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Abstract

Meniscus root tears are disruptions in the
ligamentous portion connecting the meniscus
to the tibia. Its clinical presentation, patho-
physiology, and treatment have only been
explored fairly recently, compared to other
meniscus tear types. Meniscus root tears are
a unique clinical entity in that tears in this
region disrupt the circumferential hoop ten-
sion of the whole meniscus, possibly lead-
ing to total meniscectomy-like consequences
in the knee joint. Recent findings regarding
pathophysiology and prognosis suggest that
degenerative root tears follow a different
clinical course compared to acute tears. A
clear understanding of tear pathophysiology
is required to accurately diagnose and choose
patients that would benefit from surgical
repair.
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Meniscus root tears are defined as disruptions
in the ligament tissue connecting the meniscus
to the tibia. Meniscus root tears are a unique
clinical entity in that tears in this region dis-
rupt the circumferential hoop tension of the
whole meniscus, possibly leading to total
meniscectomy-like consequences in the knee
joint. Unlike other meniscus tear types, it is
only recently that meniscus root tears have been
extensively characterized. In this chapter, we
will explore recent findings in epidemiology,
pathophysiology, and prognosis of meniscus
root tears.

Epidemiology

Meniscus root tears most commonly present as
medial meniscus posterior root tears, as chronic,
degenerative tears associated with knee osteoar-
thritis. Reports find these tears during 10-21%
of arthroscopic meniscus procedures [1-3]. The
actual incidence of degenerative medial menis-
cus posterior root tears presenting with other
osteoarthritis associated intra-articular patholo-
gies are expected to be much higher, considering
that root tears are a common finding in advanced
osteoarthritis during total knee arthroplasty.
Lateral meniscus posterior root tears on the
other hand are less prevalent, found in approxi-
mately 3-7% of patients who undergo arthro-
scopic surgery. The occurrence of these tears
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increases up to 15% in anterior cruciate liga-
ment deficient knees [1, 4-6]. The exact inci-
dence of anterior root tears is unknown, as they
are rarely described in the literature.

Anatomy

Grossly, each meniscus has two roots: ante-
rior and posterior root. Each root connects the
meniscus body to the tibial plateau. The ante-
rior roots of the medial and lateral menisci are
flat and have relatively planar insertions to the
tibia. The anterior root of the medial meniscus
inserts in line with the medial tibial eminence at
an average of 7 mm anterior to the anterior cru-
ciate ligament tibial insertion [7]. The anterior
root of the lateral meniscus, on the other hand,
inserts anterior to the lateral tibial eminence and
adjacent to the insertion of the anterior cruciate
ligament [7]. The posterior root of the lateral
meniscus inserts posteromedial to the lateral
tibial eminence apex and anterior to the poste-
rior cruciate ligament tibial attachment [7]. The
posterior root of the medial meniscus inserts
posterior to the apex of the medial tibial pla-
teau and anteromedial to the posterior cruciate
ligament tibial attachment. The medial meniscus
posterior root runs obliquely through its course
with its tibial attachment sloping down the tibial
edge where posterior cruciate ligament insertion

occurs [8]. The posterior, sheet-like fibers of
the medial meniscus posterior root have been
termed “shiny white fibers” due to their appear-
ance during arthroscopy via posterior portals [9].
Microstructure-wise, the normal menis-
cus root is a ligament-like structure that differs
from fibrocartilage tissue of the meniscus body
[10]. Collagen bundles of the meniscal roots
mostly run parallel to its longitudinal axis [10].
Meniscus roots are mostly composed of collagen
type 3 and collagen type 1 extracellular matrix.
The tibial insertions sites exhibit classic enthe-
sis characteristics, with tissue transitioning from
ligament tissue to uncalcified and calcified fibro-
cartilage, and ultimately bone (Fig. 1) [8].

Function of Meniscus Roots

Meniscus roots act to stabilize the meniscus
and transmit loads from femoral condyles to
tibia [5]. The meniscus contains circumferen-
tial collagen fibers that resist extrusion during
load bearing from femoral condyles. This resist-
ance toward extrusion is also known as “hoop
stress.” Meniscus roots in turn complete the cir-
cumferential collagen structure of the meniscus.
Consequently, a tear in the posterior root results
in a 25% increase in femur-tibia peak contact
pressure on the knee, compared to knees with
intact roots, similar to a total meniscectomy [5].

Fig. 1 From (Park et al., American Journal of Sports medicine, 2015)
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This increase in peak contact pressure returns to
normal values upon root repair. Root tears also
increase external rotation and lateral translation
of the tibia relative to the femur and result in
varus alignment [11].

Pathophysiology

Root tears occur in two different types of set-
tings, one as a result of an acute traumatic event,
and the other as a result of a degenerative pro-
cess within the knee joint such as osteoarthritis.
Injury resulting in an acute meniscus root tear
usually occurs with the knee in hyperflexion,
such as during squatting [12]. Medial meniscus
posterior root tears have also been associated
with multi-ligament knee injuries [13]. Anterior
roots and lateral meniscus posterior roots are
relatively more mobile compared to medial
meniscus posterior roots [14]. Consequently,
root tears other than medial meniscus posterior
roots are much less commonly encountered [15].
Degenerative root tears, overwhelmingly
occurring in the medial meniscus posterior
root, have a different pathophysiology com-
pared to acute tears. Risk factors for degenera-
tive root tears of the medial meniscus overlap
with those of knee osteoarthritis, including
increased age, female sex, increased BMI, varus
alignment, and decreased sports activity lev-
els [1-3]. Medial meniscus posterior roots also
receive more compressive stress and are rela-
tively less mobile compared to other roots due
to the root’s firm adhesion with the medial col-
lateral ligament and posterior capsule, making
this region more susceptible to chronic tears [14,
16-18]. Our recent study characterizing medial
meniscus posterior root changes in normal,
and untorn, partially torn, and completely torn
roots from osteoarthritic knees suggest that the
pathophysiology of degenerative medial menis-
cus roots closely resembles that of degenerative
rotator cuff tears [8]. The normal root is devoid
of fibrocartilage except in areas of root-to-bone
interface. We have found fibrocartilage forma-
tion along with other degeneration related mark-
ers within the roots correlating with the degree

of tear (Fig.2). Repetitive, compressive stress
resulting from osteoarthritic changes may cause
ectopic fibrocartilage formation in the root, a
known adaptive change in tendons suffering
from pathologic compression and impingement.
Fibrocartilage formation makes the tissue more
resistant to compressive stress, yet less resistant
to tensile stress. While the medial meniscus root
resists compression stress, the main function is
to resist tensile stress from the hoop tension of
the meniscus body. The degenerated, fibrocarti-
lage region of the root may, therefore, be more
susceptible to tear, usually in a radial direction
(Fig. 3). This unique pathophysiology of degen-
erative root tears is clinically important as the
tissue of tear margins differ from acute tears and
may not be suitable for repair.

Prognosis

The natural history of root tears is not well-
defined. Theoretically, non-operative treatment
of meniscus root tears may exacerbate menis-
cus extrusion and joint space narrowing of the
involved compartment. Such prognosis, how-
ever, is not always clear. In one study involv-
ing patients with degenerative medial meniscus
tears, the degree of meniscus extrusion was
similar in knees with and without root tears [12].
Another study evaluating subjective knee scores
and degree of joint space narrowing in lateral
meniscus posterior root tears left untreated dur-
ing anterior cruciate ligament reconstruction
found that there was progression of joint space
narrowing of about 1 mm compared to control
knees at 10 years follow-up but no difference in
subjective scores [19].

Operative treatment for meniscal root tears
includes meniscectomy and meniscus root repair.
Partial meniscectomy may be indicated in symp-
tomatic patients with chronic root tears and con-
comitant grade 3—4 cartilage lesions who do not
respond to non-operative treatment. In a previous
retrospective study assessing 67 patients with a
mean follow-up of 56.7 months, partial menis-
cectomy for medial meniscus posterior root
tears resulted in improvement of subjective knee
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A No Tear Partial Tear = Complete Tear

Fig.2 From (Park et al., American Journal of Sports medicine, 2015)
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Fig.3 From (Park et al., American Journal of Sports medicine, 2015)
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scores but also resulted in progression of radio-
graphic arthritis [3] Another retrospective study
comparing 58 patients with medial meniscus
root tears who received either partial meniscec-
tomy or root repair showed that although both
procedures resulted in subjective knee score
improvements, the repair group showed less
progression of osteoarthritis at 4 years follow-
up [20]. Meniscal root repair, on the other hand,
may be indicated in symptomatic patients with
acute tears, or with chronic tears that are with-
out severe concomitant cartilage lesions (<grade
3). Several studies have shown subjective knee
score improvements, reduction of extrusion,
and cessation of degeneration progression in the
short term [20-24]. Controversy exists, however,
in regard to patient selection, timing of surgery,
and method of repair. Not all root repairs heal,
as demonstrated in previous studies assessing the
repair efficacy by MRI or second look arthros-
copy [22, 23]. Further understanding of tear
pathogenesis, healing mechanism, and natural
history of root tears should improve the overall
prognosis of root tear treatment.
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