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Background: Anterior cruciate ligament (ACL) tear and meniscal injury often co-occur. The protective effect of early ACL
reconstruction (ACLR) on meniscal injury and its repair is not clear. Critical literature review can support or change clinical
strategies and identify gaps in the available evidence.

Purpose: To assess the protective effect of ACLR on the meniscus and provide clinical guidelines for managing ACL tears and
subsequent meniscal injury. We aimed to answer the following questions: (1) Does ACLR protect the meniscus from subsequent
injury? (2) Does early ACLR reduce secondary meniscal injury compared with delayed ACLR? (3) Does ACLR protect the repaired
meniscus?

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

Methods: A systematic review was performed through use of MEDLINE and Embase electronic databases according to the
PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) guidelines. Search terms included ACL, recon-
struction, and meniscus. Studies describing primary ACLR and nonoperative treatment in adult patients were included, as well as
studies indicating timing of ACLR. The included articles were assessed individually for risk of bias through use of the modified
Cochrane Risk of Bias and MINORS (Methodological Index for Nonrandomized Studies) tools.

Results: One level 2 randomized controlled trial and several level 3 and 4 studies indicated a protective effect of ACLR on meniscal
injury compared with nonoperative treatment. There was weak (level 3) evidence of the protective effect of early ACLR on the
meniscus. Meniscal repair failure was less frequent in patients with ACL reconstruction than in patients with ACL deficiency (level 4).

Conclusion: The evidence collected in this review suggests a protective effect of ACLR for subsequent meniscal injury (level 2
evidence). ACLR should be performed within 3 months of injury (level 3 evidence). Meniscal injury requiring surgical repair in the
ACL-deficient knee should be treated with repair accompanied by ACLR (level 3 evidence). The paucity of level 2 studies prevents
the formation of guidelines based on level 1 evidence. There is a strong clinical need for randomized or prospective trials to provide
guidelines on timing of ACLR and meniscal repair.
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Anterior cruciate ligament (ACL) tears affect more than
120,000 patients per year in the United States, and in 48%
to 65% of patients, these tears are associated with meniscal
injury.'62%% Similarly, in a cohort of more than 9000 menis-
cal repairs, 40.5% of the repairs were performed together
with ACL reconstruction (ACLR).?> ACL tears are associated
with a high risk of osteoarthritis, with an osteoarthritis

The Orthopaedic Journal of Sports Medicine, 8(7), 2325967120933895
DOI: 10.1177/2325967120933895
© The Author(s) 2020

incidence of 50% at 10 to 20 years after the tear.®®* Accord-
ing to a meta-analysis, the most important predictor of oste-
oarthritis after ACLR was meniscectomy (odds ratio, 3.45).4*

ACLR is thought to restore stability in the knee, thereby
protecting the knee from further meniscal damage. This is in
contrast to findings of a randomized controlled trial (RCT)
comparing early ACLR with nonsurgical rehabilitation, in
which a similar number of meniscal surgeries was found in
both groups.?° It is therefore unclear what effect ACL tears
and their reconstruction have on the meniscus. Likewise, no
consensus is available regarding the success of meniscal
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TABLE 1
PICOS (Participants, Interventions, Comparisons, Outcomes, Study Designs) for the Research Questions®

Does ACLR Protect the Meniscus
From Subsequent Injury?

Does Early ACLR Reduce Secondary Meniscal
Injury Compared With Delayed ACLR?

Does ACLR Protect the Repaired
Meniscus?

Participants  Adults Adults

Interventions Primary ACLR
Comparisons Nonoperative treatment
Outcomes (Secondary) meniscal injury

Study designs All study designs

Primary ACLR (acute)
Primary ACLR (delayed)

(Secondary) meniscal injury

All prospective studies

Adults with concomitant ACL tear
and meniscal injury

Primary ACLR with meniscal repair

Nonoperative treatment for ACL
with meniscal repair

Healing, reoperation, retear, or tear
worsening

All study designs

Retrospective studies describing a total cohort of
ACL tears (including a nonoperative group)

Retrospective studies that report assessment of
meniscal injury at 2 time points

“ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction.

repair in ACL-deficient versus ACL-reconstructed knees.
Although retrospective studies?>% have reported higher suc-
cess rates of meniscal repair concomitant with ACLR com-
pared with meniscal repair in ACL-deficient knees, these
studies are of low methodological quality and prone to bias.

Several studies investigating the effect of ACLR are cur-
rently under way. In a prospective cohort including 7 sites
in Sweden, patients receive either ACLR or nonoperative
care with possible delayed ACLR. Patients at 1 center will
undergo diagnostic magnetic resonance imaging (MRI) at
several time points during follow-up in order to assess sec-
ondary meniscal injury.?! An RCT comparing ACLR versus
nonoperative care was recently completed in the Nether-
lands,'® but data are not yet available in the literature.
Therefore, treatment of ACL tear is currently based on
expert opinion and personal experience rather than high-
level evidence. Critical literature review can provide evi-
dence that supports or changes clinical strategies and can
identify gaps in the available evidence.

The purpose of this systematic review was to assess the
protective effect of ACLR on the meniscus and provide clin-
ical guidelines for handling ACL tear and subsequent menis-
cal injury. We aimed to answer the following questions: (1)
Does ACLR protect the meniscus from subsequent injury?
(2) Does early ACLR reduce secondary meniscal injury com-
pared with delayed ACLR? (3) Does ACLR protect the
repaired meniscus? We used the PICOS (participants, inter-
ventions, comparisons, outcomes, study designs) process to
address the research questions, as described in Table 1.

METHODS

A systematic review of the literature was performed
according to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines.?2 A
search was conducted on November 7, 2019, in the elec-
tronic databases of MEDLINE and Embase using the fol-
lowing search strategy: (“anterior cruciate ligament”
[mesh] OR (anterior OR cranial) AND cruciate AND liga-
ment*) AND reconstruction AND “meniscus [mesh] OR
menisc*). In Embase, conference abstracts, conference
papers, conference reviews, and reviews were excluded
from the search.

We chose our inclusion criteria carefully in order to min-
imize risk of bias. Studies were included based on the
PICOS listed in Table 1, regardless of whether an item
was a primary or secondary outcome. The lead author
(J.V.K.) assessed eligibility by screening of the titles and
abstracts. The decision rules and extended inclusion and
exclusion criteria are described in Appendix 1. For each
included study, the following data were extracted: study
design, number of patients, inclusion and exclusion crite-
ria, patient age, presence and type of ACL injury, presence
and type of meniscal injury, treatment methods and tim-
ing, follow-up duration, outcome of the specific research
question, and level of evidence.?®

The included RCTs were assessed individually for risk
of bias using the modified Cochrane Risk of Bias Tool
(Table 2).° Nonrandomized studies were evaluated via the

SAddress correspondence to Daniel B.F. Saris, MD, PhD, Department of Orthopaedics, University Medical Center Utrecht, Heidelberglaan 100, 3584 CX

Utrecht, the Netherlands (email: saris.daniel@mayo.edu) (Twitter: @sarisnl).

*University Medical Center Utrecht, Utrecht, the Netherlands.
TCO.DON AG, Teltow, Germany.

iMayo Clinic, Rochester, Minnesota, USA.

Final revision submitted April 27, 2020; accepted May 11, 2020.

One or more of the authors has declared the following potential conflict of interest or source of funding: This research was supported by the Dutch Arthritis
Foundation (LLP-12 and LLP-22). L.A.V. is employed by CO.DON AG. A.J.K. has received research support from Aesculap/B.Braun, Ceterix, Exactech,
Gemini Medical, and Histogenics; consulting fees from Arthrex, JRF Ortho, and Vericel; speaking fees from Arthrex; royalties from Arthrex; and honoraria
from Vericel; is a board or committee member for the Musculoskeletal Transplant Foundation; and has stock/stock options in Responsive Arthroscopy.
D.B.F.S. has received research support from JRF Ortho. AOSSM checks author disclosures against the Open Payments Database (OPD). AOSSM has not
conducted an independent investigation on the OPD and disclaims any liability or responsibility relating thereto.


mailto:saris.daniel@mayo.edu
https://twitter.com/sarisnl

The Orthopaedic Journal of Sports Medicine

Does ACL Reconstruction Protect the Meniscus and Its Repair? 3

TABLE 2
Critical Appraisal of Randomized Studies®
Random Blinding Blinding Incomplete
Level of  Sequence Allocation Selective  Other Sources (Participants (Outcome Outcome
Lead Author Evidence Generation Concealment Reporting of Bias and Personnel) Assessment) Data
Frobell,?° Snoeker*® 2 Low Low Low High High High ?
Meunier,*® Andersson,? 2-3 High High ? High High Low
Andersson,* Odesten*®
Fithian'® 3 High High ? High High High
Raviraj*? 2 Low Low ? High High Low
Bottoni® 2 Low Low High® High High Low

2Frobell?’ and Snoeker?*®; and Meunier,?® Andersson,®* and Odesten®’ are combined as these studies describe data obtained from the same
patient group and clinical trial. A question mark indicates that the item was not described in sufficient detail; thus, the risk of bias is unclear.
The delayed group was not permitted to return to military duty or recreational sport.

TABLE 3
Critical Appraisal of Nonrandomized Studies
Level of

Lead Author Evidence MINORS Score®
Dunn?’ 3 21
Kessler?® 4 15
Meuffels®” 4 12
Daniel'! 3 14
Sanders*® 3 14
Hagmeijer®? 3 15
Herbst?* 3 16
Yoo®* 4 13
De Roeck!* 4 13
Foster'? 4 13
van der Wal®? 4 12
Majeed?® 4 11
Gallacher?! 4 9
Albrecht-Olsen? 4 14
Plasschaert*2 4 10
Kimura?® 4 10
Valen®! 4 9
Jensen?® 4 10
Austin® 4 10

“MINORS (Methodological Index for Nonrandomized Studies)
scores were out of a possible ideal of 16 for noncomparative studies
and 24 for comparative studies.

Methodological Index for Nonrandomized Studies (MIN-
ORS) criteria (Table 3).%" If outcomes of different studies
conflicted, conclusions were based on level 2 studies. If
level 2 studies were not available, level 3 or 4 studies with
higher MINORS scores and lower risk of bias as discussed
in the final part of each paragraph were weighted heavier
in the conclusions.

RESULTS

The literature search yielded 1705 articles in MEDLINE
and 1656 in Embase, from which 28 studies were ultimately
included (Figure 1). Several studies describe data obtained
from the same patient group and clinical trial, therefore

Frobell? and Snoeker?®; and Meunier,?® Andersson,>* and
Odesten*® were combined and regarded as 1 study. The
extracted data can be found in Appendix 2.

Does ACL Reconstruction Prevent
Subsequent Meniscal Injury?

In 1 RCT, treatment with early ACLR was compared with
rehabilitation with the possibility of delayed ACLR.?° In
the early ACLR group, a lower number of meniscal surger-
ies (5 meniscectomies and 1 repair) were reported during 2-
year follow-up (P < .001) than in the nonoperative group
(26 meniscectomies and 3 repairs). At baseline, more
meniscal surgeries were performed in the early ACLR
group (24 partial meniscectomies and 10 repairs) than in
the nonoperative group (15 meniscectomies and 6 repairs),
and therefore the total amount of meniscal surgeries did
not differ statistically between both groups (P = .20). At 5
years of follow-up, half of the patients in the rehabilitation
group underwent delayed ACLR. New or worsening menis-
cal injury occurred in 45% of patients who underwent early
ACLR and 53% of patients in the rehabilitation group.*®
Patients who did not undergo early ACLR had a relative
risk of 2.1 (95% CI, 1.1-3.9) for medial meniscal injury and
1.0 (95% CI, 0.6-1.5) for lateral meniscal injury.

In the trial by Odensten et al,*® surgical treatment was
compared with nonoperative treatment.®*384° Meniscal
injury and treatment were comparable between the groups
at baseline. During follow-up, there were 5 cases of second-
ary meniscal injury in the surgical group (total n = 42) and
18 cases in the nonoperative group (n = 52; P = .015). In
this trial, 30% of patients allocated to receive nonoperative
treatment later underwent ACL repair.®®

In the prospective cohort studied by Fithian et al,'® 207
patients were assigned a risk level based on preinjury sports
participation and degree of laxity. Patients with moderate
risk were assigned to receive ACLR within 3 months or non-
operative treatment based on day of presentation. The num-
ber of baseline meniscal surgeries was comparable between
both groups. During follow-up, 10 meniscectomies (22%) and
3 meniscal repairs (7%) were performed in the nonoperative
group, whereas only 1 repair (4%) was performed in the early
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram: summary of literature
search. ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; RCT, randomized controlled trial.

ACLR group, indicating that ACLR prevents late-phase
meniscal injury and that nonoperative therapy might impair
reparability of the meniscus.!®

Similar results were found in several cohort
studies. 111722283745 For instance, ACLR within 6 weeks of
trauma decreased secondary meniscal surgery by 56% in the
lateral meniscus and by 42% in the medial meniscus (P <
.0001) in a US army active-duty population.l” Sanders et al*®
reported that 37.4% of patients in their cohort who were
treated nonoperatively for ACL tears were later diagnosed
with meniscal injury, compared with 19.8% of patients trea-
ted with delayed ACLR and 6.1% treated with early ACLR.

Some important confounding effects in the abovemen-
tioned studies should be considered. Early meniscal sur-
gery reduces the risk of late-phase meniscal surgery.
Subsequently, more aggressive treatment of meniscal
injury in the early ACLR group could result in an over-
estimation of the protective effect of ACLR compared

with nonoperative treatment. Such a difference in initial
meniscal treatment between patients treated with early
ACL or nonoperative treatment was shown in 2 stud-
ies,?%37 whereas comparable rates of meniscal surgery
in the early phase were reported in other studies.!®1838
In addition, nonrandomized studies entail a high risk of
selection bias based on activity level. In practice, more
active patients are often advised to undergo ACLR,
whereas other patients are recommended nonoperative
treatment. The risk of meniscal injury increases in active
patients, and in 2 studies,®!! nonoperatively treated
patients were advised not to participate in cutting or
jumping sports or return to military duty. These treat-
ment biases result in an underestimation of the protec-
tive effect of ACLR. In contrast, it could also be
hypothesized that nonoperatively treated patients have
a higher risk of early reinjury owing to a faster return to
sport. Additionally, high-level athletes might not enroll
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in an RCT with a nonoperative group and therefore
might be underrepresented in these studies.

Does Early ACLR Reduce Secondary Meniscal Injury
Compared With Delayed ACLR?

The number of meniscal injuries after early and delayed
ACLR was compared in 2 RCTs and 2 large cohort stud-
ies. In 1 RCT,*? no differences in the number of medial
or lateral meniscal injuries were found when patients
underwent ACLR within 2 weeks after injury (7 days
on average) versus within 4 to 6 weeks after injury (32
days on average). Bottoni et al® reported that the num-
ber of medial meniscal tears was comparable between
patients who underwent ACLR within 3 weeks after
injury (41.2%) and patients who underwent ACLR later
than 6 weeks (85 days on average) after injury (42.9%).
Importantly, 57.1% of medial tears in the acute group
were repairable, whereas only 26.7% of menisci in the
delayed group could be repaired.® Postoperative stiffness,
range of motion, and clinical outcomes did not differ
between early and delayed ACLR in either trial 543

In a cohort containing all inhabitants of Olmsted
County (Minnesota, USA), the risk of secondary meniscal
injury was higher in patients who underwent delayed (>1
year) ACLR compared with patients who did not have ACL
injury (hazard ratio, 4.6). The hazard ratio decreased to
1.6 when patients underwent ACLR within a year after
injury.? In a similar cohort, 19% of patients treated non-
operatively for ACL rupture were found to have a concom-
itant meniscal injury. Meniscal injury was less prevalent
(7%) in the group that was treated with ACLR within
6 months after injury than in the group that underwent
delayed ACLR (33%) (P < .01).%22

The fate of the meniscus in ACL-deficient knees was
studied in 3 case series. The number of meniscal tears
increased between 2 preoperative MRI scans® or between
diagnostic arthroscopy and ACLR.*'® Moreover, existing
tears deteriorated.®*

Meniscal repair failures and reparability were not differ-
entin a prospective cohort of patients with both meniscal and
ACL injuries treated within 48 hours or after 3 months.?*

The comparability of these studies is limited by the use
of different cutoff periods for early or delayed ACLR. The
only RCTs comparing early and delayed ACLR used a
cutoff of 4 and 6 weeks for delayed ACLR,%*? although
the average time of ACLR in these studies would still
be considered early ACLR in the cohort studies. It can
be expected that most patients do not return to sports in
this time frame, making it difficult to evaluate the protec-
tive effect of ACLR. A major confounding effect in the ret-
rospective case series'#1%5% is that only patients who
underwent ACLR were included; patients with ACL defi-
ciency who received nonoperative treatment were not
included. Meniscal injury could be the reason that patients
return to the clinic, whereas the incidence of meniscal
injury might be low in the group that remains nonopera-
tive. This is reported in several studies.!1822:38
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Does ACL Reconstruction Protect
the Repaired Meniscus?

The results of meniscal repair combined with ACLR versus
meniscal repair in ACL-deficient knees have been described
in different studies, although no RCT has been published.
Failure of meniscal repair was compared between patients
who underwent simultaneous or delayed (>6 weeks) ACLR
in a cohort study by Majeed et al.>® Meniscal repair failed in
14.5% of patients who underwent concomitant ACLR (or
within 6 weeks) and in 27% of patients who underwent delayed
reconstruction (P < .05). Similar results were reported by Gal-
lacher et al*! and several other investigators,®2%4%52 although
in these studies, the results were not statistically significant or
no statistical analysis was reported. Only 1 study reported no
detrimental effect of ACL deficiency on survival of meniscal
repair, although no specific data were provided.5*

In 2 studies, healing rates of meniscal repair were
assessed with second-look arthroscopy.'? In the first
study, a residual tear was visible in 18 of 19 menisci in
patients who underwent concomitant ACLR, whereas this
was the case in 12 of 19 ACL-deficient knees.! In the second
study, healing was reported in all knees that had concom-
itant ACLR, whereas in the ACL-deficient knees, 4 tears
remained unhealed (P < .005).2°

Many of these studies were prone to detection bias,
because the success of meniscal repair in patients who
underwent concomitant ACLR was not evaluated at a later
stage, whereas during a delayed ACLR, a repair failure
could be detected. Moreover, the 2 retrospective studies
both had a high risk of selection bias, because Plasschaert
et al*? treated only patients with minor instability and no
significant pivot shift nonoperatively, and Albrecht-Olsen
et al' advised ACLR in all high-demand athletes, which
could lead to an underestimation of the positive effect of
ACLR on healing of meniscal repairs.

DISCUSSION

An overall decrease in meniscal injury after ACLR was found
in RCTs as well as prospective studies and large cohorts. This
is suggestive of a protective effect of ACLR on the meniscus.
Nonetheless, the risk of subsequent meniscal injury remains
3.73 times higher compared with the contralateral knee, as
demonstrated in a cohort of 4087 patients with no meniscal
injury detected during ACLR.'? This cohort study did not
assess the timing of ACLR; therefore, the risk of meniscal
injury after early ACLR could be smaller. Patient factors such
as age and activity level were not considered in the current
review but should be taken into account in the decision-
making process. Moreover, cost-effectiveness of ACLR has
not been determined but will be analyzed using data from a
clinical trial that was recently completed.'®

In 2 RCTSs,%*® meniscal injury did not increase between 3
and 6 weeks and between 2 and 4-6 weeks after injury, respec-
tively. ACLR provides a protective effect if performed within 6
to 12 months after injury compared with delayed ACLR,
based on large geographical cohort studies (level 3 evi-
dence).22*% However, these cohort studies did not consider
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the selection bias to undergo delayed ACLR (patients with
symptoms of meniscal injury), and results should be inter-
preted with care. Return to sports before ACLR was an inde-
pendent risk factor for lateral meniscal tears in a systematic
review evaluating the effect of surgical timing on meniscal
injury in adolescents.? Return to a normal activity level can-
not be expected within 4 to 6 weeks, which is the time frame
investigated in the abovementioned RCTs.

In all except 1 study,®* failure and healing rates indicated
a beneficial effect of ACLR on meniscal repair (level 4 evi-
dence). Therefore, the increased risk of repair failure in
unstable knees should be considered, and performing menis-
cal repair in combination with an ACLR is recommended. A
stable environment was also shown to benefit meniscal
repair in a recent study,* in which repair failure of medial
meniscal tears decreased when rotatory laxity and residual
pivot shift were resolved by reconstruction of the anterolat-
eral ligament in addition to ACLR. Interestingly, higher suc-
cess rates have been reported for meniscal repair in
combination with ACLR than for meniscal repair in stable
knees.?33% Different causes for this observation can be
hypothesized. The type of meniscal injury that occurs in
combination with ACLR could be more amenable to repair.
Alternatively, the healing could be improved owing to bio-
logical factors released from the drill holes at ACLR.'%1®
Moreover, rehabilitation after ACLR could be more effective
and protective of the knee compared with rehabilitation
after isolated meniscal repair. The importance of knee sta-
bility has been underlined in recent studies that showed
comparable healing rates of repaired and untreated stable
ramp lesions when ACLR was performed.33%2 Interestingly,
all unhealed menisci had a remaining instability of more
than 3 mm side-to-side difference after ACLR.?3> Moreover,
a recent meta-analysis emphasized the role of the meniscus
in knee stability, reporting that ACLR with concomitant
meniscal repair reduced anterior knee joint laxity compared
with ACLR with meniscectomy.*®

Limitations

The best available literature has considerable methodologi-
cal limitations. Because of the lack of standardized and ran-
domized studies and the abundance of low-quality studies,
there were several choices to be made. To minimize the risk
of bias, we chose to exclude retrospective studies correlating
the incidence of meniscal injury with the timing of ACLR.
The possible bias in these studies is confirmed by studies
that report meniscal injury in patients undergoing early,
delayed, or no ACLR,'>1® in which the incidence of meniscal
injury is higher in the delayed group than in the nonopera-
tive group. Moreover, if the follow-up duration after surgery
is limited, the follow-up times are different between the
early and delayed groups, and some of the patients under-
going early ACLR might develop meniscal lesions after this
follow-up, which was also shown in the literature.”-2>3%41
The difference in initial meniscal treatment between
patients treated with early ACLR compared with nonopera-
tively treated patients is an important confounder to con-
sider. Increased early-phase meniscal treatment (during
ACLR) was shown to decrease late-phase meniscal surgery
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in 2 studies.2%3” However, few studies distinguished
between early- and late-phase meniscal treatment, making
it difficult to estimate the effect of this confounder. In an
ongoing prospective cohort study,?! a subgroup of patients
will undergo multiple MRI scans during a 2-year follow-up
period. Results of this study will show the effect of ACLR on
meniscal injury in time.

We chose to include all available techniques for ACLR and
meniscal repair and did not differentiate between different
types of meniscal injury. This could limit the comparability
of the studies and explain contradicting findings. However,
by using this inclusive approach, we were able to evaluate a
broad section of the existing literature. Unfortunately, based
on the available literature, it was not possible to perform a
meta-analysis. Furthermore, the literature comparing early
and delayed ACLR was limited and susceptible to bias.

Although subject to substantial limitations, this is the
first comprehensive review that accounts for bias in this
field of research. Even though we were not able to draw
firm conclusions on all topics, by thoroughly reviewing the
current literature we were able to identify the most impor-
tant questions for future research.

CONCLUSIONS AND IMPLICATIONS
FOR FUTURE RESEARCH

ACLR provides protective effects for subsequent meniscal
injury (level 2 evidence). This should be confirmed in an
RCT comparing ACLR versus nonoperative treatment.
Such an RCT should monitor and report meniscal injury
and treatment (meniscal repair or meniscectomy) at the
early phase as well as during follow-up in order to differen-
tiate between preexisting and subsequent meniscal injury.
Additionally, meniscal treatment should be standardized in
trials comparing ACLR and nonoperative treatment, to pre-
vent differences in meniscal treatment at baseline. These
trials should attempt to include a good representation of the
patient population, including competitive athletes.

If ACLR is performed, it is recommended that this take
place within 3 months of injury (level 3). Because of the
limited and low quality of current evidence, the effect of
timing of ACLR on subsequent meniscal injury should be
investigated in a randomized study. It is important to
investigate a clinically relevant delay, in which patients are
likely to return to normal activity levels. Patients in both
treatment groups should undergo the same postoperative
rehabilitation and should be comparable in terms of activity
levels and preoperative laxity.

Meniscal repair failure is higher in ACL-deficient knees
(level 3 evidence), and surgeons and patients should be
aware of this risk. The effect of ACLR without meniscal
repair should be investigated for stable meniscal injury.
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APPENDIX 1

Screening Criteria®

Title/abstract screening

Exclusion criteria
- Language other than English
- No primary ACLR
- Case reports describing a single patient
- No adult patients
- Cadaveric studies
- Finite element analysis

Full-text screening

Exclusion criteria
- Language other than English
- No primary ACLR
- Case reports describing a single patient
- No adult patients
- Cadaveric studies
- Finite element analysis
Inclusion criteria

- Articles describing both nonoperative treatment and ACLR for ACL rupture and

o Reporting rates of meniscal injury or

o Reporting rates of healing, reoperation, rerupture, or tear worsening of meniscal tears

- Articles describing different time points of ACLR and
o Reporting rates of meniscal injury and
m  Prospective study or

m  Retrospective study including nonoperative group or

m  Retrospective study assessing meniscal injury at 2 time points

“ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction.
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APPENDIX 2
TABLE Al
Does ACLR Protect the Meniscus From Subsequent Injury?®
Timing of Follow-up Outcome

Lead Meniscal Treatment Duration

Author n  Study Design ACL Treatment Meniscal Injury Treatment (Range) (Range) Nonoperative Treatment ACLR

Frobell, 2 121 RCT BPB; 4S-HT (G+ST) NS Partial resection <10 wk 2y (Frobell); Baseline: 15 partial resection, Baseline: 24 partial resection,

Snoeker*® or fixation 5y (Snoeker) 6 fixation 10 fixation

2-y follow-up: 26 partial resection,  2-y follow-up: 5 partial resection,
3 fixation 1 fixation

5-y follow-up: new or worsening 5-y follow-up: new or worsening
meniscal damage, 53%; delayed meniscal damage 45%
ACLR, 51%

Meunier,® 94  RCT Nonsurgical, repair; NS Meniscectomy or NS 14-19y 18/52 meniscal injury; 42% 5/42 meniscal injury; 29%

Andersson,? augmented repair repair meniscectomy (intention to meniscectomy (intention to treat)

Andersson,* treat); 50% delayed ACLR

Odesten*”

Dunn'’ 6576 Retrospective ACLR, nonoperative Medial, lateral, NS <6 or >6 wk Median 29.5 mo 56% reduction lateral meniscal
or any (initial reoperation; 42% medial
meniscal nonsurgical) meniscal reoperation
injury

Kessler” 109  Retrospective BPB, nonoperative NS NS NS 111y 18/68 reoperations for meniscal 7/68 reoperations for meniscal injury

(7.5-16.3 y) injury

Meuffels® 50  Case-control BPB, nonoperative NS Meniscectomy >6 mo (2-258 mo) 10y 80% meniscectomy, 40% during late  68% meniscectomy; 12%

phase meniscectomy post-ACLR

Fithian'® 209 Prospective  Early ACLR (mid-third NS Repair or partial <3 mo 6.6y Early phase: 5/46 meniscectomy 3/26 repair; 4/26 meniscectomy;

patellar tendon autograft) meniscectomy and 2/46 repair 1 repair and 1 revision ACLR
or nonoperative Late phase: 1 meniscectomy
16 delayed ACLR — 9/16
meniscectomy, 3/16 meniscal
repair
Daniel'! 236  Prospective  ACLR (not further specified), NS Early repair <90 or >90d 46-113 mo 38/191 (20%) meniscal surgery; Early ACLR: 2/45 (4%) late-phase

nonoperative recommended 44/191 late ACLR (27/44 meniscal surgery

meniscal injury)

Sanders® 1928 Retrospective BPB autograft, HT autograft, New meniscal Meniscectomy or  <1vs >1y 13.7y (2 mo 37.4% secondary meniscal injury Early ACLR: 6.1% secondary

allograft, nonoperative tear repair to 25y) meniscal injury
Delayed ACLR: 19.8% secondary
meniscal injury

Hagmeijer”? 1398 Retrospective ACLR (not further specified), Subsequent Meniscectomy, <6 or >6 mo 2 y minimal 19% meniscal injury Early ACLR: 7%

nonoperative meniscal repair, Delayed ACLR: 33%
injury nonoperative

Frobell?° and Snoeker*®; and Meunier,?® Andersson,®>* and Odesten?® are combined as these studies describe data obtained from the same
patient group and clinical trial. 4S-HT, 4-strand hamstring tendon; ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament
reconstruction; BPB, bone—patellar tendon-bone; G, gracilis; HT, hamstring tendon; NS, not specified; RCT, randomized controlled trial;
ST, semitendinosus tendon.

TABLE A2
Does Early ACLR Reduce Secondary Meniscal Injury Compared With Delayed ACLR?*
Outcome
Lead Follow-up
Author n  Study Design ACL Treatment Meniscal Injury Meniscal Treatment ~ Timing of Treatment Duration Early ACLR Delayed ACLR
Bottoni® 69 RCT 4S-HT (G+ST) Medial, lateral ~ Repair (inside-out) <3 wk or >6 wk 165-869 d Medial: 23.5% repair, 17.7% Medial: 11.4% repair, 31.5%
or debridement meniscectomy meniscectomy
Lateral: 52.9% meniscectomy  Lateral: 0.1% repair, 25.6
meniscectomy
Raviraj*® 105 RCT 4S-HT (G+ST) Medial, lateral ~ Debridement, <2 wk or 4-6 wk 26 mo Medial: 18 meniscal injuries Medial: 13 meniscal injuries
partial excision Lateral: 20 meniscal injuries Lateral: 22 meniscal injuries
Herbst 206 Prospective  Anatomic single-bundle NS Meniscal repair, <48 h vs after 3 mo 24 mo 23.3% meniscal repair failure  16.7% meniscal repair failure
with autologous HT meniscectomy rehabilitation
graft
Foster'® 75 Retrospective 4S-HT NS Partial or total <6 mo or >6 mo between  Until surgery 16% deterioration; 62.9% of 63% deterioration
meniscectomy, arthroscopy and ACLR deteriorations were
repair meniscal tears
Yoo™ 31 Retrospective Autologous BPB or 4S-HT Medial meniscal Arthroscopic all- >12 mo after injury Mean 49.9 First MRI: 55% meniscal tear
injury inside suture mo Second MRI (average 36 mo later):
84% meniscal tear
42% deterioration of tears (no tear
— tear; longitudinal — bucket
handle)
De Roeck!® 68 Retrospective PT autograft, HT NS NS Mean injury to Until surgery Diagnostic arthroscopy: 63.2% tear
arthroscopy: During ACLR: 73.5%
10.1 mo; mean time to
ACLR: 13.2 mo

“4S-HT, 4-strand hamstring tendon; ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; BPB, bone—
patellar tendon—bone; G, gracilis; HT, hamstring tendon; MRI, magnetic resonance imaging; NS, not specified; PT, patellar tendon; RCT,
randomized controlled trial; ST, semitendinosus tendon.
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TABLE A3
Does ACLR Protect the Repaired Meniscus?®
Outcome
Lead Follow-up Duration
Author n  Study Design ACL Treatment Meniscal Injury Meniscal Treatment Timing of Treatment (Range) ACL-Deficient ACLR
van der Wal®® 238 Retrospective Nonoperative, NS Repair <2 wk, 2-12 wk, and Median 41 mo 100% failure of ~ Concomitant: 20.4%
concomitant ACLR, >12 wk meniscal failure
postponed ACLR; repair (3/3)  Postponed ACLR:
autologous 4S-HT 33.3% failure
(G+ST) Intact ACL: 31.7%
failure
Majeed®® 136 Retrospective Nonoperative, concomitant Medial, lateral All-inside with FasT-Fix Repair <6 wk of Mean 9 mo (1-26) Concomitant: 14.5%
ACLR, postponed ACLR anchors injury; ACLR failure of repair
concomitant/ Postponed ACLR:
delayed >6 wk 27% failure of
meniscal repair
Gallacher® 172 Retrospective Delayed ACLR, concomitant NS All-inside (clear fix, or FasT- Delayed group ACLR Delayed: mean 6.1y 50% success rate 72% success rate
ACLR, nonoperative; HT fix, or ultrafast fix) 2.8 mo after Concomitant: 5.4 y
and PT meniscal repair
Albrecht- 68 RCT NS Longitudinal vertical meniscal tears Inside-out vs meniscal <2moto >1y Repeat arthroscopy 12/19 healed 18/19 healed
Olsen! (bucket handle, displaced, or arrow (all-inside) after 3-4 mo
in situ)
Plasschaert*? 51 Retrospective Concomitant ACLR, Meniscal lesion in conjunction with ~ Outside-in <l4dorl4dtoly 35y 1/5 failure 1/8 failure
delayed, nonoperative; ACL tear ACL intact: 3/6
BPB failure
Kimura® 46 Retrospective ACLR, nonoperative Vertical tear (longitudinal part Suture, peripheral vascular Mean 15 mo Repeat arthroscopy 1/5 healed 26/26 healed
shorter than 2 cm) stimulation, synovial 2-30 mo after ACL intact: 11/15
pedicle flap surgery healed
Valen®! 57 Retrospective Concomitant ACLR, earlier Medial, lateral, displaced bucket Outside-in NS Mean 2 y No detrimental
ACLR, delayed ACLR; handle, posterior effect of ACL
BPB deficiency
Jensen?® 49  Retrospective ACLR, nonoperative Vertical unstable tears in outer third Arthroscopic repair (inside- <14dor >14d Average4.5y(1-6.3) 46% retear 0% retear
out) ACL intact: 11%
retear
Austin® 101 Retrospective ACLR (PT allograft or Longitudinal tears within 5 mm of the Inside-out (body and bucket >3 wk after injury =~ NS 2 repair failure  Unclear
autograft), nonoperative meniscosynovial junction >1 cm; handle) and outside-in
symptoms on provocation and (posterior tears)

<1 cm lateral, medial

“4S-HT, 4-strand hamstring tendon; ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; BPB, bone—
patellar tendon—bone; G, gracilis; HT, hamstring tendon; NS, not specified; PT, patellar tendon; RCT, randomized controlled trial; ST,
semitendinosus tendon.
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