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�� From the biomechanical and biological points of view, 
an arthroscopic meniscal repair (AMR) should always be 
considered as an option. However, AMR has a higher reop-
eration rate compared with arthroscopic partial meniscec-
tomy, so it should be carefully indicated.

�� Compared with meniscectomy, AMR outcomes are better 
and the incidence of osteoarthritis is lower when it is well 
indicated.

�� Factors influencing healing and satisfactory results must 
be carefully evaluated before indicating an AMR.

�� Tears in the peripheral third are more likely to heal than 
those in the inner thirds.

�� Vertical peripheral longitudinal tears are the best scenario 
in terms of success when facing an AMR.

�� ‘Inside-out’ techniques were considered as the gold stan-
dard for large repairs on mid-body and posterior parts 
of the meniscus. However, recent studies do not dem-
onstrate differences regarding failure rate, functional 
outcomes and complications, when compared with the 
‘all-inside’ techniques.

�� Some biological therapies try to enhance meniscal repair 
success but their efficacy needs further research. These 
are: mechanical stimulation, supplemental bone marrow 
stimulation, platelet rich plasma, stem cell therapy, and 
scaffolds and membranes.

�� Meniscal root tear/avulsion dramatically compromises 
meniscal stability, accelerating cartilage degeneration. 
Several options for reattachment have been proposed, 
but no differences between them have been established. 
However, repair of these lesions is actually the reference of 
the treatment.

�� Meniscal ramp lesions consist of disruption of the periph-
eral attachment of the meniscus. In contrast, with menis-
cal root tears, the treatment of reference has not yet been 
well established.
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Introduction
Menisci were considered to be functionless structures for a 
long time. Although it is well known that meniscal excision 
can lead to early degenerative arthritis,1 meniscectomy is 
still one of the most frequently performed procedures in 
orthopaedic surgery.2,3 The role of the menisci in joint sta-
bility,4,5 joint kinematics and load transfer6 is well docu-
mented. Recent advances in meniscal repair techniques 
and biological augmentation have introduced a new era 
of meniscal conservative surgery, leading to a more physi-
ological function of the knee after surgery.7 In this article, 
we will describe the current state of understanding on 
meniscal repair, including indications for the procedure 
and clinical outcomes.

Anatomy and biomechanics
Several studies in recent decades have highlighted the 
importance of the meniscus in the global function of the 
knee, especially in a ligament-deficient joint.4,8–10 The 
micro and macro structures of the meniscus are deter-
mined by its functions. Alteration of its morphology could 
lead to early degenerative osteoarthritis.11

The medial meniscus is C-shaped and slightly smaller 
than the lateral meniscus.12 The lateral meniscus is usu-
ally longer and wider, with a variable shape, size and 
mobility, ranging from C-shape to almost discoid shape. 
They are suited to the lateral and medial compartments 
of the knee, facilitating the engagement between femoral 
and tibial surfaces. The medial meniscus covers 50–60% 
of the medial plateau and the lateral meniscus covers 
70–80% of the lateral plateau.13 However, shape and 
total surface can vary between persons, especially in the 
lateral meniscus.12
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Menisci are stabilized by several ligaments and attach-
ments. Anterior and posterior roots are attached to the 
tibia. Meniscotibial union is an enthesis, which is much 
stronger than capsular attachments. Anterior roots are 
joined by the anterior intermeniscal (transverse) ligament. 
Attachment to the capsule is provided by the coronary 
ligament and, in the case of the medial meniscus, by 
expansions of the medial collateral ligament also. Finally, 
meniscofemoral ligaments (Humphrey anteriorly and 
Wrisberg posteriorly) attach the posterior part of the lat-
eral meniscus to the lateral wall of the internal femoral 
condyle, surrounding the posterior cruciate ligament 
(PCL) (Fig. 1).14 These attachments and ligaments are 
important as they act like a ‘belt’ sustaining and facilitat-
ing menisci biomechanics.

The meniscus is composed of water (72%) and extra-
cellular matrix and cells. The rest is dry, composed of col-
lagen fibres (70%), proteoglycans (17%), non-collagenous 
proteins (8%), deoxyribonucleic acid (DNA) (2%) and 
adhesion glycoproteins (1%).13 Blood supply is provided 
by the perimeniscal capillary plexus. Although the foetal 
meniscus is fully vascularized, at 10 years of age, only the 
external 10–30% has direct blood supply.13 The perime-
niscal capillary plexus receives blood from the medial, lat-
eral and middle genicular arteries, and irrigates the 
external surface (25%) of menisci (vascular zone).15 The 
rest of the meniscus is almost avascular and aneural. The 
meniscus is almost acellular as well. Cellular expression 
changes from fibroblastic in the external third to fibro-
chondroblastic in the middle third and chondrocytic in the 
avascular zone.16 These points are important as ruptures 
in the vascular zone are suitable to be repaired, while in 
the avascular zone the healing rate after repair is lower.

Regarding its microscopic structure, collagen distribution 
is configured in three main layers.17 The most superficial (in 

contact with the tibia and femur) is considered as the 
‘superficial network’, formed by a mesh of thin fibres. 
Deeply, in the second layer, the disposition of fibres is 
lamellar. In this layer, fibres are configured in a radial fash-
ion in the anterior and posterior parts of the meniscus, 
and in a different configuration in the rest of the meniscus. 
In the central region (third layer), fibres are configured in 
a circular fashion. This configuration allows compressive 
loads to be transferred with circumferential dissipation 
(hoop stress transmission), and explains most of the pat-
terns of meniscal tears (Fig. 2).17

The medial and lateral menisci have important biome-
chanical functions. They are not only force transmitters in 
load bearing and shock absorption, but they are also 
involved in joint stability, joint lubrication and proprio-
ception. Regarding their main function, they transmit at 
least 50% of the forces between femur and tibia, and this 
transmission is greater in extension than in flexion.18 Their 
wedge shape facilitates transformation of compressive 
forces into concentric forces, which are transmitted by cir-
cumferential fibres to meniscal attachments in a hoop 
stress mechanism. When a meniscectomy is performed, 
cartilage surface contact between femur and tibia 
increases, and loads are more concentrated. Increased 
loads and shear forces due to bone-to-bone contact and 
instability may lead to the arthritic changes seen after 
meniscectomy.19

Reasons to repair a meniscal tear
Meniscal rupture triggers the release of a complex chain 
of degradative enzymes (i.e. interleukin-6, tumour necro-
sis factor alpha, etc.)20 into the otherwise healthy knee. It 
has been demonstrated that these deleterious biochemi-
cal changes21 persist for months, developing a ‘chronic 
inflammation environment’ which can eventually cause 
cartilage degeneration.22 In addition, reestablishment of 
meniscal biomechanical properties can enhance joint 

Fig. 1  Anatomy of the meniscal complex and Cooper zones.114

Note. ACL, anterior cruciate ligament; PCL, posterior cruciate ligament; H, 
Humphrey ligament; W, Wrisberg ligament.

Fig. 2  Microstructure of the meniscus. On a sectioned meniscus, 
we can differentiate three main layers: (1) the superficial layer 
is a mesh of collagen fibres, (2) the second layer is composed 
of collagen fibres in lamellar disposition, (3) collagen fibres 
are disposed longitudinally in the deep layer, (4) blood supply 
enters by capsular side within the connective tissue.
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stability. In a study conducted by Akpinar et al,23 anterior 
cruciate ligament tears associated with medial meniscus 
tears demonstrated an increased anterior tibial translation 
at 24-month follow-up, in comparison with those cases 
with isolated anterior cruciate ligament (ACL) tears. Higher 
contact pressures between articular surfaces are observed 
when a meniscectomy is performed in comparison with 
an intact meniscus.24 Meniscectomy has also been found 
to be strongly associated with the progression of articular 
cartilage damage in the ACL-reconstructed knee.25 So, 
from biomechanical and biological points of view, menis-
cal repair seems to be a process that should always be per-
formed. This has been endorsed by improved long-term 
outcomes.26 However, meniscal repair still has a higher 
rate of reoperation in comparison with meniscectomy, so 
meniscal repair indication should be carefully evaluated.26

Imaging healing (healing in MRI), clinical healing 
(absence of symptoms) and arthroscopic healing (healed 
and stable in a second-look arthroscopy) are not the same 
and are not always correlated.7,27 Some studies have 
reported that MRI findings after meniscal repair remain 
controversial, as the same signal can appear in a healed 
and in a non-healed meniscus.28 Thus clinical symptoms 
are the guide if a non-healed meniscus is suspected, and 
arthroscopic second-look still remains the standard 
method of assessing meniscal healing.28,29 So, even if a 
meniscal repair is an attractive and theoretically well-
based procedure, factors influencing healing or satisfac-
tory results must be well evaluated before performing a 
meniscal repair.

Region: vascular (red zone) vs avascular (white zone)

As we have said before, the peripheral third is vascular-
ized while the inner two thirds are avascular. From a bio-
logical point of view, tears in the peripheral third are 
more likely to heal than those in the central thirds. This 
hypothesis has been confirmed by several experimental 
studies.15,30 Clinical studies have also confirmed higher 

rates of healing in peripheral third tears.31,32 In a study 
conducted by Uzun et al,33 the rate of repair failure was 
five times higher in red-white zone tears in comparison 
with those in the red-red zone, but all the repairs per-
formed in the acute setting did heal. The more peripheral 
the tear, the greater the rate of healing.7 However, exten-
sion to the avascular zone is not an absolute contraindica-
tion, and rates of healing of up to 87% have been 
reported,34,35 especially in young patients and concomi-
tant anterior cruciate ligament reconstruction.36

Pattern of tear

Vertical longitudinal tears are the best scenario in terms of 
success when facing a meniscal repair.37 Other patterns 
include radial, horizontal or oblique extent to the avascu-
lar zone.38 Complex tears and a rim > 3 mm are risk factors 
for increasing failure after repair. Bucket-handle tears have 
less potential of healing,36 but in fresh tears and those 
which affect the peripheral third, repair should be 
attempted in order to avoid a subtotal meniscectomy.39 
When performed with concomitant ACL repair, bucket-
handle meniscal tears and skeletal immaturity have been 
identified as statistical significant risk factors for meniscal 
repair failure.36 In chronic cases, repair of bucket-handle 
tears is less successful,40 but avoids osteoarthritic changes 
seen after meniscectomy41 (up to 57% of patients at 
22-year follow-up)41 and should be attempted, especially 
in young patients (Fig. 3).

Concomitant anterior cruciate ligament (ACL) reconstruction

Many traumatic meniscal tears are associated with an ACL 
rupture. Increased healing rate has been reported when 
concomitant meniscal repair and ACL reconstruction are 
performed35,40 in comparison to isolated meniscal repair. 
In a study conducted by Espejo-Reina et al,40 when the 
healing of a bucket-handle tear was evaluated, all the 
cases with a concomitant ACL reconstruction healed, 
while up to 50% of isolated meniscal tears did not. It is 
thought that release of growth factors and stem cells from 
bone marrow with ACL repair enhance the biological envi-
ronment at the repair site,7 and several techniques such as 
venting marrow procedures (i.e. perforations at the inter-
condylar notch) have been designed to try to replicate this 
environment.

Degenerative vs traumatic tears

Degenerative tears are due to repeated loads which, in 
the long term, start to wear the meniscus as a result of 
years of micro-traumas and ageing of the menisci. After 
40 years of age, the cellularity of menisci decreases and 
present cells suffer a process of senescence.13 It is thought 
that this could lead to higher risk of tears and decreased 
potential ability to repair.42 Indications for meniscal repair 

Fig. 3  Types of meniscal tear. A: radial tear. B: longitudinal 
vertical tear. C: horizontal tear.
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are almost exceptional and should be reserved for very 
select cases, such as medial root tears in the acute phase, 
deep radial tears that completely disrupt the hoop stress 
transmission or some horizontal cleavages in the very 
young active patient.

Degenerative tear pattern is usually horizontal, radial or 
complex, while vertical tears are almost non-existent. It is 
very common to find osteoarthritis affecting the tibiofemo-
ral compartment where the meniscal tear is.43 Almost two 
thirds of patients with degenerative tears present an 
asymptomatic tear in the contralateral knee.44 Most degen-
erative cases respond adequately to conservative treat-
ment with physical therapy and painkillers.43,45,46

In contrast, traumatic tears are due to an acute over-
load, which surpasses the normal resistance of meniscus 
tissue, leading to a rupture. Vertical longitudinal tears are 
frequent and associated ligament injuries are not rare.35 
Traumatic tears are more frequent in young patients, and 
may benefit from surgical treatment more frequently 
(Table 1).34,35

Treatment modalities
Conservative treatment

Conservative treatment consists of physical therapy (i.e. 
muscle strengthening), weight loss, non-steroidal anti-
inflammatory therapy and intra-articular injections.47 
Most patients with a degenerative tear do well with con-
servative treatment, and no differences with surgical man-
agement have been reported at one-year follow-up in 
well-designed studies.43,45,46,48–50 This is probably due to 
the fact that degenerative meniscal tears are, in most 
cases, another expression of a degenerated knee, suffer-
ing cartilage damage, synovitis, etc.47 Furthermore, 
arthroscopic partial meniscectomy of degenerative tears is 
not a cost-effective therapy in comparison with conserva-
tive treatment alone.51

Regarding traumatic tears, we have encountered sev-
eral factors to evaluate before facing a repair. As a rule, 
small, peripheral (red-red or red-white zone tears) and sta-
ble tears are most likely to be treated conservatively leav-
ing them in situ.52 In a study by Duchman et al,52 leaving 
in situ small and peripheral tears when concomitant ACL 
reconstruction is performed was found to be safe and 
more than 95% of patients did well without need for a 
new surgery on the lateral meniscus. However, results for 

the medial meniscus were less predictable and repair is 
recommended in the context of an ACL reconstruction, 
even if the tear is stable.49,52,53

Surgical treatment

Partial meniscectomy

The great debate when facing a meniscal tear from the 
point of view of surgical management is whether to repair 
or to perform a meniscectomy. In a systematic review 
conducted by Monk et al,54 it was noted that, while 
meniscal repair is a good and widespread technique for 
the treatment of meniscal injuries, there is a surprising 
lack of studies comparing meniscal repair with conserva-
tive treatment.

Partial meniscectomy has been the gold standard for 
the surgical treatment of meniscal tears for many years. It 
is a safe treatment, with a low rate of complications and 
reoperation.26 However, meniscectomy affects knee bio-
mechanics and, with time, seems to lead to early osteoar-
thritis.55 It has been well documented that the amount of 
resection is directly related to the degree of radiographic 
osteoarthritis.56,57

Although current evidence tends to endorse the view 
that meniscal repair should always be attempted (espe-
cially in young patients),35 several controversies exist as to 
whether performing a partial meniscectomy is better in 
the context of chronic tears in the avascular zone or in 
cases of failed repair.

Meniscal repair indications

In chronic tears in the avascular zone, poor biological sup-
port can condition the rate of success. Several authors 
have established six weeks after injury as the limit for per-
forming a successful repair.18,58 However, recent studies 
have demonstrated that chronic tears can be repaired 
independently of the time passed since trauma.59,60 In 
young patients, cases of bucket-handle tears or large tears 
affecting the lateral meniscus, repair should always be 
attempted.61,62

In a study conducted by O’Shea and Shelbourne, in the 
context of combined ACL and bucket-handle tears, good 
results were reported when repairing tears in the avascu-
lar zone.63 However, tears were repaired in the acute set-
ting and, as we have commented before, concomitant 
ACL rupture or reconstruction enhance the healing rate 
after meniscal repair.35,40 Otherwise, in a study by Espejo-
Reina et al,40 in isolated repair of chronic meniscal tears, 
more than 50% of cases (4 of 7) needed revision and rela-
tive risk (RR) for failure in isolated meniscal repairs was 
21.3 times higher in comparison with those performed 
with concomitant ACL reconstruction. Medial meniscal 
injuries also affect ACL reconstruction stability, increasing 
anterior tibial translation.23 For this reason, meniscal repair 

Table 1.  Favourable factors for successful meniscal repair

Localization Red or white-red zone
Pattern Vertical, bucket handle
ACL Concomitant reconstruction
Mechanism Traumatic
Age Under 40 years
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should always be contemplated in the context of a con-
comitant ACL reconstruction, especially if the medial 
meniscus is affected.

Regarding failed meniscal repair, torn meniscus removal 
has been preferred traditionally.64 However, revision repair 
after primary repair failure can be an option with high rates 
of success (up to 79% of cases).64 Most cases needing revi-
sion for a failed primary repair occur within the first year 
after repair, in the context of a new trauma in young 
patients.64,65 When revision surgery is not possible follow-
ing a failed primary repair, the quantity of meniscus to be 
removed is no higher than the quantity that would have 
been removed at a primary meniscectomy (so the risk of a 
well indicated meniscal repair should be taken).66

Regarding meniscal repair, many studies have demon-
strated its superiority in terms of leading to less osteo
arthritis progression, less pain, and better long-term 
function when compared with partial meniscectomy.55,67,68 
Even though the rate of failure and reoperation after 
meniscal repair is higher,26 it is still cost effective in the 
long term.69 As a rule, meniscal repair should always be 
performed attending to the following issues: anatomic 
reduction, biological augmentation, and circumferential 
compression across the tear.7 Other aspects such as liga-
ment stability (and reconstruction if necessary) or lower-
limb axis should be addressed before attempting a 
meniscal repair, as in other injuries of the knee.14,70

Repair techniques

Many techniques for meniscal repair have been proposed. 
All of them can be performed arthroscopically and are 
classified as ‘outside-in’, ‘inside-out’ and ‘all-inside’ tech-
niques,71 and all of them should be controlled by the sur-
geon, to be adapted to all tears. In general, vertical sutures 
are preferred over horizontal stitches,57 although stronger 
repair techniques have not been correlated with better 
clinical outcomes.

In general terms, ‘outside-in’ techniques are indicated 
in anterior horn and mid-body tears, where a perpendicu-
lar trajectory related to the tear can be achieved.71 The 
suture is introduced from outside the capsule through the 
joint, engaging the two fragments of the meniscal tear 
and again through to the outside of the capsule. Knots are 
tied on the external surface of the capsule. Complication 
rates of ‘outside-in’ are similar to those for ‘all-inside’ and 
‘inside-out’ techniques,72 and are usually related to joint 
stiffness, neurovascular injuries and failure of the menis-
cus to heal (Fig. 7).73

The ‘inside-out’ techniques have been widely used for 
large repairs on the mid-body and posterior parts of the 
meniscus, but no differences have been observed in 
recent studies regarding failure rate, functional outcomes 
and complications, when comparing with the ‘all-inside’ 
techniques.32

For the inside-out technique, the sutures are inserted 
from inside the joint, engaging both fragments of the tear 
and passing through the capsule. The sutures are recov-
ered outside the joint and tied over the capsule. For this, 
an open approach should be used, increasing surgical 
time and potential complications (i.e. scarring, stiffness, 
neurovascular injuries, etc.).18

Several devices have been described to perform the all-
inside repair.18 Recent devices are based on an anchor or 
suture fixator which is introduced from inside the joint 
through the capsular fragment of the tear until it rests 
over the capsule. The second implant is introduced 
through the central fragment of the tear and the capsule. 
It also rests over the external wall of the capsule, but the 
knot is tied from inside the joint. Its main advantages are 
that no open approaches are needed and that tears on the 
posterior horn are easier to repair, because the suture is 
perpendicular to the tear.7

In a systematic review conducted by Grant et al,31 there 
were no differences in rate of failure when comparing 
inside-out techniques (17%) with all-inside techniques 
(19%) for repair of isolated meniscal injuries. Nerve inju-
ries were more frequent in inside-out techniques (9% vs. 
2%), while implant-related complications (migration, 
breakage, soft tissue irritation or swelling) were more fre-
quent in all-inside techniques. However, a lack of evidence 
exists, because most studies comparing inside-out to all-
inside techniques are Level 4.32

Meniscal repair in vertical longitudinal tears

Vertical longitudinal tears disrupt radial fibres while they 
are in line with circumferential fibres. When it is large 
enough, the central flap of the tear can move through the 
centre of the joint, resulting in the so-called bucket-handle 
tear. This condition can lead to knee locking and its resec-
tion to a subtotal meniscectomy, so reduction and repair 
where indicated should always be performed.

Small peripheral vertical longitudinal tears of the lateral 
meniscus can be left in situ with a high rate of healing but, 
when they are more than 10 mm in length or affecting the 
medial meniscus, they can become unstable and repair is 
also indicated (Figs. 4 and 5).52

Horizontal cleavage tears

Horizontal cleavage tears do not affect the circumferential 
fibres of the meniscus, as they are continuous from anterior 
to posterior horn.7 Several studies have demonstrated an 
increased contact pressure between tibia and femur when 
the inferior leaf of a horizontal cleavage tear is resected.74,75

Horizontal tears in young patients should be differenti-
ated from degenerative tears. Repair of horizontal cleavage 
tears in young patients restores the normal biomechanics 
between tibia and femur, and clinical outcomes seem to 
be similar to those observed with repair in other tear 
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patterns.76–78 In a recent systematic review conducted by 
Kurzweil et al,77 the reoperation rate was 22.2% (77 cases 
out of 98 repairs), which is comparable to repair in other 
tear patterns.

Radial tears

Radial tears transect the meniscus from its free border 
(central) through the capsular border (peripheral). They 
can be complete or incomplete, and all of them disrupt 
the circumferential collagen fibres. When the radial tear 
includes the periphery, the meniscus is divided into two 
different portions, and the hoop stress transmission is par-
tially disrupted, increasing tibiofemoral contact pressures, 
but not as much as in the case of meniscectomy.79

Although classically radial tears were considered irrepara-
ble and better treated with a meniscectomy, in recent years 
several techniques for repair have been proposed. It has 
been reported that all-inside vertical repair is superior to an 
inside-out horizontal technique for radial tear repair,80 but 
there is not enough evidence to support one technique over 
the other in terms of failure, stiffness or reduction of dis-
placement, so it falls to a surgeon’s preference to select the 
appropriate technique.81–84 However, there is evidence to 
support repair of radial tears over meniscectomy (Fig. 6).82

Meniscal root tears

Interest in meniscal root tears and ramp lesions has 
increased in recent years. Injuries involving meniscal roots 
strongly affect joint kinematics and have been described 
as being similar to a total meniscectomy.24 Root avulsion 
or deep radial tears near the root facilitate meniscal extru-
sion and loosening of the hoop stress mechanism, with 
increasing contact forces between articular surfaces and 
finally acceleration of articular degeneration.85

Meniscal root tears can occur in the acute or chronic 
setting. Acute tears are usually due to a trauma with the 
knee hyperflexed or in the context of a multi-ligamentary 
injury. This is because posterior roots are under greater 
load, especially at 90º of flexion.86 The posterior medial 
meniscus root is the most frequently injured, since it is the 
most overloaded root.87

Regarding treatment, partial meniscectomy has been 
classically performed for the treatment of symptomatic root 
tears. It is still advocated by some authors for the treatment 
of symptomatic patients with Type 3 or 4 chondral injuries 
that are refractory to the non-operative treatment.88 How-
ever, this indication has been revised by recent studies 
which suggest no benefit of meniscectomy for sympto-
matic degenerative posterior root tears.89 Increasing efforts 
have been made in recent years for the development of 
repair techniques. Anchor fixation and transosseous pull 
out fixation are the most commonly used,88,90 and both are 
useful in restoring meniscus stability and function.91

Ramp lesions

Meniscal ramp lesions consist of a rupture of the peripheral 
attachment of the posterior horn of the meniscus (especially 
detachment of the meniscotibial ligament).92 They have 
been described as present in almost 16% of cases of ACL 
injury, and more frequently affect the medial meniscus.93

Limited evidence exists regarding the biomechanic con-
sequences of meniscal ramp lesion. In an experimental 
study conducted by Stephen et al, the authors reported 
increased lateral rotation and anterior translation in an 
ACL-deficient knee with concomitant ramp lesion, and 
they found that only the restoration of both injuries 
restored the normal knee kinematics.5

Fig. 4  Vertical longitudinal tear repair. A: inside-out technique, 
with knots tied over the capsule. B: all-inside technique, with 
anchors over the capsule.

Fig. 5  Bucket-handle tear repair by all-inside technique. A: bucket-handle tear. B: reduction of tear and provisional knot. C: complete 
reduction and tied knot.
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The main problem with ramp lesions is that clinical and 
radiological diagnosis is difficult. Although several MRI 
signs have been proposed, all authors conclude that 
arthroscopic evaluation is still necessary in the diagnosis 
of a meniscal ramp lesion.92–94 To date, no clear consensus 
exists about whether or not to treat meniscal ramp lesions, 
with good results found for both options. Well-designed 
studies are still necessary to assess which ramp lesions will 
benefit from repair.92–94

How to enhance meniscal healing
Meniscal repair is conditioned by several factors such as 
almost complete absence of cells, vessels and nerves. Bio-
logical therapies try to enhance meniscal repair success by 
promoting chemotaxis or increasing cellular or matrix pro-
duction.95 Biological augmentation techniques in meniscal 
surgery appear to have significant potential, but there is a 
paucity of clinical evidence for most of them.96

Mechanical stimulation

Synovial abrasion has been proposed as one method to 
improve healing response, because many growth factors 
are released and neovascularization is observed.97 Trephi-
nation allows communication between the vascular 
peripheral third and the avascular zone. Its theoretical 
advantage is to reconduct the vascular flow through the 
white zone. These strategies have demonstrated utility in 
experimental and clinical studies.97–99

Supplemental bone marrow stimulation

These techniques are designed to recreate the environ-
ment of an ACL reconstruction to enhance healing of iso-
lated meniscal tears. While in ACL reconstruction drilling 
tunnels releases growth factors, blood and platelets from 

the bone, perforations or microfractures at the intercon-
dylar notch are used to try to emulate the same effect. It is 
well known that concomitant ACL reconstruction 
enhances the rate of healing of a meniscal repair.35,40 
Microfractures at the intercondylar notch have also been 
demonstrated as a reliable technique, comparable to ACL 
reconstruction in the healing rate of meniscal repair, in 
experimental and clinical studies.100,101

Fibrin clot

Fibrin clot is composed of fibrin and platelets. Its theoreti-
cal utility in a meniscal repair is to serve as a scaffold to 
stimulate the reparative process.102 Its use has demon-
strated increased healing in peripheral tears both in ani-
mal models and human patients.97,103,104 However, in 
central tears its rate of success diminishes, probably influ-
enced by the fact that healing in the inner third is different 
from the peripheral zone.97

Platelet rich plasma

Platelet rich plasma (PRP) is obtained from whole blood by 
centrifugation. Following this, platelets can be activated 
by several agents, such as calcium chloride, allowing them 
to aggregate, forming thrombin and fibrin and causing 

Fig. 6  Radial tear repair with and all-inside technique.

Fig. 7  Outside-in repair. 7A: Two spinal needles are introduced 
through both fragments with a non-absorbable suture. This 
suture is recovered through one portal with a suture retriever. 
Definitive suture is knotted to these sutures and passed through 
the meniscus fragments. 7B: Definitive sutures (stripped) are 
tied and knotted over the external wall of the capsule.
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the release of several growth factors.95,105,106 Few clinical 
studies have been published regarding the role of PRP in 
meniscal healing. No differences or a slightly increased 
healing rate have been observed, but cohorts studied 
were small.107,108

Stem cell therapy

Stem cell therapy is used to enhance the ability of healing 
and regeneration of the meniscus. It has been demon-
strated to be safe, while increasing healing and meniscal 
volume shown on an MRI and improving pain when stem 
cells are administered after meniscectomy.109,110 How-
ever, more studies are needed to provide enough evi-
dence to support the routine use of stem cells in meniscal 
pathology.

Scaffolds and membranes

Use of biological membranes to protect and increase heal-
ing rates in meniscal repair has become more interesting 
recently. Partial scaffolds can be an alternative for patients 
with symptoms without cartilage degeneration after a 
partial meniscectomy.111 Fascia lata and artificial scaffolds 
have demonstrated increased healing of meniscal 
repairs.112,113 However, larger studies are needed to sup-
port the use of membranes.

Complications of meniscal repair

One of the main reasons given by those surgeons who 
perform meniscectomy is the lower incidence of compli-
cations at short-term follow-up.11 However, it has been 
well defined that meniscectomy increases knee instability 
and accelerates cartilage degeneration with a relative risk 
of 14 for radiological changes after meniscectomy in com-
parison with the general population.11

Although meniscal repair has demonstrated better out-
comes at mid to long-term follow-up regarding cartilage 
status and radiological changes,55 it is not a complication-
free procedure.

Conclusion
Vertical longitudinal tears are the best scenario in terms of 
success when facing an arthroscopic meniscal repair. 
Although ‘inside-out’ techniques have been widely used 
for large repairs on the mid-body and posterior parts of 
the meniscus, no differences have been observed in 
recent studies regarding failure rate, functional outcomes 
and complications, when compared with modern ‘all-
inside’ techniques. Meniscal repair has a very high reop-
eration rate (up to 20.7% in the long term). Tears in the 
peripheral third are more likely to heal than those in the 
central thirds.
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