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Meniscus root: 
functional entity of meniscus, meniscotibial ligament and tibiaplateau
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nutrient distribution,16 and sensory function and proprio-
ception17 have been proposed. Meniscal tears are probably
the most common intra-articular injury of the knee,18 and it
is now fully appreciated that meniscectomy leads to a large
increase in the risk of subsequently developing
degenerative changes within the joint.19

The responses of the menisci to loads applied to the
tibiofemoral joint result from their macro-geometry, their
fine structure and the nature of their insertional ligaments.
The menisci are fibrocartilagenous structures primarily
composed of an interlacing network of collagen fibres (pre-
dominantly type I collagen) interposed with cells, with an
extracellular matrix of proteoglycans and glycoproteins.

The collagen composition varies between the surface
layer of the menisci and the deeper tissue. The collagen
bundles of the surface layer are randomly orientated with
a compositional similarity to articular hyaline cartilage.20

This relates to its function, which is to allow low-friction
motion between the meniscal tissue and the femur and
tibia as the femoral condyles slide against the meniscus
and move it over the tibial plateau during knee motion.

Within the bulk of the meniscal tissue, beneath the
surface layers, there are two structurally distinct regions
where the orientation of collagen fibres is different: in the
innermost third the collagen bundles predominantly lie in
a radial pattern, whereas in the outer two-thirds the
collagen bundles are orientated circumferentially (Fig. 1).
This suggests that the inner third may function in compres-
sion and that the outer two-thirds function in tension.
Further, less-frequent, radially-orientated collagen fibres
can also be found within the bulk of the meniscal tissue
and these may act as tie fibres, resisting longitudinal split-
ting of the circumferential collagen bundles.21

To fully understand the functioning of the menisci of the
knee, it is first essential to have a firm grasp of the basic
underlying principles of biomechanics as they relate to
meniscal tissue. These principles will be outlined and then
expanded upon in the following sections.

The basic biomechanics of tension

When a force is applied to any material or tissue that is not
completely free to move, there will be a resultant

deformation. The behaviour of tissue as a stretching force
is applied is referred to as its tensile properties.

As a stretching force is applied to a sample of tissue,
such as mensical tissue, the sample will show a resultant
elongation. Equally, as a tissue is stretched, a force will
develop within the tissue, opposing its elongation. Tissue
extension can be plotted graphically against the measured
resultant force, to give a load-elongation curve (Fig. 2).

The first region of the load-elongation curve is referred
to as the ‘toe region’. Little force is required to elongate
the tissue initially, and the elongation at this stage occurs
as the wavy pattern of relaxed collagen fibres within the
meniscal tissue becomes straighter.22

The second region of the curve is linear, and during this
stage thecollagenfibres themselvesbecomestretchedandare
parallel, having lost their wavy appearance. During this phase,
there is a linear relationship between elongation and load.

Towards the end of the linear phase of the curve, small
dips representing force reductions can be seen. These are
caused by the early sequential failureof some individual fibre
bundles.23 Eventually, major failure of fibre bundles occurs
and complete failure ensues. The point at which this begins
to occur is referred to as the yield point for the tissue, and
represents a change from elastic (reversible) to plastic (irre-
versible) deformation. The maximum load attained is re-
ferred to as the ultimate tensile load of the specimen.

The stiffness of the testing sample can be defined by

stiffnessZ
load

elongation
; kZ

DF
DL

and can be determined by calculating the gradient of the
linear portion of the graph. The stiffness of the sample is
a structural property of the specific tissue sample tested.
This means that the stiffness value is dependent upon the
material properties of the tissue itself and the dimensions
of the sample. In order to make comparisons between dif-
ferent tissues or materials, measures which are indepen-
dent of sample dimensions are used; these are termed
material properties.

To adjust for specimen cross-sectional area, a measure-
ment of stress is used. This is defined as
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Figure 1 Diagrammatic representation of the collagen fibre
orientations within the meniscus. Taken from Bullough et al.21
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Figure 2 Typical Load versus Elongation curve for tensile
testing of fibrous soft-tissue samples.

194 I.D. McDermott et al.

Most of the fibres are running in a circle from root to root 

Importance of the root to the function of the meniscus
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Avulsionsverletzungen
„Root tears“

Leitthema

Eine Avulsionsverletzung des 
 Meniskushinterhorns im Bereich der 
tibialen Insertion ist eine Läsion mit 
schwerwiegenden kinematischen Fol-
gen für das Kniegelenk. Die initiale 
Beschreibung erfolgte 1991 im Rah-
men einer Fallpräsentation durch 
Pagnani et al. [21]. Die Autoren be-
schrieben den Fall eines 20-jährigen  
Footballspielers, der nach Verlet-
zung der tibialen Insertion des Innen-
meniskushinterhorns das Bild einer 
rapide progredienten Chondroma-
lazie bot. Das Ziel dieses Beitrags ist, 
eine Übersicht über kinematische Fol-
gen, diagnostische Herausforderun-
gen und operative Rekonstruktions-
möglichkeiten zu geben.

Probleme der korrekten 
Diagnosestellung

In letzter Zeit scheint sich der klinische 
Blick für die Diagnosestellung und ope-
rative Therapie geschärft zu haben. Ba-
sierend auf einer retrospektiven Studie 
wird die Häufigkeit mit 9,8% (26 von 164 
Fällen) lateraler und 3% (8 von 264 Fäl-
len) medialer Avulsionsverletzungen im 
Hinter hornbereich angegeben [5]. Harner 
et al. [8] berichten über 308 Patienten mit 
einer Avulsionsverletzung  innerhalb eines 
Jahres, ohne allerdings eine Zahl aller 
untersuchten Patienten anzugeben. Selbst 
bei intaktem Restmeniskus können Avul-
sionsverletzungen negative Folgen für den 
hyalinen Gelenkknorpel haben. Da eine 
solche Läsion die Meniskus funktion so-
mit nahezu komplett aufheben kann, soll-
te im Rahmen der Diagnostik auf Zeichen 

einer Avulsion geachtet werden [17, 18, 22, 
23]. Allerdings ist die korrekte Diagnostik 
mit einigen Problemen behaftet. Die klini-
schen Symptome sind unspezifisch, siche-
re radiologische Kriterien für die MRT-
Diagnostik fehlen. Im Hinterhornbereich 
sind Avulsionsverletzungen der Insertion 
selbst arthroskopisch schwierig zu diag-
nostizieren. Neben einem Verletzungs-
mechanismus im Sinne einer Flexions-/
Rotationsbewegung, vergleichbar einer 
typischen Verletzungssituation für eine 
Läsion des vorderen Kreuzbandes (VKB), 
kann auch ein iatrogener Verletzungsme-
chanismus vorliegen [23].

Biomechanische Folgen

Die verheerenden Folgen einer Avulsions-
verletzung auf die Kinematik des Knie-
gelenks und die Belastungssituation der 
chondralen Oberflächen kann mit Hilfe  

der anatomischen Besonderheiten des 
Meniskus erklärt werden. Die tibialen In-
sertionen der Menisken spielen bei der 
Verteilung des Gelenkdrucks eine wich-
tige Rolle [22].

Bei intakten Meniskusverhältnissen hat 
der Meniskus durch eine „Hemmschuh-
wirkung“ eine Funktion bzgl. der Limita-
tion der anterioren tibialen Trans lation [8, 
22, 23]. Bei Belastung trifft die entstehende 
Kraft im 90°-Winkel auf die Meniskuso-
ber- und Unterfläche (. Abb. 1). Die da-
raus entstehende Resultierende ist eine ra-
diäre Kraft, die den Meniskus nach außen 
schieben kann. Bei intakter tibialer Inser-
tion im Meniskusvorder- und Hinter horn 
wird der nach außen gerichteten resultie-
renden Kraft entgegengewirkt und in zir-
kuläre Ringspannungen umgewandelt 
[22, 23]. Da auch bei erhaltenem Restge-
webe und isolierter Avulsionsverletzung 
diese Funktion nicht mehr erfüllt werden 

a b

Abb. 1 8 Die im rechten Winkel zur femoralen und tibialen Meniskusoberfläche stehende Resultie-
rende bewirkt eine nach radiär gerichtete Kraft, die den Meniskus nach außen schiebt (a). Bei intakter  
tibialer Fixation im Vorder- und Hinterhorn gibt der Meniskus einer Verschiebung nach außen nicht 
nach, sondern überträgt die so entstehenden Ringspannungen über die Insertionszonen auf die   
Tibia (b)
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bung im lateralen Kompartiment zustande kommt. Zur
Verbesserung der Kongruenz und damit zur Reduzierung
des Kontaktdrucks dienen die Menisken mit ihrem keilför-
migen Querschnitt. Aufgrund ihrer Form passen sie zwi-
schen Femur und Tiba und schmiegen sich diesen Knochen
an (Abb. 2.7a). Dies dient einer Vergrößerung der Fläche,
auf welche die Kompressionskraft im Knie verteilt wird.
Wenn die Menisken fehlen, wird die Belastung von einer
viel kleineren Knorpelfläche getragen, was zu einer Vergrö-
ßerung des Kontaktdrucks im Gelenk (joint contact stress)
führt (Seedhom u. Hargraeves 1979) (Abb. 2.7b). Dies er-
klärt das Auftreten einer Arthrose nach Meniskektomie.
Weil nur die Vorder- bzw. Hinterhörner der Menisken knö-
chern über kurze Bandverbindungen in den Areae inter-
condylares anteriores et posteriores befestigt sind, können
die Menisken nach anterior und nach posterior verlagert
werden und so dem Zurückrollen des Femur (femoral roll-
back) folgen. Der laterale Meniskus ist beweglicher, weil er
weniger fest an der Kapsel befestigt ist als der mediale
Meniskus. Die anterior-posteriore Bewegung der Menisken
ist ungefähr halb so groß wie die anterior-posteriore Be-
wegung des Femur (Vedi u. Mitarb. 1999). Daraus folgt,
dass sich die Gelenkkongruenz bei Beugung ändern muss.
Das distale Femurende, das beim gestreckten Knie auf den
Menisken ruht, besitzt einen großen Radius und passt
daher auf die gesamte Meniskusoberfläche. Bei Kniebeu-
gung bewirkt jedoch der kleinere Radius der hinteren An-
teile der Femurkondylen, dass sich das Femur von den Vor-
derhörnern der Menisken abhebt und der Kontakt aus-
schließlich über die Hinterhörner des gebeugten Kniege-
lenks zustande kommt. Zusammen mit den großen Ge-
lenkkräften – wie in der Analyse beim Aufstehen von
einem Stuhl beschrieben – erklärt diese Tatsache, wieso
es bei älteren Menschen nicht selten zu einer Spontanrup-
tur der Hinterhörner kommt, wenn die betreffende Person
aus der Hocke aufsteht.

Die Abbildung 2.8 zeigt denMechanismus der Lastüber-
tragung durch die Menisken. Wenn die Femurkondyle auf
den Meniskus drückt, wird dieser aufgrund seines keilför-

migen Querschnitts aus dem Gelenk herausgepresst. Dies
führt zu einer Zunahme des Durchmessers der annähernd
halbkreisförmigen Menisken und damit auch zu einer Zu-
nahme ihres Außenumfanges. Dem leistet die zunehmende
Ringspannung (hoop tension) in kräftigen Fasersystemen,
die kapselnah an der Peripherie des Meniskus verlaufen,
Widerstand (Bullough u. Mitarb. 1970). Diese Fasersysteme
geben die Spannung an das Tibiaplateau über kräftige In-
sertionsligamente weiter. Weil dieses Gewebe daran ange-
passt ist, Ringspannungen Widerstand zu leisten, hat es

42 2 Biomechanik

a b

Abb. 2.7a u. b Eine Funktion der Menisken ist die Vergrößerung
der Konformität der Gelenkflächen (a). Der Spitzendruck ist nach
Meniskektomie erhöht (b).

Abb. 2.8 Die Menisken als Last-
überträger. Axiale Belastung wird in
meniskale Ringspannung umge-
formt.
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Importance of the root to the function of the meniscus

Axial load
Ø forces to the periphery and subluxation of the meniscus
Ø restriction by the roots
Øwill reduce the load to the cartilage



Root tears > increasing of axial load
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compartment. In fact, no difference was detected between 
the peak contact pressure after total medial meniscectomy 
and a medial root tear. [5]. Marzo et al. [51] observed that 
an avulsion of the posterior medial horn attachment causes 
a significantly increased peak contact pressure from 3,841 
to 5,084 kPa and a significantly decreased contact area 
from 594 to 474 mm2 in the medial compartment. Further-
more, all three studies could demonstrate that arthroscopic 
suture repair restores the peak contact pressures to physi-
ologic levels [13, 27, 51].

The biomechanical consequences of a posterior lat-
eral meniscus root avulsion are much less evaluated. In 

a human cadaveric study by Schillhammer et al. [63], 
a detachment of the posterior lateral meniscus root 
resulted in a significant increase in peak contact pressure 
of 49 % and a significant decrease in maximum contact 
area of 33 %. A subsequent refixation of the posterior 
root of the lateral meniscus reduced the peak contact 
pressure also to a normal level. Bao et al. [8] examined 
the effect of a complete radial posterior lateral menis-
cus root tear with regard to the function of the posterior 
meniscofemoral ligament in a finite element model. After 
simulation of a complete radial tear of the lateral menis-
cus root, the lateral meniscus was only slightly displaced 
in a radial pattern by a compressive load. Additional 
insufficiency of the posterior meniscofemoral ligament, 
however, markedly increased the amount of the menis-
cal displacement. The same was evident for the observed 
increase of contact pressure and decrease of contact area 
within the lateral compartment. Overall, this study indi-
cated that a posterior lateral root tear in the case of an 
intact posterior meniscofemoral ligament might not be 
functionally equivalent to a total meniscectomy because 
of the supportive function of the posterior meniscofemo-
ral ligament in load distribution [24]. According to the 
biomechanical consequence of different lateral meniscus 
root tears, a classification of lateral meniscus root tears 
was established [20, 21]. Forkel and Petersen differenti-
ate among three different lateral meniscus posterior root 
tears. Type 1 (Figs. 5a, 6a) is a single avulsion of the 
root. Type 2 (Figs. 5b, 6b) represents a radial tear close 
to the root and between the root and the meniscal inser-
tion of the meniscofemoral ligament. Type 3 (Figs. 5c, 
6c) characterizes a complete rupture of the posterior 
attachment of the lateral meniscus consisting of a com-
bined meniscal root and meniscofemoral ligament tear 
[20, 21].

a

b

Fig. 3  a In the knee joint, the menisci balance the incongru-
ency between femur and tibia. b Extrusion of the meniscus leads to 
increased peak contact stress of the cartilage

Fig. 4  a Measurement of peak contact stress with an intact medial meniscus. b Following an experimental root tear, relevantly increased contact 
stress can be observed

(Fig. 1b). In man, the anterior horns of both menisci

are narrower and the meniscus becomes wider

posteriorly (Fig. 1a). In the rat, over and above

di�erences in shape, proportions and anatomical

location compared with man, menisci develop central

ossicles. These di�erences in anatomical charac-

teristics between di�erent animals and man reflect

certain major di�erences in limb use and joint

biomechanics, and therefore limit the validity of

animals models. In addition to rabbit menisci

(Ghadially et al. 1978; Moon et al. 1982; Webber at

al. 1985; Gao et al. 1994; and others), canine

(O’Connor, 1976, 1984; Adams & Muir 1981; and

others), ovine (Ghadially et al. 1986; Swiontkowski et

al. 1988; and others) and bovine menisci (Cheung

1987; Proctor et al. 1989; Skaggs et al. 1994; and

others) have frequently been investigated. Most

experiments concern the medial meniscus

(Sommerlath & Gillquist, 1992, 1993a, b ; Roeddecker

et al. 1993; Jitsuiki et al. 1994; Messner, 1994; Gao &

Messner, 1996a, b ; Gao et al. 1998), probably because

degenerative tears of the medial meniscus are common

in clinical practice, and the rate of osteoarthrosis is

high after medial meniscectomy (Appel, 1970).

Clark & Odgen (1983) showed that both menisci in

man already assumed their characteristic shapes

within the first 4 mo of gestation. They also found

that the lateral meniscus covered C 80% of the

corresponding tibial plateau and the medial one

C 60%, the proportions of which remained constant

throughout growth. The most common congenital

abnormality of the meniscus in man is a discoid

meniscus with a frequency of 1.5–4.6% for the lateral

(Smillie, 1948), and 0.3% for the medial one (Nathan

& Cole, 1969).

functional anatomy and joint

biomechanics

The incongruency between the semicircular shaped

femoral condyles and comparably flat tibial plateau

are adapted by the concave upper meniscal surface

facing the former, and the lower, flat meniscal surface

facing the latter. The contact area in the femorotibial

joint thereby increases significantly, and the stresses

on tibial cartilage are reduced (Kettelkamp & Jacobs,

1972; Walker & Erkman, 1975). In a loaded, in

vitro situation, 70% and 50% of the loads in the

lateral and medial compartments, respectively were

transmitted though the corresponding menisci

(Fukubayashi & Kurosawa, 1980; Kurosawa et al.

1980; Ahmed & Burke, 1983; Chen et al. 1996),

reflecting their proportion of coverage of the re-

JOINT LOAD

JOINT LOAD

a

b
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Fig. 2. Diagram demonstrating the importance of intact meniscal

entheses for the load distribution function of the meniscus. (a) With

intact entheses the load (thick arrows) is transmitted via the menisci

and articular cartilage through a large contact area (left hand side

of figure; small arrows). Part of the load is transformed to hoop

stresses (right hand side of figure; long arrows). (b) When the

insertional ligaments are transected (right hand side of figure;

arrowheads), the meniscus will extrude from the knee joint during

loading, and the load (left hand side of figure; thick arrows) is

mainly transmitted via articular cartilage through a reduced contact

area (small arrows).

spective compartment (Clark & Ogden, 1983). After

removal of the menisci, contact areas in the femoro-

tibial joint were largely reduced and the peak stresses

on tibial cartilage considerably increased (Kettelkamp

& Jakobs, 1972; Fukubayashi & Kurosawa, 1980;

Kurosawa et al. 1980; Paletta et al. 1997). The above

described load distributing function of the menisci is

made possible by their strong anterior and posterior

entheses to bone which prevent the wedge shaped

menisci from extruding from the joint during axial

loading. Joint loading will tension the insertional

ligaments and also the circumferential fibres of the

meniscus. Thus part of the axial load will be

transformed into hoop stresses at the meniscal

periphery. Theoretically, a radial transection through

the entire meniscal body or insertional ligaments will

completely disable the load distribution function of

the meniscus (Seedhom & Hargreaves, 1979) (Fig. 2).

In accordance, transection of the anterior and pos-

terior insertional ligaments in vitro results in a similar

stress increase on the tibial plateau as does complete

meniscectomy (Paletta et al. 1997). We noted 6–12 wk

after transection of either the anterior or posterior

medial meniscal insertional ligaments similar osteo-

chondral changes as are commonly found after

complete resection of the menisci in a rabbit model

164 K. Messner and J. Gao
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the peak contact pressure after total medial meniscectomy 
and a medial root tear. [5]. Marzo et al. [51] observed that 
an avulsion of the posterior medial horn attachment causes 
a significantly increased peak contact pressure from 3,841 
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more, all three studies could demonstrate that arthroscopic 
suture repair restores the peak contact pressures to physi-
ologic levels [13, 27, 51].

The biomechanical consequences of a posterior lat-
eral meniscus root avulsion are much less evaluated. In 

a human cadaveric study by Schillhammer et al. [63], 
a detachment of the posterior lateral meniscus root 
resulted in a significant increase in peak contact pressure 
of 49 % and a significant decrease in maximum contact 
area of 33 %. A subsequent refixation of the posterior 
root of the lateral meniscus reduced the peak contact 
pressure also to a normal level. Bao et al. [8] examined 
the effect of a complete radial posterior lateral menis-
cus root tear with regard to the function of the posterior 
meniscofemoral ligament in a finite element model. After 
simulation of a complete radial tear of the lateral menis-
cus root, the lateral meniscus was only slightly displaced 
in a radial pattern by a compressive load. Additional 
insufficiency of the posterior meniscofemoral ligament, 
however, markedly increased the amount of the menis-
cal displacement. The same was evident for the observed 
increase of contact pressure and decrease of contact area 
within the lateral compartment. Overall, this study indi-
cated that a posterior lateral root tear in the case of an 
intact posterior meniscofemoral ligament might not be 
functionally equivalent to a total meniscectomy because 
of the supportive function of the posterior meniscofemo-
ral ligament in load distribution [24]. According to the 
biomechanical consequence of different lateral meniscus 
root tears, a classification of lateral meniscus root tears 
was established [20, 21]. Forkel and Petersen differenti-
ate among three different lateral meniscus posterior root 
tears. Type 1 (Figs. 5a, 6a) is a single avulsion of the 
root. Type 2 (Figs. 5b, 6b) represents a radial tear close 
to the root and between the root and the meniscal inser-
tion of the meniscofemoral ligament. Type 3 (Figs. 5c, 
6c) characterizes a complete rupture of the posterior 
attachment of the lateral meniscus consisting of a com-
bined meniscal root and meniscofemoral ligament tear 
[20, 21].
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b

Fig. 3  a In the knee joint, the menisci balance the incongru-
ency between femur and tibia. b Extrusion of the meniscus leads to 
increased peak contact stress of the cartilage

Fig. 4  a Measurement of peak contact stress with an intact medial meniscus. b Following an experimental root tear, relevantly increased contact 
stress can be observed
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compartment. In fact, no difference was detected between 
the peak contact pressure after total medial meniscectomy 
and a medial root tear. [5]. Marzo et al. [51] observed that 
an avulsion of the posterior medial horn attachment causes 
a significantly increased peak contact pressure from 3,841 
to 5,084 kPa and a significantly decreased contact area 
from 594 to 474 mm2 in the medial compartment. Further-
more, all three studies could demonstrate that arthroscopic 
suture repair restores the peak contact pressures to physi-
ologic levels [13, 27, 51].

The biomechanical consequences of a posterior lat-
eral meniscus root avulsion are much less evaluated. In 

a human cadaveric study by Schillhammer et al. [63], 
a detachment of the posterior lateral meniscus root 
resulted in a significant increase in peak contact pressure 
of 49 % and a significant decrease in maximum contact 
area of 33 %. A subsequent refixation of the posterior 
root of the lateral meniscus reduced the peak contact 
pressure also to a normal level. Bao et al. [8] examined 
the effect of a complete radial posterior lateral menis-
cus root tear with regard to the function of the posterior 
meniscofemoral ligament in a finite element model. After 
simulation of a complete radial tear of the lateral menis-
cus root, the lateral meniscus was only slightly displaced 
in a radial pattern by a compressive load. Additional 
insufficiency of the posterior meniscofemoral ligament, 
however, markedly increased the amount of the menis-
cal displacement. The same was evident for the observed 
increase of contact pressure and decrease of contact area 
within the lateral compartment. Overall, this study indi-
cated that a posterior lateral root tear in the case of an 
intact posterior meniscofemoral ligament might not be 
functionally equivalent to a total meniscectomy because 
of the supportive function of the posterior meniscofemo-
ral ligament in load distribution [24]. According to the 
biomechanical consequence of different lateral meniscus 
root tears, a classification of lateral meniscus root tears 
was established [20, 21]. Forkel and Petersen differenti-
ate among three different lateral meniscus posterior root 
tears. Type 1 (Figs. 5a, 6a) is a single avulsion of the 
root. Type 2 (Figs. 5b, 6b) represents a radial tear close 
to the root and between the root and the meniscal inser-
tion of the meniscofemoral ligament. Type 3 (Figs. 5c, 
6c) characterizes a complete rupture of the posterior 
attachment of the lateral meniscus consisting of a com-
bined meniscal root and meniscofemoral ligament tear 
[20, 21].

a

b

Fig. 3  a In the knee joint, the menisci balance the incongru-
ency between femur and tibia. b Extrusion of the meniscus leads to 
increased peak contact stress of the cartilage

Fig. 4  a Measurement of peak contact stress with an intact medial meniscus. b Following an experimental root tear, relevantly increased contact 
stress can be observed

(Fig. 1b). In man, the anterior horns of both menisci

are narrower and the meniscus becomes wider

posteriorly (Fig. 1a). In the rat, over and above

di�erences in shape, proportions and anatomical

location compared with man, menisci develop central

ossicles. These di�erences in anatomical charac-

teristics between di�erent animals and man reflect

certain major di�erences in limb use and joint

biomechanics, and therefore limit the validity of

animals models. In addition to rabbit menisci

(Ghadially et al. 1978; Moon et al. 1982; Webber at

al. 1985; Gao et al. 1994; and others), canine

(O’Connor, 1976, 1984; Adams & Muir 1981; and

others), ovine (Ghadially et al. 1986; Swiontkowski et

al. 1988; and others) and bovine menisci (Cheung

1987; Proctor et al. 1989; Skaggs et al. 1994; and

others) have frequently been investigated. Most

experiments concern the medial meniscus

(Sommerlath & Gillquist, 1992, 1993a, b ; Roeddecker

et al. 1993; Jitsuiki et al. 1994; Messner, 1994; Gao &

Messner, 1996a, b ; Gao et al. 1998), probably because

degenerative tears of the medial meniscus are common

in clinical practice, and the rate of osteoarthrosis is

high after medial meniscectomy (Appel, 1970).

Clark & Odgen (1983) showed that both menisci in

man already assumed their characteristic shapes

within the first 4 mo of gestation. They also found

that the lateral meniscus covered C 80% of the

corresponding tibial plateau and the medial one

C 60%, the proportions of which remained constant

throughout growth. The most common congenital

abnormality of the meniscus in man is a discoid

meniscus with a frequency of 1.5–4.6% for the lateral

(Smillie, 1948), and 0.3% for the medial one (Nathan

& Cole, 1969).

functional anatomy and joint

biomechanics

The incongruency between the semicircular shaped

femoral condyles and comparably flat tibial plateau

are adapted by the concave upper meniscal surface

facing the former, and the lower, flat meniscal surface

facing the latter. The contact area in the femorotibial

joint thereby increases significantly, and the stresses

on tibial cartilage are reduced (Kettelkamp & Jacobs,

1972; Walker & Erkman, 1975). In a loaded, in

vitro situation, 70% and 50% of the loads in the

lateral and medial compartments, respectively were

transmitted though the corresponding menisci

(Fukubayashi & Kurosawa, 1980; Kurosawa et al.

1980; Ahmed & Burke, 1983; Chen et al. 1996),

reflecting their proportion of coverage of the re-
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Fig. 2. Diagram demonstrating the importance of intact meniscal

entheses for the load distribution function of the meniscus. (a) With

intact entheses the load (thick arrows) is transmitted via the menisci

and articular cartilage through a large contact area (left hand side

of figure; small arrows). Part of the load is transformed to hoop

stresses (right hand side of figure; long arrows). (b) When the

insertional ligaments are transected (right hand side of figure;

arrowheads), the meniscus will extrude from the knee joint during

loading, and the load (left hand side of figure; thick arrows) is

mainly transmitted via articular cartilage through a reduced contact

area (small arrows).

spective compartment (Clark & Ogden, 1983). After

removal of the menisci, contact areas in the femoro-

tibial joint were largely reduced and the peak stresses

on tibial cartilage considerably increased (Kettelkamp

& Jakobs, 1972; Fukubayashi & Kurosawa, 1980;

Kurosawa et al. 1980; Paletta et al. 1997). The above

described load distributing function of the menisci is

made possible by their strong anterior and posterior

entheses to bone which prevent the wedge shaped

menisci from extruding from the joint during axial

loading. Joint loading will tension the insertional

ligaments and also the circumferential fibres of the

meniscus. Thus part of the axial load will be

transformed into hoop stresses at the meniscal

periphery. Theoretically, a radial transection through

the entire meniscal body or insertional ligaments will

completely disable the load distribution function of

the meniscus (Seedhom & Hargreaves, 1979) (Fig. 2).

In accordance, transection of the anterior and pos-

terior insertional ligaments in vitro results in a similar

stress increase on the tibial plateau as does complete

meniscectomy (Paletta et al. 1997). We noted 6–12 wk

after transection of either the anterior or posterior

medial meniscal insertional ligaments similar osteo-

chondral changes as are commonly found after

complete resection of the menisci in a rabbit model
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compartment. In fact, no difference was detected between 
the peak contact pressure after total medial meniscectomy 
and a medial root tear. [5]. Marzo et al. [51] observed that 
an avulsion of the posterior medial horn attachment causes 
a significantly increased peak contact pressure from 3,841 
to 5,084 kPa and a significantly decreased contact area 
from 594 to 474 mm2 in the medial compartment. Further-
more, all three studies could demonstrate that arthroscopic 
suture repair restores the peak contact pressures to physi-
ologic levels [13, 27, 51].

The biomechanical consequences of a posterior lat-
eral meniscus root avulsion are much less evaluated. In 

a human cadaveric study by Schillhammer et al. [63], 
a detachment of the posterior lateral meniscus root 
resulted in a significant increase in peak contact pressure 
of 49 % and a significant decrease in maximum contact 
area of 33 %. A subsequent refixation of the posterior 
root of the lateral meniscus reduced the peak contact 
pressure also to a normal level. Bao et al. [8] examined 
the effect of a complete radial posterior lateral menis-
cus root tear with regard to the function of the posterior 
meniscofemoral ligament in a finite element model. After 
simulation of a complete radial tear of the lateral menis-
cus root, the lateral meniscus was only slightly displaced 
in a radial pattern by a compressive load. Additional 
insufficiency of the posterior meniscofemoral ligament, 
however, markedly increased the amount of the menis-
cal displacement. The same was evident for the observed 
increase of contact pressure and decrease of contact area 
within the lateral compartment. Overall, this study indi-
cated that a posterior lateral root tear in the case of an 
intact posterior meniscofemoral ligament might not be 
functionally equivalent to a total meniscectomy because 
of the supportive function of the posterior meniscofemo-
ral ligament in load distribution [24]. According to the 
biomechanical consequence of different lateral meniscus 
root tears, a classification of lateral meniscus root tears 
was established [20, 21]. Forkel and Petersen differenti-
ate among three different lateral meniscus posterior root 
tears. Type 1 (Figs. 5a, 6a) is a single avulsion of the 
root. Type 2 (Figs. 5b, 6b) represents a radial tear close 
to the root and between the root and the meniscal inser-
tion of the meniscofemoral ligament. Type 3 (Figs. 5c, 
6c) characterizes a complete rupture of the posterior 
attachment of the lateral meniscus consisting of a com-
bined meniscal root and meniscofemoral ligament tear 
[20, 21].
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Fig. 3  a In the knee joint, the menisci balance the incongru-
ency between femur and tibia. b Extrusion of the meniscus leads to 
increased peak contact stress of the cartilage

Fig. 4  a Measurement of peak contact stress with an intact medial meniscus. b Following an experimental root tear, relevantly increased contact 
stress can be observed
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