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Objective: To review basic meniscal anatomy, histology, and
biomechanical principles as they apply to surgery and rehabil-
itation.

Data Sources: We searched MEDLINE and CINAHL for the
years 1960–1999 using the terms meniscus, surgery, rehabili-
tation, meniscal repair, and arthroscopy.

Data Synthesis: Injuries to a healthy meniscus are usually
produced by a compressive force coupled with transverse-
plane tibiofemoral rotation as the knee moves from flexion to
extension during rapid cutting or pivoting. The goal of meniscal
surgery is to restore a functional meniscus to prevent the de-
velopment of degenerative osteoarthritis in the involved knee.
The goal of rehabilitation is to restore patient function based on
individual needs, considering the type of surgical procedure,
which meniscus was repaired, the presence of coexisting knee
pathology (particularly ligamentous laxity or articular cartilage
degeneration), the type of meniscal tear, the patient’s age, pre-
operative knee status (including time between injury and sur-

gery), decreased range of motion or strength, and the patient’s
athletic expectations and motivations. Progressive weight bear-
ing and joint stress are necessary to enhance the functionality
of the meniscal repair; however, excessive shear forces may
be disruptive. Prolonged knee immobilization after surgery can
result in the rapid development of muscular atrophy and greater
delays in functional recovery.

Conclusions/Recommendations: Accelerated joint mobility
and weight-bearing components of rehabilitation protocols rep-
resent the confidence placed in innovative surgical fixation
methods. After wound healing, an aquatic therapy environment
may be ideal during all phases of rehabilitation after meniscal
surgery (regardless of the exact procedure), providing the ad-
vantages of controlled weight bearing and mobility progres-
sions. Well-designed, controlled, longitudinal outcome studies
for patients who have undergone meniscectomy, meniscal re-
pair, or meniscal reconstruction are lacking.

Key Words: biomechanics, knee anatomy, exercise

Knee injuries account for approximately 14% to 16% of
all musculoskeletal injuries at the high school level.1,2

The National Athletic Trainers’ Association1 ranked
knee injury frequency second to the combined frequency of
hip, thigh, and leg segment injuries, whereas the Puget Sound
Sports Medicine Group ranked knee injuries second only to
ankle injuries.2 Stocker et al3 reported that meniscal injuries
accounted for 12% of all football knee injuries in a recent high
school injury survey. The National Athletic Trainers’ Associ-
ation’s high school knee injury survey projected that approx-
imately 9000 knee surgeries are performed annually on high
school athletes in the United States.1 Injuries to a healthy me-
niscus are usually produced by coupled compressive and ro-
tational tibiofemoral joint forces. These forces tend to ‘‘pinch’’
the menisci as they attempt to rapidly conform to the 3-
dimensional joint stresses that arise as the compressively load-
ed knee internally or externally rotates in the transverse plane
during sagittal-plane flexion-extension.4 These coupled forces
commonly occur during athletic movements that require sud-
den directional changes such as rapid cutting or pivoting.4

Instantaneous damage to both ligamentous and meniscal struc-
tures is more common than isolated injury. The unhappy triad
was described by O’Donoghue as an injury to the medial collat-

eral ligament, the anterior cruciate ligament (ACL), and the me-
dial meniscus5,6; however, recent reports suggest that the lateral
meniscus is more commonly injured.7–10 Acute ACL disruption
associated with sudden transverse-plane rotary forces more com-
monly damages the lateral meniscus as excessive lateral com-
partment compression and shear forces stress the posterolateral
tibiofemoral articulation.9 Medial meniscus injury is usually as-
sociated with repetitious anterior translation in the chronic ACL-
deficient knee, disrupting articular surfaces11 and leading to the
early onset of osteoarthritis (OA).12

Knee injury management is a concern for most sports med-
icine health care providers. Our objective is to provide a review
of basic anatomic, histologic, and biomechanical principles of
the meniscus. This information is then assimilated with current
surgical and rehabilitation methods to provide clinicians with a
complete overview of the present state of meniscal injury man-
agement. The ultimate challenge is to return the athlete to sport
with normal or optimal (given the extent of the initial lesion
and the surgical method) meniscal function.

ANATOMY
The menisci extend the superior tibial surface, improving

its congruency with the femoral condyles.13,14 Both menisci
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Figure 1. A, Radiographic anterior and posterior meniscal horn lo-
cations. B, Meniscal horn identification in relation to the lateral and
medial meniscus (dotted outlines).

Figure 2. Confluence of geniculate arteries (anterior view).

are fibrocartilaginous and wedge shaped in the coronal plane.
The medial meniscus is more crescent shaped, and the lateral
meniscus is more circular. The superior portions of the menisci
are concave, enabling effective articulation with their respec-
tive convex femoral condyles, whereas the inferior surfaces
are flat to conform to the tibial plateaus. Anterior and posterior
meniscal horns attach to the intercondylar eminence of the
tibial plateau (Figure 1). The coronary ligaments provide pe-
ripheral attachments between the tibial plateau and the perim-
eter of both menisci. The medial meniscus is also attached to
the medial collateral ligament, which limits its mobility. The
lateral meniscus is connected to the femur via the anterior
(ligament of Humphrey) and posterior (ligament of Wrisberg)
meniscofemoral ligaments, which can tension its posterior
horn anteriorly and medially with increasing knee flexion.15,16

The transverse ligament provides a connection between the
anterior aspects of both menisci. The increased stability pro-
vided by the ligamentous attachments prevents the menisci
from being extruded out of the joint during compression.17–22

Vascular Anatomy
Vascular supply is crucial to meniscal healing. The medial,

lateral, and middle geniculate arteries, which branch off the

popliteal artery, provide the major vascularization to the in-
ferior and superior aspects of each meniscus (Figure 2).23–27

The middle geniculate artery is a small posterior branch that
pierces the oblique popliteal ligament at the posteromedial cor-
ner of the tibiofemoral joint. A premeniscal capillary network
arising from branches of these arteries originates within the
synovial and capsular tissues of the knee along the periphery
of the menisci. Only 10% to 30% of the peripheral medial
meniscus border and 10% to 25% of the lateral meniscus bor-
der receive direct blood supply.23,24 Endoligamentous vessels
from the anterior and posterior horns travel a short distance
into the substance of the menisci and form terminal loops,
providing another direct route for nourishment.23 The remain-
ing portion of each meniscus (65% to 75%) receives nourish-
ment only from the synovial fluid via diffusion.28,29

Neuroanatomy

The knee joint is innervated by the posterior articular branch
of the posterior tibial nerve and the terminal branches of the
obturator and femoral nerves. Nerve fibers penetrate the joint
capsule, along with the vascular supply, and service the sub-
stance of the menisci. Ruffini, Pacinian, and Golgi tendon
mechanoreceptors have been identified in the knee joint cap-
sule and in the peripheral menisci.30–36 Type I (Ruffini) mech-
anoreceptors are low threshold and slowly adapting to changes
in static joint position and pressure. Type II (Pacinian) mech-
anoreceptors are low threshold and fast adapting to tension
changes, signaling joint acceleration.30–36 Type III (Golgi)
mechanoreceptors signal when the knee joint approaches the
terminal range of motion (ROM) and are associated with neu-
romuscular inhibition. Concentrations of meniscal mechano-
receptors (especially Pacinian mechanoreceptors) are greatest
in the meniscal horns, leading researchers to study their con-
tributions to proprioception.30–36

BIOMECHANICS

The major meniscal functions are to distribute stress across
the knee during weight bearing,37,38 provide shock absorp-
tion,37,39,40 serve as secondary joint stabilizers,41–44 provide
articular cartilage nutrition and lubrication, facilitate joint glid-
ing, prevent hyperextension, and protect the joint margins.17,18
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Figure 3. Medial joint line degeneration: the Fairbank sign.

Figure 4. Meniscal collagen configuration.

Circumferential meniscal stress measurements have shown that
45% to 70% of the weight-bearing load is transmitted through
the menisci when the peripheral margins are intact.17,18,21,29,39

The biomechanical adaptations of the meniscectomized knee
show a doubling of joint contact stress in conjunction with a
50% to 70% reduction in contact area.45 A 10% reduction in
meniscal contact area secondary to partial meniscectomy re-
portedly produces a 65% increase in peak joint-contact stress-
es,45 leading to the early development of OA.46,47 Radiograph-
ically, the Fairbank sign indicates joint space narrowing due
to osteophyte formation from increased peak joint stresses
(Figure 3).46

During knee flexion, the femoral condyles glide posteriorly
on the tibial plateau in conjunction with tibial internal rotation.
The lateral meniscus undergoes twice the anteroposterior
translation of the medial meniscus during knee flexion (11.2
mm versus 5.1 mm).22 This translation prevents the femur
from contacting the posterior margin of the tibial plateau. The
medial condyle rolling-to-translation ratio is 1:1, whereas the
lateral condyle ratio is 1:4.19 The lateral meniscus can better
accommodate this mobility by translating with the femoral
condyles and is thereby less susceptible to injury than the me-
dial meniscus.19 The congruity of the tibiofemoral articulation
is maintained throughout complete knee ROM via healthy,
mobile menisci.13,48

HISTOLOGY AND STRUCTURE

The microstructural characteristics of the menisci dictate
their mechanical properties. The menisci are composed of 70%
water and 30% organic matter. Collagen constitutes 75% of
the organic matter, while roughly 8% to 13% of the remaining
dry matter consists of noncollagenous proteins.39,49–52 Type I
collagen fibers provide the primary meniscal structural scaf-

folding; this predominance of type I collagen is one of the
major differences between the menisci and hyaline, or articu-
lar, cartilage, which is composed of predominantly type II col-
lagen.48,53 The cellular meniscal components also include fi-
brochondrocytes interspersed within the extracellular matrix.
Fibrochondrocytes display the properties of both fibroblasts
and chondrocytes, synthesizing and maintaining the extracel-
lular matrix, especially the collagen.48 Three collagen fiber
layers are specifically arranged to convert compressive loads
into circumferential or ‘‘hoop’’ stresses (Figure 4). In the su-
perficial layer, the fibers travel radially, serving as ‘‘ties’’ that
resist shearing or splitting. In the middle layer, the fibers run
parallel or circumferentially to resist hoop stress during weight
bearing. Lastly, there is a deep layer of collagen bundles that
are aligned parallel to the periphery.54 The remainder of the
extracellular matrix is composed of proteoglycans. The gly-
cosaminoglycans (GAGs), or chains of proteoglycan aggre-
gates, make up only 1% of the wet weight of the meniscus
but contribute most to its material properties, such as tissue
hydration, compressive stiffness, and elasticity.28,55 The size
of these proteoglycan macromolecules in combination with
water-retention and electrostatic-repulsion properties is what
gives the menisci their compressive stiffness.10,55 Meniscal
shock absorption is time dependent due to the exudation of
water out of the extracellular matrix. The exudation of water
from the GAG substances provides not only compressive stiff-
ness but also joint lubrication as water is forced into the joint
space. The highest GAG concentrations are found in the me-
niscal horns and the inner half of the menisci, coinciding with
the primary weight-bearing areas.56 Meniscal tissue also dis-
plays the time-dependent viscoelastic property of ‘‘creep,’’ de-
forming over time when loading occurs with greater frequency
or duration. The proteoglycans add little to meniscal tensile
properties. Rather, elastin, which constitutes less than 0.06%
of meniscal tissue, is believed to aid in the recovery of shape
after load deformation.55

CLINICAL EXAMINATION

The need for surgery after meniscal injury is largely deter-
mined from the data obtained during the initial physical ex-
amination in conjunction with other diagnostic tests. A com-
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Figure 5. Meniscal healing zones.

Figure 6. Types of meniscal tears.

prehensive examination should include a thorough injury
history, regional palpation, and select special tests.4 Athletes
with meniscal tears commonly describe feeling a pop while
performing a sudden running directional change, such as rapid
cutting or pivoting, with or without contact with another play-
er.4 Johnson et al57 reported that statistical methods applied to
medical historical data were 85% to 98% accurate for pre-
dicting the presence of a meniscal tear, depending on whether
30 or 142 predictor questions were used. Knee joint-line ten-
derness and effusion are also associated with meniscal lesions.
Knee joint-line palpation may produce equivocal results, with
medial joint-line specificity of 34.5% and sensitivity of 44.9%
for predicting medial meniscal tears and lateral joint-line spec-
ificity of 49.1% and sensitivity of 57.6% for predicting lateral
meniscal tears in subjects with acute ACL injuries.58 Among
subjects with a nonimpaired ACL, knee joint-line tenderness
is more accurate, with a 77% clinical accuracy for meniscal
tear identification.59,60 Dye et al,61 using conscious neurosen-
sory mapping of intra-articular knee joint structures, reported
poor pain localization at the cruciate ligaments and the me-
nisci. Given what we know regarding mechanoreceptor distri-
butions and tissue proximity, peripheral meniscal tears are
more easily identifiable via palpation. After isolated meniscal
tears, results of the Lachman and anterior drawer tests are
negative for ACL involvement, as are the results of the ap-
prehension test for patellofemoral instability. The results of the
McMurray rotation test and the medial-lateral grind test are
58%60 to 83%62 and 68%60 accurate, respectively, for menis-
cal tear identification. Athletes with a meniscal tear may also
have difficulty performing active, involved-side weight-bear-
ing movements, such as squats or lunges. Conventional radio-
graphs can eliminate the possibility of a fracture, osteochon-
dral injury, or intra-articular loose body. Knee joint
arthrography is an invasive method of meniscal lesion identi-
fication with poor diagnostic accuracy rates, depending greatly
upon the skills and experience of the examiner.63 Magnetic
resonance imaging, with accuracy rates of 90% to 98% for the
identification of meniscal tears, has become the radiographic
procedure of choice; however, it is more costly than arthrog-
raphy or conventional radiographic evaluation.64

MENISCECTOMY VERSUS REPAIR

The first reported surgical human meniscus repair occurred
in 1885 and was described as tedious.65 Because meniscal re-
pair was considered technically challenging and the meniscus
was viewed as a vestigial structure, total meniscectomy be-
came the preferred operation. The early onset of OA was the
long-term result of total meniscectomies, prompting the explo-
ration of other surgical options. The partial meniscectomy has
since replaced the total meniscectomy as the surgery of choice,
along with other options such as repairs and transplantations.
Before selecting a particular surgical technique, the surgeon
considers the patient’s age, health, lifestyle, and willingness to
undergo major surgery and the location and type of meniscal
tear.66–70 Patients should be educated about the pros and cons
of meniscal resection or repair and the extent of their rehabil-
itation obligation. Older or more sedentary patients are gen-
erally more effectively treated with a conventional partial men-
iscectomy. Patients should also be informed as to the
likelihood of surgical success based on which meniscus was
injured and the type of tear that occurred. Gillquist and Ore-
torp71 reported that patients who underwent partial lateral

meniscectomy did less well than those who underwent partial
medial meniscectomy. Northmore-Ball and Dandy72 reported
a slightly greater frequency of excellent clinical results after
partial medial meniscectomy than after partial lateral menis-
cectomy. Patients older than 50 years are considered ideal can-
didates for partial meniscectomy because they are likely to
have degenerative meniscal tissue associated with OA. Degen-
erative meniscal tears display poor repair potential due to the
insufficient tissue integrity of both the lesion site and the ad-
jacent meniscal tissue. Some authors have also recommended
partial meniscectomy as the surgical treatment of choice for
patients older than 30 years.73

The major determinants of whether a meniscal tear is ame-
nable to surgical repair are the location of the tear, the type of
lesion, and its related vascular supply. Three zones determine
the healing prognosis for meniscal lesions: red-red, red-white,
and white-white (Figure 5). The red-red zone is fully vascular
and therefore has an excellent healing prognosis. The red-
white zone is at the border of vascular supply and has a gen-
erally good healing prognosis. The white-white zone is rela-
tively avascular and has a poor prognosis for healing.74

Arnoczsky and Warren75 and Weiss et al76 have substantiated
these findings in studying the contributions of the peripheral
microvascular supply to the menisci. DeHaven and Stone77

have suggested that meniscal repairs be performed within 3
mm of the vascular periphery.

Longitudinal meniscal tears occur parallel to the direction
of the circumferential fibers. A bucket-handle tear is a variant
of a longitudinal tear in that the circumferential fibers are also
disrupted as the tear travels from the innermost aspect of the
meniscus toward the periphery (Figure 6). The vertical lon-
gitudinal meniscal tear is considered ideal for repair because
of minimal circumferential fiber disruption.74 In contrast, the
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bucket-handle tear is less amenable to repair, as stray circum-
ferential fibers may interfere with healing.74 Flap and radial
meniscal tears also disrupt these circumferential collagen fibers
and are more amenable to debridement than repair. Degener-
ative meniscal tears involve multiple tissue-cleavage planes,
delamination, and calcified cyst formation associated with re-
lated OA signs, such as osteophytes and articular cartilage
damage, and almost always warrant debridement rather than
repair. Henning78 reported better results when meniscal repairs
were performed within 8 weeks of initial injury and an in-
creased likelihood of OA the longer the time period from the
initial injury.7 Good results, however, have been reported 8
weeks or more after initial injury, provided the location and
meniscal lesion type met the repair criteria.69

Meniscal repair procedures are divided into 2 major types:
open and arthroscopically assisted. The open procedure is less
common because of the greater tissue trauma associated with
larger surgical incisions, although good results have been re-
ported 10 years after open medial meniscal repair.78 The ‘‘all-
inside’’ technique is an arthroscopic procedure with the ben-
efits of smaller incisions and a reduced risk of neurovascular
injury, particularly when peripheral tears within the meniscal
red zone are repaired.79 A variation of the all-inside technique
is the use of permanent80 or biodegradable81 transmeniscal su-
tures requiring only 1 surgical incision. ‘‘Inside-out’’82,83 and
‘‘outside-in’’84 arthroscopically assisted meniscal repair tech-
niques (named by the origin of suture delivery) have also been
reported; however, they may place adjacent neurovascular
structures at a greater risk of injury.23,68 Neurovascular com-
plications generally involve lower extremity weakness and
sensory loss; therefore, regular postoperative monitoring of
neurovascular integrity should be performed.

MENISCAL REPAIR FACILITATORS

The poor healing of white-white zone meniscal lesions has
prompted researchers to explore options to enhance healing.
Presently, 3 methods are commonly used to enhance healing
after meniscal repair: fibrin clot injection, vascular access
channel creation, and synovial abrasion.37,50,77,85

Fibrin Clot

A fibrin clot can be injected into the meniscal lesion to
promote healing through hematoma chemotactic factors.50 Ar-
noczky et al50 injected a fibrin clot matrix into the meniscal
defects of dog knees and reported healed tissue resembling
normal meniscus 6 months later. Hashimoto et al,86 using sim-
ilar methods and mechanical testing, reported that the healed
meniscus was less able to resist deformation than normal tis-
sue. The results of both studies suggested that adjacent me-
niscal fibrochondrocytes or surrounding synovial fluid provid-
ed the primary biological stimulus for tissue repair. Henning
et al87 used a fascial sheath to cover fibrin clots placed in
human meniscal defects and observed that 32% of the defects
healed completely and 52% healed incompletely by 6 months
after surgery.

Vascular Access Channels

Vascular access channels (trephination) are tunnels created
from vascular portions of the peripheral meniscus (red zone)
to the more central avascular area (white zone). Theoretically,

trephination enables fibrovascular scar proliferation in the
damaged meniscal section. Fox et al,88 using a patient survey
and clinical examination, reported good to excellent results for
90% of patients with incomplete meniscal tears treated with
trephination. Using a goat model, Zhang et al89 reported at
least partial healing by 25 weeks after combined trephination
and meniscal defect suturing of longitudinal tears in the avas-
cular area.

Synovial Abrasion

Abrasion of the synovium with a surgical rasping device
activates chemotactic factors that stimulate meniscal healing.
Excessive synovectomy during meniscal debridement has been
shown to prevent meniscal regeneration.90 Synovial cell mi-
gration to the meniscal defect may enhance healing, with less
effective healing occurring when the distance between the
abraded synovium and the defect is increased.91 Surgeons gen-
erally abrade the margins and superficial layer of the meniscal
tear to further promote healing.83,92–94

LASERS

Lasers are more commonly being used in the ablation, or
destruction, of damaged meniscal material during arthroscopic
meniscectomies. The proposed mechanisms of ablation are
photothermal, photochemical, and photomechanical, with each
mechanism having different biological effects.95 The photo-
thermal effect of long-pulse, continuous-wave lasers can va-
porize tissue. Photochemical effects occur from the dissocia-
tion of molecular tissue bonds, also called photoablative
decomposition. Photomechanical effects occur from tissue ex-
posure to short laser pulses, which stress the tissue beyond its
mechanical strength. An example of an excessive photome-
chanical effect is the thermoelastic expansion caused by bub-
ble formation within meniscal tissue after laser intervention.96

Tissue cavitation in the presence of tensile stresses can lead
to further degenerative changes.96 Forman et al97 studied the
use of a laser to promote in vitro healing in human menisci
that had also received a fibrin clot and reported that the laser
helped prevent clot matrix displacement, allowing more time
for fibrochondrocyte absorption into the meniscal defect.

MENISCAL RECONSTRUCTION

A meniscal allograft is donated from a cadaver and trans-
planted into an injured knee. There are 4 types of meniscal
allograft preparations: fresh, deep frozen, cryopreserved and
freeze dried. Each preparation has pros and cons. Although
the fresh meniscal allograft contains functioning fibrochondro-
cytes, the window of opportunity for transplantation is only a
few days. Also, the threat of human immunodeficiency virus
(HIV) infection is a possibility when fresh tissue is used (ap-
proximately 1 person in 22 629 has a positive test result for
the virus).98 Both the deep-frozen and cryopreservation meth-
ods eliminate the threat of HIV infection, but they also reduce
the amount of viable meniscal tissue and alter its biomechan-
ical properties. Both alteration of the tissue biomechanical
properties and improper allograft sizing can lead to postoper-
ative failure. Velteri et al,99 using a dog model, reported that
cellular components in both cryopreserved and deep-frozen
meniscal allografts were eventually fully replaced.
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Fresh Allografts

Garrett and Stevensen100 reported that fresh human allograft
fixation by peripheral suturing to surrounding fibrous tissue
resulted in no evidence of meniscal degeneration at 44 months
after implantation; however, radiographic assessment revealed
joint space narrowing on the side of the transplant. Biopsies
revealed that transplanted menisci retained their original size
and shape, suggesting that the chondrocytes continued to pro-
duce glycoproteins.100 Jackson et al101 reported normal vas-
cular distributions in meniscal allografts up to 6 months after
transplantation but noted decreased water and proteoglycan
content and overall cellularity. Keating,102 using a goat model,
reported an inflammatory infiltrate at 3 months after trans-
plantation and articular destruction at 7 months, suggesting
failure linked to immune responses. Urban et al103 emphasized
proper meniscal horn placement when attempting to restore
functionality to a transplanted meniscus, regardless of the
preparation method. The long-term effectiveness of fresh me-
niscal transplants will not be fully realized until a long-term
longitudinal study is completed.

Deep-Frozen Allografts

Meniscal transplantation using frozen donor tissue is prob-
ably the simplest and least expensive method; however, the
process is known to destroy donor fibrochondrocytes and par-
tially shrink the graft tissue.104,105

Cryopreserved Allografts

During cryopreservation (Cryolife, Marietta, GA), the graft
tissue is frozen in glycerol, thereby preserving cell membrane
integrity and donor fibrochondrocyte viability.105 The graft is
gradually thawed before transplantation. Cell viability may
vary depending on graft size, preservation medium, and freez-
ing or thawing rate.106 Cryopreservation allows for longer
graft storage durations, more time for serologic testing, and
more precise sizing, but it is expensive and technically chal-
lenging. Arnoczsky et al107 used a dog model to study the
histologic properties of cryopreserved meniscal tissue and re-
ported that the number of metabolically active cells after trans-
plantation decreased and cellularity and peripheral vascularity
increased by 3 months after surgery. Fissuring of the adjacent
tibial condyle hyaline cartilage was also evident at 6 months
after surgery.107 Speculation continues over the long-term ef-
fects of cryopreserved meniscal allografts, and controlled lon-
gitudinal studies are needed.

Freeze-Dried Allografts

Freeze-dried grafts are frozen after vacuum dehydration. Be-
fore transplantation, the graft is thawed and rehydrated, tend-
ing to increase graft fragility. After transplantation, the graft
serves as a scaffold for the ingrowth of host fibrochondrocytes.
Freeze-dried meniscal allografts provide ease in handling and
prolonged storage life at room temperature.108 However, the
results from freeze-dried meniscal allograft transplantation
have not been encouraging because of histologic alterations,
such as cartilaginous degeneration and synovitis.108 Since the
freeze-drying process does not destroy HIV in blood products,
disease transmission is also possible.

MENISCAL REGENERATION

Collagen scaffolds from exogenous sources such as man-
made polymers may eventually provide the properties neces-
sary for fibrochondrocyte ingrowth to facilitate meniscal re-
generation in humans. Using ‘‘re-look’’ arthroscopy to
evaluate 8 patients a minimum of 24 months after collagen
meniscus implantation, Rodkey et al109 observed tissue regen-
eration and joint surface preservation. A collagen scaffold with
appropriate pore size must enhance fibrochondrocyte prolif-
eration, avoid immunologic responses, provide stability, pre-
vent the onset of OA, and subsequently degenerate.109 Histo-
logic studies have shown variable results, and further clinical
trials are needed to evaluate the ability of scaffolds to protect
the articular cartilage of the human femoral condyle.

REHABILITATION

Rehabilitation after partial meniscectomy can generally pro-
gress as tolerated with no substantial contraindications or lim-
itations. The main goals are to control the pain and inflam-
mation associated with surgery, maintain ROM and general
conditioning, restore or maintain isolated muscle function, and
optimize integrated lower extremity neuromuscular coordina-
tion. Immediate progressive ROM and neuromuscular reedu-
cation and strengthening are warranted. A concurrent goal is
the control of effusion, pain, and inflammation with cryother-
apy and the use of nonsteroidal, anti-inflammatory medication.
Clinicians should be vigilant in assessing changes in patello-
femoral, patellar tendon, and tibiofemoral joint line irritability
via regular palpation, particularly after advancing an existing
exercise program.

In a prospective, randomized study, Jokl et al110 found that
a well-planned, unsupervised rehabilitation program enables
patients undergoing arthroscopic knee surgery to return to
sports within the same time frame as patients who receive
supervised physical therapy. In contrast, Moffet et al,111 in a
randomized, controlled study, showed that patients who re-
ceived supervised rehabilitation had more rapid recovery of
the quadriceps femoris muscle than did patients in an unsu-
pervised control group; the authors concluded that early and
intensive rehabilitation was vital to successful functional out-
comes after partial meniscectomy.111 Matthews and St-
Pierre112 reported that patients require 4 to 6 weeks for the
quadriceps femoris and 4 weeks for the hamstrings to return
to preoperative isokinetic strength levels after partial menis-
cectomy. St-Pierre113 suggested that preoperative knee exten-
sor-flexor strength deficits increase the need for supervised
rehabilitation. Clinicians should be familiar with the specifics
of the aforementioned surgical procedures to safely advance
and, if necessary, modify rehabilitation program progressions.
Most progressions focus on 2 major areas: immobilization and
weight-bearing status.

Immobilization

Immobilization after meniscal repair has been recommended
at or near full extension (108 to 208 of flexion) to better ap-
proximate longitudinal tears.83,84,93,94 Zhang et al,114 using a
rabbit model, reported that immobilization has a greater influ-
ence than suture use on the healing rate of meniscal tears.
Studies in dogs have substantiated this finding, with excellent
healing rates using only immobilization.115 Eriksson and
Haggmart,116 however, reported that atrophy during immobi-
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lization can decrease the human quadriceps femoris mass by
40% by 5 weeks after major knee surgery. Traditionally, a
brief period (4 to 6 weeks) of decreased mobility after menis-
cal repair is recommended; however, the authors of more re-
cent reports recommend decreasing the immobilization period,
even in the absence of sutures.92,93,117 Those authors advo-
cating early ROM have not reported deleterious effects on me-
niscal repairs118 and have suggested that this approach im-
proves articular cartilage health.119

Weight Bearing

The findings of many studies support weight-bearing limi-
tations during the initial 4 to 8 weeks after meniscal re-
pair.77,83,92–94 In theory, weight bearing alone should not dis-
rupt healing meniscal tissue, because the hoop stresses are
primarily absorbed at the periphery of the meniscus. More re-
cent reports have recommended earlier weight bearing to pro-
mote the restoration of a functional meniscus via the clinical
application of Wolff’s law.120 Weight bearing in conjunction
with tibiofemoral rotation during knee flexion, however, could
produce shear forces capable of disrupting healing meniscal tis-
sue, particularly if the fixation strength is inadequate.121

ACCELERATED REHABILITATION

DeHaven and Bronstein122 described a meniscal repair re-
habilitation protocol of an initial 2 weeks of maximum pro-
tection (immobilization at 08 of flexion, toe-touch weight bear-
ing), 4 weeks of protected ROM (308 to 708 of flexion), and
controlled knee extensor-flexor strengthening and full weight
bearing after 6 weeks. Stationary cycling and moderate-inten-
sity running were allowed between 3 and 6 months after sur-
gery, and full return to activity was allowed at 7 months after
surgery. Although the success rates for protocols similar to the
protocol suggested by DeHaven and Bronstein122 were con-
sistently high (75% to 95%), more recent reports suggest that
earlier application of controlled stress to the repaired meniscus
may enhance its functionality.68,71,83,92,94,117,123 Barber124 re-
ported no differences in healing rates between patients who
followed a standard rehabilitation program (protective) and pa-
tients who followed a program that permitted immediate
weight bearing, unbraced motion, unlimited exercise perfor-
mance, and an early return to pivoting-type sports movements.
Barber124 emphasized avoiding standard ‘‘cookbook’’ proto-
cols and encouraged individualized programs based on the
type of surgical procedure, which meniscus was repaired, the
presence of coexisting knee pathology (ie, ligamentous laxity
or OA), meniscal tear type, the patient’s age, preoperative knee
status (including the time between injury and surgery), loss of
ROM and strength, and the patient’s athletic expectations and
motivations.

Accelerated meniscal repair rehabilitation programs that
permit full knee ROM and full weight bearing are becoming
more common, with return to full activity as early as 10 weeks
after surgery.110,120,124 Although studies have documented
short-term successes, controlled longitudinal studies are need-
ed to determine long-term outcomes. Barber and Click,125 in
evaluating 63 patients with 65 meniscal repairs at a minimum
of 2 years after surgery, reported successful healing in 92%
of patients (53 of 58) who had an ACL reconstruction during
the same surgery but in only 67% of patients (2 of 3) who
were not treated for ACL deficiency. The authors suggested

that patients who undergo combined ACL reconstruction and
meniscal repair can safely follow the same accelerated proto-
col as patients who only undergo meniscal repair.125 Shel-
bourne et al120 reported that patients undergoing combined
ACL reconstruction and meniscal repair who perform imme-
diate postoperative ROM and weight bearing as tolerated have
comparable clinical results to patients who follow a more re-
strictive rehabilitation protocol. Mintzer et al126 assessed the
return-to-activity level in 29 patients who were 17 years of
age or younger at the time of meniscal repair. At an average
of 5 years after surgery, 100% of the patients had excellent
clinical results (full ROM, no effusion, no joint-line tender-
ness, no joint locking), and 85% had returned to sports with
cutting or pivoting components.126 To date, the follow-up pe-
riod for accelerated rehabilitation after meniscal repair is too
brief to declare its superiority over more traditional progres-
sions.126

Given the concerns over attempting to provide an ideal
weight-bearing and knee ROM progression, aquatic therapy
may provide an excellent rehabilitation method following me-
niscal repair (after surgical wound healing). Tovin et al127 and
Kuhne and Zirkel128 reported on the efficacy of aquatic ther-
apy for patients after ACL reconstruction. By varying water
depths and using flotation devices, weighted devices (vests,
belts), and resistive devices (tubing, vented fins, etc), patients
can safely progress from knee ROM and neuromuscular re-
covery activities to more aggressive muscle strength and en-
durance challenges and sport-specific functional movement
patterns (eg, hopping and jumping tasks). An aquatic environ-
ment is also a relatively safe exercise location for patients
requiring long-term restriction from the compressive forces as-
sociated with dry-land running and jumping.

SUMMARY

A comprehensive knowledge of the meniscus is necessary
to effectively manage the rehabilitation of patients after me-
niscal injury and surgery. The unique biomechanical and his-
tologic properties of the meniscus must be preserved to main-
tain knee health. Clinicians who rehabilitate patients with
meniscal injuries should be familiar with normal meniscal
anatomy, physiology, and biomechanics as they apply to sur-
gery and rehabilitation. Historically, the lack of appreciation
for normal meniscal function resulted in total surgical removal,
prompting a proliferation of knee joint OA. Innovations in
surgical techniques have led to increased meniscal tissue pres-
ervation to minimize the long-term sequelae after injury. In
addition to the current interest in repair and transplantation,
interest is growing in the use of exogenous materials to facil-
itate meniscal regeneration and the use of tissue growth factors
and even gene therapy to restore a functional meniscus. Sur-
gical innovations are progressing more rapidly than the ac-
quisition and interpretation of long-term surgical and rehabil-
itation outcome data. Well-designed, longitudinal studies of
surgical and rehabilitation outcomes are imperative to deter-
mine the actual efficacy of any of these procedures with regard
to patient function and satisfaction.
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