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Background: Meniscus root tears comprise 10% to 21% of all meniscal tears. These tears alter knee biomechanics, elevating
contact pressure, akin to a meniscectomy. Consequently, they are linked to advanced joint degeneration and cartilage damage
in the affected compartment.

Purpose: To systematically evaluate and relate the current literature describing the diagnosis and treatment strategies for menis-
cus root tears.

Study Design: Scoping review; Level of evidence, 4.

Methods: This review was conducted following the guidelines of the PRISMA (Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) extension for scoping reviews. Inclusion criteria encompassed English-language clinical and preclin-
ical research, technical notes, and narrative reviews on meniscus root tears. Exclusion criteria were studies on patellar tendon
rupture, studies on medial patellofemoral ligament rupture with additional knee joint ligament injuries, studies of patients <16
years old, and studies involving open fractures. The data were summarized using a descriptive analysis and a thematic
analysis.

Results: After 1425 articles were identified, 461 studies were included; 17% (n = 78) were case reports or case series, 15% (n =
71) were technical notes, 9% (n = 41) addressed aspects of diagnosis, 7% (n = 32 ) were narrative reviews, and 5% (n = 21) were
systematic reviews or meta-analyses. Studies presenting original data comprised 57% (n = 262) of all included studies, and 97%
of the studies were of evidence levels 3 to 5. Contributions were mainly from the United States (n = 123; 27%), Republic of Korea
(n =102; 22%), and Japan (n = 99; 21%). Many studies (n = 216; 47%) focused on the treatment and outcomes of meniscus root
tears. A significant chronological surge in the quantity of studies addressing the diagnosis and treatment of meniscus root tears
was evident, particularly over the past 3 years. Consensus was found regarding the definition of meniscus root tears, the advan-
tages of early repair, and postoperative rehabilitation protocols. The variations in surgical techniques and operative strategies
created the greatest amount of contention, along with clinical assessment and imaging modalities.

Conclusion: High-level evidence studies for diagnosing and managing meniscus root tears were scarce. A consensus has yet to
be reached regarding the role of concomitant osteotomy, comparison of repair techniques, the use of a centralization stitch,
patient factors affecting outcomes, and long-term outcomes of nonoperative management.
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Recent decades have seen a paradigm shift in the manage- on their unique biomechanical implications, treatment
ment of meniscal tears, as continued research sheds light nuances, and clinical consequences, paving the way for
an emphasis on meniscal preservation.!?® Critical to the
function of the menisci, particularly in load distribution,
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as radial tears up to 1 cm from the meniscus root attach-
ment, 2122132154191 haue heen consistently associated
with impaired joint kinematics and contact mechanics
and are frequently the underlying cause behind significant
conditions such as subchondral insufficiency fractures,
rapidly progressing osteoarthritis (OA), or ligament recon-
struction failure, 63477198

The significance of meniscus root tears within the scope
of all meniscal injuries is 2-fold, because tears of the menis-
cus root comprise an estimated 10% to 21% of all meniscal
tears.?>87132 From a biomechanical standpoint, the menis-
cus roots have a crucial role in transforming and dispers-
ing axial tibiofemoral loads as hoop stresses.®'® These
structures are integral to the proper functioning of the
menisci and, in turn, knee biomechanics, because the
menisci are responsible for absorbing 50% to 70% of loads
experienced by the medial and lateral compartments.®®
Tears of the meniscus root cause extrusion of the meniscus,
leading to a disruption in the distribution of forces across
the tibial plateau, as a result of the loss of hoop
stress.2¢15% Resulting abnormal, high-peak tibiofemoral
contact pressures and decreased contact areas may lead
to degenerative cartilage damage.® Loss of the meniscus
root attachment, and associated function, has been shown
to result in a biomechanical state that mirrors that of
a total menisectomy. 5148171

Efforts in the past decade have raised attention to the
importance of meniscal preservation and repair!®1451:180
because the consensus now acknowledges that meniscec-
tomy consistently results in rapidly progressive OA of the
knee.5>116171 Thig shift has been driven by a mounting
body of evidence demonstrating both the adverse conse-
quences of meniscectomy and the advantageous outcomes
achieved through meniscus root repair.!'? Although sev-
eral techniques for surgical repair of the meniscus root
have been described and are used, the most common tech-
nique is the transtibial pullout repair.®

Discussions concerning the most valuable clinical signs,
imaging methods, operative versus nonoperative strate-
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gies, surgical techniques, and protocols for rehabilitation
are numerous across the literature. However, a low level
of evidence still characterizes a large contingent of the
studies on meniscus root tears, and topics of debate are
often addressed in narrative reviews largely expressing
expert opinion. To date, a robust overview that assesses
the scope, variety, and overall consolidation of literature
concerning meniscus root tears is lacking.

The purpose of the present study was to conduct
a methodically rigorous scoping review outlining the liter-
ature that examines the diagnosis and management of
meniscus root tears. The findings of this study will aid in
shared and informed decision-making as well as highlight
gaps in the literature, paving the way for the establish-
ment of future research priorities.

METHODS

Literature Search

This review was conducted following the guidelines out-
lined in the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) extension for
scoping reviews. A systematic search of PubMed and
EMBASE databases was performed in accordance with
the 2020 PRISMA guidelines,'”® with the purpose of iden-
tifying studies to answer the broad question of what is cur-
rently known about the diagnosis and treatment of
meniscus root tears in the literature. This search was per-
formed between date of inception and June 30, 2023, using
the search terms “meniscus” OR “meniscal” AND “root”
AND “lesion” OR “tear.” The Boolean terms “AND” and
“OR” were used to extract relevant studies. The reference
lists of all studies that fulfilled the inclusion criteria
were subsequently explored until no additional pertinent
articles were discerned. Titles and abstracts were evalu-
ated for eligibility by 2 reviewers (J.R.G. and S.G.A.). In
cases of unresolved consensus, the study advanced to an
examination of the full text, with a third reviewer (M.H.)
ultimately determining the study’s inclusion or exclusion.
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TABLE 1
Selection Criteria for Studies

Inclusion Criteria

Exclusion Criteria

e Individual case reports, technical notes, opinion pieces, and
narrative reviews regarding meniscus root tears

e Clinical and preclinical studies related to meniscus root tears

e Studies reporting the outcomes of management of meniscus
root tears

e Studies reporting concomitant meniscus body and meniscus
root tears

o Studies not relevant to meniscus root tears

e Conference abstracts, book chapters

e Studies not in the English language

e Studies reporting on patellar tendon rupture, medial patellofemoral
ligament rupture in combination with >1 ligaments of the knee joint

e Studies including pediatric patients (aged <16 years, skeletally
immature)

e Studies including open fractures

Study Selection

Studies were considered eligible if they met the inclusion
criteria, which were created through expert consultation.
Experts were defined as physicians who treat a high vol-
ume of patients with meniscus root tears and who educate
internationally on the subject (J.C., F.F., A.G.G., LM,,
G.M., N.N.V,, and R.F.L.). The inclusion and exclusion cri-
teria for study selection are shown in Table 1.

Data Extraction

Charting tables were used to record, compile, and assimi-
late extracted data. A priori categories were charted as
well as emerging themes. Demographic information
regarding diversity within the population of study partici-
pants was noted. Four reviewers (J.R.G., S.G.A., M.H., and
F.A)) undertook data extraction. Any discrepancies were
discussed by the group of reviewers. A structured assess-
ment of quality was omitted, given that the primary objec-
tive of scoping reviews is to chart the landscape of
available evidence rather than exclusively seek the best
available evidence. The methodological approach adopted
within this scoping review facilitated the extraction, aggre-
gation, and synthesis of existing knowledge within this
expansive domain, and the information was summarized
in the following manner:

e A descriptive analysis that includes geographic mapping
of studies, chronological analysis by year of publication,
study methods, focus of studies, and level of evidence
assigned for all clinical articles using the Journal of
Bone and Joint Surgery ranking system?2°2

e A thematic analysis that describes how the existing pub-
lished literature relates to the initial research question
and aims of the present study, along with the main find-
ings from the studies, organized by theme

RESULTS

Descriptive Analysis

The study selection process and the results of the search
are outlined in Figure 1. A total of 461 studies met the
inclusion criteria and aligned with the aims and research
question of the present review. A significant chronological

surge was evident in the quantity of studies addressing the
diagnosis and treatment of meniscus root tears (Figure 2).
The earliest study was published in 2002, and the largest
number of studies was published in 2023. A summary of
all included studies is in Supplemental Table S1, available
separately.

In total, 24 countries produced studies that were
included in this review. Contributions were most signifi-
cant from the United States (123 studies; 27%), the Repub-
lic of Korea (102 studies; 22%), and Japan (99 studies;
21%). A heatmap illustrating the nations with the highest
publication frequency is shown in Figure 3.

Considerable heterogeneity was seen in the design and
method of the studies (Figure 4). Studies were predomi-
nantly of lower order evidence, with levels 3 to 5 account-
ing for 97% of the total.

A total of 21 systematic reviews! | were included in this
scoping review for the purpose of obtaining demographic
information such as age, race and ethnicity, and sex ratio
of patients included in studies analyzing various aspects
of the diagnosis and management of meniscus root tears.
Of these reviews, 12 (57%) reported the sex of the partici-
pants. Women comprised 52% of the total patients, and
the mean age of included individuals was 50.2 years. No
systematic review reported on the race and ethnicity of
participants. However, an analysis of all studies included
in this scoping review demonstrated that only 10 studies
(2.17%) reported on the race and ethnicity of participants,
with 10 studies specifying Asian participants and 2 studies
specifying White participants. A few studies assessed
meniscus root tears in the context of high-level sport
(n = 5)I778BISLIN 1 iy g military setting (n = 1),%8
although a large majority of studies did not mention or
investigate these special populations.

Focus of Studies

In the cohort of included studies that presented original
clinical data (n = 262), a subset of 55 studies (21%) were
centered on investigating aspects of the diagnosis of menis-
cus root tears. These studies examined various imaging
modalities, clinical examination maneuvers, clinical use-
fulness of imaging findings, and classification systems.

IReferences 23, 42, 47, 49, 51, 53, 56, 77, 81, 83, 97, 110, 121, 145, 182,
189, 199, 200, 203, 208, 209.
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Figure 1. Diagram demonstrating the article selection pro-
cess conducted according to the 2020 PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines.'”

80

Number of Studies

Figure 2. Bar graph demonstrating the number of studies
related to meniscus root tear by publication year.

Within this subset, 29 studies were of level 2 or 3 evidence,
encompassing 3 cross-sectional, 6 prospective, and 20 ret-
rospective studies.

A substantial portion of the included studies presenting
original clinical data addressed elements associated with
the treatment and outcomes of meniscus root tears (n =
206; 79%). Within this category, 112 studies were of level
2 or 3 evidence, comprising 17 prospective, 93 retrospective,
and 2 cross-sectional studies. The focus of these studies
included comparative assessment, evaluation, and descrip-
tive analysis of meniscus root repair techniques, along
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with analysis of factors affecting postoperative outcomes
and the progression of OA and meniscal extrusion and com-
parison of operative versus nonoperative management.

Of all included studies, 47% (n = 218) addressed treat-
ment and outcomes, 17% were case reports or case series
(n = 178), 15% (n = 71) were technical notes, 9% (n = 41)
addressed aspects of diagnosis, 7% (n = 32) were narrative
reviews, and 5% (n = 21) were systematic reviews or meta-
analyses, as seen in Figure 5.

Thematic Analysis

Nomenclature and Definitions. Meniscus root tears are
most commonly defined as either an avulsion at the inser-
tion site of the meniscal attachment or a complete radial
tear located within 1 cm of the meniscal insertion.?! In
the present study, the earliest definitions of meniscus roots
were from 2006. Jones et al®® defined the posterior root of
the medial meniscus as “a strong, thick structure” that is
“visible on MRI as a low-signal band of tissue extending
from the posterior horn of the meniscus to its attachment
on the proximal tibia, immediately anterior to the posterior
cruciate ligament.” Also in 2006, Brody et al'® defined
meniscus roots as “the last few millimeters of meniscal tis-
sue angling down to the tibial plateau attachment in the
intercondylar notch.” Then, in 2008, Griffith et al®” were
the first to report a meniscus root avulsion fracture while
also documenting its repair and reporting outcomes at 3-
year follow-up. In 2009, Ahn et al® defined a posterior lat-
eral (PL) meniscus root tear as “a tear that occurs less than
1 cm from the posterior insertion.” This was the most com-
mon definition found among the literature reviewed.
Some studies used a slightly different definition, describ-
ing root tears as occurring within 9 mm of the posterior
bony attachment as opposed to within 1 ¢m of the inser-
tion. This is likely based on the definition used by LaP-
rade et al'?* for a type 2 meniscus root tear, defined as
a “complete radial tear within 9 mm from the bony root
attachment.” LaPrade et al'?* were the first to create
a classification of meniscus root tears by tear morphology,
and it has become the primary established classification
system. As per this classification system, the remaining
types of tear patterns are as follows: “partial stable root
tear (type 1), complete radial tear within 9 mm from the
bony root attachment (type 2), bucket-handle tear with
complete root detachment (type 3), complex oblique or lon-
gitudinal tear with complete root detachment (type 4),
and bony avulsion fracture of the root attachment (type
5’124 (Figure 6).

Many studies either did not define a root tear or used
a nonspecific definition like the one used by Lim et al,'*?
which defined a root tear as a “radial tear at its posterior
root attachment.” A small group of studies defined a menis-
cus root tear as a radial tear within 5 mm of the bony
attachment. Despite the few discrepancies regarding spe-
cific distance from the root attachment site, there appears
to be an overall well-accepted definition of meniscus root
tears.

Meniscus Root Anatomy and Biomechanics. Various
cadaveric studies aimed to establish the root attachments’
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Figure 3. Heatmap of countries demonstrating geographic concentration of studies related to meniscus root tear.
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Figure 4. Distribution of included studies according to level
of evidence, as determined by the Journal of Bone and Joint
Surgery ranking system.2%?

anatomy and their relation to anatomic land-
marks.85122192 A thorough comprehension of the native
anatomy is paramount when managing meniscus root
tears, as nonanatomic repairs fail to restore meniscal
function.'?

In terms of arthroscopically relevant landmarks, the
anterior root of the lateral meniscus is located 14.4 mm
anteromedial to the apex of the lateral tibial eminence
and most notably lies in close relation to the tibial insertion
of the anterior cruciate ligament (ACL).}?2 The center of
the ACL insertion is 5 mm posteromedial to the center of
the anterior lateral (AL) root,'*? with studies reporting
a 41%-63% overlap of the AL root area with the ACL tibial
insertion.'?21°2 This notable proximity is reflected in bio-
mechanical findings by LaPrade et al'?® demonstrating
that ACL tunnel reaming decreases the AL root attach-
ment area and ultimate failure strength, whereas in the
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Figure 5. Distribution of studies according to their primary
focus.

clinical setting, Oshima et al'®® characterized lateral devi-

ation during tibial tunnel reaming as an independent risk
factor for postoperative lateral meniscal extrusion.

The anterior medial (AM) root is found 18.2 mm antero-
medial to the center of the ACL and approximately 32.8
mm anterior to the posterior medial (PM) root.'®? The
AM root is at risk during intramedullary nailing of the
tibia, 44131

The biomechanical implications of anterior root tears
are markedly less studied than those of posterior root
tears. The consequences of AL root detachment were high-
lighted in a study by Espejo-Reina et al,*® who reported
decreased contact areas and increased peak contact pres-
sures at low knee flexion angles, similar to those of a lateral
meniscectomy. For the medial meniscus, a similar impair-
ment of contact mechanics may be expected, as Costa
et al®® reported approximately 90% of medial meniscal
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extrusion (MME) greater than 6 mm after AM root tears—
seeing that extrusion itself is associated with the progres-
sion of degenerative joint disease.!9%148

The anatomy of the posterior root attachments was
thoroughly described by Johannsen et al.®¢ The PM root
attachment is described as located 9.6 mm posterior and
0.7 mm lateral to the apex of the medial tibial eminence.
The “shiny white fibers” comprise up to 60% of the overall
PM root area and lie in proximity to the fibers of the poste-
rior cruciate ligament (PCL).®¢ A laboratory study by
LaPrade et al'*° highlighted this relation, reporting the
potential for iatrogenic damage to the PM root during tib-
ial tunnel reaming for PCL reconstruction. The PL root is
described as located 4.2 mm medial and 1.5 mm posterior
to the apex of the lateral tibial eminence.®® Although infre-
quent, the PL root may be damaged during ACL tibial tun-
nel reaming, and we found 1 case report of iatrogenic
injury during tunnel reaming for the posterolateral bundle
during double-bundle ACL reconstruction.'?

Biomechanically, evidence of the deleterious consequen-
ces of tears to the posterior root attachments of the medial
and lateral menisci is overwhelming. Y9 A landmark study
by Allaire et al® on PM root tears highlighted not only
altered knee kinematics—in the form of significantly
increased lateral tibial translation and external rota-
tion—but also massively impaired contact mechanics,
with peak contact pressures in the medial compartment
akin to those found after a medial meniscectomy. Injury
to the peripheral circumferential fibers of the meniscus,
characteristic of root tears, ultimately leads to significant
meniscal extrusion,*>!”' compounding the potential for
OA progression.*®* When combined with an injury to the
ACL, a PM root tear may potentiate the overloading effect
of an increased tibial slope on ACL graft strain.'®8% Aside
from causing compromised contact mechanics and the
potential for extrusion, tears to the PL root attachments
generate significant increases in knee laxity.'®® Smith
et al'®® reported a significant increase in anterior laxity
during both the anterior-drawer test and the pivot-shift
test in a concomitant PL root injury relative to an isolated
ACL group. These findings further highlight the role of the
lateral meniscus as a secondary stabilizer.?”

Etiology. Meniscus root tears occur in both acute and
chronic settings as well as an iatrogenic manner. Acute
injuries more commonly occur in the setting of traumatic
insult, whereas chronic injuries frequently result as a con-
sequence of degenerative OA.82 Acute traumatic injuries to
the meniscus root often occur in younger patients with
knee hyperflexion and rotatory blow or with concomitant
ligamentous injury, most commonly injury of the
ACL 8286154 Older patients tend to present with chronic
meniscus root injuries that occur as a consequence of
degenerative OA and low-energy mechanisms.!3%173

Etiology and mechanism of injury also vary between the
2 locations of meniscus root tears. Tears of the lateral
meniscus root are commonly reported with a history of

YIReferences 6, 12, 18, 21, 55, 66, 151, 210.
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trauma, with Koo et al'® demonstrating this association in
up to 95% of cases. Moreover, a large majority of patients
with lateral meniscus root tears (LMRTSs) experience con-
comitant injuries of the ACL.1%%'27 Koo et al found that
95% of patients with verified tears of the lateral meniscus
root also had simultaneous tears of the ACL. Karpinski
et al”® demonstrated that this relationship occurred in
82.4% of patients. The rate with which these 2 injuries
are associated varies significantly from the rate at which
medial meniscus root tears (MMRTSs) and ACL tears are
associated. It has been shown that these injuries occur in
a concomitant manner in only 5.7% to 13.6% of cases.?®1%°

Tatrogenic injury to the meniscus roots during surgical
procedures of the knee is an underrecognized complication
and diagnostic dilemma in patients with residual symp-
toms after initial surgery. During ACL reconstruction,
malpositioning of the tibial tunnel can result in inadver-
tent damage to the meniscus roots, particularly the AL
root. Moreover, cadaveric studies have demonstrated sig-
nificant reduction in AL root strength and attachment
area after anatomic ACL tibial tunnel reaming.!?%!%0
This may occur due to the considerable (41%-63%) overlap
between the ACL and AL root footprints.'221°2 Clinically,
increased risk of lateral meniscal extrusion after ACL
reconstruction has been associated with excessive lateral-
ized tunnel trajectory.'®® Iatrogenic tears of the AL root
after ACL reconstruction were first noted by LaPrade
et al'?® in a series of case reports.

Injury to the posterior meniscus roots may also occur
during transtibial drilling for PCL reconstruction.?®°® In
a laboratory study, reaming of a tibial tunnel in the center
of the PCL footprint resulted in significantly decreased
strength and area of the posterolateral root attachment.'2°
Clinically, malpositioned PCL tunnels have been reported
to cause detachment of the posterior roots.?9%:130

Although key steps in surgical technique may mitigate
the risk, it is evident that iatrogenic meniscus root tears
represent an underrecognized complication across common
knee operations. Awareness and vigilance are needed to
avoid meniscus root injury during surgery as well as to
detect and address iatrogenic injury postoperatively.

Location of Tears. Of the studies included in the review,
67% specifically discussed medial meniscus posterior root
tears (MMPRTS). Given that only 18% of included studies
reported on lateral meniscus posterior root tears
(LMPRTS), it is evident that research on meniscus root
tears has predominantly centered on the most common
anatomic location of injury. It is worth noting that 9.5%
of studies included in the present review reported on
both MMPRTs and LMPRTs. Within the scope of the
included studies, the medial meniscus anterior root was
discussed in 1% of studies, the lateral meniscus anterior
root in 0.7% of studies, and both the medial and lateral
meniscus anterior root in 0.4% of studies. A discussion sur-
rounding all possible anatomic locations of meniscus root
tear was found in 3.4% of studies.

Although 43 studies included in the present review dis-
cussed both MMRTs and LMRTs, only 5 stud-
iegh4093:109.111  givectly compared these 2 locations of
meniscus root tears. The study design varied, as 3 studies
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Figure 6. The LaPrade classification'?* for meniscus root tears using cadaveric specimens.

were retrospective and 2 were prospective. The studies also
varied by geographic origin, with 2 studies originating
from the United States, 1 study from Norway, 1 study
from Germany, and 1 study from the Republic of Korea.
All of these studies were published between 2015 and 2023.

Significant differences were seen in patient characteris-
tics and demographics between patients with MMRTs and
LMRTSs. Studies consistently demonstrated that patients
who experienced tears of the medial meniscus root tended
to be significantly older than patients with LMRTSs, with
a mean age of 52 and 30 years, respectively 9109111 Fyy.
thermore, MMRTs have been found to be associated with
a higher body mass index.%®1%9111 Interestingly, Krych
et al'! found that tears of the medial meniscus root
occurred more frequently in female patients, whereas
tears of the lateral meniscus root occurred more often in
male patients.

Meniscal extrusion is a significant predictor of OA pro-
gression of the knee.3%*® Similar to the degree of meniscal
extrusion, differences in OA incidence and severity
between MMRTs and LMRTs have been demonstrated,
and MMRTSs are associated with significantly more severe
OA as demonstrated by the rate and degree of concomitant
cartilage damage in the affected compartment.?3109-111
Krych et al''! demonstrated that patients with MMRTs
had a higher Kellgren-Lawrence grade at the time of pre-
sentation, and Koo et al'® reported that OA more fre-
quently occurred in patients with MMRT than in
patients with LMRT. Karpinski et al®® studied a cohort of
104 patients, of whom 53 and 51 patients were diagnosed
with MMRT and LMRT, respectively. Those authors found
that mechanical varus angle was significantly higher in
patients with MMRTs (5.6°) than in patients with LMRTs
(2.4°) and that patients with MMRTs and a higher varus
angle also showed more severe OA.

It has been shown that patients who have MMRTs and
LMRTs differ in demographic characteristics and associ-
ated injuries.®®1°%1! Two studies®®!! included in the
present scoping review demonstrated that laterality of

meniscus root tears also influences treatment outcomes.
Krych et al'! reported that patients who underwent lat-
eral meniscus posterior root repairs had significantly bet-
ter International Knee Documentation Committee
(IKDC) and Tegner scores compared with patients who
underwent repair of medial meniscus posterior root
repairs. We posit that this may be due to significant differ-
ences in patient characteristics between the 2 cohorts,
although no definitive explanation has been determined.
Studies have reported that 82.4% to 95% of LMRTSs occur
with concomitant ACL injuries and are repaired simulta-
neously, so this may affect recovery and outcomes.?®!%°
Although a significant correlation between older age and
decreasing outcome scores was found, previous literature
has demonstrated that patients younger than 50 years
had similar outcomes as those older than 50 years after
undergoing meniscus root repair.'*® However, in the study
by Krych et al,'!! the mean age of patients who underwent
repair was 29 years. This contributes to the notion that the
use of age as a predictor of surgical success after meniscus
root repair must be investigated further.

Diagnosis

Clinical. Although physical examination of the knee is
a necessary component of the diagnostic workup and criti-
cal to suspecting a meniscus root tear, such examination is
only moderately effective in revealing the possibility of
a tear. Clinical diagnosis is challenging given that patients
with root tears do not always present with the typical signs
and symptoms associated with a meniscus body injury. Lee
et al'** reported that patients with MMPRTS experienced
sensations of their knees locking and giving way only
14.3% and 9.5% of the time, respectively. This same study
reported that the 2 most common clinical manifestations
found in patients with MMPRTs were pain on full flexion
and joint-line tenderness, with an incidence of 66.7% and
61.9%, respectively.1** Interestingly, a positive McMurray
test was found in only 57.1% of patients with MMPRTs.%*
Overall, 50%-60% of patients with meniscus root tears
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Figure 7. Magnetic resonance image of a left knee demonstrating (A) truncation, (B) ghost sign, (C) root tear, and (D) meniscal

extrusion and bone marrow edema.

show a combination of a positive McMurray sign, pain on
deep flexion, and evidence of meniscal extrusion on
palpation.52186

In the present review, only 10 of the analyzed studies®
(2.2%) specified the clinical signs and symptoms that
guided their diagnosis. Joint-line tenderness and posterior
knee pain with deep flexion were among the most fre-
quently reported signs. Having a history of a painful pop-
ping event in the knee was commonly mentioned as
a positive clinical finding. Bae et al'! evaluated the accu-
racy of a single event of painful popping for diagnosing
MMPRT and found this to have a sensitivity and specificity
of 35.0% and 99.5%, respectively, with a diagnostic accu-
racy of 77.9%. Additional signs and symptoms described
in the literature included load-dependent pain, a positive
McMurray test, and the inability to fully squat. Akmese
et al® described a novel sign, called the “Akmese sign,”
which was defined as severe medial joint-line tenderness
in near extension and minimal or no tenderness in knee
hyperflexion, when the knee has a slight varus position.
A sensitivity of 86.1% and specificity of 99.1% were demon-
strated for the sign,’ although no further studies have con-
firmed or mentioned it.

Imaging. Regarding imaging methods, magnetic reso-
nance imaging (MRI) emerged as the primary diagnostic
tool, being noted in 233 studies (50.5%). Although MRI
was overall the most commonly used modality for assessing
meniscal pathology, literature assessing the sensitivity
and specificity of MRI in diagnosing meniscus root tears
is still limited. Of the 233 studies, only 22 studies® (9.4%)
evaluated MRI diagnostic performance.

The sensitivity and specificity of MRI for diagnosing
MMPRT have been reported as 79%-94% and 80%-100%,
respectively, whereas for LMPRT, the figures stand at
60%-94% and 89%-100%, respectively. A 2015 study by
LaPrade et al'®* evaluated the diagnostic accuracy of 3.0-
T MRI and particularly highlighted the lower sensitivity
for diagnosing LMPRT. The authors found that this imag-
ing method had moderate sensitivity and specificity for the
detection of posterior meniscus root tears. The negative

#

#References 5, 11, 19, 65, 68, 142, 144, 178, 179, 186.
aReferences 9, 10, 17, 24, 26, 27, 29, 43, 59, 60, 64, 71, 92, 115, 117, 134,
142, 155, 161, 167, 178, 179.

predictive value and positive predictive value were high
and low, respectively. Interestingly, the sensitivity was
lower for LMPRT compared with MMPRT. The study con-
cluded that although many root tears may be identified via
imaging methods, such as 3.0-T MRI, some tears may be
seen only via arthroscopy.'®* When specifically evaluating
lateral roots, Minami et al'®® assessed different MRI signs,
reporting sensitivity as low as 10.3% when discussing the
ghost sign, which is defined as the absence of normal
meniscal signal in the sagittal plane (Figure 7), and up to
69.2% when evaluating a vertical line seen in the coronal
view, whereas specificity showed more consistent values
ranging from 85.5% to 100%. Notably, that study evaluated
the diagnostic performance of individual signs. De Smet
et al®® evaluated signs individually, which were then
used in combination for diagnosing LMRT. Their study
showed that this combination improved diagnostic perfor-
mance and reached a sensitivity of 84.4% and a specificity
of 90.5%.

When evaluating diagnostic performance of MRI for
MMPRT, the current literature reports higher sensitivity
(90% to 96.7%) and specificity (96.7% to 100%) for detecting
a radial tear on the axial view, the truncation sign on the
coronal view, and the ghost sign on the sagittal view (Fig-
ure 7).2° Several studies have also explored diagnosing
MMPRT based on meniscal extrusion (Figure 7), with
Park et al'™ demonstrating 79% sensitivity and 86% spec-
ificity using an extrusion ratio threshold of 10%. Similar
results were reported by Kwak et al,''® who found a sensi-
tivity of 69% and specificity of 82.9% when using a cutoff
value for the meniscal extrusion—medial femoral condyle
ratio of 0.08. However, the diagnostic sensitivity was lower
in the study by Choi et al®® (63.3%), with a specificity of
90%. When medial and lateral meniscus roots are exam-
ined, there are differences in how often meniscal extrusion
occurs and the grade at which it occurs. It has been demon-
strated that meniscal extrusion occurs in 81% to 86.8% of
patients with MMRT, whereas meniscal extrusion is seen
in only 5% to 15.7% of those with LMRT.?*!% Koo
et al'® reported that injuries of the medial meniscus root
caused a greater degree of extrusion, with a mean extent
of 4.2 mm, compared with a mean of 0.9 mm for LMRT.

Interestingly, Qardash et al'™ demonstrated that per-
forming MRI with the knee in a varus stress position could
increase the diagnostic performance for MMPRT based on
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meniscal extrusion to 95.24% sensitivity and 80.0%
specificity.

Among other imaging modalities, computed tomography
was reported in 16 studies® (3.5%), although the purpose of
these scans extended beyond evaluating meniscus root
pathology to encompass factors like limb alignment and
tibial rotation preoperatively, OA grade, present cases of
root avulsion fractures, and postoperative evaluation of
tibial tunnels. Furthermore, 7 studies®43943.50,79,92,184
(1.5%) reported using ultrasound, of which 1 study®*
even investigated the diagnostic performance of detecting
meniscal extrusion on ultrasound for diagnosing MMPRT
and reported a sensitivity of 76% and a specificity of
73.6% in Japanese patients with medial knee pain. Radio-
graphs were reported as being used in 64.1% of the studies
included in this review and were primarily indicated for
assessing OA level and limb alignment.

Treatment

Operative Versus Nonoperative Management. Five stud-
ies15:40:113.146 girectly compared outcomes of operative
versus nonoperative management of meniscus root tears.
All 5 of the studies were retrospective in nature, with 2
being cohort studies and the remaining 3 being compara-
tive studies. Three studies were from the United States,
and 2 were from the Republic of Korea. All of the studies
were completed between 2015 and 2021. The conclusion
of whether surgical management or nonoperative manage-
ment was favored depended on the type of surgical proce-
dure. Krych et al''® and Lee et al’*® compared partial
meniscectomy  versus nonoperative management.
Although Lee et al found that partial meniscectomy and
nonoperative treatment provided symptomatic relief, these
investigators also found that partial meniscectomy led to
worse progression of OA. Thus, both studies found no
advantage to partial meniscectomy over nonoperative
management in clinical outcomes or OA progression.!!3146

Three studies®!®%° compared outcomes of root repair
versus nonoperative treatment. Bernard et al'® and Ahn
et al® compared transtibial pullout root repairs versus non-
operative treatment, and both studies reported better clin-
ical outcomes in the operative groups. Bernard et al*® also
compared root repairs versus partial meniscectomy as well
as nonoperative treatment and reported that root repair
had the lowest rate of OA progression and total knee
arthroplasty, whereas partial meniscectomy had the high-
est rate. Ahn et al® reported similar outcomes between the
root repair group and nonoperative group in patients with
severe varus alignment or severe cartilage degeneration
and recommended other treatment options for this group.

Dragoo et al*® compared all-inside repair of meniscus
root tears versus nonoperative treatment in older patients
with moderate OA. These authors found lower rates of OA
progression and total knee arthroplasty in the operative
group as well as improved patient-reported outcomes.*®

bReferences 54, 62, 70, 72-74, 79, 90, 94, 120, 159, 187, 195, 197, 201,
205.
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Nonoperative Management QOutcomes. Four studies
described outcomes of nonoperative treatment of posterior
MMRTs without a direct comparison to operative treat-
ment: 1 study''® was from the United States, 1 study'®?
was from India, and 2 studies?®'*° were from the Republic
of Korea. Three of the studies were retrospective, and 1
was a prospective cohort study. The prospective study, by
Neogi et al,'%2 found that with supervised physical therapy
followed by a home-based program and a short course of
analgesics, patients had symptomatic and functional
improvement but also had progression of OA over a mean
2-year follow-up. Lim et al'*® had similar findings in a ret-
rospective study, reporting symptomatic relief and
improved outcomes in patients with root tears treated non-
operatively, with 2 years of follow-up. However, Lim
et al'*® noted that clinical improvement was highest at
12 months before declining to a level that was still above
initial scores at final follow-up. Choi et al?® used a mean
follow-up of 46 months and found that nonsurgical treat-
ment for acute MMPRTSs did not result in any significant
change in clinical outcomes. Choi et al?® reported a 36%
rate of OA progression and a 13% rate of conversion to
arthroplasty. Krych et al'*® had the longest mean follow-
up time at 5 years and found that nonoperative treatment
was associated with poor clinical outcomes, worsening
arthritis, and increased rate of arthroplasty. The 2 studies
that had the longest follow-up (Choi et al?® and Krych
et al'’®) were also the most recently published (in 2023
and 2017, respectively). All 4 of these studies appear to
show a potential pattern of early improvement followed by
a progressive decline in clinical outcomes and worsening
of OA. More long-term studies may help to determine
whether this is the true course regarding nonoperative
management of MMPRTs.

Surgical Technique. Of the 461 full texts reviewed, 346
(75%) discussed surgical technique. Transtibial repairs
were evaluated in 221 of the studies, 47 discussed the
all-inside repair technique, 35 reviewed suture anchor fix-
ation, 22 made direct comparisons of >2 techniques, 14
evaluated either meniscectomy or meniscal debridement,
2 focused on osteotomy alone, and 5 discussed several sur-
gical techniques without comparative analysis.

Transtibial Repair. Of the studies that assessed transti-
bial repair, 50 were technique notes, 56 were case reports
or case series, 35 were cadaveric biomechanical studies,
and the remainder were cohort studies, case control stud-
ies, and imaging review studies. Of the included studies,
6 studies!861.75:106.166 ompared outcomes of different
types of transtibial repair.

Three studies”®1%6:1%6 noted superior outcomes with the
2-simple-suture technique. Okazaki et al*®® compared out-
comes of arthroscopic pullout repair with the 2-simple-
suture technique versus the modified Mason-Allen tech-
nique and found that although both techniques resulted
in improved clinical scores, the 2-simple-suture technique
performed superiorly in regard to loading stress on the pos-
terior horn of the medial meniscus. Hiranaka et al”
assessed medial meniscal extrusion on MRI, comparing
the 2-simple-suture pullout repair technique versus the
modified Mason-Allen technique. These authors found



10 Garcia et al

less postoperative meniscal extrusion and better clinical
outcomes with the 2-simple-suture repair compared with
the modified Mason-Allen technique. Kintaka et all®®
found that both the 2-simple-suture repair and the modi-
fied Mason-Allen suture technique decreased PM meniscal
extrusion during knee flexion; however, the modified
Mason-Allen technique led to increased extrusion with
the knee in extension. Kintaka et al'®® concluded that
the 2-simple-suture repair would be more beneficial in
terms of distribution forces during weightbearing and
ambulation.

Furumatsu et al®! evaluated clinical outcomes and heal-
ing scores after 2-simple-suture repair, 2-simple-suture
with additional posteromedial suture, and modified
Mason-Allen sutures. The investigators concluded that
the additional posteromedial suture did not confer any
additional advantage compared with the other 2 tech-
niques. Fujii et al®® compared load-to-failure rates of
2-simple-suture repair versus the modified Mason-Allen
technique in animal models with posterior MMRTs. The
investigators reported lower failure load with 2-simple-
suture repair compared with the modified Mason-Allen
technique.

A 2021 study by Aga et al® directly compared outcomes
of transtibial meniscus root repair in patients who had
injuries to the posterior roots of the meniscus. The authors
reported that at l-year follow-up after repair, 61.1% of
patients with LMPRTSs were classified as healed via MRI,
whereas only 27.7% of patients with MMPRTs were classi-
fied as healed. Interestingly, despite surgical intervention,
there was a significant increase in meniscal extrusion,
from 3.1 = 1.6 mm to 4.8 * 1.9 mm at 1-year follow-up.
The authors reported no differences between the 2 groups
in terms of Knee injury and Osteoarthritis Outcome Score,
Lysholm score, or global rating of change (GROC) score for
function, although Tegner activity scale was higher and
GROC score for pain was lower in the LMPRT versus the
MMPRT group.!

Overall, the studies reviewed found that both 2-simple-
suture repair and the modified Mason-Allen technique
were successful methods of repairing PM meniscal tears,
with the 2-simple-suture being more advantageous in
regard to avoiding postoperative meniscal extrusion.

All-Inside Repair. Of the studies that evaluated all-
inside repair, 20 were technical notes, 8 were biomechani-
cal cadaveric or animal studies, and the remainder were
cohort studies or case series. Outcomes of all-inside repair
were largely favorable among the included studies. Dragoo
et al*° analyzed outcomes of arthroscopic all-inside repair
and nonoperative management for both medial and lateral
meniscal tears among patients with moderate OA. The
investigators found that all-inside repair resulted in better
postoperative outcomes compared with nonoperative treat-
ment and had lower risk of arthroplasty. Ahn et al
assessed outcomes of all-inside repair of PL meniscus
root tears by comparing preoperative and postoperative
MRI scans, reporting less lateral meniscal displacement
on sagittal MRI scans after all-inside repair. Suh et al'®*
concluded that all-inside medial meniscus posterior root
repair in addition to high tibial osteotomy (HTO) had
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better outcomes compared with HTO alone in regard to
preservation of joint space. When considering healing of
all-inside root repair in patients with normal lower extrem-
ity alignment, Jiang et al®* found that all-inside repair of
posterior MMRTs to the PCL had acceptable outcomes.
Zhu et al?'! found high rates of meniscal healing after
all-inside repair of MMRTSs but noted increased extrusion.
Jung et al® noted incomplete meniscal healing after all-
inside repair on postoperative MRI analysis.

Only a minority of the included studies reported adverse
outcomes with all-inside repair, including postoperative
meniscal extrusion and incomplete meniscal healing. Over-
all, all-inside repair was shown to be an effective method of
addressing meniscus root tears.

Meniscectomy. Of the 14 studies on meniscectomy,® 2
studies were case series, 1 study was a case control study,
and the remainder were retrospective cohort studies. The
majority of included studies found that meniscectomy as
a treatment for meniscal tears did not have superior out-
comes compared with nonoperative treatment and in
some cases led to progression of arthritis.

For example, Han et al®® found that 35% of the patients
included in their study who underwent partial meniscec-
tomy had progressive arthritis on imaging at a mean fol-
low-up of 6 years. Lee et al'*® found that both
nonoperative management and meniscectomy improved
preoperative symptoms; however, the investigators noted
that meniscectomy resulted in a greater degree of OA pro-
gression compared with nonoperative management. When
considering lower extremity alignment, a different group,
Lee et al,'®® evaluated risk factors for MMPRTs and out-
comes of meniscectomy and found that meniscectomy led
to better outcomes and was considered a viable salvage
option in patients with well-aligned knees compared with
patients who had varus knees.

Considering the results of the studies as a whole, menis-
cectomy has not been shown to have superior outcomes
compared with nonoperative management and can actu-
ally lead to increased risk of OA progression.

Direct Comparison of Techniques. There were 22 stud-
ies? that made direct comparisons between fixation tech-
niques; 8 studies were retrospective cohort or comparative
studies, 7 were biomechanical studies, 3 were case-control
studies, 2 were case series, and 2 were prospective cohort
studies. The most common comparisons were suture anchor
repair versus transtibial pullout repair, all-inside repair
versus partial meniscectomy, transtibial pullout repair ver-
sus partial meniscectomy, and all-inside repair versus
transtibial pullout repair.

In a biomechanical study, Chung et al®® compared
transtibial pullout repair with simple sutures, transtibial
pullout repair with modified Mason-Allen sutures, and
all-inside repair and found that transtibial repair with
modified Mason-Allen technique provided the best surface

130
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contact area in porcine knees. Yoon et al?’’ compared

imaging outcomes of transtibial pullout repair and all-
inside repair of MMPRTS in a retrospective study. These
investigators found that the patients who underwent all-
inside repair demonstrated better healing and signal
intensity improvement on MRI compared with the transti-
bial pullout repair group. Additionally, although both
repairs were associated with meniscal extrusion 1 year
postoperatively, the extrusion ratio was lower in the all-
inside repair cohort. Yoon et al noted that there was no
significant difference in clinical outcome scores between
patients in the transtibial pullout repair group and the
all-inside repair group. Dzidzishvili et al*! compared
transtibial pullout repair versus all-inside repair for
MMPRTSs in a retrospective case-control study and con-
cluded that both techniques led to favorable clinical out-
comes. Functional outcomes and radiological progression
of arthritis did not differ significantly between the 2
groups postoperaltively.41

Su et al'®® compared nonanatomic trans-PCL all-inside
suture repair versus partial meniscectomy for posterior
MMRTSs in a retrospective imaging study. The investiga-
tors observed less advancement of articular cartilage dam-
age and lower rates of meniscal extrusion postoperatively in
the all-inside repair group compared with the partial menis-
cectomy group. When comparing transtibial pullout repair
versus partial meniscectomy and nonoperative manage-
ment of posterior MMRTS in a retrospective study, Bernard
et al’® concluded that repair resulted in less arthritis pro-
gression and lower need for conversion to arthroplasty. Con-
sidering the results of these studies, it appears that repair
in general, whether nonanatomic with all-inside devices or
anatomic transtibial pullout, leads to superior postoperative
outcomes when compared with meniscectomy.

Feucht et al®? conducted a biomechanical comparison in
a porcine model measuring load to failure and displace-
ment after suture anchor repair and transtibial pullout
repair in models with posterior MMRTS, reporting no sig-
nificant difference in maximum load to failure or displace-
ment after failure between the 2 groups. Suture anchor
fixation demonstrated superior stiffness and a lower
degree of displacement before failure, but neither fixation
technique matched the inherent strength of a native
meniscus. When comparing suture anchor repair and
transtibial pullout for posterior MMRTSs in a prospective
study, Kim et al*°* found no significant differences in clin-
ical outcomes between the 2 techniques. Both methods led
to improved functional outcomes, and they had similar
rates of complete healing and meniscal extrusion postoper-
atively.!®! In considering these findings, it appears that
both transtibial pullout and suture anchor fixation can
lead to favorable outcomes.

Centralization. The concept of augmenting meniscus
root repairs with a centralization (peripheral stabilization)
stitch has emerged in recent years as an adjunctive strat-
egy aimed at correcting residual meniscal extrusion.
Extrusion is concerning given its association with inferior
outcomes after repair and accelerated cartilage degenera-
tion. 19466976 Apatomic root fixation alone often does not
fully correct extrusion,”?® likely reflecting involvement of
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additional factors such as medial collateral ligament tight-
ness or plastic deformation of the extruded meniscus.3%159
This issue has prompted interest in techniques that
address extrusion through suturing and anchoring the
meniscus body to the tibial plateau.

Initial cadaveric and clinical studies on medial meniscal
centralization combined with root repair have shown
encouraging results. Biomechanical evidence has demon-
strated that addition of a centralization stitch helps mini-
mize meniscal extrusion and better restores contact
mechanics compared with root repair alone.?”108:115.170
Small clinical series have reported favorable outcomes at
short-term follow-up when centralization is performed along
with root fixation.!®617" For example, Mochizuki et al'®®
reported significantly decreased extrusion ratio and
improved clinical scores at 2 years after medial meniscus
root repair with centralization. Comparable benefits with
lateral meniscal centralization have likewise been shown.!%”

Although initial studies support the potential for cen-
tralization to provide added protection against persistent
extrusion, long-term clinical evidence is still needed.!”
Additionally, concerns exist regarding the technical diffi-
culty of the procedure as well as risks of overconstraining
the meniscus,®"1%° and the optimal indications and tech-
niques for centralization require further clarification.
Some authors advise routine centralization for all root
repairs,'3” whereas other guidelines reserve centralization
for cases with major preoperative extrusion exceeding 3 to
5 mm.'®%17" Nevertheless, the arthroscopic centralization
concept represents an encouraging contemporary adjunct
that merits continued investigation as a strategy to
improve upon standard root repairs.

Operative Treatment With Osteotomy. Of the 461 stud-
ies analyzed in the present scoping review, 36 studies
(7.8%) reported including an osteotomy as part of the treat-
ment when the patient had varus alignment associated
with MMRT. Among this group, 9 studies® (25%) analyzed
the postoperative outcomes after osteotomy.

As reported by Jing et al,?® patients who had MMPRT
and concomitant varus alignment achieved promising clin-
ical results at 18-month follow-up when treated with
a medial opening-wedge HTO (MOWHTO) combined with
all-inside repair of the MMPRT. Similar results were
reported by Kim et al,'° where 17 patients who had
MMPRT, varus alignment, and medial Kellgren-Lawrence
grade of <3 were treated with HTO and a remodified
Mason-Allen suture technique repair of the root tear. The
investigators showed significantly better clinical outcomes
after surgery, no changes in Kellgren-Lawrence grades
after a mean of 66 months, and 64.7% complete healing
rates at second-look arthroscopy 2 years after surgery.
Rocha de Faria et al'®® also reported improved clinical
and functional outcomes when performing MMPRT repair
alone or with associated HTO, although their study
entailed only 6 months of follow-up and did not include
comparisons between the groups.

°References 80, 85, 94, 104, 141, 143, 147, 181, 183.
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Ridley et al'®' retrospectively analyzed cases of
MMPRT repairs and found that neutral preoperative
alignment correlated with better outcomes. Moreover,
their study reported that patients with preoperative varus
alignment who underwent concomitant HTO presented
worse outcomes even when compared with patients with-
out HTO and with >5° of varus alignment.!8!

Itou et al®® evaluated outcomes after MMPRT repair
with associated MOWHTO for patients with preoperative
varus alignment (>4°) and for patients with what the
authors called “moderate varus alignment” (<4°). After
surgery, alignment in all patients was taken to —2.7° or
—3.7°, achieving good clinical and functional outcomes
with no differences between the patient groups. The
authors concluded that HTO should be considered for
patients who have MMPRT even when their limb align-
ment is <4° varus.

Lee et al'*® sought to assess the efficacy of MOWHTO in
treating patients who presented with MMPRT without
actually performing MMPRT repair. The authors reported
improved clinical outcomes after surgery, although a sec-
ond-look arthroscopy revealed a low rate of healing potency
of the root tear repair and cartilage in patients who under-
went osteotomy alone. Similarly, Jing et al®® reported that
despite having good clinical outcomes after osteotomy and
repair, 59% of patients treated with HTO and MMPRT
repair presented lax healing at second-look arthroscopy,
and the investigators concluded that the healing of the
root was not related to an improved clinical outcome.

Some clinical studies found in the literature compared
isolated HTO versus HTO and MMPRT repairs as possible
treatments for patients with MMPRT.?4141147 No signifi-
cant differences in clinical or radiological outcomes at 2
years postoperatively were reported. Higher healing rates
of the posterior root tear were reported when MMPRT
repair was performed concomitantly. However, the repair
of the root was not related to the postoperative radiological
and clinical outcomes, and therefore there is no clear evi-
dence of the need to perform the MMPRT repair during
an opening-wedge HTO.*7

Early Versus Delayed Surgery. Of the 461 full texts
included in this review, 101 (21.9%) mentioned the timing
between injury and surgical intervention for meniscus root
tears. Only 6 of those studies®®91:118:153,157.165 y.onyqrted on
early versus delayed timing of surgery. Four of the studies
were from Japan, and 2 studies were from the Republic of
Korea. All were retrospective studies, with level of evi-
dence 3 or 4, and were completed between 2017 and
2022. Each of these studies recommended early surgical
repair, but only 2 studies defined a time cutoff that consti-
tuted an “early” intervention. Most studies used MME
measurements to track the progression of root tears and
as a marker for worse outcomes, based on the relationship
of MME to the progression of knee OA.%¢

In 2017, Furumatsu et al®® reported that “MME
increased progressively within the short period after the
onset of symptomatic MMPRT” and recommended early
diagnosis and treatment. They also suggested that future
studies aim to determine precise timing of treatment.
Moon et al*®” used the receiver operating characteristic
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curve from their data to determine the optimal cutoff point
and found 13 weeks to be the most sensitive and specific.
Using this cutoff, Moon et al*®” found that patients with
early surgical treatment had improved clinical outcomes,
which the investigators credited to decreasing MME pro-
gression. Using a linear regression model, Kamatsuki
et al®! applied a cutoff value of 112 days and found that
early transtibial pullout repair was more effective in
reducing MME; the investigators recommended repair
as soon as possible unless the patient already had severe
OA. Masuda et al'®3 looked at patients who had root tear
as well as mild OA and a mean time to surgery of 63 days.
The investigators found that transtibial pullout repair
improved clinical outcomes and recommended that these
patients undergo early repair. This study was limited by
lack of a direct comparison to a group that underwent
delayed repair, thus not being able to define a cutoff
time of early versus late.'®®

Kwak et al''® and Okazaki et al'® also failed to define
a cutoff time while recommending that patients with
MMPRT receive early repair. Kwak et al made this recom-
mendation for patients with large MME who were treated
nonoperatively, after finding that MME was a reliably poor
prognostic factor. Okazaki et al made this recommendation
after finding that “early diagnosis of MMPRT and pullout
repair can prevent severe MME and high-grade [subchon-
dral insufficiency fracture of the kneel.” In the group of
women they studied, Okazaki et al found that prolonged
MMPRT not only could lead to MME but also could lead
to subchondral insufficiency fracture of the knee. Interest-
ingly, the investigators also found that posterior shiny cor-
ner lesions may be useful in identifying patients with early
MMPRT, especially in those who did not have a painful
popping event.

Overall, these studies indicated agreement that early
surgical management is preferred in most patients with
MMPRT,; however, a clearly defined cutoff time of early
versus late could be useful in clinical decision-making.
Additionally, future studies could investigate the timing
of surgery in other locations of meniscus root tears, such
as LMPRT, since this review only found studies describing
MMPRT surgical timing.

Rehabilitation. A total of 169 studies (36.7%) in this
review described rehabilitation protocols, and no signifi-
cant variances were found among them.

Regarding postoperative weightbearing, all protocols
agreed that full weightbearing is not recommended until
6 weeks after surgery. However, there were some varia-
tions: Some authors indicated nonweightbearing for the
entire first 6 weeks, whereas others recommended non-
weightbearing for 2 weeks, followed by partial weightbear-
ing from 2 to 6 weeks. Others even indicated partial
weightbearing from day 1 until week 6.

With respect to knee braces, the prevailing recommen-
dation was that patients wear a hinged-knee brace for
the first 2 weeks, although some authors recommended
a brace for the first 6 weeks. Some studies also included
using an unloader brace starting 6 weeks after surgery,
when full weightbearing would start, in order to protect
the repaired meniscus root.
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In the context of range of motion, all studies permitted
initiation of rehabilitation from postoperative day 1. How-
ever, there were slight variations in the projected timelines
for patients to attain 30°, 60°, 90°, or 120° of flexion. Nev-
ertheless, a general consensus emerged that patients were
anticipated to achieve 90° of flexion by the 4-week mark
and to surpass 120° without loading by the 6-week junc-
ture. Concerning squatting, certain studies sanctioned its
resumption at the postoperative 3- or 4-month mark,
whereas others advised against its practice altogether.

The majority of studies permitted patients to commence
a gradual return to running within 3 to 4 months postoper-
atively, followed by a return to sport around the 6-month
mark.

DISCUSSION

This methodologically rigorous scoping review describes
the current literature on the diagnosis and management
of meniscus root tears. In doing so, this review highlights
current controversies and identifies areas in the literature
that can be explored further with future research. The
breadth of this scoping review helped establish the identi-
fication of several notable findings related to the occur-
rence, diagnosis, and treatment of meniscus root tears.

One issue that was evident in the present review was
the predominantly low level of evidence on which our
knowledge base on meniscus root tears is built. Although
the relatively recent focus on root tears may account for
this limitation, we must strive to implement higher quality
prospective designs in future investigations.

Patient demographic factors such as age and sex were
found to have significant relationships to the locations of
meniscus root tears, with LMPRTSs occurring more fre-
quently in men'!! and younger patients.'®® The younger
age of those with LMPRT's may help to explain the findings
of decreased meniscal extrusion, decreased OA severity,
and better IKDC scores after repair. Further research is
needed to investigate the effects of age on success of surgi-
cal root repair by looking at these factors. Race and ethnic-
ity are other patient demographic characteristics, along
with sex, that have been reported to potentially be associ-
ated with disparities in injury, treatment, and outcomes in
other types of orthopaedic injuries!”!7%; however, only
2.17% of the studies reviewed here mentioned race and
ethnicity. These disparities can best be identified if the
patient data are included in published studies; therefore,
improved demographic data collection should be a focus
of future meniscus root studies so that these disparities
may be elucidated and addressed. Limited data on how
race and ethnicity may affect the outcomes of root tears,
paired with the lack of studies from regions such as South
America, Africa, and Eastern Europe, limit the external
validity of the findings reported in the current literature.

The review of studies describing clinical signs and pre-
sentation of meniscus root tears shows the broad range of
ways these injuries may present, which makes clinical
diagnosis challenging.'®3* This is most likely why MRI
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was found to be the primary diagnostic tool among the
studies that were reviewed. Despite being the most widely
used imaging method, MRI had a wide range of sensitivity
and specificity that were reported depending on the sign,
position, or location of root tear that was being examined.
Substantial variation exists in several aspects of the use
of MRI, such as measurement techniques for meniscal
extrusion, particularly as it relates to the coronal cross-sec-
tional reference location, as highlighted by Farivar et al.®
The limited diagnostic accuracy of both clinical and imag-
ing examination makes it paramount that careful visuali-
zation and probing of the meniscus roots be added to the
routine diagnostic inventory during knee arthroscopy. Fur-
ther research into more effective clinical diagnostic and
advanced imaging signs will help improve early diagnosis
of meniscus root tears, given that preexisting alterations
such as mild extrusion likely attributed to meniscotibial
ligament attenuation have been reported.!'* This is impor-
tant so that surgical intervention can be initiated as soon
as possible after diagnosis.

Whether to operate on meniscus root tears, as well as
when to operate, was largely agreed upon. Of the studies
that included direct comparisons, the consensus was that
repair of these tears had the best clinical outcomes and
the least progression of OA. Although not as effective as
repair, meniscectomy and nonoperative management had
similar outcomes, but meniscectomy entailed much higher
progression of QA.5:113:133.146 Of the studies investigating
outcomes of nonoperative treatment, only 1 study''® with
long-term follow-up was included, and it showed poor clin-
ical outcomes. The short-term studies found improved out-
comes.*®1%2 More long-term studies are required to
accurately describe the progression and outcomes of nonop-
eratively managed meniscus root tears. All studies describ-
ing the timing of surgery in MMPRTSs agreed that early
intervention is best, but only 2 of these studies®:'®7
included cutoff values of early versus late. Apart from
establishing cutoff values of early and delayed surgery,
future studies could investigate the timing of surgery in
other locations of meniscus root tears, since this review
found only studies describing MMPRT surgical timing.

Whether or when malalignment should be addressed
remains controversial, and we found limited evidence on
this topic. The studies describing HTO in MMPRTSs found
improved clinical outcomes when adding HTO in patients
with varus alignment, with 1 study even recommending
consideration of HTO in patients with <4° of varus.®® Con-
flicting evidence is available on the topic, as Jiang et al®®
suggested that 5° of mechanical malalignment is the
threshold for poor clinical outcomes, whereas Moon
et al'®® demonstrated similar results after MMPRT repair
in patients with mild or moderate varus (0° to 5°) versus
patients with severe varus (5°-10°). One interesting finding
of the present review was the agreement between several
studies that compared HTO with meniscus root repair ver-
sus HTO without such repair. These studies demonstrated
that despite higher meniscal healing rates in the repair
group, there was no difference in radiological or clinical
outcomes compared with the nonrepair group.®®!41:147
These studies only included data up to 2 years
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postoperatively. Similar short-term results were seen in
the studies of nonoperative management of meniscus root
tears. Future studies should investigate long-term out-
comes, progression of OA, and conversion to total knee
arthroplasty in these patients.

Transtibial repair is the currently accepted gold-stan-
dard treatment for meniscus root tears,'®° and the interest
in this technique was reflected in 68% of the technique
studies included in this review. Many unique approaches
and suture techniques for transtibial pullout repair were
discussed. Several studies comparing the use of the 2-sim-
ple-suture technique versus the modified Mason-Allen
technique consistently found them both to be effective
but reported that the 2-simple-suture technique provided
less meniscal extrusion, with the added benefit of being
technically simpler in execution.!

The all-inside technique was also found to be effective in
treating meniscus root tears and decreased the progression
of OA compared with meniscectomy and nonoperative
management. Across retrospective, case-control, and
biomechanical study designs, when transtibial pullout
and all-inside techniques were directly compared, both
techniques appeared to be viable options with favorable
postoperative and functional outcomes.3%*! Although bio-
mechanical evidence supported anatomic transtibial repair
as the superior technique,® surprisingly, Dzidzishvili
et al*! found better healing via MRI and a lower extrusion
ratio in the all-inside technique groups. Although addi-
tional data and future prospective studies should shed fur-
ther light on the direct comparison between techniques, we
postulate that transtibial pullout repair may be less forgiv-
ing in technical execution, as deviations in tunnel place-
ment as little as 5 mm are sufficient to compromise the
resulting construct,'?® and knee surgeons as a collective
are further along in the learning curve for repair using
all-inside devices. This review did not find any randomized
controlled trials comparing these techniques, which may
provide an opportunity for future research.

Of the studies that presented rehabilitation protocols,
a largely similar structure was seen for all protocols. Full
weightbearing was not recommended until after 6 weeks
in all of the protocols, but timelines for partial weightbear-
ing, values for range of motion, and types of braces used
had some slight variations.'®® The different mechanisms
and associated injuries between LMRTs and MMRTSs
may help explain some of the discrepancies in rehabilita-
tion protocols. Of note, the consensual emphasis on early
nonweightbearing finds consonance in prior biomechanical
evidence suggesting unrecoverable loosening of transtibial
pullout MMPRT repair due to simulated early loading dur-
ing rehabilitation.!®°

Limitations

Limitations to scoping reviews like this one include that
they are not exhaustive and do not discuss topics in depth.

'References 61, 75, 105, 106, 163, 166, 207.
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Instead, they provide a broad, contextual overview of the
subject matter. Another possible limitation of this study
is that 4 researchers conducted data extraction. Although
a standardized form was used to collect extracted data
and all researchers met to discuss relevant data to be
extracted, this number of people increases the chance for
variation in the process. Finally, the use of databases to
pool relevant studies in this review is a limitation, as it
has the potential to leave out older, relevant sources.

CONCLUSION

High-level evidence studies for diagnosing and managing
meniscus root tears were scarce. We found consensus
regarding the definition of meniscus root tears, the advan-
tages of early repair, and postoperative rehabilitation pro-
tocols. A consensus has yet to be reached regarding the role
of concomitant osteotomy, comparison of repair techniques,
the use of a centralization stitch, patient factors affecting
outcomes, and long-term outcomes of nonoperative
management.
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