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Abstract 

Purpose: We conducted a systematic review of the published literature with regard to the diagnosis 

and treatment of ramp lesions (RLs) in Anterior Cruciate Ligament (ACL) deficient knees aiming to as-

sess the accuracy of Magnetic Resonance Imaging (MRI), compared to arthroscopy, in establishing the 

presence of a RL and the clinical efficacy of surgical repair of RLs. 

Methods: A comprehensive search of the MEDLINE, Web of Science and Scopus databases was 

performed according to PRISMA guidelines. Studies assessing MRI diagnostic accuracy for RLs or the 

clinical effect of RL repair in participants with acute or chronic ACL injuries were included. Diagnostic 

accuracy measures were pooled, analysed and plotted in forest plots. Preoperative and at last follow-

up treatment efficacy outcome measures were extracted and plotted in forest plots, for graphical com-

prehension.  

Results: Sixteen studies met the criteria and were included. The diagnostic analysis showed a 

pooled sensitivity, specificity, positive and negative likelihood ratios of 65.1% (95% CI, 59.73 to 70.42), 

91.6% (95% CI, 89.14 to 94.05), 2.91 (95% CI, 2.38-3.55) and 0.53 (95% CI, 0.44-0.64), respectively, 

with high heterogeneity (I2 above 80%) for all measures. Treatment analysis showed improved clinical 

scores (Lysholm Knee Score, IKDC score and laxity difference between the knees) in all studies after 

meniscal suture repair. A separate analysis showed no differences between repair of smaller, stable, 

ramp lesions with meniscal sutures and repair with abrasion and trephination only. 

Conclusion: Although the results present considerable heterogeneity and quality could be improved, 

MRI seems to demonstrate moderate accuracy in the diagnosis of RLs in patients presenting with acute 

or chronic ACL tear and the surgical repair of RLs can be associated with improved overall outcomes. 

A continued interest in the development of knowledge of this condition is essential.  

Level of Evidence: III, Systematic review of Level-III studies.  
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Introduction 

Primarily described in 1988 by Strobel1, and again in 2010 by Bollen2, injury to the peripheral attach-

ment of the posterior horn of the medial meniscus (termed “Ramp Lesion”) after Anterior Cruciate Liga-

ment (ACL) lesion still remains an understudied topic.  

The coexistence of ACL rupture and other knee injuries has been described in many studies. ACL 

rupture is associated with a meniscal injury in over 50% (16-82%, in different studies) of acute ACL 

ruptures undergoing ACL repair and over 80% of chronic ACL ruptures.3-9  

The medial meniscus is firmly attached to the tibia and femur, allowing it to act as a knee stabilizer, 

behaving as a wedge against the tibia and preventing anterior translation, especially in the ACL-deficient 

knee.10-16 For these reasons the medial meniscus is especially susceptible to injuries after ACL lesion. 

Besides being named ramp lesions (RL), these injuries are often described as meniscocapsular sep-

arations and meniscosynovial tears.11 Originally, the term referred to a longitudinal tear of the peripheral 

attachment of the posterior horn of the medial meniscus (PHMM) at the meniscocapsular junction. How-

ever, recent literature has extended the definition to include injury of the meniscotibial ligament and 

peripheral longitudinal tears in the Red-Red zone of the PHMM.11, 17-21 For the purposes of this review, 

all these descriptions will be considered as RLs. 

Thaunat et al19 proposed a classification system based on possible arthroscopic findings (tear loca-

tion and pattern, degree of mobility at probing and visibility), dividing RLs into five subtypes, type 1 – 

meniscocapsular lesions (very peripheral, located in the synovial sheath, with very little mobility at prob-

ing), type 2 – partial superior lesion (stable lesions, only diagnosed by a trans-notch view, with little 

mobility at probing), type 3 – partial inferior or hidden lesion (not visible, suspected when there is signif-

icant mobility at probing), type 4 – complete tear in the red-red zone, and type 5 – double  tear in the 

red-red zone of the PHMM.  

Seil et al22 proposed a different classification, based on criteria important for the decision of further 

therapy: the mediolateral extent of the lesion, distinguishing complete lesions (across the entire base of 

the ramp) form partial lesions (only medial or central), and the behaviour of the capsule-ligament com-

plex during flexion of the knee joint, differentiating adherent lesions, with self-healing potential, from 

dehiscent lesions, requiring repair. 
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 The epidemiology of RLs is still incompletely defined. Incidence ranges from 9% to 40% in many 

small populations studies, becoming higher with chronicity of ACL deficiency.2, 13, 23, 24 Shelbourne et al25 

found an incidence of 12.5% in 3385 patients who underwent ACL reconstruction between 1997 and 

2010.25 Male sex, younger age, chronic (> 6 weeks) ACL injury, increased time from injury, and pres-

ence of a lateral meniscal tear are all significant risk factors for ramp lesions.26, 27 Contact sports have 

been appointed as risk factors by some authors, but the results are discordant across different studies.27, 

28 Song et al23 found an association between an increased Medial Meniscal Slope (MMS) in MR imaging 

and the presence of a RL.28  

When a RL is present in an ACL-deficient knee, anterior and external rotational laxities are signifi-

cantly increased, compared to isolated ACL injury. In such cases, repair of the ACL alone does not fully 

correct this abnormality, suggesting the importance of diagnosing and repairing the meniscal injury dur-

ing ACL reconstruction surgery.12, 29, 30 However, clinical identification can be a troublesome situation. 

There are no specific clinical tests for the diagnosis of RLs and common tests for meniscal tears are not 

accurate in diagnosing RLs.31 

In spite of its rare usage, the diagnostic accuracy of ultrasound for meniscal tears is relatively high 

but its accuracy in the specific detection of RLs is still widely unexplored.32, 33 As for Magnetic Resonance 

Imaging (mri), whilst a reliable diagnostic modality for most meniscal pathologies,34 its sensitivity and 

specificity for the diagnosis of RL have been questioned by some authors, marking the need for further 

research, especially for a quantitative analysis of data from the existing studies. 2, 31, 35  

The general consensus is that arthroscopic evaluation, with direct visualization of the posteromedial 

meniscus and capsule, is necessary to reliably assess the occurrence of a RL after ACL injury.11 None-

theless, standard anterolateral arthroscopy portals, even with the addition of probing, have limited ac-

curacy, requiring insertion of the arthroscope in the posteromedial recess.21, 36, 37 Multiple techniques 

have been described to that effect, the most commonly used being the Gillquist, or Intercondilar, view, 

which consists in the insertion of the arthroscope through a narrow triangular space, bordered by the 

posterior cruciate ligament, medial femoral condyle, and the tibial spine.38-42 Another option is the poster-

omedial portal, performed when a “hidden lesion” is suspected or for meniscal tear repair, which consists 

on a portal close to the joint line, just above the meniscus and immediately posterior to the longitudinal 

portion of the medial collateral ligament.36, 37, 43-48 In spite of the minimal disruption of soft tissue before 
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reaching the capsule, this portal provides limited field of vision and space to establish a second (surgical) 

portal.45 Many authors suggest a systematic diagnostic approach to the diagnosis, relying in the initial 

arthroscopic evaluation through a standard anterolateral portal, followed by the intercondylar view and 

finally the posteromedial portal for patients with instability at probing of the PHMM without a clear diag-

nosis using the other portals.21, 48 

What to do when a ramp lesion is identified is not consensual and may depend on whether ACL 

injury is acute or chronic. In chronic ACL injuries, the repair of RL is consensual.11 However, in the acute 

setting, once they are located in a vascularized region of the meniscus, several authors have stated that 

shorter or more stable tears may be managed with conservative treatment following ACL reconstruc-

tion.49, 50 Conversely, some authors state that acute repair is necessary since the hypermobility of the 

detached meniscocapsular structure delays, or even impedes, spontaneous healing.13, 51, 52 

Repair options may include open repair, termed posteromedial arthrotomy,53, 54 now widely replaced 

by other techniques, as the inside-out and the all-inside repair techniques, both providing similar re-

sults.1, 20, 55 The inside-out repair technique offers versatility in the number and placement of sutures, 

potentially creating a stronger construct, appropriate for tears extending anteriorly through the menis-

cus.56 All-inside suture repair technique is associated with less neurovascular risks, but is associated 

with implant breakage/migration, nerve irritation, and chondral damage.11, 57, 58 For small and stable 

subacute or chronic injuries, stimulation of a healing response with abrasion and trephination may be 

recommended.20  

The existing literature lacks a comprehensive analysis of data from the existing treatment studies, in 

order to clearly understand the added benefit of repairing the meniscal tear. 

After RL repair, there are no evidence-based rehabilitation protocols described in the literature. In 

the setting of ACL reconstruction, the standard protocol for ACL reconstruction rehabilitation is recom-

mended, and is the option most authors use.11, 52 Preventing excessive weightbearing and joint com-

pressive forces, that lead to disruption of meniscal healing has proved beneficial for the medial menis-

cus.31, 52, 59, 60. Thus, it is recommended to restrict passive flexion to 90º and all active flexion for, at least, 

the first two weeks postoperatively, while full weight bearing should not be allowed for, at least, three to 

four weeks postoperatively.52, 59, 60 Also, knee rotation should be avoided in the first 3 weeks, as knee 
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rotation increases medial meniscus mobility.11 Pivot or contact activities and squatting and lifting exer-

cises, should be restricted for at least 4 to 6 months, at which full activity can be allowed.11, 52, 59, 60 

We conducted a systematic review of the published literature with regard to the diagnosis and treat-

ment of RLs in ACL deficient knees aiming to assess the accuracy of MRI (compared to arthroscopy) in 

establishing the presence of a ramp lesion and the clinical efficacy of the surgical repair of RLs, by 

evaluating the difference between preoperative and postoperative knee scores. Our hypothesis was that 

MRI can adequately diagnose or exclude ramp lesions and surgical repair of ramp lesion leads to im-

proved clinical outcomes at final follow-up. 
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Methods 

The present study was conducted according to the PRISMA guidelines.61 A protocol for the conduc-

tion of the review was written before the start of the study and followed until the end of the review.  

Study Eligibility 

Types of studies: all study designs, except for case reports, ex vivo studies, reviews and technical 

notes, were included, without publication date, status or language restrictions 

Participants: Studies were considered when they examined participants, of any age, with acute or 

chronic ACL rupture undergoing (or who underwent) reconstruction and at risk for or diagnosed with a 

concomitant ramp lesion.  

Interventions and Comparisons: studies were included if they compared the diagnostic accuracy of 

Magnetic Resonance Imaging (MRI) with arthroscopy (gold standard) or if they assessed the long-term 

clinical effect of ramp lesion repair (through any method of repair). 

Outcomes: primary outcomes considered were sensitivity, specificity and likelihood ratios for the di-

agnostic studies and Lysholm Knee Score, International Knee Documentation Committee (IKDC) Score 

and Laxity Difference between the affected and the non-affected knees, for the treatment analysis. Ar-

ticles not presenting any of the aforementioned outcomes or without a pre-treatment analysis of patients 

were excluded. 

Literature Search 

Included databases were MEDLINE, Web of Science and Scopus. The last search was run on 

12/01/2020 and search clauses can be found in appendix. The search terms cover a broad spectrum of 

meniscus and associated knee injuries, to avoid missing relevant literature. As a result of the different 

designations of RLs, keywords such as “ramp”, “hidden”, “meniscocapsular”, “meniscosynovial” and 

“posteromedial” were included in the search clause. The use of additional limiters and filters was re-

stricted, in order to avoid missing potentially relevant studies. The reference lists of the selected articles 

were also checked for relevancy. 

Study Selection and Data Abstraction 
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Two researchers independently screened the titles and abstracts yielded by the database searches 

against the inclusion criteria. Disagreements were solved by consensus. Full reports for all titles and 

abstracts that appeared to have met the inclusion criteria or where there was some uncertainty were 

sought.  Full text reports were then screened and included if they met the inclusion criteria. Reasons for 

excluding papers were recorded. None of the researchers was blinded to the journal titles, authors or 

institutions.  

Data regarding the study sample and methodology, intervention details (MRI and surgical tech-

niques), and all reported important outcomes were systematically extracted from the included studies, 

following the predefined protocol. 

Risk of Bias Assessment 

The QUADAS-2 instrument was used to assess possible risk of bias in diagnostic studies, according 

to the Cochrane Collaboration recommendation.62 Each of the 11 recommended quality items was 

judged as ‘yes’ or ‘no’, according to whether that characteristic was present. When there was insufficient 

detail reported in the study, that item was judged ‘unclear’.  

For the treatment studies, we evaluated the quality of the included articles using the MINORS63 val-

idated instrument, designed for non-randomized surgical studies and based on 12 items, the last four 

specific for comparative studies. Each item was scored as “0”, “1” or “2”, if the item was not reported, 

reported but inadequate or reported and adequate, respectively.  

Quality assessment was accomplished by one of the authors. Results are presented for each item, 

independently. 

Data Analysis 

Sensitivity, specificity and positive and negative likelihood ratios (LR), with corresponding 95% con-

fidence intervals (CI), were extracted whenever provided in the original reports, or computed with the 

available information. The diagnostic accuracy measures were pooled and analysed using a random 

effects model and plotted in forest plots. Statistical heterogeneity was tested using the I2 statistic. 

Preoperative and at last follow-up treatment efficacy outcome measures were extracted and plotted 

in forest plots for graphical comprehension of the results. No meta-analysis of these results was at-

tempted, since no measures of association were provided in most studies. A separate analysis with two 
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studies64, 65 was performed to compare the efficacy of meniscal suture to abrasion and trephination only, 

in small (< 1.5 cm) and stable Ramp Lesions.  

Unless otherwise noted, continuous variables were expressed as means and 95% confidence inter-

vals (CI) and categorical variables were expressed as frequencies. Standard deviations were used to 

estimate 95% confidence intervals, when CI were not provided.  

Stata software (version 15.1) was used for the meta-analysis and to produce forest plots. A P < 0.05 

was considered statistically significant.  
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Results 

Literature Search  

The systematic review flow chart is presented as Figure 1. Initial search through the databases re-

trieved 1102 articles. A total of 16 original research articles were included in the systematic review, eight 

studies were included in the diagnostic analysis and nine studies were included in the treatment analy-

sis, with one study66 being included in both portions. 

Characteristics of the Included Studies  

The study and patient characteristics from the included studies are summarized in Table 1. All studies 

were conducted in a single center and evaluated a total of 1959 patients. Populations depicted in the 

studies presented a predominance of males (except in one study by Furumatsu et al67) and young adults.  

The MRI characteristics of the diagnostic studies included are summarized in Table 2. Hatayama et 

al [41] used two cohorts in their study to compare different magnet strengths in the diagnosis of RL (3.0-

Tesla versus 1.5-Tesla). MRI diagnostic criteria are similar in all but one study by Kumar et al68, where 

they used oedema of the tibial plateau as a marker of RLs. Sagittal fat-suppressed proton density-

weighted image and fat-suppressed T2-weighted image were the preferred sequences. Only two stud-

ies69, 70 reported the interpretation of the MR images simultaneously by a musculoskeletal radiologist 

and an orthopaedic surgeon, the remaining reported MRI interpretation by either a radiologist or a sur-

geon only. The estimated time from injury to the diagnostic MRI was not mentioned in any of the studies. 

Table 3 compiles the treatment approaches from the studies included in the review. ACL reconstruc-

tion was performed in all patients, either by a hamstring autograft (640 patients), a patellar bone-tendon-

patellar bone autograft (98 patients) and a quadriceps tendon graft (two patients). The ACL reconstruc-

tion strategy was absent in three studies.66, 71, 72 Sonnery-Cottet et al73 added anterolateral ligament 

repair to the intervention in 189 patients. All studies present different postoperative rehabilitation proto-

cols, with many common key points. All patients were followed for a minimum of 12 months, except in 

the study by Gulenc et al66 (33 weeks).  

Risk of Bias Assessment 

Regarding risk of bias in the diagnostic studies, portrayed in Figure 2, all studies satisfied at least six 

of the 11 items recommended by the Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-
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2) tool. Three studies were considered of low quality concerning the representativeness of the spectrum 

of patients, as a result of the study of a paediatric population74 or the study of patients already diagnosed 

with Ramp Lesions.66, 69 The interval between MRI and the reference standard was absent in three 

studies.35, 68, 74 Blinding of the two tests results was only reported in three studies68, 69, 75 and only one 

study76 reported on the clinical information available at the time of interpretation of test results. All other 

topics were considered of high quality for every study. 

Table 4 summarizes risk of bias in the treatment studies according to the MINORS tool. Liu et al64 was 

not included in the quality assessment, as it was designed as a randomized controlled trial. This study was 

assessed to have a low overall risk of bias, according to the randomization process, blinding of the allocated 

intervention and  unbiased outcome measurements. Blinding of the interventions to the investigators as-

sessing the outcomes was only performed in one study, by Sonnery-Cottet et al73, as was the case for 

prospective calculation of the study sample, performed only in the study by Keyhani et al71. 

Diagnostic Accuracy of MRI  

Figure 3 depicts the forest plots summarizing the accuracy of magnetic resonance imaging in the 

detection of ramp lesions. The pooled results showed a sensitivity of 65.08% (95% CI, 59.73 to 70.42), 

a specificity of 91.59% (95% CI, 89.14 to 94.05), a positive likelihood ratio of 2.91 (95% CI, 2.38 to 3.55) 

and a negative likelihood ratio of 0.53 (95% CI, 0.44 to 0.64). Heterogeneity was high, with I2 statistics 

above 80% for all outcomes evaluated. 

Treatment Efficacy of Ramp Lesion Repair 

Figure 4 shows the forest plots describing the results from studies that evaluated the effects of treat-

ment. Mean preoperative and final Lysholm Knee Scores ranged from 56.8 to 68.6 and 84.5 to 94.4, 

respectively. Mean preoperative and final IKDC scores ranged from 52.7 to 64.3 and 82.1 to 90.6, re-

spectively. Mean preoperative and final laxity differences between the affected and the unaffected knees 

ranged from 6.1 mm to 7.2 mm and 0.4 mm to 1.6 mm, respectively. The improved final outcomes are 

statistically significant in all studies (P < 0.05), using tests for paired samples. 

Figure 5 presents the comparison of the all-inside suture technique of the medial meniscus versus 

abrasion and trephination for the repair of small and stable Ramp Lesions (< 1.5 cm), in the two studies 

that evaluated both techniques. Lysholm Knee Scores, IKDC scores and laxity differences between the 
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affected and the unaffected knees in both groups increased significantly postoperatively (P < 0.05), but 

no significant differences were observed between the two groups before or after the surgery (P > 0.05) 

in both studies. 
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Discussion 

The results of this review demonstrated that MRI has a moderate sensitivity (65%) and a high spec-

ificity (92%) in the diagnosis of Ramp Lesions. The positive and negative likelihood ratios (2.91 and 

0.53, respectively) indicate a questionable clinical significance of the MRI, as the pre-test probability will 

only suffer slight (around 15%) modifications after MRI interpretation.  

MRI has been appointed as a reliable diagnostic modality for most medial meniscal pathologies, with 

sensitivities of over 90% and specificities of over 80%, in two systematic reviews with meta-analysis.34, 

77, 78 This accuracy for the diagnosis of medial meniscus injury is said to be lower in the presence of an 

ACL tear,79, 80 which may explain the lower sensitivity of MRI for the diagnosis of RLs found in this 

review. DePhillipo et al38 inquired 36 directors of orthopaedic sports medicine through an electronic 

questionnaire and found that despite 89% of surgeons stated that they routinely use MRI for the diag-

nosis, 50% believed that they are rarely or only sometimes accurate in the diagnosis.38 In fact, our results 

suggest that MRI may have a good accuracy in the diagnosis of RLs, but arthroscopy remains the ref-

erence standard and should not be replaced by MRI, as stated in the literature for other cartilage dam-

ages in the knee.77, 78, 81 

Our results showed that Lysholm Knee Scores, IKDC scores and laxity differences between the af-

fected and the unaffected knees significantly improve after ramp lesion repair with sutures. In small and 

stable ramp lesions (< 1.5 cm) no significant differences were found between all-inside sutures and 

abrasion and trephination of the meniscus, suggesting that in these cases, abrasion and trephination 

may be a viable option for the management of RLs. 

Repair of the medial meniscus in the context of ACL reconstruction has been associated with high 

success rates, when evaluated by second-look arthroscopy (complete healing ranging from 82.1 to 

97.4%), with little complications and satisfactory clinical results.51, 82, 83 Results from this review showed 

that the surgical repair of ramp lesions leads to improved clinical results compared to preoperative 

scores. Despite the absence of a meta-analysis of these results, because no effect measures for direct 

comparisons between the pre and post treatment periods were provided in the original reports, the visual 

presentation of the results in forest plots provides a good picture of the benefit of surgery and differs 

from previous reviews.17, 84 
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It is generally accepted that extensive medial meniscal injuries require surgical repair (with inside-

out or all-inside sutures) and 92% of surgeons report surgical repair of meniscal RLs in their clinical 

practice.38 On the other hand, there is some controversy in the management of small and stable menis-

cal tears.49, 85, 86 In the two studies included in this review, comparing all-inside sutures to abrasion and 

trephination of the meniscus, the overall outcomes were similar.  

Limitations 

The present systematic review has a few limitations that should be discussed. This review analyses 

data of a relatively small number of studies. Regardless of the comprehensiveness of the search ex-

pressions, the use of multiple databases and the inclusion of articles in several languages, the available 

literature on this topic is scarce and some of the articles failed to report important outcomes (such as, 

sensitivity and specificity for diagnostic studies 2, 21, 24, 87, 88 and preoperative plus postoperative clinical 

outcomes 27, 89-91 for treatment studies) and had to be excluded. 

Both the diagnostic and treatment studies included are heterogeneous regarding the methods used. 

Different magnet strengths, different knee position and differences in the diagnostic criteria could be 

responsible for the differences in sensitivity and specificity and for the heterogeneity encountered. In the 

treatment studies, differences between the surgery and postoperative protocols could also be responsi-

ble for some variability in the results. The evidence regarding the accuracy of different magnet strengths 

in the diagnosis of meniscal injuries is conflicting92-95, but a recent meta-analysis96 showed no statisti-

cally significant difference between the 1.5-T and 3-T groups in sensitivity and specificity. There are no 

defined criteria to diagnose RLs on MRI, but irregular posterior meniscal outline and fluid separating the 

meniscus and capsule, are considered to correlate best with the diagnosis of RLs34, 97 and may explain 

the conflicting results found by Kumar et al68. Considering patient position, Bollen2 hypothesized that 

when the knee is in near full extension, meniscocapsular separation is reduced, making  the diagnosis 

harder and affecting the sensitivity of MRIs. To our knowledge, no study has compared the efficacy of 

all-inside suture using a device with all-inside suture using a hook. Visual inspection of the forest plot 

conveys the impression that outcomes between the two methods are similar, but a more objective ap-

proach is important and missing in the literature. Sonnery-Cottet et al73 performed anterolateral ligament 

reconstruction in 189 patients, but no significant differences were found between the two groups. Also, 

we found variability between the postoperative rehabilitation protocols adopted by each article and, even 
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though most share the same basic principles, a standardization of the postoperative protocol is needed 

for future research. 

The studies included in this review were also heterogeneous regarding the amount of information 

provided. Mean time from injury to the diagnostic MRI was absent in all the diagnostic studies and time 

from MRI to arthroscopy was missing in three35, 68, 74. RLs may heal spontaneously, causing a mismatch 

between the MRI and arthroscopic findings if there is substantial delay between the two methods. The 

amount of clinical information available to the radiologist at the time of MRI interpretation was omitted 

in most articles. Combination of clinical and MRI findings provides the most accurate non-invasive 

method currently available for diagnosing injuries of the menisci.77 Time from injury to surgery (and 

distinction between acute or chronic injuries) was also absent in many treatment studies. As chronicity 

of the lesion can be a factor in the decision of treatment, this information is valuable and should be 

reported by the studies. Further radiological studies are warranted using standardized optimal conditions 

(as knee positioning and MRI sequences evaluated) and the inclusion of clinical findings in the evalua-

tion of the images, possibly leading to the development of preoperative diagnostic algorithms. 

The studies that addressed the effects of treatment present many quality issues. Most studies18, 66, 

71, 72, 98 were uncontrolled before-after studies with a single preoperative outcome measurement, pre-

senting a serious risk of bias, as we cannot be sure that the observed improvements are due to the 

intervention, instead of other factors. The absence of blinding was also common across the reviewed 

studies and contributes to an increased risk of bias. Further studies comparing different surgical options 

and the non-surgical management of these injuries are warranted to make assertions regarding the 

correct approach in the management of these conditions.  
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Conclusion 

Notwithstanding the longevity of recognition of ramp lesions, risk factors for developing this type of 

injury, the incidence, diagnosis and the outcomes of treatment remain incompletely defined. Although 

the results present considerable heterogeneity and the quality could be improved, MRI seems to demon-

strate moderate accuracy in the diagnosis of ramp lesions in patients presenting with acute or chronic 

ACL tear and the surgical repair of ramp lesions can be associated with improved overall outcomes. A 

continued interest in the development of knowledge of this condition is essential.  
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Appendix 

Database query string for PubMed: (tibial meniscus injuries[Mesh] AND (“ramp” OR “hidden” OR 

“meniscocapsular” OR “meniscosynovial” OR “posteromedial” OR (“medial” AND “peripheral”))) OR 

((“Anterior Cruciate Ligament Injuries”[Mesh] OR “meniscus”[Tiab] OR “meniscal”[Tiab]) AND 

(“ramp”[Tiab] OR “hidden”[Tiab]) AND “lesion”[Tiab]) OR (“meniscocapsular”[Tiab] OR “meniscosyno-

vial”[Tiab] OR ((“meniscus”[Tiab] OR “meniscal”[Tiab]) AND ((“peripheral”[Tiab] AND “medial”[Tiab]) 

OR “posteromedial”[Tiab])) AND (lesion[Tiab] OR “tear”[Tiab] OR “separation”[Tiab])). 

Database query string for Scopus and Web of Science: TITLE-ABS-KEY ((ramp AND lesion) OR 

(hidden AND lesion) AND (meniscus OR meniscal OR (Anterior AND Cruciate AND Ligament))) OR 

(meniscocapsular OR meniscosynovial OR ((meniscus OR meniscal) AND posteromedial) AND (sepa-

ration OR tear OR lesion OR injury)). 
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Tables  

TABLE 1. Study and Patient Characteristics* 

Author (Year) Study Period Design  𝑵 Age, y† Male, % Focus 

Arner (2017)75 2013 to 2015    P/NC  90 28 ± 10 

(14-45) 

50.0 D 

Chen (2018)98 Aug/2010 to Dec/2014 R/C  46 26 (18–41) 73.9 T 

DePhillipo (2017)69  

 

April/2010 to July/2016 P/C  301 29.6 ± 12.5 

(14-61) 

66.0 D 

Furumatsu (2014)67 July/2009 to Dec/2011 P/C  20 19 (15-38) 40.0 T 

Gulenc (2019)66 2017 P/NC  15 26.8 (18-35) 53.3 D/T 

Hatayama (2018)70 April/2013 to Aug/2017 P/C  155 25.3 (13-60)  51.0  D 

Keyhani (2017)71 2011 to 2014 P/C  128 24 (18-48) 83.6 T 

Kim (2018)35 June/2011 to April/2015 P/C  195 31.7 ± 11.7 88.2 D 

Kumar (2018)68  Jan/2006 to June/2016 R/C  178 NR. NR. D 

Li (2015)72  Aug/2011 to Feb/2014 P/C  23 NR. NR. T 

Liu‡ (2017)64 Aug/2008 to April/2012 P/C (SG) 50 35.6 ± 8.5 76 T 

(AG) 41 34.8 ± 9.1 73.2 

Malatray (2018)74  Oct/2014 to May/2016 P/C  56 14.0 ± 1.3 

(12-17) 

76.8 D 

Sonnery-Cottet 

(2018)73  

Jan/2013 and Aug/2015 R/C  383 27.4 ± 9.2 

(14-60) 

76.5 T 

Thaunat (2016)18 Oct/2012 to March/2013 P/C  132 26.4 (12-57) 83.3 T 

Yang‡ (2017)65 

 

Jan/2010 to Jan/2014 R/C (SG) 37  35.7 ± 8.5 75.7 T 

(AG) 31 34.8 ± 8.1 74.2 

Yeo (2018)76  Jan/2015 to Sep/2017 R/C  78 37.3 (19-52) 82.1 D 

*AG, abrasion and trephination group; Aug, August; D, diagnosis; Dec, December; Feb, February; 

Jan, January; NR, not reported; Oct, October; P, prospective; R, retrospective; Sep, September; SG, 

meniscal suture group; T, treatment; Y, years 

†Age is expressed as mean ± SD (Range), when available. 

‡Liu et al64 and Yang et al65 used 2 different cohorts to compare different treatment approaches. 
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TABLE 2. MRI characteristics of the Studies included in this review* 

Author 

(Year) 

Knee Po-

sition 

Magnet 

Strength, T 

Slice Thickness 

& MRI Sequence 

RLs, 

% 
Diagnostic Criteria 

Arner 

(2017)75 

Near full 

extension. 

1.5 3 mm; Se-

quences NR. 

14.4 High SI or separation between the 

posterior capsule and the PHMM. 

DePhillipo 

(2017)69  

NR. 3.0 or 1.5 NR; Sag. PDFS 

and T2FS. 

16.6 High SI or separation between the 

posterior capsule and the PHMM. 

Gulenc 

(2019)66  

NR. NR. NR; Sagittal T2FS. NR. Separation between the  capsule 

and the PHMM or tibial oedema. 

Hatayama† 

(2018)70  

Near full 

extension. 

3.0 

(𝑁 = 59) 

2 mm; Sag. PDFS. 20.3 High SI or separation between the 

posterior capsule and the PHMM. 

1.5 

(𝑁 = 96) 

NR. 37.8 

Kim 

(2018)35  

NR. NR. NR; Sag. PDFS. 25.6 Peripheral LT ≤ 4 mm of the menis-

cocapsular junction of the PHMM. 

Kumar 

(2018)68  

NR. NR. NR; Sag. PDFS 

and T2FS. 

14.9 Oedema of the posterior medial   

tibial plateau. 

Malatray 

(2018)74 

Near full 

extension. 

NR. NR. 23.2 Peripheral LT of the meniscocapsu-

lar junction of the PHMM. 

Yeo 

(2018)76  

Neutral 3.0 or 1.5 3 - 4 mm; Sag. 

PDFS and T2FS. 

9.0 High SI or separation between the 

posterior capsule and the PHMM. 

*LT, longitudinal tear; MRI, Magnetic Resonance Imaging; NR, not reported; PDFS, Fat-suppressed 

Proton Density-weighted image; PHMM, posterior horn of the Medial Meniscus; RLs, proportion of ramp 

lesions; Sag, Sagittal; SI, fluid-like Signal Intensity; TFI, time from injury; T2FS, fat-suppressed T2-

weighted image; T, Tesla. 

†Hatayama et al70 used 2 cohorts to compare different magnet strengths in the diagnosis of ramp 

lesions. 



29 

 

TABLE 3. Treatment Methods from the Studies included in this review* 

Author (Year) 
Surgery Details & 

ACL Graft 
Postoperative Protocol 

TFI to 

Repair 

Follow-

up Time 

Adverse 

Events 

Chen (2018)98  All-inside suture de-

vice (FasT-Fix). HT. 

0º-90º at 4 wks; full WB/ROM 

in 6 wk; full activity at 6 mo. 

NR. 32 mo. 2 femoral con-

dyle injuries. 

Furumatsu 

(2014)67  

All-inside suture de-

vice (FasT-Fix). 

BPTB, HT. 

Partial WB in 2 wk; full WB in 4-

6 wk; full activity in 5-8 mo. 

6 mo. 24 mo. 5% secondary 

interventions. 

Gulenc 

(2019)66  

All-inside suture 

technique. NR. 

0-90° by the 3rd wk; full activity 

in 4-6 mo. 

NR. 33.1 ± 

12.7 wk.  

NR. 

Keyhani 

(2017)71  

All-inside suture 

with hook. NR. 

0°-90° and partial WB after 2-4 

wk; full WB and ROM at 6 wk. 

NR. > 24 mo. Residual joint 

pain in 3 pts.  

Li (2015)72  All-inside suture de-

vice (FasT-Fix). NR. 

0º-90º by the 4th wk; full WB in 

6 wk; full activity after 6 mo. 

NR. 14 mo. NR. 

Liu (2017)64  All-inside suture 

with hook. HT. 

0º-90º by the 4th wk; full WB at 

4 wk; full activity at 9-12 mo. 

NR. 37.9 ± 

15.9 mo. 

NR. 

Sonnery-Cottet 

(2018)73  

All-inside suture with 

hook. BPTB, HT. 

0º-90º by the 4th wk; WB as tol-

erated; full activity at 8-9 mo. 

13.5 ± 

32 mo. 

37.4 ± 9 

mo. 

NR. 

Thaunat 

(2016)18 

All-inside suture 

with hook. HT, 

BPTB, QT. 

0º-90º by the 6th wk; full WB in 

3 wk; full activity at 9 mo. 

NR 27 mo. 

 

2 hematomas 

needing lavage. 

Yang (2017)65  All-inside suture de-

vice (FasT-Fix). HT. 

Partial WB at 8 wks; full WB at 

12 wk; full activity after 6 mo. 

45.2 ± 

28.1 d 

> 24 mo. Residual joint 

pain in 3 pts. 

Liu (2017)64  

 

Abrasion and treph-

ination. HT. 

0º-90º by the 4th wk; full WB at 

4 wk; full activity at 9-12 mo. 

NR. 40.3 ± 

16.5 mo. 

NR. 

Yang (2017)65  Abrasion and treph-

ination. HT. 

Partial WB at 8 wks; full WB at 

12 wk; full activity after 6 mo. 

42.8 ± 

25.4 d 

> 24 mo. Residual joint 

pain in 2 pts. 

*ACL, Anterior Cruciate Ligament; BTB, bone-tendon-bone autograft;  d, days; mo, months; HT, ham-

string tendon autograft; NR, not reported; pts, patients; QT, quadriceps tendon autograft; ROM, range 

of motion; TFI, time from injury; WB, weight-bearing; wk, weeks. 
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TABLE 4.  Risk of bias for treatment studies using the MINORS tool. 
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Chen et al98 1 2 0 2 0 2 2 0 - - - - 

Furumatsu et al67 2 2 1 2 0 2 2 0 - - - - 

Gulenc et al66  1 1 0 2 0 1 2 0 - - - - 

Keyhani et al71  2 2 0 2 0 2 2 2 - - - - 

Li et al72  0 2 0 1 0 2 2 0 - - - - 

Sonnery-Cottet et al73 2 2 2 2 2 2 1 0 2 2 1 2 

Thaunat et al18 2 2 0 2 0 2 2 0 - - - - 

Yang et al65 2 2 1 2 0 2 2 0 2 2 2 2 

Aim: clearly stated aim; Consecutive Patients: all patients fit for inclusion have been included; 

Prospective Collection: data collected according to a pre-established protocol; Appropriate 

Endpoints: endpoints appropriate to the aim of the study; Endpoint Assessment: unbiased 

blinded assessment; Follow-up Period: appropriate to the aim of the study; Loss to follow up:  

less than 5%; Study Size Calculation: prospective calculation of the study size. Additional criteria 

for comparative studies: Control Group: adequate control group; Contemporary groups: both 

groups managed in the same time period; Baseline Equivalence: similar groups; Statistical Anal-

yses: in accordance with the type of study. 

0: not reported; 1: reported but inadequate; 2: reported and adequate. 
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Figures  

FIGURE 2. Risk of bias of the diagnostic studies, using the QUADAS-2 tool. 

0% 25% 50% 75% 100%

Representative spectrum

Acceptable gold standard

Acceptable delay between tests

Avoided partial verification

Avoided differential verification

Avoided incorporation

Blinded index test results
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Reported uninterpretable results

Withdrawals explained

Yes (High Quality)

Unclear
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FIGURE 1. Study selection process for the Systematic Review using the PRISMA (Preferred Report-

ing Items for Systematic Reviews and Meta-Analyses) guidelines. Gulenc et al66 was included in both 

portions of the analysis. 
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FIGURE 3. Forest plots summarizing MRI accuracy in the detection of ramp lesions.  

Dots in squares represent the estimated measures while the horizontal lines represent the 95% CI. 

The diamond shape represents the combined estimate. I2 with 95% CI and the result of the using the 

chi-squared test are also provided. 

Hatayama et al70 used 2 different cohorts to compare different magnet strengths, 3-Tesla (upper) 

and 1,5-Tesla (lower). 
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FIGURE 4. Forest plots grouping the mean Pre-operative and Final (at final follow-up) Lysholm Knee 

Scores, International Knee Documentation Committee scores and laxity differences between the af-

fected and the unaffected knee.  

Dots in squares represent the estimated measures while the horizontal lines represent the 95% CI. 

*only point estimates are presented because no confidence intervals or information to compute them 

were available from these studies. 
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FIGURE 5. Forest plots comparing the mean Preoperative and Final (at final follow-up) outcomes 

between all-inside suture of the medial meniscus versus abrasion and trephination for the repair of small 

and stable Ramp Lesions (< 1.5 cm), in the two studies that evaluated both techniques. 

Dots in squares represent the estimated measures while the horizontal lines represent the 95% CI. 
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all authors. 
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Refer to Harris JD, Brand JC, Cote MP, Dhawan A; Research Pearls: The Significance of Statistics 
of Perils of Pooling: Pearls and Pitfalls of Meta-analyses and Systematic reviews; Arthroscopy 2017; E-
published April 27, 2017 for guidance in design, conduct, reporting, and publishing SR/MA in 
Arthroscopy. 

General 

Review authors are encouraged, but not required, to register the systematic review (SR) on 
PROSPERO (https://www.crd.york.ac.uk/PROSPERO/) after the review topic is conceived, but before 
the conduct of the review begins. Submission of a SR should follow the 27-item PRISMA checklist 
(http://www.prisma-statement.org/). The following guidelines incorporate key elements of the PRISMA 
checklist and are intended to improve the quality of SR submissions: 

Introduction 

• Rationale for why a SR is needed should be clearly described. What is already known about the 
topic, current gaps in knowledge, and why a SR is likely to produce evidence that will serve to 
address these gaps should be clearly stated. If a similar or identical SR/MA has been published in 
last 5 to 10 years, then the submitted SR/MA must show that the evidence has changed. 
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• Define the specific research question, preferably in PICO format (Participants, Interventions, 
Comparisons, and Outcomes). 

o Example: In collision athletes, does open Bankart repair, in comparison to arthroscopic 
Bankart repair, result in lower rates of recurrent instability? 

Methods 

Study Eligibility (Inclusion and Exclusion Criteria) 

• Eligibility criteria should follow the PICO question defined in the Introduction. 
o Example:Studies that included collision athletes with a Bankart lesion undergoing primary repair, 
compared open to arthroscopic treatment, and reported recurrent instability rates at two years or 
greater follow up were eligible for inclusion. 

• Other pertinent criteria for determining eligibility including type of studies (Level of Evidence, 
study design, etc.) that was reviewed. 

o Example:Case series (Level IV evidence) or studies that did not specifically compare open 
to arthroscopic treatment were excluded. 

o Consult CEBM (http://www.cebm.net/ocebm-levels-of-evidence/) for thorough descriptions 
of level of evidence in therapeutic, diagnostic, prognostic, and economic studies. 

Literature Search 

• The search strategy (terms, string) should be described with enough detail that it could be 
reproduced. 

• Indicate which databases were searched. Two or more databases should be used (the 
combination of MEDLINE, EMBASE, and Cochrane will capture 97% of all relevant studies in 
Orthopedic Surgery SR/MA). 

• The search should be performed independently by two or more study authors to ensure no 
omission of potentially relevant subjects and resolution of disagreement in the setting of possible 
study inclusion. 

Study Selection and Data Abstraction 

• The process for selecting studies, indicating who screened the studies and how were 
disagreements managed should be clearly described. 

• The specific data that were extracted from each study and information on who abstracted the 
data, what tools (data collections forms, etc.) were used to facilitate abstraction, and how were 
disagreements managed should be described. 

Risk of Bias Assessment 

• The process used to appraise the methodological quality or risk of bias including the tools use 
for appraisal should be clearly described. 

• The tools used to evaluate the studies should be appropriate for the design of the included 
studies. Common tools include Cochrane’s Risk of Bias for randomized clinical trials, Coleman, 
Modified Coleman, CONSORT, Newcastle-Ottawa or MINORS for observational non-randomized 
studies. 

• Multiple, independent raters for the risk of bias assessment are recommended. Rater statistics 
(kappa, ICC) should be reported to quantify the degree agreement between the raters and a 
description of how disagreements were handled, i.e. how the final score was arrived at, should be 
included. 

Data Analysis 

• The primary outcome measure(s) should be clearly stated. 
o Example: The primary outcome measure was the rate of recurrent instability. Risk ratios (rate in 
open group divided by the rate in arthroscopic) were calculated for each study. 

• If a meta-analysis is performed, the rationale or criteria used for determining that pooling data 
was appropriate should be provided. 

• In nearly all situations, meta-analysis should only be performed with level I or II evidence 
studies. 

http://www.cebm.net/ocebm-levels-of-evidence/


• The methods used to analyze the data (fixed versus random effects) and measures of 
heterogeneity or consistency (I2) should be clearly described. 

• For a meta-analysis using a random effect model, prediction intervals are strongly 
recommended. 

• Plans for exploring heterogeneity or inconsistency between studies, including subgroup 
analyses and meta-regressions should be clearly described. 

• Any additional analyses (sensitivity, publication bias) should also be clearly described. 

Results 

• Presentation of the results should follow the Methods section. 

• The study selection process should be depicted in a PRISMA flow chart. 

• Risk of Bias scores should be presented for each item on the selected tools. Reporting 
aggregate scores is OK however scores for each item are needed to determine the specific areas 
where studies were at risk for bias. 

• For SR without a meta-analysis, forest plots with the summary estimate suppressed are 
recommend as they allow the effects of the individual studies and their relative size and weight to be 
displayed together in the same figure. 

Discussion and Conclusion should follow the Journal’s guidelines for original research. 

Common Errors 

• Including studies with duplicate patient populations. In some instances a SR turns up 
studies on the same patient group. Including these studies in any statistical analysis artificially 
inflates the number of patients and should be avoided. 

• Pooling diverse, heterogeneous studies with different designs.Combining non-randomized 
studies with randomized trials is typically not appropriate as these designs carry different risks of 
bias and are apt to distort the results. If a SR includes studies with different designs (randomize 
trials, cohort studies, etc.) these should be pooled separately. Typically, these are level III or IV 
evidence studies. 

• No rationale for provided for pooling non-randomized studies. If the available literature is 
limited to observational studies, a rationale for why a meta-analysis will produce valid results that 
contribute to the understanding of the problem under question is needed. If one can not be reached, 
a meta-analysis should be avoided. 

• Quantifying heterogeneity but not failing to explore or discuss it. Reporting of the 
I2 statistic has become more frequent however it’s important to discuss its impact on the results. If 
the results are heterogeneous efforts should be undertaken to explore this inconsistency. 
Techniques like subgroup analysis can be used to determine if I2 values change when grouped 
according to co-variants. For example, I2 values may change when the studies are analyzed 
according to a clinical characteristic (those that included patients with bone loss vs. those that did 
not) or a risk of bias item (those that adequately randomized patients versus those that did not). 
Lastly, I2 is a relative measure. As recommended above, providing a prediction interval will assist in 
interpreting the effect of heterogeneity. A prediction interval provides a range of probable effects that 
reflects the variation in the different studies and settings, including what would be expected in future 
patients. 

 

SUBMISSION CHECKLIST 

The following checklist will be useful before sending a manuscript to the journal for review. Ensure 
that the following items are present: 

One author has been designated as the corresponding author with the following contact details: 

• E-mail address 



• Full postal address 

• Telephone numbers 

All necessary files have been uploaded, and contain: 

• All figure legends 

• All tables (including title, description, footnotes) 

• Separate files for figures 

• ICMJE forms for all authors 

Further considerations: 

• Manuscript has been spell-checked and grammar-checked 

• References are in the correct format for Arthroscopy 

• All references included in the reference list are cited in the text, and vice versa 

• Permission has been obtained for use of copyrighted material from other sources, including the 
Web 

 

RESEARCH DATA 

This journal encourages and enables you to share data that supports your research publication 
where appropriate and enables you to interlink the data with your published articles. Research data 
refers to the results of observations or experimentation that validate research findings. To facilitate 
reproducibility and data reuse, this journal also encourages you to share your software, code, models, 
algorithms, protocols, methods and other useful materials related to the project. 

Data linking  

If you have made your research data available in a data repository, you can link your article directly 
to the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with 
relevant repositories, giving readers access to underlying data that gives them a better understanding 
of the research described. 

When available, you can directly link your dataset to your article by providing the relevant information 
in the submission system. For more information, visit the database linking page . 

For supported data repositories a repository banner will automatically appear next to your published 
article on ScienceDirect.  

In addition, you can link to relevant data or entities through identifiers within the text of your 
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 
1XFN). 

Mendeley Data 

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and 
processed data, video, code, software, algorithms, protocols, and methods) associated with your 
manuscript in a free-to-use, open access repository. Before submitting your article, you can deposit the 
relevant datasets to Mendeley Data. Please include the DOI of the deposited dataset(s) in your main 
manuscript file. The datasets will be listed and directly accessible to readers next to your published 
article online. 

For more information, visit the Mendeley Data for journals page. 

Data statement 

To foster transparency, we encourage you to state the availability of your data in your submission. 
This may be a requirement of your funding body or institution. 

http://www.elsevier.com/%20https:/www.elsevier.com/databaselinking
http://www.elsevier.com/%20https:/www.elsevier.com/books-and-journals/enrichments/data-base-linking/supported-data-repositories
http://www.elsevier.com/books-and-journals/enrichments/mendeley-data-for-journals


If your data is unavailable to access or unsuitable to post, you will have the opportunity to indicate 
why during the submission process. The statement will appear with your published article on 
ScienceDirect. For more information, visit the Data statement page. 
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