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Background: A large number of systematic reviews and meta-analyses regarding the meniscus have been published.
Purpose: To provide a qualitative summary of the published systematic reviews and meta-analyses regarding the meniscus.
Study Design: Systematic review; Level of evidence, 4.

Methods: A systematic search of all meta-analyses and systematic reviews regarding the meniscus and published between July
2009 and July 2019 was performed with PubMed, CINAHL, EMBASE, and the Cochrane database. Published abstracts, narrative

reviews, articles not written in English, commentaries, study protocols, and topics that were not focused on the meniscus were
excluded. The most pertinent results were extracted and summarized from each study.

Results: A total of 332 articles were found, of which 142 were included. Included articles were summarized and divided into 16 topics:
epidemiology, diagnosis, histology, biomechanics, comorbid pathology, animal models, arthroscopic partial meniscectomy (APM),
meniscal repair, meniscal root repairs, meniscal allograft transplantation (MAT), meniscal implants and scaffolds, mesenchymal stem
cells and growth factors, postoperative rehabilitation, postoperative imaging assessment, patient-reported outcome measures, and
cost-effectiveness. The majority of articles focused on APM (20%), MAT (18%), and meniscal repair (17%).

Conclusion: This summary of systematic reviews and meta-analyses delivers surgeons a single source of the current evidence
regarding the meniscus.
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Staying current with the increasing number of systematic
reviews and meta-analyses on the topic of the meniscus
can be quite challenging. Systematic reviews and meta-
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analyses are designed to provide an up-to-date summary
of the available evidence on a particular condition for busy
clinicians, and systematic summaries of systematic
reviews and meta-analyses are being conducted to further
condense this large body of evidence.?%? A simple PubMed
search for meniscus yielded 869 items in 2018 alone. To
assist clinicians and researchers with staying abreast of
this topic, we summarized the literature pertaining to
topics related to the meniscus. The purpose of this study
was to quantify the number of systematic reviews and
meta-analyses published on the meniscus in the past
decade and to provide a condensed summary of the litera-
ture for easy reference.

METHODS

To identify all systematic reviews and meta-analyses per-
taining to the meniscus, we performed a literature search
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of articles published in English between July 2009 and July
2019. We searched PubMed, CINAHL, EMBASE, and the
Cochrane database. The search terms were (“meniscus” OR
“meniscal”) AND (“systematic review” OR “meta-analysis”).
All systematic reviews and meta-analyses that focused on
research topics pertaining to the meniscus (eg, epidemiology,
diagnosis, treatment) were included. We excluded published
abstracts, narrative reviews, articles not written in English,
commentaries, study protocols, and topics not centered on
the meniscus. The results of the literature search were inde-
pendently reviewed by 4 of the authors; 3 authors (J.B.S.,
J.R.M., AV.V.) reviewed each study in detail and summa-
rized the pertinent results. The articles were divided into the
following 16 topics, and the major results were synthesized
for each topic: epidemiology, diagnosis, histology, biome-
chanics, comorbid pathology, animal models, arthroscopic
partial meniscectomy (APM), meniscal repair, meniscal root
repairs, meniscal allograft transplantation (MAT), meniscal
implants and scaffolds, mesenchymal stem cells and growth
factors, postoperative rehabilitation, postoperative imaging
asseessment, patient-reported outcome measures, and cost-
effectiveness. Less than 5% of included papers were catego-
rized under >1 topic because multiple study aims were
evaluated.

RESULTS

The PRISMA (Preferred Reporting Items for Systematic
Meta-Analyses) flowchart for the literature search is pre-
sented in Figure 1. A total of 332 unique articles were
obtained by the literature search, and of these, 142 met the
inclusion criteria. The number of articles included for each
meniscus-related topic is presented in Table 1.

Epidemiology

Culvenor et al?® found that the overall pooled prevalence of
meniscal tears confirmed on magnetic resonance imaging
(MRI) was 10% (95% CI, 7%-13%) in 3761 asymptomatic,
uninjured knees and that meniscal tears were more preva-
lent in adults aged 40 and older (19%; 95% CI, 13%-26%)
compared with adults younger than 40 years (4%; 95% CI,
2%-7%). Liu et al®® found that the prevalence of bilateral
discoid lateral meniscal tears in patients with symptomatic
discoid lateral meniscal tears ranged from 6% to 97% in 8
studies, and bilateral discoid meniscal tears were most
prevalent in East Asia and among male patients. A meta-
analysis by Snoeker et al'2? identified several risk factors
for degenerative meniscal tears, including increased age,
male sex, work-related kneeling and squatting, standing
or walking >2 hours per day, walking >2 miles per day,
climbing > 30 flights of stairs per day, and lifting or carry-
ing >10 kg >10 times per week. There was also some evi-
dence suggesting that body mass index (BMI) >25 kg/m? is
a risk factor for degenerative tears, although too much het-
erogeneity between studies precluded the authors from con-
ducting a meta-analysis. Sitting for >2 hours per day was
actually shown to protect against degenerative tears. Risk
factors for acute meniscal tears included playing soccer,
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rugby, and swimming; further, delayed anterior cruciate
ligament (ACL) surgery (>12 months) was a risk factor for
meniscal tears associated with knee laxity. Reid et al'!!
found that meniscal tears were one of the most common
work-related knee disorders, and common risk factors for
meniscal tears included kneeling, squatting or crouching,
crawling, stair or ladder climbing, lifting/carrying/moving,
standing up from a kneel, and sitting while driving.

Beals et al'? systematically reviewed 14 studies and
found that 27% of asymptomatic athletes (recreational and
high level) had intrasubstance pathology on MRI, of which
3.9% had meniscal tears. Meniscal tears were more preva-
lent in athletes participating in nonpivoting sports (5.4%)
compared with pivoting sports (2.5%). Cramer et al?® found
that yoga practitioners had increased odds of meniscal
injury compared with non—yoga practitioners (odds ratio
[OR], 1.72; 95% CI, 1.23-2.41); however, theirs was the only
study to have documented this finding.

Diagnosis

Clinical Examination. Brady and Weiss'® systemati-
cally reviewed 5 studies and concluded that clinical exam-
ination was moderately accurate for diagnosing medial
(sensitivity, range 85%-94%; specificity, range 56%-75%)
and lateral (sensitivity, range 66%-99%; specificity, range
66%-99%) meniscal tears compared with MRI. Hing et al®”
concluded that (1) the McMurray test had high specificity
but low sensitivity and (2) the modified McMurray test
may be more accurate than the traditional McMurray test,
although the studies included in their review were of low
methodological quality. Several systematic reviews
found that the McMurray test, joint line tenderness, and
the Thessaly test were poor indicators of meniscal tears,
suggesting that these tests should not be used on their
own for diagnostic purposes.'”31:3%:124 Both interrater
reliability and sensitivity were low to moderate for the
McMurray test (x, range 0.16-0.38; sensitivity, range
61%-70.5%),31:3%:124 Thessaly test (k, range 0.37-0.72;
pooled sensitivity, 75% [95% CI, 53%-89%]),3112* and joint
line tenderness (k, range 0.11-0.25; sensitivity, range
44%-83%).17’31’32’124

Imaging. Phelan et a conducted a meta-analysis of
19 studies and determined that MRI was accurate for
diagnosing both medial (sensitivity, 89% [95% CI, 77%-
94%]; specificity, 88% [95% CI, 82%-93%]) and lateral
(sensitivity, 78% [95% CI, 66%-87%]; specificity, 95%
[95% CI, 91%-97%]) meniscal tears. Several systematic
reviews have found no difference in diagnostic accuracy
between 1.0-T, 1.5-T, and 3.0-T MRI.2%109:125 Qhakoor
et al'?! found that 3-dimensional (3D) fast spin-echo and
3D gradient-echo MRI sequences had similar diagnostic
accuracy in detecting meniscal tears compared with
2-dimensional MRI sequences, but sensitivity of 3D fast
spin-echo was slightly better than 3D gradient-echo
sequences for detecting lateral meniscal tears. Troupis
et al'® concluded that localized synovitis and displace-
ment of the meniscus on MRI scans may be predictive of
patients who could benefit from meniscal intervention. A
further 3 meta-analyses®”3%>12 found good to moderate
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Figure 1. PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) flowchart.

pooled sensitivity (78%-89%) and specificity (84%-90%)
for ultrasound in diagnosing meniscal tears with
arthroscopy as the reference standard, although
Dai et al®>” noted considerable heterogeneity between
studies.

Histology

We found only 1 systematic review, that by Longo et al,3*
which examined the histological scoring systems used to
assess meniscal tissue. The Copenhaver classification can
be used to identify degeneration of collagen bundles in the
meniscus, and the Mankin score can be used to classify
cartilage structure but only at the microscopic level. The
Pauli score is reproducible and can be used to evaluate
macroscopic and histologic meniscal changes related to

aging and degenerative changes. The Zhang score can be
used to assess meniscal healing, and the Ishida score is the
most accurate for evaluating tissue-engineered meniscal
repairs. Several histological scoring systems are available
for assessing the meniscal structure, but few have been
validated.

Biomechanics

Scholes et al''® systematically reviewed 12 studies and
found that the lateral meniscus translates more posteriorly
than the medial meniscus during flexion and that meniscal
translation is affected by loading and not by ACL defi-
ciency. However, the included studies were of low method-
ological quality.
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TABLE 1
Number of Articles by Topic®

No. of Articles

Topic of Systematic Review Retrieved
Epidemiology 5
Diagnosis 15
Histology 1
Biomechanics 1
Comorbid pathology 15
Animal models 2
Arthroscopic partial meniscectomy 28
Meniscal repair 24
Meniscal root repairs 5
Meniscal allograft transplantation 26
Meniscal implants and scaffolds 15
Mesenchymal stem cells and growth factors 4
Postoperative rehabilitation 6
Postoperative imaging assessment 1
Patient-reported outcome measures 1
Cost-effectiveness 2

“Topics are not mutually exclusive.

Comorbid Pathology

ACL Ruptures. Noyes and Barber-Westin®® found that
meniscal tears were commonly observed during ACL recon-
struction, and most were treated with APM (63% medial
APM; 71% lateral APM). However, based on the available
literature, the authors were unable to examine potential
predictors of meniscal treatment including characteristics
of meniscal tear (ie, size, location, type, chronicity) and the
sex and age of the patient. Mehl et al®® conducted a meta-
analysis of 40 studies and concluded that medial meniscal
tears were more common at least 6 months after ACL rup-
ture. Sommerfeldt et al*®° found that recurrent instability
episodes were associated with increased medial meniscal
injury after first-time ACL injury in 6 of 7 studies in their
review, emphasizing the importance of early diagnosis and
treatment of ACL ruptures associated with instability.

Rothermich et al''® systematically reviewed 8 studies
and found that clinical outcomes did not differ for stable
meniscal tears treated with benign neglect compared with
surgical treatment at the time of ACL reconstruction. Sta-
ble meniscal tears were defined as both longitudinal tears
that were displaced <3 mm from the intact peripheral rim
and radial tears that involved less than the inner one-third
of the meniscus. Magnussen et al®® found that patients who
underwent partial or complete meniscectomy at the time of
ACL reconstruction were more likely to develop radio-
graphic signs of osteoarthritis at 5 to 10 years postopera-
tively; however, the results for concomitant meniscal repair
and later development of osteoarthritis were inconclusive.
Kay et al®® conducted a meta-analysis of 9 studies and
found that earlier ACL reconstruction was associated with
decreased risk of concomitant medial meniscal tears in chil-
dren and adolescents (pooled relative risk, 0.49; 95% CI,
0.36-0.65). However, the definitions of early (eg, <6 weeks,
<1 year) and delayed (eg, >2 weeks, >1 year) ACL

The Orthopaedic Journal of Sports Medicine

reconstruction varied considerably between studies. Sarraj
et al'® found that the Knee injury and Osteoarthritis Out-
come Score (KOOS) was better after ACL reconstruction
plus concomitant APM compared with concomitant menis-
cal repair. Concomitant meniscal repair was associated
with less anterior knee joint laxity and higher rates of
reoperation than APM. Westermann et al**! conducted a
meta-analysis of 21 studies and found higher failure rates
for all-inside (16%) versus inside-out (10%) meniscal
repairs performed concurrently with ACL reconstruction.
Poulsen et al!®® found increased odds of osteoarthritis
2 years after combined ACL and meniscal injury (OR, 6.4;
95% CI, 4.9-8.3). In their meta-analysis of 16 studies, Claes
et al? found that osteoarthritis was more prevalent after
ACL reconstruction with APM (50%) compared with ACL
reconstruction only (16%). Patients undergoing ACL recon-
struction with APM were 3.54 times more likely to develop
osteoarthritis than those having ACL reconstruction alone.

Knee Osteoarthritis. Karpinski et al®® found that arthro-
scopic treatment may improve clinical outcomes in patients
with osteoarthritis and nontraumatic meniscal tears; how-
ever, there was much heterogeneity in what constituted
arthroscopic treatment between studies. Based on a sys-
tematic review of 6 studies, Lamplot and Brophy™® found
conflicting evidence regarding the efficacy of APM in
patients with meniscal tears and degenerative changes.
Some evidence was found suggesting that patients with
mild osteoarthritis improve more than those with more
advanced osteoarthritis; however, there was significant
heterogeneity in the inclusion of different grades of osteo-
arthritis between studies. A consensus report concluded
that there was no difference in pain or function for arthro-
scopic debridement with or without meniscectomy versus
sham surgery or physical therapy in patients with knee
osteoarthritis or degenerative meniscal tear.*®

Bone Marrow Lesions. Lim et al®? found that meniscal
derangement and extrusion were associated with ipsilat-
eral compartment bone marrow lesions, which were likely
due to increased susceptibility of the subchondral bone to
trauma and loading.

Spontaneous Osteonecrosis of the Knee. Hussain et a
found that 21 of 26 studies included in their systematic
review had an association between meniscal injury or APM
and the development of spontaneous osteonecrosis of the
knee. Physicians should be especially aware of medial
meniscal root tears that are associated with increased con-
tact pressures because they may lead to insufficiency frac-
tures and consequently to spontaneous osteonecrosis of the
knee.
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Animal Models

Bansal et al® found that the majority of animal studies
involving the meniscus focused on augmented repair
(48%), most used rabbit models (46%), and the most fre-
quently evaluated outcomes were macroscopic (85%), histo-
logic (90%), and healing (83%). Edouard et al®? found that
intra-articular hyaluronic acid injections improved the
healing process after APM and protected the articular car-
tilage in animal models.
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Arthroscopic Partial Meniscectomy

Efficacy of APM Versus Conservative Treatment. One
review found no difference in pain or function when com-
paring the pooled results for (1) exercise therapy versus
APM and (2) different types of exercise therapy for treating
meniscal tears.'®2 However, conflicting evidence was found
regarding the effectiveness of exercise therapy versus no
exercise therapy after APM. Loras et al®® found 2 studies
of degenerative meniscal tears, both of which demonstrated
longer duration of pain relief after medical exercise therapy
compared with APM or no treatment. The pooled results
from 9 randomized controlled trials (RCTs) demonstrated
no difference in pain or function after APM versus conser-
vative management in patients older than 40 years,
although arthroscopic technique varied between studies.””
Both Lee et al”” and Monk et al®® recommended that APM
be performed only in patients with a degenerative meniscal
tear for whom conservative management had failed. Peter-
sen et al'*® found no difference in outcomes between APM
versus nonoperative management for meniscal tears,
although patients who crossed over from physical therapy
to APM had similar outcomes to patients who initially
opted for APM. A meta-analysis of 7 RCTs found improve-
ment in function, but not pain, up to 2 years after APM
versus nonoperative treatment or sham surgery.70 The
pooled results of 5 RCTs showed no difference in pain or
function for APM versus nonoperative treatment or sham
surgery for patients with degenerative meniscal tears.”®
Abram et al' conducted a meta-analysis of 20 studies and
found (1) short-term improvement in pain, function, and
quality of life after APM versus physical therapy, especially
in patients without osteoarthritis; (2) improvement in pain
and function at <6 months after APM versus intra-
articular steroid injection but no improvement at 6- to
12-month follow-up; and (3) no difference in short-term
outcomes after APM versus sham surgery.

We found 2 systematic reviews that evaluated study
quality and risk of bias for RCTs and that examined the
effectiveness of APM.?®87 Hohmann et al®® found insuffi-
cient evidence to conclude superiority of APM or physical
therapy for treating degenerative meniscal tears, owing to
high risk of bias and studies being moderate to low quality.
Also, the study samples were small and there was hetero-
geneity in eligibility criteria, outcome measures, and phys-
ical therapy protocols. Malmivaara®” found that baseline
characteristics, adherence to interventions, and treatment
crossover were poorly reported in 7 RCTs. Furthermore,
only 1 study used an outcome measure that was validated
for meniscal tears, and the other 6 studies used outcome
measures that were validated for osteoarthritis.

Postoperative Complications. A systematic review by
Balato et al® found that the incidence of septic arthritis
after APM was approximately 0.12%. One study in the
Balato et al review found no difference in the incidence of
sepsis between patients who did and did not receive perio-
perative antibiotics, suggesting that perioperative antibio-
tics may not be beneficial; but further research is needed.*

Clinical Outcomes. Beaufils et al'® found good long-term
outcomes after both medial and lateral APM; however, joint
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space narrowing was more common at an average of 13
years after lateral APM than medial APM (42% vs 21%,
respectively). Mosich et al®? found unsatisfactory long-
term outcomes (ie, pain, stiffness, range of motion, and
osteoarthritis) in adolescents who underwent APM. Hall
et al®® conducted a meta-analysis of 11 studies and con-
cluded that knee extensor strength at baseline and postop-
eratively was reduced in middle-aged and older patients
undergoing APM. Thorlund et al'®* also found that patients
younger than 30 years had reduced knee extensor strength
up to 12 months after APM; however, only 6 studies were
included in their systematic review and all were deter-
mined to be at high risk for bias. McLeod et al®® found that
quadriceps weakness persists up to 4 years after APM. Lee
et al”® found that patients returned to sport at approxi-
mately 7 to 9 weeks after APM; however, concurrent pro-
cedures (eg, ACL reconstruction) prolonged return to sport.
Return to play was faster after meniscectomy versus menis-
cal repair in elite athletes (4.3 vs 7.6 months; P < .0001);
however, National Football League players had a shorter
career after meniscectomy compared with controls.?® Reop-
eration rates after APM were 1.4% in the short term and
3.9% in the long term according to a systematic review by
Paxton et al,'* and lateral APM was associated with
higher reoperation rates compared with medial APM.
According to a review by Papalia et al,'°? there is strong
evidence to support the development of knee osteoarthritis
after APM. Moreover, longer duration of symptoms and
excision of degenerative menisci were predictive of knee
osteoarthritis after APM.

Smuin et al'?® found that long-term outcomes improved
after saucerization versus total meniscectomy for discoid
lateral meniscal tears, but there was no difference in
short-term outcomes for these procedures. Lee et al”® found
better radiographic outcomes after APM versus total
meniscectomy for discoid lateral meniscal tears; however,
the results were not stratified by different types of discoid
lateral meniscal tears. Mild joint space narrowing was
observed in the lateral compartment after meniscectomy
in patients with a discoid lateral meniscal tear; however,
there were no cases of moderate or advanced degenerative
changes.®® Moreover, increased age, longer follow-up, and
subtotal or total meniscectomy may have contributed to
degenerative changes in those with a discoid lateral menis-
cal tear. Dai et al?® conducted a meta-analysis of 15 studies
and found that (1) patients undergoing partial APM
had better clinical outcomes than those undergoing total
meniscectomy for treatment of discoid lateral meniscus,
(2) patients younger than 20 years had better outcomes
than those 20 years and older, and (3) clinical outcomes
were better at short- versus long-term follow-up. Shanmu-
garaj et al'®? found that the complication rate was 1.3%
after APM for horizontal cleavage tears.

Predictors of Clinical Outcomes. Eijgenraam et al®® iden-
tified several predictors of worse outcomes after APM,
including radiographic knee osteoarthritis at baseline,
symptoms lasting >12 months, resection of >50% of the
meniscus, and resection of the peripheral meniscal rim.®
Factors that did not affect outcomes after APM included
sex, traumatic onset, preoperative activity level, and type
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of meniscal tear, and there was conflicting evidence regard-
ing the effect of age, BMI, limb malalignment, and chondral
damage found during arthroscopy on outcomes of APM.
Salata et al''® reported that predictors of poor outcomes
after meniscectomy included total meniscectomy with
removal of the peripheral meniscal rim, degenerative
meniscal tears, preexisting chondral lesions, presence of
radiographic hand osteoarthritis, ACL deficiency, and
increased BMI.

Meniscal Repair

Biomechanical Research. Alentorn-Geli et al* systemat-
ically reviewed 6 biomechanical studies and found that
stiffness was higher for all-inside repairs compared with
the inside-out technique, but there was no difference in load
to failure. The results regarding displacement, sites of fail-
ure, contact pressure, and superiority were inconclusive,
mainly because of between-study variation in the type of
all-inside devices and suture constructs used. Alentorn-
Geli et al concluded that the meniscal repair technique was
based on surgeon preference and there was no clear benefit
of any single technique over the others.

Buckland et al'® conducted a meta-analysis of 41 studies
and found that meniscal sutures had higher load to failure
and more stiffness properties than meniscal repair devices.
The strongest meniscal sutures were No. 0-PDS Vertical
(145 N), No. 2-0 OrthoCord (144 N), and Ethibond No. 0 Ver-
tical (136 N); the strongest meniscal repair devices were
Meniscal Viper (141 N), MaxFire Vertical (136 N), and
FasT-Fix Vertical (115 N).

Zone of Repair. Beaufils et al*® concluded that meniscal
repair should be used only to treat peripheral lesions in
young, healthy meniscal tissue in vascularized regions (ie,
red-red or red-white zones) and that the rate of failure for
meniscal repairs ranged from 4% to 28%. Barber-Westin
and Noyes'® found that approximately 58% of meniscal
repairs (767/1326) were in the red-white zone, or central-
third, and 72% of meniscal repairs (955/1326) were con-
ducted concurrently with ACL reconstruction. Most
repairs were clinically healed (83%), and only 3% of
patients reported complications, although follow-up time
periods varied considerably between studies. Clinical out-
comes were not affected by age, chronicity of injury,
involved tibiofemoral compartment, sex, or concurrent
ACL reconstruction.

Comparison of Repair Techniques. Several systematic
reviews found no difference in clinical outcomes, failure
rates, or complication rates between all-inside versus
inside-out meniscal repairs.t!:42:48:49.67.90 Grant et al®®
reported that all-inside repairs required up to 50% less
operative time than inside-out repairs. Several limitations
of reviews that compared all-inside with inside-out repairs
were noted, including variation in the type of implant used
between studies and considerable heterogeneity of repair
location (ie, tears in the red-red, red-white, and white-
white zones and ramp lesions).*1"%” One systematic review
reported a higher healing rate for outside-in versus all-
inside repairs (OR, 4.23; 95% CI, 1.10-16.0).*' Nepple
et al®® conducted a meta-analysis of 13 studies and
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found similar rates of failure at 5 years after open (23%),
outside-in (24%), inside-out (22%), and all-inside (24%)
meniscal repairs. Furthermore, repair failure was not
affected by laterality of repair or ACL status (intact vs defi-
cient). Ayeni et al® systematically reviewed 4 studies and
found no difference in retear rates between meniscal arrow
repair and traditional meniscal suture repair. However,
this study was limited by poor study quality and substan-
tial heterogeneity with respect to follow-up time. Mutsaerts
et al® found no difference in retear rates or complication
rates after meniscal arrow repair versus inside-out repair.
Overall complication rates for inside-out and all-inside
meniscal repairs were similar according to both Elmallah
et al*! and Grant et al*®; however, a higher incidence of
implant prominence or irritation for all-inside repairs and
a higher incidence of neurapraxia or nerve irritation for
inside-out repairs were noted.

Clinical Outcomes. Paxton et al'®* found lower reopera-
tion rates (1) for lateral versus medial meniscal repairs and
(2) when concomitant ACL reconstruction was performed
compared with isolated meniscal repair. In a systematic
review of 8 studies, Liechti et al®! found an overall failure
rate of 17% after meniscal repair in patients younger than
18 years as well as better meniscal healing among patients
who underwent concomitant ACL reconstruction. Ferrari
et al*® found good clinical outcomes, high healing rates, and
low complication rates after meniscal repair in children and
adolescents. Concomitant ACL reconstruction was per-
formed in 60% of patients and did not have an effect on
outcomes. Mosich et al®® found an overall failure rate of
37% after meniscal repair in adolescents, and repair suc-
cess rates were worse for adolescents with complex tear
patterns compared with simple tear patterns. Rothermel
et al''* found that age and concomitant ACL reconstruction
did not affect meniscal healing after repair. A meta-
analysis of 7 studies found that meniscal repair was asso-
ciated with better long-term outcomes compared with
APM. ™3 Kurzweil et al”® found that the success rate after
repair of horizontal meniscal tears was 79%, although the
results may have been biased toward younger patients
since the median age was 23 years among a total of 98
repairs. Shanmugaraj et al'?? found that the complication
rate was 12.9% after meniscal repair for horizontal cleav-
age tears, and clinical outcomes showed improvement.
Moulton et al®® found good outcomes, satisfactory healing,
and no serious complications after repair of radial meniscal
tears in the short term. Constantinescu et al** systemati-
cally reviewed the effect of perioperative nonsteroidal anti-
inflammatory drug (NSAID) administration on soft tissue
healing and found only 1 study regarding NSAID use and
meniscal repair; that study demonstrated no difference in
surgical failure rate for those patients who received
NSAIDs versus those who did not receive NSAIDs (34%
vs 35%; P = .99). In their review of 28 studies, Eberbach
et al®® found that 90% of mixed-level (recreational and pro-
fessional) athletes and 86% of professional athletes
returned to sport at an average of 4 to 7 months after iso-
lated meniscal repair. The failure rate was lower in profes-
sional athletes (9%) compared with mixed-level athletes
(22%).
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Meniscal Root Repairs

Biomechanical Research. Jiang et al% systematically
reviewed 17 studies that evaluated biomechanical proper-
ties of various meniscal root repair techniques. No consen-
sus was found regarding the superiority of transtibial
pullout repair versus suture anchor repair. Modified
Mason-Allen sutures were superior to simple sutures in
transtibial pullout repair, and 2-suture repair was superior
to 1-suture repair in terms of increased stiffness and max-
imum load. Placing sutures farther from the meniscal root
also increased the maximum load to failure. Anatomic
meniscal root repairs led to greater joint surface contact
area and lower contact pressure compared with nonana-
tomic meniscal root repairs.

Clinical Outcomes. Chung et al?2 found improvement in
Lysholm scores after medial meniscal posterior root repair.
Meniscal extrusion was not significantly reduced after
repair; however, there was a trend toward less extrusion
(mean, —0.55 mm; 95% CI, —1.42 to 0.33), which the authors
speculated could be due to the restoration of hoop tension
forces. Although root repair did not halt progression of
arthrosis, the authors reported that it occurred at a rate
much lower than that reported after meniscectomy. Feucht
et al*® found that 16% of patients had radiographic progres-
sion of Kellgren-Lawrence grade at 3 years after arthro-
scopic transtibial pullout repair for posteromedial
meniscal root tears. Further, 18% of patients had deterio-
ration of cartilage grade at 30 months and 56% had reduced
medial meniscal extrusion at 3 years after repair. Complete
healing was found in 62% of patients, partial healing in
34%, and failure to heal in 4%. One systematic review found
that (1) preoperative Outerbridge grade 3 or grade 4 chon-
dral lesions and (2) varus alignment >5° were predictive of
poor outcomes after meniscal root repair in 5 studies.®*
Pooled results from 9 studies showed that rates of osteoar-
thritis were 53% after meniscal repair, 99% after menis-
cectomy, and 95% after nonoperative management in
patients with medial meniscal root tears. Meniscal repair
was found to be the most cost-effective treatment for root
tears, and 10-year rates of total knee arthroplasty were
33.5%, 51.5%, and 45.5% after meniscal repair, meniscect-
omy, and nonoperative management, respectively.**

Meniscal Allograft Transplantation

Biomechanical Research. Seitz and Durselen'? found
that the most important biomechanical properties for MAT
were secure fixation and proper graft sizing. Bone plugs or
bone blocks for allograft attachment were superior to cir-
cumferential suturing and were associated with chondro-
protective effects. The authors concluded that grafts that
were too small did not compensate for knee joint incongru-
ity and grafts that were too large could lead to extrusion.

Indications and Technigues. Rosso et al''® found good
agreement in the literature pertaining to indications for
MAT, including joint line tenderness associated with prior
APM, younger age, absence of diffuse Outerbridge grades 3
or 4 cartilage damage, and a stable well-aligned knee. Sev-
eral systematic reviews and meta-analyses found that
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cryopreserved (40%-55%), fresh frozen (61%), and deep-
frozen grafts (36%) were most commonly used for MAT, and
graft sizing was typically done using plain radiogra-
phy.2949:97.113 However, surgical techniques varied consid-
erably and included double bone plug, minimally invasive
arthroscopy, onlay, sutures only, bony fixation, open sur-
gery, and anchoring of horns with or without tunnels.?®
Novaretti et al®” reported that bone-fixation technique was
the most commonly used (54%), although Rosso et al*!3 con-
cluded that insufficient evidence was available to deter-
mine which fixation technique was superior. ACL
reconstruction and procedures for treating chondral inju-
ries have been shown to be the most frequently performed
concomitant procedures in patients undergoing MAT.*%%7
Clinical Outcomes. Smith et al'?® systematically
reviewed 35 studies and found that clinical outcomes
improved after MAT; however, the included studies were
at high risk for bias. Myers and Tudor®® systematically
reviewed 41 studies and concluded that MAT generally
resulted in good outcomes and should be considered only
in patients with localized pain and a stable and well-
aligned knee, although none of the studies they reviewed
were randomized or controlled. Hergan et al®® systemati-
cally reviewed 14 studies and found that 63% to 100% of
patients had good clinical outcomes. Samitier et al*!” found
that (1) clinical outcomes improved at 7 to 14 years after
MAT, (2) 75% to 85% of patients were able to return to the
same level of competition after MAT, and (3) performing
MAT plus a concomitant procedure did not result in worse
outcomes. Lee et al”* conducted a meta-analysis of 24 stud-
ies and found no difference in clinical outcomes scores
between isolated MAT versus MAT combined with other
procedures. In that meta-analysis, 4 studies found that
additional procedures did not affect MAT survivorship,
although 3 studies found that combining MAT with liga-
ment surgery, realignment osteotomy, and osteochondral
autograft transfer was a risk factor for MAT failure. El1At-
tar et al*® found that immediate range of motion exercises
after MAT were associated with a good outcome. Barber-
Westin and Noyes!! found that 70% to 92% of 285 patients
from 7 studies returned to sports, with the mean Tegner
score <5 in 58% of 24 studies, indicating that the majority
of patients participated in light recreational activity.
Tegner scores were not associated with transplant failure,
and data regarding the progression of tibiofemoral osteoar-
thritis were insufficient. Two overlapping systematic
reviews found that 67% to 92% of athletes returned to play
between 8 and 17 months after MAT.®¢" Grassi et al®®
conducted a meta-analysis of the results of 9 studies and
found that 77% of patients returned to sport or physical
activity after MAT, 13% had a graft-related reoperation,
and 1% went on to have a partial or total knee replacement.
Survival and Failure Rates. De Bruycker et al®® found a
high survival rate (81%) at an average of 5 years after MAT
in a meta-analysis of 65 studies; however, increased age
and BMI may have had a negative influence on outcomes.
After conducting a meta-analysis of 38 studies, Jauregui
et al®® did not find any differences in clinical outcome
scores, meniscal allograft tear rates, or failure rates after
MAT with soft tissue suture versus bone fixation. Novaretti
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et al®” conducted a meta-analysis of 11 studies and found

good survivorship at 10 to 15 years after MAT. A different
meta-analysis found similar rates of survivorship for both
medial and lateral MAT at short-term and long-term
follow-up in 9 studies.'® Patients undergoing lateral MAT
experienced more pain relief and functional improvement
compared with those undergoing medial MAT. Several
studies have noted considerable variation in rates of failure
(0%-35%), reoperation (31%-60%), and complications (14%-
46%) after MAT 29-40:56.117.126 1y 3 gystematic review of
6 studies, Harris et al®® noted that the failure rate was
12% in 110 patients undergoing combined MAT plus carti-
lage repair or restoration, and most failures were related to
MAT as opposed to the cartilage procedure.

Graft Extrusion. In a meta-analysis of 8 studies, Bin
et al'® found that major graft extrusion (>3 mm) was
5 times more likely to occur after medial versus lateral
MAT using the arthroscopic-assisted technique; however,
the odds of graft extrusion did not differ between medial
and lateral MAT using the complete arthroscopic proce-
dure. Wei et al'*° found increased graft extrusion for
medial versus lateral MAT, with better clinical outcomes
for lateral versus medial MAT. Lee” conducted a meta-
analysis of the results of 21 studies and found that the
absolute mean (3.26 vs 3.01 mm; P = .001) and relative
percentage (33% vs 29%; P < .001) of extrusion were both
greater after medial versus lateral MAT. Major graft extru-
sion (>3 mm) was also greater for medial versus lateral
MAT (61% vs 39%; P < .001). In a systematic review of 38
studies, Smith et al'®>” found that (1) the weighted mean
joint space loss was 0.032 mm at 4.5 years after MAT for
11 studies, (2) meniscal extrusion was present in the major-
ity of cases but was not related to clinical outcomes, and (3)
meniscal healing rates were high but the size, shape, and
signal intensity varied from the native meniscus. Noyes
and Barber-Westin®® found that mean extrusion ranged
from 2.96 to 3.87 mm and relative percentage of extrusion
ranged from 29% to 43% in 5 studies of fresh-frozen menis-
cal transplants implanted with bone fixation, and 2 studies
reported approximately 47% extrusion >3 mm. Addition-
ally, they found that 70% to 100% of patients with fresh-
frozen meniscal transplants without bone fixation had
some degree of extrusion, but no association was found
between transplant extrusion and clinical outcome scores
or other radiographic factors in these cases.

Chondroprotective Effects. Two systematic reviews dem-
onstrated good clinical outcomes after MAT, although both
concluded that there was insufficient evidence for deter-
mining the chondroprotective effects of MAT.}3139 I a
systematic review and meta-analysis of 17 animal studies,
MAT was associated with less gross macroscopic cartilage
damage compared with meniscectomy but more damage
compared with a control group.*'? No difference in osteoar-
thritic changes after MAT versus meniscectomy was seen,
although MAT was associated with more osteoarthritic
changes versus a control group. MAT was associated with
less histological damage to articular cartilage versus
meniscectomy; however, MAT was associated with
increased histological damage to cartilage versus a control

group.

The Orthopaedic Journal of Sports Medicine

Second-Look Arthroscopy. Oh et al*®! found that second-
look arthroscopy was performed after MAT in 100% of cases
in 2 studies and about 46% of cases in 12 studies; the rate
was not reported in 1 study. The authors were unable to
find distinct indications for performing second-look
arthroscopy, however most studies performed second-look
arthroscopy for objective evaluation or to treat another
knee problem. The rate of complete allograft healing
ranged from 74% to 88% in 3 studies, and failure rate was
21% in 2 studies.

Meniscal Implants and Scaffolds

Two overlapping systematic reviews examined the efficacy
of collagen meniscal implant in >300 patients, of whom
41% to 49% underwent a concomitant procedure (eg, ACL
reconstruction, high tibial osteotomy, microfracture).5%%°
Although clinical outcomes generally improved after
implantation, most studies were of poor quality or did not
include a control group. Dangelmajer et al*® found failure
rates ranging from 1% to 8% in 4 studies evaluating colla-
gen meniscal implants. The collagen meniscal implant and
Actifit scaffold were associated with good clinical outcomes,
few complications (13%), and a low failure rate (6%) in 23
studies reviewed by Filardo et al,*” although the studies in
this review were of low quality. Furthermore, a meta-
analysis by Houck et al®® found no difference in the rate
of treatment failure between the collagen meniscal implant
and the Actifit (10% vs 7%; P > .05), and a systematic
review by Ranmuthu et al** found some evidence that
these 2 types of scaffolds were porous, mature, and resorb-
able and had possible chondroprotective effects as seen on
MRI. A systematic review by Warth and Rodkey'3® exam-
ined outcomes of resorbable collagen meniscal implantation
and generally found good clinical outcomes, minimal degen-
erative changes on postoperative radiographs, decreased
signal intensity on MRI, the presence of meniscus-like tis-
sue at second-look arthroscopy, and good integration of new
tissue based on histological analysis.

The size and MRI signal intensity of meniscal scaffold
were comparable with those of a normal meniscus at long-
term follow-up in a systematic review of 6 studies, although
the studies were of low quality and there were not enough
follow-up evaluations within each study.'** Shin et al'?®
conducted a meta-analysis of 18 studies that examined MRI
and clinical outcomes in patients treated with polyurethane
meniscal scaffolds. Postoperative pain and function
improved, whereas articular cartilage and absolute menis-
cal extrusion worsened on postoperative MRI. Other MRI
parameters, such as morphology and size of the implant,
signal intensity, and interface of the implant-residual
meniscal complex, did not change postoperatively. In a sys-
tematic review of polyurethane meniscal scaffolds, Tark
et al'®® reported improvement in outcomes and found that
implant failure ranged from 4% to 6%; however, most
included studies lacked a control group and none assessed
long-term outcomes. Dangelmajer et al?® found failure
rates ranging from 0% to 17% in 3 studies that evaluated
polyurethane scaffolds. Two systematic reviews concluded
that cell-based scaffolds tended to be associated with
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successful outcomes in the short term (12-24 weeks after
surgery), however results for synthetic scaffolds were lim-
ited because most studies lacked a proper control
group.’®1% Papalia et al'®® found that the average rate of
failure for meniscal scaffolds was 10% and the average rate
of severe complications was 5% (either definitely or possibly
related to the scaffold).

Moran et al®! found that various types of meniscal scaf-
folds (eg, synthetic, tissue derived) were successful during
in vitro studies, but in vivo studies were limited and the
optimal meniscal scaffold type remains unknown. Di Mat-
teo et al®® examined 34 studies that evaluated the use of
meniscal scaffolds in animal models and found that most
biomaterials and bioengineered scaffolds were safe and
capable of stimulating meniscal healing and providing
chondral protection. However, poor results were found for
Dacron-based scaffolds, and there was inconclusive evi-
dence regarding cell augmentation for these implants.

Mesenchymal Stem Cells and Growth Factors
Korpershoek et al”* found evidence to suggest that repair
and regeneration of meniscal tissue may occur when mes-
enchymal stem cells from bone marrow, adipose tissue,
meniscus, or synovium were injected intra-articularly;
however, there was no consensus regarding the number
of stem cells needed and superiority of technique for aug-
mentation of meniscal repair or regeneration. According to
a systematic review by Chew et al,2! the method of stem cell
harvest varied between studies such that 3 of 4 studies
administered stem cells via percutaneous injection in the
knee and 1 of 4 studies used a collagen scaffold for admin-
istration. Clinical outcomes generally improved and there
were no adverse events; however, only 1 study included a
control group. A systematic review by Moran et al®! also
found promising results for stem cells and growth factor
therapy for treating meniscal injuries; however, the opti-
mal dosing and route of administration are not known.
Haddad et al®2 found limited evidence from animal studies
demonstrating that human insulin-like growth factor-1
was associated with meniscal healing but platelet-rich
plasma was not.

Postoperative Rehabilitation

Meniscal Repair. Several systematic reviews examined
the effect of restricted and accelerated rehabilitation proto-
cols on outcomes after meniscal repair.10%131:136.137 ghapo
et al'®! found no difference in clinical outcomes or rates of
failure between restricted (nonweightbearing for at least 2
weeks) and accelerated (immediate weightbearing) rehabil-
itation protocols in 17 studies; however, only 3 of 17 studies
actually made a head-to-head comparison of restricted ver-
sus accelerated rehabilitation protocols. Likewise, O’'Don-
nell et a1’ found similar clinical outcomes for accelerated,
motion-restricted, weight-restricted, and dual-restricted
rehabilitation groups. Furthermore, early range of motion
and weightbearing status did not affect clinical outcomes in
O’Donnell’s review. According to VanderHave et al,'3® suc-
cessful clinical outcomes were found in 70% to 94% of
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patients after restricted rehabilitation (nonweightbearing
for 2-6 weeks) in 4 studies and in 64% to 96% of patients
after accelerated rehabilitation (immediate weightbear-
ing). Vascellari et al'3” found no difference in repair failure
between accelerated versus restricted (nonweightbearing
for 4-6 weeks) rehabilitation (13% vs 10%, respectively).
APM. A systematic review by Imoto et al®! revealed no
benefit of adding electrical stimulation to rehabilitation
after APM; however, this conclusion was based on evidence
from only 2 studies. Dias et al®* conducted a systematic
review of 18 RCTs and found that physical therapy plus
home exercise was more effective at improving range of
motion and function than home exercise alone after APM.

Postoperative Imaging Assessment

Baker et al” conducted a systematic review that examined
the accuracy of various imaging modalities for assessing
recurrent meniscal tears after meniscal surgery. The accu-
racy of diagnosing recurrent tears after APM and meniscal
repair was 57% to 80% after conventional MRI, 85% to 93%
after direct magnetic resonance arthrography, and 81% to
93% after indirect magnetic resonance arthrography. Con-
ventional MRI was comparable with clinical examination
for assessing meniscal healing after MAT. Baker et al con-
cluded that direct and indirect magnetic resonance arthro-
graphy was superior to conventional MRI for assessment of
meniscal healing after APM or meniscal repair; however,
few studies have directly compared different imaging
modalities.

Patient-Reported Outcome Measures

Abram et al? performed a systematic review to summarize
and critically appraise the patient-reported outcome mea-
sures that are used in patients with meniscal tears. The
study quality of 11 studies was evaluated with the
COSMIN (Consensus-based Standards for the Selection of
Health Measurement Instruments) checklist. A total of 10
outcome measures were evaluated, and of these, the West-
ern Ontario Meniscal Evaluation Tool demonstrated the
strongest evidence for content validity. Limited evidence
was found to support use of the Lysholm knee scale and the
International Knee Documentation Committee Subjective
Knee Form for evaluating symptoms and function in
patients with meniscal tears.

Cost-Effectiveness

Afzali et al® performed a systematic review to evaluate the
cost-effectiveness of treatment for nonosteoarthritic knee
pain conditions, which included 2 high-quality studies of
meniscal injuries. One study found no clear evidence of
cost-effectiveness for either APM or meniscal scaffold pro-
cedures, whereas the other study found that APM was more
cost-effective than MAT in the short term but MAT was
more effective at delaying total knee arthroplasty in the
long term compared with APM. Waugh et al'®® set out to
examine cost-effectiveness of MAT in a systematic review;
however, they found that a cost-effectiveness analysis was
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not feasible because they did not find any studies that com-
pared MAT versus nonoperative management.

DISCUSSION

This systematic review provides a thorough summary of
systematic reviews and meta-analyses pertaining to the
meniscus. For some topics substantial evidence is available,
and for others evidence is lacking or biased. For instance,
substantial evidence is available demonstrating that
increased age; male sex; kneeling or squatting; standing,
walking, or lifting for long periods of time; and delayed ACL
reconstruction are risk factors for meniscal tears, however
minimal evidence is available suggesting that increased
BMI is also a risk factor.''1!?° Several studies demon-
strated that MRI was accurate for diagnosing meniscal
tears,20-107:108,121,124 1,4 physical examination was only
moderately accurate at best.!”1831:32123 Menjigcal tears are
commonly found at the time of ACL reconstruction, espe-
cially when ACL reconstruction has been delayed by
6 months or more and after recurrent instability epi-
sodes.399%130 Furthermore, APM done at the time of ACL
reconstruction is a risk factor for developing osteoarthritis
in the future.2®%5108 In patients with concomitant degen-
erative meniscal tears and osteoarthritis, evidence regard-
ing the efficacy of APM has been conflicting.*3:6%73
Substantial evidence is available demonstrating no differ-
ence in clinical outcomes for APM versus conservative man-
agement for degenerative meniscal tearsl?%77:78,106,132,
however, the available evidence may be biased and of low
quality.?®87 Clinical outcomes tended to improve after APM
and reoperation rates were low, although knee osteoarthri-
tis is likely to develop after APM. 13102104

Meniscal repairs have been associated with good clinical
outcomes overall,*>31:143 and for isolated meniscal repairs
there has been no difference in clinical outcomes between
all-inside versus inside-out repairs.*1-424849.67.90 NMeniscal
root repairs were shown to be cost-effective, to be associated
with high rates of complete or partial healing, and to lessen
the progression of arthrosis.***%%* Substantial evidence
has shown good clinical outcomes after MAT and high sur-
vival rates, although studies may have been biased and
RCTs are lacking.3%:56:95:97.117:126 The optimal type of both
meniscal scaffolds and implants remains unknown; how-
ever, good clinical outcomes, few complications, and low
failure rates have been observed for various types of menis-
cal scaffolds (eg, synthetic, tissue derived) and implants
(eg, collagen implant, Actifit), although further research
is needed.* Minimal evidence is available to suggest that
stem cell or growth factor therapy is effective, and the opti-
mal route of administration and optimal dosing remain
unknown.21’52’71’91

To our knowledge, this is the first systematic review of
systematic reviews and meta-analyses focused on the
meniscus. This study is not without limitations. We have
summarized a large body of literature ranging from level 1
to level 4 evidence. Each individual systematic review and

*References 29, 47, 55, 91, 103, 123, 133, 138.
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meta-analysis comes with its own limitations including
potential biases, such as selection bias or publication bias,
which may have affected our overall results. Because of the
heterogeneity between reviews, we did not attempt any
meta-analyses and kept our review to a qualitative sum-
mary of the literature.

CONCLUSION

This summary of systematic reviews and meta-analyses
delivers surgeons a single source of the current evidence
regarding the meniscus.
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