle impaction fractures

DePhillipo 
et al.[24] 

Cohort Primary ACLR 100 18.6 Sex, age, BMI, contact injury, chronic injury

Kim et al.[21] Case‑control Primary ACLR 275 34.5 Sex, age, BMI, time from injury, contact injury, 
Segond fracture, side‑to‑side laxity, medial 
and lateral tibial/meniscal slope, CLMT, PTBE, 
varus alignment >3 degrees, high‑grade pivot 
shift

Mouton et al.[22] Case‑control Primary and 
revision ACLR

275 21.1 Sex

Song et al.[32] Case‑control Primary ACLR 106 15.8 BMI, medial meniscal slope, medial posterior 
tibial slope

Ziyi Tang et al.[33] Case‑control Primary ACL 
tear

202 17.4 MTP AP length, MTP depth, MTP AP length/
MFC diameter ratio, LPTS, asymmetry of 
LMPTS

Riccardo 
Cristiani et al.[34] 

Case series Primary ACL 
tear

253 39.5 Age, gender, BMI, pre‑injury Tegner activity 
level, activity at injury, concomitant injuries 
on MRI (lateral meniscus, medial collateral 
ligament, isolated deep MCL, lateral collateral 
ligament, pivot‑shift‑type bone bruising, 
posteromedial tibial bone bruising, medial 
femoral condyle bone bruising, lateral femoral 
condyle impaction, Segond fracture)

Pierre‑Jean 
Lambrey et al.[35] 

Cohort Primary and 
revision ACLR

5359 15.3 Patient demographics, revision surgery, pivot 
shift, side‑to‑side anteroposterior laxity, medial 
collateral ligament injury, lateral meniscal tear, 
volume of ligament remnant

ACLR: Anterior cruciate ligament reconstruction, BMI: Body mass index, CLMT: Concomitant lateral meniscal tear, MMRL: Medial 
meniscal ramp lesion, NR: Not reported, PHMM: Posterior horn medial meniscus, PTBE: Posterior tibial bone marrow edema, MFC: Medial 
femoral condyle, MTP AP: Length: Medial tibial plateau anteroposterior length, LPTS: Lateral posterior tibial slope; asymmetry of LMPTS; 
asymmetry of LPTS; MPTS.

pooled analysis (OR, 1.59; 95% CI: 1.34–1.85; P < 0.001). 
Male sex was found to be a significant risk factor for MMRL 

with a moderate level of confidence because the heterogeneity 
among the studies was minimal (I2 = 0%; P = 0.86).
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Age and risk of ramp lesions

Three studies[18,23,24] investigated the relationship between age 
and MMRL. Patients under 30 years of age had significantly 
higher odds of having ramp lesions than those aged >30 years 
(OR: 1.96; 95% CI: 1.29–2.97; P = 0.002). Although 
heterogeneity was substantial (I2 = 67.1%; P = 0.08), the data 
suggest that younger age is a moderately strong risk factor 
for MMRL.

ACLR-related risk for meniscal ramp injury

Two studies[19,23] examined the association between ramp 
lesions and revision ACLR. According to pooled analysis, 
revision ACLR did not show a significant correlation with 
development of ramp lesions (OR: 1.36; 95% CI: 0.54–2.46; 
P = 0.56). However, the heterogeneity was considerable 
(I2 = 84.7%; P = 0.009), reflecting the variation in the study 

results. Thus, current evidence suggests that revision ACLR 
is not a significant predictor of ramp lesions.

Ramp lesions and chronic ACL injury

The relationship between ramp lesions and chronic ACL 
injuries, defined as injuries lasting more than 24 months, 
was investigated in three studies.[18,20,23] When compared to 
those with shorter injury length, the pooled analysis showed 
that chronic ACL injuries were substantially associated with 
a higher chance of ramp lesions (OR, 1.45; 95% CI: 1.17–
1.71; P = 0.001). Lack of heterogeneity (I2 = 0; P = 0.61) 
strengthens this association and the positioning chronicity of 
injury as a definitive risk factor.

Concomitant lateral menisci tear and ramp lesions

Four studies[3,19,21,23] explored the impact of concurrent lateral 
meniscal tears on the presence of ramp lesions. Pooled analysis 
revealed a significant link between the two, with concomitant 
lateral meniscal tears substantially increasing the probability 
of ramp lesions (OR: 1.56; 95% CI: 1.14–2.15; P = 0.008). The 
heterogeneity was moderate (I2 = 62.5%; P = 0.045), lending 
credence to the notion that structural disruption of the lateral 
meniscus plays a pivotal role in the formation of ramp lesions.

Poster medial tibial bone marrow edema as a risk 
factor

Pre-operative MRI findings of poster medial tibial 
bone marrow edema were identified as strong indicator 
of presence of ramp lesion as demonstrated by three 
studies.[3,19,21] Patients presenting with this MRI finding had 
a significantly higher risk of ramp lesions (OR: 2.16; 95% 
CI: 1.26–3.54; P = 0.005). Although heterogeneity was 
moderate (I2 = 56.9%; P = 0.098), the evidence suggests that 
posteromedial tibial edema is a notable risk factor, suggesting 
that the internal trauma manifested by this edema mirrors the 
underlying pathology of ramp lesions.

Role of contact mechanisms in the occurrence of 
meniscal ramp lesions

Four studies[3,19,21,24] investigated whether contact injury 
leading to ACL rupture is a predictor of ramp lesions. The 
pooled analysis found no significant association between 
contact injuries and the presence of ramp lesions (OR: 1.30; 
95% CI: 0.58–2.83; P = 0.52). Heterogeneity is an important 
aspect (I2 = 81.5%; P = 0.003), thereby creating doubt in 
the hypothesis that contact injury is a consistent predictor 
or meaningful indicator; indeed, there is little supporting 
evidence for the proposition that contact mechanisms alone 
increase ramp lesion risks.

Severity of ACL injury and ramp lesions

Finally, two studies[3,19] determined the relationship between 
ramp lesions and the severity of ACL injuries (complete 
versus partial). In the pooled results, a complete torn ACL 

Figure 4: Funnel plot by sex

Figure 3: Funnel plot by age
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had a strong association with a higher chance of occurrence 
of ramp lesion (OR: 3.1; 95% CI: 1.45–6.21; P = 0.004). 
There was, however, I2 = 0%; P = 0.81, further endorsing that 
strength. There is really strong evidence for this extent that is 
ACL injury has degree – failure mostly torn completely – will 
have strong influence on ramp lesions development.

DISCUSSION

Risk factors related to MMRL under arthroscopic 
reconstruction of ACLR include ramp lesions in which almost 
all aspects of age stratified into younger age (<30 years), 
complete tears of the ACL, and posteromedial tibial edema 
on MRI. These contrast parameters suggest that young, more 
active people, with a complete or severe injury to the ACL 
can have a much higher risk of MMRL development.

Male sex and associated lateral meniscal tears were identified 
as the two most significant risk factors. Such observation 
tallies with the evidence that men who are majorly engaged 
in high-impact sports and strenuous physical activities are at 
high-risk individuals in developing their severe knee injuries, 
ramp lesions included. Meanwhile, some other studies have 
reported that chronic ACL injuries revised after <24 months 
are weakly associated with the incidence of ramp lesions. 
Hence, it can be inferred that chronicity of the lesion by 
itself may not be a determining factor in the cause of ramp 
lesion formation; the entire set of factors, i.e., biomechanical 
stressors, could be more relevant.

Interestingly, such study does little or no evidence that linking 
revision ACLRs or contact injuries with ramp lesions has 
been discovered. It had meant that revision ACLR, usually 
accompanied by more complex knee pathology, might not 
have its inherent defined risk factors for ramp lesions. The 
available data would further indicate that although common 
triggers of rupture of the ACL tend to be by contact injuries, 
they, however, do not directly impact the ramp lesions.

Surgeons with this knowledge would identify and treat 
ramp lesions during the various forms of reconstruction of 
the ACL. Early identification of risk factors would enhance 
outcome measures while minimizing the likely complications 
of graft failure in younger males and those with concomitant 
meniscal injuries. Further emphasis on research should 
be directed to help elucidate the possible biomechanical 
mechanisms in ramp lesion formation and to identify those 
subgroup benefits from tailored diagnostics and therapeutic 
approaches. The present study identifies male sex and age 
under 30 as significant risk factors for the development of 
Medial menisci ramp lesions (MMRL) in patients subjected 
to primary or revision ACLR. This is in accordance with the 
prior research by Sonnery-Cottet et al.,[23] where it was found 
that males have a 50% increased probability to develop ramp 
lesions compared to females. Likewise, Liu et al. (2022) 
noted significantly higher incidence of ramp lesions in males 

during primary ACLR than in females (18.6% vs. 12.0%; 
P = 0.017). Such findings are consistent with the general 
literature regarding menisci injuries where males are usually 
more prone to such injuries, specifically between the age 
levels of 21 and 30 years.[25] This demographic should trigger 
suspicion for ramp lesions at the time of ACLR and warrant 
an assessment of the posteromedial compartment.

To the best of our knowledge, this aligns with prior research 
conducted by Sonnery-Cottet et al.,[23] who discovered that 
males tend to have a 1.5-fold higher probability of developing 
ramp lesions than females. Liu et al. also mentioned in their 
study (2022) that there is an alarmingly taller reading of 
ramp lesions among males than among females subjected 
to primary ACLR (18.6% vs. 12.0%; P = 0.017). They 
correspond with broad data on meniscus injuries which 
generally occur, more probed among men aged 21-30 years. 
25 Alarm should be raised for ramp lesions during ACLR, 
and a detailed evaluation of the posteromedial compartment 
should ultimately be undertaken. Furthermore, prior studies 
like Balazs et al. have confirmed that ramp lesions were 
substantially linked with the presence of posteromedial 
tibial bone marrow edema on pre-operative MRI, increasing 
the risk by 112% (OR: 3.0; P < 0.001).[19] This raises the 
possibility of a contact mechanism during the ACL injury. 
Nevertheless, there was little indication in this investigation 
that contact injuries and ramp lesions are related. Strong 
correlations between male sex, younger age, and the possible 
contribution of anteromedial rotatory subluxation to ramp 
lesions are examples of supporting evidence. In addition, 
Yeo et al.[4] discovered that fluid filling between the posterior 
horn medial meniscus and capsule and posterior border 
irregularity were important markers of ramp lesions, which 
may be connected to bone bruising.

Given the strong evidence from our meta-analysis, pre-
operative MRI screening for ramp lesions is recommended, 
as MRI has high specificity in detecting these lesions.[26]

Furthermore, the presence of lateral menisci tears on the same 
side significantly increased the likelihood of ramp lesions 
by 54% (OR: 1.5). This association highlights the need for 
careful evaluation of patients with lateral meniscal tears for 
potential concurrent ramp lesions to improve the surgical 
outcomes.

A lateral meniscal rupture was associated with a 190% higher 
risk of ramp lesions in patients following primary or revision 
ACL repair, according to Sonnery-Cottet et al.[23] Similarly, 
lateral meniscal rupture was linked to a 1.7-fold increased 
risk of ramp lesions, according to Balazs et al.[19] The 
relative instability brought on by lateral meniscal injuries 
or contusions as a result of lateral compartment or ACL 
damage may be related to ramp lesions, according to these 
studies. To better understand the fundamental pathoanatomic 
mechanisms, more research is necessary as the exact nature 
of this association is yet unknown.
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knee from lasting and also the reduction of graft failure, 
leading to beneficial long-term outcomes.

Limitations

The study had several limitations. Publication bias, as always 
has to be borne in mind while undertaking systematic reviews, 
can affect the results. We did not want to be limited by the 
mere statistical significance of reported risk factors and, 
hence, included all published ones. Another limitation is that 
most of the risk factors are not amenable to meta-analysis, 
so potentially a whole spectrum of possible risk variables for 
ramp lesions was probably missed. The studies included in 
this investigation mostly fell under Level 3 or 4 evidence, 
indicating that the general quality of the studies featured is 
quite poor. Quality evidence is necessary to establish cause-
effect relations and investigate further risk factors. Because we 
included both primary and revision ACLR patients, variability 
might have been introduced as revision patients are likely 
to have been predisposed to a different risk profile: having 
undergone previous surgery. However, the analysis failed to 
demonstrate a significant difference between revisions and 
primary ACLR patients concerning the incidence of ramp 
lesions. Further investigation has to be done to give a better 
definition of those risk factors for ramp lesions as well as 
improve their evidence quality. Future studies should fill 
in the critical gaps in the literature covering prospective, 
longitudinal, standardized diagnostic criteria research in 
patients with MMRL. Opportunities for clinical insight into 
ramp lesions may include studying their biomechanical role 
in ACL-deficient knees. Novel imaging modalities, such as 
3D MRI or dynamic MRI, may further enhance pre-operative 
identification of ramp lesions and, finally, large, multicenter 
randomized controlled trials comparing the different surgical 
options for treating ramp lesions.

CONCLUSION 

Younger age, male sex, full ACL tears, poster medial 
tibial bone marrow edema on MRI, and concurrent lateral 
meniscal tears are some of the major risk variables for 
medial meniscus ramp lesions in patients having ACLR that 
was identified by this comprehensive study. Results indicate 
the need for a full pre-operative examination, especially 
MRI, to detect ramp lesions, which may otherwise lead 
to knee instability. While there is scant or conflicting data 
to support any of the other variables revision ACLR and 
chronic ACL injury, identification of possible links here 
will lead to better ramp lesion management and improved 
accuracy of diagnosis. More and better studies must be 
done to establish these links and confirm causation with 
the ultimate objective of improving clinical outcomes for 
patients with ACL injuries.

In both initial and revision ACLR instances, patients with 
total ACL tears were found to have a threefold higher risk of 
acquiring ramp lesions than those with partial tears. Although 
this result is in line with earlier research, the effect size seen 
in this study was smaller. Seil et al.,[3] for example, found that 
people with total ACL ruptures were 8.7 times more likely 
to present with ramp lesions than people with partial rips, 
indicating a much increased risk.

These results reinforce the importance of assessing ramp 
lesions during ACLR, particularly in patients with complete 
tear. The difference in risk may be attributed to increased 
knee hypermobility caused by complete ACL ruptures, 
which place more strain on the meniscocapsular junction. 
By contrast, patients with partial ACL tears may retain some 
stability, thereby reducing the likelihood of ramp lesion 
development. This suggests that non-operative management 
of partial tears may help prevent additional stress on the 
meniscocapsular structures, potentially avoiding ramp 
lesions.

Biomechanical consequences of not addressing ramp 
lesions during ACLR highlight the importance of accurately 
identifying risk factors. Studies have shown that untreated 
ramp lesions can lead to persistent anterior and rotational 
knee instability, including increased anterior tibial translation, 
internal and external rotation, and pivot shift in ACL-deficient 
knees.[4,28] Notably, when ramp lesions coexist with ACL 
injuries, the pivot shift is often not corrected by ACLR alone. 
However, repairing the ramp lesion during ACLR restores 
stability and eliminates pivot shifts.[29]

All these observations suggest that ramp lesions should be 
kept in mind by a surgeon in specific patients with risk factors 
such as posteromedial tibial bone marrow edema. Detachment 
of the meniscocapsular junction may cause hypermobility of 
the posteromedial compartment, thus preventing the natural 
healing process of this damage and endangering the result of 
surgery. The identification and repair of ramp lesions would 
certainly be a step toward achieving optimal knee stability 
and better rehabilitation results for patients undergoing 
ACLR.[30]

Clinical implications

Identification of young male sex and complete ACL tear 
as significant risk factors for MMRL has a direct impact 
on clinical practice. When performing an ACLR, surgeons 
should maintain a high degree of suspicion for ramp lesions 
in male patients under 30 years of age, especially with MRI 
evidence of posteromedial tibial edema or associated lateral 
meniscal tears. Pre-operative MRI facilitates the hunting of 
these risk factors, but the diagnosis and treatment of ramp 
lesions may need intraoperative assessment through the 
posteromedial portal. The early diagnosis and intervention of 
MMRL at the time of ACLR may help to prevent a rickety 
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