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Abstract

The integrity of the meniscal root insertions
is fundamental to preserve correct knee kine-
matics and avoid degenerative changes of the
knee. Injuries to the meniscal attachments can
lead to meniscal extrusion, decreased contact
surface, increased cartilage stress, and ulti-
mately articular degeneration. Recent and well
designed studies have clarified the anatomy
and biomechanics of the medial and lateral
meniscal roots. Although the treatment of
meniscal root tears is still controversial, many
different techniques have been described for
root repair. The goal of this review is to sum-
marize the existing knowledge regarding
meniscal root tears, including anatomy, biome-
chanics and imaging. In addition, the most
common surgical techniques, together with
the clinical outcomes, are described.

Introduction

The menisci are two fibrocartilaginous
structures essential for correct knee function
and joint preservation. About 40% to 70% of the
load transmitted through the knee is borne by
the menisci.! The mechanical load absorption
ability of the menisci is to convert axial load
into circumferential hoop stress.? The menisci
also play a major role in maintaining knee sta-
bility.? The integrity of the meniscal root inser-
tions is fundamental to preserve correct knee
kinematics and avoid degenerative changes of
the joint.*

In 1991 Pagnani et al’® first described
meniscal root tears, and during the last 20
years the importance of meniscal root integrity
became evident. An injury to the meniscal
attachment, especially on the medial side, can
lead to meniscal extrusion. Meniscal extrusion
increases stress to the cartilage, by decreasing
the contact surface.? This causes impairment
of hoop stress dissipation with accelerated
articular degeneration.’

The goal of this article is to report the exist-
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ing knowledge regarding meniscal root tears,
including: pathological anatomy, diagnosis,
and treatment. The authors searched the
PubMed/Medline databases for English litera-
ture regarding pathological anatomy, diagno-
sis, and treatment of meniscal root tears. Due
to the absence of specific MeSH terms for this
topic, the search strategy was as follows:
meniscal root AND/OR meniscal root tear
AND/OR meniscal root avulsion AND/OR
meniscal root repair AND/OR meniscal root
anatomy. In addition, relevant references not
included in the database search, but cited by
downloaded articles, were included as well.
Original research and review articles (Level I
to IV) regarding anatomy, pathological anato-
my, diagnosis, and treatment of meniscal root
tears were included. Articles regarding patho-
logical anatomy, diagnosis, and treatment of
meniscal body tears were excluded.

Anatomy

The meniscal roots are 4 strong ligaments
(Figure 1) connecting the meniscal horns to
the tibial intercondylar region.®

Anterior medial meniscus root

The anterior medial meniscus root (Figure
1) inserts along the anterior part of the medial
intercondylar eminence, anterior to the apex.
In a recent cadaveric study, the center of the
tibial tuberosity and the medial tibial emi-
nence apex were respectively 27.0 mm lateral
and distal and 27.5 mm posterior to the center
of the anterior medial meniscal root. The ante-
rior medial root attachment had a mean area
of 110.4 mm? with a central attachment of 56.3
mm?” The intermeniscal ligament is present
in 70% of knees and connects the anterior
horn of the medial and lateral menisci.® The
intermeniscal ligament does not seem to be
essential for tibiofemoral contact and meniscal
function.?

Anterior lateral meniscus root

In the same study by LaPrade, the center of
the anterior cruciate ligament (ACL) and the
lateral tibial eminence apex were 5.0 mm pos-
teromedial and 14.4 mm posterolateral to the
center of the anterior lateral root, respectively
(Figure 1).

The anterior lateral root attachment had a
mean area of 140.7 mm? (95% CI, 121.6-159.8)
and inserted deeply beneath the ACL in all
specimens. The overlap of the ACL on the ante-
rior lateral root averaged 88.9 mm? (95% CI,
63.3-114.6), comprising 63.2% of the anterior
lateral root attachment.”

Posterior medial meniscus root
The posterior root (Figure 1) inserts just
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antero-medial to the posterior cruciate liga-
ment (PCL) on the posterior aspect of the
medial tibial intercondylar eminence.!
Johannsen et al.!! reported that the posterior
root was approximately 9.6 mm posterior and
0.7 mm lateral to the apex of the medial tibial
eminence. The root was also described as
being 3.5 mm lateral to the medial tibial
plateau articular cartilage inflection point and
8.2 mm anterior to the superior aspect of the
PCL tibial attachment.!? The presence of shiny
white fibers as a possible posterior expansion
of the medial meniscus posterior root has also
been described, although the role of this struc-
ture is still under debate."

Posterior lateral meniscus root

Johannsen et al.!' described that the dis-
tance between the lateral tibial eminence apex
and the center of the lateral posterior root was
approximately 5.3 mm (Figure 1). Also, the
root was 4.2 mm medial and 1.5 mm posterior
to the lateral tibial eminence, 4.3 mm medial
to the lateral tibial plateau articular cartilage
margin, 12.7 mm anterior to the superior
aspect of the PCL tibial attachment, and 10.1
mm posterior to the posteromedial corner of
the anterior root attachment of the lateral
meniscus.!11214

OPEN aACCESS



_\#press

Epidemiology and risk factors

Meniscal root tears can occur chronically in
degenerative knees or following acute trau-
mas. Classically, the posterior horns of the
menisci bear more load than the anterior
horns, especially when the knee is flexed at
90°," and are more prone to lesions. No major
studies are available regarding anterior roots
tears. These studies describe a variety of iatro-
genic injuries to the anterior roots, such as
when drilling the tibial tunnel for ACL recon-
struction,'® or introducing an anterograde
intramedullary tibial nail."”

Medial meniscus posterior root tear
(MMPRT) is the most common lesion, with a
prevalence of 10 to 21% of meniscal surger-
ies.!® Because of its reduced mobility and sig-
nificant loads, the posterior root of the medial
meniscus is more prone to lesions than the
posterior lateral root.!*?! Increased incidence
of MMPRT has been described in those part of
the world, where kneeling and squatting are
common daily activities.'® However, other stud-
ies did not identify frequent lotus position or
squatting as major risk factors for this condi-
tion. Increased BMI, varus mechanical axis,
female sex, low activity level, together with
some unknown intrinsic factors, have been
associated with an increased risk of MMPRT.?

Although MMPRT could be the consequence
of an acute trauma, especially in multiliga-
mentous injuries,” the majority of patients do
not report major traumatic events.* More fre-
quently these are chronic injuries associated
with meniscal extrusion, reduced shock
absorption, joint degeneration and ultimately
osteoarthritis. MMPRT results in increased
peak contact pressure, with biomechanical
consequences similar to meniscectomy.?>? In
addition, an higher risk of spontaneous
osteonecrosis of the knee (SPONK) has been
described in association with MMPRT, com-
pared with simple radial tears of the
meniscus.?’ PMMRT is associated with SPONK
in 80% of patients, while medial meniscal
tears in 67%.2

Lateral meniscus posterior root tears
(LMPRT) seem to be more frequently associat-
ed with knee sprains.?® According to De Smet
et al*® a LMPRT is identifiable in 8% of ACL
injuries and in 0.8% of patients with an intact
ACL.

In a finite element study,’! increased loads
have been described in the lateral compart-
ment with LMPRT. However, the integrity of
the meniscofemoral ligament seemed to pro-
tect the lateral meniscus from extrusion.

Brody et alfin an Magnetic Resonance
Imaging (MRI) study described a 14% preva-
lence of lateral meniscal extrusion in case of
LMPRTs with intact meniscofemoral liga-
ments, and 60% in case of LMPRTs with dis-
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rupted meniscofemoral ligaments. At the time
of injury, combined ACL- LMPRT lesions are
not associated with increased risk of meniscal
extrusion compared with isolated ACL
injuries.’

Diagnosis

Clinical examination

The clinical examination of meniscal root
tears can be difficult. The differential diagno-
sis with posterior horn meniscal body tear is
challenging. In acute injuries, symptoms on
the lateral side could not be present or hidden
by associated ACL tears. In the chronic setting,
patients may complain about posterior joint
line pain mostly at maximum degrees of flex-
ion or, more rarely, about locking or giving way
of the knee.?® Recently, Seil et al.** described a
clinical test for medial meniscal root avulsions.
The test is performed by palpating the medial
meniscal extrusion when performing a varus
stress in full extension. No data are available
yet regarding sensitivity or specificity of this
sign.

Imaging

Although the diagnosis of meniscal root
tears is challenging despite the use of
advanced imaging techniques, MRI is consid-
ered the gold standard in diagnosing these
lesions.?® Combined ACL tears do not seem to
affect the diagnostic accuracy of MRI for
meniscal root avulsions.*® Controversies still
exist regarding the most reliable MRI tech-
nique and image cut for detecting meniscal

root tears.’ Fat-suppressed volume isotropic
turbo spin echo acquisition (FS 3D VISTA)
with Reader Defined Axial reconstruction has
recently been described as a powerful tool in
detecting radial and root tears of the menisci.*
Traditionally, 2 MRI signs have been described
as pathognomonic of meniscal root tears and
these are: the ghost sign and meniscal extru-
sion (Figure 2). The ghost sign (Figure 2A) is
characterized by the absence of the posterior
horn of the meniscus in sagittal cuts.**
Meniscal extrusion (Figure 2B) is defined
as an external displacement of the meniscus
from the tibial articular cartilage. This is usu-
ally the result of considerable disruption of the

Figure 1. Anatomy of medial (red circles)
and lateral (yellow circles) meniscal attach-
ments. Black stars: apex of the medial and
lateral intercondylar eminence. LM, lateral
meniscus; MM, medial meniscus; ACL,
anterior cruciate ligament tibial insertion;
PCL, posterior cruciate ligament tibial
insertion; AIML, anterior intermeniscal
ligament; MFL, meniscofemoral ligament.

Figure 2. A) Sagittal magnetic resonance imaging (MRI) cut of a knee showing the ghost

s
o
knee degeneration.

ifgn at the level of the medial meniscus posterior horn (black arrow). B) Coronal MRI
a left knee showing lateral meniscus extrusion (black arrow) and tricompartmental
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circumferential fibers of the meniscus with
loss of the ability to resist hoop strain.
Meniscal extrusion has been associated with
degenerative joint disease, joint effusion, and
meniscal tears.!’®* Forty-two to 64% of knees
with medial meniscus extrusion had associat-
ed posterior root tears on MRI** Meniscal
extrusion has also been described in associa-
tion with medial compartment cartilage degen-
eration,*** with a significant threshold of 3
mm displacement.” Some authors showed
that the 3 mm threshold had high specificity
(98%)," but low sensitivity (54%), and intro-
duced the meniscal length/transverse ratio
(/T ratio) as another index for MMPRTs. The
mean L/T ratio was 13% with meniscal root
tears and 5% in the control groups. An extru-
sion ratio threshold was determined at 10%
(79% sensitivity, 86% specificity). Also the
presence of meniscal ossicles was described as
associated with meniscal root tears.?
Subchondral marrow edema deep to the
MMPRT was described as a harbinger of
meniscal root failure.® The edema usually
resolved, when meniscal root tear occurs.*

Treatment

The treatment options for meniscal root
avulsions include conservative management,
meniscectomy and repair. Factors determining
the decision making process include: age of
the patient, overall condition of the cartilage,
symptoms, and chronicity of the lesion.
According to the existing literature,” the
authors’ decision making algorithm is as
described in Figure 3. It has to be mentioned
here that all studies available regarding the
treatment of meniscal root tears are level III or
IV studies, and therefore the grade of recom-
mendation (A-D) of the proposed treatments is
C or D, according to the Grading of
Recommendations Assessment, Development
and Evaluation (GRADE). The level of evidence
of the most relevant papers reporting on the
outcomes of the different treatments has been
reported in the results section.

Malalignment should also be considered as
a risk factor for meniscal repair failure.
However, the role of osteotomy in meniscal
root tears has yet to be determined.

Conservative treatment options include:
rest, cryotherapy, NSAIDs, intrarticular corti-
costeroid injections, and physical therapy.

Surgical treatment

Although the traditional treatment of the
meniscal root tears was observation or menis-
cectomy, concerns regarding the long term
articular degeneration with these treatments
increased the popularity of repair techniques.
According to a recent cadaveric study, meniscal
root repair improved contact area and
decreased cartilage stress compared with
untreated root tears.** Whether or not menis-
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cal root repair is able to restore normal knee
biomechanics is still under debate.*6

Meniscectomy

The patient is positioned supine after spinal
or general anaesthesia. A tourniquet is posi-
tioned at the proximal thigh. The foot of the
bed is dropped down and the thigh is held by
an arthroscopic leg holder. An arthroscopic
knee balance is performed through standard
anteromedial and anterolateral portals. The
lesion is debrided with a basket and arthro-
scopic shavers. Attention should be paid to
remove only the free flap of the meniscal root
and, in case of partial root avulsions, to pre-
serve the residual tibial attachment.

Repair

Patient’s prepping, positioning, and arthro-

scopic knee balance is as described for menis-
cectomy. The tear pattern is evaluated.
Depending on the tear pattern, repair tech-
niques include pull-out (transosseous), suture
anchors, and side to side repair (Figure 4).474
Additional posteromedial and posterolateral
portals can be established to facilitate the pro-
cedure.

Repair with pull-out (transosseous)
technique

The pull-out technique (Figure 4A and 5) is
generally indicated when the root is avulsed
from the tibial insertion and no multiligamen-
tous reconstruction (with multiple tibial tun-
nels) is planned. With this technique, 1 or 2
small tunnels (2 mm) are drilled with an ACL
guide at the level of the avulsed meniscal root.
A curved suture passer is generally used to arm

MENISCAL ROOT TEAR

Figure 3. Authors’ decision making algorithm for meniscal root avulsions.

Figure 4. Specimens showing different repair techniques, according to different lesion
patterns; A) Avulsion of the posterior root of the lateral meniscus. In this case a pull-out
technique can be used. Alternatively a suture anchor technique is an equivalent option.
B) Lateral meniscus posterior root radial tear, with preserved tibial attachment. In this
case an all-inside side to side suture is reccommended. C) Complex T shaped tear of the
posterior root of the lateral meniscus. In this cases multiple stitches are required accord-
ing to the preferred meniscal suturing technique (all-inside, out-in, in-out). M, medial

compartment; L, lateral compartment.
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the meniscal root with 2 n°0 non absorbable
sutures. The sutures are then retrieved
through the tunnels from the anteromedial
tibia. In case of LMPRT combined with ACL
tear, the pull-out tunnel can be drilled from the
anterolateral tibia, in order to avoid interfer-
ence with the ACL tibial tunnel. The sutures
are then tightened distally with different fixa-
tion options, including pull-out buttons,”
screws,” or bone bridges.’' In case of inade-
quate visualization, additional posteromedial
or posterolateral portals can be performed.”

Repair with suture anchors

In multiligamentous injuries or in previous-
ly reconstructed knees (i.e. for ACL reconstruc-
tion), transosseous fixation is not advisable,
due to the risk of tunnel interference. In this
case suture anchors are generally used in
order to achieve stable fixation back to the
tibia. Suture anchors placement usually
requires posterior portals. The arthroscopic
knots can be then tightened through the ante-
rior portals.”® With this technique, an arthro-
scopic knot is placed directly on the meniscus
root with a knot pusher and a theoretical more
precise tensioning of the repair. On the other
hand, anchor loosening and cartilage wear,
due to the prominent knot, are possible com-
plications.!

Repair with side to side sutures
In case of complex T shaped lesions or when

the meniscus is torn close to the intact tibial
insertion, a side to side suture can be per-
formed (Figure 4). The stitches can be posi-
tioned according to the preferred meniscal
suture technique, including outside-in, inside-
out, and all inside methods. In case of posteri-
or root tears, an all inside technique with pos-
sible additional posterior portals is preferred,
for an easy approach to the lesion.

Biomechanics of repaired meniscal
root tears

In an in vitro study on porcine knees, Stirke
et al. investigated the potential effect of a
nonanatomic repair of the medial meniscal
horn attachment on the resultant circumferen-
tial tension and local cartilage stress. A
nonanatomic position of the horn attachment
had a significant effect on the resultant ten-
sion. Placing the horn attachment 3 mm medi-
ally decreased the tension at the horn attach-
ment by 49% to 73%, depending on knee flex-
ion angle and femorotibial load. On the other
hand, fixation of the root in a lateral position
resulted in a relative increase in the tension by
28% to 68%. Lower levels of meniscal hoop ten-
sion caused increased cartilage stress.>

Cerminara et al.* quantified the time-zero
displacement of the posterior medial meniscal
root in response to cyclic loading after
transtibial pull-out repair (2-simple suture
configuration) and the individual contribu-
tions to displacement of: i) suture elongation,

Figure 5. Lateral meniscus posterior root repair (pull-out technique). A) Complete
detachment of the lateral meniscus posterior root (above the probe). B,C) Armature of
the posterior root with a spinal needle and a non-braided shuttle suture. D) After sub-
stitution of the shuttle suture with a non resorbable n°2 braided suture, the procedure
is repeated in order to have 2 stitches arming the root. Suture. E) Anterior cruciate lig-
ament giude used to drill a 2-mm tummel at the level of the lateral meniscus posterior
horn attachment. F) The sutures are retrieved through the tunnel from the anterior tibia,
with a Huson suture passer, and fixed with a pull-out button.
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ii) button-bone interface, and iii) meniscus-
suture interface. After 1000 cycles, the menis-
cus-suture component displaced significantly
more than the button-bone component and
suture elongation component. Displacement of
the button-bone and suture elongation compo-
nents was not significantly different after 1000
cycles

Anz et al. tested in 21 cadaveric knees the
strength of the sutures arming the medial and
lateral posterior roots. Four repair constructs
were evaluated: 2 simple sutures, 1 inverted
mattress suture, 1 double-locking loop suture,
and 2 double-locking loop sutures. The double-
locking loop suture repair technique had sig-
nificantly higher failure loads compared with
the other methods.*

Kopf et al. tested the maximum failure load
of the native meniscal roots compared with 3
fixation techniques: 2 simple stitches, modi-
fied Kessler stitch, and loop stitch using a
suture shuttle. None of the fixation techniques
recreated the strength of the native roots. The
modified Kessler stitch was the strongest tech-
nique compared with the other methods.”

Post-operative management

Although a real consensus regarding the
post-operative regimen of meniscal root repair
has not been established yet, a biomechanical
cadaver study showed that rotations, weight
bearing, and flexion increased the tensile
forces on repaired MMPRTs.*® Most of the
authors recommend a hinged knee brace and
toe touch weight bearing for 6 weeks. The
brace is locked in extension for 2 weeks and
then 20° of flexion are added every week.
Weight bearing and flexion over 90° are
allowed at 6 weeks after surgery.

Results

Shelbourne et al. evaluated the long-term
radiographic and subjective results of 33
patients with LMPRTs left in situ during ACL
reconstruction at a mean of 10 years follow-up
and compared the outcomes with a matched
control group with no meniscal injuries (Level
of evidence IIT). Mild lateral joint-space nar-
rowing was noticed in the cases, but no signif-
icant differences were noted in terms of sub-
jective and objective scores compared with the
controls.>

Ozkoc et al. in a review of 67 patients with a
mean follow-up of 56 months showed that
arthroscopic partial meniscectomy for
MMPRTs generally improved symptoms but did
not arrest the progression of osteoarthritis
(Level of evidence IV).%
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Kim et al in a retrospective comparison
study of 58 patients (28 meniscectomies, 30
repairs) at an average follow-up of 48.5
months described significantly better clinical
and radiologic results with arthroscopic pull-
out repair of a MMPRT compared with partial
meniscectomy (Level of evidence III). Healing
and restoration of hoop tension of the menis-
cus was also observed on MRI and second-look
arthroscopy.*”

Lee et al. retrospectively evaluated 20 con-
secutive patients at an average 31.8 month fol-
low-up after pullout suture repair for MMPRTs
and showed a significant improvement of HSS
and Lysholm knee scores after surgery (Level
of evidence 1V).%

Kim et al. compared the functional and radi-
ographic results of arthroscopic suture anchor
repair of the MMPRT with pullout repair (45
patients, 25.9 months of follow-up), without
finding any significant difference between the
groups (Level of evidence III).2

Ahn et al. evaluated the effectiveness of all-
inside repair of LMPRTS, in 25 patients at a
mean follow-up of 18 months. The authors
reported good clinical and MRI results with
reduction of sagittal plane extrusion (Level of
evidence 1V).4

Good outcomes have been reported for
meniscal root repair, also in skeletally imma-
ture patient in a small case series of 2
patients.5

Conclusions

From a biomechanical point of view, menis-
cal root avulsions significantly alter the load
transmission through the knee joint. The clin-
ical implications of these biomechanical
changes need to be determined with further
Level I or II studies.

Some controversies exist regarding the opti-
mal treatment of LMPRTs,*% when associated
with ACL tears. The LMPRTs can be left
untreated, with no significant clinical differ-
ences compared with arthroscopic repair at
midterm follow-up (Grade of recommendation
C).% Further studies with longer follow up are
needed to confirm this recommendation.

Repair of MMPRTSs seems to result in better
outcomes compared with partial meniscecto-
my, independently of the technique used (pull-
out vs suture anchor) (Grade of recommenda-
tion C).243

Despite good initial clinical outcomes, sec-
ond look arthroscopies and post operative MRI
showed high rates of non healing.®!

High quality (level I and II) studies are
required to determine the effectiveness of
meniscal root repair and the correct indica-
tions.
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