
MENISCUS (A KYRCH, SECTION EDITOR)

Current Reviews in Musculoskeletal Medicine: Current Controversies
for Treatment of Meniscus Root Tears

Dustin R. Lee1
& Anna K. Reinholz1 & Sara E. Till1 & Yining Lu1

& Christopher L. Camp1
& Thomas M. DeBerardino2

&

Michael J. Stuart1 & Aaron J. Krych1

Accepted: 21 March 2022
# The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract
Purpose of Review The role of the meniscus in preserving the biomechanical function of the knee joint has been clearly defined.
The hypothesis that meniscus root integrity is a prerequisite for meniscus function is supported by the development of progressive
knee osteoarthritis (OA) following meniscus root tears (MRTs) treated either non-operatively or with meniscectomy.
Consequently, there has been a resurgence of interest in the diagnosis and treatment of MRTs. This review examines the
contemporary literature surrounding the natural history, clinical presentation, evaluation, preferred surgical repair technique
and outcomes.
Recent Findings Surgeonsmust have a high index of suspicion in order to diagnose a MRT because of the nonspecific
clinical presentation and difficult visualization on imaging. Compared with medial MRTs that commonly occur in
middle age/older patients, lateral meniscus root injuries tend to occur in younger males with lower BMIs, less
cartilage degeneration, and with concomitant ligament injury. Subchondral insufficiency fractures of the knee have
been found to be associated with both MRTs and following arthroscopic procedures. Meniscus root repair has
demonstrated good outcomes, and acute injuries with intact cartilage should be repaired. Cartilage degeneration,
BMI, and malalignment are important considerations when choosing surgical candidates. Meniscus centralization
has emerged as a viable adjunct strategy aimed at correcting meniscus extrusion.
Summary Meniscus root repair results in a decreased rate of OA and arthroplasty and is economically advantageous when
compared with nonoperative treatment and partial meniscectomy. The transtibial pull-through technique with the addition of
centralization for the medial meniscus is associated with encouraging early results.

Keywords Kneecartilage .Meniscusroot tear .Meniscusextrusion .Meniscusrootrepair .Transtibialpull-through .Subchondral
insufficiency fractures of the knee
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Introduction

Meniscus tears are a common orthopedic injury, com-
prising 12–14% of orthopedic knee presentations with
an annual incidence of 60–70 cases per 100,000 persons
[1–3]. Knowledge of the functional and biomechanical
role of the meniscus, and the anterior and posterior
roots specifically, has evolved in the past few decades.
Meniscus root tears (MRTs), defined as a complete ra-
dial tear within 1 cm of the tibial attachment point or a
bony/soft tissue avulsion has grown in interest with
mounting data showing poor native outcomes equivalent
to subtotal meniscectomy [4, 5]. Lateral MRTs are more
commonly acute, high impact injuries with concomitant
ligamentous injury, while medial MRTs are degenerative
in nature in an older population [6•]. These tears may
be clinically difficult as many go undiagnosed at initial
presentation and are missed on conventional imaging
[7].

Meniscus extrusion is increasingly being discussed in
recent root tear literature and is defined as the meniscus
displacement beyond the border of the tibial plateau on
MRI [8]. Whether meniscus extrusion precedes root tear
or is a consequence of the tear itself is unclear; howev-
er, the downstream impact including increased contact
pressures of the tibiofemoral joint surface, rapid articu-
lar cartilage damage, and severe osteoarthritis (OA) de-
velopment correlated with degree of extrusion is now
well understood [8–12]. Additionally, the etiology of
subchondral insufficiency fracture (SIFK), which is oc-
casionally still misrepresented as the term spontaneous
osteonecrosis (SONK) on imaging, is another pathology
more recently attributed to root tears. These have shown
to be particularly deleterious, with studies citing one-
third to one-half of patients failing nonoperative treat-
ment with conversion to arthroplasty [13, 14•].

Historically, MRTs were treated with partial or total
meniscectomy. Consistent evidence showing degenerative
changes and poor pa t i en t ou t comes fo l lowing
meniscectomy has now shifted the focus to joint preserva-
tion and anatomic restoration of the meniscus root via me-
niscus root repair [15]. Encouraging results showing resto-
ration of peak contact pressures to near native state, im-
proved results in patient reported outcomes and OA devel-
opment, and decreased overall healthcare costs are reasons
root repair may be preferrable in certain patients [16, 17•,
18•, 19•, 20•]. Additionally, root repair augmented with a
contemporary centralization technique to anchor the ex-
truded meniscus back to the surface of the tibial plateau
is an emphasis of current research [21, 22]. The purpose of
this review is to document the natural history, clinical pre-
sentation and evaluation, treatment options, and MRT re-
pair outcomes in light of the most recent literature.

Anatomy and Biomechanics

Form and Function

The medial and lateral menisci are crescent shaped wedges of
fibrocartilage that cover one-half to two-thirds of the tibial
plateau. The primary purpose of these structures is load trans-
mission across the tibiofemoral joint, thereby decreasing im-
pact on surrounding articular cartilage and preserving the joint
over time [23]. The medial and lateral meniscus roots are
responsible for meniscus anchorage to the tibial plateau ante-
riorly and posteriorly. These attachments have an important
biomechanical function in converting axial loads to circum-
ferential hoop stresses, preventing meniscus extrusion, and
maintaining knee kinematics [4, 24].

Meniscus Roots

The anatomy of the meniscus roots is well described, with
each of the four root attachments varying in native strength
and attachment footprint (Fig. 1). The anterior medial (AM),
posterior medial (PM), and posterior lateral (PL) roots contain
both a central bundle of fibers as well as supplemental
attaching fibers. The anterior lateral (AL) root interlinks with

Fig. 1 Distances to meniscus root attachments are well described in
cadaveric studies. Meniscus root anatomy is important in successfully
reducing menisci to anatomic position. Abbreviations: MPRA: Medial
posterior root attachment, LPRA: Lateral posterior root attachment,
LARA: Lateral anterior root attachment, MARA: Medial anterior root
attachment, ACL: Anterior cruciate ligament, TT: Tibial tubercle, MTE:
Medial tibial eminence, LTE: Lateral tibial eminence, SWFs: Shiny
White fibers of the posterior medial meniscus root, PCL: Posterior
cruciate ligament. Reproduced with permission from: LaPrade RF,
Floyd ER, Carlson GB, Moatshe G, Chahla J, Monson JK. Meniscal
root tears: Solving the silent epidemic. J Arthrosc Surg Sports Med
2021;2 [1]:47-57 [12]
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the ACL by overlapping the ligament itself and running be-
neath its insertion point on the tibia [25]. It is uniform through-
out, lacking supplemental attaching fibers [26].

Anterior Lateral (AL)

The tibial attachment area of the AL root is 140.7 mmwith the
ACL insertion area 218.4 mm. LaPrade et al. has shown an
average overlap of 88.9 mm between the ACL and AL root.
Simply, the ACL tibial insertion site is approximately 63.2%
AL root and 40.7% ACL [25]. This association is relevant
during tibial tunnel reaming of ACL reconstruction as iatro-
genic injury to the root may be unavoidable [4, 27].

Anterior Medial (AM)

The AM root is fan shaped and sits 27.5 mm anterior to the
apex of the medial tibial eminence (MTE) [25], with supple-
mental fibers that contribute 28.4% to native root strength
[27]. It is the largest and strongest footprint of all the root
attachments. Anatomic awareness of this location is important
during intramedullary tibial nailing [28].

Posterior Lateral (PL)

The PL meniscus root lies 12.7 mm to the nearest point of the
posterior cruciate ligament (PCL) and 5.3 mm posteromedial
to the apex of the lateral tibial eminence (LTE) [25]. Uniquely,
the posterior horn of the lateral meniscus has connections to
the intercondylar area of the femur via the meniscofemoral
ligaments (MFLs). These additional attachments have been
reported to decrease contact pressure and alleviate extrusion,
at least in part, during isolated PL root tears [29].

Posterior Medial (PM)

The horn of the PM root has an expansion of Shiny White
Fibers (SWFs) that are an important visible landmark during
PCL reconstruction [30]. Current literature reports an attach-
ment area of 30.4 mm after excluding the transverse SWF [24,
31]. Intraoperatively, one can use the MTE apex as a primary
landmark with distances to the most superior edge of the PCL
and medial tibial plateau articular cartilage inflection point as
secondary landmarks in ensuring anatomic tunnel placement
during repair [31].

Equivalence to Meniscectomy and Importance of
Biomechanical Repair

Meniscus root injuries result in increased peak tibiofemoral
contact pressure, rapid articular cartilage deterioration, and
risk of OA development [15]. A landmark paper in 2008 by
Allaire et al. revealed that posterior medial MRTs are

equivalent to a total medial meniscectomy in the resulting
biomechanical function of the knee [16]. Specifically, com-
plete posterior medial MRTs increased peak contact pressures
by 25% [16]. Similarly, an increase in lateral peak contact
pressure by 50% after lateral root tear was reported by
Schillhammer et al. [32]. Multiple studies report biomechan-
ical restoration to native peak contact pressures after repair
[16, 32].

Articular Cartilage

Articular cartilage is composed of type II collagen fibers and
has a highly organized structure [33]. Damage to joint articu-
lar cartilage during meniscus root injury is not uncommon,
with risk for injury during acute lateral root tears higher than
the degenerative medial root tear counterpart [6•]. The avas-
cular nature of articular cartilage limits healing potential, with
restorative techniques to address the deleterious effects of
chondral injury an active area of research [34–36].
Additionally, loss of hoop stresses secondary to root tear itself
result in supraphysiologic loads to the articular cartilage of the
knee. These compounding factors are risks for OA develop-
ment and conversion to total knee arthroplasty (TKA) [9, 15,
37].

Etiology and Natural History

Incidence and Etiology

Twelve to 14% of all orthopedic presentations involving the
knee are due to a meniscus tear [3]. Meniscus root tears, in
particular, were relatively unknown until Pagnani et al. de-
scribed medial meniscus posterior root tears (MMPRTs) with
associated meniscus extrusion in 1991 [38]. Ten to twenty
percent of patients undergoing meniscectomy or repair are
estimated to have a root tear with an estimated 100,000 pa-
tients affected annually, though the prevalence may be higher
given only recent increase in identification and recognition of
importance [7, 39–41].

Lateral root tears more commonly result from acute, trau-
matic injury in a young active individual with concomitant
single or multiligamentous injury [6•]. It is reported that
81% of lateral root tears occur with anterior cruciate ligament
(ACL) injury [42]. In these patients, secondary stabilization is
lost as the PL roots and MFLs are known resistors against
anterior tibial translation and internal rotation in the ACL de-
ficient knee [43]. In contrast, around 70% of medial root tears
are degenerative in nature [4], manifest in the fourth or fifth
decade of life [26], and have a six time increased risk of
having Outerbridge grade two or higher [42]. The PM root
is the least mobile, and the mechanism of injury thought of as
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chronic, repetitive low-energy events such as standing from
deep seated position in an older adult [15].

Natural History

The natural fate of MRTs is especially poor. Nonoperative
management leads to inferior clinical outcomes as Krych
et al. reported 31% of patients progressed to TKA at mean
30 months after diagnosis of PM root tear. Overall, 87% of
patients failed nonoperative treatment based on patient report-
ed outcomes, Kellgren-Lawrence grades, and rate of OA pro-
gression at 5 year follow up. Female gender was associated
with lower subjective scores and higher rate of arthroplasty
[44]. Tear-associated meniscus extrusion, seen as an outward
radial displacement of the meniscus from the tibial articular
cartilage on magnetic resonance imaging (MRI), is a known
player in these poor outcomes with data showing progression
of extrusion and medial compartment articular cartilage de-
generation within one year from diagnosis [9]. Degree of ex-
trusion is strongly correlated with degree of OA changes on
radiographs, though it remains unclear whether root tear leads
to subsequent extrusion and OA or whether existing extrusion
is a preceding factor in tear and articular pathology [12].

Subchondral Insufficiency Fractures of the Knee (SIFK)
and Articular Cartilage Lesions

In parallel, recent work shed light on spontaneous
osteonecrosis of the knee (SONK) seen with MRTs.
Originally thought to occur in idiopathic relation [45], evi-
dence and terminology now accurately reflects the etiology
as tear-associated extrusion and loss of biomechanic compe-
tence resulting in subchondral insufficiency fractures of the
knee (SIFK) [13, 46]. SIFK predominantly occurs with medial
meniscus root and radial tears and has a known association
with arthroscopic meniscectomy. Post-arthroscopic SIFK was
documented in 28 patients, 75% of whom had a meniscus root
or radial tear. Of these, 89% of SIFK involved the medial
compartment and 75% had a BMI >35 [14•]. Unfortunately,
this pathology is significant given the 30–50% rate of conver-
sion to arthroplasty [13]. With the increase in machine learn-
ing utility in orthopedics, Pareek et al. created a model to
predict progression to TKA following SIFK. They identified
lateral meniscus extrusion, Kellgren-Lawrence (K-L) Grade 4,
SIFK of the medial femoral condyle, lateral MRT, and medial
meniscus extrusion to be independent risk factors in order of
importance, respectively [47].

The intricate interplay of root tear, extrusion, and contem-
porary articular cartilage lesion or pathology (SIFK) with sub-
sequent OA development is an active area of research [9, 48].
State of the art treatment is now meniscus root repair. Other
chondral restoration procedures such as chondroplasty,
microfracture, osteochondral autograft transfer, and

autologous chondrocyte implantation in efforts to preserve
joint integrity in cases of articular damage are expanding as
well [34, 49].

Clinical Presentation and Diagnosis

Patient Symptoms & Physical Exam Findings

Despite representing a substantial portion of all meniscus pa-
thology, MRTs are often misdiagnosed or undiagnosed at ini-
tial examination. This may be partially attributed to variable
presentation, as patients do not tend to describe uniform me-
chanical symptoms or pain patterns. Injuries often occur while
in deep flexion or squatting; patients may describe a rotational
mechanism as well [15]. Lateral meniscus root injuries typi-
cally occur secondary to trauma or during athletics.
Individuals with ACL disruption should be screened for con-
comitant lateral meniscus injury, as the two structures have
been shown to have interdigitation and synergistical contribu-
tions to joint stability [4, 15, 26, 43]. Medial meniscus root
injuries most often occur secondary to low-energy, chronic
mechanisms, and degeneration. Consequently, there should
be a high index of suspicion when seeingmiddle-aged or older
patients with biomechanical risk factors such as high BMI or
varus malalignment [7]. Although some patients present with
complaints of posterior pain, as noted above, the lack of uni-
form mechanical symptoms limits the ability to diagnose
MRTs based on history and physical exam maneuvers alone.

Imaging

MRI continues to be the gold-standard for detection of MRTs
by imaging, with T-2 weighted images as the preferred mo-
dality [7, 15, 26]. Several classic findings can help identify the
presence of a meniscus root pathology (Fig. 2). These include
“Truncation sign” (presence of a vertical, linear defect at the
meniscal root on coronal series, often with meniscal extru-
sion), “Ghost sign” (absence of normal meniscal signal in
sagittal series), and “Radial tear” (high signal, linear intensi-
ties appearing perpendicular to the meniscal root in axial se-
ries) [15, 26, 50].

Despite these signs, MRI has been reported to miss tears.
Bhatia et al. reported up to 1/3rd of medial MRTs may be
overlooked on imaging [7]. Similarly, Krych and colleagues
fur ther demonst ra ted preopera t ive MRI read by
musculoskeletal-trained radiologists only detected 33% of lat-
eral MRTs and only 50% of known tears were “clearly evi-
dent” on images reinspected post-operatively [50]. Thus,
while MRI remains the most reliable non-operative method
ofMRT detection, surgeons should recognize the potential for
missed diagnoses and carefully probe the posterior root of the
lateral meniscus at the time of arthroscopy.
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Classification

Classifying injuries based on tear morphology allows
for improved diagnosis and management. The classifica-
tion system described by LaPrade et al. [51] remains the
current standard. Type 1 (7%) is a partial, mechanically
stable tear. Type 2 (68%) are complete radial tears oc-
curring within 9 mm of bony root attachment and are
further subdivided: Type 2A occur within <3 mm, Type
2B within 3mm to <6mm, and Type 2C within 6mm to
9mm. Type 3 (6%) are complete root detachment with
concomitant bucket-handle. Type 4 (10%) are complete
root detachment in the setting of complex oblique tears.
Type 5 (9%) are bony avulsion fractures at the root
attachment [15, 49, 51].

Extrusion

With increasing awareness regarding meniscal patholo-
gies extrusion has become an area of recent focus.
Defined as meniscus displacement of <3mm (minor) or
>3mm (major) beyond the tibial plateau, this morpholo-
gy is associated with MMPRTs (Fig. 3) and a predictor
of tibiofemoral cartilage loss [7, 11, 15]. The associated
cartilage loss appears to be contingent on the amount of

extrusion, as less extrusion after repair has been linked
to greater cartilage protection [12]. Although connected,
the exact relationship between MRTs and extrusion re-
mains ill-defined. Recent literature has demonstrated
meniscotibial (MT) ligament disruption and associated
meniscus extrusion to be a predecessor to MRTs, which
may be caused by increased biomechanical forces after
failure of the MT ligament [8, 12].

Centralization

Recent focus has been given to the concept of medial
meniscus centralization prior to repair. The MT ligament
has been found to be a key component of meniscus sta-
bility and when disrupted, can lead to worsened menis-
cus instability and displacement [12]. Correcting MT lig-
ament deficiencies by securing the midbody of the me-
niscus to the tibial articular surface has been shown to
significantly minimize or fully correct meniscus extru-
sion [11, 52, 53]. Initial studies investigating the utility
of augmenting current repair strategies with centraliza-
tion support continued research for its role in restoring
tibiofemoral contact mechanics [21, 22, 49, 54, 55, 56•].

Treatment Options

Patients diagnosed with medial MRTs have a variety of treat-
ment options available to them at this time. These include non-
operative management, meniscectomy, and various styles of
repair. Certain methods remain superior in overall patient out-
comes and preservation of joint longevity.

Fig. 2 Pre-op sagittal MRI showing ghost sign

Fig. 3 Pre-op coronal MRI showing PMMRT (red arrow) with extrusion
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Non-operative Management

Patients wishing to avoid surgical intervention can at-
tempt nonoperative treatment. This typically entails a
course of anti-inflammatory medications, activity modi-
fication, and physical therapy or supervised exercise
program [5, 57, 58]. Guided intra-articular joint injec-
tions have also ameliorated pain and mechanical func-
tion in degenerative MRTs [59].

Despite some early symptomatic benefits, leaving
meniscal pathology unaddressed has been demonstrated
to negatively impact joint longevity [5, 57, 58, 60].
Neogi et al. showed the clinical improvements to be typi-
cally short-lived, peaking at approximately 6 months post-
treatment before subsequently decreasing. Additionally,
non-operative management is associated with poor clinical
outcomes, worsening arthritis, and a relatively high rate of
arthroplasty [5, 58, 60]. Furthermore, patients with large
meniscus extrusion should not be considered for non-
operative management, as large extrusion correlates with
worsened outcomes [57].

Arthroplasty

Arthroplasty represents a dependable treatment option for pa-
tients with MRTs and end stage arthritis refractory to conser-
vative measures. Tagliero and colleagues completed a
matched case control study comparing outcomes in patients
who underwent arthroplasty for secondary OA (n=75) versus
patients with primary OA (n=150) and reported similar im-
provements in pain, activity level, complications, and reoper-
ation rates between the two cohorts [60].

Meniscectomy

Previously a staple of meniscus pathology treatment, partial
meniscectomy (PMM) is uncommonly utilized in modern
treatment of MRTs. The meniscus, as mentioned previously,
is a key biomechanical component of the knee; multiple stud-
ies have demonstrated its ability to protect the knee against
OA development. MRTs have been theorized to increase
tibiofemoral contact pressures [16, 61], thus already in-
creasing risk of OA. Although patients can experience
initial improvements, particularly symptomatic relief,
PMM has demonstrated similar outcomes to non-
operative management and provides no benefit in halt-
ing arthritic progression [61, 62]. A recent comparative
study of matched PMM and non-operatively treated pa-
tients reported poor clinical outcomes and 54% progres-
sion to TKA at mean 54.3 months in those who under-
went PMM. Female gender, increased BMI, and menis-
cus extrusion were associated with worse outcomes
[61].

Repair

Due to its contributions to biomechanical stability and joint
integrity, preservation of the meniscus is essential for overall
joint preservation. There continues to be mounting evidence
of improved joint longevity after repair of MRTs compared to
treatment with meniscectomy or non-operative management
[18•, 19•, 61, 63, 64]. Moreover, Faucett et al. completed a
meta-analysis with cost-effectiveness modeling that compared
meniscus repair, meniscectomy, and nonoperative treatment
approaches among middle-aged patients with medial MRT.
The authors reported MRT repair leads to less OA and is a
cost-saving intervention. Overall, evidence supports meniscus
repair as the preferred initial intervention in good candidates
[17•]. Similarly, encouraging results have been published in
cohorts with lateral MRTs treated with repair. As reported by
Krych et al., there is data to suggest even greater improve-
ments in clinical and functional outcomes after lateral MRT
repair [6•] compared to peers with medial root pathology.
While these increases may reflect differences in injury popu-
lations, the relative youth and high activity levels typical of
patients with lateral MRT further necessitates treatment that
allows both return to function and long-term joint
preservation.

Repair Indications

Indications

Although repair has demonstrated promising results, patient
selection (Fig. 4) remains paramount to successful outcomes
[6•, 15]. Young, active patients with an otherwise healthy
knee are the optimal candidates for surgical repair. Older pa-
tients should also be considered depending on joint health,
activity level, and presence of comorbidities such as
malalignment, OA, and BMI status. It is essential to correct
any concomitant ligamentous or cartilaginous pathology at
time of repair to mitigate risk of failure [65, 66].
Accordingly, surgeons must carefully review individual pa-
tient risk factors and injuries to determine the likelihood of
successful treatment. In short, however, patients with intact
cartilage (K-L grade ≤2) and acute injuries should undergo
repair.

Absolute Contraindications

Repair has been found to be unsuccessful in patients with
substantial joint deformity, which includes varus
malalignment >10 degrees, subchondral bone collapse, dif-
fuse chondromalacia of grade 3 or higher, or K-L grade ≥ 3
on radiograph. Patients unwilling or unable to utilize crutches
for 6 weeks should also be excluded [6•, 15, 49, 67].
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Relative Contraindications

There are some patient cohorts in which the decision to pursue
surgery should be met with caution. Generalized OA and var-
us malalignment >5 degrees are believed to lessen the benefits
of repair [15, 65], although the latter is somewhat controver-
sial as mild to modest varus alignment has also shown equiv-
ocal outcomes [68•]. Consequently, those with isolated mild
to moderate varus (5–10 degrees) should not be automatically
excluded for consideration of root repair. However, both mild
malalignment (< 5 degrees) and obesity (BMI> 30) are risk
factors for potential failure secondary to increased stress on
the repair construct [15, 69].

Repair Techniques

Repair Options

Repair of MRTs is primarily executed by achieving direct
fixation with suture anchors or by utilizing sutures pulled
through a transtibial tunnel. In a direct comparison, Kim and
colleagues found the two techniques to have equivalent out-
comes. Each construct demonstrated similar reductions in me-
niscus extrusion, medial root tear gaps, and rates of complete
healing [70]. Although repair has shown to demonstrate supe-
rior outcomes to both meniscectomy and nonoperative man-
agement, the margin for error in achieving a functionally suf-
ficient repair appears to be small. Starke et al. reported that just
3mm of misalignment in repair placement greatly inhibits the
meniscus’s biomechanical abilities [71].

Suture Anchor Repair

Suture anchor constructs enable root repair without creating
tibial bone tunnels, thus allowing for utilization in patients
with concomitant multiligamentous pathology or skeletal im-
maturity. This all arthroscopic technique was first described
by Engelsohn [72], with subsequent modifications described
by Lee et al. [73]. After initial suture placement on the poste-
rior and anterior meniscus thirds in a vertical fashion, a
posteromedial portal is established. The posteromedial portal
is adjacent to the neurovascular bundle and requires special-
ized arthroscopic instruments. Although this repair technique
has other attributes, such as placement of anchors closer to the
native root and minimal disruption of tibial bone, it is techni-
cally challenging, it requires great care to minimize injury to
cartilaginous tissue and the nearby neurovascular bundle.

Transtibial Pull-Through Repair

The transtibial pull-through technique utilizes a transosseous
tunnel to reduce the meniscus root to the tibial plateau via
sutures anchored to the anterior tibial cortex. Although this
technique can interfere with concomitant procedures such as
a high tibial osteotomy, it represents a pragmatic approach that
is less technically demanding, omits the need to create a pos-
terior portal adjacent to critical neurovascular structures, and
does not require dedicated suture-passing devices.
Consequently, the authors are advocates of transtibial fixation
using standard and familiar arthroscopy portals, which has an
established record of positive midterm to long-term results
[20•, 49, 63, 74, 75].

Fig. 4 Flowchart showing
indications and contraindications
for meniscus root tear repair.
Reproduced with permission
fromKrychAJ, HevesiM, Leland
DP, Stuart MJ. Meniscal Root
Injuries. J Am Acad Orthop Surg.
2020;28 [12]:491-9 [3]
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Author’s Preferred Technique

Transtibial Pull-Through Repair

Our preferred technique of meniscus root repair has been de-
scribed in detail [15, 49, 76]. Key steps, pearls, and pitfalls are
summarized in Tables 1 and 2 [53]. Standard knee arthroscopy
portals are used, including a portal ipsilateral to the tear to
allow for direct visualization of the posterior root. The attach-
ment of the meniscus horn is inspected and palpated with a
probe (Fig. 5), which is of clinical significance because of the
high rate of incomplete tear visualization on preoperativeMRI
[50]. In cases where it is difficult to obtain adequate visuali-
zation of the posterior meniscus roots and their respective
compartments, we recommend consideration of (reverse)
notchplasty or ‘pie crusting’ of the medial collateral ligament
to provide satisfactory arthroscopic access [77]. Given that
lateral MRTs are challenging to identify preoperatively, in-
cluding in the setting of both primary and revision ACL re-
construction, surgeons must always thoroughly inspect the
meniscus attachments and be ready to repair detected root
tears.

After establishment of optimal portals and working space,
attention is turned to tibial socket preparation. Given the im-
portance of anatomic socket location, our preference is to use
a root-specific tibial guide placed through the ipsilateral ar-
throscopy portal and centered on the meniscus root footprint.
However, this can also be achieved with a standard ACL
guide and drill. Subsequently, a 6-mm all-in-one guide pin/
reamer is introduced into the joint through an incision on the
proximal and medial tibia and deployed so that a shallow 6-
mm socket is formed to provide fixation access to healing
vascular subchondral bone. This can also be achieved with
the standard 6-mm drill; however, this leads to greater bone

loss along the length of the entire tibial tunnel compared with
selective inside-out drilling with all-in-one instrumentation.

For meniscus fixation, a free No. 0 nonabsorbable suture is
passed through the torn meniscus in a simple cinch configu-
ration using a self-retrieving suture-passing device. A total of
2 to 3 locking sutures are placed, depending on the tissue size

Table 1 Key steps in medial meniscus root repair and centralization

• Identify the tear and evaluate for meniscus extrusion. Of note, medial
meniscus (MM) root tears are commonly missed on imaging

• Place standard anteromedial (AM) and anterolateral (AL) portals
• Use accessory AM portal proximal and 2 cm medial to standard AM

portal
• May need additional exposure with percutaneous medial collateral

ligament (MCL) lengthening
• Elevate or release the meniscotibial ligament using a curved elevator at

the location of the tibial plateau periphery
•Use 2-3 anchors to centralize the meniscus, starting posteromedially and

working anteriorly
• Perform posterior root transtibial root repair using self-retrieving

suture-passing device to pass nonabsorbable suture in a simple cinch
configuration (2 to 3 sutures)

• Reduce the root to its anatomic footprint with tension and tibial fixation

Adapted with permission from: Leafblad ND, Smith PA, Stuart MJ, et al.
Arthroscopic Centralization of the Extruded Medial Meniscus. Arthrosc
Tech. 2021;10 [1]:e43-e48 [64]

Table 2 Pearls and pitfalls

Centralization Pearls
• Enhance visualization with fat pad debridement
• Percutaneous MCL lengthening can improve exposure
• Optimize portal positioning with accessory AM portal
• Improve meniscus mobility after release of MT ligament peripherally
• Avoid soft tissue entrapment by utilizing cannula for suture

management
• Use self-retrieving suture passer
• Tension the knotless sutures with a pusher/cutter through the accessory

AM portal
Meniscus Root Repair Pearls
• Transtibial meniscal root drill guide allows anatomic placement of the

meniscal root
• Perform transtibial drilling prior to meniscal root suturing. This helps

avoid entanglement
• Self-retrieving suture passer allows for use of standard and familiar

arthroscopy portals
Pitfalls
• Inadequate exposure
• Iatrogenic cartilaginous injury
• Poor patient adherence to rehabilitation protocol can lead to fixation

failure

Adapted with permission from: Leafblad ND, Smith PA, Stuart MJ, et al.
Arthroscopic Centralization of the Extruded Medial Meniscus. Arthrosc
Tech. 2021;10(1):e43-e48 [64]

Fig. 5 Anterolateral viewing portal with probe through anteromedial
portal showing PMMRT
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and quality, and then individually tightened, with the knee
cycled to remove creep from the system. Subsequently, the
sutures are tensioned through the tibial socket to reduce the
meniscus root back to the native bony root attachment. Tibial
fixation is subsequently obtained using a 5.5-mm anchor or, as
classically described, a tibial button, with the knee in 90 de-
grees of flexion.

Medial Meniscus Centralization

Our preferred technique (Fig. 6) combines transtibial pull-
through and centralization sutures [49, 53]. Meniscus central-
ization is completed prior to the transtibial pull-through meth-
od described above. Similarly, beginning with a diagnostic
arthroscopy is fundamental to understanding the pathology
prior to carrying out the surgical plan. Create an accessory
medial portal that is proximal and medial to the standard
anteromedial portal, to allow for the correct angulation of
instruments. Using a curved elevator, perform a release of
the MT ligaments off the periphery of the tibial plateau.
Next, the anteromedial portal is utilized to place a knotless
suture anchor just central to the peripheral rim of the tibial
articular surface. With a self-retrieving suture passing device,
via the anterolateral portal, pass the repair suture through the
meniscocapsular junction in a mattress fashion. Tension the
centralization suture downwith an arthroscopic knot pusher or
with a pusher-cutter device. Repeat this process to create a
total of 2 to 3 centralization sutures. Once the meniscus cen-
tralization is complete, move on to the transtibial root repair.

Postoperative Rehabilitation

Establishing a comprehensive postoperative management pro-
tocol is key to patient success. Throughout the first several
months the optimal healing environment for the repair occurs
when the meniscus remains free of loading of events, espe-
cially in deep flexion. The postoperative rehabilitation recom-
mendations detailed below (Table 3) are specific for isolated

root repairs. Patient specific alterations should be considered
when patients undergo concomitant procedures (i.e.,
osteotomy, ligament reconstruction, etc.) which can influence
optimal range of motion, weight-bearing, and timeline consid-
erations. Consequently, communication between the patient,
surgeon, and physical therapist should be prioritized [15, 49].

Return to Sport

The point at which patients return to sport is influenced by the
clinical timeline and the physical readiness of the patient.
After 4–6months of recovery, those who have attained normal
strength with symmetric gaits are able to gradually begin par-
ticipating in sporting activities. The typical timeline from iso-
lated root repair to full return to high impact sporting activities
is 6–9 months.

Meniscus Root Repair Outcomes

The main objective in treating patients with MRTs is to pre-
vent or delay the development of progressive knee OA and,
ultimately, facilitate their return to activity. As outlined above,
both non-operative management and PMM are associated
with poor clinical outcomes and the development of progres-
sive tibiofemoral OA [7, 16, 44, 61, 62]. The early literature
reporting on the outcomes of MRT repair have been encour-
aging [11, 17•, 18•, 20•, 78–81]. Bernard et al. compared 45
age, sex, and K-L grade matched patients with known medial
MRT treated with either non-operative management (n =15),
transtibial pull-through repair (n = 15) or PMM (n = 15).
Those who underwent repair showed significantly decreased
OA progression and rates of progression to TKA than those
managed with either PMM or non-operative regimen [18•].
Chung and colleagues investigated the clinical outcomes and
mid- to long-term survival rates of 91 patients with medial
MRTs treated with transtibial pullout repair. The authors not-
ed significant improvements in patient reported outcomes and

Fig. 6 Anterolateral viewing portal showing (A) knotless anchor placement for centralization (B) final anatomic root repair and (C) final construct of root
repair (red arrow) with centralization (yellow arrow)
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an overall 92% clinical survival rate at 8 years with only 1
patient (1.1%) progressing to TKA [74]. The same group ob-
served 37 patients for a minimum of 10 years after medial
MRT repair in effort to determine the long-term predictors
of clinical failure after surgical root repair. Risk factors for
failure, defined as conversion to arthroplasty, were preopera-
tive varus alignment >4 degrees (OR 3.7) and postoperative
meniscal extrusion (OR 1.5) [82•]. Notably, the timing sur-
rounding operative repair following MRT may influence sur-
gical outcomes. Moon et al. demonstrated this relationship in
their 2020 review of 2-year outcomes [83•]. Decreased length
of time between injury and repair has been associated with
decreased meniscal extrusion, particularly if repair is under-
taken within 13 weeks or less from time of injury.
Importantly, meniscus extrusion is thought to be a reflection
of hoop tension, and increased meniscal extrusion is an inde-
pendent predictor of tibiofemoral cartilage loss [15, 83•].

The last two decades of MRT literature have increased our
understanding of repair techniques and the strong association
between meniscus extrusion and the progression of OA; how-
ever, contemporary repair concepts focused exclusively on
anatomic root repair are deficient in their ability to fully cor-
rect extrusion and the associated progression of OA [11, 54,
55, 84]. Krych and colleagues studied the progression of
MMPRTs utilizing serial MRIs and reported progressive me-
niscus extrusion and medial compartment articular cartilage
degeneration within 1 year from diagnosis [9]. Additionally,
Chung et al. performed pullout fixation on 39 patients with
MMPRTs and compared 5-year outcomes between patients
with increased extrusion (preop vs. 1 year postop) and patients
with decreased extrusion. The group with decreased meniscus
extrusion following surgery had significantly decreased joint
space narrowing and significantly better K-L grades and clin-
ical scores compared to the cohort with increased meniscus
extrusion [11]. Importantly, both repair groups demonstrated
significant postoperative clinical score improvements at final
follow-up [63].

Koga et al. described the arthroscopic technique of menis-
cus centralization in effort to enhance current root repair strat-
egies where the displaced meniscus is “centralized” by an-
choring it onto the rim of the tibial plateau prior to repair
[21, 22]. Although limited, early studies combining centrali-
zation with anatomic repair have shown encouraging results
for additional cartilage protection [49, 52, 54]. Mochizuki
et al. recently reported on 26 patients with medial MRT repair

augmented by centralization with 2-year follow up and dem-
onstrated significant improvements in both clinical outcomes
and extrusion ratio at final follow-up [56•]. Comparable out-
comes have been reported following lateral MRT repairs sup-
plemented with centralization [52]. Long-term clinical out-
comes of this technique will impact the future of meniscus
extrusion treatment [49].

Conclusions

Meniscus root attachments are vital for meniscus function and
tibiofemoral joint preservation. Diagnosing meniscal root pa-
thology can be difficult because of the nonspecific clinical
presentation and difficult visualization on imaging. When left
untreated, MRTs lead to meniscus insufficiency, decreased
knee joint stability, and rapid cartilage degeneration. More
recently, SIFK is another pathology attributed to root tears
and has a known association with arthroscopy. Recent litera-
ture indicates that meniscus root repair is superior to both non-
operative management and meniscectomy, supporting repair
as the first-line treatment for select patient populations. The
transtibial pull-through technique is a robust, safe, and prag-
matic method for meniscus root repair with an established
record of positive outcomes. Meniscus centralization is a
newer strategy performed prior to root repair in effort to de-
crease extrusion by anchoring or “centralizing” the mid-body
of the meniscus to the tibial articular surface. Early research
hypothesizing that meniscus root repair augmented with cen-
tralization would offer added chondroprotective benefits have
demonstrated encouraging results.
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