(366)
COPYRIGHT 2022 © BY THE ARCHIVES OF BONE AND JOINT SURGERY

CURRENT CONCEPTS REVIEW

Meniscal Root Tears: A Decade of Research on their
Relevant Anatomy, Biomechanics, Diagnosis, and
Treatment

Mark T. Banovetz BS'%; Lindsay C. Roethke BS'?; Ariel N. Rodriguez MS*3; Robert F LaPrade MD PhD!

Research performed at Twin Cities Orthopedics, Edina, MN, USA

Received: 02 February 2021 Accepted: 11 November 2021

Abstract

A foundational knowledge of the anatomy and biomechanics of meniscal root tears is warranted for proper repair of
meniscal root tears and for preventing some of their commonly described iatrogenic causes. Meniscal root tears are
defined as either a radial tear occurring within one cm of the root attachment site of the meniscus or a complete bony
or soft tissue avulsion of the root attachment altogether. Meniscal root tears disrupt the protective biomechanical
function of the native meniscus. Biomechanical analyses of the current techniques for meniscal root repair highlight the
importance of restoring menisci to their correct anatomic orientation, thereby restoring their biomechanical function. A
comprehensive understanding of the clinical and radiographic presentations of these injuries is critical to preventing their
underdiagnosis. The poor long-term outcomes associated with conservative treatment measures, namely, ipsilateral
compartment osteoarthritis, warrants the surgical repair of meniscal root tears whenever possible. While excellent
patient-reported outcomes exist for the various surgical repair techniques, adherence to stringent post-operative
rehabilitation protocols is critical for patients to avoid damaging the integrity of a repaired root. This review will focus
on current concepts pertaining to the anatomy, biomechanics, diagnosis, treatment, and postoperative rehabilitation for

meniscal root tears.
Level of evidence: V
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Introduction

aving been described as a “silent epidemic,
H meniscal root tears have gained recent attention

for their diagnostic difficulty, inconsistent
clinical presentation, and often rapid progression to
osteoarthritis (OA) when left untreated (1-3). Past
studies have found that meniscal tears are the most
common knee abnormality, and they have estimated
that tears of the meniscal root account for 10-21% of all
meniscal tears (1, 4). Despite their fairly high prevalence,
meniscal root tears often go undiagnosed (5). A meniscal
root tear is defined as either a radial tear occurring

within one cm of the root attachment of the meniscus
or a complete bony or soft tissue avulsion of the root
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attachment altogether (1, 3, 5-8). Once avulsed from the
root attachment site, the meniscus is no longer capable of
sufficiently converting axial tibiofemoral loads into hoop
stresses (2, 5, 8-15). Extrusion of the meniscus out of the
joint space, along with altered load distribution across
the tibial plateau, are often the result. This is evidenced
by the decreased tibiofemoral contact area and increased
contact pressure observed in biomechanical models
of the root-deficient knee (1, 2, 4, 6, 11, 16). Increased
contact pressure has been linked to insufficiency
fractures commonly seen on magnetic resonance
imaging (MRI) in the context of meniscal root pathology
(14). This finding on MRI has traditionally been referred
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to as spontaneous osteonecrosis of the knee (SONK),
however, recent analysis of the etiology of SONK has led
to the suggestion that “SONK” be replaced with the term
“subchondral insufficiency fracture” (SIFK) (14). While
meniscal extrusion and SONK are helpful for diagnosing
meniscal root tears on MRI, these same pathological
findings are also associated with the rapid degradation
of the articular cartilage and progression to OA seen in
meniscus-deficient patients (11, 14).

It is now widely recognized that total meniscectomy
reliably leads to rapid progression to OA of the knee,
with total knee arthroplasty being the final treatment
option. For this reason, treatment measures for meniscal
injuries have shifted focus in recent decades toward
preserving, repairing, and in some cases, replacing, the
menisci. Studies have found that meniscal root tears lead
to a biomechanical state that is equivalent to that of a
meniscectomized patient (13, 17-19). Furthermore, non-
anatomic repair of a torn meniscal root has been shown
to be biomechanically equivalent to meniscectomy (20).
Together, these findings underscore the importance of
preserving the menisci and ensuring that all surgical
repairs, especially those of meniscal root tears, return
the menisci to their native orientation. Currently, there
are several techniques for surgical repair of meniscal
root tears described in the literature. This review will
focus on the detailed studies over the past decade on the
surgically relevant anatomy, biomechanics, and diagnosis
of meniscal root tears, as well as the treatments,
outcomes, and rehabilitation protocol for patients who
experience this injury.

Anatomy

Traditionally, the medial meniscus has been described
as “C-shaped” and the lateral meniscus as “U-shaped.”
Both menisci have anterior and posterior segments of
their curvatures, referred to individually as a “horn,” and
a central portion of their curvature, referred to as the
“body” Each horn is firmly attached to the tibial plateau
via a meniscal root. Each root attachment consists of
a dense, central fiber attachment with surrounding
“supplementary” fibers. Recent anatomic analyses of the
meniscal root attachments have elucidated the existence
of these supplementary fibers, also referred to as “shiny
white fibers,” belonging to both the anterior and posterior
roots (21). Therefore, anatomic analyses of the meniscal
root attachment sites must take into account the footprint
of both of these fiber types. Ellman et al. found that
these shiny white fibers occupy the posteromedial and
posterolateral aspects of the root attachment sites for
both posterior roots, making up 46.5% of the attachment
surface area and contributing 37.4% of the strength of
the native root attachment (22).

Also notable to meniscal anatomy is the anterior
intermeniscal ligament, which was reported by Nelson
et al. to be the primary attachment site for the anterior
horn of the medial meniscus in 24% of knees (23).
Because the tibial footprints of the anterior cruciate
ligament (ACL) and posterior cruciate ligament (PCL)
are in close proximity to the root attachment sites of
the menisci, the meniscal roots are at significant risk of
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plateau demonstrating the qualitative anatomic relationships
between important fibrocartilaginous structures and ligamentous
insertions. MM, medial meniscus; LM, lateral meniscus; B, body;
AH, anterior horn; PH, posterior horn; Rt, root; SWFs, shiny white
fibers; AIL, anterior intermeniscal ligament.

injury during procedures to repair these ligaments (1, 10,
24-26). Furthermore, the meniscal roots have also been
described to be at risk for experiencing damage during
procedures that use intramedullary nailing to fixate tibial
shaft fractures [Figure 1] (27).

Vascularity of the menisci has important implications
for their ability to heal. A classic 3-zone model has been
used to describe the vascularity of the menisci [Figure 2]
(4, 28). From innermost to outermost, the three zones
(white-white, red-white, and red-red, respectively)
are oriented along the circumferential course of each
meniscus, spanning from horn-to-horn and progressively
increase in vascularity approaching the outer margin of
the meniscus (4, 28). The meniscal roots themselves have
been noted to be well-vascularized, favoring the success
of surgical repairs of meniscal root tears (29).

Figure 2. Photograph of a superoanterior view of the tibial plateau
with lines superimposed on the medial meniscus approximating
the boundaries of the three vascular zones of the meniscus. WW,
white-white zone; RW, red-white zone; RR, red-red zone.
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Figure 3. Illustration of the tibial plateau from a superior view (A)
and posterior view (B). The quantitative anatomical dimensions
of the LPRA and MPRA are superimposed upon (A). In both (A)
and (B), the footprints of the tibial insertions for both the ACL and
PCL are depicted as darkened areas in their respective locations.
The shiny white fibers of the MPRA are denoted SWF in both (A)
and (B). Reproduced with permission from AJSM Vol. 40 Issue 10,
2342-2347.

Medial
(MPRA)
The medial meniscus posterior root attachment
(MPRA) is located 9.6 mm posterior and 0.7 mm lateral
to the apex of the medial tibial eminence, 3.5 mm lateral
to the articular cartilage inflection point of the medial
tibial plateau, and 8.2 mm from the superior-most tibial
insertion site of the PCL [Figures 3; 4] (9). The MPRA
occupies an area of 30.4 mm? while the shiny white
(supplementary) fibers belonging to the MPRA are
estimated to occupy an area ranging from 47.3 to 69.6
mm2 up to 80 mm2 (9). This highlights the importance of
using the insertion of the densest fibers as a landmark for
choosing tunnel placement when repairing a meniscal
root, rather than the geometric center of the entire root
attachment site (9). The footprint of the densest fibers of
the MPRA indicates the use of a 6mm diameter zone for
repairing a tear of the medial posterior meniscal root (9).

Meniscus Posterior Root Attachment

Lateral Meniscus Posterior Root Attachment
(LPRA)

The lateral meniscus posterior root attachment (LPRA)
is much closer to its anterior counterpart than the MPRA
is to the MARA, which is consistent with the medial and
lateral menisci being described as “C-” and “U-shaped,”
respectively. The LPRA is 10.1 mm from the anterior root
attachment (1). Estimates of the LPRA’s posteromedial
distance from the apex of the lateral tibial eminence
range from 4.2 mm to 5.3 mm (1, 9). The LPRA is located
4.3 mm directly medial to the articular cartilage margin
of the lateral tibial plateau, 12.7 mm anterior to the most
proximal margin of the PCL's tibial insertion site, and
posteromedial to the lateral tibial eminence (9). Notably,
a subset of the LPRA’s posterior fibers continue past the
mainrootattachmentand insert on the posterior segment
of the lateral aspect of the medial tibial eminence (9).
The LPRA occupies an area of 39.2 mm2, not including
the contribution of the shiny white (supplementary)
fibers (9), which comprise 30.7% of the area of the
LPRA footprint and 17.6% of its native strength (1). The
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Figure 4. Photographs depicting the tibial plateau of a human
cadaveric dissection from a superior view (A) and posterior view
(B). The MPRA and LPRA are shown intact in (A) and severed in
(B). The native locations of the MPRA and LPRA are approximated
with the blue outlining in (B). Reproduced with permission from
AJSM Vol. 40 Issue 10, 2342-2347.

footprint of the densest fibers of the LPRA indicates the
use of a 7mm reattachment diameter for repairing a root
avulsion of the lateral posterior meniscal root (9).

Medial Meniscus Anterior Root Attachment (MARA)

The medial meniscus anterior root attachment (MARA)
is 27.5 mm anterior to the medial tibial eminence apex
(1). The center of the MARA is 18.2 mm anteromedial to
the center of the ACL, 9.2 mm anteromedial to the nearest
margin of the ACL, and 4 mm posterior from the anterior-
most margin of the medial tibial plateau (1, 21). The
footprint of the MARA has an area of 110.4 mm2 (21). The
anatomic location of the MARA along the anterior margin
of the medial tibial plateau has been noted to place it at
risk for iatrogenic damage during intramedullary tibial
nailing procedures (1, 27).

Lateral Meniscus Anterior Root Attachment (LARA)

The center point of the lateral meniscus anterior root
attachment (LARA) is 5 mm to 7.5 mm anterolateral from
the center point of the tibial ACL insertion and 13.4 mm
anterior from the anterior-most margin of the lateral
posterior root attachment (1, 21). The footprint of the
LARA has an area of 140.7 mm2 (21). The LARA has a
notably intimate anatomical relationship to the ACL, as
their insertional fibers interdigitate and overlap upon
inserting into the tibial cortex [Figure 5] (1, 21). Their
insertional overlap comprises 63.2% of the LARA and
40.7% of the ACL tibial insertion (21). It is for this reason
that LaPrade et al. suggested that a minor iatrogenic
injury of the LARA during reconstruction of the ACL may
not be avoidable, while also noting that the significance
of a tear occurring at the LARA is not currently well
understood (1).

Biomechanics

Several foundational studies have analyzed the
ultrastructural characteristics of the menisci, from which
a few key interpretations for the biomechanical function
of the menisci have been derived (30, 31). Vectorial
analysis of axial loads across the knee demonstrate that
force transmitted across the meniscotibial articulation
is always less than the force transmitted across the
meniscofemoral articulation (30). This difference in force
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transmission across the two interfaces is accounted for
by the conversion of axial compressive loads into radial
tangential stresses called hoop stresses (30-32). These
hoop stresses exert tensile stress on the circumferentially
oriented collagen fibrils in the menisci (30, 32). As a
result, the menisci experience circular traction due to the
fixation to the tibial plateau via the meniscal roots (30).
This conversion of axial compressive loads into tensile
hoop stresses sustained by collagen fibrils of the menisci
reduces the compressive loads experienced by the
chondral cartilage of the knee (30, 31). Thus, the menisci
act, as they are often described in the literature, as shock
absorbers (17, 30). By anchoring the menisci to the tibial
plateau, the meniscal roots ensure the proper functioning
of the menisci by normalizing load distribution across
the knee joint and converting axial compressive loads
into tensile hoop stresses (30).

When a meniscal root attachment is compromised in
the event of a meniscal root tear, axial compressive forces
are no longer distributed intrinsically as tensile hoop
stresses within the meniscus, as this requires anchoring
of the horns to the tibial plateau by their roots so that the
meniscus can experience circular traction (8). Instead, the
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Figure 5. [llustration created by LaPrade et al. depicting the tibial
plateau structures and emphasizing the overlap of the LARA and
the tibial insertion of the ACL. The authors created a “danger zone”
for repair of the ACL using the quantitative anatomical overlap
between the tibial insertions for the two structures, with colors
approaching the color red along the provided spectrum indicating
a higher frequency of insertion in the cadaveric specimens
examined by the authors. SFs, shiny white fibers of the MARA; AM
root, MARA center; ACL center, center of the tibial insertion of the
ACL; AL root, LARA center, AC, articular cartilage; LTE Apex, apex
of the lateral tibial eminence; PL, LPRA center; PM, MPRA center;
TT, tibial tubercle. Reproduced with permission from AJSM Vol. 42
Issue 10, pp. 2386-2392.
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axial compressive forces cause extrusion of the meniscus
out of the joint space (6, 8-10, 12,16, 27, 33, 34). Meniscal
extrusion pathologically alters the kinematic loading
profile ofthekneejointand rendersthe chondroprotective
force-converting and load-distributing functions of
the meniscus essentially nonexistent (6, 8-10, 12, 16,
27, 33, 34). Pathological changes in the loading profile
of the knee after meniscal root tears have mainly been
described by observing changes in contact surface area
and contact pressure across the knee joint. Meniscal root
tears cause a decrease in contact area over which axial
tibiofemoral compressive loads can be distributed (1, 2,
6, 8, 10, 12-15). There is also a corresponding increase
in mean and peak tibiofemoral contact pressures (1, 2,
6, 8, 10, 12-15, 17, 33, 35-37). Increases in tibiofemoral
contact pressures are likely to be further exacerbated if a
meniscal root tear is concomitant with a meniscofemoral
ligament tear (36, 38). These characteristic pathologic
changes in the loading profile of the knee have been
referred to together as “point loading,” and have been
shown to cause articular cartilage damage (14, 17).

Biomechanical analyses have revealed that the
biomechanical profile of the meniscal-root deficient
knee is equivalent to a knee that has received a total
meniscectomy (13, 17-19). Furthermore, biomechanical
models of meniscal root repair have demonstrated
that techniques that return the meniscus to its native
anatomical orientation restore several key metrics of
the loading profile, namely tibiofemoral contact area
and pressures, to values indistinguishable from the root-
intact state (1, 6, 9, 24). Many of these same studies also
emphasize the importance of ensuring that reattachment
of the avulsed meniscal root is performed anatomically
(1, 6, 9, 24). This is because nonanatomic repairs have
been shown to be biomechanically equivalent to the root-
avulsed state, and therefore, would likely lead to worse
long-term outcomes (6, 24, 36, 37, 39).

Along with their chondroprotective roles in
establishing the kinematic and loading profiles of the
knee, the menisci also play important roles as secondary
stabilizers of the knee. This function is heavily reliant
upon their root attachments. Biomechanical analyses
have suggested that the menisci stabilize the knee to
rotational forces in the axial and sagittal planes (35). The
posterior roots, especially the LPRA, have been noted
for their role in secondary stabilization of the knee to
anterior tibial translation (ATT) (24, 40-42). This is
evidenced by the higher rates of graft failure observed in
patients undergoing ACL reconstruction who also have a
concomitant tear of their LPRA that goes unrepaired (24,
35,43, 44).

Presentation & Diagnosis
Clinical Evaluation

Tears of the MPRA are the most common meniscal root
tears see clinically (13, 45).

Whilemeniscalroottears canhavebothacuteand chronic
presentations, they have been classically described as
following one of two general presentations based on the
age of the patient (33). Meniscal root tears in younger
patients tend to be acute and result from a traumatic
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Figure 6. Series of photographs depicting a torn meniscal root
belonging to a young, healthy patient on arthroscopy, as well its
subsequent repair. (A) a probe is used to place superiorly directed
tension on the root attachment site. Because the root is completely
torn, the torn root is elevated off of the tibial plateau. (B) a guide is
placed over the native root attachment site of the tibial plateau in
order to guide drilling. (C) a guide pin is drilled through the native
root attachment site on the tibial plateau. (D) the meniscal root
is secured to its native attachment site by two sutures situated
anteroposterior to each other.

event, such as during a sporting event [Figure 6] (9, 12,
33). A rotatory blow to the flexed knee is thought to be a
common underlying biomechanical mechanism for these
types of tears, and concomitant multiligament tears are
also common (33). Meniscal root tears in older patients
tend to present chronically, often following degeneration
and occurring via lower-energy mechanisms (e.g.
squatting to pick up an object, kneeling down on a floor,
etc.) (24, 46). A high degree of knee flexion, especially
under increased tibiofemoral loads, is thought to be a
common underlying biomechanical mechanism for these
types of meniscal root tears, and they are usually seen in
isolation (46). The causes of meniscal root tears can also
be analyzed in the context of medial versus lateral tears.
While tears of the MPRA generally occur in isolation,
tears of the LPRA are often concomitant with ACL tears
(24, 47). Several iatrogenic etiologies for meniscal root
tears have also been described, usually in the context of
performing repairs to other ligaments in the knee (1, 10,
24, 25, 27). While these associated etiologies highlight
the importance of obtaining a thorough patient history to
confirm the diagnosis of a meniscal root tear, it should be
noted that an inciting event and mechanical symptoms
are not reliably associated with meniscal root tears,
making the clinical history and physical exam unreliable
tools in diagnosing these tears (1, 12, 15, 38).

On physical exam, important maneuvers include
examination for pain on deep flexion, an extruded
meniscus on palpation, and a positive McMurray’s sign,
as some combination of these findings are present in
50-60% of meniscal root tears [Figure 7] (1, 38). Studies
have shown that 60% of patients presenting meniscal
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Figure 7. Photograph demonstrating palpétion of the medial joint
line of the knee in order to check for the presence of palpable
meniscal extrusion.

root tears also present with concomitant ACL tears, with
tears of the lateral meniscal roots being 10 times more
likely than medial meniscal roots to be concomitant with
ACL tears (38). Furthermore, DePhillipo et al. found that
tears of the LPRA had an incidence rate of 12.2% in the
case of primary ACL reconstructions and 20.5% in the
case of revision ACL reconstructions (42). Tears of the
LPRA allow for increased ATT seen on the Lachman’s
test and increased internal rotation seen on the pivot
shift test [Figure 8] (24, 40). Patients who are in varus
alignment are at an increased risk of experiencing tears
of their medial meniscal root as opposed to their lateral

1T Band-Inddced \
/A Reductiof of the.
Tibia :
Figure 8. Photographs taken in succession, demonstrating the
pivot shift maneuver performed under general anesthesia in the
context of a patient with ACL deficiency and concomitant meniscal
root pathology. Here, the patient presents with a 3+ “explosive”
finding on the pivot shift test. (A) depicts the clinician applying a
superomedial force on the leg. (B) demonstrates subluxation of the
proximal tibia against the distal femur. (C) is taken immediately
following the “explosion” as the tibia is reduced out of its
originally subluxated state by the IT band. (D) depicts a reversal
of the direction of the force applied by the clinician and is taken
immediately following the point where the tibia has returned to
its subluxated position.
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Figure 9. Illustration depicting the five types of meniscal root
tears as classified by LaPrade et al. All of the tears are depicted
as occurring at the MPRA. Reproduced with permission from AJSM
Vol. 43 Issue 2, pp. 363-369.

meniscal roots (33). Mechanical symptoms, such as joint
line pain, clicking, catching, and instability, have been
reported to occur with tears of the meniscal roots (15,
24,46,47).

Classification

Few systems for classifying meniscal root tears have
been described in the literature, and these have mainly
focused on categorizing tears of the posterior meniscal
roots. West et al. describes a classification system for
meniscal root tears isolated to the posterior root of the
lateral meniscus (48). This review will mainly focus on
the classification system developed by LaPrade et al,,
which classified tears of the posterior meniscal roots into
five categories based on tear morphology visualized on
arthroscopy [Figure 9] (7).

LaPrade et al. developed the following classification
system for meniscal root tears: Type 1 tears are partial,
stable tears of the root (occurring within 1 cm of the root
attachment site) with no additional concurrent tears of
the corresponding meniscal body (7). The frequency of
Type 1 tears was noted to be 7% (7). Type 2 tears are
the most commonly occurring class of meniscal root
tear and were broadly characterized by LaPrade et
al. as complete radial tears of the posterior meniscal
root occurring within, at most, 9mm from the center of
the root attachment site (7, 46). LaPrade et al. further
grouped Type 2 tears into three subcategories based on
the distance at which they occurred from the center of the
meniscal root attachment, with Type 2A tears occurring
from 0 to < 3mm from the center of the root attachment,
Type 2B tears occurring from 3 to < 6 mm from the center
of the root attachment, and Type 2C tears occurring from
6 to 9 mm from the center of the root attachment (7).
LaPrade et al. found that Type 2A root tears accounted for
38.0% of all root tears, Type 2B root tears accounted for
16.9% of all root tears, and Type 2C root tears accounted
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Figure 10. Photograph depicting the probing of a posterior
meniscal root on arthroscopy. The meniscal root depicted here
was previously repaired, and this photograph demonstrates that
itis intact.

for 12.7% of all root tears (7).

Type 3 tears are longitudinal or circumferential tears,
classically described as “bucket handle” tears, occurring
with complete detachment of the meniscal root within 9
mm from the center of the root attachment site (7). The
term “bucket handle” refers mainly to tears where there is
separation of the superior fibers of the meniscus from the
inferior fibers of the meniscus along the circumferential
axis of the meniscus. The frequency of Type 3 tears was
noted to be 5.6% (7). Type 4 tears are complex oblique
tears occurring within 9 mm from the root attachment
site that occur with complete detachment of the meniscal
root (7). The frequency of Type 4 tears was noted to be
9.9% (7). Type 5 tears are bony avulsion fractures where
the root attachment is completely avulsed from the tibial
plateau (7). The frequency of Type 5 tears was noted to
be 9.9% (7).

Imaging

Meniscal root tears are often difficult to identify with
preoperative imaging studies (24). The gold standard
for diagnosing meniscal root tears was originally, and
continues to be, confirmation of a tear by probing the
root attachments on arthroscopy [Figure 10] (15).
LaPrade et al. demonstrated that even with high field (3.0
T) MRI, diagnosing meniscal root tears (especially tears
of the LPRA) is difficult and has been shown to have a low
positive predictive value. (49) Because of their ease of
diagnosis on arthroscopy and their difficulty of diagnosis
on MRY], it is the current standard of practice is to probe
the root attachments of the menisci on every arthroscopy
[Figure 11] (1, 49). Despite this, it is possible to directly
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Figure 11. Photographs depicting the five types of meniscal root tears visualized arthroscopically. (A)
depicts a type 1 meniscal root tear. (B) depicts a type 2 meniscal root tear. (C) depicts a type 3 meniscal
root tear. (D) depicts a type 4 meniscal root tear. (E) depicts a type 5 meniscal root tear. Arrows mark
the location of the tear depicted in each photograph. F, femur; T, tibia; RT, root tear; BHT, bucket-handle
tear; AV, avulsion. Reproduced with permission from AJSM Vol. 43 Issue 2, pp. 363-369.

visualize meniscal root tears on MRI (50). Type 5 tears
have also been referred to as “meniscal ossicles,” and they
can be identified directly on standard anteroposterior and
lateral radiographs (12, 15). Increased awareness of the
importance of meniscal root tears has increased their rate
of radiographic diagnosis (10). Furthermore, advanced
methods for analyzing MRI studies, and the emergence of
diagnostic findings, have increased sensitivity, specificity,
and positive and negative predictive values to greater
than 0% (33, 51).

In this review, we highlight three important findings on
MRI, beyond fluid accumulation and obvious disruption
of the root attachment sites, that have been shown to be
good secondary indications of meniscal root pathology
(1, 12, 14, 15, 27, 33). These findings are 1) meniscal
extrusion, 2) SONK/SIFK and 3) the “ghost sign” (1, 12,
14, 15, 27, 33, 50). These findings on MRI have been
reported to have a high reproducibility and to have good
values of sensitivity and specificity in the diagnosis of
meniscal root tears, especially tears of the posterior
roots (1).

Even in the case where a meniscal root tear is missed
on the initial diagnosis or MRI sequence, a finding of
> 3 mm of meniscal extrusion should direct the one’s
attention to a possible meniscal root tear [Figure 12]
(12, 15, 33). This finding on MRI has been correlated
with meniscal extrusion found on arthroscopy (52). The
extent of meniscal extrusion is measured on a coronal
image and is to be measured from the outer margin
of the extruded meniscus to the outer margin of the
articular cartilage of the ipsilateral tibial plateau (1,
15, 33). DePhillipo et al. describes a slightly different
method of measuring extrusion of the medial meniscus
using the superficial medial collateral ligament as a
landmark (53). Tears of both the anterior and posterior
roots can present with meniscal root tears on MRI (12,

15, 27, 33).

There has been recent debate over the etiology behind
SONK/SIFK in the context of meniscal pathology [Figure
13]. However, there is now general consensus that the
SONK/SIFK lesions, once believed to be idiopathic, are
associated with meniscal root tears (1, 14). Hussain
et al. described an etiology for SONK/SIFK based on
the kinematic alterations of the knee associated with
meniscal root tears (14). They proposed that the
resultant increase in tibiofemoral contact pressures,
combined with alterations in load transmission, results
in point loading that causes subchondral insuffiency
fractures, making the name SONK a misnomer that aught

Figure 12. Coronal MRI radiographs depicting extrusion of the (A)
medial, and (B) lateral, meniscus following a meniscal root tear.
(A) depicts an MRI radiograph of a left knee with visible medial
extrusion of the medial meniscus. (B) depicts an MRI radiograph of
a right knee with visible lateral extrusion of the lateral meniscus.
The extrusion depicted in both (A) and (B) exceeds the threshold
of 3 mm between the outer margin of the tibial plateau articular
cartilage and the outer extent of the meniscus.
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Figure 13. (A) coronal and (B) sagittal MRI radiographs depicting
spontaneous osteonecrosis of the knee (SONK)/Subchondral
insufficiency fracture (SIFK) of the medial femoral condyle
following medial meniscal root tear. Significant medial meniscal
extrusion is also present in (A).

to be replaced with the term “subchondral insufficiency
fractures of the knee” (SIFK) (14).

Finally, the “ghost sign” is defined as the absence of
an identifiable meniscus on sagittal MRI, and it has also
been shown to have high reproducibility in the context
of meniscal root tears [Figure 14] (1, 38). It should be
noted that there is discrepancy in the reported values
for sensitivity, specificity, positive predictive value, and
negative predictive value in the literature. LaPrade et al.
attributes this to the variation in quality of the imaging
studies as well as to variation in the musculoskeletal
experience of radiologists (38).

Treatment Rationale

Non-operative treatment, partial meniscectomy, and
surgical repair are three of the most common treatment
options for treating patients with meniscal root tears.
Choice of treatment is largely dependent on the type and
extent of meniscal tear, indications and contraindications
for surgical repair, and the condition of the chondral
cartilage of the knee. Specifically, as it pertains to the
condition of the chondral cartilage, one of the aims of
repairing meniscal root tears is delaying the onset of OA.
Therefore, surgical repair is contraindicated for patients
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with OA Outerbridge or Kellgren-Lawrence grades 3 to 4
in the ipsilateral compartment (7, 13, 15, 37, 54).

Nonoperative Treatment

Conservative measures used to treat meniscal root
tears nonoperatively generally center around symptom
management. Analgesics, NSAIDs and ice can be used to
manage pain associated with the injury. Patients for whom
surgical repair is contraindicated (e.g. older patients)
may benefit from using an unloader brace, especially in
the case of medial meniscal root tears. It must be noted
that nonoperative measures do not address mechanical
symptoms that may be resultant of a meniscal root tear,
and most importantly, they do not delay the progression
of OA that has been widely noted to follow meniscal
root tear (55). Meanwhile, the procedures for repairing
the torn root presented in this review have favorable
patient-reported outcomes. Furthermore, numerous
biomechanical studies have demonstrated the importance
of intact and anatomically correct meniscal roots for the
function of the meniscus and the kinematics and loading
profile of the knee. Consideration of all of these factors
makes conservation and repair of the menisci and their
roots the priority when treating meniscal root tears.
There are, however, several important contraindications
to surgical repair. Most notably, patients of advanced age,
presenting with OA (Outerbridge or Kellgren-Lawrence
3-4), varus alignment (greater than 3 degrees), and
increased BMI are contraindicated for surgical repair.
These patients may therefore gain some marginal benefit
from non-operative measures (55, 56).

Meniscectomy

Historically, treatment of meniscal tears mostly
involved excising the damaged meniscus through
either a partial or total meniscectomy. Although this
treatment often achieved short-term relief for patients,
the damaging long-term effects were eventually noted,
namely, rapid and reliable progression to OA (10, 57).
Total meniscectomy has been shown to lead to a 61%
increase in peak tibiofemoral contact pressure and a
48% decrease in tibiofemoral contact surface area (15).
Outcomes for partial meniscectomy are reportedly
equivalent to nonoperative treatment measures in the
treatment of medial meniscus tears (58). Increased

Figure 14. Sagittal MRI radiographs depicting (A) a normal cross-sectional view of the meniscus
versus visible ghost sign of the meniscus in the same sequence (B), and in a different sequence (C).
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appreciation for the role of the menisci in modulating
these metrics has shifted the standard of care to
favor anatomic surgical repair of meniscal root tears.
Nevertheless, some patients may still benefit, at least
in the short term, from partial or total meniscectomy.
Patients with severe pain, locking, and other mechanical
changes, and patients who have severe chondromalacia
and arthritis (Outerbridge 3-4) might experience short-
term benefits from meniscectomy (2).

Meniscal Root Repair

The two most common technique for surgical repair of
a meniscal root tear is the transtibial pull-out repair. At
3.5 years’ follow-up, Cinque et al. found that two-tunnel
transtibial repairs of radial meniscal tears produced
outcomes that were quite comparable to inside-out repair
(4). Younger patients, especially those who are more
active and those who have not yet developed ipsilateral
compartment chondromalacia of Outerbridge 3-4 tend
to be indicated for surgical repair (12). As discussed
above, biomechanical studies have elucidated the critical
importance of restoring the meniscal root to its correct
anatomic attachment site, as non-anatomic repairs have
been shown to be biomechanically equivalent to the state
of meniscectomy (45).

Despite the kinematic measures that are restored
following anatomic repair of a meniscal root tear, it has
been noted that meniscal extrusion often persists even
after a repair is performed [Figure 15] (34, 59-61).
Although meniscal extrusion is recognized as one of the
elements associated with increased joint degeneration, the
significance of this observation remains unclear (18, 34).

Figure 15. Coronal MRI radiograph following the surgical repair of
ameniscal root tear demonstrating persistent meniscal extrusion.
The extrusion depicted here is observably significant, measuring
greater than 3 mm. This repair underwent subsequent revision.
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Studies have analyzed the use of a peripheral centralization
suture to minimize extrusion of the meniscus after repair
of a meniscal root tear (8, 62). In a cadaveric model, Daney
et al. found that the use of a centralization suture may
benefit patients by minimizing meniscal extrusion (62).
However, further efforts should be made to determine the
significance of persistent meniscal extrusion following
repair and whether peripheral stabilization of the
meniscus improves outcomes for patients undergoing
meniscal root repair (8).

Transtibial Pull-Out Repair

Several studies have detailed the procedures for
performing a transtibial pull-out repair of meniscal root
tears [Figure 16] (1, 2, 13, 16, 37, 46). This technique
involves drilling one or two tunnels from the proximal
anterior aspect of the tibia superiorly through the
anatomic root attachment site of the torn meniscal root.
Sutures are then passed through the torn meniscal root
and retrieved through the transosseous tibial tunnel(s).
A cortical button is usually then placed over the distal
opening of the tunnel(s) in order to minimize suture cut-
out through the cortical bone of the tibia. The sutures are
pulled tight to draw the meniscus into its anatomically
correct position and subsequently tied down over the
cortical button.

Nakama et al. performed a biomechanical evaluation
of suture techniques in transtibial meniscal tears and
found that both suture configurations tested (single-
row and double-row) and both suture techniques tested
(vertical mattress and cross-stitch) restored tibiofemoral
kinematics to within acceptable limits (63). Hapa et al.
compared different types of suture material in the use
of a horizontal mattress suture to repair a biomechanical
porcine model of a meniscus tear (57). They found ultra
high-molecular weight polyethylene (UHMWPE) suture
materials to be preferable to polyester in terms of fixation

A’
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Figure 16. Illustration depicting the repair of a tear to the MPRA
using a transtibial pull-out technique. The specific technique
depicted above uses two transosseous tunnels and two sutures
tied over a cortical button. The sutures are passed through the
meniscal root anteroposterior to each other. Reproduced with
permission from AJSM Vol. 45 Issue 4, 884-891.
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Figure 17. Photographs taken on arthroscopy during a transtibial repair of a meniscal root
tear. (A) photograph taken before peripheral release of the meniscus has been performed.
Peripheral adhesion of the meniscus to the joint capsule has caused apparent subluxation of
the meniscus, complicating anatomic reduction of the meniscal root to its native attachment
site for repair. (B) photograph taken subsequent to peripheral release of the meniscus
from the capsule. Now free of adhesion to the capsule, the meniscus is available to occupy a
visibly greater area greater of the joint space and assume a more native orientation, making
successful anatomic reduction and fixation of the meniscal root possible.

strength (57). Finally, multiple authors advocate for
peripheral release of the meniscus from the joint capsule
[Figure 17] (24). They note that meniscal extrusion
secondary to a meniscal root tear can lead to scarring of the
meniscus to the joint capsule, complicating efforts to reduce
the meniscus to its original anatomical position in the joint
space before repairing the torn meniscal root (46, 64).

Senior Author’s Preferred Technique: Two-Tunnel
Transtibial Pull-Out

The senior author’s preferred technique is a pull-
out repair using two transosseous tibial tunnels and
two simple sutures secured over a cortical button.
Standard arthroscopic portals are made anterolaterally
and anteromedially next to the patellar tendon, and
accessory arthroscopic portals are incised as needed.
The torn meniscal root is located and confirmed with

a probe. The corresponding meniscal root attachment
site on the tibial plateau is located and decorticated
with a curette. A guide apparatus is then used to
determine the correct tunnel orientation and to guide
drilling such that the proximal orifice of the transtibial
tunnel will open into the decorticated root attachment
site of the torn root. A drill pin with a cannulated sleeve
is drilled through the posterior portion of the root
attachment site, followed by a second drill pin with a
cannulated sleeve, which is driven approximately 5 mm
anterior to the first. Once confirmed to be in the correct
positions, the drill pins are removed, and the sutures
are passed through the torn root and then retrieved.
Each suture is retrieved through its respective tunnel
and both are then tensioned and subsequently tied
over cortical button on the proximal anterior aspect of
the tibia [Figure 18].

Figure 18: Images taken on arthroscopy depicting a complete tear of the LPRA (A) and
subsequent anatomic reapproximation and fixation using two sutures, which have been
pulled through transtibial tunnels and secured over the proximal tibial cortex using a
cortical button. Reproduced with permission from AJSM Vol. 45 Issue 4, 884-891.
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Outcomes After Meniscal Root Repairs

While it has been established that both the suture
anchor technique and the transtibial pull-out technique
return joint biomechanics to a state indistinguishable
from that of the intact meniscus, there is not a definitive
consensus on whether repair of the meniscal roots halts
the progression of OA (65). This is mostly due to the lack of
studies reporting on long-term patient follow-ups, which
would allow for the effects of any osteoarthritic processes
to be observed in full and for a definite determination to
be made. A literature review performed by Faucett et al.
compared the outcomes for surgical repair of meniscal
root tears to meniscectomy and non-operative treatment
(66). They found that surgical repair leads to significantly
less OA at a mean follow-up of 39.9 months compared to
meniscectomy and non-operative treatment (66). Studies
reviewing the outcomes for transtibial meniscal root
repairs estimate that anywhere from 79.7% to 84% of
patients experience no further progression of OA following
transtibial repair (67-69).

Transtibial repairs of meniscal root tears have a
reportedly low failure rate, with an observed revision rate
0f6.7% (17,37).Krych etal. found that patients undergoing
repairs of both medial and lateral root repairs experienced
good outcomes (evidenced by increased Tegner scores
and International Knee Documentation Committee scores
at a mean follow-up of 41 months), with those undergoing
lateral meniscal root repairs possibly benefiting slightly
more from repair than those undergoing medial meniscal
rootrepairs (47). LaPrade etal. reported that patients seen
at a mean follow-up of 2.5 years demonstrated significant
postoperative improvement, especially with regard to
patient-reported measures, Lysholm, Tegner activity
scale, and the Western Ontario and McMaster Universities
Osteoarthritis index (WOMAC score) (37). Furthermore,
they found no significant differences in patient outcomes
and patient satisfaction between patients older than 50
years and patients younger than 50 years or between
patients receiving repairs for medial versus lateral
meniscal root repairs (37).

Postoperative Rehabilitation

To the authors’ knowledge, there have been no long-term
studies comparing the efficacy of varying rehabilitation
protocols for patients recovering from meniscal root
repairs, especially regarding the time course for
introducing weight-bearing, increasing range of motion
(ROM), and beginning strength training. Biomechanical
models of cyclic loading have largely underscored the
need for gradual and cautious rehabilitation protocols (29,
48, 70). Woodmass et al. emphasized the need for uniform
rehabilitation guidelines to protect repairs of all types
of meniscal tears, as the ability of a repair to withstand
tibiofemoral loading can be somewhat dependent on the
directionality of the tear (71). An in-vitro human model
of medial meniscal root repair performed by Starke et
al. found that internal rotation of the femur on the tibia,
high flexion angles, and increased tibiofemoral loads all
significantly increase tensile strain on a repaired root
(72). Several recent studies have analyzed the importance
of correcting varus malalignment using open-wedge high
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tibial osteotomy (OWHTO) in the context of meniscal
root pathology and repair (73-76). These studies
have shown that patients tend not to benefit from the
OWHTO procedure and may experience worse outcomes
compared to patients who undergo meniscal root repair
alone (73, 74). The senior author’s preferred method for
rehabilitation following meniscal root repair in the context
of varus malalignment is utilizing an unloader brace to
reduce tibiofemoral loads in the affected compartment,
thereby reducing tensile strain on the newly repaired root.

Mueller et al. describes a five-phase rehabilitation protocol
that adheres to a linear periodization approach, with the
objective of progressively loading the repair over time (12).
Along with pre-defined time periods, they also outline a
list of criteria that must be met before the patient may
advance from one phase to the next (12). While symmetrical
ROM exercises and muscle activation are prioritized early
in the first phase, it is critical that patients remain non-
weightbearing for the first 6 weeks (12). Lee et al. introduced
weightbearing at postoperative week four and used second
look arthroscopy (at a mean of 16.4 months) to confirm a
reinjury rate of 30.3% (73). Meanwhile, using the protocol
outlined by Mueller et al. wherein weightbearing is not
introduced until postoperative week six, LaPrade et al. found
areinjury rate of only 6.7% (12, 37).

Flexion ROM should be limited from 0 to 90 degrees
and must only be performed passively within the first
6 weeks due to the involvement of the menisci in the
anatomical insertion of the hamstrings and popliteus (12,
77). Weight-bearing can be gradually introduced starting
postoperative weeks 6-7 (12, 37). Patients must also avoid
deep squatting or loaded knee flexion for the first 3-4
months, as these movements have been shown to subject
the meniscal roots to increased biomechanical strain
(12). Furthermore, findings by Starke et al. indicated that
internal rotation of the femur against the tibial plateau
creates increased tensile stress on the meniscal roots, and
should be avoided during rehabilitation, especially in the
case of repairs of the posterior meniscal roots (72).

Foundational studies describing the anatomy and
biomechanics of the meniscal roots and their associated
pathologies have led to the development of improved
treatment measures for meniscal root tears [Table 1].
However, there remains a need for long-term randomized
controlled studies examining the efficacy of surgical repair
methods. These studies, along with an increasing body of
knowledge of the importance of the menisci will lead to
better outcomes for patients who experience meniscal
root tears.
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Table 1. A Decade of Research on Meniscal Root Tears. Organized chronologically, a list of prominent findings pertaining to meniscal root

tears and their associated articles is provided

Year Author Finding

2008 Allaire et al. Biomechanical analysis demonstrates that a posterior meniscal root tear is biomechanically equivalent to a total meniscectomy:.
2009 Marzo et al.
2010 Starke et al.

A cadaveric study demonstrates that meniscal root repair restores the function of the meniscus in absorbing hoop stresses.
Nonanatomic repair of a meniscal root is shown to increase tension on the repaired meniscus.

Both the transtibial pull-out technique and the suture anchor technique are shown to yield significant functional improve-

2011 Kim etal. ment in a head-to-head evaluation.

2012  Johannsenetal. Quantitative anatomic description of the posterior meniscal root attachment sites is first described.

A biomechanical model analyzes and defines the tensile forces experienced by the meniscal roots, guiding future rehabili-

2013 Starke et al. . . . . .
tation protocols for patients undergoing meniscal root repair.

LaPrade et al. latrogenic injury to the LPRA due to nonanatomic double-bundle ACL reconstruction is first described.

LaPrade et al. Quantitative anatomic description of the anterior meniscal root attachment sites is first described.

A system for classifying meniscal root tear morphology is described based on tear directionality and distance from the

2014 LaPrade etal. center of the root

A cadaveric biomechanical model demonstrates that an in situ pull-out repair of the meniscal root restores knee kinemat-

LaPrade et al. . . . . .
ics following a simulated posterior meniscal root tear.

LaPrade et al. Nonanatomic root repair is shown to be biomechanically equivalent to the root-torn state.

One- and two-tunnel transtibial repairs of meniscal root tears are shown to be biomechanically equivalent in a cyclic-

2015 LaPrade et al. loading model.

LaPrade et al. Alow positive predictive value is noted for diagnosing tears of the posterior meniscal roots on high field MRI.

Patients undergoing transtibial pull-out repair of meniscal root tears are shown to experience significant postoperative

LaPrade et al. . . .
improvement and satisfaction.

2016
A post-operative rehabilitation protocol is published for patients undergoing meniscal root repair that calls for a 6-week

Mueller etal. non-weightbearing period.

A review of the role of meniscal tears in the finding of SONK on MRI is performed, and a call for replacing SONK with SIFK

2017 Hussain et al. .
is made.

Persistent post-operative meniscal extrusion is noted on MRI and described in the literature following repair of meniscal
2018 Kaplan et al.

root tears.
DePhillipo A technique for addressing meniscal extrusion and ensuring anatomic root repair by releasing the meniscus from the
etal. capsule peripherally is described.

2019
A cadaveric model demonstrates that the use of a peripheral centralization suture may be beneficial for minimizing

Daney et al. . . .
meniscal extrusion post-root repair.

A surgical technique for addressing meniscal extrusion in revision meniscal root repair with a peripheral stabilization

2020 Dean etal. stitch is first described.
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