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Background: Delayed anterior cruciate ligament (ACL) reconstruction may be associated with increased risk of subsequent knee
joint damage and osteoarthritis (OA). The relationship between recurrent instability episodes and meniscal or cartilage damage
after first-time ACL injury is unknown.

Purpose: To assess the association between recurrent knee instability episodes and prevalence of meniscal lesions, cartilage
damage, and OA after first-time ACL injury.

Study Design: Systematic review; Level of evidence, 4.

Methods: Six electronic databases were systematically searched using keywords and Medical Subject Heading terms. Studies
selected were of English language, included original data, had a prospective design, and provided an outcome of recurrent
instability and meniscal lesions, cartilage damage, or OA after first-time ACL injury. Adjusted odds ratios (ORs) were extracted or
unadjusted ORs (95% CI) were calculated. PRISMA guidelines were followed, and 2 independent raters assessed study quality
using Downs and Black criteria.

Results: Of 905 potentially relevant studies, 7 were included. Sample sizes ranged from 43 to 541, and Downs and Black scores
ranged from 2 to 12. Clinical and methodological heterogeneity precluded meta-analysis. Six studies reported a positive asso-
ciation between recurrent instability episodes and medial meniscal damage (OR range, 3.46 [95% CI, 1.24-9.99] to 11.56 [1.37-
521.06]). The association between instability episodes and lateral meniscal or cartilage damage was inconsistent. No studies
examined the association between instability episodes and OA.

Conclusion: This systematic review provides preliminary evidence that recurrent instability episodes after first-time ACL injury may
be associated with increased odds of medial meniscal damage. This highlights the importance of early diagnosis, education, and
treatment for individuals with ACL injury, all of which must include a specific focus on the prevention and management of instability
episodes. High-quality, prospective cohort studies are needed that assess the effects of diagnostic and treatment delay, recurrent
instability episodes on secondary meniscal and cartilage damage, and OA after an initial ACL injury.
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The incidence of knee osteoarthritis (OA) after anterior
cruciate ligament (ACL) injury is high.43,47,51,54 This may
be explained in part by the fact that an ACL-deficient knee
is at increased risk for subsequent cartilage and meniscal
damage.5,47 Recent systematic reviews that have investi-
gated the relationship between time from ACL injury to
ACL reconstruction (ACLR) and meniscal or cartilage dam-
age18,46,57 have reported that prolonged time to ACLR is

associated with increased risk of meniscal and cartilage
damage. However, the link between prolonged time to
ACLR and knee OA is less clear, with some studies identi-
fying a positive association36,48 and others not.2,21,53 That
said, few of these investigations have controlled for the
number of recurrent instability episodes incurred after
the initial ACL injury. The number of dislocations in the
shoulder has been identified as a predictor of future gleno-
humeral OA,26 and this association may be paralleled in
the knee.

Understanding the relationship between recurrent
instability episodes and meniscal and/or cartilage damage
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in patients with ACL injury has significant implications for
acute treatment pathways in terms of the secondary pre-
vention of OA after ACL injury. Specifically, if an associa-
tion between the number of recurrent instability episodes
and meniscal or cartilage damage were identified, greater
emphasis should be placed on the importance of avoiding
conditions that are associated with instability episodes,
regardless of primary treatment choice (surgical or nonsur-
gical). Surgery would be indicated for patients with, or at
high risk of, recurrent instability episodes (participation
in pivoting sports) to protect the meniscus and cartilage.
Conversely, nonsurgical management in the form of reha-
bilitation, bracing, and lifestyle modification may be more
appropriate for patients without, or at low risk of, insta-
bility episodes. Furthermore, this may influence timing of
ACLR (especially in resource-limited health care environ-
ments) in that patients sustaining recurrent instability
episodes might benefit by being prioritized for surgery
over those who are better able to cope with their ACL-
injured knee.

The purpose of this systematic review is to assess the
relationship between recurrent knee instability episodes
and the prevalence of meniscal lesions, cartilage damage,
and OA after first-time ACL injury.

METHODS

This review was conducted according to the 2009 PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) statement41 and was registered on the
PROSPERO database (http://www.crd.york.ac.uk/prospero).

Data Sources and Search

Relevant studies were identified by searching 6 online data-
bases, selected for their relevance to the topic, from incep-
tion to June 2016. These databases included MEDLINE,
CINAHL (Cumulative Index to Nursing and Allied Health
Literature), EMBASE (Excerpta Medica databases),
PubMed, Scopus, and the Cochrane Library. The Appendix
outlines the combination of Medical Subject Heading and
text words that were used for ACL, instability, meniscus,
cartilage, and OA along with combinations of search terms
that formed the final search strategy. Limits included
English language and human ACL studies published in
peer-reviewed journals. Articles were organized in an Excel
sheet designed by VonVille.58 The number of references
obtained from each search strategy for each database was
recorded, and a running total was constructed. After
accounting for duplication, the title and abstracts of all
returned records were independently reviewed by 2
authors (1 orthopaedic surgeon and 1 medical student

[M.S. and A.R.]) blinded to record authors and journal
name. Prior to title and abstract review, these 2 authors
independently screened a random sample of 86 titles and
abstracts, in which they were blinded to authors and jour-
nal names, and reached moderate agreement regarding
study relevance (Cohen kappa¼ 0.71) using an Excel work-
book designed by VonVille.58 Finally, the same 2 authors
independently reviewed the full text of all potentially rele-
vant studies to determine final study selection. Consensus
(first between the 2 reviewers and, if required, by a third
author, an orthopaedic surgeon [D.O.]) regarding poten-
tially relevant studies was reached on items where there
was disagreement. The reference lists of selected studies
were also hand-searched to identify relevant articles not
found by this search strategy.

Study Selection

Studies were included if they investigated the relationship
between an occurrence of recurrent instability after first-
time ACL injury (yes/no or number of episodes) and
prevalence of meniscal lesions, cartilage damage, and OA.
Additional inclusion criteria included primary research
with original data and analytic or interventional design.
Exclusion criteria included animal studies and non-
English or review articles.

Assessment of Study Quality

The methodological quality of included studies was
appraised by 2 of 3 authors using the Downs and Black
quality assessment tool.16 This checklist has been devel-
oped and recommended for use in systematic reviews of
both randomized and nonrandomized studies.6 This tool
consists of 27 questions that assess criteria for reporting,
external validity, and internal validity (measurement and
confounding). The highest score possible is 32.

Data Extraction and Synthesis

Data extraction was completed independently by 2 authors
(1 orthopaedic surgeon and 1 medical student [M.S. and
A.R.]) during the period July through September 2016 and
was compared for accuracy using a Microsoft Excel spread-
sheet designed by the authors for this purpose. Extracted
data included study characteristics; patient demographics;
definitions of recurrent instability episodes, meniscal
lesions, and cartilage injuries; odds (odds ratio [OR] and
95% CI) of recurrent instability episodes, meniscal lesions,
and cartilage damage; OA; and any functional outcomes.
Covariates known to be potential risk factors for intra-
articular knee injury, such as body mass index (BMI),
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activity level, time from injury to surgery (TFI), and sex,
were also recorded.

For studies that did not report an OR, raw data were
extracted to construct a 2 � 2 table with instability (yes/
no) plotted against the outcome (yes/no), and Stata (Stata-
Corp, 2013) was used to calculate an unadjusted OR with
95% CIs. In 1 study,49 1 cell of the 2� 2 table contained zero.
To allow calculation of an OR, each cell value was increased
by 1, which is a described statistical technique to overcome
this issue while biasing toward the null hypothesis.25

RESULTS

Identification of Studies

A summary of the study identification process is provided
in Figure 1. The initial search strategy identified 1992
records; 1084 duplicates were removed, leaving 908 poten-
tially relevant articles. Following removal of records that
did not meet the inclusion criteria based on title and
abstract review, the number of relevant articles was
reduced to 22. After full-text review, 15 were excluded,
leaving 7 studies for inclusion in the review.3,9,22,27,30,33,49

Articles were excluded at the full record review stage for
the following reasons: failure to report recurrent instability
(yes/no) in all patients (n ¼ 7), unrelated article (n ¼ 4),
review article (n ¼ 1), duplication of data (n ¼ 2), and non-
English article (n ¼ 1). Of 2 papers by Kluczynksi et al,30,31

the earlier was selected because it presented the data in a
nonstratified manner, which was consistent with the other

studies in the review. Hand-searching of references of
selected articles yielded no additional articles. Figure 1 pro-
vides a summary of the literature search and study selec-
tion process. Clinical and methodological heterogeneity
(specifically involving the definition of recurrent instability
episodes) precluded meta-analysis (Table 1).

Study Characteristics

Five of the 7 studies were considered cohort studies (level
of evidence, 3)3,9,22,30,33 (Table 1). The other 2 were consid-
ered case series (level of evidence, 4).27,49 The median sam-
ple size was 100 (range, 43-541). Three of the studies
investigated either pediatric or adolescent patient popula-
tions,3,22,33 while the 4 other studies involved adult
patients.9,27,30,49 Four of the studies assessed the relation-
ship between potential risk factors other than recurrent
instability episodes and secondary intra-articular injury
identified at the time of ACLR.3,9,30,33 No studies were
found that assessed the association between recurrent
instability episodes and OA.

The definition of recurrent instability varied among the
studies (Table 1). Definitions included the following: any
instability episode after first-time ACL injury and before
surgery, reinjury (as indicated by significant encounters,
which were characterized by new complaints of pain and
swelling), subjective sense of instability (noted as 1 or more
episodes of “giving way” or “shifting” with activity), explicit
reinjury to the knee introduced by joint instability, and
buckling episodes of the knee. Most authors dichotomized
instability episodes as present or absent; however, 1 study
established a cutoff of 5 or more significant clinical encoun-
ters (which the authors of that study attributed to recur-
rent instability episodes).22 The definition of meniscal and
cartilage injury was not consistent but was more robust in
studies that had higher Downs and Black scores in that
established scoring criteria were used (Outerbridge; Inter-
national Cartilage Repair Society; International Society of
Arthroscopy, Knee Surgery and Orthopaedic Sports Medi-
cine) (Table 1).

Risk of Bias Within Studies

The median methodological quality for the 7 studies, based
on Downs and Black criteria, was 9 out of 32 (range, 2-12),
with only 3 studies scoring higher than 10 (Table 2). These
scores indicate a risk of bias. Because the included studies
were observational, 7 items (4, 8, 14, 19, 23, 24, and 27;
totaling 10 points) were not applicable. The most consistent
methodological weaknesses of the included studies were
their observational design (lack of randomization, blinding,
etc) and insufficient reporting of information about
recruited patients as well as those lost to follow-up.

Risk of Bias Across Studies

A risk of bias was noted, because all included studies except
149 involved only patients who ultimately underwent
ACLR. Underrepresented in this analysis are those
patients with ACL injury who had not undergone ACLR.

1992 records identified from all 
sources

1084 duplicates excluded

908 titles & abstracts to screen

886
842

44
00

Titles & abstracts excluded
Unrelated article
Review article
Non-English abstract

22 full text records to review

00 items not available for review

22 full text records available to
review

15
7
4
2
1
1

Full-text articles excluded
Failure to report recurrent instability
Unrelated article
Duplication of data
Non-English article
Review article

7 publications included
Reporting on 7 studies

Figure 1. PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flowchart for study selection
process.
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TABLE 1
Summary of Findingsa

Lead
Author
(Year)

Study
Design

Level of
Evidence

No. of
Participants

Definition of
Recurrent
Instability

Definition of
Meniscal and

Cartilage
Damage

OR of Any
Tear

(Medial,
Lateral,

Cartilage)
With

Recurrent
Instability

OR of
Medial

Meniscal
Tear With
Recurrent
Instability

OR of
Lateral

Meniscal
Tear With
Recurrent
Instability

OR of
Cartilage

Injury With
Recurrent
Instability

Study
Conclusions

Anderson3

(2015)
Cohort

study
3 134 pediatric Any instability

episode
subsequent to
initial injury
but before
surgery

Operative reports
and
intraoperative
images used to
classify
meniscal tears
using the
ISAKOS
system.
Chondral
injuries were
classified
according to
ICRS system.

Not reported,
not
calculable

OR 4.72; 95% CI,
1.43-15.6;
P ¼ .01

OR 2.98; 95%
CI, 0.99-
8.96; P ¼
.52

Not reported,
unadjusted
calculated
with Stata:
OR 5.90;
95% CI,
1.78-20.09;
P ¼ .0004

A delay in ACLR,
history of any
instability, and
return to sports
participation
before
reconstruction
are associated
with increased
risk of meniscal
and chondral
injuries.

Funahashi22

(2014)
Cohort

study
3 71 pediatric Reinjury indicated

by significant
encounters,
which were
characterized
by new
complaints of
pain or swelling
that were
documented in
record. The
recording of
instability or
giving way was
less consistent
in the charts.

Operative reports
used to classify
meniscal
injuries as
present or not
and reparable
or not.
Cartilage
injuries were
recorded as
either present
or not.

Not reported,
unadjusted
calculated
with Stata:
OR 4.57;
95% CI,
1.34-15.6;
P ¼ .015

Not reported,
unadjusted
calculated
with Stata:
OR 3.21; 95%
CI, 0.82-12.5;
P ¼ .093

Not reported,
unadjusted
calculated
with Stata:
OR 1.56;
95% CI,
0.46-5.26;
P ¼ .47

Not reported,
unadjusted
calculated
with Stata:
OR 2.70;
95% CI,
0.82-8.94;
P ¼ .10

An increased
number of
significant
encounters
(�5) was
significantly
associated with
combined
meniscal and
cartilage
injuries.

Lawrence33

(2011)
Cohort

study
3 70 pediatric Subjective sense of

instability
noted as �1
episodes of
“giving way” or
“shifting” with
activity

Operative
reports and
intraoperative
images used to
classify
meniscal
(required
surgical
intervention or
not) and
cartilage
injuries
(Outerbridge
scores 0, 1 or 2,
3, 4)

Not reported,
not
calculable

OR 11.4; 95% CI,
1.31-99.1

Reportedly no
significant
association,
OR not
calculable

Reportedly no
significant
association,
OR not
calculable

These data may
influence many
to favor early
ACLR in this
population.

Chen9 (2015) Cohort
study

3 293 adults Reinjury was
defined as an
explicit injury
to the same
knee
introduced by
joint instability
after the initial
injury and was
recorded as
“yes” or “no.”

Operative reports
used to classify
meniscal tears
(full-thickness
defect as
determined by
2 surgeons)
and cartilage
(Outerbridge)
injuries

OR 7.68; 95%
CI, 3.24-
18.22;
P < .0001

OR 10.9; 95% CI,
6.04-19.88;
P < .0001

OR 1.65; 95%
CI, 0.98-
2.76;
P ¼ .044

OR 4.18; 95%
CI, 2.09-
8.35;
P < .001

An increased risk
of meniscal
tears
(especially in
the medial
meniscus) was
strongly
associated with
an active daily
life and
reinjury.

(continued)
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Synthesis of Results

A summary of extracted data is provided in Table 1. All
studies found that recurrent instability episodes were asso-
ciated with some type of intra-articular damage diagnosed
at time of surgery.

Adjusted OR (95% CI) for medial meniscal injury was
reported in 4 of the 7 studies,3,9,30,33 and unadjusted ORs
were calculable in the other 3 studies.22,27,49 Recurrent
instability episodes were reportedly associated with
medial meniscal tears in 6 of the 7 studies,3,9,27,30,33,49

with ORs from all 7 studies ranging from 3.21 (95% CI,

0.82-12.5) to 11.56 (95% CI, 1.37-521.06) (Figure 2). One
study that recorded the actual number of instability epi-
sodes reported a linear relationship between number of
instability episodes and medial meniscal tears (P ¼
.01).30 One study reported that presence of instability epi-
sodes was predictive of having a high-grade (vs low-grade)
medial meniscal tear.3 Another study found that the pres-
ence of instability episodes was predictive of necessity for
meniscectomy.30 In this latter paper, sustaining more
than 10 instability episodes reportedly doubled the odds
of undergoing meniscectomy, although an OR was not
reported.

TABLE 1 (continued)

Lead
Author
(Year)

Study
Design

Level of
Evidence

No. of
Participants

Definition of
Recurrent
Instability

Definition of
Meniscal and

Cartilage
Damage

OR of Any
Tear

(Medial,
Lateral,

Cartilage)
With

Recurrent
Instability

OR of
Medial

Meniscal
Tear With
Recurrent
Instability

OR of
Lateral

Meniscal
Tear With
Recurrent
Instability

OR of
Cartilage

Injury With
Recurrent
Instability

Study
Conclusions

Kluczynski30

(2013)
Cohort

study
3 541 adults No. of instability

episodes
subsequent to
the initial
injury but
before surgery

Operative reports
used to classify
meniscal tears
(no treatment
or excision or
repair) and
cartilage
(Outerbridge)
injuries

Not reported,
not
calculable

Model 1: OR 3.53;
95% CI, 1.54-
8.14. Model 2:
OR 3.58; 95%
CI, 1.55-8.28

Reportedly no
significant
association,
OR not
calculable

Reportedly no
significant
association,
OR not
calculable

Data suggest
focusing on
number of
instability
episodes after
the initial
injury rather
than the
interval from
injury to
surgery as a
more accurate
predictor of
subsequent
medial
meniscal tears.

Shelton49

(1997)
Case

series
4 43 adults

(44 knees)
Buckling of the

knee
Not defined Not reported,

unadjusted
calculated
with Stata:
OR 14.63;
95% CI,
1.73-655.16

Not reported,
unadjusted
calculated
with Stata:
OR 11.56; 95%
CI, 1.37-
521.06

Not reported,
unadjusted
calculated
with Stata:
OR 4.68;
95% CI,
0.53-220.61

Not reported,
unadjusted
calculated
with Stata:
OR 0.81;
95% CI,
0.039-51.57

An athlete
attempting to
return to play
early after an
ACL injury is
likely to
experience
recurrent
buckling of the
knee, which
has significant
potential for
subsequent
meniscal and
cartilage
injuries.

Indelicato27

(1985)
Case

series
4 100 adults Episodes of

buckling,
giving out, or
reinjury since
the initial
injury

Meniscal tears
not defined;
operative
reports used to
define
cartilage
defects as
present
(chondral
fractures
resulting in
fragments) or
not

Not reported,
unadjusted
calculated
with Stata:
OR 4.77;
95% CI,
1.42-18.32;
P ¼ .0038

Not reported,
unadjusted
calculated
with Stata:
OR 3.46; 95%
CI, 1.24-9.99;
P ¼ .0075

Not reported,
unadjusted
calculated
with Stata:
OR 1.19;
95% CI,
0.48-3.01;
P ¼ .68

Not reported,
unadjusted
calculated
with Stata:
OR 3.92; 95
% CI, 1.51-
10.57,
P ¼ .0018

Reinjury to the
knee will likely
enhance the
incidence of
meniscal tears
and articular
changes.

aACLR, anterior cruciate ligament reconstruction; ICRS, International Cartilage Repair Society; ISAKOS, International Society of
Arthroscopy, Knee Surgery and Orthopaedic Sports Medicine; OR, odds ratio.
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Three of the 7 studies reported that recurrent instability
episodes were associated with cartilage injury, with ORs
ranging from 3.92 (95% CI, 1.51-10.57) to 5.90 (95% CI,
1.78-20.09).3,9,27 Two of the 7 studies reported that recur-
rent instability episodes were marginally associated with
lateral meniscal injury, with ORs ranging from 1.65 (95%
CI, 0.98-2.76) to 2.98 (95% CI, 0.99-8.96).3,9

Four studies examined the association between covari-
ates (ie, TFI, sex, activity level, and BMI) and instability
episodes on meniscal lesions and cartilage damage.3,9,30,33

One of these studies reported that instability episodes were
associated with TFI and activity level.9 Another reported
that TFI was associated with medial meniscal tears but
that this association disappeared after adjustment for num-
ber of instability episodes.30

The only prospective study in the review reported rates
of instability. Specifically, 60.3% (323/536) of patients
awaiting ACLR had experienced 1 or more recurrent insta-
bility episodes, 13.1% (70/536) had experienced 1 episode,
and 16.6% (89/536) had experienced more than 10 episodes;
39.7% (213/536) had not experienced an instability
episode.30

DISCUSSION

To our knowledge, this is the first systematic review exam-
ining the relationship between recurrent instability episodes
and meniscal lesions or cartilage damage in individuals after

a first-time ACL injury. The most important finding of this
systematic review is that low-level evidence indicates that
recurrent instability after first-time ACL injury is associated
with increased odds of medial meniscal lesions. We found
inconsistent evidence that recurrent instability is associated
with lateral meniscal or cartilage damage in the same
population.

This review brings to light the concept that instability
episodes may be just as important in the development of
medial meniscal damage, if not more so, than prolonged
time from injury to surgery. This idea was first brought
forward when Kluczynski et al30 controlled for instability
episodes and found that time from injury to surgery was no
longer predictive of medial meniscal damage. This finding
sheds light on 2 areas of recent debate: timing of ACLR and
early operative versus nonoperative management of
patients with ACL injury.

Investigators have put forth considerable effort to deter-
mine the optimal period for ACLR. The majority, but not
all, of these studies have found that with prolonged TFI, the
likelihood of finding concomitant meniscal and cartilage
damage during reconstruction increases.{ Some authors,
however, have reported acceptable results with delaying
or avoiding ACLR, a finding that has garnered considerable
debate.20,21,34,37 This dichotomy will be explored in several
systematic reviews currently registered on PROSPERO,
and the publication of these reviews will be a valuable addi-
tion to the literature on the topic. Whether prescribed treat-
ment of an ACL tear involves reconstruction, delayed
reconstruction, or rehabilitation, this review emphasizes
that the goal of treatment should be to avoid further insta-
bility episodes. If nothing else, this systematic review high-
lights the importance of establishing an early diagnosis
after an ACL tear, beginning timely care, and avoiding fur-
ther instability episodes, with the aim of preventing sec-
ondary medial meniscal damage.

This information should affect the practice and manage-
ment decisions of clinicians in several ways. Information
regarding the number of instability episodes should be
obtained early in the history of patients with ACL injury,
as this may influence the likelihood of having medial
meniscal damage. Educating the patient regarding the
importance of avoiding subsequent instability episodes
becomes an essential part of any treatment algorithm.
Appropriately selecting surgical patients may be easier

TABLE 2
Downs and Black Scoring Chart

Study Authors and Year

Anderson 2015 Chen 2015 Funahashi 2014 Indelicato 1985 Kluczynski 2013 Lawrence 2011 Shelton 1997

Study design Cohort Cohort Cohort Case series Cohort Cohort Case series
Total score 11 9 8 5 11 12 2
Oxford levelof evidence (2011) 3 3 3 4 3 3 4

Figure 2. Odds ratios of medial meniscal injury with recurrent
instability of individual studies.

{References 4, 10, 11, 13, 14, 17, 19, 23, 24, 28–30, 32, 39, 40, 42, 44,
45, 55, 56, 59, 60.
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with this knowledge, because individuals with ACL defi-
ciency who experience recurrent instability episodes may
be at increased risk of secondary medial meniscal tears
compared with such individuals who do not have recurrent
instability. This finding may also increase the urgency of
ACLR for patients experiencing recurrent instability epi-
sodes in resource-limited environments, as ACLR has been
shown to reduce reinjury, secondary surgery, and meniscal
tears.8 This effect is contingent upon the ACLR being able
to eliminate recurrent instability episodes. For the long-
term health of any ACL-deficient knee, avoidance of subse-
quent instability episodes should be a priority.

Although no long-term natural history study is available
that reports on recurrent instability episodes in the ACL-
deficient knee (as there is in the shoulder26), it is likely that
knees with more recurrent instability episodes are at
increased risk of developing OA. Failing to control for num-
ber of instability episodes may explain why prior studies
have not found an association between delay to ACLR and
OA.2,21,53,57 The association between medial meniscal loss
and OA is clear,57 and this review demonstrates low-level
evidence of the association between recurrent instability
and medial meniscal injury. We recommend that future
studies be designed to investigate the relationship between
recurrent instability episodes and OA.

The role of the medial meniscus as a secondary restraint
to anterior translation is further delineated by the findings
of this review. The restraint against anterior translation
of the tibia afforded by the medial meniscus has been
described elsewhere.1,38,52 The role of recurrent instability
in the development of varying types medial meniscal injury
remains unclear. For example, it is not known whether
recurrent instability increases the likelihood of occurrence
of the medial meniscal ramp lesion, an entity described in
recent literature.7,15 This review supports the assumption
that in the setting of ACL deficiency, the medial meniscus,
as a secondary restraint to anterior translation, is subject
to an increased risk of injury.

Previous literature suggests that the lateral meniscus
does not have a significant role in resisting anterior tibial
translation. Levy et al35 performed a cadaveric study that
involved sequential sectioning of the ACL and lateral
meniscectomy. Their results suggest that the lateral menis-
cus does not act like a wedge resisting anterior translation
in the same way that the medial meniscus does. In contrast,
more recent literature suggests that the lateral meniscus
may play a role in stabilizing the ACL-deficient knee during
rotational loading. Shybut et al50 used a cadaveric model to
show that an ACL-deficient knee with a posterior root tear
of the lateral meniscus demonstrated significantly more
rotational translation than an ACL-deficient knee with an
intact lateral meniscus. With 5 of the studies in this review
failing to identify an association between recurrent insta-
bility episodes and lateral meniscal tears,22,27,30,33,49 it may
be that the more mobile lateral meniscus is less likely to be
injured during recurrent instability episodes than the less
mobile medial meniscus. This concept is supported by data
showing lateral meniscal damage to be more common in an
acute ACL injury and medial meniscal damage to be more
common in a chronic ACL injury.12

Limitations

The findings of this systematic review are based on a syn-
thesis and evaluation of the existing literature. As such,
they are limited by the inadequacies and risk of bias of each
individual study included. Prospective, well-designed, long-
term studies are needed to further explore the implications
of recurrent instability episodes on medial meniscal injury
and OA.

The included studies in this review scored poorly on the
Downs and Black questionnaire, which indicates a high
risk of bias. Scores ranging from 2 to 12 indicate poor meth-
odological quality, which must be kept in mind when the
extracted data are analyzed.

Another limitation of this systematic review is the under-
representation of patients who are treated nonsurgically,
because most of the patients in these studies underwent
ACLR. It is difficult to comment on the nonsurgical group,
but it seems intuitive that conservatively managed patients
who have recurrent instability episodes are similarly at
higher risk for medial meniscal tears.

Because most of the studies included in this review were
retrospective, definitively establishing the directionality of
the association between the number of recurrent instability
episodes and meniscal and cartilage damage is difficult.
One could argue that knees with meniscal and cartilage
damage may be more prone to further instability episodes
or greater symptoms of pain and swelling, which then cause
patients to seek treatment. Clarifying this issue will
require prospective studies that examine images before and
after the occurrence of recurrent instability episodes.

Recommendations

Information regarding the number of instability episodes
should be obtained from patients with ACL injury, and
education regarding the importance of avoiding subsequent
instability episodes should be provided.

CONCLUSION

This systematic review has identified low-level evidence
that recurrent instability after an initial ACL injury is
associated with increased odds of medial meniscal damage.
High-quality, prospective cohort studies are needed that
further assess the effect of diagnostic and treatment delay,
as well as recurrent instability episodes, on secondary
meniscal and cartilage damage and OA after an initial ACL
injury.
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APPENDIX

Search Strategy

1. anterior cruciate ligament.mp. [mp¼title, abstract,
original title, name of substance word, subject heading
word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept
word, unique identifier]

2. (instability episode* or recurren* or re-injury or rein-
jury or subjective instability).mp. [mp¼title, abstract,
original title, name of substance word, subject heading
word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept
word, unique identifier]

3. (menisc* or cartilage or osteoarthritis or outcome*).mp.
[mp¼title, abstract, original title, name of substance
word, subject heading word, keyword heading word,
protocol supplementary concept word, rare disease sup-
plementary concept word, unique identifier]

4. 1 and 2 and 3.

Results

Database Date Searched No. of Results

MEDLINE June 7, 2016 321
CINAHL June 7, 2016 166
EMBASE June 7, 2016 363
PubMed June 7, 2016 552
Scopus June 7, 2016 505
Cochrane Library June 7, 2016 85
Total 1992
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