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Abstract
The role of the meniscus in the knee has previously been grossly underestimated. The last 25 years have produced an enormous amount of research that highlights the importance of the meniscus to the function of the
knee. The primary role of the meniscus is load bearing in order to decrease the forces on the articular surface of
the femur and tibia. However, the meniscus also functions as a secondary stabiliser of the knee, providing joint
lubrication and shock absorption.
The meniscus is also well supplied with nerve endings which explains the pain associated with meniscal injury
and the role of the meniscus in proprioception.
The management of meniscal injuries has evolved from open total meniscectomy to arthroscopic partial meniscectomy, meniscal repair, meniscal transplant and attempts at meniscal culture.
This review provides an update on the literature and the current management options for meniscal injuries.

M

enisci were once thought to be functionless, vestigial remnants in the knee. Just as we believe that we
could live without an appendix, total meniscectomy was
once the operation of choice for meniscal injuries.
However, there have subsequently been two major
advances that have changed our understanding of the role
of the menisci and our ability to treat their injuries.
The first is the understanding of the crucial roles the
menisci play in lubrication,1 shock absorption, stabilisation and load transfer.2,3
The second is the rapid advance of biomedical engineering. Menisci can now be repaired through a variety

of methods and also transplanted and cultured in a laboratory.
This understanding and ability has led to meniscal
preservation.
In the United States of America approximately 1 million
meniscal surgeries are performed annually4 and the most
common procedure logged during their part II board certification exam was an arthroscopic meniscal debridement.5
This review aims to highlight the current trends in the
management of meniscal injury and the progress being
made in this field.
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Anatomy of the menisci
The menisci are two wedge-shaped semilunar sections of
fibrocartilaginous tissue. They are found between the
femoral and tibial surfaces of the knee joint, with one
meniscus in the medial compartment and one in the lateral
compartment. The medial meniscus has a wider radius of
curvature than the lateral. They both attach to the tibia at
their anterior and posterior horns and are also attached to the
surrounding tissue. The medial meniscus is attached to the
deep portion of the medial collateral ligament. The lateral
meniscus is attached to the femur by the meniscofemoral
ligaments. Both menisci are attached to one another anteriorly by the transverse intermeniscal ligament.
These attachments are important as they maintain the
position of the menisci, but are also sites which predispose the menisci to injury in an unstable knee.
Microscopically, the menisci are composed of cellular
components embedded in an extracellular matrix.
It is unknown whether meniscal cells are chondrocytes
or fibroblasts. Since they contain elements of both these
cells they have been termed ‘fibrochondrocytes’.6 These
cells are responsible for many functions, one of which is
to synthesise collagen which decreases with age.
The extracellular matrix of the meniscus comprises four
components: water (72%), fibrillar components (collagen
– 22%), proteoglycans and adhesion glycoproteins.
• Collagen type I is the most predominant fibrillar
component within the tissue, but smaller amounts of
collagen type II, III, V, and VI have also been found.
Collagen consists of three layers7,8 (Figure 1):
• Superficial layer – thin layer of randomly oriented
fibres
• Lamellar layer – inside the superficial layer.
Consists of randomly oriented fibres except at the
periphery and anterior and posterior horns. In these
zones the fibres are orientated radially or longitudinally
• The deep zone consists of circumferentially oriented fibres with a few radially oriented fibres called
tie fibres
• Proteoglycans are responsible for hydration and
therefore the compressive properties of the meniscus.
• Adhesion glycoproteins are responsible for binding
with other matrix molecules and cells.
The blood supply of the menisci is from the middle,
medial and lateral genicular arteries. These form the perimeniscal capillary plexus at the peripheral attachments to
the joint capsule. The outer one third of the adult meniscus is vascularised and is also surrounded by synovial tissue, while the inner third is avascular. The middle third is
a watershed zone. The vascularisation is important to consider when discussing management options.
Interestingly the infant’s meniscus is fully vascularised.
This peculiar blood supply has resulted in the meniscus
being divided into three zones, depending on the vascular
status.

Random collagen
fibres
Superficial layer
Lamellar layer
Radial tie
fibres

Circumferential
collagen fibres
Deep zone
Figure 1: The arrangement of collagen fibrils
within the meniscus (reproduced with
permission from the authors8)

Figure 2: The biomechanics of the meniscus.
The conversion of compressive load (white
arrow) to hoop stresses i.e. radial force (black
arrow) and this acts as a tension force (dotted
arrow) (reproduced with permission from
the authors10)
The red-on-red zone refers to the outer third, the red-onwhite zone to the middle third and the white-on-white to
the inner third. While tears found within the red zones are
likely to heal, those in the white zones are avascular and
have no potential to heal.9

Biomechanics of the meniscus8,10
The primary function of the meniscus is load transmission, but the menisci also play a secondary role in stabilisation of the knee and joint lubrication.
The arrangement of the collagen fibres in a circumferential manner with radial ties converts the compressive
forces to radial forces. Radial force causes tension along
the longitudinal collagen fibres. These are known as
‘hoop stresses’ and the circumferential collagen fibres are
ideally aligned to decrease these forces (Figure 2).
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A full thickness radial tear of the meniscus disturbs the
circumferential collagen fibres and defunctions the
meniscus, whereas longitudinal tears will have the two
sides compressed together by these forces.
The shape of the menisci with a large radius of curvature
at the horns and a smaller radius of curvature at the centre, allows the meniscus to reduce cartilage stresses effectively throughout extension and flexion respectively.3
The menisci transmit approximately 50% of the body
weight in extension and up to 85-90% in flexion.11
The menisci also stabilise the knee. Although the menisci are mobile structures they are tethered at certain points.
It is well known that an anterior cruciate ligament (ACL)
deficient knee with an intact meniscus will be more stable
than an ACL deficient knee without an intact meniscus.
However, the meniscus will not provide enough restraint
to substitute for the ligament.
The extensive nerve supply in the menisci includes
mechanoreceptors and free nerve endings in the peripheral two-thirds, with the highest concentration in the posterior horns.12 This suggests that the menisci may have an
important role in proprioception and protective reflexes.
The improved congruity provided for by the menisci
may help joint lubrication and cartilage nutrition.
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Figure 3a: Top: unstable longitudinal tear of
the avascular portion of the lateral meniscus
Figure 3b: Bottom: stable rim post debridement avascular tear lateral meniscus

Classification of meniscal tears13
Tears of the meniscus can be divided in to five main types:
1. Longitudinal tears – mainly occur in young patients.
The meniscus splits due to a shearing force. This split
occurs between collagen fibrils. If these occur in the
peripheral zone they are usually amenable to repair. A
longitudinal tear may comprise part of a bucket handle tear, where the inner portion of the meniscus folds
into the joint (Figures 3 and 4).
2. Horizontal tears – most commonly in a degenerate
meniscus. Delamination between the different layers of
collagen occurs resulting in separation of the superior
from the inferior surface of the meniscus. These usually
extend to the inner margin of the meniscus, i.e. the avascular zone, and as such are not amenable to repair.
3. Radial tears – run from the meniscus margin towards
the periphery. The longitudinal collagen fibres are disrupted and as such the meniscus becomes defunctioned. This injury is indicative of a high energy injury
or a degenerate meniscus (Figure 5).
4. Flap tear – similar to a radial tear in that it extends
across the inner margin, but the tear runs obliquely
across the meniscus. These may also result in transection of longitudinal collagen fibres indicative of a high
energy injury or degeneration. The flap may have a
tendency to fold into the joint causing mechanical
symptoms.
5. Degenerative/complex tears – the majority of degenerate menisci have marked derangement of the collagen architecture. This results in multiplanar tears,
which are generally not repairable.

Figure 4a: 19-yr-old male previous partial
meniscectomy for irreparable tear in meniscus. Note early articular damage

b

c

Figure 4b and 4c: Collagen implant inserted
into defect and sutured in situ. Combination
all inside (4b) and inside out (4c) techniques
were used

Clinical evaluation
Symptoms
A careful history is important when assessing for possible
meniscal damage. Most patients can recall the mechanism
of injury, which is usually a loading, twisting action of the
knee with sudden onset pain.
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Figure 5: A complete radial tear of the posterior horn of the lateral meniscus in an ACL
deficient knee. The two ends were sutured
hoping for some healing
A knee that swells immediately (haemarthrosis) may
indicate a tear in the peripheral vascular portion of the
meniscus. However, in this situation it is important to
exclude other more common causes such as osteochondral fracture, disruption of joint capsule or ACL rupture.
More commonly a tear in the central, less vascular, portion will produce delayed swelling – more than 24 hours
later.
Patients who present with more chronic injuries may
complain about recurrent effusions.
Locking of the knee, i.e. an inability to extend the knee
after rising from a crouched position, has been shown to
be present in 81% of patients with a bucket handle tear.14
Pain is usually localised to the affected joint line. Some
patients complain of pain if the knees touch in bed indicative of a medial meniscus injury.

Signs
A subtle sign of chronic pathology is quadriceps muscle
atrophy.
The presence of an effusion particularly in a knee with a
chronic problem is suggestive of intra-articular pathology.
Patellofemoral disorders often produce symptoms of
clicking and may refer pain to the medial joint line. It is
important to examine this joint and to attempt to reproduce the pain or clicking that the patient may be experiencing, to differentiate from a meniscal tear.
Meniscal injury is suggested by the presence of joint
line tenderness, particularly the posteromedial or posterolateral joint line.

Remember that in a small percentage of cases, the
signs and symptoms can present on the opposite side
of the knee to which the pathology occurs
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This pain is usually reproduced on deep flexion.
Knee stability must be assessed in every patient suspected
of having a meniscal injury.
Hip pathology should also be excluded.
A number of eponymous provocative tests have been
described.
• Apley’s grind test – With the patient lying prone, the
knee is flexed to 90°. A compression rotation force is
placed on the knee through the heel. Pain suggests a
meniscal tear.
• McMurray’s test – The patient lies supine with the
knee fully flexed. One hand is placed on the knee, the
other under the heel. The knee is flexed and then
straightened by the examiner. While straightening, a valgus force and external rotation of the heel will catch the
posterolateral meniscus. Pain or clicking is positive for
a tear. The manoeuvre is then repeated from hyperflexion using varus force and internal rotation of the heel,
which will reproduce symptoms on the medial side.
• Thessaly test – The patient stands upright on one foot.
Their hands are supported in front of them by the examiner. The patient bends the knee 5° then twists the knee
internally then externally three times in each direction.
This is then repeated at 20° flexion. The normal side is
tested first followed by the side of the suspected injury.15
Pain is the positive sign.
It must be remembered that in a small percentage of cases,
the signs and symptoms can present on the opposite side of
the knee to which the pathology occurs, i.e. posteromedial
tears can present with lateral/posterolateral symptoms.

Imaging the meniscus
X-ray
Plain X-rays should be performed on all patients with
knee pathology to exclude bony lesions. Occasionally
chondrocalcinosis of the meniscus can be seen. This may
be a clue to the presence of a degenerative tear.

Contrast arthrography
Prior to MRI, arthrography was used to assess for internal
derangement in the knee. It was a useful adjunct but
symptomatic patients were recommended for arthroscopy
despite the arthrography findings.16

Ultrasound
This is a relatively cheap, non-invasive investigation. Since
the value of this investigation is the dynamic changes noted
on screen, ultrasound is very operator-dependent. This is
borne out by the variable figures produced in the literature.
Ultrasound for meniscal injuries has been shown to have a
sensitivity of 60–100%and specificity of 21–100%.17-20
Higher sensitivity and specificity are achieved with more
advanced probes. Of concern is the high number of false
positives (low specificity) that are seen. Although practised
frequently by many radiology units, it should be ‘condemned’ to research as it has no clinical relevance.
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Computer tomography (CT scan)
CT scanning as been described for meniscus injuries21 but
the poor soft tissue definition relative to MRI make this
investigation a poor first choice.

Magnetic resonance imaging (MRI)
The most common indication for MRI of the knee is for the
identification of meniscal injuries.22 Some reports have
shown that MRI is more sensitive than clinical examination.23-25 However, as with most investigations, this depends
on the experience of the radiologist. It seems that studies
with more patients tend to produce better sensitivities and
specificities. MRI for medial meniscus tears shows a sensitivity between 86% and 96%14 and a specificity of
84–94%.22
MRI for the diagnosis of lateral meniscus tears has a lower
sensitivity (68–86%), but higher specificity (92–98%22).
While MRI yields a low false positive rate for lateral meniscus tears, the false negative rate of 14-32% must be considered in the absence of a tear on MRI.
Due to tightly bound protons, short TE sequences are most
useful in diagnosing meniscal injuries.
There are two criteria that must be fulfilled on MRI in
order to make the diagnosis of a meniscal tear. The first is
increased signal intensity within the substance of the meniscus that unequivocally contacts the articular surface of the
meniscus. The second is an abnormal meniscal shape in the
absence of previous surgery. The presence of one of the
above has shown that a meniscal tear will be found 90% of
the time at arthroscopy.22,26
MRI is also very useful to exclude other causes of knee
pain in the absence of a meniscus tear. These conditions
include infection, tumour, avascular necrosis of the femoral
condyle, articular damage or bone oedema (transient osteoporosis).

Arthroscopy
It is not recommended that arthroscopy should be used as an
investigative modality. However, when performing
arthroscopy it is important to accurately assess the menisci
for tears. This is achieved by ensuring proper visualisation
of the entire meniscus and by probing the entire meniscus.
Peripheral longitudinal tears are easily missed if not probed.

Management
The key role of the meniscus in the function of the knee
and accelerated degenerative changes seen in a meniscusdeficient knee have led us to focus on meniscus preservation. As early as 1948 Fairbank showed that total meniscectomy resulted in accelerated radiological change in the
knee.27 This has improved somewhat, with the advent of
partial meniscectomy.28
The doyen of partial meniscectomy (through a mini
arthrotomy before the days of arthroscopy) was a South
African surgeon, Dr Clive Noble, in the 1960s and 1970s.
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There are no randomised controlled trials to show that
arthroscopic meniscal repair has any long-term benefit in
terms of joint preservation. The good results seen to
date,10,29 however, suggest that this may decrease the incidence of early degenerative changes.
The implications of not treating a meniscal tear are not
so clear. Experimental animal studies have shown that
meniscal tears can result in chondropathy and osteoarthritis.30,31 Clinical studies though are unable to prove what
happens first – the meniscus damage or the articular cartilage damage.32-35 A recent study by Christoforakis et al,
evaluated 497 consecutive knee arthroscopies on patients
with meniscal tears.36 They found that the mean age of
patients with complex and horizontal tears was 44.8 years
compared with 33.6 yrs for the other types of tears. These
complex and horizontal tears were also associated with a
statistically increased chance of having Outerbridge37
grade III or IV articular cartilage damage. Furthermore,
the complex and horizontal meniscal tears were more
likely to be associated with more than one site of articular damage than the other tear types. Again this does not
answer what came first: the meniscus tear or the articular
degeneration. Interestingly, in their study, 81% of the
cohort had at least one site of articular cartilage damage.
This means that even simple tears in young patients may
result in chondral damage.
Our approach is to actively search for a tear in younger
patients with clinical and radiological investigations
including X-ray and MRI. If a tear is present or highly
suspected, the patient is advised to undergo arthroscopy
and meniscus preservation surgery.
In patients who are suspected of having a degenerative
tear, the so-called ‘middle-aged meniscus’, the option of
non-operative treatment is employed. This allows the
opportunity of settling the knee without surgery. It is well
documented that debridement of a degenerate meniscus
may not always result in long-term relief.38

Non-operative
Small peripheral tears in young patients can be managed
non-operatively. The difficulty is to decide without
arthroscopy whether the tear is stable or not. Weiss et al
retrospectively reviewed 3 612 arthroscopic procedures
for meniscal lesions. They identified 80 (2.2%) meniscal
tears that were deemed to be stable. These were not treated. Six patients returned for repeat arthroscopy due to
meniscal symptoms. The authors recommended that stable vertical tears at the periphery have increased potential
for healing.34
Physiotherapy – This has been shown to be beneficial to
patients with degenerative meniscal tears. A recently published randomised control trial followed up patients with
degenerative meniscal tears. Patients who underwent surgical debridement in combination with physiotherapy did
not show an improved outcome compared to those who
received physiotherapy alone.39
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Corticosteroids – Along with physiotherapy, some
patients with degenerative meniscal tears improve after a
single corticosteroid injection into the knee. This is our
first-line treatment for a degenerative meniscus, in the
absence of definitive locking symptoms

Operative management
Total meniscectomy
This was the treatment of choice for meniscal lesions until
the 1970s.10 However, since then arthroscopic techniques
and the understanding of the biomechanics and role of the
meniscus have led to a shift towards preservation of meniscal tissue. This form of treatment is seldom practised nowadays.

Open repair
This was popularised by De Haven40 and was one of the
early means of repairing meniscal tears. This is now
almost always reserved for fixation of the meniscus as
part of the management of tibial plateau fractures or as
part of a multiligament reconstruction, e.g. a posterolateral corner or midsubstance medial collateral ligament
repair. It is only possible on the very peripheral tears.

Arthroscopic repair
Meniscal rasping
Occasionally small, stable peripheral tears of the meniscus
are seen at arthroscopy (Figure 6). Often these are chronic
tears with fibrous tissue in the gap. The meniscal rasp is then
used to debride the torn edges of the meniscus to stimulate
bleeding.
This is indicated in patients who have a stable, longitudinal tear in the vascular zone of the meniscus. In should only
be performed in the presence of complete ligamentous stability or at the time of cruciate ligament reconstruction.
Tears in an unstable knee or in the avascular zone are not
amenable to this form of treatment.

The ‘inside out’ technique is still the gold standard
and remains our method of choice

Meniscal suturing
Tears in the red-red zone (periphery) or red-white zone (up
to approximately 5 mm from periphery) may be amenable
to repair. Traditionally, longitudinal tears have been the
most amenable to suturing and healing. A proviso for good
healing is a stable knee. Meniscal repairs in the unstable
knee doom the repair to failure. However, a stable knee,
with normal kinematics, will not place unnecessary shear
force onto the repair. In fact, controlled weight bearing
which compresses the meniscus results in ‘the hoop stress’.
This hoop stress compresses the margins of the tear together. This may assist healing.
Recently reports have emerged about positive results with
the repair of full thickness radial tears.10 These are devastating injuries to the meniscus leading to disruption of all the
longitudinal fibres. Results of the repair are not reported in
any randomised controlled trials, but case reports seem positive. Post-operatively these repairs should be protected by
minimising all stress on the meniscus for four to six weeks.
Loading of the knee will place the repair under tension.
Repairs in the avascular zone are at risk for failing.
Meniscal repair in conjunction with ACL reconstruction
has consistently shown better healing rates than in the ACL
stable knees.41 We believe two factors play a role:
The stable knee’s meniscus may tear because its quality is
inferior, whereas the ACL injured meniscus fails because of
significant forces.
Secondly, in reconstructing the ACL a large haemarthrosis
usually occurs and this may stimulate meniscal healing.
The late Chuck Henning used to advocate the introduction of blood clot to assist meniscal repair.

Techniques
Numerous techniques have been described for meniscal
repair. They are based on the technique of passing the
sutures.

Outside in
This was the first arthroscopic technique used but is now
the least common of the methods used. It involves passing
a needle from outside the joint, through the meniscus and
then passing a suture through the needle. The suture is
then retrieved and knot tied, ideally outside the joint.
This technique is primarily used for anterior horn tears.

Inside out (Figure 4c)

a

b

Figure 6a (left): stable longitudinal tear of the
posterior horn of the lateral meniscus in an
Figure 6b (right): ACL deficient knee

This is still the gold standard and remains our method of
choice. Zone-specific cannulae have been designed allowing the surgeon to arthroscopically pass a long straight
needle directly to the injured portion of the meniscus. The
sutures are retrieved under direct vision through a medial/lateral incision and the knot is tied outside the joint.
The main concern with this technique is damage to neurovascular structures particularly with posterolateral
repairs. These need to be protected by a suitable instrument, e.g. a tablespoon.
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All inside (Figure 4b)
Numerous all inside techniques have been described, such
as sutures with a pre-tied slip knot and absorbable meniscal
repair devices including meniscal darts, arrows staples and
screws. There have been many reported complications with
these devices including transient synovitis, inflammatory
reaction, cyst formation, device failure, device migration
and chondral damage. For these reasons these bioabsorbable meniscal implants are generally out of favour.41 In
addition biomechanical studies have shown that these
devices are initially equivalent to suturing techniques; however they are prone to losing strength over time.
The fourth generation all inside meniscal sutures such as
Fas-T-Fix (Smith and Nephew), Meniscal cinch (Arthrex)
and RapidLoc (Mitek) all have good short term results, with
meniscal healing between 80-91% at two-year follow-up.41

Rehabilitation
Rehabilitation protocols vary from centre to centre and
depend on the type of procedure and tear morphology.
However, the principle of limited weight bearing and avoidance of flexion greater than 90° should be adhered to for the
first four to six weeks. Thereafter, a gradual increase in
activity can be allowed. Squatting should be avoided for
approximately five months.41

Arthroscopic partial meniscectomy
(Figure 3b)
Irreparable tears of the meniscus, either due to zone of
injury or complexity of the tear, are best treated by this
method. Practically, the vast majority of meniscal tears are
managed this way. The principle is to debride the loose nonviable edges of menisci in order to produce a stable meniscus. This aims to decrease the number of fragments of
menisci that are loose and potentially causing damage to the
articular cartilage. These loose fragments may also be a
cause of pain.
Results in a cohort of patients followed up between five
and 11 years post partial medial meniscectomy in stable
knees, showed that the majority of patients had an excellent
or good outcome. Patients who had Outerbridge grade III or
IV articular cartilage damage were more likely to have a
poorer outcome.38 It is for this reason that one should take
care not to automatically ‘scope and debride’ all patients
with degenerative meniscus tears.

Rehabilitation
The post operative rehabilitation protocol following partial
meniscectomy should be patient-oriented. Most patients
require crutches and remain non-weight bearing for a few
days post-operatively. Thereafter they are allowed to weight
bear as tolerated. Most patients are crutch-free by ten days.
A good physiotherapy programme will probably allow most
sportspeople to return to sport in under six weeks (this may
be longer depending on the underlying articular cartilage
damage).
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This truncated rehabilitation protocol and earlier
return to sport is a consideration when discussing the
management option with a professional sportsperson or
patient with limited ability to undergo rehabilitation.
Some patients request a partial excision as opposed to
repair, when feasible, allowing them to return to their
sports and livelihood sooner. This comes at the risk of
developing arthritis later in life. However, there are no
long-term randomised controlled trials comparing joint
status post repair versus post partial meniscectomy.

Meniscus transplant
Meniscus transplantation dates back to 1916, when the
first attempt was made to replace the meniscus with an
autogenous fat tissue interposition graft.42 Numerous
different techniques of transplanting the tibial plateau
or parts thereof were tried. Milachowski et al were the
first to report on free meniscal transplants.43
Subsequently many different types of substitutes have
been tried and tested.

The ideal candidate is younger than
50 years old with a stable knee

The current indications for meniscal transplant or
replacement are:42,44
• Total meniscectomy with early arthritis – slow progression
• Loss of anterior cruciate ligament – provide stabilisation along with concurrent or delayed ligament
reconstruction
• Concomitant osteotomy – enhance effect and postpone recurrent deformity
• Prophylactic transplantation – avoid consequences
of meniscectomy in young patient due to irreparable
meniscus tear or discoid meniscus.
The ideal candidate is younger than 50 years old with a
stable knee. Meniscal transplant is contraindicated in
the presence of grade IV articular cartilage damage or
an unstable knee

Types of graft
Autograft
Interposition autografting of the patella tendon, 45
quadriceps tendon,45 fat pad46 and perichondral tissue47
have been attempted. These experiments were mainly
performed on animals. The quadriceps tendon was the
only graft that made it to clinical application. Although,
at relook arthroscopy, the tendon looked like meniscus,
it was soft. The patients did not have any significant
improvement in their outcome scores. Based on these
limited studies autograft is not recommended for longlasting meniscus replacement.
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Allograft
Meniscal allograft would seem to be a potential answer.
The process involves finding a suitable donor. This
involves strict monitoring according to the national tissue
bank. The donor would need to be screened for infections
and blood typing. The recipient then needs to be anatomically matched according to the available meniscus.
The recipient should be investigated by following
means:42
• Long leg standing X-rays – to assess the alignment of
the limbs
• Plain X-rays – to assess the degree of arthritis and
bony landmarks to size the meniscus
• Bone scan – to assess status of subchondral bone for
disturbed homeostasis
• Computerised tomography scan – this should ideally
be performed on the donor and recipient knee to accurately assess the size.
• MRI – provides information on the status of the
meniscus, cartilage and ligaments as well as for size
matching.
• Arthroscopy – may give more information on status of
articular surface
Much debate currently surrounds the best method of graft
preservation. Fresh-frozen provides the best tissue but is
the most immunogenic and carries the highest infection
risk. It is also difficult to store and is not readily available.
The donor cells in a deep-frozen meniscus are destroyed
but may be stored for longer.
Lyophilised or freeze-dried menisci loose all antigens
and enzymes, but the ground substance decays. This
leaves a collagen scaffold for growth of host fibrochondrocytes. These menisci also decrease in size, changing
the biomechanical properties of the graft.
Cryopreservation using glycerol may partially maintain
the fibrochondrocytes for two to four weeks, but this is
very expensive.
The menisci can also be secondarily sterilised by tissue
banks using gamma irradiation or ethylene oxide.
However, the ethylene oxide may induce secondary synovitis and the gamma sterilisation may weaken the collagen structure.
In South Africa we have menisci available from the two
main tissue banks. All donors are suitably screened for
infection. The menisci are harvested with the tibial
plateau and then this is cut to fit the defect size. The specimens are fresh frozen and irradiated and are freely available.
Due to the variability in different methods of preserving
meniscus tissue, different methods of implanting it and
varying criteria for implantation, there are no randomised
controlled trials assessing outcome. It is also difficult to
compare different studies. Generally, the reported outcomes show an overall failure rate of around 20%. Most
patients can expect pain relief and an ability to increase
activity levels. This is supported by midterm studies.44
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Ten-year outcome studies on case series have been reported.48 Despite significant improvement the patients were
still substantially disabled. However, radiographic followup did not show advanced degenerative changes.

Meniscal prostheses
Multiple synthetic materials have been considered to be
used as menisci, such as Teflon,49 Silastic,42 carbon
fibre,50 Dacron51 and polyvinyl alcohol hydrogel.52 None
of these have proven to be a success and should not be
in clinical use.
Currently collagen-based meniscal implants have been
produced and trials are currently underway (Figures 4b
and c).

Tissue engineering
The complex nature of the cells and the extracellular matrix
makes the meniscus very difficult to engineer.8 Various studies have given tissue engineers knowledge on how fibrochondrocytes react to certain growth factors. There still
remains a lot of work to be done before menisci can be
grown in vitro and then transplanted into patients.
The basis of meniscus engineering is to develop the best
scaffold to allow the cells to grow on. This combined with
the right growth factors and culturing conditions then presents a possibly good meniscus. Once implanted one needs
to able to accurately image the graft and assess viability.

Conclusion
Meniscus injuries comprise a large percentage of the
work done by orthopaedic surgeons. Current management
has moved towards meniscus preservation. Although
much progress has been made in meniscal transplantation
this has still not become a routinely performed procedure
and probably still has a limited role in our environment.
We await the outcome of engineered menisci as perhaps
they will be the answer.
No benefits of any form have been received from a commercial party related directly or indirectly to the subject
of this article.
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