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Abstract
Treatment options for meniscal tears fall into three
broad categories; non-operative, meniscectomy or
meniscal repair. Selecting the most appropriate treatment for a given patient involves both patient factors
(e.g. , age, co-morbidities and compliance) and tear
characteristics (e.g. , location of tear/age/reducibility of
tear). There is evidence suggesting that degenerative
tears in older patients without mechanical symptoms
can be effectively treated non-operatively with a structured physical therapy programme as a first line. Even
if these patients later require meniscectomy they will
still achieve similar functional outcomes than if they
had initially been treated surgically. Partial meniscectomy is suitable for symptomatic tears not amenable
to repair, and can still preserve meniscal function especially when the peripheral meniscal rim is intact. Meniscal repair shows 80% success at 2 years and is more
suitable in younger patients with reducible tears that
are peripheral (e.g. , nearer the capsular attachment)
and horizontal or longitudinal in nature. However, careful patient selection and repair technique is required
with good compliance to post-operative rehabilitation,
which often consists of bracing and non-weight bearing for 4-6 wk.

WJO|www.wjgnet.com

INTRODUCTION
Meniscal tears are the most common pathology of the
knee with a mean annual incidence of 66 per 100000[1].
Historically it was believed that the menisci served no
functional purpose and they were often excised with
open total meniscectomy[2]. McMurray[3] described that
insufficient removal of the meniscus was the cause of
failure of meniscectomy. In 1948 Fairbank[4] reported
the clinical outcomes of 107 patients after total meniscectomiesand found that the majority had progressive
flattening of the condyle, narrowing of the joint space
and ridge formation. This study significantly changed
our approach to dealing with meniscal tears. More recent studies have shown that function of the knee was
directly related to the amount of meniscal tissue that
remained[5]. Increased knowledge of the long term consequences and altered biomechanics in the knee post
meniscectomy has placed greater emphasis on meniscal
preserving techniques. This review explores the evidence
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Figure 1 Meniscal tear patterns.

for managing meniscal tears and when to consider each
treatment option based on current available evidence.

CLASSIFICATION OF MENISCAL TEARS
Meniscal tears are often classified according to their orientation. They can be vertical longitudinal, vertical radial,
horizontal, oblique or complex[10] (Figure 1). Longitudinal
tears are more common medially, whereas radial tears are
more frequently seen laterally[11].
Vertical longitudinal tears occur between the circumferential collagen fibres. The biomechanics of the knee
is therefore not always disrupted and these tears may be
asymptomatic. Complete vertical tears can sometime twist
within the joint known as “bucket handle” tears. These
are unstable tears which cause mechanical symptoms or
true locking of the knee. Vertical radial tears disrupt the
circumferential collagen fibres and affect the ability of the
meniscus to absorb tibiofemoral load[12]. These tears are
usually not amenable to repair. Partial meniscectomy does
not restore complete function and accelerated degenerative
changes are likely to occur[13]. Horizontal tears split the meniscus into an upper and lower part and can exist without
clinical symptoms[14]. They are usually mechanically stable
but may give rise to flap tears. Their frequency increases
with age and often accompanied by meniscal cysts[15].
Oblique tears give rise to flaps which are mechanical unstable and associated with mechanical symptoms. This pattern
of tear requires resection to prevent propagation of the
tear as the flap gets caught within the joint during flexion.
Complex or degenerative tears are where two or more tear
patterns exist. They are more common in the elderly and
have associated osteoarthritic changes in the knee.

ANATOMICAL STRUCTURE
The menisci are wedge shaped fibrocartilagenous structures located between the femoral condyles and tibial plateau. The medial meniscus is “U” shaped covering around
60% of the medial compartment whereas the lateral
meniscus is more “C” with a shorter distance between its
anterior and posterior horns covering 80% of the lateral
compartment[6]. Meniscal tissue consists mainly of water
and type Ⅰ collagen fibres[7]. These fibres run circumferentially from the anterior horn insertional ligament to the
posterior horn insertional ligament with predominance
in the outer third. The fibres help to absorb the energy
by converting axial loading forces across the joint into
hoop stresses within the tissue. There are also radial fibres
which prevent longitudinal splitting of the circumferential
fibres[8]. The structure of these fibres are important clinically when deciding which meniscal tears are stable or
which are unstable and warrant resection or repair.
The blood supply to the menisci is of high relevance
having important implications for the potential healing
of a meniscal repair. Supply is from the periphery via the
medial and lateral geniculate arteries. A cadaveric study
has demonstrated that only the peripheral 10%-25% of
the meniscus benefits from a blood supply in the mature
skeleton[9]. Two distinct zones have been termed, the redred vascular zone in the periphery and the white-white
avascular zone centrally. They are separated by a red-white
region with attributes from each zone. Tears located in the
white zone are unlikely to generate a healing response.
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NON-OPERATIVE MANAGEMENT
Non-operative treatments for meniscal injuries have been
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well documented, particularly for degenerative tears.
Exercise has been shown to improve knee function and
reduce joint pain[16,17]. Mangione et al[18] found that quadriceps strengthening with static cycling for twenty five
minutes three times a week for ten weeks improved knee
function by 35% in patients with osteoarthritis. Herrlin
et al[19] extended this theory to patients with degenerative medial meniscal tears in a prospective randomised
study. Ninety middle aged patients with non-traumatic
MRI confirmed medial meniscal tears were split into two
treatment groups[1], arthroscopic partial meniscectomy
followed by supervised exercise or[2] supervised exercise
alone. The aims of the exercise were to improve muscle
strength, flexibility and proprioception for a period of
eight weeks. Multiple outcome scores were performed
at eight weeks and 6 mo. Significant improvements in all
outcomes were found at follow-up. There were no significant differences in improvement between the groups
suggesting that a combination of arthroscopic partial
meniscectomy and supervised exercise does not necessarily lead to greater improvements than exercise alone
in this patient group. Authors recommend a trial of supervised exercise alone as first line treatment. A followup study showed that the similarities between the groups
were maintained at five years[20]. However, one third of
the patients from the exercise group still had disabling
knee symptoms after exercise therapy but improved to
the same level as the rest of the patients after arthroscopic surgery with partial meniscectomy. These results were
echoed by a multicentre randomised controlled study of
351 patients over 45 years of age with a meniscal tear and
evidence of osteoarthritis[21]. No significant differences
were found in the magnitude of improvement in functional status and pain between the partial meniscectomy
and physical therapy aloneat twelve months follow up.
It should be noted though, that there was also crossover
from the physical therapy group to the surgery group
in 35% of patients. The factors for this crossover were
not defined and may have skewed the results. Functional
outcomes of the crossover patients after 12 mo however,
were similar to those patients who had surgery initially,
suggesting that non-operative treatment is a reasonable
first line strategy.
Yim et al[22] compared non-operative strengthening
exercises with meniscectomy for degenerative horizontal
tears of the posterior horn of the medial meniscus. Satisfactory clinical results were found in each group at 2 years
follow up with no significant difference in terms of pain,
function and patient satisfaction. All clinical data was obtained using questionnaires which can be very subjective.
Another study[23] following the effect of supervised exercise therapy on 37 patients with degenerative tears of the
medial meniscus found improvement in functional knee
scores up to 6 mo, after which there was decline and progression of osteoarthritis. The decline was also related to
the patients’ BMI.
Previous studies have suggested that early degenerative changes are more likely to occur after meniscectomy
then non-operative management [24,25]. However the
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current evidence suggests that although non-operative
management can be beneficial initially around a third of
patients will go on to have a meniscectomy to achieve
satisfactory pain relief and functional outcomes. Provided patients with degenerative tears have a robust and
supervised exercise programme they can initially be managed conservatively. If symptoms persist they could then
go on to have a meniscectomy. There were no studies reporting on non-operative management of acute meniscal
tears in young patients.

MENISCECTOMY
It is now well known that the menisci serve an important
role in the knee. Their main functions include load bearing, shock absorption and stabilisation. In addition they
may have roles in joint lubrication, nutrition of the articular cartilage and proprioception[26].
Baratz et al[27] conducted a biomechanical cadaveric
study and found that following total medial meniscectomy there is a decrease in intra-articular contact area
of approximately 75% and the peak contact pressure increased by approximately 235%. Comparable results were
found in a study by Ahmed and Burke[28]. Pressure on the
meniscus increased by 85% during flexion and contact
pressure by 100%-200% following total meniscectomy.
Roos et al[29] report on a long term clinical study with follow-up of 21 years of patients after total meniscectomy
compared to matched controls. They confirm that the increased pressure seen in the biomechanical studies leads
to radiographic evidence of osteoarthritis with a relative
risk of 14. It has also been shown that the risk of developing osteoarthritis after lateral meniscectomy is greater
than the equivalent for the medial side[30,31]. This is due to
the convexity of lateral tibial plateau mirroring the convexity of the distal femoral condyle. In the absence of a
meniscus there is greater tendency to point loading. The
medial tibial plateau is concave providing some degree
of congruity even without a meniscus[32]. Furthermore as
previously mentioned the lateral meniscus covers a greater percentage of the compartment and carries 70% of
the compartment load compared to 50% medially adding
to the risk of developing osteoarthritis[33]. Given the drastic changes in the biomechanics of the knee after total
meniscectomy much interest has focused on the benefits
of preserving as much meniscus as possible. Partial meniscectomy aims to remove only the torn piece of meniscus while retaining as much normal meniscus especially
in the peripheral rim which is mostly responsible for the
biomechanical function of the knee[34].
Northmore-Ball et al[35] compared arthroscopic partial
meniscectomy with open partial and total meniscectomy
in 219 knees. They reported that 90% of patients had either good or excellent satisfaction following arthroscopic
partial meniscectomy compared to only 68% who had
open total meniscectomy after 4.3 years follow-up. Burks
et al[36] also found good or excellent results in 88% of
patients after partial meniscectomy and Jaureguito et al[37]
report 90% of patients report good or excellent results
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with 85% resuming pre-injury level of activities at 2 years
after surgery.
Short term results following partial meniscectomy
are encouraging with around 90% showing satisfactory
clinical results. Several long term studies show that partial
meniscectomy may delay degeneration but not prevent
it. In a study[38] looking at 136 patients following partial
meniscectomy for isolated meniscal tears, at 8.5 years
follow-up there was a re-operation rate of 22.8% and
53% of patients had osteoarthritic radiographic changes
compared to only 22% in the unaffected control knee. A
longitudinal study[39] of 147 athletes following meniscectomy for an isolated meniscal injuries were followed up
at 4.5 years and then again at 14 years. At the first followup around half were asymptomatic but this reduced to
around one third at final follow-up. Also the incidence
of radiographic changes rose from 40% to 89% between
follow-ups and 46% had given up or reduced their sporting activity. Radiographic degeneration was more frequently seen after lateral meniscectomy than medial.
Determining which patients will do well following
partial meniscectomy is a challenging task and multiple
factors need to be considered. Matsusue et al[40] conducted
a retrospective analysis of 65 patients over forty years of
age who had undergone partial medial meniscectomy. Patients were divided into two groups based on degree of
articular degeneration. In the group with no pre-existing
articular damage 87% had an excellent outcome, and only
one patient had a poor result. In contrast, patients from
the other group had significantly worse results, with only
one knee having an excellent outcome, and four knees
having poor results. Authors concluded that arthroscopic
partial medial meniscectomy in patients older than 40
years is an acceptable and effective long-term treatment, particularly in patients without significant articular
cartilage damage. Arthroscopic resection of flap tears
from the posterior horn of the medial meniscus was also
shown to have less favourable outcomes in the presence
of chondromalacia in a review of 93 patients[41].
A randomised double blinded placebo controlled
study published in The New England Journal of Medicine[42] looked at 180 patients who were randomly assigned to receive arthroscopic debridement, arthroscopic
lavage or placebo surgery. Patients in the placebo group
received skin incisions and simulated debridement. Patients were followed up multiple times over a 2 year
period. Authors concluded that in patients with osteoarthritis the outcomes after arthroscopic lavage or debridement were no better than after a placebo procedure. Also
function did not improve in any group.Although this is
a very well designed study providing the highest level of
evidence practice should not be changed on the basis of
just one study as the authors suggest and certain limitations should also be taken into account. Firstly there is
an element of selection bias. All patients were recruited
from the Houston Veterans Affairs Medical Centre of
which 97% were male. Even though response to surgery
is not known to differ between sexes, osteoarthritis af-

WJO|www.wjgnet.com

fects millions of people worldwide and results from just
one single institution cannot be a true representation.
Secondly there is no clear indication of the severity of
the osteoarthritis in each case. Bernstein and Quach[43] in
a critique of this paper believe the inclusion criteria were
too broad and arthroscopy based these indications should
be invalidated.Finally the authors’ state that the billions
of dollars spent on arthroscopies annually might be put
to better use. If these patients were subjected to total
knee replacements instead this carries a five times greater
cost than arthroscopy. Also as the knee replacements will
be done earlier they are more likely to need revision further adding to the costs.
Katz et al[44] reviewed 105 patients following partial
medial meniscectomy with aim to establish multiple
predictors of functional outcome. They identified that
although partial meniscectomy generally had favourable
outcomes, extent of cartilage damage as well as workers’
compensation case pending and low preoperative physical function were predictors of poor outcome. Predictors
of good outcomes in arthroscopic partial meniscectomy
include age younger than 40 years, symptoms present less
than 1 year, absent patellar symptoms, no preoperative
radiographic evidence of degeneration and absence of
ligamentous injury[45].
Despite selecting patients with characteristics for
more favourable outcomes, long term studies have suggested that they will eventually go on to have accelerated
degenerative changes. Table 1 summarises the factors
influencing the risk of developing arthritis based on the
evidence previously discussed.

MENISCAL REPAIR
Owing to the long term complications associated with
meniscectomy, as well as the recognition of the functional importance of the meniscus, there has been increasing
interest in avoidance of meniscectomy where possible
and meniscal repair has gained popularity.
In the early 1980s animal studies were performed
to evaluate the response of the meniscus to injury, and
showed that meniscal tissue was capable generating a
healing response particularly at its periphery. Cabaud et
al[46] performed transverse medial meniscal lacerations
and repair with a single Dexon suture on 20 canine and
12 rhesus knee joints. At just four months, 94% showed
sufficient healing to protect the underlying articular cartilage. Only 6% failed to heal. Histology revealed that
the scar tissue was composed of unorganised collagen
without common ground substance components. Arnoczky and Warren[47] reported on the vascular response to
complete midportion transaction of the medial meniscus
in 15 dogs. They found that at ten weeks all of the lacerations healed with fibrovascular scar tissue. The response
originated from the peripheral synovial tissues. Interestingly longitudinal incisions in the avascular portion of the
meniscus all failed to heal.
The blood supply is fundamental to the success of
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Table 1 Factors influencing the risk of developing arthritis following meniscectomy
Compartment involved
Volume of resection
Orientation of tear
Associated conditions
Knee alignment
Body habitus
Patient age
Activity level

Greater risk with lateral meniscectomy
Greater risk with larger resection volume
Greater risk with radial tear – destroys hoops tress function
Greater risk with pre-existing chondral damage
Greater risk with ACL insufficiency
Varus malalignment → greater medial compartment load
Valgus malalignment → great lateral compartment load
Greater risk for larger BMI
Greater risk over 40-year-old
Greater risk with lower preoperative activity level

BMI: Body mass index.

a meniscal repair. Only tears in the red-red or possibly
the red-white zone are expected to heal. The absence of
blood vessels in the remaining meniscus prevents widespread use of meniscal repair and patients are subjected
to meniscectomy. Attempts have been made to encourage
bleeding in otherwise avascular zones. Exogenous fibrin
clots have been used to stimulate a reparative response in
an avascular zone[48]. Five cases of posterolateral meniscal
tears just anterior to the popliteus fossa that are devoid
of penetrating blood vessels were repaired and enhanced
with a fibrin clot. All patients returned to initial level of
sports and second look arthroscopy showed healing of
the periphery occurred in all cases. Trephination of vascular channels on the free meniscal edges has also been
shown to improve healing rates. In a study[49] comparing
meniscal repair plus trephination with meniscal repair
alone, there was a significantly lower re-tear rate in the
group who had additional trephination. Further evidence
that bleeding can aid meniscal repair is from a study by
Cannon and Vittori[50]. Patients with meniscal repairs in
conjunction with anterior cruciate ligament reconstruction were compared with patient undergoing meniscal
repair alone. They report a 93% healing rate in the anterior cruciate ligament reconstruction group compared to
50% in meniscal repair alone. Anterior cruciate ligament
reconstruction involves tibial and femoral drilling, this
delivers local growth and clotting factors which may account for the higher repair success rate. It was also noted
that acute repairs within 8 wk of injury did better than
the more chronic repairs.
Johnson et al[51] reviewed a consecutive series of 48
patients who had arthroscopically assisted repair of medial meniscal tears. Exclusion criteria was any other knee
pathology or a tear less than 10mm. Clinical success was
based on history of pain, physical examination and bilateral standing radiographs. The average follow-up period
was just over 10 years. Authors found a clinical success
rate of 76%. Furthermore radiographic examination
revealed only 8% of operated knees had minimal joint
changes compared to 3% in the contralateral knee. As
patients were contacted on average 10 years following the
procedure almost 30% were lost to follow-up. Another
study[52] with long term follow-up over 10 years also report encouraging results. Thirty-three consecutive open
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meniscal repairs were evaluated. No patients were lost
to follow-up. None of the 12 menisci in the stable knees
sustained re-tears, compared with 7 of 21 (33%) menisci
in nearly stable or unstable knees. Authors concluded a
long term survival for 79% with radiographic evidence
for the biomechanical function of successful meniscal repairs. A review[53] of sixty two meniscal repairs has shown
that early repair within 3 mo of injury had better results
than late repair (91% vs 58% success rate) and traumatic
tears fared better than chronic tears (73% vs 42%). Authors concluded that isolated atraumatic medial meniscal
tears appeared to do particularly poorly and may be better treated by meniscectomy.
Seo et al[54] performed second look arthroscopies in
11 patients who underwent arthroscopic repair of the
posterior root attachment at 13.4 mo postoperatively and
in none of them had the repair healed. A study[55] evaluating healing after meniscal repair using artho-CT scan
also found that posterior segment healing rate was lower
compared to middle portion tears. Despite this most patients still showed clinical improvement suggesting that
the favourable results seen after meniscal repair do not
necessarily correlate with the appearance of a normal
looking meniscus.
Studies comparing meniscal repair with meniscectomy
are limited. Defining whether or not a meniscal tear has
healed post-operatively is difficult. MRI scans are only
80%-90% accurate at diagnosing meniscal tears initially
and even less accurate post-operatively. High signal in the
meniscal tissue can represent oedema, degeneration, an
actual tear or a healing tear post repair[56]. Second-look
arthroscopy to directly visualise the repair, requires an
invasive surgical procedure and would be hard to justify.
Furthermore randomising patients to receive either repair
or resection would not be ethical as different tear patterns require different interventions. Stein et al[57]report
on the long term outcome after arthroscopic meniscal
repair versus arthroscopic partial repair meniscectomy
for traumatic meniscal tears. Eight-one patients were assigned to either repair or resection. Meniscal repair was
performed in full thickness and vertical longitudinal tears
greater than 1cm or bucket handle tears in the red-red to
red-white zone. Partial meniscectomy was for ruptures
in the white-white zone, or for all tears considered non-
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Figure 2 Meniscal tear management tree.

repairable due to type and size. Full rehabilitation was
performed for all repairs. This included six weeks of
protected weight bearing in motion limiting braces. At
long term follow-up (8.8 years) no osteoarthritic progression was detectable in 80.8% after repair compared with
40.0% after meniscectomy. Pre-injury level of activity was
achieved in 96.2% after repair compared with 50% after
meniscectomy. Function score revealed no significant
difference. An important point to note from this study
is that all patients benefited from surgery. One cannot
deduce that repair is better than resection as treatment
was not randomised but specifically chosen depending
on the type of tear. Also potential benefits of meniscal
repair must be weighed up against significant differences
in post-operative rehabilitation. Patients having simple
meniscectomy can usually return to full work after a
couple of weeks. However for a successful result following meniscal repair, patients are required to wear a hinged
brace for up to 6 wk followed by extensive physiotherapy.
Such restriction should be taken into account and evaluated on a patient by patient basis.

reduced in the repair group compared to an uninjured
control group; there was no difference in incidence of
radiological changes between groups. Other more commonly used techniques include inside-out, outside-in and
all inside repairs.
Both inside-out and outside-in repair techniques
involve passing a suture from either the inside or the
outside of the knee via arthroscopy and tied beyond the
joint capsule using a small incision. These techniques
are particularly useful for anterior and middle third tears
which are not easily accessed by an all-inside technique.
However care of neurovascular structures in particular
the saphenous nerve medially and the common peroneal
nerve laterally must be taken when making the accessory
incisions[59].
Advances in meniscal repair devices have allowed
for all-inside arthroscopic meniscal repair techniques to
evolve with the advantage of avoiding the need for accessory incisions. Initially rigid biodegradable devices were
used. Gill et al[60] report on 32 meniscal repairs using the
rigid biodegradable Meniscus Arrow (Bionx Implants,
Blue Bell, PA). At 2.3 years follow-up they show a 90.6%
success rate with only 3 patients requiring further surgery.
However in a follow-up study[61] at 6.6 years, this success
had declined to just 71.4%. A biomechanical study[62] of
rigid biodegradable devices found that at 24 wk hydrolysis was responsible for a significant decrease in failure
strength.
Suture based devices consisting of an anchor component and a sliding knot were the next generation to
be developed in an attempt to avoid the complications
associated with rigid devices and to allow and more flexible fixation of the meniscal fragments. Success rates

MENISCAL REPAIR TECHNIQUES
With the growing trend towards meniscal repair, naturally
there have also been advances in repair techniques particularly since the introduction of arthroscopic surgery.
Open meniscal repair through an incision posterior to
the collateral ligaments is now rarely performed due to
associated neurovascular injury. Rockbom and Gillquist[58]
report on a 13 year follow-up of 31 patients who underwent open meniscal repair. They found an overall failure
rate of 29%. Interestingly,although knee function was
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of 83%-88%[63,64] have been reported so far. Barber and
Herbert[65] investigated load-to-failure strength of meniscal repair devices and found that suture based devices
had superior pullout strength than rigid devices, with a
double vertical suture being the strongest. Drawbacks
associated with suture based devices include, increased
costs, retained polymer fragments, chondral injury and a
significant learning curve with a high rate of anchor pullout during insertion[66].
Several studies have been published in order to establish the optimum repair technique. Grant et al[67] performed a systematic review comparing 19 studies looking
at different repair techniques for isolated meniscal tears.
They found no differences in clinical failure rate or subjective outcome between inside-out and all-inside meniscus repair techniques. Complications were associated with
both techniques. More nerve symptoms are associated
with the inside-out repair and more implant-related complications are associated with the all-inside techniques.
Nepple et al[68] found similar results in a systematic review
of 13 studies with a minimum of five year follow-up. A
pooled rate of failure from 20.2% to 24.3% was found
for all repair techniques. It was noted that modern allinside repair devices were not included in the review and
long term results are still awaited before firm conclusion
on the best repair technique and device can be made.
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CONCLUSION
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Meniscal tears are a common orthopaedic pathology.
Selecting the correct treatment can be challenging and
involves multiple factors. Knowledge and understanding
of the anatomical structure and vascularity of the meniscus as well as the pattern of tear is important. Evidence
shows that non-operative treatment can be successful
especially in the short term and in the presence of osteoarthritis. Partial meniscectomy can preserve some of
the function of the meniscus and is beneficial for tears
within the avascular white-white zone. Meniscal repair
has grown in popularity and boasts excellent long-term
results. This should be considered for all repairable tears
provided the patient can comply with the post-operative
rehabilitation. Figure 2 summarises the evidence discussed in this review as well as contributions from the
senior author in a decision tree for dealing with meniscal
tears.
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