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Our understanding of the meniscus and its function has
grown from thinking that it is an embryologic or useless
remnant of leg muscle to knowing that it is an important
structure critical to the function and health of the knee."

Injury to the meniscus commonly occurs as a result of

athletic activities and activities of daily living. Injury to
the meniscus may occur in isolation or in combination
with other knee injuries, particularly ligament injuries.
Arthroscopic meniscal surgery is one of the most com-
monly performed surgeries in the United States.

I Anatomy and Biomechanics

The meniscus is a semicircular fibrocartilaginous struc-
ture with bony attachments at its anterior and posterior
aspects to the tibial plateau (Fig. 49-1). The medial
meniscus is C-shaped. In addition to its bony attach-
ments, the medial meniscus has a capsular attachment,
known as the coronary ligament. A thickening of the cap-
sular attachment at its midportion from the tibia to the
femur is known as the deep medial collateral ligament.
The lateral meniscus is more semicircular and covers a
larger portion of the tibial plateau compared with its
medial counterpart. The meniscus is thick at its periph-
ery and thin centrally. Discoid variants of the lateral

meniscus occur in up to 5% of cases and cover much of

the lateral tibial plateau (Fig. 49-2)." The popliteal

tendon runs posterolateral to the posterior insertion of

the lateral meniscus, in an area called the popliteal
hiatus. In addition to its bony attachments, the lateral

meniscus is attached lo the capsule except at the area of

the popliteal hiatus.” Its capsular attachments are less
well duclope(l compared with the medial side, allowing
for more motion of the meniscus with knee flexion-
extension (Fig. 49-3). 314

The menisci are composed of coarse collagen bundles
that run mainly circumferentially, with binding fibers

that run radially (Fig. 49-4).” This allows the meniscus
to disperse compressive loads (hoop stresses). Sixty
percent to 70% of the meniscus is composed of collagen,
primarily type I collagen. At birth, the entire meniscus is
vascular; however, by 10 years of age, only the peripheral
10% to 25% of the lateral meniscus and 10% to 30% of
the medial meniscus has a blood supply, which is how it
remains through adulthood (Fig. 49-5)." The blood
supply comes from the geniculates through a perimenis-
cal capillary plexus.' Owing to its lack of capsular attach-
ment, the lateral meniscus at the popliteal hiatus is
relatively avascular. Nutrition of the inner 66% of the
meniscus is through diffusion or mechanical pumping;
the ()ulcr meniscus receives nutrition lhmugh its blood
supply.” Neural elements are present in the outer por-
ton of the meniscus, at the capsular junction and the
insertional horns.

The menisci are important in many aspects of
knee function, including load sharing, shock absorp-
tion, reduction of joint contact stresses, increase in joint
congruity and contact area, articular cartilage
nutrition, passive or secondary stabilization, limitation
of extreme flexion and extension, and possibly
proprioception 18232553

| Historical Aspects

The meniscus was once thought to be a functionless
remnant of intra-articular knee muscle and was routinely
removed. Although Fairbank" published a paper in 1948
suggesting that the meniscus was important based on
postmeniscectomy radiographs, it was not until the mid-
1970s that retention of the meniscus began to be dis-
cussed. The annual incidence of meniscal tears is 60 to
70 per 100,000 general population.'*** Meniscal tears are
more common in males (2.5 to 4:1), with a peak inci-
dence between 21 and 30 years of age in males and 11
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Figure 49-1  View of the tibial plateau from above. Note the degree of
coverage of the medial and lateral tibial plateau due to the different
shapes of the medial and lateral menisci. (From Tria AJ Jr, Klein KS: An
Illustrated Guide to the Knee. New York, Churchill Livingstone, 1992.)

Figure 49-2 Schematic representation of a discoid lateral
meniscus, covering most of the lateral tibial plateau.

(From Fu F, Harner C: Knee Surgery. Philadelphia, Lippincott, Williams
& Wilkins, 1994.)
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Figure 49-3  Kinematics of the different menisci with knee flexion, extension, and rotation. Note that even though the
lateral meniscus and lateral tibial plateau have a smaller anteroposterior width, the lateral meniscus moves more than the
medial meniscus through each range of motion. (From Tria AJ Jr, Klein KS: An lllustrated Guide to the Knee. New York,

Churchill Livingstone, 1992.)
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Figure 49-5 Blood supply within the meniscus. (From Tria AJ Jr,
Klein KS: An lllustrated Guide to the Knee. New York, Churchill
Livingstone, 1992.)

and 20 years in females.” Degenerative meniscal tears
commonly occur after the third decade in men.

B Mechanism of Injury

In older patients, tears may occur with activities of daily
living, including squatting and deep knee flexion.
Younger patients usually sustain a twisting, cutting, or
hyperflexion injury, or they suffer a meniscal injury in
conjunction with an anterior cruciate ligament (ACL)
tear or tibial plateau fracture.

B clinical Evaluation

The diagnosis of meniscal tear can be made from a
careful history, physical examination, and appropriate
diagnostic tests.

History

The onset of symptoms and mechanism of injury are
often clues to the diagnosis. With an injury mechanism
as described earlier, there may be an acute onset of pain
and swelling. Complaints of locking or catching may be
present, but these may be due to other pathology. Loss
of motion with mechanical block to extension may be
due to a displaced bucket handle tear. Degenerative tears
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Figure 49-4 Drawing of the meniscus showing
most of the collagen fibers aligned longitudinally,
with some fibers radially oriented to hold the
longitudinal fibers together. These longitudinally
oriented fibers allow for dissipation of compressive
forces via hoop stresses. (From Tria AJ Jr, Klein KS:
An lllustrated Guide to the Knee. New York,
Churchill Livingstone, 1992.)

Radial fibers

tend to occur in patients older than 40 years, frequently
with an atraumatic, chronic history of mild joint swelling,
joint line pain, and mechanical symptoms.

Physical Examination

Inspection should be performed to assess for effusion
(present in 51% to 74% of cases; positive predictive
value, 50%), quadriceps muscle atrophy, and any joint
line swelling that may occur with a meniscal cyst. Range
of motion must be assessed to determine whether there
is a mechanical block to extension. A complete liga-
mentous examination and patellofemoral evaluation
are important to rule out concomitant pathology or
other sources of knee pain. Numerous tests have been
described to evaluate the meniscus for tears, including
joint line tenderness (sensitivity, 61% to 86%; specificity,
29%)*; pain on forced flexion (sensitivity, 50%; speci-
ficity, 68%); McMurray test (sensitivity, 16% to 59%;:
specificity, 93 to 98%; positive predictive value, 83%),
which is enhanced when seen with loss of extension (sen-
sitivity, 85%; specificity, 95%): Apley grind test; and
others (Fig. 49-6).7""*

It has been shown that no single predictive test can
make the diagnosis of meniscal tear. It has also
been shown that concurrent ACL injury negatively
impacts the accuracy of physical findings for meniscal
pathology.™ Most investigators have found that a
composite of physical examination findings is more
accurate at predicting meniscal pathology than any
single test is.”"

Imaging

Although plain radiographs do not show meniscal tears,
they are important in any knee evaluation to assess for
bony pathology and to look for joint space narrowing. A
radiographic series consists of a flexion weight-bearing
posteroanterior (Rosenberg) view (which is most sen-
sitive for evaluating joint space narrowing, as this oc-
curs in 30 to 45 degrees of flexion), a true lateral view,
and a tangential patellofemoral radiograph.” Fairbank’s
changes—flattening of the medial femoral condyle,
joint space narrowing, and osteophyte formation—are
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Figure 49-6 Various physical examination tests to evaluate the meniscus. (From Tria AJ Jr, Klein KS: An lllustrated Guide
to the Knee. New York, Churchill Livingstone, 1992.)
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indicative of degenerative changes seen with chronic
untreated meniscal tears or after meniscectomy (Fig.
49-7).

Many studies suggest that magnetic resonance imag-
ing (MRI) is very sensitive (95%)
meniscal tears (Fig. 49-8).”" However, several investiga-
tors found that lh(- overall accuracy of clinical examina-

tion (81% to 95%) was as good as or better than that of

MRI (74% to 96%) for diagnosing torn menisci.'**** In
a comparison between clinical examination and MRI, the
positive predictive value was similar (92% versus 97%),
the negative predictive value was better for clinical exam-
ination (99% versus 92%), the sensitivity was similar
(97% versus 98%), .m(l lhv specificity was virtually lh(
same (87% versus 86%).*' In a prospective study, Miller®

concluded that prv()p(mu\c MRI did not prevent
unnecessary surgery in any case. In fact, many authors
have up(nl( d lh(ll MRI has a In(rh false-positive rate
(5% to 36%) for torn menisci.”’” The finding of age-
(lvpcn(lvnl degeneration of the meniscus manifesting as
increased MRI signal in asymptomatic adults has been
well documented. Similarly, among a group of asympto-
matic athletes, 50% demonstrated “significant baseline

Figure 49-7

Radiographs of a 40-year-old woman seen 28 years
after an anterior cruciate ligament-medial meniscus injury that was
treated nonoperatively. Note the narrowing of the medial
compartment joint space, sclerosis, flattening of the medial femoral
condyle, and marginal osteophytes.

for the detection of

Figure 49-8 Maghnetic resonance imaging scan of a typical
meniscal tear. The arrow points to the medial meniscus with a
complex tear pattern.

MRI abnormalities.” Studies in children have also failed
to show an enhanced diagnostic utility of MRI over clin-
ical examination. In fact, clinical examination was sig-
nificantly more sensitive than MRI for detecting lateral
disc ()1(l menisci (88.9% versus 38.9%). Further, Rose and
Gold* found that clinical examination had an accuracy
of 79% for meniscal lesions, compared with 72% accu-
racy for MRI. All these studies emphasize the need for
clinicians to match clinical signs and symptoms with MRI
findings before embarking on surgical treatment.

Classification

Meniscal tears can be classified in many ways, although
the most common is based on the pattern of tear seen at
arthroscopy. Commonly described patterns include ver-
tical longitudinal (including bucket handle tears),
oblique (also known as flap or parrot beak tears), radial
(transverse), horizontal, and complex (a combination of
tears, including degenerative tears) (Fig. 49-9).

MRI classification of meniscal changes is as follows:
grade 0, normal with homogeneous signal intensity;
grades I and II, high signal intensity within the meniscus
that does not go to the surface; and grade III, high signal
intensity that goes to the surface of the meniscus and is
indicative of a tear (Fig. 49-10). The repairability of
menisci cannot be inferred from MRI findings.

Associated Injuries

Meniscal tears may occur in isolation, although ap-
proximately one third of them are associated with ACL
tears—lateral meniscal tears with acute ACL injuries, and
medial meniscal tears with chronic ACL deficiency.'"*’
Meniscal tears also frequently occur with tibial plateau
fractures.”™
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Figure 49-9 A, Schematic representation of types of
meniscal tears. B, Meniscal cyst. (A, From Tria AJ Jr, Klein KS:
An lllustrated Guide to the Knee. New York, Churchill
Livingstone. 1992. B, From Safran M, Stone DA,
Zachezewski J: Instructions to Sports Medicine Patients.
Philadelphia, WB Saunders, 2002.)
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Figure 49-10 Magnetic resonance imaging classification of
meniscal tears. (From Fu F, Harner C: Knee Surgery. Philadelphia,
Lippincott, Williams & Wilkins, 1994.)

Treatment Options: Indications
and Contraindications

Nonoperative

Many meniscal tears are asymptomatic, especially in
older patients. Further, some symptomatic tears may
become asymptomatic with conservative management
consisting of activity modification, anti-inflammatory
medications (including a cortisone injection), and
rehabilitation program. Thus, nonoperative manage-
ment for 3 months should be the initial treatment if the
patient has full range of motion, especially in older
pdllcnls Although chronic tears with a superimposed
acute injury usually do not heal with nonsurgical treat-
ment, they may become asymptomatic with conservative
therapy alone. The chance of spontaneous healing of an
acute injury is inversely proportional to the size of the
tear and the amount of displacement and is impaired by
concurrent ACL injury. It has been shown that more
than 90% of athletes with symptomatic meniscal tears are
unable to return to sports; thus, nonoperative manage-
ment is usually not recommended.

Operative

Indications for surgery include (1) daily symptoms of

meniscal injury that affect sports or activities of daily
living or work, such as frequent locking and repeated or
chronic effusions; (2) physical findings consistent with a
meniscal tear; (3) failure of nonoperative management;
and (4) absence of other causes of knee pain based on a
complete evaluation.”” Loss of motion due to a displaced
meniscal tear should be addressed urgently with surgery.
Every attempt should be made to preserve as much
meniscus as possible, and the meniscus should be

repaired if feasible (in conjunction with ACL recon-
struction if there is concomitant ACL deficiency). Cur-
rently, only vertical longitudinal tears involving the outer
25% to 30% of the meniscus (within 3 to 5 mm of the
meniscocapsular junction, where there is a blood
supply), with no degeneration and a stable knee, have
the potential to heal and should be repaired. Almost all
other tears should be managed with meniscectomy,
with the following exceptions: short, stable, vertical
longitudinal tears (<10 mm); stable partial-thickness
tears (<50% of meniscal thickness): and small radial tears
(<3 mm)."”

Meniscal reconstruction is a controversial topic,
including the indications. The senior author’s indica-
tions for meniscus transplantation are patients who have
undergone complete or subtotal meniscectomy with
symptoms of joint pain in the ipsilateral compartment,
recurrent effusions, or failed ACL reconstruction
thought to be due to loss of the medial meniscus.

l Rehabilitation

After Nonoperative Treatment

The goals of nonoperative management are to decrease
inflammation and effusion, attain or maintain range of
motion, and increase quadriceps strength before per-
forming sports-specific activities to allow a return to com-
petition. These goals are achieved through a phased
program, including icing and electrical stimulation,
stretching, and closed chain strengthening exercises, in
addition to straight leg raises and isometric quadriceps
strengthening.

After Operative Treatment

The goals after surgery are to decrease inflammation,
restore motion, increase strength, and facilitate a safe
return to competition. This is usually achieved through
a phased program with set goals, although it is impor-
tant to emphasize measures to prevent reinjury. Follow-
ing meniscectomy, there is usually no need for bracing
or range-of-motion restrictions. Measures include im-
mediate full weight bearing, ice to reduce effusion,
anti-inflammatory drugs as needed if lhmc are no con-
traindications, and quadriceps exercises.” The pauenl
can return to sports when full range of motion is
achieved, there is no effusion, and strength is 80% of the
uninjured side (usually 4 to 6 weeks).

A meniscal repair needs to be protected in the early
phases. For meniscal suturing, this usually means wmght
bearing with the knee locked in full extension for 4 to 6
weeks and no weight bearing with the knee flexed
greater than 90 degrees for 4 to 6 months. For menis-
cal implants, weight bearing should be additionally
restricted for the first few weeks. Return to sports usually
occurs after 6 months, as long as quadriceps strength is
within 80% of the contralateral extremity. The rehabili-
tation for meniscal reconstruction still lacks a scientific
basis and is empirical at this time; however, this



procedure is not performed in those expecting to return
Lo sports.

B Results

Arthroscopy has had a tremendous impact on the ability
to treat meniscal injuries while reducing morbidity (Fig.
49-11). Although open total meniscectomy was once the
standard of care for meniscal injuries, several long-term
follow-up studies found that these patients have poor
outcomes and are significantly more likely to develop
arthritic changes in the operated knee.” Several authors
compared open total meniscectomy with arthroscopic
partial meniscectomy and found that leaving some of the
meniscus behind led to significantly better results and
reduced the rate of degenerative arthritis.*”"

Meniscal repair has been shown to be successful in
healing the tear and retaining the meniscus. Open repair
has the longest follow-up, with excellent results and
retention of the healed meniscus.” Arthroscopic repair
has comparable results in the short and medium
terms.**"

Meniscal reconstruction can be hclpful in reducing
SYmptoms assoc iated with total meniscectomy, such as
pain and effusion. However, many factors have been
shown to adversely affect outcome, including extremity
malalignment, irradiated grafts, lyophilized grafts, and
advanced degenerative articular changes. Meniscus
transplantation has not been shown to prevent arthritis
or joint degeneration.

I Complications

Early reports of the initial experience with arthroscopic
fluid pumps found complication rates as high as 1.4%.
Improved instrumentation and techniques, however,

Figure 49-11
meniscus.

Arthroscopic picture of a longitudinally torn
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have made these complications incredibly rare. As with
other surgeries, potential complications include infec-
tion, bleeding, arteriovenous fistula, and nerve injury
(particularly the saphenous, as well as the peroneal

and popliteal neurovasculature). Other complications of

arthroscopic meniscal surgery that have been reported
and should be discussed with the patient preoperatively
include deep vein thrombosis and pulmonary embolism,
recurrent effusions, incomplete tear removal, synovial
cutaneous fistula, iatrogenic arthroscopic joint lesions,
osteonecrosis (usually in the elderly), p()plilc;\l pseudo-
aneurysm, inability to repair the meniscus, nonhealing
of meniscal repair, nonhealing of meniscal reconstruc-
tion, arthritis, complications from implants (including
articular cartilage injury), and the need for further
surgery.

l Future Directions

The last 20 years have led to an explosion in knowlcdg.,c
about the meniscus and its treatment. However, there is
still much to be learned about meniscal injury and
healing. Further understanding of meniscal injury, such
as the difference between isolated tears and traumatic
tears; the ability to repair tears other than vertical longi-

tudinal tears at the periphery; and the determination of

the long-term success of meniscal repair in preventing
arthritis are but a few areas to be studied. An under-
standing of meniscus transplantation, including the
ability to properly size a meniscus preoperatively and to

place it simply and reproducibly, and scientific study of

the appropriate rehabilitation are critical before we can
determine whether meniscal reconstruction prevents
arthritis. Last, the ability to heal meniscal tears of any
type or of any vascularity with gene therapy, making
arthroscopy unnecessary, would be an ideal goal for the
future.
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