International Delphi Consensus on Medial Meniscal
Root Tears Shows High Agreement on Diagnosis,
Treatment, and Rehabilitation but Lack of
Agreement on Treatment of Asymptomatic Tears
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Purpose: To develop an expert consensus statement on the diagnosis, management, and rehabilitation of medial
meniscal root tears (MMRTSs) using a modified Delphi technique. Methods: A working group developed statements on
MMRT diagnosis, nonoperative management, surgical indications, surgical management, alignment, and rehabilitation
using modified Delphi techniques. Fifty-six experts were surveyed over 3 rounds to reach consensus, with agreement
measured on a 5-point Likert scale. Statements were included, revised, or excluded on the basis of predefined thresholds
(>75% agreement, <20% disagreement). Experts suggested revisions or new statements in the first 2 rounds, and final
consensus statements were included. Results: All 56 experts completed 3 survey rounds. Experts agreed that root tears
may occur with no known history of trauma, typically in older patients, and that it should be diagnosed with an magnetic
resonance imaging. In symptomatic patients with MMRTs without advanced osteoarthritis should be repaired using an
anatomic transtibial pull-out technique (performing a pie-crusting technique can be helpful for visualization). Nonop-
erative management is advised for patients with advanced osteoarthritis. High tibial osteotomy may be considered for
significant varus malalignment during MMRT repair. The only statement without consensus was the management of
asymptomatic MMRTs with mild medial compartment cartilage wear, indicating ongoing debate. Conclusions: Overall,
98% of statements reached consensus. There is agreement that magnetic resonance imaging is the gold standard for
diagnosis. Symptomatic MMRTSs without advanced osteoarthritis should be repaired early using an anatomic transtibial
pull-out technique. End-stage knee osteoarthritis warrants nonoperative management of MMRTs, and a structured
postoperative protocol with limited weightbearing and range of motion is essential after repair. No agreement was
reached on managing asymptomatic MMRTS in patients without significant medial compartment degeneration. Meniscal
centralization sutures may help in cases of substantial extrusion, but their routine use is debated. Level of Evidence:
Level V, consensus of expert opinion.

Medial meniscus root tears (MMRTS) are a com-
mon, yet often underdiagnosed, cause of knee
pathology, particularly in older patients, where they
present as degenerative lesions."” If left untreated,
MMRTs often lead to rapid progression of knee

osteoarthritis (OA) as a result of compromised hoop
stress distribution. ' Historically overlooked, these in-
juries have been reported to account for up to 27% of
all meniscal tears and are recognized as a significant
contributor to progression of knee OA.’° Although
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surgical repair typically is recommended for younger,
active individuals, the decision to proceed with surgery
in asymptomatic or older patients depends on factors
such as meniscal quality, alignment, and the severity of
underlying OA.” Despite advancements in diagnostic
imaging, surgical techniques, and rehabilitation stra-
tegies, outcomes after MMRT repair remain influenced
by multiple factors, including severity of OA preoper-
atively, the presence of subchondral insufficiency
fractures, and the degree of meniscal extrusion
(ME)_S-lo

Although there is general agreement on the in-
dications for a MMRT repair, significant variability
exists in clinical decision-making because of the
complexity of these injuries and the lack of standard-
ized treatment guidelines.'”'? Although it is well
established that MMPRTs should be repaired in symp-
tomatic patients without advanced OA when MRI
confirms a clear tear,'” ' there is currently no evi-
dence guiding the management of asymptomatic pa-
tients with MMPRT. Several unresolved questions
remain regarding the role of concomitant valgus-
producing osteotomy, upper age limits for surgery,
optimal management of ME, and contraindications
related to OA severity.'” These gaps may contribute to
inconsistencies in diagnostic, treatment, and rehabili-
tation protocols, underscoring the need for a stan-
dardized approach.'®"’

The purpose of the current study was to develop an
expert consensus statement on the diagnosis, man-
agement, and rehabilitation of MMRTs using a modi-
fied Delphi technique. The authors hypothesized that
by establishing standardized recommendations, this
consensus would aid in refining clinical decision-
making while identifying critical areas where further
research is needed to improve patient care.

Methods

Study Design

A comprehensive literature review was conducted
using MEDLINE, Embase, Scopus, and Google Scholar
with the following search terms: “meniscus root tear,”
“medial meniscus posterior root tear,” “diagnosis

medial meniscus root tear,” “treatment medial
meniscus root tear,” “medial meniscus posterior root
repair,” “physical therapy,” and “physiotherapy.” Ar-
ticles were manually cross-referenced to ensure all
relevant studies were included. A full-text review was
performed for all eligible articles. On the basis of pub-
lished literature, a working group of 5 individuals (J.C.,
J.R.G., L.T., AJK., and R.F.L.) facilitated the devel-
opment of open-ended statements guided by the most
important clinical research questions that remain to be
addressed.'®'” Figure 1 outlines the process used to
develop the expert consensus. A comprehensive list of
statements was generated across 6 categories: diag-
nosis, nonoperative management, surgical indications,
surgical management, alignment, and rehabilitation
and recovery. These categories were designed to
encompass a broad range of concepts essential for the
effective understanding and management of MMRTSs.
The expert panel was surveyed for 3 rounds to establish
consensus on the inclusion or exclusion of each
statement.

Identification of Statements for Inclusion in the
First-Round Survey

Potential statements for inclusion in the first-round
survey were developed by the working group on the
basis of recently published studies, including scoping
reviews, systematic reviews, and meta-analyses on
various aspects of MMRTs. Online surveys were created
to enable respondents to evaluate whether these
statements should be included in an expert consensus
document on MMRTSs. Respondents rated their agree-
ment using a 5-point Likert scale with options being
“strongly agree,” “agree,” “neither agree nor disagree,”
“disagree,” or “strongly disagree.”

All members of the International Meniscus Root
Expert Group were invited to evaluate the statements. A
self-administered questionnaire in English was devel-
oped using Google Forms, an open-access online survey
tool. The survey was distributed via email to 56 recog-
nized experts in meniscus surgery. A follow-up email
was sent shortly thereafter, which included a brief
explanation of the survey’s purpose and a direct link to
access the appropriate version of the questionnaire.
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In addition to rating their agreement, experts were
encouraged to propose additional items or suggest
modifications through a free-text comment section
during the first 2 rounds. To ensure face validity,
clarity, and acceptability, the survey was initially pilo-
ted by 5 experts, resulting in minor revisions based on
their feedback.

Establishing Consensus Using Delphi Methods

The modified Delphi method was employed to achieve
group consensus on the inclusion of statements in an
expert consensus document addressing the diagnosis
and management of MMRTs. Although there is no
universally accepted definition of an expert, the
following criteria were considered when selecting panel
members: a minimum of 5 years of clinical practice
posttraining; specialization in sports medicine with a
focus on meniscal injuries; and active surgical practice at
high-volume centers managing knee pathologies. In
addition, candidates were required to meet at least 1 of
the following criteria: (1) authorship of peer-reviewed
publications on MMPR injuries, or participation in
clinical trials, multicenter studies, or preclinical research;
(2) active membership in international committees,
service on the editorial boards of leading sports medicine
journals, or frequent invitations to speak on meniscal
root pathology at international conferences; or (3) pre-
vious experience with Delphi panels, guideline devel-
opment, or consensus statement initiatives. The
aforementioned criteria facilitated broad international
participation, thus enhancing the validity and reliability
of the consensus process.

Among the participants, 21 (37.5%) were from
Europe, 19 (33.9%) from North America, 6 (10.7%)
from Asia, 5 (8.9%) from South America, 2 (3.6%)
from the Middle East, 2 (3.6%) from Oceania, and 1
(1.8%) from Africa. The findings from the literature
review were summarized by the working group for
each question and provided to the expert panel in the
first round, along with a request for comments and
additional input. Experts participated in 3 rounds of
surveys conducted between August 2024 and January
2025 (Table 1).

In round 1, a total of 78 open-ended questions and
statements were distributed via email to the panel
members. They were instructed to answer each item as
specifically and thoroughly as reasonably possible, on
the basis of their clinical experience and the current
literature.

In round 1, statements were categorized as “essential”
and retained for round 2 if more than 75% of re-
spondents agreed and fewer than 20% disagreed.
Statements that did not meet these criteria were either
discarded or modified on the basis of feedback from
participants.

The responses were summarized, and the working
group identified areas of consensus and controversy.
On the basis of expert feedback and suggestions,
revised or new open-ended statements were developed
to further explore key topics in round 2.

In round 2, participants were asked to re-score the
revised and new statements and provide free-text
comments. Responses were analyzed, and statements
were retained for round 3 if they met the predefined
thresholds of more than 75% agreement and less than
20% disagreement. Statements failing to meet these
criteria were again revised or removed, as per expert
feedback. Statements retained or edited after round 2
were reconsidered in round 3. The cycle of scoring,
analysis, and revision was repeated, with participants
asked to rescore statements during the third-round
survey. For the final consensus, a priori-defined
criteria were applied: statements were included in the
final consensus document if over 75% of respondents
agreed and fewer than 20% disagreed in round 3.

Statistical Analysis

All consensus data analyses were conducted using
Microsoft Excel (Redwood, WA). Consensus state-
ments were formulated and distributed via Google
Forms (Mountain View, CA), with response data
subsequently exported into predefined spreadsheets.
These spreadsheets facilitated the compilation of
response counts for each Likert scale option per
question, alongside calculations of agreement and
disagreement percentages. At each phase, response
distributions were quantified as frequencies with
corresponding percentages, enabling the assessment of
statements for retention, modification, or lack of
consensus.

Results

All 3 survey rounds were completed by 56 interna-
tional experts on MMRTSs, yielding a 100% response
rate. The number of responses, total items per survey,
proportion of statements reaching consensus, and any
modifications or newly proposed items are summarized
in Table 1.

Throughout the modified Delphi process, the initial
set of 78 items was refined to 74 statements, with
consensus within each of the 5 categories increasing
progressively across survey rounds. Among the 78
statements evaluated in round 1, 74 (94.9%) reached
consensus by the end of round 3. Four statements
(5.1%) were excluded—3 statements after the first
round and 1 statement after the second—because of a
lack of consensus. The excluded statements were (1)
ultrasonography, when available, has a role in diag-
nosing MMRTs by providing indirect signs of a root
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Fig 1. Flow of consensus process for modified Delphi consensus

tear; (2) an MRI arthrogram should be obtained to
evaluate the potential for a failed MMRT repair; (3)
fluid around the posterior meniscal root is a reliable
and useful MRI sign for diagnosing MMRTs.

Clinical and Imaging Diagnosis

In the diagnosis section, 20 statements were evalu-
ated: 12 related to clinical diagnosis, including medical
history and physical examination, and 8 focused on
imaging findings. The mean level of agreement among
experts for clinical diagnosis statements was 91%
(range, 88%-97%), with a mean disagreement of 9%
(range, 3%-12%). The greatest level of agreement was
observed regarding the etiology of MMRTs in the
absence of previous trauma, particularly in older pa-
tients, supporting the notion that increased age is a risk
factor for degenerative MMPRTSs.

In the imaging diagnosis subsection, the 8 state-
ments yielded a mean agreement of 91.9% (range,

on medial meniscal root tears.

85%-97%) and a mean disagreement of 8.1% (range,
3%-15%). The greatest agreement was noted for the
evaluation of joint space narrowing on standard
standing posteroanterior radiographs in patients with
MMRTs, and for the recommendation of further MRI
assessment when an MMPRT is suspected. Notably,
97 % of the expert panel agreed that the “ghost sign” is
a reliable and useful MRI finding for diagnosing
MMRTs. However, some disagreement remained
regarding the diagnostic reliability of ME on MRI
(Table 2).

Nonoperative Management

In the nonoperative management subsection, 10
statements were evaluated. The mean level of agree-
ment among experts was 88.7% (range, 83%-94%),
with a mean disagreement of 11.3% (range, 6%-17%).
The greatest agreement was observed for the recom-
mendation of nonoperative management in patients
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Table 1. Summary of Results at Completion of Each Survey Round in the Modified Delphi Process to Establish an Expert

Consensus on Root Tear Management

Total Items Items Modifications,
Delphi Included in Reaching Additions, or
Round Responses Survey Consensus Deletions
1 56 (100%) 78 65 15
2 56 (100%) 75 72 3
3 56 (100%) 74 73 —

older than 50 years of age with MMRTs and end-stage
knee OA (Kellgren-Lawrence grade 4). In addition,
asymptomatic MMRTs in patients with pre-existing
high-grade OA (Kellgren-Lawrence grade 3 or 4) or
diffuse cartilage damage—defined as >50% of the
medial compartment with Outerbridge grade 3 or 4
changes— also were considered appropriate indications
for nonoperative treatment.

Some disagreement persisted regarding the prog-
nostic value of bone marrow edema and the presence

of subchondral cysts in patients with preserved joint
space, particularly in terms of their association with
poor outcomes following nonoperative management.
Furthermore, 14% of panelists disagreed with the
recommendation to limit deep knee flexion as part of
the nonoperative treatment protocol (Table 3).

Surgical Indication and Management
The surgical indications subsection included a total of
14 statements. The mean level of agreement among

Table 2. Levels of Agreement and Disagreement on Clinical and Imaging Diagnosis of MMPRTs After Round 3 of the Expert

Panel Survey

Diagnosis % Disagreement % Agreement
History and examination

When MMRTs occur secondary to trauma, it is typically in younger patients and may occur in 11 89
combination with ligament injuries.

MMRTs may occur with no known history of trauma, or only a minimal trauma, typically in older 3 97+
patients.

Increased age is a risk factor for degenerative MMRTSs. 3 97*

Elevated BMI is a risk factor for MMRTSs. 10 90

Female sex is a risk factor for MMRTSs. 11 89

Medial compartment knee osteoarthritis is a risk factor for degenerative MMRTSs. 10 90

Varus alignment is a risk factor for MMRTs. 9 91

A history of acute posterior knee pain or experiencing a “pop,” often during deep knee flexion activity, 7 93
is suggestive of a MMRT.

Proximal tunnel placement during posterior cruciate ligament reconstruction could lead to iatrogenic 12 88
MMRTs.

Mechanical symptoms, such as catching and locking, are not pathognomonic for a MMRT. 10 90

Pain with deep knee flexion or squatting is occasionally present on clinical examination in patients 10 920
with a MMRT.

Traditional provocative examination tests, such as the McMurray maneuver, are less useful for the 12 88
identification of MMRTs rather than meniscal tears with an unstable flap tear.

Imaging

A standing posteroanterior (PA) radiograph performed in 45° flexion (Rosenberg) is the best 5 95%
radiograph to evaluate joint space narrowing in patients with MMRTSs.

Long leg alignment films should be performed to measure alignment in patients with a suspected 8 92
MMRT.

Magnetic resonance imaging (MRI) should always be performed in the assessment of suspected MMRTSs 3 97*
in patients who demonstrate sufficient medial joint space on weight-bearing radiographs.

Medial meniscus extrusion is a reliable and useful sign on MRI for the diagnosis of MMRTs. 14 86

A ghost sign is a reliable and useful sign on MRI for the diagnosis of MMRTSs. 3 97+

A truncation sign (typically on coronal MRI) is a reliable and useful sign on MRI for the diagnosis or 7 93
MMRTs.

Bone marrow edema in the posteromedial tibial plateau at the medial meniscal root attachment can be 10 90
a secondary sign for the diagnosis of MMRTs on MRI.

The LaPrade classification of meniscus root tears, which is based on tear morphology visualized on 15 85

arthroscopy, should regularly be employed for the classification of MMRTs.

MMRT, medial meniscus root tear.

*Statements with >95% agreement indicate the greatest level of expert consensus.
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Table 3. Levels of Agreement and Disagreement on Nonoperative Management of MMPRTs After Round 3 of the Expert Panel

Survey

Nonoperative Management

% Disagreement % Agreement

An asymptomatic MMRT (incidental finding) and Kellgren-Lawrence grade 3 or 4, or diffuse cartilage 7 93
wear (>50% Outerbridge grade 3 or 4 in the medial compartment) in patients over 50 years of age

is an indication for nonsurgical treatment of a MMRT.

End-stage knee osteoarthritis (Kellgren-Lawrence grade 4) is an indication for nonoperative 6 94
management of MMRTs.

Bone marrow edema and the presence of subchondral cysts with an intact joint space are associated 17 83
with poor treatment outcomes of nonoperative management of MMRTs.

The extent of meniscus extrusion has treatment and prognostic significance 12 88

Activity modification, restricted weightbearing, physical therapy, and injections are useful 10 90
interventions for the nonsurgical management of MMRTS.

Medial compartment unloader braces can help manage symptoms of MMRTs in patients with varus 15 85
malalignment.

Deep knee flexion should be limited as part of the nonoperative management of MMRTSs. 14 86

Intra-articular injections, such as corticosteroids or orthobiologics, may be effective for the 13 87

symptomatic management of MMRTs when surgery is not indicated.

In cases where nonoperative management of MMRTSs is trialed, persistence of symptoms after 3 10 90
months indicates the need for surgical treatment, in the absence of contraindications (i.e., high-

grade osteoarthritis).

Nonoperative treatment of MMRTs is associated with the progression of knee osteoarthritis. 9 91

MMRT, medial meniscus root tear.

experts was 87.8% (range, 74%-98%), with a mean
disagreement of 12.2% (range, 2%-26%). The greatest
level of agreement was observed regarding the
recommendation to contraindicate surgical manage-
ment of MMPRTs in patients with end-stage OA
(Kellgren-Lawrence grade 4), as well as the importance
of shared decision-making with patients. This included
discussions on postoperative rehabilitation restrictions,
such as a 6-week period of limited weight-bearing with
the use of crutches or a walker.

One of the primary areas of disagreement involved
the surgical indication for asymptomatic MMPRTSs in
patients with mild cartilage wear in the medial
compartment (Outerbridge grades 0—2). In addition,
16% of the panelists disagreed with the recommenda-
tion to contraindicate MMPRT repair in the presence of
subchondral bone collapse (Table 4).

The surgical management subsection comprised a
total of 9 statements. The mean level of agreement
among experts was 91.6% (range, 83%-98%), with
a mean disagreement of 8.4% (range, 2%-17%). The
greatest agreement was observed for the recom-
mendation that the optimal location for MMRT
repair is the anatomic footprint of the root attach-
ment. There was also strong agreement regarding
the utility of a concomitant superficial medial
collateral ligament (MCL) percutaneous release us-
ing a spinal needle to facilitate surgical access
(Table 4).

Lower Limb Alignment

The lower limb alignment subsection comprised a
total of 4 statements. The mean level of agreement
among experts was 88.8% (range, 83%-94%), with a

mean disagreement of 11.3% (range, 6%-17%). The
greatest agreement was observed for the recommen-
dation that concomitant osteotomy is indicated in
active patients younger than 50 years presenting with
MMPRT and significant varus knee malalignment
(>5°). Furthermore, when indicated, a single-stage
MMPR repair combined with realignment osteotomy
was preferred over a staged approach.

One of the primary areas of disagreement concerned
the use of concomitant realignment osteotomy during
MMRT repair in older active patients (>50 years)
engaged in impact activities, who present with signifi-
cant varus alignment (>5°) and low-grade OA
(Table 5).

Postoperative Rehabilitation and Recovery

The postoperative rehabilitation and recovery sub-
section comprised a total of 17 statements. The mean
level of agreement among experts was 91.2% (range,
82%-99%), with a mean disagreement of 8.8% (range,
1%-18%). The greatest agreement was observed for
the recommendation to restrict weight bearing for 4 to
6 weeks after MMRT repair.

One primary area of disagreement concerned the use
of a medial compartment unloader brace during the
initial weight-bearing period. This was considered
potentially beneficial, particularly in patients with
varus malalignment who did not undergo a valgus
producing realignment osteotomy, or in those who
received concomitant centralization or augmentation
procedures (Table 6).

The overall and relative agreement proportions for
individual statements following round 3 are illustrated
in Figure 2.
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Table 4. Levels of Agreement and Disagreement on Surgical Indications and Management After Round 3 of the Expert Panel

Survey
Subsection % Disagreement % Agreement
Surgical indications
An asymptomatic MMRT (incidental finding) in patients with mild medial compartment cartilage 26* 74%
wear (Outerbridge grades 0, 1, 2) should be repaired.
A symptomatic MMRT should be repaired in patients with mild cartilage wear (Outerbridge grades 5 9571
0,1, 2).
Early repair of MMRTs is recommended within three months of symptom onset when possible 6 94
Early (within 6 weeks of symptom onset) repair of MMRTs is recommended, when possible. 12 88
Older patient age (>65 years) is not a contraindication for repair of MMRTs and should be evaluated 10 90

on an individual patient basis (activity level, adequate joint space on radiographs, low grade

Kellgren-Lawrence).

Chronic MMRTs are eligible for repair in the setting of adequate meniscal tissue quality and 10 90

adequate remaining joint space.

Subchondral bone collapse is a contraindication to MMRT repair. 16 84
Subchondral insufficiency fractures of the knee (SIFK) (previously known as spontaneous 14 86
osteonecrosis of the knee [SONK]), without bony deformity, with an intact joint space IS NOT a
contraindication to a MMRT repair.
Kellgren-Lawrence grade 3 knee osteoarthritis is not an absolute contraindication for MMRT repair, 19 81
but other factors, including age, alignment and involvement of other compartments, need to be
considered.
End-stage knee osteoarthritis (Kellgren-Lawrence grade 4) is a contraindication to surgical repair of 2 987
MMRTs.
In the setting of a symptomatic MMRT, a partial medial meniscectomy is rarely indicated. 11 89
The presence of SIFK (previously known as SONK) negatively influences surgical outcomes of 20 80
MMRT repair.
Revision repair of a previous MMRT repair is an option in patients with remaining meniscus tissue 18 82
with limited degeneration and mild medial compartment cartilage wear (Outerbridge grades
0,1, 2).
When considering a repair of MMRTs, shared decision-making with the patient must include a 2 98+
discussion of the rehabilitation restrictions following surgery, including a period of 6 weeks of
limited weight-bearing with the use of crutches or a walker.
Surgical management
An anatomic transtibial pull-out repair is the preferred technique for repair of MMRTs. 5 95+
The optimal location for the repair of MMRTs is the anatomic footprint of the root attachment for 2 98+
tears that occur directly at or close to this site.
A medialized repair of MMRTs may be considered in radial tears that do not occur directly at the 14 86
root attachment, to avoid overtensioning of the repair.
Repair of MMRTSs leads to superior midterm clinical outcomes when compared to a medial 6 94
meniscectomy and nonoperative treatment.
Although biomechanical studies have supported certain suture and tunnel configurations, different 12 88
suture repair configurations have not been reported to result in differing clinical outcomes.
The use of a centralization (peripheral stabilization) suture may be beneficial in cases of substantial 17 83
extrusion of the meniscus.
Although orthobiologics, such as platelet-rich plasma or bone marrow aspirate concentrate, have been 6 94
explored for enhancing outcomes in MMRT repair, there is currently insufficient evidence to
support their routine use, and further research is needed.
A concomitant superficial medial collateral ligament (MCL) percutaneous release with a spinal needle 4 96+
(i.e., pie crusting or trephination) is useful during repair of a MMRT and does not atfect outcomes or
MCL stability.
During the repair of a MMRT, a cartilage restoration procedure for low to mid-grade cartilage lesions is 10 90

not required.

MMRT, medial meniscus root tear.
*Represents items not reaching consensus.

fStatements with >95% agreement indicate the highest level of expert consensus.

Discussion
The main findings of the current modified Delphi
consensus study on medial meniscus root tears are as
follows: (1) a high overall level of consensus was ach-
ieved across all statements related to the evaluation,
diagnosis, nonoperative  management, surgical

management, alignment, rehabilitation, and recovery;
(2) statements concerning surgical management,
rehabilitation, and recovery achieved a high relative
consensus among experts; (3) the indication of opera-
tive repair of asymptomatic MMRTs with mild medial
compartment cartilage wear was the only statement
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Table 5. Levels of Agreement and Disagreement on Lower Limb Alignment in Patients With MMPRT After Round 3 of the

Expert Panel Survey

Alignment % Disagreement % Agreement
Concurrent realignment surgery (in the setting of an MMRT) should be considered if the weight- 13 87
bearing axis is medial to the medial tibial eminence on HKA films (or >5° of varus alignment).
There is a role for a concomitant realignment osteotomy during repair of a MMRT in young active 9 91
patients (<50 years) participating in impact activities with significant varus malalignment of the
knee (>5°).
There is a role for a concomitant realignment osteotomy during repair of a MMRT in older active 17 83

patients (>50 years) participating in impact activities with significant varus alignment of the knee

(>5°) and low-grade osteoarthritis.

If an osteotomy is indicated, it is preferable to perform a single-stage medial meniscus root repair with 6 94

a concomitant realignment osteotomy as opposed to staged surgeries.

HKA, hip-knee-ankle; MMRT, medial meniscus root tear.

that did not reach consensus (74% agreement); (4)
high agreement (>95%) was reached for several
statements within each category including: MMRTSs can
occur with no history of trauma, typically in older pa-
tients. MRI is the primary diagnostic tool for MMRT,
and Kellgren-Lawrence grade 4 is an absolute contra-
indication for MMRT repair. An anatomic transtibial
pull-out repair is the preferred surgical approach and

structured postoperative rehabilitation protocol with
restricted weight-bearing for 6 weeks and limited range
of motion to 90° (for 4 weeks) is essential. Finally,
persistent pain and/or a sensation of locking or
catching should raise concern for a failed repair and
should be evaluated with an MRI.

MMRTs often occur in middle-aged patients with
degenerative knee OA, typically after minimal

the MCL pie-crusting technique can aid visualization. A trauma.'®'”

However, experts reached consensus that

Table 6. Levels of Agreement and Disagreement on Postoperative Rehabilitation and Recovery in Patients with MMPR Repair

After Round 3 of the Expert Panel Survey

Rehabilitation and Recovery

% Disagreement

% Agreement

Weight bearing should be restricted postoperatively after repair of MMRTSs.

Postoperative weight-bearing after MMRT repair should be restricted to non-weight-bearing or toe-
touch weight-bearing during the initial recovery period.

Weight bearing should be restricted for 4-6 weeks postoperatively after repair of MMRTSs.

Postoperative weight-bearing after MMRT repair should be restricted to non—weight-bearing or toe-
touch weight-bearing for 4-6 weeks during the initial recovery period.

A sequential staged rehabilitation program (range of motion, muscular endurance, strength, and
finally power) is important for a successful outcome after repair of MMRTs.

Passive deep knee flexion should be restricted postoperatively after repair of MMRTSs.

Passive deep knee flexion should be restricted to 90° postoperatively after MMRT repair.

Passive deep knee flexion should be restricted for 4-6 weeks postoperatively after MMRT repair.

Passive deep knee flexion should be restricted to 90° for 4-6 weeks postoperatively after MMRT repair,
with gradual progression thereafter on the basis of patient recovery and tolerance.

Normal gait and weight-bearing can be resumed progressively, starting at 6 weeks after repair of
MMRTs.

Following the repair of MMRTs, a medial compartment unloader brace may be indicated in patients
with varus malalignment who did not undergo a valgus producing realignment osteotomy.

Following repair of MMRTSs, a knee brace, such as an unloader brace, may be considered during the
initial prior of weight-bearing, particularly in patients undergoing centralization or other additional
procedures.

Return to sports is allowed 6 months after repair of MMRTs if the patient’s symptoms are resolved and
their quadriceps limb symmetry index is >85%.

Psychological factors such as kinesiophobia and fear avoidance should be considered and addressed
during the rehabilitation process after repair of MMRTs.

Radiographs of the knee (anteroposterior and flexed posteroanterior views) should be obtained at 6
months postoperatively and as needed if symptoms persist to evaluate the tibiofemoral joint spaces.

An MRI to assess for MMRT repair healing can be obtained after a year postoperatively if symptoms
persist.

Persistent pain and/or a sensation of locking or catching should raise concern for a failed MMRT and
should be evaluated with an MRI.

1 99+
5 95*
4 96*
11 89
5 95*
4 96*
8 92
8 92
12 88
9 91
18 82
18 82
9 91
10 90
13 87
10 90
5 95%

MMRT, medial meniscus root tear.
*Statements with >95% agreement indicate the greatest level of expert consensus.
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MMRTs also can result from trauma, particularly in
younger patients, and often are associated with liga-
ment injuries.”’ The present study identified estab-
lished risk factors for MMRTs, including older age,
elevated BMI, female sex, medial compartment knee
OA, and varus alignment.*”" Iatrogenic MMPRT may
occur during transtibial drilling for a posterior cruciate
ligament reconstruction.”* >’

MMRTSs, which may account for up to one-fifth of all
meniscal tears, often go undiagnosed or untreated,
contributing to substantial morbidity and an increased
risk of arthritis progression and eventual arthro-
plasty.”” Therefore, maintaining a high index of sus-
picion and obtaining a thorough clinical history are
essential, because classic meniscal symptoms, such as
catching or locking, may be absent.”® Experts in this
modified Delphi consensus agreed that patients with
MMRTs may present with a history of acute posterior
knee pain or a sensation of a “pop,” often occurring
during deep knee flexion activities. Consensus also was
reached on the fact that although posterior knee pain
with deep knee flexion or squatting is occasionally
present on examination, traditional provocative tests
such as the McMurray maneuver are less useful for
identifying MMRTs compared to meniscal tears with an
unstable flap tear, and mechanical symptoms such as
catching and locking are not pathognomonic for a
MMRT. These findings align with the literature, noting
the clinical challenges of diagnosing MMRTS, due to the
absence of typical meniscal tear symptoms.”®

Imaging plays a critical role in the evaluation and
diagnosis of MMRTs.?”*? Experts agreed that radio-
graphic assessment is essential, with the standing
posteroanterior radiograph in 45° flexion (Rosenberg
view) being the most effective modality for assessing
joint space narrowing. In addition, the experts agreed
that long-leg alignment films should be obtained to
evaluate limb alignment, because varus malalignment
may influence treatment decisions. The experts and the
literature support that MRI is the gold standard for the
noninvasive diagnosis of MMRTs and should always be
performed in patients with sufficient medial joint space
on weight-bearing radiographs.'” Responders agreed
that bone marrow edema in the posteromedial tibial
plateau at the medial meniscal root attachment can be
a secondary sign for the diagnosis of MMRTs on MRI.
In addition, experts agreed that medial ME on MRI is a
reliable diagnostic marker for a MMRT, and the liter-
ature has reported that extrusion greater than 3 mm
correlates with underlying cartilage degeneration.’” "’
Finally, experts agreed that the LaPrade classification,
which categorizes MMRTSs based on arthroscopic tear
morphology, is wuseful for the classification of
MMRTs.”

Nonoperative management of MMRTs is generally
reserved for patients in whom surgery is

contraindicated or unlikely to provide significant
benefit, such as those with advanced OA or low func-
tional demand.'' Consensus was reached that patients
older than 50 years of age with Kellgren-Lawrence
grade 3 or 4 OA or diffuse cartilage wear (>50%
Outerbridge grade 3 or 4 in the medial compartment)
warrant nonsurgical treatment. Furthermore, end-
stage knee OA (Kellgren-Lawrence grade 4) was
established as a definitive indication for nonoperative
management.

As a conservative treatment strategy, experts agreed
that medial unloader braces may be beneficial in pa-
tients with varus malalignment by offloading the
medial compartment.''”’ Intra-articular injections,
including corticosteroids and orthobiologics, may pro-
vide temporary symptom relief when surgery is not
indicated, although their long-term efficacy remains
uncertain.'%’* In addition, patient-specific factors must
be considered, as experts agreed that ipsilateral
compartment bone marrow edema and the presence of
subchondral cysts, even with an intact joint space, are
associated with poorer outcomes following nonopera-
tive treatment. Although conservative management
may alleviate symptoms, it does not prevent disease
progression. Robust evidence demonstrates that unre-
paired MMRTs contribute to progressive cartilage loss,
ME, and ongoing joint degeneration, with the extent of
ME having both prognostic and therapeutic implica-
tions.””>* % In cases in which nonoperative treatment
is pursued initially, experts agreed that persistent
symptoms beyond three months warrant reconsidera-
tion of MMRT repair, provided no contraindications,
such as high-grade OA, are present.

Given the crucial role of the meniscus root in knee
biomechanics, surgical repair is generally recom-
mended for MMRTs in patients without advanced
arthritis to restore hoop stress and prevent the high
contact pressures that contribute to cartilage
breakdown.>> !0 128293529 Experts  reached a
consensus that symptomatic MMRTs in patients with
mild cartilage wear (Outerbridge grades 0-2) should be
repaired and that surgical intervention should occur as
soon as possible, ideally within three months of
symptom onset and preferably within 6 weeks for
optimal outcomes.

No consensus was reached regarding whether an
incidentally discovered, asymptomatic MMRT in pa-
tients with minimal to mild medial compartment
cartilage wear (Outerbridge grades 0-2) warrants sur-
gical repair (74% expert agreement for repair).
Therefore, the management of incidentally discovered,
asymptomatic MMRTSs in patients with minimal to mild
medial compartment cartilage wear (Outerbridge
grades 0-2) remains a subject of debate. Although
surgical repair is recommended for symptomatic tears
in patients without advanced arthritis to prevent
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cartilage degeneration, nonoperative management,
including activity modification and physical therapy,
may be appropriate for asymptomatic
cases, > !0 11:28:29333559 However, there is concern
that not repairing MMRTs may lead to progressive ME,
increased contact pressures, and an accelerated risk of
OA development over time.'”"'"*>*? Given the limited
evidence for these specific cases, treatment decisions
should be individualized based on patient factors such
as age, activity level, and pre-existing degenerative
changes. Further research is needed to clarify the nat-
ural history of untreated asymptomatic MMRTs and
establish evidence-based guidelines.

Experts agreed that in the setting of a symptomatic
MMRT, a partial medial meniscectomy is rarely indi-
cated, because existing literature demonstrates that a
MMRT repair results in superior postoperative out-
comes compared to a partial meniscectomy.”*'"*’ In-
dications for MMRT repair include symptomatic
MMRTs in relatively young or active patients with mild
cartilage wear (Outerbridge grades 0-2)and those with
acute traumatic tears. In addition, chronic degenerative
tears may be eligible for repair if meniscal tissue quality
and joint space are adequate. Increased age alone is not
a contraindication, as patients older than 65 vyears
should be evaluated on the basis of activity level and
joint degeneration.

Regarding Kellgren-Lawrence grading in surgical
decision-making, experts reached consensus that
Kellgren-Lawrence grade 3 is not an absolute contra-
indication for MMRT repair; however, a younger pa-
tient age, limb alignment, and involvement of other
compartments should be considered. Experts also
agreed that end-stage knee OA (Kellgren-Lawrence
grade 4) is an absolute contraindication for MMRT
repair.”**° In addition, experts reached a consensus
that revision repair is a viable option in patients with
preserved meniscus tissue exhibiting limited degener-
ation and cartilage wear (Outerbridge grades 0-2).

For patients with MMRTs and subchondral insuffi-
ciency fractures of the knee (SIFK), previously known
as spontaneous osteonecrosis of the knee (i.e., SONK),
experts agreed that the extent of bone damage is a
critical factor in surgical decision-making. When SIFK
is present without bony deformity and joint space
remains intact, it is not considered a contraindication
for MMRT repair. However, an MMRT repair is con-
traindicated in cases of subchondral bone collapse.
Although the literature suggests that SIFK may ac-
celerates knee OA progression,””*” MMRT repair
could help halt low-grade SIFK and improve clinical
outcomes.’’ In the present study, experts acknowl-
edged that although SIFK may influence MMRT repair
outcomes, definitive supporting literature remains
limited. When operative treatment is pursued, the
primary goal is to achieve an anatomic meniscus root

repair, restoring hoop tension by reattaching the torn
root to its native footprint on the tibia. Experts
reached an overwhelming consensus (94%) that
MMRT repair yields superior midterm clinical out-
comes compared with medial meniscectomy or
nonoperative management, consistent with existing
literature.”>”>>>77!

Experts reached consensus that an anatomic
transtibial pull-out repair is the preferred technique,
particularly for tears at or near the posterior root
attachment. Strong evidence supports this approach,
with 98% of experts agreeing that the optimal repair
site is the anatomic footprint.'”*?°?>> In cases of
radial tears that extend beyond this site, experts
agreed that a medialized repair may be considered to
prevent over-tensioning. Biomechanical studies
have demonstrated that anatomic MMRT repair
effectively restores contact mechanics, reduces ME,
and lowers compartment pressures.””” >’ Although
various suture and tunnel configurations exist, ex-
perts agreed that no significant differences in clinical
outcomes have been demonstrated among
them.”® '

Adjunctive procedures in MMRT repairs also were
evaluated. Experts reached consensus on the useful-
ness of a concomitant superficial MCL percutaneous
release (i.e., pie crusting or trephination) to improve
surgical exposure, with minimal impact on MCL sta-
bility or outcomes, as supported by recent literature.?
Consensus was reached on the use of a centralization
(peripheral stabilization) suture for cases with signif-
icant ME; this technique improves contact mechanics
and reduces extrusion more effectively than root
repair alone, with early clinical studies reporting
improved outcomes at 2 years.'”®>°® Although
consensus supports its utility, long-term evidence is
needed to justify routine use as a result of concerns
about its technical complexity, risk of overconstraint,
and unclear indications.®”*®* Some advocate universal
use, whereas others reserve centralization for extru-
sion exceeding 3 to 5 mm, highlighting the need for
further research.®>°”°® Furthermore, experts agreed
that cartilage restoration procedure for low- to mid-
grade cartilage lesions is not required at the time of
MMRT repair. Finally, although orthobiologics such as
platelet-rich plasma and bone marrow aspirate
concentrate have been explored as potential adjuncts
to enhance healing of meniscal tears, experts agreed
that current evidence is insufficient to support their
routine use, highlighting the need for further
research.’”””! Limb alignment is a key factor in MMRT
surgical management, particularly in patients with
varus malalignment. Experts reached consensus that
concurrent realignment surgery should be considered
when the weight-bearing axis falls medial to the
medial tibial eminence on hip-knee-ankle films or
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when varus alignment exceeds 5°. High tibial osteot-
omy has been explored as an adjunct to MMRT repair
in such cases, with studies reporting favorable clinical
outcomes when performed concomitantly.”?”” Ex-
perts further agreed that a concomitant realignment
osteotomy has a role in both young, active patients
younger than 50 years who participate in impact ac-
tivities and older, active patients older than 50 years
with low-grade OA. Studies suggest that a MMRT
repair combined with high tibial osteotomy improves
knee function, reduces pain, and may slow osteoar-
thritic progression more effectively than isolated
MMRT repair.””’*’° Experts agreed that when
realignment surgery is indicated, a single-stage MMRT
repair with a concurrent osteotomy is preferable over
a staged approach.

Postoperative rehabilitation is a critical component
of optimizing outcomes after a MMRT repair.
Experts agreed that a structured, progressive rehabili-
tation program—beginning with range of motion ex-
ercises and advancing through muscular endurance,
strength, and power—is essential for recovery.'®'" '’
Consensus was reached that weight-bearing should be
restricted during the initial postoperative period, with
non—weight-bearing or toe-touch weight-bearing rec-
ommended for the first 4 to 6 weeks. This aligns with
existing literature, which broadly supports delaying full
weight-bearing until at least 6 weeks postoperatively,
although some protocols allow for an earlier gradual
partial weight-bearing progression.'”""'>7*77 Experts
agreed that by 6 weeks, normal gait and progressive
weight-bearing can typically begin, with a gradual re-
turn to full activity based on individual recovery.
Consensus was reached that passive deep knee flexion
should be limited to 90° for the first 4 to 6 weeks
postoperatively, with gradual progression thereafter as
tolerated. Most protocols aim for 90° flexion by 4
weeks and surpassing 120° without loading by 6
Weeks.l(),l 1,15,76

Radiographic follow-up is recommended to monitor
healing and joint health. Experts reached consensus
that knee radiographs (anteroposterior and flexed
posteroanterior views) should be performed at 6
months postoperatively and as needed thereafter to
assess joint spaces. In addition, MRI may be used after
one year if symptoms persist like pain, catching, or
locking persist suggesting failed repair.

Future research is needed to validate these findings
with clinical outcomes data and refine treatment
strategies.

Limitations

The findings of this study should be interpreted
within the context of its limitations. Although the
modified Delphi method ensures a structured
consensus process, statements were based on expert

opinion and literature review rather than direct clinical
data. Differences in resource availability, health care
systems, and geographic variations may limit the
generalizability of some recommendations. Although
efforts were made to minimize bias by including ex-
perts from diverse backgrounds, certain populations or
perspectives may have been unintentionally under-
represented. In addition, although a high threshold for
consensus was set, individual biases may still have
influenced responses.

Conclusions

Overall, 98% of statements reached consensus. There
is agreement that MRI is the gold standard for diag-
nosis. Symptomatic MMRTs without advanced OA
should be repaired early using an anatomic transtibial
pull-out technique. End-stage knee osteoarthritis
warrants nonoperative management of MMRTs, and a
structured postoperative protocol with limited weight-
bearing and range of motion is essential after repair. No
agreement was reached on managing asymptomatic
MMRTs in patients without significant medial
compartment degeneration. Meniscal centralization
sutures may help in cases of substantial extrusion, but
their routine use is debated.

Disclosures

The authors declare the following financial interests/
personal relationships which may be considered as
potential competing interests: B.B. received payment
for lectures/faculty involvement from Smith & Nephew
and Ortomedic and is in the board/editorial boards of
European Society of Sports Traumatology, Knee Sur-
gery and Arthroscopy, Journal of ISAKOS, Knee Surgery,
Sports Traumatology, Arthroscopy, American Journal of
Sports Medicine, and Video Journal of Sports Medicine. J.C.
reports board or committee member, American Or-
thopaedic Society for Sports Medicine, Arthroscopy
Association of North America, and International Soci-
ety of Arthroscopy, Knee Surgery, and Orthopaedic
Sports Medicine; paid consultant for Arthrex,
CONMED Linvatec, Ossur, and RTI Surgical; hospitality
payments from

Breg, DePuy Synthes Sales, Joint Restoration Foun-
dation, Medical Device Business Services, Pacira Phar-
maceuticals Incorporated, and SI-Bone; educational
support from Midwest; paid consultant; paid presenter
or speaker Associates for Smith & Nephew; and paid
consultant, hospitality payments from Vericel Corpo-
ration. C.M.L. reports other financial or material sup-
port from Arthrex; paid presenter or speaker for DJ
Orthopaedics; paid consultant and IP royalties from
Ossur; and IP royalties, other financial or material
support from, and paid consultant for Smith &
Nephew. A.G.G. has received consulting fees from
Smith & Nephew, speaking fees from Ossur and



INTERNATIONAL DELPHI CONSENSUS ON MMRTs 13

Arthrex, and support for education from Stryker Cor-
poration and Medwest Associates. A.G. reports editorial
or governing board of the American Journal of Sports
Medicine and Knee Surgery, Sports Traumatology, Arthros-
copy; IP royalties from Graymont; board or committee
member of the International Society of Arthroscopy,
Knee Surgery, and Orthopaedic Sports Medicine; stock
or stock options from LinkX Robotics; Ostesys Robotics;
Precision OS; Smart HTO; Spring Loaded Technologies,
and Surgical Health Innovations Corp; paid consultant,
paid presenter or speaker, and research support from
Smith & Nephew and research support from Ossur. D.
L.J. reports board or committee member, American
Orthopaedic Society for Sports Medicine and Southern
Orthopaedic Association; research support from DJ
Orthopaedics and Smith & Nephew Endoscopy; pub-
lishing royalties, financial or material support from
Elsevier; editorial or governing board of Journal pf
Surgical Orthopaedic Advances, Orthopedics, Orthopedics
Today, Sports Medicine and Arthroscopy Review, and
SLACK Incorporated; IP royalties from Smith &
Nephew; and paid consultant for Smith & Nephew
Endoscopy. A.K. reports editorial or governing board of
the American Journal of Sports Medicine and Springer; IP
royalties from and paid consultant for Arthrex; and
board or committee member of the Arthroscopy As-
sociation of North America and the International
Cartilage Repair Society. R.F.L. reports consulting or
advisory with Ossur Americas, Smith & Nephew, Lin-
vatec Europe, and Responsive Arthroscopy and fund-
ing grants from Ossur Americas, Smith & Nephew,
Arthroscopy Association of North America, and
American Orthopaedic Society for Sports Medicine. M.
L. reports educational services for Smith & Nephew. T.
L. reports paid presenter or speaker for Arthrex; board
or committee member of the International Society of
Arthroscopy, Knee Surgery, and Orthopaedic Sports
Medicine; paid consultant and paid presenter or
speaker for Medacta; and paid consultant, paid pre-
senter or speaker, and research support from Smith &
Nephew. D.P. reports board or committee member of
the ACL Study Group, Asia Pacific Knee Arthroscopy
and Sports Medicine Society, and Asia Pacific Knee
Society, and International Society of Arthroscopy,
Knee Surgery, and Orthopaedic Sports Medicine;
editorial or governing board of the American Journal of
Sports Medicine, Orthopaedic Journal of Sports Medicine,
Journal of ISAKOS, and SMARTT Journal; stock or stock
options; unpaid consultant for Ganymed Robotics;
stock or stock options from Personalised Surgery; paid
consultant; paid presenter or speaker for Smith &
Nephew; and research support from Zimmer. W.P. re-
ports paid presenter or speaker for Arthrex and Geist-
lich; board or committee member of Deutsche
Kniegesellschaft and GOTS; IP royalties from Karl

Storz; editorial or governing board of Kniejournal, and
paid consultant for OPED, Valley, Germany. R.S. re-
ports paid presenter or speaker for Arthrex and Smith
& Nephew and editorial or governing board of Knee
Surgery, Sports Traumatology, Arthroscopy. B.S-C. reports
stock or stock options with AREAS and IP royalties
from and paid consultant for Arthrex. T.S. reports IP
royalties from and paid presenter or speaker for
CONMED Linvatec; paid consultant and paid presenter
or speaker for Episurf; board or committee member of
the ICRS Cartilage Foundation; paid presenter or
speaker for Joint Operations UK; editorial or governing
board of Knee Surgery, Sports Traumatology, Arthroscopy;
paid consultant for and stock or stock options from
Orthonika; and paid presenter or speaker for Smith &
Nephew. M.J.S. reports paid consultant for and re-
ceives royalties from Arthrex and has received research
support from Stryker. S.T. reports consulting or advi-
sory with Smith & Nephew and Newclip Technics. M.T.
reports board membership with International Society
of Arthroscopy Knee Surgery and Orthopaedic Sports
Medicine and consulting or advisory with Arthrex. N.
N.V. reports hospitality payments from Abbott Labo-
ratories, Axonics, Boston Scientific, Foundation Fusion
Solutions LLC, IBSA Pharma, Nalu Medical, Nevro
Corp, Orthofix Medical, Pacira Pharmaceuticals Incor-
porated, Relievant Medsystems, Salix Pharmaceuticals,
Vericel Corporation, and Vertos Medial; board or
committee member of the American Orthopaedic So-
ciety for Sports Medicine, American Shoulder and
Elbow Surgeons, and Arthroscopy Association of North
America; IP royalties; research support from Arthrex
and Smith & Nephew; research support from Breg and
Ossur; IP royalties from Graymont Professional Prod-
ucts IP LLC; paid consultant for Medacta USA; educa-
tional support from Medwest Associates; editorial or
governing board of SLACK Incorporated; travel and
lodging from Spinal Simplicity LLC:; and IP royalties,
paid consultant, and research support from Stryker. A.
Y. reports paid consultant for AlloSource and JRF
Ortho; research support from Arthrex and Organo-
genesis; stock or stock options from Icarus Medical;
unpaid consultant and stock or stock options from
Patient IQ and Sparta Biomedical; and paid consultant
and paid presenter or speaker for Stryker. V.M. reports
board or committee member of the ACL Study Group,
American Orthopaedic Society for Sports Medicine,
International Society of Arthroscopy, Knee Surgery,
and Orthopaedic Sports Medicine, and Journal of ISA-
KOS; other financial or material support from Arthrex;
editorial or governing board of Knee Surgery, Sports
Traumatology, Arthroscopy: paid consultant for Newclip;
stock or stock options from Ostesys; other financial or
material support from and paid consultant for Smith &
Nephew; and publishing royalties, financial or material



ARTICLE IN PRESS

J. CHAHLA ET AL.

14

support from Springer. All other authors (F.A., L.D., J.
R.G., C.G,, A.J.B, D.L.B, C.HB., K.S.C.,, M.C., LE,, F.
F.,S.C.F, MJ.F,TF., TH, EIL, J.GK., YK, EK, SK,
C.M.L.,, DW.L, C.ALL, LILLT., RM, G.M.,, JK.M,, R.
N.V,, Y.O,, J.CR, E.S., C.S., S-H.K.,, M.J.T., L.V.T., W.
A.v.d.W., R.P.B.v.B.) declare that they have no known
competing financial interests or personal relationships
that could have appeared to influence the work re-
ported in this paper.

10.

11.

12.

13.

14.

References

. Allaire R, Muriuki M, Gilbertson L, Harner CD. Biome-

chanical consequences of a tear of the posterior root of
the medial meniscus. Similar to total meniscectomy.
J Bone Joint Surg Am 2008;90:1922-1931.

. Bernard CD, Kennedy NI, Tagliero AJ, et al. Medial

meniscus posterior root tear treatment: a matched cohort
comparison of nonoperative management, partial
meniscectomy, and repair. Am J Sports Med 2020;48:
128-132.

. Logerstedt DS, Scalzitti DA, Bennell KL, et al. Knee pain

and mobility impairments: Meniscal and articular carti-
lage lesions revision 2018. J Orthop Sports Phys Ther
2018;48:A1-A50.

. Majewski M, SU SA, nne H, Klaus S. Epidemiology of

athletic knee injuries: A 10-year study. Knee 2006;13:
184-188.

. Cinque ME, Chahla J, Moatshe G, Faucett SC, Krych AJ,

LaPrade RF. Meniscal root tears: A silent epidemic. Br J
Sports Med 2018;52:872-876.

. Petersen W, Forkel P, Feucht MJ, Zantop T, Imhoff AB,

Brucker PU. Posterior root tear of the medial and lateral
meniscus. Arch Orthop Trauma Surg 2014;134:237-255.

. Carreau JH, Sitton SE, Bollier M. Medial meniscus root

tear in the middle aged patient: A case based review. lowa
Orthop J 2017;37:123-132.

. Hwang BY, Kim SJ, Lee SW, et al. Risk factors for medial

meniscus posterior root tear. Am J Sports Med 2012;40:
1606-1610.

. Farivar D, Hevesi M, Fortier LM, Azua E, LaPrade RF,

Chahla J. Meniscal extrusion measurements after poste-
rior medial meniscus root tears: A systematic review and
meta-analysis. Am J Sports Med 2023;51:3325-3334.
Garcia JR, Ayala SG, Allende F, et al. Diagnosis and
treatment strategies of meniscus root tears: A scoping re-
view. Orthop J Sports Med 2024;12:23259671241283962.
Pache S, Aman ZS, Kennedy M, et al. Meniscal root tears:
Current concepts review. Arch Bone Jt Surg 2018;6:
250-259.

Hantouly AT, Aminake G, Khan AS, et al. Meniscus root
tears: State of the art. Int Orthop 2024;48:955-964.
Bhatia S, LaPrade CM, Ellman MB, LaPrade RF. Meniscal
root tears: Significance, diagnosis, and treatment. Am J
Sports Med 2014;42:3016-3030.

Krivicich LM, Kunze KN, Parvaresh KC, et al. Compari-
son of long-term radiographic outcomes and rate and
time for conversion to total knee arthroplasty between
repair and meniscectomy for medial meniscus posterior
root tears: A systematic review and meta-analysis. Am J
Sports Med 2022;50:2023-2031.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Kim JS, Lee MK, Choi MY, et al. Rehabilitation after
repair of medial meniscus posterior root tears: A sys-
tematic review of the literature. Clin Orthop Surg 2023;15:
740-751.

Hampton M, Ali F, Nicolaou N, Ajuied A, Paediatric
Meniscal Working Group. The management of isolated
meniscal tears in skeletally immature children. An in-
ternational expert consensus. Knee Surg Sports Traumatol
Arthrosc 2025;33:1259-1269.

Parvizi J, Tan TL, Goswami K, et al. The 2018 definition
of periprosthetic hip and knee infection: An evidence-
based and validated criteria. J Arthroplasty 2018;33:
1309-1314.¢2.

Papalia R, Vasta S, Franceschi F, D’Adamio S, Maffulli N,
Denaro V. Meniscal root tears: From basic science to ul-
timate surgery. Br Med Bull 2013;106:91-115.

Lee DH, Lee BS, Kim JM, et al. Predictors of degenerative
medial meniscus extrusion: Radial component and knee
osteoarthritis. Knee Surg Sports Traumatol Arthrosc 2011;19:
222-229.

Mundal K, Geeslin AG, Solheim E, Inderhaug E. Differ-
ences between traumatic and degenerative medial
meniscus posterior root tears: A systematic review. Am J
Sports Med 2025;53:228-233.

Allende F, Garcia JR, Ayala SG, et al. Medial meniscal
posterior root tears are associated with steeper medial
posterior tibial slope and varus alignment. Arthrosc Sports
Med Rehabil 2025;7:100998.

LaPrade CM, Smith SD, Rasmussen MT, et al. Conse-
quences of tibial tunnel reaming on the meniscal roots
during cruciate ligament reconstruction in a cadaveric
model, Part 2: The posterior cruciate ligament. Am J Sports
Med 2015;43:207-212.

Kennedy NI, Michalski MP, Engebretsen L, LaPrade RF.
Jatrogenic meniscus posterior root injury following
reconstruction of the posterior cruciate ligament: A report
of three cases. JBJS Case Connect 2014;4:¢20 (1 suppl 6).
Kennedy MI, Strauss M, LaPrade RF. Injury of the
meniscus root. Clin Sports Med 2020;39:57-68.
Cerminara AJ, LaPrade CM, Smith SD, Ellman MB,
Wijdicks CA, LaPrade RF. Biomechanical evaluation of a
transtibial pull-out meniscal root repair: Challenging the
bungee etfect. Am J Sports Med 2014;42:2988-2995.

Lee JH, Lim YJ, Kim KB, Kim KH, Song JH. Arthroscopic
pullout suture repair of posterior root tear of the medial
meniscus: Radiographic and clinical results with a 2-year
follow-up. Arthroscopy 2009;25:951-958.

Chung KS, Ha JK, Ra HJ, Nam GW, Kim JG. Pullout
fixation of posterior medial meniscus root tears: correla-
tion between meniscus extrusion and midterm clinical
results. Am J Sports Med 2017;45:42-49.

Chahla J, Moulton SG, LaPrade CM, Dean CS, LaPrade RF.
Posterior meniscal root repair: The transtibial double
tunnel pullout technique. Arthrosc Tech 2016;5:€291-e296.
Ahn JH, Jeong HJ, Lee YS, et al. Comparison between
conservative treatment and arthroscopic pull-out repair
of the medial meniscus root tear and analysis of prog-
nostic factors for the determination of repair indication.
Arch Orthop Trauma Surg 2015;135:1265-1276.

Costa CR, Morrison WB, Carrino JA. Medial meniscus
extrusion on knee MRI: Is extent associated with severity


http://refhub.elsevier.com/S0749-8063(25)00479-7/sref1
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref1
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref1
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref1
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref2
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref2
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref2
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref2
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref2
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref3
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref3
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref3
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref3
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref4
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref4
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref4
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref5
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref5
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref5
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref6
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref6
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref6
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref7
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref7
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref7
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref8
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref8
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref8
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref9
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref9
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref9
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref9
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref10
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref10
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref10
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref11
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref11
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref11
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref12
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref12
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref13
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref13
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref13
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref14
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref14
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref14
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref14
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref14
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref14
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref15
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref15
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref15
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref15
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref16
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref16
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref16
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref16
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref16
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref17
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref17
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref17
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref17
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref18
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref18
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref18
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref19
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref19
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref19
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref19
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref20
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref20
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref20
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref20
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref21
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref21
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref21
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref21
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref22
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref22
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref22
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref22
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref22
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref23
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref23
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref23
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref23
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref24
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref24
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref25
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref25
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref25
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref25
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref26
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref26
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref26
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref26
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref27
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref27
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref27
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref27
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref28
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref28
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref28
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref29
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref29
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref29
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref29
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref29
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref30
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref30

ARTICLE IN PRESS

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41].

42.

43.

44.

45.

INTERNATIONAL DELPHI CONSENSUS ON MMRTs

of degeneration or type of tear? AJR Am J Roentgenol
2004;183:17-23.

Lerer DB, Umans HR, Hu MX, Jones MH. The role of
meniscal root pathology and radial meniscal tear in
medial meniscal extrusion. Skeletal Radiol 2004;33:
569-574.

LaPrade CM, James EW, Cram TR, Feagin JA,
Engebretsen L, LaPrade RF. Meniscal root tears: A clas-
sification system based on tear morphology. Am J Sports
Med 2015;43:363-369.

Lim HC, Bae JH, Wang JH, Seok CW, Kim MK. Non-
operative treatment of degenerative posterior root tear of
the medial meniscus. Knee Surg Sports Traumatol Arthrosc
2010;18:535-539.

Elnewishy A, Elsenosy AM, Nahas S, Abdalla M, Symeon
N, Teama H. A systematic review and meta-analysis of
medial meniscus root tears: Is surgery the key to better
outcomes? Cureus 16:€75199.

Krych AJ, Reardon PJ, Johnson NR, et al. Non-operative
management of medial meniscus posterior horn root
tears is associated with worsening arthritis and poor
clinical outcome at 5-year follow-up. Knee Surg Sports
Traumatol Arthrosc 2017;25:383-389.

Randazzo E, Duerr R, Baria MR. Meniscus root tears: A
clinical review. Curr Sports Med Rep 2022;21:155-158.
Lee NH, Seo HY, Sung MJ, Na BR, Song EK, Seon JK.
Does meniscectomy have any advantage over conserva-
tive treatment in middle-aged patients with degenerative
medial meniscus posterior root tear? BMC Musculoskelet
Disord 2021;22:742.

Emmanuel K, Quinn E, Niu J, et al. Quantitative mea-
sures of meniscus extrusion predict incident radiographic
knee osteoarthritis—data from the Osteoarthritis Initia-
tive. Osteoarthritis Cartilage 2016;24:262-269.

Dragoo JL, Konopka JA, Guzman RA, Segovia N,
Kandil A, Pappas GP. Outcomes of arthroscopic all-inside
repair versus observation in older patients with meniscus
root tears. Am J Sports Med 2020;48:1127-1133.
Banovetz MT, Roethke LC, Rodriguez AN, LaPrade RF.
Meniscal root tears: A decade of research on their rele-
vant anatomy, biomechanics, diagnosis, and treatment.
Arch Bone Jt Surg 2022;10:366-380.

Chung KS, Ha JK, Ra HJ, Yu WJ, Kim JG. Root repair
versus partial meniscectomy for medial meniscus poste-
rior root tears: Comparison of long-term survivorship and
clinical outcomes at minimum 10-year follow-up. Am J
Sports Med 2020;48:1937-1944.

Han SB, Shetty GM, Lee DH, et al. Unfavorable results of
partial meniscectomy for complete posterior medial
meniscus root tear with early osteoarthritis: A 5- to 8-
year follow-up study. Arthroscopy 2010;26:1326-1332.
Ro KH, Kim JH, Heo JW, Lee DH. Clinical and radiolog-
ical outcomes of meniscal repair versus partial menis-
cectomy for medial meniscus root tears: A systematic
review and meta-analysis. Orthop J Sports Med 2020;8:
2325967120962078.

Krych AJ, Hevesi M, Leland DP, Stuart MJ. Meniscal root
injuries. J Am Acad Orthop Surg 2020;28:491-499.
LaPrade RF, LaPrade CM, James EW. Recent advances in
posterior meniscal root repair techniques. J Am Acad
Orthop Surg 2015;23:71-76.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

15

Palisch AR, Winters RR, Willis MH, Bray CD, Shybut TB.
Posterior root meniscal tears: Preoperative, intra-
operative, and postoperative imaging for transtibial pull-
out repair. Radiographics 2016;36:1792-1806.

Chen BK, Lin YC, Liu YH, et al. Correlation between
subchondral insufficiency fracture of the knee and oste-
oarthritis progression in patients with medial meniscus
posterior root tear. Diagnostics (Basel) 2023;13:3532.
Pareek A, Parkes CW, Bernard C, et al. Spontaneous
Osteonecrosis/subchondral insufficiency fractures of the
knee: High rates of conversion to surgical treatment and
arthroplasty. J Bone Joint Surg Am 2020;102:821-829.
Barras LA, Pareek A, Parkes CW, et al. Post-arthroscopic
subchondral insufficiency fractures of the knee yield high
rate of conversion to arthroplasty. Arthroscopy 2021;37:
2545-2553.

Okazaki Y, Furumatsu T, Hiranaka T, et al. Medial
meniscus posterior root repair prevents the progression of
subchondral insufficiency fracture of the knee. J Orthop
Sci 2021;26:1051-1055.

Krych AJ, Johnson NR, Mohan R, Dahm DI, Levy BA,
Stuart MJ. Partial meniscectomy provides no benefit for
symptomatic degenerative medial meniscus posterior root
tears. Knee Surg Sports Traumatol Arthrosc2018;26:1117-1122.
LaPrade CM, Foad A, Smith SD, et al. Biomechanical
consequences of a nonanatomic posterior medial menis-
cal root repair. Am J Sports Med 2015;43:912-920.
LaPrade RF, Floyd ER, Carlson GB, Moatshe G, Chahla J,
Monson JK. Meniscal root tears: Solving the silent
epidemic. J Arthrosc Surg Sports Med 2021;2:47-57.
LaPrade RF, Matheny LM, Moulton SG, James EW,
Dean CS. Posterior meniscal root repairs: Outcomes of an
anatomic transtibial pull-out technique. Am J Sports Med
2017;45:884-891.

Starke C, Kopf S, Grobel KH, Becker R. The effect of a
nonanatomic repair of the meniscal horn attachment on
meniscal tension: A biomechanical study. Arthroscopy
2010;26:358-365.

Chung KS, Choi CH, Bae TS, et al. Comparison of tibio-
femoral contact mechanics after various transtibial and
all-inside fixation techniques for medial meniscus poste-
rior root radial tears in a porcine model. Arthroscopy
2018;34:1060-1068.

Perry AK, Lavoie-Gagne O, Knapik DM, et al. Examining
the efficacy of medial meniscus posterior root repair: A
meta-analysis and systematic review of biomechanical and
clinical outcomes. Am J Sports Med 2023;51:1914-1926.
LaPrade CM, LaPrade MD, Turnbull TL, Wijdicks CA,
LaPrade RF. Biomechanical evaluation of the transtibial
pull-out technique for posterior medial meniscal root
repairs using 1 and 2 transtibial bone tunnels. Am J Sports
Med 2015;43:899-904.

Furumatsu T, Hiranaka T, Okazaki Y, et al. Medial
meniscus posterior root repairs: A comparison among
three surgical techniques in short-term clinical outcomes
and arthroscopic meniscal healing scores. J Orthop Sci
2022;27:181-189.

Okazaki Y, Furumatsu T, Hiranaka T, et al. Arthroscopic
meniscal healing following medial meniscus posterior
root repair: A comparison between two suture materials.
J Knee Surg 2023;36:1200-1208.


http://refhub.elsevier.com/S0749-8063(25)00479-7/sref30
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref30
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref31
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref31
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref31
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref31
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref32
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref32
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref32
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref32
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref33
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref33
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref33
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref33
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref35
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref35
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref35
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref35
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref35
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref36
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref36
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref37
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref37
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref37
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref37
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref37
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref38
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref38
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref38
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref38
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref39
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref39
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref39
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref39
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref40
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref40
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref40
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref40
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref41
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref41
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref41
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref41
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref41
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref42
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref42
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref42
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref42
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref43
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref43
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref43
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref43
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref43
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref44
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref44
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref45
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref45
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref45
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref46
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref46
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref46
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref46
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref47
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref47
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref47
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref47
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref48
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref48
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref48
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref48
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref49
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref49
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref49
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref49
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref50
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref50
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref50
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref50
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref51
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref51
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref51
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref51
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref52
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref52
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref52
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref53
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref53
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref53
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref54
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref54
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref54
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref54
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref55
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref55
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref55
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref55
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref56
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref56
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref56
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref56
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref56
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref57
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref57
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref57
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref57
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref58
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref58
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref58
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref58
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref58
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref59
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref59
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref59
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref59
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref59
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref60
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref60
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref60
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref60

ARTICLE IN PRESS

J. CHAHLA ET AL.

16

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Kintaka K, Furumatsu T, Okazaki Y, et al. Comparison of two
simple stitches and modified Mason-Allen suture for medial
meniscus posterior root tear based on the progression of
meniscal posterior extrusion: A retrospective cohort study.
J Orthop Surg (Hong Kong) 2021;29:23094990211049569.
Herber AP, Brinkman JC, Tummala SV,
Economopoulos KJ. Medial collateral ligament pie-
crusting for isolated medial meniscal root repair is
associated with improved clinical outcomes with mini-
mum 2-year follow-up. Arthroscopy 2024;40:869-875.
Daney BT, Aman ZS, Krob JJ, et al. Utilization of trans-
tibial centralization suture best minimizes extrusion and
restores tibiofemoral contact mechanics for anatomic
medial meniscal root repairs in a cadaveric model. Am J
Sports Med 2019;47:1591-1600.

Koga H, Watanabe T, Horie M, et al. Augmentation of the
pullout repair of a medial meniscus posterior root tear by
arthroscopic  centralization.  Arthrosc  Tech 2017;6:
el335-e1339.

Ozeki N, Seil R, Krych AJ, Koga H. Surgical treatment of
complex meniscus tear and disease: State of the art.
J ISAKOS 2021;6:35-45.

Mochizuki Y, Kawahara K, Samejima Y, Kaneko T,
Ikegami H, Musha Y. Short-term results and surgical
technique of arthroscopic centralization as an augmen-
tation for medial meniscus extrusion caused by medial
meniscus posterior root tear. Eur J Orthop Surg Traumatol
2021;31:1235-1241.

Leafblad ND, Smith PA, Stuart MJ, Krych AJ. Arthro-
scopic centralization of the extruded medial meniscus.
Arthrosc Tech 2021;10:e43-e48.

Mameri ES, Kerzner B, Jackson GR, et al. Top ten pearls
for a successful transtibial pull-out repair of medial
meniscal posterior root tears with a concomitant
centralization stitch. Arthrosc Tech 2023;12:€1039-e1049.
Massey PA, Sampognaro G, Starnes E, et al. Improved
outcomes after reinforced radial meniscus repair
augmented with bone marrow aspirate concentrate.
Arthrosc Sports Med Rehabil 2023;5:e843-e851.

Jacob G, Shimomura K, Krych AJ, Nakamura N. The
meniscus tear: A review of stem cell therapies. Cells
2019;9:92.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Gopinatth V, Batra AK, Chahla J, et al. Degenerative
meniscus tears treated nonoperatively with platelet-rich
plasma yield variable clinical and imaging outcomes: A
systematic review. Arthrosc Sports Med Rehabil 2024;6:
100916.

Jing L, Liu K, Wang X, et al. Second-look arthroscopic
findings after medial open-wedge high tibial osteotomy
combined with all-inside repair of medial meniscus pos-
terior root tears. J Orthop Surg (Hong Kong) 2020;28:
2309499019888836.

Kim YM, Joo YB, Lee WY, Kim YK. Remodified Mason-
Allen suture technique concomitant with high tibial
osteotomy for medial meniscus posterior root tears
improved the healing of the repaired root and suppressed
osteoarthritis progression. Knee Surg Sports Traumatol
Arthrosc 2021;29:1258-1268.

Itou J, Kuwashima U, Itoh M, Okazaki K. High tibial
osteotomy for medial meniscus posterior root tears in
knees with moderate varus alignment can achieve
favorable clinical outcomes. J Exp Orthop 2022;9:65.
Rocha de Faria JL, Serra Cruz R, Campos ALS,
Souza GGA, Di Cavalcanti YS, Goes RA. Meniscal root
repair alone or combined with different procedures after
at least 6 months of follow-up: A series of cases. Open
Access J Sports Med 2022;13:25-34.

Monson JK, LaPrade RF. Posterior medial meniscus root
tears: Clinical implications, surgical management, and
post-operative rehabilitation considerations. Int J Sports
Phys Ther 2025;20:127-136.

Steineman BD, LaPrade RF, Haut Donahue TL. Loosening
of transtibial pullout meniscal root repairs due to simu-
lated rehabilitation is unrecoverable: A biomechanical
study. Arthroscopy 2019;35:1232-1239.

Chung KS, Ha JK, Yeom CH, et al. Comparison of clinical
and radiologic results between partial meniscectomy and
refixation of medial meniscus posterior root tears: A min-
imum 5-year follow-up. Arthroscopy 2015;31:1941-1950.
Lee DW, Kim MK, Jang HS, Ha JK, Kim JG. Clinical and
radiologic evaluation of arthroscopic medial meniscus
root tear refixation: Comparison of the modified Mason-
Allen stitch and simple stitches. Arthroscopy 2014;30:
1439-1446.


http://refhub.elsevier.com/S0749-8063(25)00479-7/sref61
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref61
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref61
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref61
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref61
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref62
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref62
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref62
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref62
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref62
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref63
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref63
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref63
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref63
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref63
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref64
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref64
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref64
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref64
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref65
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref65
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref65
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref66
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref66
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref66
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref66
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref66
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref66
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref67
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref67
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref67
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref68
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref68
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref68
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref68
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref69
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref69
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref69
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref69
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref70
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref70
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref70
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref71
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref71
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref71
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref71
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref71
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref72
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref72
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref72
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref72
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref72
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref73
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref73
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref73
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref73
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref73
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref73
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref74
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref74
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref74
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref74
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref75
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref75
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref75
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref75
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref75
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref76
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref76
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref76
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref76
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref77
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref77
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref77
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref77
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref78
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref78
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref78
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref78
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref79
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref79
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref79
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref79
http://refhub.elsevier.com/S0749-8063(25)00479-7/sref79

	International Delphi Consensus on Medial Meniscal Root Tears Shows High Agreement on Diagnosis, Treatment, and Rehabilitati ...
	Methods
	Study Design
	Identification of Statements for Inclusion in the First-Round Survey
	Establishing Consensus Using Delphi Methods

	Statistical Analysis
	Results
	Clinical and Imaging Diagnosis
	Nonoperative Management
	Surgical Indication and Management
	Lower Limb Alignment
	Postoperative Rehabilitation and Recovery

	Discussion
	Limitations

	Conclusions
	Disclosures
	References


