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ABSTRACT
Background Secondary meniscal tears after ACL 
injuries increase the risk of knee osteoarthritis. The 
current literature on secondary meniscal injuries 
after ACL injury is not consistent and may have 
methodological shortcomings. This protocol describes the 
methods of a systematic review investigating the rate of 
secondary meniscal injuries in children and adults after 
treatment (operative or non-operative) for ACL injury.
Methods We will search electronic databases (Embase, 
Ovid Medline, Cochrane, CINAHL (Cumulative Index 
to Nursing and Allied Health Literature), SPORTDiscus, 
PEDro and Google Scholar) from database inception. 
Extracted data will include demographic data, 
methodology, intervention details and patient outcomes. 
Risk of bias will be assessed using the Newcastle 
Ottawa checklist for cohort studies. Article screening, 
eligibility assessment, risk of bias assessment and 
data extraction will be performed in duplicate by 
independent reviewers. A proportion meta-analysis will 
be performed if studies are homogeneous (I2<75%). 
If meta-analysis is precluded, data will be synthesised 
descriptively using best-evidence synthesis. The strength 
of recommendations and quality of evidence will be 
assessed using the Grading of Recommendations 
Assessment Development and Evaluation working group 
methodology.
Ethics and dissemination This protocol is written 
according to the Preferred Reporting Items for Systematic 
reviews and Meta-Analyses, and was registered in the 
International Prospective Register of Systematic Reviews 
on 22 March 2016.
Trial registration number CRD42016036788.

InTRoduCTIon
Preventing further injury to articular cartilage 
and menisci is a common justification to perform 
ACL reconstruction.1 Having an ACL reconstruc-
tion does not prevent knee osteoarthritis,2 3 but 
meniscal injuries occurring either at the time of 
the index ACL injury or subsequent to the ACL 
injury increase the risk.4–6 Prevention of secondary 
meniscal injuries is highly relevant for all patients 
with ACL injury and their treating clinicians.

The ACL is a key stabilising structure in the knee, 
restricting tibial translation and rotation.7 8 The 
rationale for performing ACL reconstruction is 
that surgery stabilises the injured knee, preventing 
secondary meniscal injuries that may occur if the 
knee was to give way during physical activity or 
activities of daily living. In some countries, ACL 
reconstruction is a first-line treatment for almost 
all patients with ACL injury.9 10 In other countries, 
including Norway11 12 and Sweden,13 non-operative 

treatment is a more common approach to treating 
ACL injuries, even in physically active patients. In 
Sweden, between 2001 and 2009, 64% of patients 
with ACL injury had non-operative treatment.13 In 
Norway, the absolute number of non-operated ACL 
injuries is unknown. However, it is estimated that 
approximately 50% of patients with ACL injury 
are treated non-operatively.14 15 Treatment choice 
(ACL reconstruction or non-operative treatment) 
is tailored to the individual, taking into consider-
ation associated injuries and knee stability, as well 
as the patient’s activity level and response to reha-
bilitation. The typical Scandinavian approach is 
that patients without additional injuries warranting 
surgery, who do not take part in pivoting sports and 
cope well after a trial of rehabilitation, are treated 
non-operatively with active rehabilitation.11 12

In skeletally immature patients, Scandinavian 
clinicians are even more inclined to follow a non-op-
erative approach than in adults.16 The rationale for 
non-operative treatment of ACL injuries in chil-
dren is due to increased risk of growth disturbances 
related to the open growth plates17–19 and the thin, 
underdeveloped paediatric autograft that will not 
increase in size to match the growing individual.20 
The graft may be at risk of reinjury over time.21 
However, this approach is fiercely debated.22–24

Several cross-sectional studies report that 
delayed operative treatment for ACL injury is asso-
ciated with higher rates of meniscal injuries.24–28 
Conversely, prospective longitudinal studies show 
good results in both children and adults treated 
non-operatively.11 12 29 A narrative review recently 
suggested higher rates of meniscal injury and early 
osteoarthritis in non-operatively treated chil-
dren,30 while a systematic review of data from 
adults concluded that non-operative treatment with 
optional delayed surgery reduces the risk of knee 
osteoarthritis.31 Given the established link between 
secondary meniscal tears and knee osteoarthritis,4–6 
the current literature does not seem to be consis-
tent. Rates of meniscal injuries may differ across 
age and treatment groups, but inconsistencies could 
also arise if too much credence is given to study 
designs with a high risk of bias.22

We plan to investigate the existing evidence 
regarding secondary meniscal injury rates after ACL 
injury in both children and adults, and in patients 
who undergo different treatments (ACL reconstruc-
tion or active rehabilitation). We will also assess 
the risk of bias in relevant studies using a system-
atic approach. Conducting this systematic review is 
important to strengthen the knowledge background 
for clinical decision-making regarding treatment 
for ACL injury, and to help identify future research 
directions.
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METhodS And AnAlySIS
This is a protocol of a systematic review adhering to the Preferred 
Reporting Items for Systematic reviews and Meta-Analysis 
(PRISMA) guidelines.32 33 The main aim of this systematic review 
is to investigate the rate of secondary meniscal injuries after ACL 
injury and to assess the quality of this body of evidence. The 
secondary aim is to describe the rates of secondary meniscal 
injury by treatment (non-operative or operative) and skeletal 
maturity (immaturity or maturity).

The following are the review questions:
1. What is the incidence of secondary meniscal injury following 

treatment for ACL injury?
2. Is there a difference in the incidence of secondary meniscal 

injury between patients who had ACL reconstruction and 
patients who had non-operative treatment?

3. Is there a difference in the incidence of secondary meniscal 
injury between patients who were skeletally immature and 
patients who were skeletally mature at the time of treatment 
for ACL injury?

A secondary meniscal injury is defined as a new meniscal 
injury that occurs after the ACL injury. To be able to differen-
tiate between secondary meniscal injuries and meniscal injuries 
occurring concurrently with the ACL injury, studies must report 
the meniscal status at the time of diagnosis or at the start of 
treatment for ACL injury.

Eligibility criteria
We will apply the following inclusion criteria:
1. article includes patients with ACL injury (diagnosis must be 

confirmed with MRI and/or diagnostic arthroscopy), all age 
groups

2. article reports the number of meniscal injuries at the time of 
ACL injury diagnosis or at start of index treatment for ACL 
injury to establish baseline meniscal status

3. article reports the number of secondary (new) meniscal inju-
ries that have occurred since the defined baseline meniscal 
status

4. original research article
5. article includes a minimum of 20 participants at final 

follow-up
6. published in English language.

We will apply the following exclusion criteria:
1. systematic reviews, meta-analyses or other types of literature 

review
2. only reporting meniscal injury at the time of ACL injury diag-

nosis or at the start of treatment
3. case studies
4. non-human studies
5. specifying the index treatment as revision ACL surgery
6. only including patients with knee dislocation or multiligament 

knee injuries (rupture of more than 2 of 4 main stabilising 
structures).

Studies exclusively evaluating patients undergoing revision 
ACL surgery or patients with knee dislocations or multiligament 
injuries will be excluded because they include selected groups of 
patients with worse outcomes and higher failure rates.34

Search strategy
In collaboration with two university librarians, we developed 
search strategies for the Embase, Ovid Medline, Cochrane 
Library, CINAHL, SPORTDiscus and PEDro electronic data-
bases, adapting the search strategies to medical subject headings 
terms and keywords as necessary for each database (see online 

supplementary file 1 for the search strategy as applied to the 
Ovid Medline database). A pilot of the systematic search was 
conducted on 2 February 2016 by a librarian. There are no 
limits to language, publication year or study design applied to 
the search. An additional search will be conducted in Google 
Scholar. We will rerun the searches prior to manuscript submis-
sion to identify any eligible studies published since our first data-
base search.

To supplement the electronic database search, we will hand-
search the reference lists of included studies and relevant 
systematic reviews for potentially eligible articles missed in the 
electronic database search, and conduct forward citation tracking 
using Google Scholar. We will also hand-search the ePublication 
lists for any newly published articles that may not be indexed 
by the electronic databases in the following journals: American 
Journal of Sports Medicine, Journal of Bone and Joint Surgery, 
Arthroscopy, Bone & Joint Journal and the British Journal of 
Sports Medicine.

All search results will be exported to an EndNote library, 
where we will check for, and exclude, duplicate records. All 
included articles will be uploaded to Covidence for article 
screening ( covidence. org). Covidence is an internet-based soft-
ware program specifically designed for managing article selec-
tion and data extraction in systematic reviews.

Article selection
Two reviewers (GRE and CA) will independently screen titles 
and abstracts to identify potentially relevant studies. The full-
text version of all articles identified as potentially relevant will 
be retrieved for eligibility assessment. If it is unclear from the 
title and abstract screen whether an article meets the inclusion 
criteria, the article will be reviewed in full text.

Two independent reviewers (GRE and CA) will screen the full-
text articles to evaluate whether the studies meet the selection 
criteria. Any disagreements will be resolved by consensus discus-
sion. If an agreement regarding eligibility cannot be reached, a 
third author (HG) will be consulted. The inter-rater agreement 
(kappa) for eligibility assessment will be calculated and reported. 
The reasons for excluding studies will be documented.

data extraction
Data from all included articles will be extracted independently 
and in duplicate using a data extraction template specifically 
created for this review (GRE will extract data from all included 
articles; CA and HG will extract data from 50% of the articles 
each). Disagreements will be resolved via consensus discussion. A 
third reviewer (either CA or HG) will be consulted if discrepancy 
cannot be resolved. If required, we will contact study authors by 
email for clarification. The data extraction form will be piloted 
and tested by the reviewers (GRE, HG and CA) prior to the data 
extraction process to ensure consistency. The predefined vari-
ables for extraction are the following:
1. publication details: first author, year, funding source
2. population: age, skeletal maturity, method for determining 

skeletal maturity, sex, activity level (before and after injury), 
population setting (where the patients are recruited from)

3. intervention: ACL reconstruction (surgical technique, graft 
source, timing), non-operative treatment (rehabilitation 
protocol), recommendation of activity modification

4. outcome: number of meniscal injuries at baseline (medial, 
lateral or both), number of meniscal injuries at follow-up 
(medial, lateral or both), how secondary injuries were assessed 
and diagnosed (eg, patient-reported symptoms, follow-up 
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arthroscopy), diagnostic method (eg, MRI or arthroscopy), 
return to sport, giving way episodes after baseline

5. methodology: study design, sample size, length of follow-up.

Risk of bias assessment
Because we have not limited our review to a particular study 
design, the risk of bias assessment must be appropriate for 
randomised and non-randomised studies. Non-comparative 
studies are also pertinent to answering our primary review ques-
tion. As summarised in the PRISMA elaboration, a scale that 
numerically summarises risk of bias assessment into a single score 
on a continuous scale can be misleading, or at least, unhelpful.35 
We pilot-tested the Cochrane Tool to Assess Risk of Bias in 
Cohort Studies36 and the Newcastle Ottawa Quality Assessment 
Scale for Cohort Studies.37 Of the two, we found the Newcastle 
Ottawa Scale better suited our primary review question and the 
expected variation in study design.

The risk of bias assessment will be used to inform our data 
synthesis and the conclusions that we draw.

Two independent reviewers will perform the risk of bias 
assessment using the Newcastle Ottawa Scale (GRE will assess 
all included articles; CA and HG will assess 50% of the articles 
each). Disagreements will be resolved via consensus discussion. 
A third reviewer (either CA or HG) will be consulted if discrep-
ancy cannot be resolved.

data analysis and presentation
If there are sufficient data, we will conduct a proportion 
meta-analysis to determine the rate of secondary meniscal 
injury following treatment for ACL injury. If studies are suffi-
ciently homogeneous (I2<75%), we will conduct a meta-anal-
ysis using a random-effects model. We will present summary 
estimates in forest plots. If the I2 is greater than 50%, possible 
sources of heterogeneity will be explored via subgroup analyses. 
Predefined subgroups are patients treated with ACL reconstruc-
tion compared with non-operative treatment, and data from 
skeletally immature patients compared with skeletally mature 
patients. We will conduct a sensitivity analysis to assess whether 
differences in diagnostic methods affect the results. If there are 
sufficient data, we will conduct meta-regression to examine 
the relationship between age and secondary meniscal injury. If 
possible, we will look at the relationship between activity level, 
preinjury and post-treatment, and secondary meniscal injury. We 
will assess publication bias and small study effects using a funnel 
plot for outcomes where there are 10 or more comparisons.36 
Stata 14.2 will be used for all statistical calculations.

Due to diversity in our study populations, different timing and 
techniques used for ACL reconstruction, inclusion of studies also 
evaluating non-operative treatment and different study designs, 
performing a meta-analysis may not be possible. If meta-anal-
ysis is precluded, we will conduct a descriptive synthesis using a 
best-evidence synthesis approach.

Strength of recommendations and quality of evidence
We will assess the strength of recommendations based on the 
Grading of Recommendations Assessment Development and 
Evaluation (GRADE) working group methodology (www. grade-
workinggroup. org).38 The two categories weak/conditional 
evidence and strong evidence will be used.

The quality of evidence for the study outcome, secondary 
meniscal injuries, will also be judged using the GRADE meth-
odology.38 The quality of evidence will be assessed according 
to the domains of risk of bias, consistency, directness, precision 

and publication bias. Quality will be graded as high, moderate, 
low or very low as defined according to the GRADE working 
group.38–40

Ethics and dissemination
No primary data will be collected. The systematic review article 
will be submitted for publication in a peer-reviewed journal. The 
findings will also be included in a PhD thesis and disseminated 
at international sports medicine and orthopaedic conferences.

Trial registration number
The protocol is registered in the International Prospective 
Register of Systematic Reviews (CRD42016036788).

Key messages

 ► Preventing further injury to articular cartilage and menisci is a 
common justification to perform ACL reconstruction.

 ► The current literature regarding secondary (new) meniscal 
injury rates after ACL injury does not seem to be consistent 
and may have methodological shortcomings.

 ► Rates of secondary meniscal tears after ACL injury may differ 
across age and treatment groups, but inconsistencies could 
also arise if too much credence is given to study designs with 
a high risk of bias.
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