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ABSTRACT
Objective Compare the effectiveness of primarily
surgical versus primarily rehabilitative management for
anterior cruciate ligament (ACL) rupture.
Design Living systematic review and meta-analysis.
Data sources Six databases, six trial registries and
prior systematic reviews. Forward and backward citation
tracking was employed.
Eligibility criteria Randomised controlled trials that
compared primary reconstructive surgery and primary
rehabilitative treatment with or without optional
reconstructive surgery.
Data synthesis Bayesian random effects meta-analysis
with empirical priors for the OR and standardised mean
difference and 95% credible intervals (CrI), Cochrane
RoB2, and the Grading of Recommendations Assessment,
Development and Evaluation approach to judge the
certainty of evidence.
Results Of 9514 records, 9 reports of three studies
(320 participants in total) were included. No clinically
important differences were observed at any follow-up for
self-reported knee function (low to very low certainty of
evidence). For radiological knee osteoarthritis, we found
no effect at very low certainty of evidence in the long
term (OR (95% CrI): 1.45 (0.30 to 5.17), two studies).
Meniscal damage showed no effect at low certainty of
evidence (OR: 0.85 (95% CI 0.45 to 1.62); one study) in
the long term. No differences were observed between
treatments for any other secondary outcome. Three
ongoing randomised controlled trials were identified.
Conclusions There is low to very low certainty of
evidence that primary rehabilitation with optional
surgical reconstruction results in similar outcome
measures as early surgical reconstruction for ACL
rupture. The findings challenge a historical paradigm that
anatomic instability should be addressed with primary
surgical stabilisation to provide optimal outcomes.
PROSPERO registration number CRD42021256537.

INTRODUCTION

Anterior cruciate ligament (ACL) injury is one of
the most common and serious knee injuries, with an
annual incidence of 0.03% in the general population
and 0.15–3.67% in professional athletes.1–3 ACL
injuries are associated with marked individual4–12
and socioeconomic burden13–16; optimising
recovery is pertinent. The patient and/or clinician
stand point determines the outcome of interest.17
This may be prevention of joint osteoarthritis and

WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒ There is uncertainty whether early surgical
reconstruction or rehabilitation with optional
surgical reconstruction of ACL rupture yields
better functional and clinical outcomes.
⇒ Observational studies do not offer clear
information whether early surgical
reconstruction or primary rehabilitation with
optional surgical reconstruction leads to better
outcomes.
WHAT THIS STUDY ADDS
⇒ Through systematic review and meta-analysis,

we found primary rehabilitation with optional
surgical reconstruction results in similar patient-
reported outcomes for ACL rupture as early
surgical reconstruction.
⇒ Primary rehabilitation with optional surgical
reconstruction showed a positive trend
for better radiological knee osteoarthritis
outcomes, albeit with very low certainty of
evidence. Early surgical reconstruction showed
a positive trend for better meniscal outcomes,
but with a low certainty of evidence.
⇒ This ‘living’ systematic review will update on a
yearly basis as the evidence develops.
HOW MIGHT THIS STUDY AFFECT RESEARCH,
PRACTICE OR POLICY
⇒ Current treatment recommendations and
guidelines regarding ACL patients without
serious concomitant injuries should be revised
to a ‘stepped care approach’ with a primarily
rehabilitation focused treatment approach as
first line treatment.
⇒ Randomised controlled trials with longer
follow-ups are necessary to reach firm
conclusions about the development of
adverse outcomes, such as posttraumatic joint
damage. Recent advancements in ACL surgical
techniques need to be tested in high-quality
randomised controlled trials.

secondary meniscal damage, return to sport rate
and time to return, athletic performance, improvement of quality of life and cost-effectiveness as all
have their relevance and this spectrum needs to be
considered in clinical practice and research.

Saueressig T, et al. Br J Sports Med 2022;0:1–13. doi:10.1136/bjsports-2021-105359

   1

Br J Sports Med: first published as 10.1136/bjsports-2021-105359 on 29 August 2022. Downloaded from http://bjsm.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Primary surgery versus primary rehabilitation for
treating anterior cruciate ligament injuries: a living
systematic review and meta-analysis

Review

METHODS

This review is reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses
guidelines27 28 and was prospectively registered in PROSPERO.
Data and statistical code are found in an online repository
(https://doi.org/10.17605/OSF.IO/Q69UV).

Patient involvement

There was no patient or public involvement in creating this
systematic review.

Administration, dissemination and updating the living
systematic review

This review is hosted on the website of the Hochschule für
Gesundheit (University of Applied Sciences), Bochum, Germany.
We plan to update this living systematic review every year for
a minimum of 6 years. We will screen the literature every year
to identify new data that may alter our conclusions and recommendations. When new data become available, we will update
the analysis and present the updated findings at the website of
the Hochschule für Gesundheit (University of Applied Sciences),
Bochum, Germany (https://bit.ly/3ogGYIe).

Search strategy

An electronic database search of MEDLINE, EMBASE, CINAHL,
Web of Science Core Collection, CENTRAL, SPORTDiscus was
conducted (online supplemental appendix 1). Searches were
performed from their inception to June 2022. The search terms
were identified after preliminary searches of the literature and
by comparing them against a previous systematic review.21 No
language or any other restrictions were applied to the database
searches.
Unpublished and ongoing studies were searched via the US
National Institutes of Health (https://clinicaltrials.gov/), EU
Clinical Trial Register (https://www.clinicaltrialsregister.eu/),
DRKS—German Clinical Trials Register (https://www.drks.de),
ISRCTN registry (https://www.isrctn.com/), Australian New
Zealand Clinical Trials Registry (https://www.anzctr.org.au) and
the Netherlands Trial Register (https://www.trialregister.nl/).
A search for prior systematic reviews published was completed
via the Cochrane Database of Systematic Reviews (search terms:
‘anterior cruciate ligament’; limits: none) and GoogleScholar
2

(search terms: ‘anterior cruciate ligament’ ‘systematic review;
limits: first 10 pages). Forward and backward citation tracking of
included articles was performed (TS and TB). Two independent
reviewers (NS and TB) evaluated all trials against prespecified
inclusion/exclusion criteria based on title/abstract and subsequently full text. Disagreements were settled through discussion
among the reviewers (NS and TB). A third reviewer (TS) adjudicated any disagreement.

Inclusion and exclusion criteria

Inclusion criteria followed the Participants, Interventions,
Comparators, Outcomes, Study design framework.27 Participants were those with ACL rupture of any age. We excluded
studies that included patients with inflammatory arthropathy
or end-stage osteoarthritis (grade 4 Kellgren and Lawrence)29
as well as studies that focused on the management of ACL injuries with unstable longitudinal meniscus tears. Interventions
were reconstructive surgery of the ACL with any method of
reconstruction or type of reconstruction technique. Comparators were any type of rehabilitation (eg, physiotherapy, exercise
training, bracing, education) with or without optional delayed
reconstruction of the ACL. Primary outcome measures were self-
reported knee function, radiological osteoarthritis and meniscal
injuries at all follow-
ups. Secondary outcomes were adverse
events, health-related quality of life, return to activity or level
of sports participation, functional assessments, knee stability
and objective measures of muscle strength. Study designs were
required to be parallel randomised (individual, cross-over or
cluster design) controlled trials (RCTs). Quasi-RCTs and non-
RCTs were excluded given they do not offer an unbiased estimate of the effect size.30

Data extraction

Study information was extracted independently by two authors
(NS and TS), with disagreement settled via discussion. If
disagreement could not be settled, a third adjudicator (JZ)
decided. Reviewers were not blinded to information regarding
the authors, journal or outcomes for each article reviewed. The
following information was extracted: author, year, journal,
funding, conflict of interest, study type, sample size, age, sex,
type of intervention, body mass index, sports participation while
injured, setting, description of intervention and comparator,
follow-up time points and outcome measure scores. We used
the following categories to characterise the different follow-up
time points: short-term (≤1 year), medium-term (>1–3 years)
and long-term (>3 years). If multiple follow-ups existed within
each timeframe, we extracted the follow-up closest to 1 year
for short term, 3 years for intermediate term and 10 years for
long term. When two time points were equally close to these
follow-ups, we extracted the one that was furthest from baseline.
Data for the main results were extracted either as mean and SD
(post-treatment) or the number of events (n) and non-events (N)
where applicable. If a study report did not report relevant data
for extraction, the corresponding author was contacted on two
occasions over a 2-week period.

Risk of bias assessment and GRADE

Risk of bias (RoB) was assessed via the Cochrane Risk of Bias
Tool V.2.0.31 An overall RoB judgement was made for one
subjective outcome (patient-
reported knee score) and one
objective outcome (meniscal surgery or radiological confirmed
knee osteoarthritis). Assessment of RoB was based on results
of the last follow-up time point of the individual study. Two
Saueressig T, et al. Br J Sports Med 2022;0:1–13. doi:10.1136/bjsports-2021-105359
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There has been debate on whether management should be
primarily surgical (ie, surgical reconstruction soon after injury)
versus primarily rehabilitative (with the option of later reconstruction in the case of persistent instability).17–20 To date, this
debate has not been informed by high-quality systematic review.
Accordingly, the quality of evidence in the underlying randomised
controlled trials (RCTs) available to previous reviews of the
topic21–25 could not document a superiority of one approach
versus another. Furthermore, new RCT data will come to light
over time to add to the evidence base for specific outcomes and
subgroups. Living systematic reviews26 are a relevant methodological approach for when one can expect the evidence based
for a spectrum of outcomes to mature over time.
The aim of this living systematic review is to examine the
comparative effectiveness of primarily surgical versus primarily
rehabilitative treatment strategy after ACL rupture. To comprehensively capture the multidimensional facets of this question,
we consider patient-
reported outcome measures and other
outcome measures in different individual, social and economic
dimensions.

Review

Statistical analysis

For data analysis, we created two categories of comparators:
(early) reconstructive surgery of the ACL with postoperative
rehabilitation (‘early surgery’) and rehabilitation with or without
elective reconstructive surgery of the ACL (‘primary rehabilitation’). We also analysed the ‘as treated’ (ie, per protocol) data
in three groups: ‘early surgery’, ‘delayed surgery’ and ‘non-
operative’. If more than one outcome measure was reported for
each type of outcome in the same study, only one was considered
for further analysis. We prioritised scales if they measured the
primary outcome in the trial to maximise statistical power. Data
transformations are described in online supplemental appendix
5.
Effect size measures were standardised mean difference
(SMD)32 or mean difference for continuous outcomes and OR
with corresponding 95% shortest credible intervals (CrI) for meta
analyses or 95% frequentist CIs for dichotomous outcomes.36
SMD effect size was interpreted as: small (0.2), medium (0.5)
or large (0.8).37 We used the International Knee Documentation Committee questionnaire (IKDC) for patient-reported knee
scores as a measure of the minimally clinically important difference (MCID). We used the following values for the follow-up
time points38: short- (MCID: 16.7 points), medium term
(MCID: 17.0 points), long term (MCID: 17.0 points). Back-
transformation of SMDs was performed to a common scale.32
We also backtransformed the OR by using the median comparator group risk as the assumed comparator risk.32 We also created
synthetic effect sizes for all available time points to compute a
summary measure for all time points combined if permissible by
the data.39 We performed our analysis with a correlational value
of ρ=0.5 and sensitivity analysis with ρ=(0.6, 0.7).
Saueressig T, et al. Br J Sports Med 2022;0:1–13. doi:10.1136/bjsports-2021-105359

For meta-analysis, we used pairwise Bayesian random effects
meta-analysis. Bayesian meta-analysis can be more efficient than
frequentist methods if the number of studies is small (≤5 studies)
and heterogeneity is present.40–43 This is the case if empirical
prior distributions for variance of the true effects (τ²) are available, as this allows a better estimation of τ² when few studies
are available.43 Prespecified prior distributions are described in
online supplemental appendix 5. As treated data were analysed
via Bayesian random effects network meta-analysis . For estimation details, please see online supplemental appendix 5.
Publication bias and small study effects were assessed statistically via funnel plots if at least 10 studies were included in
the meta-analysis.44 Non-
statistical assessment of publication bias was performed as described by our GRADE criteria
(online supplemental appendix 4). Pending the number of
available studies (≥10 trials required for meta-regression), we
performed subgroup analysis based on prespecified covariates.39
We performed sensitivity analysis for all prior distributions and
for self-reported return to activity (long term), as the latter was
reported in both studies with medians.45 All calculations and
graphics were performed with the R statistical computing environment,46 and the R packages Meta,47 Bayesmeta,48 Metafor,49
Netmeta,50 metamedian and gemtc.51

RESULTS

We identified 9514 reports through database searching and
manual search of reference lists of relevant literature reviews.
After removing duplicates and screening titles and abstracts of all
remaining unique reports, 104 full-text reports were assessed for
eligibility. We included three studies52–54 with nine study reports
(figure 1).52–60 Literature sources and reasons for exclusion of
ineligible studies/reports are reported in online supplemental
appendix 2.

Unpublished and ongoing trials

We identified three ongoing trials potentially relevant for this
review.13 61 62 We provide further information concerning these
trials in online supplemental appendix 3.

Study characteristics

The characteristics of the three included studies are shown in
table 1. Sample size ranged from 32 to 167 participants (mean:
n=106; total: n=320). Mean (SD) age of all participants was
29.5 (7.05) years, whereas body mass index was 24.4 (3.4) kg/
m² based on two studies.53 54 On average, 93% injured their ACL
while performing their chosen sport. This result is based on two
studies.53 54 All trials employed active rehabilitation. One trial54
employed evidence-based, progressive rehabilitation, one trial53
based its rehabilitation on Dutch rehabilitation guidelines and
one trial used52 a progressive rehabilitation programme.

RoB and GRADE assessment

Two study outcomes were rated as low RoB overall. The other
study outcomes were either rated with some concerns or a high
RoB overall (online supplemental appendix 6). The certainty
of the evidence was rated for meta-analytic outcomes as low or
very low overall and as high to very low for individual study
outcomes (online supplemental appendices 7 and 8). Main
reasons for downgrading the evidence were RoB, inconsistency
and imprecision. We did not grade down due to publication bias
in accordance to our prespecified criteria. Indirectness was not
3
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independent assessors (MH and TS) performed the assessment.
Disagreements were resolved through discussion or by a third
reviewer (JZ).
The Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach was used to assess
the certainty of evidence (online supplemental appendix 4).32 33
Indirectness was judged by the approach by Schüneman.5 RoB
was graded the following way: down grade 1 level: 50% high
RoB and down grade 2 levels if 75% high RoB. We used the
criteria from Confidence in Network Meta-Analysis (CINeMA)4
to evaluate imprecision, inconsistency and publication bias. We
chose these criteria because the use of CIs, prediction intervals (PI) and a ‘region of equivalence’ provide a more clinically
informative and robust approach to heterogeneity.32 33 Notably,
CINeMA is not restricted to network meta-analysis and overcomes a number of the limitations of other approaches, such as,
for example, the assessment of inconsistency: many authors rely
solely on an I2 value to assess heterogeneity, yet this is incorrect
.34 The assessment of publication bias based solely on statistical
techniques or assessment of funnel plots is another fallacy that
is still often done.32 35 For the imprecision and inconsistency,
we downgraded by one level if there were some concerns and
two levels if there were major concerns. Indirectness was downgraded by one level if deemed serious and two levels if deemed
very serious. We downgraded one level if publication bias was
suspected. As-treated-comparisons started with a rating of ‘low’
as we deemed this data as observational and not as randomised.32
The evaluation of all ratings started at a high level of certainty
given guidelines for meta-analyses, including RCTs only. Two
authors (TS and MH) performed the GRADE assessment.

Review

PRISMA flowchart. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

downgraded as this review followed strict population, intervention, comparator and outcome eligibility criteria.

Data handling and synthesis

Three reports (two studies)53–55 only reported precision of the
estimates as 95% CIs, which we converted to SD with established formulae. Two studies52 54 reported return to activity data
as median (IQR), which we transformed to mean (SD). Two
reports (one study)54 55 reported primary outcomes as mean
difference (95% CI). The authors of the study provided the
data for this outcome. The authors of one report56 confirmed
our queries regarding sample size. All outcomes are reported
for meta-analytic summaries and individual study outcomes in
tables 2 and 3 and figures 2–4. The secondary outcome muscle
strength could not be assessed as this was not reported in any
trial. All data, calculated effect sizes and as-treated analyses are
reported in online supplemental appendices 9, 10 and 12.

Self-reported knee function

yielded also no difference between groups with low certainty of
evidence (SMD: −0.27; 95% CrI −0.84 to 0.21; 95% PI −1.29
to 0.66; three studies; n=309; GRADE: low). The estimated raw
mean difference was −5.07 (95% CrI −15.70 to 3.99) points
on the IKDC scale and was not clinical meaningful (MCID: 17
points).

Meniscal injury

Only one report examined this outcome.63

Results from single studies

One study report63 reported on development of new (or worsening) meniscal damage after baseline or index surgery via MRI.
Early surgery showed no effect compared with primary rehabilitation at long-term follow-up (OR: 0.85; 95% CI 0.45 to 1.62;
GRADE: low) with a low level of certainty.

Radiological knee osteoarthritis

Three studies with four reports52–55 were included. Meta-
analysis was performed for short-term,53 54 medium-term53 54
and long-term follow-up.52 55 In the short-term (SMD: −0.25;
95% CrI −0.84 to 0.36; 95% PI −1.25 to 0.76; two studies;
n=288; GRADE: low) and medium-term (SMD: −0.10; 95%
CrI −0.59 to 0.41; 95% PI −0.91 to 0.72; two studies; n=288;
GRADE: low) showed no statistical difference between the two
groups with low certainty of evidence. Estimated raw mean
difference was −4.21 (95% CrI −14.27 to 6.07) and −2.65
(95% CrI −15.94 to 10.89) points on the IKDC scale (0–100
points), which did not reach clinical meaningfulness (MCID:
16.7 points and 17 points). For long-
term follow-
up (SMD:
−0.21; 95% CrI −1.49 to 0.81; 95% PI −2.28 to 1.58; two
studies; n=152; GRADE: very low), there was no statistical
between group difference for self-reported knee function with
very low certainty of evidence. Estimated raw mean difference
was −0.96 (95% CrI −5.79 to 3.95) points on the IKDC scale,
which did not reach clinical meaningfulness (MCID: 17 points).
Sensitivity analyses using as-treated data for the non-operative
control group from Frobell et al55 revealed similar effects (online
supplemental appendix 12). Analysis of all time points combined

Two studies52 55 were included. We estimated no statistical effect
at long-term follow-up (OR: 1.45; 95% CrI 0.30 to 5.17; 95%
PI 0.18 to 10; two studies; n=152; GRADE: very low) with a
very low level of certainty. Transformation of the OR into a risk
difference with an assumed prevalence of 25% in the rehabilitation group gives a number fewer than 1000 of −72 (95%
CrI (144 to −384)) at a very low level of certainty. Assuming
that 250 (25%) patients of 1000 patients develop knee osteoarthritis (OA) after being treated with primary rehabilitation then
72 more patients (322 patients) treated with early surgery will
develop knee osteoarthritis with a 95% CrI (144 patients less,
384 patients more) with a very low level of certainty. Sensitivity
analyses using as-
treated data for the non-
operative control
group from Frobell et al55 revealed similar effects (online supplemental appendix 12).

4
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Health-related quality of life

Two studies53 54 were included. We estimated no effect for early
surgery compared with primary rehabilitation at medium-term
follow-up (SMD: −0.40; 95% CrI −0.88 to 0.09; 95%PI
−1.18 to 0.40; two studies; n=288; GRADE: low) with a low
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Figure 1
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RCT

RCT

Year

2010, 2013

2021

Frobell et
al54 55

Reijman
et al53

Study
type

Age 18–65 years,
acute (within 2
m after initial
trauma), complete
primary ACL
rupture (confirmed
by MRI and clinical
examination),
willingness of
patient to be
randomised,

Age: 18–35 years.
Recent rotational
knee trauma
to previously
uninjured knee
within 4 preceding
weeks, ACL
insufficiency by
clinical exam
(positive pivot shift
and/or positive
Lachmann test),
5–9 points on
TAS score before
injury, complete
ACL tear on MRI
in isoloation
or combined
with meniscus
tear, normal
radiographic
knee joint status
or small-avulsed
fragment
(second fracture)
b.JSN grade 1
or osteophytes
grade 1

Inclusion criteria

Study characteristics

History of injury to ACL
85/82
of the contralateral knee,
presence of another
disorder affecting the
activity of the lower limb,
dislocated bucket handle
lesion of the meniscus
with extension deficit,
insufficient command of
the Dutch language,

Earlier major knee
62/59
injury to the index knee,
previous knee surgery
(other than diagnostic
arthroscopy) to index
knee, associated PCL
injury or MCL injury
grade III in index knee,
concomitant severe
injury to contra- lateral
knee at the time of
assessment, Injury to
the lateral/posterolateral
ligament complex with
significantly increased
Laxity, total collateral
ligament rupture,
full-t hickness cartilage
lesion on MRI, unstable
longitudinal meniscus
tear that requires (a)
bi-compartmental
extensive meniscus
resections, (b) a cartilage
injury with full thickness
loss down to bone (c)
total rupture of MCL/
LCL on MRI, pregnancy,
claustrophobia, history
of DVT, general systemic
disease, systemic
medication/abuse of
steroids

Exclusion criteria

Patients
(INT/
CON) at
baseline

31.2 (10.3)/ 31.4 (10.7)

26.3 (5.1)/25.5 (4.7)

Mean age (SD) (INT/
CON)

36/31

12/20

Sex F (INT/
CON)

24.3 (3.7)/25 (4.1)

24.4 (3.2)/23.8 (2.6)

BMI kg/m2
mean (SD) INT/CON)
Progressive, supervised
rehabilitation with
goals for ROM, muscle
function, and functional
performance (four
phases)
+ early ACL
reconstruction (within
10 w after injury) by
one of four senior
knee surgeons,
choice of procedure
depended on surgeons
preference(patella
-tendon autograft,
hamstring autograft),
meniscal surgery
performed as needed.

INT type

76 (89.4)/ 71 (86.6) Early ACL reconstruction
(within 6 w after
randomisation), surgeons
chose their preferred
technique and graft
and decided if more
intraarticular surgery was
necessary, all surgeons
had a minimum of 10
years experience,
+ physical therapy
rehabilitation until good
functional control was
achieved.

62(100)/ 57(97)

Participating in
sports_while
injured n (%)
3 m, 6 m, 12 m, 24 m, 60 m

3 m, 6 m, 9 m, 12 m

Referral to
24 m
supervised
rehabilitation by
physical therapist for
a minimum of 3 m,
physical therapy was
done after Dutch
ACL guidelines,
after a minimum
of 3 m patients
had the option for
reconstruction of
ACL if instability
persisted or activity
level was not
reached.

Primary
end
point
Other follow-ups

24 m
Progressive,
supervised
rehabilitation with
goals for ROM,
muscle function,
and functional
performance (four
phases)
+
Elective ACL
reconstruction by
the same surgeons if
certain criteria were
met (self-reported
symptomatic
instability caused by
ACL insufficiency
and positive pivot
shift test)

CON type

Secondary
outcomes

IKDC

Continued

KOOS, TAS,
Satisfaction (five
point likert scale),
serious adverse
events

KOOS
SF-3 6, TAS, knee
(without ADL stability (Lachman
scale)
test, pivot shift test;
KT1000 arthrometry),
adverse events,
meniscal surgery,
and radiographic
osteoarthritis, KOOS5
(with ADL scale),
Subgroup with
KOOS-ADL Score<44

Primary
outcome(s)
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2016

Tsoukas
et al52

RCT

Isolated ACL
injuries, BMI<30,
no previous major
injury or surgery to
the knee, patients
completed the
final follow-up
successfully.

Inclusion criteria

Combined ACL injuries,
BMI>30, prior knee
surgery

Exclusion criteria
17/15

Patients
(INT/
CON) at
baseline
29 (5.1)/ 32.3 (4.7)

Mean age (SD) (INT/
CON)
17 (0)/15 (0)

Sex F (INT/
CON)
NR/NR

BMI kg/m2
mean (SD) INT/CON)
NR/NR

Participating in
sports_while
injured n (%)
ACL reconstruction,
median time interval
between the initial
injury and beginning of
treatment 6 w (range
4–8, ACL reconstruction
via hamstring autograft
performed by one
surgeon,
+rehabilitation as CON
group

INT type
Rehabilitation,
median time interval
between the initial
injury and beginning
of treatment 6
w (range 4–8),
passive knee
motions directly
after surgery, partial
weight bearing for
the first 6 w, full
knee extension
brace, stationary
bike, proprioception
exercises, short arc
quadriceps sets
and hamstring
curls for 6 w, third
postoperative
month, jogging,
swimming (in
straight line), bicycle
were allowed, at 6
m pivot sports (eg,
ski, tennis, squash)
were started,
contact sports were
permitted after
eight m.

CON type

Median Median 120 m (range 120–132 m)
120 m
(range
120–132
m)

Primary
end
point
Other follow-ups

unclear

Primary
outcome(s)

IKDC, knee stability
(KT1000 arthrometry,
67N, 89N, 134N),
knee osteoarthritis,
adverse events

Secondary
outcomes

ACL, anterior cruciate ligament; BMI, body mass index; CON, rehabilitation (with elective delayed reconstruction); DVT, deep vein thrombosis; IKDC, International knee documentation committee score; INT, (early) surgical reconstruction; JSN, joint space narrowing; KOOS, Knee Injury and Osteoarthritis Outcome Score; m, month; NR, not reported; ROM, Range of Motion; SF-36, Medical
Outcomes Study 36-Item Short-Form Health Survey; TAS, Tegner Activity Scale; w, week; y, year.

Year

Study
type

Continued
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6
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Table 1

Review

Review
Certainty of Evidence (GRADE approach) of meta-analytic outcomes

Outcome (follow-
up time point)

Studies included
in meta-analysis

Raw mean
difference†/risk
difference‡
(95% CrI)

Effect size
(95% CrI)

95% prediction
interval*

Early reconstruction Rehabilitation+optional
reconstruction

SMD −0.25,
(−0.84 to
0.36)

(−1.25 to 0.76)

−4.21,
(−14.27 to 6.07)
IKDC
(0–100)

288

Early reconstruction Rehabilitation+optional
reconstruction

SMD −0.10,
(−0.59 to
0.41)

(−0.91 to 0.72)

−2.65,
Low¶
(−15.94 to 10.89)
IKDC
(0–100)

Self-reported knee Frobell et al55,
Tsoukas et al52
function§
(Long-term)

152

Early reconstruction Rehabilitation+optional
reconstruction

SMD −0.21,
(−1.49 to
0.81)

(−2.28 to 1.58)

−0.96,
(−5.79 to 3.95)
IKDC
(0–100)

Very low¶**

Self-reported knee Frobell et al54,
Reijman et al53,
function§
Tsoukas et al52
(All time points
combined)

309

Early reconstruction Rehabilitation+optional
reconstruction

SMD −0.27
(−0.84 to
0.21)

(−1.29 to 0.66)

−5.07,
(−15.70 to 3.99)
IKDC
(0–100)

Low¶

Radiological knee Frobell et al55,
Tsoukas et al52
osteoarthritis
(Long-term)

152

Early reconstruction Rehabilitation+optional
reconstruction*

OR 1.45,
(0.18 to 10.0)
(0.30 to 5.17)

−72 per 1000
patients,
(144 to −384)

Very low¶**††

Total N

Intervention

Self-reported knee Frobell et al54,
Reijman et al53
function§
(Short-term)

288

Self-reported knee Frobell et al54,
Reijman et al53
function§
(Medium-term)

Control

Certainty rating

Primary outcomes
Low¶

Secondary outcomes
Health-related
quality of life‡‡
(Medium-term)

Frobell et al.54,
Reijman et al(53

288

Early reconstruction Rehabilitation+optional
reconstruction

SMD −0.40,
(−0.88 to
0.09)

(−1.18 to 0.40)

−5.91,
(−13.05 to 1.32)
SF-3 6 mental
health score
(0–100)

Low¶

Health-related
quality of life‡‡
(All time points
combined)

Frobell et al54,
Reijman et al53

288

Early reconstruction Rehabilitation+optional
reconstruction

SMD −0.35
(−0.87 to
0.16)

(−1.20 to 0.50)

−5.01,
(−12.37 to 2.34)
SF-3 6 mental
health score
(0–100)

Low¶

Self-reported
return to
activity§§
(Medium-term)

Frobell et al54,
Reijman et al53

288

Early reconstruction Rehabilitation+optional
reconstruction

SMD −0.10,
(−0.57 to
0.38)

(−0.87 to 0.68)

−0.31,
(−1.80 to 1.19)
Tegner Scale
(0–10)

Very low¶††

Self-reported
return to
activity§§
(Long-term)

Frobell et al55,
Tsoukas et al52

152

Early reconstruction Rehabilitation+optional
reconstruction

SMD −0.22,
(−0.92 to
0.39)

(−1.32 to 0.77)

−0.75,
(−2.92 to 1.23)
Tegner Scale
(0–10)

Very low¶**††

Self-reported
return to
activity§§
(All time points
combined)

Frobell et al54,
Reijman et al53,
Tsoukas et al52

309

Early reconstruction Rehabilitation+optional
reconstruction

SMD −0.21,
(−0.57 to
0.13)

(−0.82 to 0.37)

−0.72,
(−1.92, 0.42)
Tegner Scale
(0–10)

Very low¶††

Adverse event –
graft rupture

Frobell et al54,
Reijman et al53

288

Early reconstruction Rehabilitation+optional
reconstruction

OR 2.3,
(0.4 to 12.4)

(0.3 to 20)

−26 per 1000
patients,
(12, -186)

Very low¶††

Negative standardised mean differences indicate the effect favoured the intervention.
*The prediction interval indicates the heterogeneity in the data and the range of potential values that could be possible in future studies.
†Raw data estimate was done by multiplying the SMD and associated 95% credible interval estimates by the available pooled SD from studies included in the review.
‡Raw data estimate used the median comparator baseline risk of included studies.
§International Knee Documentation Committee (IKDC Questionnaire) (Reijman et al. and Tsoukas et al.), Knee Injury and Osteoarthritis Outcome Score (KOOS) (Frobell et al)
¶Certainty rated down for inconsistency.
**Certainty rated down for risk of bias.
††Certainty rated down for imprecision, e: certainty rated down for publication.
‡‡SF-36 (mental subscale) (Frobell et al), KOOS subscale Quality of Life (Reijman et al).
§§Tegner Scale (Frobell et al. and Tsoukas et al), Lysholm Scale (Reijman et al).
DR, delayed reconstruction; ER, early reconstruction; NA, not applicable; NO, non-operative.

level of certainty. The converted raw mean difference of −5.91
(95% CrI −13.05 to 1.32) points on the SF-36 (mental health
score, 0–100 points) was likely not clinically meaningful (≥ 10
points).64 Analysis of all time points combined gave evidence

of no effect (SMD: −0.35; 95% CrI −0.87 to 0.16; 95% PI
−1.20 to 0.50; two studies; n=288; GRADE: low) with a low
level of certainty. The converted raw mean difference of −5.01
(95% CrI −12.37 to 2.34) points on the SF-36 (mental health
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Table 2

Review
Certainty of evidence (GRADE approach) of individual study outcomes

Outcome (follow-up time point)

Effect size
(95% CI)

Study

Total N

Intervention

Control

Snoeker et al59

121

Early reconstruction

Rehabilitation+optional reconstruction

OR
0.85, (0.45 to 1.62)

Low*

Health-related quality of life† (Long-term)

Frobell et al55

120

Early reconstruction

Rehabilitation+optional reconstruction

SMD
−0.14, (−0.50 to 0.21)

Low*

Self-reported return to activity‡ (Short-term)

Reijman et al53

167

Early reconstruction

Rehabilitation+optional reconstruction

SMD −0.34,
(−0.66 to −0.03)

Moderate§

Knee stability
(Medium-term)

Frobell et al54

121

Early reconstruction

Rehabilitation+optional reconstruction

MD −1.70,
(−2.65 to −0.75)

Moderate*

knee stability
(Long-term)

Tsoukas et al52

Certainty rating

Primary outcomes
Meniscal injuries
(Long-term)
Secondary outcomes

32

Early reconstruction

Rehabilitation+optional reconstruction

MD-3.00,
(−3.27 to −2.73)

Low§

Patello-femoral cartilage thickness
(Medium-term)

Culvenor et al

60

120

Early reconstruction

Rehabilitation+optional reconstruction

MD 76.00, (10.63 to 141.37)

Moderate*

Patello-femoral cartilage thickness
(Long-term)

Culvenor et al60

120

Early reconstruction

Rehabilitation+optional reconstruction

MD 107.00, (17.33 to 196.67)

Moderate*

Meniscal surgeries
(Long-term)

Snoeker et al59

121

Early reconstruction

Rehabilitation+optional reconstruction

OR 0.88,
(0.47 to 1.62)

Low*

Cost-effectiveness
(Medium-term)

Eggerding et al57

167

Early reconstruction

Rehabilitation+optional reconstruction

MD 0.04, (p=0.18), not cost-
effective

Moderate§

Cost-effectiveness
(Long-term)

Kiadaliri et al58

120

Early reconstruction

Rehabilitation+optional reconstruction

MD 0.13,
(−0.03, 0.29) QALY, not cost-
effective

Moderate*

Leg-hop limb symmetry index
(Short-t erm)

Flosadottir et al56

89

Early reconstruction

Rehabilitation+optional reconstruction

MD 1.10,
(−2.98 to 5.18)

Low*

Single leg-hop limb symmetry index
(Long-term)

Flosadottir et al56

89

Early reconstruction

Rehabilitation+optional reconstruction

MD 0.80,
(−4.34 to 5.94)

Low*

Negative standardised mean differences indicate the effect favoured the intervention.
*Certainty rated down for imprecision.
†Certainty rated down for risk of bias.
‡SF-36 (mental subscale) (Frobell et al).
§Lysholm Scale (Reijman et al).
NA, not applicable.

score, 0–100 points) was likely not clinically meaningful (≥ 10
points).

Results from single studies

One study55 reported no effect on health-related quality of life
at long-term follow-up (SMD: −0.14; 95% CI −0.50 to 0.21;
GRADE: low) with low level of certainty.

Self-reported return to activity

Four reports of three studies52–55 were included. Meta-analysis
was performed for medium-term53 54 and long-term follow-up for
postinjury activity level at the specific follow-up time points.52 55
At medium-term follow-up, there was no effect (SMD: −0.10;
95% CrI −0.57 to 0.38; 95% PI −0.87 to 0.68; studies=2;
n=288, GRADE: very low) with very low certainty of evidence.
Raw mean difference on the Tegner Scale (0–10 points) was
−0.31 (95% CrI −1.80 to 1.19) points, which was not clinically meaningful (MCID: 1 point).65 No effect with very low
certainty of evidence was also estimated for long-term follow-up
(SMD: −0.22; 95% CrI −0.92 to 0.39; 95% PI −1.32 to 0.77;

Figure 2 Overview of continuous outcomes for the comparison early
surgery versus rehabilitation with optional surgery. The used software
sets the limit automatically to the 95% CrIs and not the 95% prediction
intervals (dashed lines). As the highest value of a 95% CrI is 0.81 it sets
the positive limit to 1.0 although the prediction interval goes further
than that. CrI, credible interval.

Figure 3 Overview of dichotomous outcomes for the comparison
early surgery vs rehabilitation with optional surgery.
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Table 3

Review

Secondary outcomes

The secondary outcomes: adverse event (graft rupture), knee
stability, patellofemoral cartilage thickness, leg hop–limb
symmetry index and economic resource are displayed in tables 2
and 3 and in online supplemental appendix 9.

Funding and conflict of interest

One study53 was funded by a professional organisation. Another
study54 had mixed funding of private or professional and governmental organisations. One study52 did not report their funding
source. The authors declared no conflict of interest in two
studies,52 53 whereas one study54 reported a conflict of interest.
Figure 4 Overview of continuous outcomes for the comparison early
surgery versus rehabilitation with optional surgery for all time points
combined. SMD, standardised mean difference.

studies=2, n=152, GRADE: very low). Raw mean difference
on the Tegner Scale was −0.75 (95% CrI −2.92 to 1.23) and
cannot be considered clinically meaningful. Sensitivity analyses
using as-treated data for the non-operative control group from
Frobell et al55 yielded no effect for early surgery in comparison
to the non-operative group (SMD: −0.84; 95% CrI −2.56 to
0.87; 95% PI−3.36 to 1.67; studies=2; n=152, GRADE: very
low) with a very low level of certainty. Raw mean difference
on the Tegner Scale was 2.61 (95% CrI −2.67 to 7.90) and
can likely be considered clinically meaningful but only with a
very low degree of certainty. One should note that a sensitivity
analysis with a meta-analysis of medians yielded lower values
(median: 1.18, 95% CI −0.75 to 3.20) on the Tegner scale.
Analysis of self-reported activity for all time points resulted in
no effect (SMD: −0.21; 95% CrI −0.57 to 0.13; 95% PI −0.82
to 0.37; studies=2; n=152, GRADE: very low) between groups
with a very low level of certainty. Raw mean difference on the
Tegner Scale was −0.72 (95% CrI −1.92 to 0.42) and cannot be
considered clinically meaningful.

Results from single studies

One study53 reported no effect at short-term on return to activity
(SMD: −0.34; 95% CI −0.66 to –0.03; GRADE: moderate)
with a moderate level of certainty.

Meniscal surgeries
Results from single studies

One study report55 reported on the number of patients with any
meniscal surgery during the study, including those performed
at baseline concomitant with index ACL reconstruction, and
during follow-up up to 5 years, which showed no effect for
primary surgery versus primary rehabilitation with a low level
of certainty (OR: 0.88; 95% CI 0.47 to 1.62; GRADE: low).
Transformation of the OR into a risk difference with an assumed
prevalence of 51% in the rehabilitation group gives a number
fewer than 1000 of 32 (95% CrI 181 to–119) with a low level
of certainty. Assuming that 510 (51%) patients of 1000 patients
develop or have a meniscal injury when undergoing primary
rehabilitation then 32 less patients (478 patients) treated with
early surgery will develop or have a meniscal injury with a 95%
Saueressig T, et al. Br J Sports Med 2022;0:1–13. doi:10.1136/bjsports-2021-105359

Small study effects and publication bias

We did not suspect publication bias according to our criteria for
GRADE. Small study effects and publication bias could not be
statistically assessed because the number of studies were fewer
than 10 studies.44

Subgroup analysis and meta-regression

Subgroup analysis and meta-regression were not feasible due to
the low number of studies (ie, n<10).32

Sensitivity analyses

We performed sensitivity analyses with different priors for the
between study variance (τ²) for meta-analytic outcomes (online
supplemental appendices 12 and 13). This was done to check
how sensitive the results were to different priors (prior beliefs
about the distribution of τ²) for the between study variance.
The findings did not change when different priors for τ² were
used. The meta-analysis of medians led to markedly different
outcomes for self-reported return to activity for the comparison
early reconstruction versus non-operative treatment in the long
term. Transformed raw mean differences were 2.61, (95% CrI
−2.67 to 7.90) versus 1.18, (95% CI −0.75 to 3.20) points on
the Tegner scale (0–10) for the sensitivity analysis.

Protocol deviations compared with PROSPERO registration

We added a meta-analysis of medians as a sensitivity analysis
and added a meta-analysis of all timepoints combined to this
work. We removed the outcome treatment failure (graft rupture
vs surgical reconstruction) due to recommendations made by
the reviewers as a graft rupture is an obvious and ‘unexpected/
unwanted’ adverse event (or failure), while delayed ACL reconstruction in the rehabilitation group (in both studies) was an a
priori expected and planned part of the treatment strategy.

DISCUSSION

This is the first living systematic review and meta-analysis investigating the effects of primarily surgical versus primarily rehabilitative management for ACL injuries based on RCTs. Our analysis
showed that there are no clinically relevant differences in most
outcomes between early surgical reconstruction and primary
rehabilitation with optional reconstruction. Radiological knee
osteoarthritis showed a trend to slightly favour primarily rehabilitative treatment although at very low certainty of evidence.
Meniscal damage showed a favourable trend for primary surgery
in the long-term but at a low level of evidence.
9

Br J Sports Med: first published as 10.1136/bjsports-2021-105359 on 29 August 2022. Downloaded from http://bjsm.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

CrI (181 patients more, 119 patients less) with a low level of
certainty.

Review
From IKDC or Knee Injury and Osteoarthritis Outcome Score
(KOOS) scales, a highly clinically relevant improvement in function was shown for both treatments. Regardless of treatment
modality examined, more than 90% of patients achieve MCID
on the KOOS scale after 2 years.66 Furthermore, the mean values
of the function scores excluding the KOOS-QoL value reach
the threshold for the Patient Accepted Symptom State at the
longest follow-up.66 67 Current evidence suggests that both early
surgery and primary rehabilitation result in clinically meaningful
improvements in long-term subjective knee function. Overall,
our analysis showed that early ACL reconstruction did not
result in improvements in function versus primary rehabilitation
management with a low level of certainty.

Radiological osteoarthritis

Early reconstruction showed no protective effect on the development of post-traumatic osteoarthritis in either the primary
or as-treated analysis at a very low level of certainty. Our estimates showed a trend with very low certainty of evidence, for
primary rehabilitative therapy and/or delayed reconstruction to
result in less cartilage loss. A result that is confirmed by Swedish
ACL registry (cohort) data in a registry evaluation of 64 614
patients with ACL rupture.68 Overall, the protective effect on
the development of knee osteoarthritis of an ACL reconstruction
remains a point of debate.10 23 25 65 69 Prior authors reported no
differences in knee osteoarthritis,24 70 or differences in rates of
osteoarthritis development, depending on the degree of osteoarthritis71 or the length of the follow-up period,72 but these
results are only based on observational studies. Fundamentally,
our findings from RCTs challenge a historical paradigm73–75 that
anatomic instability must be stabilised with surgery to prevent
knee osteoarthritis.
The following mechanisms may in part explain these observations: (1) increased inflammation from the surgical procedure,76–78 (2) failure to accurately restore the exact contact
points between the tibia and femur,79–82 (3) kinematic differences of ACL patients, which can be interpreted as avoidance
behaviour83–88 (4) and premature early sports participation by
patients who have undergone reconstructive surgery.89–91 Collectively, these mechanisms highlight that the development of post-
traumatic osteoarthritis is a multifactorial complex process of
interacting risk factors and thus prevention of degenerative cartilage damage by surgical or conservative treatment seems neither
realistic nor possible.

Improving return to activity

In the medium term and long term, patients reported no effect
between groups, but the certainty of evidence for these results
is very low. The effect sizes were also not clinically meaningful.
Widespread expert recommendations are that athletes with a
high functional demand should undergo surgical treatment.92–94
However, the quality of evidence for such recommendations is
very low according to our results. What is not currently available is RCT-level information on an extreme high level of sports
participation (Tegner Score of 10). A return to knee-loading
sports, even those with high rotational loads, is also described
after a treatment approach of primary rehabilitation in a larger
group of patients.95 96 Notably, although competitive athletes
are successful in returning to their sport after ACL reconstruction,8 many of these athletes do not reach their preinjury level of
performance.97 According to our analysis, one cannot unequivocally conclude that athletes are required to undergo early ACL
reconstruction. Further RCTs need to be conducted to answer
this question for an athletic population.

Patient-centred care

We observed no clinically meaningful differences between treatment approaches, and, thus, propose an individualised and
patient-centred form of care. Depending on a patient’s medical
situation (eg, concomitant injuries such as repairable meniscal
tears, relevant cartilage injuries, other higher grade ligamentous injuries),53 54 98 individual anatomical differences (eg, the
tibial slope, femoral morphology, alignment),92 99 100 functional
demands in daily life or sports,92 an individualised primary
treatment strategy should be determined as a ‘shared decision
process’.101–103 For many patients with ACL injuries without
serious concomitant injuries, a ‘stepped care approach’ with
a primarily rehabilitation focused treatment approach seems
appropriate, especially pertaining to cost-effectiveness57 58 and
the avoidance of surgical risks.103 Functional instability, despite
a high-
quality exercise-
based approach, determines the need
for subsequent surgical treatment to minimise secondary joint
damage.86 91 97 101 103 104 The task of future research will be to
define valid predictors for an individual’s success or failure with
primary non-surgical care to enable an evidence-based clinical
decision-
making process. One such example is the decision-
making and treatment algorithm based on the Delaware-Oslo
ACL Cohort Study, which certainly requires confirmatory
studies.98 104 105 Furthermore, such a stepped approach requires
health systems to provide the necessary financial resource for an
adequate primary rehabilitative care.106 107

Meniscal status and meniscal surgery

Limitations
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Saueressig T, et al. Br J Sports Med 2022;0:1–13. doi:10.1136/bjsports-2021-105359

There is no statistical difference between early surgery and
primary rehabilitation but with low certainty of evidence. Our
analysis indicated that the observed differences were particularly
due to the inferior results of the patients with delayed ACL reconstruction. Similar results with a low degree of certainty are found
in the literature.12 23 An early ACL reconstruction in patients
with functional instability might be recommended following the
‘as treated’ analysis results, especially as the ‘delayed surgery’
group showed a less favourable meniscal situation. There is no
direct RCT evidence that patients with functional instability
need to be stabilised. But it is a best practice recommendation92
to operate on these instable patients and it was a prespecified
criterion in the investigated RCT. We suggest that in the case of
functional instability of the knee, a surgical reconstruction of the
knee is warranted.

This study is not without limitations. The low number of
included studies still left uncertainties regarding the best
approach for dealing with ACL ruptures. Furthermore, only one
trial was of low RoB, which further undermined the certainty
in the estimates. All RCTs included patients with complete ACL
injuries, but the inclusion criteria regarding concomitant injuries
were somewhat different in the individual trials. The applied
surgical techniques were also different across the included
trials, depending on the surgeon’s preference. Furthermore,
the current data do not permit conclusions in favour or against
primary surgical management for professional athletes. We also
did not prespecify different MCIDs for other outcomes beyond
self-reported knee function. The use of MCID for interpretation of outcomes is debated because it varies based on analytic
methods, study populations, type of disease, baseline status,
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Improving function

Review

FUTURE DIRECTIONS

RCTs with longer follow-
ups are necessary to allow robust
conclusions about the development of adverse outcomes, such
as post-traumatic joint damage. In the context of ACL surgery,
bundle technique,
anatomic surgical techniques (eg, double-
anteromedial femoral tunnel drilling technique), extra-articular
reconstructions such as those of the anterolateral ligament or
even slope-reducing tibial osteotomies have become particularly
established in recent years and need to be evaluated in RCTs in
the future.108–110 Initial reviews here show partial benefits for
individual outcomes, for example, of anatomical versus non-
anatomical techniques.111 112 The same can be said for rehabilitation programmes as a lot of these do not follow current
best practice recommendations.113 Future studies will need to
address how these new surgical procedures (eg, slope reducing
tibial osteotomies) compare to contemporary primary rehabilitation.17 106

CONCLUSION

We found very low to low certainty of evidence of no clinically
relevant differences in most outcomes between early surgical
reconstruction and primary rehabilitation with optional reconstruction. Early surgery showed a positive trend pertaining
to a better meniscal status but with a low level of certainty of
evidence. Rehabilitation with optional surgery showed a trend
for an advantage regarding the avoidance of the development
of radiological knee osteoarthritis. On the weight of the current
evidence, indicating that early surgical ACL reconstruction is not
beneficial for all patients, we propose an individualised, patient-
centred form of care that discusses the potential treatment
options with the patient.
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Appendix 1. Search strategy.
MEDLINE (Pubmed) 17.06.2021
Search Query
#1
(Anterior Cruciate Ligament [Mesh] OR ACL [All Fields] OR Anterior Cruciate Ligament [All Fields]) AND
(rupture OR injur* OR tear*)
#2
Anterior Cruciate Ligament Reconstruction[MeSH Terms] OR (Orthopedic Procedures[MeSH Terms]) OR
(“Reconstruction”[Title/Abstract] OR “Reconstructive Surgical Procedure”[Title/Abstract] OR “reconstructive
surgery”[Title/Abstract] OR “Early”[Title/Abstract] OR “Delayed”[Title/Abstract] OR
“Rehabilitation”[Title/Abstract] OR “Elective”[Title/Abstract] OR “Osteoarthritis”[Title/Abstract] OR
“Treatment”[Title/Abstract]) OR (("surgery"[Subheading] OR "surgery"[All Fields] OR "surgical procedures,
operative"[MeSH Terms] OR ("surgical"[All Fields] AND "procedures"[All Fields] AND "operative"[All Fields])
OR "operative surgical procedures"[All Fields] OR "general surgery"[MeSH Terms] OR ("general"[All Fields]
AND "surgery"[All Fields]) OR "general surgery"[All Fields] OR "surgery's"[All Fields] OR "surgerys"[All
Fields] OR "surgeries"[All Fields]))
#3
"randomized controlled trial"[Publication Type] OR "controlled clinical trial"[Publication Type] OR
"randomized"[Title/Abstract] OR "placebo"[Title/Abstract] OR "randomly"[Title/Abstract] OR "trial"[Title] OR
"clinical trials as topic"[MeSH Terms:noexp]
#4
animals[MeSH Terms] NOT humans[MeSH Terms]
#5
#1 AND #2 AND (#3 NOT #4)
EMBASE via OVID 17.06.2021
Search Query
#1
exp 'Anterior Cruciate Ligament'/ or 'ACL'.af. or 'anterior cruciate'.af.
#2
exp rupture/ or ('rupture' or 'injur*' or 'tear*').af.
#3
1 and 2
#4
exp anterior cruciate ligament reconstruction/
#5
exp orthopedic surgery/
#6
(Reconstruction or Reconstructive Surgical Procedure or reconstructive surgery or Early or Delayed or
Rehabilitation or Elective or Osteoarthritis or Treatment).ti,ab.
#7
exp surgery/ or surger*.af. or exp surgical technique/ or (surgical and procedure* and operative).af. or exp general
surgery/ or general surgery.af.
#8
4 or 5 or 6 or 7
#9
(randomized controlled trial or controlled clinical trial or randomized or placebo or randomly).ti,ab. or trial.ti. or
exp clinical trial/
#10
(exp animals/ or exp nonhuman/) not human/
#11
3 and 8 and 9
#12
11 not 10
CINHAL via EBSCOhost 17.06.2021
Search Query
#1
((MH “Anterior Cruciate Ligament Injuries+”) OR (((MH “Anterior Cruciate Ligament+”) AND (TI (rupture OR
“injur* OR tear*) OR AB (rupture OR “injur* OR tear*))))
#2
(MH “Anterior Cruciate Ligament Reconstruction+”) OR (MH “Orthopedic Surgery+”) OR (MH “Surgery,
Reconstructive+”) OR (MH “Knee Surgery+”) OR (“Orthopedic Procedures”) OR
((TI (“Reconstruction” OR “Reconstructive Surgical Procedure” OR “reconstructive surgery” OR “Early” OR
“Delayed” OR “Rehabilitation” OR “Elective” OR “Osteoarthritis” OR “Treatment”)) OR (AB (“Reconstruction”
OR “Reconstructive Surgical Procedure” OR “reconstructive surgery” OR “Early” OR “Delayed” OR
“Rehabilitation” OR “Elective” OR “Osteoarthritis” OR “Treatment”))) OR
((MH “Surgery, Operative+”) OR (“surgery”) OR (“surgical technique”) OR (“surgical” AND “procedures” AND
“operative”) OR (“operative surgical procedures”) OR (“general surgery”) OR (“general” AND “surgery”) OR
(“general surgery”) OR (“surger*”))
#3
((PT ("randomized controlled trial" OR "controlled clinical trial") OR TI ("randomized" OR "placebo" OR
"randomly" OR "trial") OR AB ("randomized" OR "placebo" OR "randomly") OR (MH "clinical trials") OR (MH
“Randomized Controlled Trials”)) NOT (MH "animals+" NOT MH "humans+"))
#4
#1 AND ‘#2 AND #3
SPORTDiscus via EBSCOhost 17.06.2021
Search Query
#1
((DE "ANTERIOR cruciate ligament" OR ACL) AND (rupture OR injur* OR tear*)) OR ODE "ANTERIOR
cruciate ligament injuries"
#2
DE “SURGERY” OR DE “OPERATIVE surgery” OR DE “ORTHOPEDIC surgery” OR DE “ORTHOPEDICS”
OR DE “ORTHOPTICS”
OR DE “ANTERIOR cruciate ligament surgery” OR DE “ANTERIOR cruciate ligament transplantation”
OR (TI (Reconstruction OR “Reconstructive Surgical Procedure” OR “reconstructive surgery” OR “Early” OR
“Delayed” OR “Rehabilitation” OR “Elective” OR “Osteoarthritis” OR “Treatment”)) OR (AB (Reconstruction
OR “Reconstructive Surgical Procedure” OR “reconstructive surgery” OR “Early” OR “Delayed” OR
“Rehabilitation” OR “Elective” OR “Osteoarthritis” OR “Treatment”))
OR (TI (surgery OR “surgical technique” “surgical procedures operative” OR “operative surgical procedures” OR
“general surgery” OR “surger*”)) OR (AB (surgery OR “surgical technique” “surgical procedures operative” OR
“operative surgical procedures” OR “general surgery” OR “surger*”))
#3
randomised OR randomized OR randomisation OR randomisation OR placebo* OR (random* AND (allocat* OR
assign*) OR (blind* AND (single OR double OR treble OR triple)) OR "randomized controlled trial" OR
"controlled clinical trial" OR randomly OR trial OR "clinical trial*”
#4
(S1 AND S2 AND S3)
WEB OF SCIENCE CORE COLLECTION 17.06.2021

Hits
19817
10307523

1465795

5016862
1429
Hits
41922
2122749
24324
13470
540182
9067354
7139549
13442620
2543309
6980965
2354
2127
Hits
6,080
2,034,479

516480

478
Hits
7555
213468

101847

581
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Search
#1

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Query
(TS=(Anterior Cruciate Ligament) OR TS=(ACL)) AND TS=(Rupture OR injur* OR tear*)

#2

TS=(Anterior Cruciate Ligament Reconstruction) OR
TS=(Orthopedic Procedures) OR TS=(Reconstruction OR Reconstructive Surgical Procedure OR reconstructive
surgery OR Early OR Delayed OR Rehabilitation OR Elective OR Osteoarthritis OR Treatment) OR TS=(surgery
OR Knee surgery OR Orthopedic Surgery OR surgical technique OR operative surgical procedures OR general
surgery OR surger*)
#3
TS=(randomised OR randomized OR randomisation OR randomisation OR placebo* OR (random* AND
(allocat* OR assign*)) OR (blind* AND (single OR double OR treble OR triple)))
#4
((TS=(Anterior Cruciate Ligament) OR TS=(ACL)) AND TS=(Rupture OR injur* OR tear*))
AND (TS=(Anterior Cruciate Ligament Reconstruction) OR TS=(Orthopedic Procedures) OR
TS=(Reconstruction OR Reconstructive Surgical Procedure OR reconstructive surgery OR Early OR Delayed OR
Rehabilitation OR Elective OR Osteoarthritis OR Treatment) OR TS=(surgery OR Knee surgery OR Orthopedic
Surgery OR surgical technique OR operative surgical procedures OR general surgery OR surger*)) AND
(TS=(randomised OR randomized OR randomisation OR randomisation OR placebo* OR (random* AND
(allocat* OR assign*)) OR (blind* AND
(single OR double OR treble OR triple))))
CENTRAL 17.06.2021
Search Query
#1
MeSH descriptor: [Anterior Cruciate Ligament] explode all trees
#2
(acl):ti,ab
#3
Rupture OR injur* OR tear*
#4
(#1 OR #2) AND #3
#5
MeSH descriptor: [Surgical Procedures, Operative] explode all trees
#6
MeSH descriptor: [Orthopedics] explode all trees
#7
MeSH descriptor: [Orthopedic Procedures] explode all trees
#8
Reconstruction:ti,ab OR (Reconstructive Surgical Procedure):ti,ab OR (reconstructive surgery):ti,ab OR
Early:ti,ab OR Delayed:ti,ab OR Rehabilitation:ti,ab OR Elective:ti,ab OR Osteoarthritis:ti,ab OR Treatment:ti,ab
#9
MeSH descriptor: [General Surgery] explode all trees
#10
surgery OR (operative surgical procedures) OR (general surgery) OR surgery's OR surgerys OR surgeries
#11
#5 OR #6 OR #7 OR #8 OR #9 OR #10
#12
#4 AND #11 (Limit: in trials)

Search/Filter
Query
ClinicalTrials.gov – 20.06.2022
Search via “Other terms”
Anterior Cruciate Ligament OR ACL
Filter Study type
Only “Interventional Studies”
Filter Study Documents
Only “Study Protocols”
EU Clinical Trials Register – 20.06.2022
Search via “Other terms”
Anterior Cruciate Ligament OR ACL
Filter
DRKS - Deutsches Register Klinischer Studien (German Clinical Trials Register) – 20.06.2022
Search via “Other terms”
Anterior Cruciate Ligament OR ACL OR
Kreuzband
Filter “Studientyp”
Interventionell
Filter “Zuteilung”
Kontrollierte, randomisierte Studie
ISRCTN registry – 20.06.2022
Search via “Text search”
Anterior Cruciate Ligament OR ACL
No Filter applied
No Filter applied
Australian New Zealand Clinical Trials Registry (ANZCTR) – 20.06.2022
Filter “Study type”
Interventional
Filter “Allocation to intervention”
Randomised
Health condition(s) or problem(s) studied:
Anterior Cruciate Ligament
No other filters applied
Netherlands Trial Register – 20.06.2022
Text search
Anterior Cruciate Ligament

Br J Sports Med

Hits
16016
9077577

1292,304
1087

Hits
675
2203
82000
1603
128680
368
14140
874931
366
269758
941721
1388

Hits
778
588
42
15
178

39
30
286

Search in trial registries
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Appendix 2. Summary of excluded studies with reason.
Identification of studies via databases (83 reports excluded)
Nr.

Authors

Title

Year

Journal

Volume

1

Flosadottir 2017

Impact of treatment strategy and physical
performance on knee self-efficacy in
individuals with anterior cruciate ligament
injury

2017

Osteoarthritis and
Cartilage

Prognostic factors for knee pain, symptoms,
function and quality of life 32-37 years after
surgically or non-surgically managed ACL
injury
The management of the isolated injury of the
anterior cruciate ligament - Long-term results
Prolonged trauma-induced increase of
inflammatory cytokines in synovial fluid after
surgical reconstruction of anterior cruciate
ligament ruptures compared to rehabilitation
alone: An exploratory analysis in the Kanon
trial
Cost Effectiveness Analysis of Early
Reconstruction vs. Rehabilitation and
Delayed Reconstruction for ACL Tears
Treatment for acute anterior cruciate
ligament tear: five year outcome of
randomised trial (Reprint from BMJ, vol 346,
pg f232, 2013)
The outcome after acute ACL injury-is
surgery always needed and what should the
patient expect?
AGE- and SEX-Dependence of femorotibial
cartilage change after anterior cruciate
ligament (ACL) TEAR - 5 Year follow up in
the kanon study
Significant change of bone shape occur over
the first five years after acl injury
Change in cartilage thickness in the
femoropatellatarjoint after acute anterior
cruciate ligament tear - Long term follow-up
Muscle function at 3 years following ACL
injury is associated with 5-year patientreported outcomes
Development of mri-defined tissue damage
after anterior cruciate ligament injury over 5
years: the Kanon study

2019

Journal of Science and
Medicine in Sport

Conference: 2017
Osteoarthritis Research
Society International,
OARSI World
Congress. United
States. 25
22

1996

Acta Chirurgica Austriaca

2016

2

Filbay 2019

3

Schabus 1996

4

Larsson 2016

5

Mather 2012

6

Frobell 2013

7

Frobell 2012

8

Eckstein 2013

9

Bowes 2013

10

Cotofana 2013

11

Flosadottir 2016

12

Roemer 2020

DOI

Exclusion reason

S394

Covidence
ID
#3771

Missing

Abstract

S2

S17–S74

#4324

10.1016/j.jsams.2019.08.251

Abstract

28

SUPPL. 120

130-133

#2724

Missing

Abstract

Osteoarthritis and
Cartilage

24

SUPPL. 1

S330-S331

#1909

Missing

Abstract

2012

Am J Sports Med

NA

NA

NA

#4394

Missing

Abstract

2013

BRITISH JOURNAL OF
SPORTS MEDICINE

47

6

373

#5103

10.1136/bjsports-2013-f232rep

Abstract

2012

Annals of Physical and
Rehabilitation Medicine

55

SUPPL.1

e55

#2943

http://dx.doi.org/10.1016/j.rehab.2012.07.142

Abstract

2013

Osteoarthritis and
Cartilage

21

SUPPL. 1

S113

#3192

Missing

Abstract

2013

Osteoarthritis and
Cartilage
Osteoarthritis and
Cartilage

21

SUPPL. 1

S220

#3196

Missing

Abstract

21

SUPPL. 1

S148

#3194

Missing

Abstract

2016

Osteoarthritis and
Cartilage

24

SUPPL. 1

S25-S26

#1905

Missing

Abstract

2020

Osteoarthritis and
Cartilage

28

Supplement
1

S48-S50

#2178

http://dx.doi.org/10.1016/j.joca.2020.02.077

Abstract

2013

Issue

Pages

Supplement
1

5

Saueressig T, et al. Br J Sports Med 2022;0:1–13. doi: 10.1136/bjsports-2021-105359

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

Nr.

Authors

Title

Year

Journal

Volume

Issue

Pages

13

Wirth 2021

2021

Osteoarthritis Cartilage

29

4

14

Frobell 2011

2011

J Bone Joint Surg Am

93

15

Wirth 2021

2021

Osteoarthritis and
Cartilage

16

NTR2746 2011

2011

17

NCT04770233
2021
NCT04408690
2020

Early anterior cruciate ligament
reconstruction does not affect 5 year change
in knee cartilage thickness: secondary
analysis of a randomized clinical trial.
Change in cartilage thickness, posttraumatic
bone marrow lesions, and joint fluid volumes
after acute ACL disruption: a two-year
prospective MRI study of sixty-one subjects.
Early anterior cruciate ligament
reconstruction does not affect five year
change in knee cartilage thickness:
secondary analysis of a randomized clinical
trial
Cost-effectiveness of two treatment
strategies of an anterior cruciate ligament
rupture. A randomized clinical study
How to Best Treat Anterior Cruciate
Ligament Injuries
Feasibility of a RCT That Compares
Immediate Versus Optional Delayed Surgical
Repair After ACL Injury
ACL SNNAP Trial: ACL Surgery Necessity in
Non Acute Patients
Surgical versus non-surgical treatment of
anterior cruciate ligament (ACL) injuries: a
randomised prospective clinical trial
The ACL SNNAP Trial: ACL surgery
necessity in non acute patients
Comparison of the clinical and cost
effectiveness of two management strategies
(rehabilitation versus surgical reconstruction)
for non-acute anterior cruciate ligament
(ACL) injury: study protocol for the ACL
SNNAP randomised controlled trial.
Postoperative range of motion following ACL
reconstruction using autograft hamstrings: a
prospective randomized clinical trial of early
versus delayed reconstructions.
Acute reconstruction results in less sickleave days and as such fewer indirect costs
to the individual and society compared to
delayed reconstruction for ACL injuries.
Acute ACL reconstruction shows superior
clinical results and can be performed safely
without an increased risk of developing
arthrofibrosis.
A comparison of early and delayed
arthroscopically-assisted reconstruction of
the anterior cruciate ligament using
hamstring autograft

18

19
20

21

NCT02980367
2016
ISRCTN84752559
2006

22

ISRCTN10110685
2016
Davies 2020

23

Bottoni 2008

24

Von Essen 2020

25

Von Essen 2020

26

Raviraj 2010

Br J Sports Med

DOI

Exclusion reason

518-526

Covidence
ID
#1239

10.1016/j.joca.2021.01.004

Outcome results
reported in
another report;

12

1096-1103

#356

10.2106/JBJS.J.00929

Outcome results
reported in
another report;

29

4

518-526

#3837

10.1016/j.joca.2021.01.004

Study protocol

NTR

NA

NA

NA

#4025

NA

Study protocol

2021

NTR

NA

NA

NA

#3980

NA

Study protocol

2020

NTR

NA

NA

NA

#4757

NA

Study protocol

2016

NTR

NA

NA

NA

#4880

NA

Study protocol

2006

ISRCTN

NA

NA

NA

#4287

NA

Study protocol

2016

ISRCTN

NA

NA

NA

#4857

NA

Study protocol

2020

Trials

21

1

405

#899

10.1186/s13063-020-04298-y

Study protocol

2008

SportEX Medicine

36

4

656-662

#3274

https://doi.org/10.1177/0363546507312164

Wrong
comparator

2020

Knee Surg Sports
Traumatol Arthrosc

28

7

2044-2052

#802

10.1007/s00167-019-05397-3

Wrong
comparator

2020

Knee Surg Sports
Traumatol Arthrosc

28

7

2036-2043

#850

10.1007/s00167-019-05722-w

Wrong
comparator

2010

JOURNAL OF BONE AND
JOINT SURGERYBRITISH VOLUME

92B

4

521-526

#5418

10.1302/0301-620X.92B4.22973

Wrong
comparator
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Nr.

Authors

Title

Year

Journal

Volume

Issue

Pages

27

NTR3703 2012

2012

NTR

NA

NA

28

NCT01580722
2012

2012

NCT

NA

29

Karlsson 1999

Research comparing acute ACL
reconstruction and delayed ACL
reconstruction
Comparison of Early Versus Delay
Reconstruction in Anterior Cruciate Ligament
Tearing
Subacute versus delayed reconstruction of
the anterior cruciate ligament in the
competitive athlete

1999

30

Herbst 2017

Impact of surgical timing on the outcome of
anterior cruciate ligament reconstruction

2017

31

Meighan 2003

2003

32

Manandhar 2018

2018

33

Eriksson 2018

2018

34

Eriksson 2017

35

Eriksson 2016

36

Chen 2014

37

Chen 2015

38

Bottoni 2008

39

Bottoni 2008

40

Walach 2017

41

NCT03441295
2018

Outcome after reconstruction of the anterior
cruciate ligament in athletic patients. A
comparison of early versus delayed surgery.
Functional outcome of an early anterior
cruciate ligament reconstruction in
comparison to delayed: Are we waiting in
vain?
No risk of arthrofibrosis after acute anterior
cruciate ligament reconstruction.
Results are similar two years after acute or
delayed anterior cruciate ligament
reconstruction. A randomized controlled trial
Acute vs delayed ACL reconstruction. Early
differences and preliminary two year results:
A randomized controlled trial
A comparison of acute and chronic anterior
cruciate ligament reconstruction using LARS
artificial ligaments: a randomized prospective
study with a 5-year follow-up
A comparison of acute and chronic anterior
cruciate ligament reconstruction using LARS
artificial ligaments: a randomized prospective
study with a 5-year follow-up.
Postoperative range of motion following
anterior cruciate ligament reconstruction
using autograft hamstrings: a prospective,
randomized clinical trial of early versus
delayed reconstructions.
Postoperative Range of Motion Following
Anterior Cruciate Ligament Reconstruction
Using Autograft Hamstrings.
RegentK and physiotherapy improve knee
function after anterior cruciate ligament
rupture without surgery after 1 year-a
randomised controlled trial
LIBRE (Ligamys, Internal Bracing,
REconstruction) Study: comparing Three

Knee surgery, sports
traumatology, arthroscopy
: official journal of the
ESSKA
Knee surgery, sports
traumatology, arthroscopy
: official journal of the
ESSKA
J Bone Joint Surg Br

Br J Sports Med

DOI

Exclusion reason

NA

Covidence
ID
#4888

NA

Wrong
comparator

NA

NA

#4479

NA

Wrong
comparator

7

3

146-151

#2344

http://dx.doi.org/10.1007/s001670050139

Wrong
comparator

25

2

569-577

#1557

http://dx.doi.org/10.1007/s00167-016-4291-y

Wrong
comparator

85

4

521-524

#137

10.1302/0301-620x.85b4.13743

Wrong
comparator

Journal of Clinical
Orthopaedics and Trauma

9

2

163-166

#1791

http://dx.doi.org/10.1016/j.jcot.2017.03.001

Wrong
comparator

Knee Surg Sports
Traumatol Arthrosc
Orthopaedic Journal of
Sports Medicine

26

10

2875-2882

#1194

10.1007/s00167-017-4814-1

5

NA

#1710

http://dx.doi.org/10.1177/2325967117S00174

2016

Orthopaedic Journal of
Sports Medicine

4

NA

#1916

http://dx.doi.org/10.1177/2325967116S00003

Wrong
comparator

2014

Archives of Orthopaedic
and Trauma Surgery

NA

5
Supplement
5
2
Supplement
1
135

Wrong
comparator
Wrong
comparator

95–102

#2019

http://dx.doi.org/10.1007/s00402-014-2108-3

Wrong
comparator

2015

Arch Orthop Trauma Surg

135

1

95-102

#980

10.1007/s00402-014-2108-3

Wrong
comparator

2008

Am J Sports Med

36

4

656-662

#616

10.1177/0363546507312164

Wrong
comparator

2008

American Journal of
Sports Medicine

36

4

656-662

#6130

2017

BMC Complementary and
Alternative Medicine

17

Supplement
1

NA

#1676

http://dx.doi.org/10.1186/s12906-017-1783-3

Wrong
intervention

2018

NCT

NA

NA

NA

#4641

NA

Wrong
intervention

2017

Wrong
comparator
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Nr.

Authors

42

Shelton 1997

43

Odensten 1985

44

Andersson 1991

45

Meunier 2007

46

Snoeker 2020

47

Larsson 2017

48

Frobell 2014

49

Eriksson 2016

50

Snoeker 2021

51

Hunter 2014

52

Eckstein 2015

53

No authors listed

54

Smith 2014

Title
Surgery Techniques After an Acute ACL
Rupture
Autograft versus allograft anterior cruciate
ligament reconstruction.
Surgical or conservative treatment of the
acutely torn anterior cruciate ligament. A
randomized study with short-term follow-up
observations.
Knee function after surgical or nonsurgical
treatment of acute rupture of the anterior
cruciate ligament: a randomized study with a
long-term follow-up period.
Long-term results after primary repair or nonsurgical treatment of anterior cruciate
ligament rupture: a randomized study with a
15-year follow-up.
Is Meniscal Status in the Anterior Cruciate
Ligament Injured Knee Associated with
Change in Bone Surface Area? An
Exploratory Analysis of Data from the
KANON Trial
Surgical reconstruction of ruptured anterior
cruciate ligament prolongs trauma-induced
increase of inflammatory cytokines in
synovial fluid: an exploratory analysis in the
KANON trial.
The relation between serum comp and cilp
concentrations and MRI subregional
cartilage thickness change over the first five
years after acute ACL injury-data from the
kanon-trial
Acute ACL surgery decreases first year socio
economic costs compared to delayed
reconstruction: A randomized controlled trial
Is meniscal status in the anterior cruciate
ligament injured knee associated with
change in bone surface area? An exploratory
analysis of the KANON trial.
The effect of anterior cruciate ligament injury
on bone curvature: exploratory analysis in
the KANON trial.
Five-Year Followup of Knee Joint Cartilage
Thickness Changes After Acute Rupture of
the Anterior Cruciate Ligament
Anterior cruciate ligament rupture: no routine
surgery.
Is reconstruction the best management
strategy for anterior cruciate ligament
rupture? A systematic review and metaanalysis comparing anterior cruciate
ligament reconstruction versus non-operative
treatment

Br J Sports Med

Year

Journal

Volume

Issue

Pages

Covidence
ID

DOI

Exclusion reason

1997

Arthroscopy

13

4

446-449

#18

10.1016/s0749-8063(97)90122-5

1985

Clin Orthop Relat Res

NA

198

87-93

#238

Missing

Wrong
intervention
Wrong
intervention

1991

Clin Orthop Relat Res

NA

264

255-263

#258

Missing

Wrong
intervention

2007

Scand J Med Sci Sports

17

3

230-237

#591

10.1111/j.1600-0838.2006.00547.x

Wrong
intervention

2020

Arthritis and
Rheumatology

72

SUPPL 10

1933-1935

#2082

http://dx.doi.org/10.1002/art.41538

Wrong outcomes

2017

Osteoarthritis Cartilage

25

9

1443-1451

#1150

10.1016/j.joca.2017.05.009

Wrong outcomes

2014

Osteoarthritis and
Cartilage

22

SUPPL. 1

S354-S355

#1312

2016

Orthopaedic Journal of
Sports Medicine

4

2021

Osteoarthritis Cartilage

29

2
Supplement
1
6

2014

Osteoarthritis Cartilage

22

2015

ARTHRITIS &
RHEUMATOLOGY

2012
2014

Wrong outcomes

#1915

http://dx.doi.org/10.1177/2325967116S00026

Wrong outcomes

841-848

#1256

10.1016/j.joca.2021.02.567

Wrong outcomes

7

959-968

#948

10.1016/j.joca.2014.05.014

Wrong outcomes

67

1

152-161

#5200

10.1002/art.38881

Wrong study
design

Prescrire Int

21

127

132

#409

PMID: 22827007

KNEE

21

2

462-470

#5155

10.1016/j.knee.2013.10.009

Wrong study
design
Wrong study
design
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Nr.

Authors

Title

Year

Journal

Volume

Issue

Pages

55

Roos 2016

2016

SUPPL. 1

Prodromidis 2020

Osteoarthritis and
Cartilage
Am J Sports Med

24

56

57

Nakamae 2021

2021

Knee surgery, sports
traumatology, arthroscopy
: official journal of the
ESSKA

Online ahead of print

58

Moon 2011

2011

Monk 2016

60

Lee 2018

2018

34

2

61

Kwok 2013

2013

Arthroscopy

29

3

62

Jungmann 2016

2016

PLOS ONE

11

12

63

Hinterwimmer
2003

2003

Unfallchirurg

106

5

64

Harris 2015

2015

J Athl Train

50

65

Matthewson 2021

2021

Clin J Sport Med

66

Linko 2005

2005

67

Linko 2005

68

Fithian 2005

69

Filbay 2017

Effect of the Timing of Anterior Cruciate
Ligament Reconstruction on Clinical and
Stability Outcomes: AÂ Systematic Review
and Meta-analysis.
The optimal timing for anterior cruciate
ligament reconstruction with respect to the
risk of postoperative stiffness.
Degeneration in ACL Injured Knees with and
without Reconstruction in Relation to Muscle
Size and Fat Content-Data from the
Osteoarthritis Initiative
[Operative or conservative treatment of
anterior cruciate ligament rupture: a
systematic review of the literature].
Five-year clinical outcomes of a randomized
trial of anterior cruciate ligament treatment
strategies: an evidence-based practice
paper.
Does a Delay in Anterior Cruciate Ligament
Reconstruction Increase the Incidence of
Secondary Pathology in the Knee? A
Systematic Review and Meta-Analysis.
Surgical versus conservative interventions
for anterior cruciate ligament ruptures in
adults
Surgical versus conservative interventions
for anterior cruciate ligament ruptures in
adults
Prospective trial of a treatment algorithm for
the management of the anterior cruciate
ligament-injured knee.
Delaying ACL reconstruction and treating
with exercise therapy alone may alter
prognostic factors for 5-year outcome: an
exploratory analysis of the KANON trial.

American Family
Physician
COCHRANE DATABASE
OF SYSTEMATIC
REVIEWS
Arthroscopy

83

59

Strategies for preventing OA after acute ACL
injury: Biological vs surgical?
Timing of Anterior Cruciate Ligament
Reconstruction and Relationship With
Meniscal Tears: A Systematic Review and
Meta-analysis.
An older age, a longer duration between
injury and surgery, and positive pivot shift
test results increase the prevalence of
articular cartilage injury during ACL
reconstruction in all three compartments of
the knee in patients with ACL injuries
Early vs. Delayed treatment of anterior
cruciate ligament tears
Surgical versus conservative interventions
for treating anterior cruciate ligament injuries

Br J Sports Med

DOI

Exclusion reason

S5

Covidence
ID
#1903

Missing

363546520964486

#928

10.1177/0363546520964486

Wrong study
design
Wrong study
design

NA

NA

#2084

http://dx.doi.org/10.1007/s00167-021-06461-7

Wrong study
design

7

842-844

#2871

Missing

#5736

10.1002/14651858.CD011166.pub2

Wrong study
design
Wrong study
design

592-602

#1179

10.1016/j.arthro.2017.07.023

Wrong study
design

556-565

#446

10.1016/j.arthro.2012.09.005

Wrong study
design

#5812

10.1371/journal.pone.0166865

Wrong study
design

374-379

#135

10.1007/s00113-003-0596-7

Wrong study
design

1

110-112

#976

10.4085/1062-6050-49.3.53

Wrong study
design

31

3

313-320

#860

10.1097/JSM.0000000000000762

Wrong study
design

NA

2

CD001356

#3070

https://doi.org/10.1002/14651858.CD001356.pub3

Wrong study
design

NA

2

CD001356

#5299

10.1002/14651858.CD001356.pub3

Wrong study
design

2005

Cochrane database of
systematic reviews
(Online)
COCHRANE DATABASE
OF SYSTEMATIC
REVIEWS
Am J Sports Med

33

3

335-346

#186

10.1177/0363546504269590

Wrong study
design

2017

Br J Sports Med

51

22

1622-1629

#1149

10.1136/bjsports-2016-097124

Wrong study
design

2020

2016

2005

4

9
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Nr.

Authors

Title

Year

Journal

Volume

Issue

Pages

70

Filbay 2015

2015

Osteoarthritis and
Cartilage

23

SUPPL. 2

71

Farshad 2011

2011

BMC Health Serv Res

11

72

Ericsson 2013

2013

Br J Sports Med

73

Duncan 2016

2016

74

Delince 2012

Surgery, cartilage injury and patient-reported
measures within 4 weeks of ACL rupture are
associated with 5 year outcome: Exploratory
analysis of the KANON trial
Reconstruction versus conservative
treatment after rupture of the anterior
cruciate ligament: cost effectiveness
analysis.
Lower extremity performance following ACL
rehabilitation in the KANON-trial: impact of
reconstruction and predictive value at 2 and
5 years.
A systematic review to evaluate exercise for
anterior cruciate ligament injuries: does this
approach reduce the incidence of knee
osteoarthritis?
Anterior cruciate ligament tears: conservative
or surgical treatment? A critical review of the
literature

2012

75

Dawson 2016

2016

76

Bogunovic 2013

77

Bernstein 2011

78

Ardern 2017

79

Andernord 2013

80

Ageberg 2008

81

Krause 2018

82

Bowes 2019

83

Mather 2014

84

De Vos 2022

Is Anterior Cruciate Reconstruction Superior
to Conservative Treatment?
Operative and Nonoperative Treatment
Options for ACL Tears in the Adult Patient: A
Conceptual Review
Early versus delayed reconstruction of the
anterior cruciate ligament: a decision
analysis approach.
Comparison of patient-reported outcomes
among those who chose ACL reconstruction
or non-surgical treatment
Timing of surgery of the anterior cruciate
ligament.
Muscle strength and functional performance
in patients with anterior cruciate ligament
injury treated with training and surgical
reconstruction or training only: a two to fiveyear followup.
Operative Versus Conservative Treatment of
Anterior Cruciate Ligament Rupture A
Systematic Review of Functional
Improvement in Adults
Marked and rapid change of bone shape in
acutely ACL injured knees - an exploratory
analysis of the Kanon trial.
Cost-Effectiveness Analysis of Early
Reconstruction Versus Rehabilitation and
Delayed Reconstruction for Anterior Cruciate
Ligament Tears.
Study protocol ROTATE-trial: anterior
cruciate ligament rupture, the influence of a
treatment algorithm and shared decision

Br J Sports Med

DOI

Exclusion reason

A274-A275

Covidence
ID
#1402

Missing

Wrong study
design

NA

317

#371

10.1186/1472-6963-11-317

Wrong study
design

47

15

980-985

#486

10.1136/bjsports-2013-092642

Wrong study
design

Open Access Rheumatol

8

NA

1-16

#1119

10.2147/OARRR.S81673

Wrong study
design

KNEE SURGERY
SPORTS
TRAUMATOLOGY
ARTHROSCOPY
J Knee Surg

20

1

48-61

#5040

10.1007/s00167-011-1614-x

Wrong study
design

29

1

74-79

#983

10.1055/s-0034-1396017

2013

PHYSICIAN AND
SPORTSMEDICINE

41

4

33-40

#5129

10.3810/psm.2013.11.2034

Wrong study
design
Wrong study
design

2011

J Bone Joint Surg Am

93

9

e48

#342

10.2106/JBJS.J.01225

Wrong study
design

2017

27

5

535-544

#5224

10.1111/sms.12707

Wrong study
design

2013

SCANDINAVIAN
JOURNAL OF MEDICINE
& SCIENCE IN SPORTS
Arthroscopy

29

11

1863-1871

#487

10.1016/j.arthro.2013.07.270

2008

Arthritis Rheum

59

12

1773-1779

#648

10.1002/art.24066

Wrong study
design
Wrong study
design

2018

DEUTSCHES
ARZTEBLATT
INTERNATIONAL

115

51-52

855+

#5557

10.3238/arztebl.2018.0855

Wrong study
design

2019

Osteoarthritis Cartilage

27

4

638-645

#793

10.1016/j.joca.2018.12.021

Wrong study
design

2014

Am J Sports Med

42

7

1583-1591

#945

10.1177/0363546514530866

Wrong study
design

2022

BMC Musculoskeletal
Disorders

23

117

-

#7701

10.1186/s12891-021-04867-5

Study
protocol/Wrong
intervention
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Authors

Title
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Year

Journal

Volume

Issue

Pages

Covidence
ID

DOI

Exclusion reason

2021

Front Surg

8

-

-

#7070

10.3389/fsurg.2021.665748

Wrong study
design

2022

J Orthop Res

40

1

208-218

#6900

10.1002/jor.25110

Wrong patient
population

2022

BJSM

56

1

24-28

#8162

10.1136/bjsports-2020-102564

Duplicate

2022

American Journal of
Sports Medicine

50

3

645-651

#7743

10.1177/03635465211068532

Wrong outcomes

2021

Orthop J Sports Med

9

8

-

#7466

10.1177/23259671211027530

Wrong study
design

2022

BMJ OPEN

12

3

-

#8052

10.1136/bmjopen-2021-055349

Study protocol

2022

Osteoarthritis and
Cartilage

30

-

S21-22

#8223

10.1016/j.joca.2022.02.018

Abstract only

2021

Radiology

299

3

383-393

#8279

10.1148/radiol.2021202954

Wrong outcomes

making on clinical outcome– a cluster
randomized controlled trial
85

Singh 2021

87

Losciale 2022

88

Eggerding 2022

89

van der Graaff

90

Pedersen 2022

91

Smeets 2022

92

Filbay 2022

93

Roemer 2021

Commentary: Comparison of an Innovative
Rehabilitation, Combining Reduced
Conventional Rehabilitation With
Balneotherapy, and a Conventional
Rehabilitation After Anterior Cruciate
Ligament Reconstruction in Athletes.
Passing return-to-sport criteria and landing
biomechanics in young athletes following
anterior cruciate ligament reconstruction.
ACL reconstruction for all is not costeffective after acute ACL ruptur
Why, When, and in Which Patients
Nonoperative Treatment of Anterior Cruciate
Ligament Injury Fails: An Exploratory
Analysis of the COMPARE Trial.
Low Rates of Radiographic Knee
Osteoarthritis 5 Years After ACL
Reconstruction or Rehabilitation Alone: The
Delaware-Oslo ACL Cohort Study.
Pilot study to investigate the feasibility of
conducting a randomised controlled trial that
compares Immediate versus Optional
Delayed surgical repair for treatment of acute
Anterior cruciate ligament injury: IODA pilot
trial
SPONTANEOUS HEALING OF THE
RUPTURED ANTERIOR CRUCIATE
LIGAMENT: OBSERVATIONS FROM THE
KANON TRIAL
Development of MRI-defined Structural
Tissue Damage after Anterior Cruciate
Ligament Injury over 5 Years: the KANON
Study
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Identification of studies via registers (3 reports excluded)
Nr.
1

Authors / Contact
person
Prof David Beard

2

Prof Stefan Lohmander

3

Prof. J.A.N. Verhaar

Title

The ACL SNNAP Trial: ACL surgery necessity in non acute patients
Surgical versus non-surgical treatment of anterior cruciate ligament (ACL) injuries: a randomised prospective
clinical trial
Cost-effectiveness of two treatment strategies of an anterior cruciate ligament rupture. A randomized clinical
study.

Year

Register

Register ID

DOI

Exclusion reason

2016

ISRCTN

ISRCTN10110685

https://doi.org/10.1186/ISRCTN10110685

2005

ISRCTN

ISRCTN84752559

https://doi.org/10.1186/ISRCTN84752559

2011

NTR

NL2618

Missing

Duplicate with database
search
Duplicate with database
search
Duplicate with database
search

Identification of studies via other methods (1 report excluded)
Nr.
1

Authors
Fink 2001

Title
Long-term Outcome of Operative or Nonoperative Treatment of Anterior Cruciate Ligament Rupture -Is Sports Activity a Determining
Variable?

Year
2001

Journal
Int J Sports Med

Volume
22

Issue
4

Pages
304-309

DOI
10.1055/s-200113823

Exclusion reason
Wrong study design
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Appendix 3. Included study protocols
Study

Actual Study
Start Date

Davies et al.[1]

December 2016

Estimated
Primary
Completion
Date
March 2022

Ekås et al.[2]

March 2021

March 2023

Smeets et
al.[3,4]

September 15,
2020

January 1, 2022

Estimated
Study
Completion
Date
May 2021

Intervention

Control

Planned
Sample Size

Primary
Outcomes

Non-surgical
management
(rehabilitation)
(with option for
later ACL
reconstruction
only if required).

Surgical
management
(reconstruction)
without prior
rehabilitation

320

KOOS4

December 2045

Early ACL
reconstruction
followed by
rehabilitation

Non-operative
treatment with
active rehabilitation
led by a
physiotherapist with
optional delayed
surgery if indicated.

328

KOOS
(Subscale
function)

May 1, 2022

Immediate
anterior cruciate
ligament
reconstruction +
rehabilitation

Rehabilitation and
optional delayed
anterior cruciate
ligament
reconstruction

50

Feasibility to
recruit patients

Secondary
outcomes

Modified Tegner
Scale
EuroQol EQ-5D5L
five subscales of
the KOOS scale
ACL- Quality of
Life Score
Resource usage
data
Patient
satisfaction
(Likert scale)
Rate of new
meniscal injuries
Rate of
subsequent knee
surgery to the
index knee
KOOS subscales
Rate of
subsequent
treatment of an
ACL-tear of the
contralateral
knee
Rate of return to
preinjury activity
level
Feasibility of the
protocol

Follow-up
time point

6, 12 and
18 months

1 year, 2 years,
5 years, 10
years

3 to 4 months
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Appendix 4. Operationalization of GRADE Criteria
We used the criteria from CINeMA[5] to evaluate imprecision, inconsistency and publication
bias. Indirectness was judged by the approach by Schüneman.[6] Risk of bias was graded the
following way: down grade 1 level: 50% high RoB and down grade 2 levels if 75% high RoB.
For the categories imprecision and inconsistency, we downgraded by one level if there are some
concerns and two levels if there were major concerns. Indirectness was downgraded by one
level if deemed serious and two levels if deemed very serious. We downgraded one level if
publication bias was suspected.

Risk of bias

•

Cochrane RoB tool 2.0

•

Use overall risk of bias level.

•

No down grade if: 100% low RoB or 75-100% some concerns

•

Down grade 1 level: 50% high RoB

•

Down grade 2 level: from 75% high RoB
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Unexplained heterogeneity or inconsistency of results
Variability of study results influences the confidence in the point estimate. If this variability is
because of true differences between studies it is called heterogeneity or inconsistency. There
are several way to measure heterogeneity. The variance of the true effects (tau) is one measure
of the magnitude of heterogeneity. Another measure of the magnitude of heterogeneity is the
prediction interval which shows where the “true” effect of a new study similar to the existing
studies lies. In the CINeMA approach the prediction interval and a range of clinical equivalence
is used to rate heterogeneity. Heterogeneity is important if the prediction interval includes
values that lead to different conclusions about the data than the assessment of the confidence
interval (which does not assess heterogeneity).

•
•

Pre-defined area/range of equivalence: clinically unimportant differences between
interventions
Downgrade two levels if there is a major concern and one level if there are some
concerns.
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Indirectness
Domain
(original
question
asked)

Population:
Intervention:
Comparator:
Direct
comparison:
Outcome:
Final
judgement
about
indirectness
across
domains:

Description
(evidence found
and included,
including evidence
from other studies)
– consider the
domains of study
design and study
limitation,
inconsistency,
imprecision and
publication bias

Judgment – is the evidence sufficiently direct?

Yes
Yes
Yes
Yes
Yes
No indirectness ? => No downgrade.

Probably yes
Probably yes
Probably yes
Probably yes

Probably no
Probably no
Probably no
Probably no

No
No
No
No

Probably yes

Probably no

No

Serious indirectness ? => Downgrade one level.
Very serious indirectness ? => Downgrade two levels.
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Imprecision
Imprecision is judged according to the 95% credible interval and a range of equivalence which
shows clinically unimportant differences between interventions. So for example a rating of
“major concerns” is given if the 95% credible interval extends beyond the area of equivalence
on the opposite side of the no effect line as the point estimate. The treatment effect is compatible
with a clinically important effect in both directions. The rating “some concerns” is applied if
the credible interval extends into but not beyond the area of equivalence on the opposite side of
the no effect line. “No concerns” is given if the credible interval is entirely on one side of the
no effect line or if it is entierely within the area of equivalence. “

•

Downgrade two levels if there is a major concern and one level if there are some
concerns.
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Publication bias
Suspected reporting bias:
•

Failure to include unpublished data and data from grey literature.

•

Meta-analysis is based on a small number of positive early findings.

•

Treatment comparison is studied exclusively or primarily in industry-funded trials.

•

Previous evidence documenting the presence of reporting bias.

Reporting bias is considered undetected under the following conditions:
•

Data from unpublished studies have been identified, and their findings agree with
those in published studies.

•

There is a tradition of prospective trial registration in the field, and protocols or
clinical trial registries do not indicate important discrepancies with published reports.

•

Empirical examination of statistical models (e.g. regression or selection models) show
reporting bias.

 Downgrade one level if publication bias is suspected.
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Appendix 5. Additional methods

Data transformation methods
Data reported as non-parametric variables (e.g. median and interquartile range), or measure of
spread reported as 95% confidence interval (CI) or standard error of the mean, were converted
to mean ± standard deviation (SD) using established formulae.[7,8] Transformations of the
median

were

calculated

via

a

web-based

calculator

(https://smcgrath.shinyapps.io/estmeansd/).[8] Data that were not reported numerically, were
extracted via the software GetData Graph Digitizer[9] from published figures.

Prior specification for Bayesian analysis
We prespecified the following prior distributions for the different effect sizes: an improper
uniform prior for the pooled effect size for all effect sizes, for the SMD we chose an empirical
prior distribution by Rhodes et al.[10] for τ, for the OR we chose an empirical prior distribution
by Turner et al. for τ,[11] and for the MD we chose a weakly informative based on a half-normal
distribution with appropriate parameter values based on the outcome scale for τ². 95%
prediction intervals were calculated to assess the amount of heterogeneity in the meta-analysis.
We performed sensitivity analysis by using the following priors for τ: a weakly informative
prior for SMD and OR with a half-normal distribution with scale 0.5 and an uninformative
Jefferys prior for the effect size.

Bayesian network meta-analysis – estimation details

A non-informative prior distribution was used for pooled effect sizes. For τ we used a halfnormal prior with a scale of 0.5 for SMDs. Markov chain Monte Carlo (MCMC) simulation
with four chains were used. The initial 10000 simulations were discarded as the burn-in-period
and the subsequent 20000 simulations were used for estimation. Every tenth value was
extracted. To verify convergence of the MCMC simulation we used the following items in
combination MCMC error, deviance information criterion (DIC), trace plot and density plots
and Gelman and Rubin plots. Relative treatment effects were estimated as 95% CrI.

19

Saueressig T, et al. Br J Sports Med 2022;0:1–13. doi: 10.1136/bjsports-2021-105359

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

Br J Sports Med

Appendix 6. Risk of bias assessment

Study ID

Outcome

D1

D2

D3

D4

D5

Frobell 2010, 2013

Overall

Self-reported knee function (KOOS)

+

+

+

+

!

!

+

Low risk

Reijman 2021

Self-reported knee function (IDCD)

+

+

+

+

!

!

!

Some concerns

Tsoukas 2016

Self-reported knee function (IDCD)

!

-

-

+

!

-

-

High risk

D1

Randomisation process

D2

Deviations from the intended interventions

D3

Missing outcome data

D4

Measurement of the outcome

D5

Selection of the reported result

Risk of Bias Assessment for subjective outcome at the latest follow-up time point
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Study ID

Outcome

D1

D2

D3

D4

D5

Frobell 2010, 2013

Meniscal surgery

+

+

+

+

!

!

+

Low risk

Reijman 2021

Meniscal surgery

+

+

+

+

!

!

!

Some concerns

Tsoukas 2016

Radiological confirmed knee
osteoarthritis

!

-

-

+

!

-

-

High risk

Br J Sports Med

Overall

D1

Randomisation process

D2

Deviations from the intended interventions

D3

Missing outcome data

D4

Measurement of the outcome

D5

Selection of the reported result

Risk of Bias Assessment for objective outcomes at the latest follow-up time point
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Appendix 7. GRADE Assessment of meta-analytic results.
Outcome

Risk of Bias

Inconsistency

Self-reported knee
function
(Short-term)

No downgrade. 50% some
concerns and 50% low ROB.

Self-reported knee
function
(Medium-term)

No downgrade. 50% some
concerns and 50% low ROB.

Self-reported knee
function
(Long-term)

Downgrade by one level. 50%
high risk of bias.

Self-reported knee
function
(Long-term)*

Downgrade by one level. 50%
high risk of bias.

Self-reported knee
function
(All time points combined)

No downgrade. Only 30% high
risk of bias.

Radiological osteoarthritis
(long term)

Downgrade by one level. 50%
high risk of bias.

Radiological osteoarthritis
(long term)*

Downgrade by one level. 50%
high risk of bias.

Downgraded by two levels.
The prediction interval is
consistent with an effect for
and against the intervention.
Downgraded by two levels.
The prediction interval is
consistent with an effect for
and against the intervention.
Downgraded by two levels.
The prediction interval is
consistent with an effect for
and against the intervention.
Downgraded by two levels.
The prediction interval is
consistent with an effect for
and against the intervention.
Downgraded by two levels.
The prediction interval is
consistent with an effect for
and against the intervention.
Downgraded by two levels.
The prediction interval is
consistent with an effect for
and against the intervention.
Downgraded by two levels.
The prediction interval is
consistent with an effect for
and against the intervention.

Self-reported knee
function
(Short-term)

No downgrade. 50% some
concerns and 50% low ROB.

Self-reported knee
function
(Medium-term)

No downgrade. 50% some
concerns and 50% low ROB.

Health-related quality of
life (Medium-term)

No downgrade. 50% some
concerns and 50% low ROB.

Downgraded by two levels.
The prediction interval is is
consistent with an effect for
and against the intervention.
Downgraded by two levels.
The prediction interval is is
consistent with an effect for
and against the intervention.
Downgraded by two levels.

Indirectness
Primary Outcomes
No evidence of
indirectness.

Imprecision

Publication bias

Result

No concerns.

No publication bias is
suspected

Low

No evidence of
indirectness.

No concerns.

No publication bias is
suspected

Low

No evidence of
indirectness.

No concerns.

No publication bias is
suspected

Very Low

No evidence of
indirectness.

No concerns.

No publication bias is
suspected

Very Low

No evidence of
indirectness

No concerns.

No publication bias is
suspected

Low

No evidence of
indirectness.

Major concerns.
Downgrade by two levels

No publication bias is
suspected

Very Low

No evidence of
indirectness.

Major concerns.
Downgrade by two levels

No publication bias is
suspected

Very Low

As treated analysis*
No evidence of
indirectness.

Major concerns. Down
grade by two levels

No publication bias is
suspected

Very Low

No evidence of
indirectness.

Major concerns. Down
grade by two levels

No publication bias is
suspected

Very Low

No concerns.

No publication bias is
suspected

Low

Secondary Outcomes
No evidence of
indirectness.
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No downgrade.

Self-reported return to
activity (Medium-term)

No downgrade. 50% some
concerns and 50% low ROB.

Self-reported return to
activity (Long-term)

Downgrade by one level. 50%
high risk of bias.

Self-reported return to
activity (Long-term)*

Downgrade by one level. 50%
high risk of bias.

Self-reported return to
activity (All time points)

No downgrade.

Adverse Event – Graft
rupture

No downgrade. 50% some
concerns and 50% low ROB.

Meniscal Surgeries
(Medium term)

No downgrade. 50% some
concerns and 50% low ROB.

The prediction interval is
consistent with an effect for
and against the intervention.
Downgraded by two levels.
The prediction interval is
consistent with an effect for
and against the intervention.
Downgraded by two levels.
The prediction interval is
consistent with an effect for
and against the intervention.
Downgraded by two levels.
The prediction interval is
consistent with an effect for
and against the intervention.
Downgraded by two levels.
The prediction interval is
consistent with an effect for
and against the intervention.
Downgraded by two levels.
The prediction interval is
consistent with an effect for
and against the intervention.
Downgraded by two levels.
The prediction interval is
consistent with an effect for
and against the intervention.
Downgraded by two levels.
The prediction interval is
consistent with an effect for
and against the intervention.

Br J Sports Med

No downgrade. Only 30%
high risk of bias.

No concerns

No publication bias is
suspected

Low

No evidence of
indirectness.

Major concerns. Down
grade by two levels

No publication bias is
suspected

Very Low

No evidence of
indirectness.

Major concerns. Down
grade by two levels

No publication bias is
suspected

Very Low

No evidence of
indirectness.

Major concerns. Down
grade by two levels

No publication bias is
suspected

Very Low

No evidence of
indirectness.

Some concerns. Down
grade by one level.

No publication bias is
suspected

Very Low

No evidence of
indirectness.

Major concerns. Down
grade by two levels

No publication bias is
suspected

Very Low

No evidence of
indirectness.

Major concerns. Down
grade by two levels

No publication bias is
suspected

Very Low

* We combined the as treated group that needed no surgery from Frobell et al. with the non-operative group by Tsoukas et al.. ,*as-treated analysis started with a low grade rating
as the comparisons are not properly randomized and therefore represent an observational study design.
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Appendix 8. GRADE Assessment of individual study results.
Outcome

Risk of Bias

Inconsistency

Meniscal injuries
(Long-term)

No downgrade.

NA

Self-reported knee
function
(Long-term)
Radiological knee
osteoarthritis
(Long-term)

No downgrade.

NA

No downgrade

NA

Health-related quality of
life (Long-term)
Self-reported return to
activity (short-term)
Knee Stability
(Medium term)
Knee Stability
(Long term)
Patello-femoral cartilage
thickness
(Medium term)
Patello-femoral cartilage
thickness
(long term)
Meniscal surgeries
(Long term)
Cost-utility (QALYs)
(Medium term)
Cost-utility (QALYs)
(Long term)
Single leg-hop -limb
symmetry index
(short term)
Single leg-hop -limb
symmetry index
(long term)

No downgrade.

NA

Down grade one level

NA

No downgrade.

NA

Downgrade two levels

NA

No downgrade.

NA

No downgrade.

NA

No evidence of
indirectness.

Down grade by one level.

No publication bias is
suspected

Moderate

No downgrade.

NA
NA

Major concerns. Down
grade by two levels
No downgrade.

No downgrade.

NA

No downgrade.

NA

Major concerns. Down
grade by two levels

No publication bias is
suspected
No publication bias is
suspected
No publication bias is
suspected
No publication bias is
suspected

Low

Down grade one level

No evidence of
indirectness.
No evidence of
indirectness.
No evidence of
indirectness.
No evidence of
indirectness.

No downgrade.

NA

No evidence of
indirectness.

Major concerns. Down
grade by two levels

No publication bias is
suspected

Low

No downgrade.

NA

As treated analysis*
No evidence of
indirectness.

Major concerns. Down
grade by two levels

No publication bias is
suspected

Very Low

Meniscal injuries
(Long-term)

Indirectness
Primary Outcomes
No evidence of
indirectness.
As treated analysis*
No evidence of
indirectness.
No evidence of
indirectness.
Secondary Outcomes
No evidence of
indirectness.
No evidence of
indirectness.
No evidence of
indirectness.
No evidence of
indirectness.
No evidence of
indirectness.

Imprecision

Publication bias

Result

Major concerns. Down
grade by two levels

No publication bias is
suspected

Low

Major concerns. Down
grade by two levels

No publication bias is
suspected

Very lLow

Major concerns. Down
grade by two levels

No publication bias is
suspected

Very Low

Major concerns. Down
grade by two levels
No concerns.

No publication bias is
suspected
No publication bias is
suspected
No publication bias is
suspected
No publication bias is
suspected
No publication bias is
suspected

Low

Down grade by one level.
No concerns.
Down grade by one level.

Down grade by one level.

Moderate
Moderate
Low
Moderate

Moderate
Moderate
Low
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Health-related quality of
life (Medium-term)
Health-related quality of
life (Long-term)
Self-reported return to
activity (medium-term)
Self-reported return to
activity (Long-term)
Knee Stability
(Medium term)
Patello-femoral cartilage
thickness
(Medium term)
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No downgrade

NA

No evidence of
indirectness.
No evidence of
indirectness.
No evidence of
indirectness.
No evidence of
indirectness.
No evidence of
indirectness.
No evidence of
indirectness.

Major concerns. Down
grade by two levels
Major concerns. Down
grade by two levels
Major concerns. Down
grade by two levels
Major concerns. Down
grade by two levels
No concerns.

No downgrade

NA

No downgrade

NA

Downgrade two levels

NA

No downgrade

NA

No downgrade

NA

Patello-femoral cartilage
thickness
(Long term)

No downgrade

NA

No evidence of
indirectness.

Meniscal surgeries
(Long term)

No downgrade

NA

No evidence of
indirectness.

Single leg-hop -limb
symmetry index
(short term)
Single leg-hop -limb
symmetry index
(long term)

No downgrade.

NA

No evidence of
indirectness.

ER_NO + DR_NO: Major
concerns. Down grade by
two levels. ER_DR: Down
grade one level
ER_DR: Major concerns.
Down grade by two levels.
DR_NO + ER_NO: Down
grade one level
ER_NO + DR_NO: Major
concerns. Down grade by
two levels. ER_DR: Down
grade one level
Major concerns. Down
grade by two levels

No downgrade.

NA

No evidence of
indirectness.

Major concerns. Down
grade by two levels

Br J Sports Med

No publication bias is
suspected
No publication bias is
suspected
No publication bias is
suspected
No publication bias is
suspected
No publication bias is
suspected
No publication bias is
suspected

Very Low

No publication bias is
suspected

Very Low

No publication bias is
suspected

Very Low

No publication bias is
suspected

Very Low

No publication bias is
suspected

Very Low

Very Low
Very Low
Very Low
Very Low
Very Low

DR: Delayed Reconstruction, ER: Early Reconstruction, NO: Non-operative, *as-treated analysis started with a low grade rating as the comparisons are not properly randomized
and therefore represent an observational study design.
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Appendix 9. Supplementary Results

Adverse event (graft rupture)
Two studies [12,13] were included. We estimated an effect in favor of primary rehabilitation
at medium-term follow-up (OR: 2.3; 95%CrI: 0.4, 12.4; 95%PI: -1.9, 6.5; studies=2; n=288;
GRADE: very low) but with very low certainty of evidence. Transformation of the OR to a
risk difference with an assumed prevalence of 2% in the primary rehabilitation group gives a
number fewer than 1000 of -26 (95% CrI: [12, -186]) with a very low level of certainty.
Assuming that 20 (2%) patients of 1000 patients develop or have a graft rupture after when
undergoing primary rehabilitation then 26 more patients (46 patients) treated with early
surgery will develop a graft rupture with a 95% CrI [12 patients less, 186 patients more] and
with a very low level of certainty.Knee stability
Results from single studies
Knee stability (KT 1000 test) was assessed by two studies [13,14], but with differing followups. One study [13] reported a MD of -1.70 mm (95%CI: -2.65, -0.75; GRADE: moderate) at
medium-term follow-up in favor of early surgery and another study [14] a MD of -3.00 mm
[95%CI: -3.27, -2.73]; GRADE: Low) at long-term follow-up in favor of early surgery.

Patellofemoral cartilage thickness
Results from single studies
One study report [15] analyzed patellofemoral cartilage thickness changes in µm at medium(MD: 76.00 µm; 95%CI: 10.63, 141.37; GRADE: moderate) and long-term follow-up (MD:
107.00 µm; 95%CI: 17.33, 196.67; GRADE: moderate) in favor of primary rehabilitation.

Results for the secondary outcome of leg hop – limb symmetry index
Results from single studies
The leg hop – limb symmetry index was evaluated in one report.[16] Short- (MD: 1.10;
95%CI: -2.98, 5.18; GRADE: ow) and long-term results (MD: 0.80, 95%CI: -4.34, 5.94;
GRADE: low) did not show a clinically relevant difference between groups.
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Economic resource use
One report [17] conducted a cost-utility analysis that yielded a MD of 0.04 (p=0.18, GRADE:
moderate) discounted quality adjusted life years (QALYs) in favor of early surgery. Early
surgery was not deemed cost-effective in this study. Another report [18] found a MD of 0.13
(95%CI: -0.03, 0.29; GRADE: moderate) discounted QALYs in favor of early surgery. This
report also concluded that early surgery was not cost-effective.
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Appendix 10. Supplementary Results – As treated analysis.
Results for the primary outcome of self-reported knee function
As treated analyses
We analyzed the as treated data[12,13] for the short and medium term follow-ups. In
comparison to the non-operative group the delayed reconstruction group was worse off in the
short-term (SMD: 1.03; 95%CrI: [0.17, 1.86]; [95%PI: -6.19, 8.23], GRADE: very low) but
with a very low level of certainty. In the medium term (SMD: 0.22; 95%CrI: [-0.76, 1.1];

[95%PI: -7.96, 8.40]), GRADE: very low) there was no difference between the groups
estimated with a very low level of certainty. The estimated raw mean differences were (MD:
15.99 [95%CrI: 2.64, 28.87]) in the short and medium term (MD: 3.66. [95%CrI: -12.63,
18.29]) on the IKDC scale (0-100 points) and cannot considered to be clinically meaningful
(MCID: 16.7/17 points). The differences in comparison to the early surgery group in the short
(SMD: 0.22; [-0.62, 1.08]; [95%PI: -7.02, 7.46]), GRADE:
very low) and medium term short (SMD: -0.06; 95%CrI: [-1.01, 0.89]; [95%PI: -8.24, 8.12]),
GRADE:
very low) showed no effect with a very low level of certainty. The estimated raw mean
differences were (MD: 3.41 [95%CrI: -9.62, 16.76]) in the short and medium term (MD: -1.00
[95%CrI: -16.79, 14.80]) on the IKDC scale (0-100 points) and cannot be considered
clinically meaningful (MCID: 16.7/17 points). A comparison between the early and delayed
group showed no between group difference in the short and medium-term: (SMD: -0.81;
95%CrI: [-1.64, 0.03]; [95%PI: -7.83, 6.21], GRADE: very low) and (SMD: -0.28; 95%CrI: [1.24, 0.70]; [95%PI: -0.18, 8.00]), GRADE: very low) with a very low level of certainty. The
estimated raw mean differences were (MD: -12.57 [95%CrI: -25.76, 0.47]) in the short and
medium term (MD: -4.66. [95%CrI: (-20.61, 11.64]) on the IKDC scale (0-100 points) and
cannot be considered clinically meaningful (MCID: 16.7/17 points).

Results from single studies
As treated analysis
One study[19] reported as treated data for the long-term and showed no effect (SMD 0.06
[95%CI: -0.45, 0.57]; GRADE: very low) for the comparison delayed surgery vs. nonoperative treatment and no effect (SMD 0.11 [95%CI: -0.33, 0.56]; GRADE: very low) for
the comparison early surgery vs. non-operative treatment both with a very low level of
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certainty. The comparison early versus delayed surgery yielded no effect between groups with
a level of very low certainty (SMD 0.06 [95%CI: -0.38, 0.50]; GRADE: very low).

Results for the primary outcome of meniscal injury
Results from single studies
As treated analysis
Comparing delayed surgery with non-operative controls yielded showed no between group
effect (OR: 1.65 [95%CI: 0.57, 4.81]; GRADE: very low) in the long term with very low
certainty of evidence. Early surgery versus non-operative control showed no effect in the long
term (OR: 0.95 [95%CI: 0.38, 2.40]; GRADE: very low) with very low certainty of evidence.
Comparing early surgery with delayed surgery (OR: 0.58 [95%CI: 0.24, 1.42]; GRADE: very
low) showed no effect between groups with a very low level of certainty.

Results for the primary outcome of radiological knee osteoarthritis
Results from single studies
As treated analysis
One study[19] compared the as treated results for radiological knee osteoarthritis in the longterm. Delayed Reconstruction versus non-operative treatment (OR: 1.43 [95%CI: 0.36, 5.78];
GRADE: very low) showed no effect, a comparison between early surgery and the nonoperative group showed also no effect (OR: 2.68 [95%CI: 0.81, 8.88]; GRADE: very low).
Both results were with a very low level of certainty. The comparison early vs. delayed surgery
showed no effect (OR: 1.87 [95%CI: 0.65, 5.35]; GRADE: very low) with a very low level of
certainty.

Results for the secondary outcome of health-related quality of life
Results from single studies
As treated analysis
One study[13,19] reported on self-reported quality of life for medium-term and long-term
follow-ups. The comparison delayed surgery versus non-operative treatment in the medium29
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term (SMD 0.24 [95%CI: -0.75, 0.27]; GRADE: very low) and long-term (SMD -0.18 [95%CI:
-0.69, 0.33]; GRADE: very low) showed no between group effects with a very low level of
certainty. Early surgery in comparison to non-operative treatment yielded no effects in the
medium-term (SMD -0.39 [95%CI: -0.84, 0.06]; GRADE: very low) and long-term (SMD 0.24 [95%CI: -0.69, 0.20]; GRADE: very low) with a very low level of certainty. Comparing
early surgery versus delayed surgery in the medium and long term gave the following results:
(SMD -0.15 [95%CI: -0.59, 0.21]; GRADE: very low) and (SMD -0.06 [95%CI: -0.50, 0.38];
GRADE: very low).

Results for the secondary outcome of self-reported return to activity
Results from single studies
As treated analysis
One study[13,19] showed no effect for delayed surgery vs. non-operative treatment (SMD
0.18 [95%CI: -0.34, 0.69]; GRADE: very low) and a uncertain trivial effect (SMD - 0.10
[95%CI: -0.61, -0.41]; GRADE: very low) at medium and long-term follow-ups. For the
comparison early reconstruction vs. non-operative treatment there was no effect (SMD -0.14
[95%CI: -0.31, 0.58]; GRADE: very low) and (SMD -0.10 [95%CI: -0.54, 0.35]; GRADE:
Low) at medium and long-term follow-ups with a very low level of certainty. Comparing early
reconstruction with delayed reconstruction gave the following results (SMD -0.04 [95%CI: 0.48, 0.40]; GRADE: very low) and (SMD -0.00 [95%CI: -0.44, 0.44]; GRADE: very low) at
the medium and long term with a very low level of certainty.

Results for the secondary outcome of meniscal surgeries
As treated analysis
A comparison[20] of delayed surgery and the non-operative group (OR: 1.70 [95%CI: 0.42,
6.77]; GRADE: very low) at long-term follow-up showed no effect between groups with a very
low level of certainty. For the comparison early surgery versus the non-operative group (OR:
0.44 [95%CI: 0.15, 1.24]; GRADE: very low) we found no effect with a very low level of
certainty. Comparing early versus delayed reconstruction showed an uncertain advantage for
early surgery (OR: 0.26 [95%CI: 0.08, 0.84]; GRADE: very low) in the medium-term.
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Results for the secondary outcome of knee stability
As treated analysis
One study[13] reported the as treated data for knee stability of the KT 1000 test at a mediumterm follow-up. The comparison of delayed surgery versus the non-operative group (MD 1.90mm [95%CI: -3.40, -0.40]; GRADE: very low) was likely in favor of the delayed surgery
group and early surgery versus non-operative control yielded a (MD -2.40mm [95%CI: -3.57,
-1.23]; GRADE: very low) in favor of early surgery but both with a very low level of certainty.
A comparison between early and delayed reconstruction showed a difference of (MD -0.50mm
[95%CI: -1.75, 0.75]; GRADE: very low) with no clinically important differences between
groups with a very low level of certainty

Results for the secondary outcome of patella-femoral cartilage thickness
As treated analysis
The as treated analysis of study[15] shows the following results: early surgery vs non-operative
group at medium (MD 23.00 µm, [95%CI: -48.02 µm, 94.02 µm]; GRADE: very low) and longterm (MD 21.00 µm, [95%CI: -57.52 µm, 99.52 µm]; GRADE: very low) follow-ups showed
no effect with a very low level of certainty. Delayed surgery vs non-operative rehabilitation
shows at medium term no effect (MD -67.00 µm, [95%CI: -135.50 µm, 1.50 µm]; GRADE:
very low) but at long-term (MD -96.00 µm, [95%CI: -188.90 µm, -3.10 µm]; GRADE: very
low) follow-ups an uncertain benefit for delayed surgery. The comparison early surgery versus
delayed surgery yielded the following results at medium and long term follow-ups: (MD -90.00
µm, [95%CI: -172.76 µm, -7.24 µm]; GRADE: very low) and (MD -117.00 µm, [95%CI: 220.23 µm, -13.77 µm]; GRADE: very low) with an uncertain advantage for delayed surgery.

Results for the secondary outcome leg-hop – limb symmetry index
As treated analysis
One study[16] reported the following results for the early surgery vs. non-operative group at
short- (MD 1.60, [95%CI: -3.27, 6.47]; GRADE: very low) and long-term (MD 2.30, [95%CI:
-4.04, 8.64]; GRADE: very low) follow-ups. Delayed versus non-operative rehabilitation
showed the following results for short- (MD 0.90, [95%CI: -2.68, 4.48]; GRADE: Low) and
long-term (MD 2.70, [95%CI: -4.90, 10.30]; GRADE: very low) follow-ups. The comparison
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early surgery versus delayed surgery yielded the following results at short- (MD 0.70,
[95%CI: -3.47, 4.87]; GRADE: very low) and long term (MD -0.40, [95%CI: -6.84, 6.04];
GRADE: very low) follow-ups. No clinically important advantages were seen for any
comparison with a very low level of certainty
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Table of results of as treated analysis – meta-analytic results
Outcome (Followup time point)

Studies
included in
meta-analysis

Total N

Intervention

Control

Self-reported knee
function⸸
(Short-term)

Frobell et
al.[13], Reijman
et al.[12]

288

Early
Reconstruction

Primary Outcomes
Rehabilitation +
optional
Reconstruction

Self-reported knee
function⸸
(Medium-term)

Frobell et
al.[13], Reijman
et al.[12]

288

Early
Reconstruction

Rehabilitation +
optional
Reconstruction

Effect size
(95%CrI)

95% Prediction
Interval1

Raw mean
difference2 /
Risk
difference3
(95%CrI)

Certainty rating4

SMD
DR vs. NO:
1.03,
(0.17, 1.86)
ER vs. NO:
0.22,
(-0.62, 1.08)
ER vs. DR:
-0.81,
(-1.64, 0.03)

DR vs. NO:
(-6.19, 8.23)
ER vs. NO:
(-7.02, 7.46)
ER vs. DR:
(-7.83, 6.21)

Very Lowb,c

SMD
DR vs. NO:
0.22,
(-0.76, 1.1)
ER vs. NO: 0.06
(-1.01, 0.89)
ER vs. DR:
-0.28
(-1.24, 0.70)

DR vs. NO:
(-7.96, 8.40)
ER vs. NO:
(-8.24, 8.12)
ER vs. DR:
(-0.18, 8.00)

DR vs. OR:
15.99
(2.64, 28.87)
ER vs. OR:
3.41
(-9.62, 16.76)
ER vs. DR:
-12.57
(-25.76, 0.47)
IKDC
(0-100)
DR vs.NO:
3.66,
(
-12.63, 18.29)
ER vs. NO: 1.00,
(
-16.79, 14.80)
ER vs. DR: 4.66
(-20.61, 11.64)
IKDC
(0-100)

Very Lowb,c

95%CrI: 95% Credible Intervals. NA: Not applicable, DR: Delayed Reconstruction, ER: Early Reconstruction. NO: Non-operative Negative standardised mean differences indicate the effect favoured the intervention.
⸸ Comparison of “early surgery”, “delayed surgery” and “non-operative” group (as treated) via Bayesian network meta-analysis.
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1The

prediction interval indicates the heterogeneity in the data and the range of potential values that could be possible in future studies.

2Raw

data estimate was done by multiplying the SMD and associated 95% credible interval estimates by the available pooled standard deviation from studies included in the review.

3 Raw

data estimate used the median comparator baseline risk of included studies.

4a:

Br J Sports Med

certainty rated down for risk of bias, b: certainty rated down for indirectness, c: certainty rated down for inconsistency, d: certainty rated down for imprecision, e: certainty rated down for publication.

Table of results of as treated analysis – individual study results
Outcome (Followup time point)

Study

Total N

Snoeker et
al.[20]

121

Self-reported knee
function
(Long-term)

Frobell et al.[19]

120

Early
Reconstruction

Rehabilitation +
optional
Reconstruction

Radiological knee
osteoarthritis
(Long-term)

Frobell et al.[19]

120

Early
Reconstruction

Rehabilitation +
optional
Reconstruction

Meniscal injuries
(Long-term)

Intervention

Control

Primary Outcomes
Early
Rehabilitation +
Reconstruction
optional
Reconstruction

Effect size
(95%CI)

Certainty rating1

OR
DR vs. NO:
1.65,
(0.57, 4.81)
ER vs. NO: 0.95
(0.38, 2.40)
ER vs. DR: 0.58
(0.24; 1.42)
SMD
DR vs. NO:
0.06,
(-0.45, 0.57)
ER vs. NO:
0.11,
(-0.33, 0.56)
ER vs. DR: 0.06
(-0.38; 0.50)
OR
DR vs. NO:
1.43,
(0.36, 5.78)

Very Lowb

Very Lowb

Very Lowb
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ER vs. NO:
2.68,
(0.81; 8.88)
ER vs. DR: 1.87,
(0.65, 5.35)
Secondary Outcomes
Early
Rehabilitation +
Reconstruction
optional
Reconstruction

Health related
quality of life
(Medium-term)

Frobell et al.[13]

121

Health related
quality of life
(Long-term)

Frobell et al.[19]

120

Early
Reconstruction

Rehabilitation +
optional
Reconstruction

Self-reported
return to activity
(medium-term)

Frobell et al.[13]

121

Early
Reconstruction

Rehabilitation +
optional
Reconstruction

SMD
DR vs. NO: 0.24,
(-0.75, 0.27)
ER vs. NO: 0.39,
(-0.84, 0.06)
ER vs. DR:
-0.15
(-0.59; 0.29)
SMD
DR vs. NO: 0.18,
(-0.69, 0.33)
ER vs. NO: 0.24,
(-0.69, 0.20)
ER vs. DR:
-0.06,
(-0.50, 0.38)
SMD
DR vs. NO:
0.18,
(-0.34, 0.69)
ER vs. NO:
0.14,
(-0.31, 0.58)
ER vs. DR:
-0.04
(-0.48, 0.40)

Very Lowb

Very Lowb

Very Lowb
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Self-reported
return to activity
(Long-term)

Frobell et al.[19]

120

Early
Reconstruction

Rehabilitation +
optional
Reconstruction

Knee Stability
(Medium term)

Frobell et al.[13]

121

Early
Reconstruction

Rehabilitation +
optional
Reconstruction

Patello-femoral
cartilage thickness
(Medium term)

Culvenor et
al.[15]

120

Early
Reconstruction

Rehabilitation +
optional
Reconstruction

Patello-femoral
cartilage thickness
(Long term)

Culvenor et
al.[15]

120

Early
Reconstruction

Rehabilitation +
optional
Reconstruction

SMD
DR vs. NO: 0.10,
(-0.61, 0.41)
ER vs. NO: 0.10,
(-0.54, 0.35)
ER vs. DR:
-0.00
(-0.44; 0.44)
MD
DR vs. NO: 1.90,
(-3.40, -0.40)
ER vs. NO: 2.40,
(-3.57, -1.23)
ER vs. DR:
-0.50,
(-1.75, 0.75)

Very Lowb

MD
ER vs. NO:
23.00,
(-48.02, 94.02)
DR vs. NO: 67.00,
(-135.50, 1.50)
ER vs. DRx:
-90.00
(-172.76, -7.24)
MD
DR vs. NO:
21.00,
( -57.52, 99.52)

Very Lowb

Br J Sports Med

Very Lowb

Very Lowb

36

Saueressig T, et al. Br J Sports Med 2022;0:1–13. doi: 10.1136/bjsports-2021-105359

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Br J Sports Med

ER vs. NOx: 96.00,
(-188.90, -3.10)
ER vs. DRx:
-117.00,
(-220.23, 13.77)
Meniscal surgeries
(Long term)

Snoeker et
al.[20]

121

Early
Reconstruction

Rehabilitation +
optional
Reconstruction

Leg-hop -limb
symmetry index
(short term)

Flosadottir et
al.[16]

89

Early
Reconstruction

Rehabilitation +
optional
Reconstruction

lLeg-hop -limb
symmetry index
(Long term)

Flosadottir et
al.[16]

89

Early
Reconstruction

Rehabilitation +
optional
Reconstruction

OR
DR vs. NO: 1.70
(0.42, 6.77)
ER vs. NO:
0.44
(0.15, 1.24)
ER vs. DRx:
0.26
(0.08, 0.84)
MD
DR vs. NO:
0.90,
(-4.00, 5.80)
ER vs. NO:
1.60,
(-3.60, 6.80)
ER vs. DR:
0.70,
(-3.22, 4.62)
MD
DR vs. NO:
2.70,
(-4.90, 10.30)
ER vs. NO:
2.30
(-4.04, 8.64)
ER vs. DR:
-0.40,

Very Lowb

Very Lowb

Very Lowb
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( -6.84, 6.04)
95%CrI: 95% Credible Intervals. NA: Not applicable, DR: Delayed Reconstruction, ER: Early Reconstruction. NO: Non-Operative. Negative standardised mean differences indicate the effect favoured the intervention.
1

a: certainty rated down for risk of bias, b: certainty rated down for imprecision.
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Appendix 11. Forest Plots.

Primary outcomes
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Figure 1 Self-reported knee function short term
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Figure 2 Self-reported knee function medium term
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Figure 3 Self-reported knee function long term
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Figure 4 Self-reported knee function long term (non-operative as control)
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Figure 5 Radiological knee osteoarthritis long term
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Figure 6 Radiological knee osteoarthritis long term (non-operative groups as controls)

Secondary outcomes
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Figure 7 Health-related quality of life medium term
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Figure 8 Self-reported return to activity medium term

55

Saueressig T, et al. Br J Sports Med 2022;0:1–13. doi: 10.1136/bjsports-2021-105359

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Br J Sports Med

56

Saueressig T, et al. Br J Sports Med 2022;0:1–13. doi: 10.1136/bjsports-2021-105359

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Br J Sports Med

Figure 9 Self-reported return to activity long term
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Figure 10 Self-reported return to activity long term (non-operative groups as control)
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Figure 11 Adverse events - graft rupture
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Figure 13 Self-reported knee function short term (as treated comparison)
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Figure 14 Self-reported knee function medium term (as treated comparison)
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Appendix 12. Results from included studies.
Continuous Outcomes
Source

Follow-up
time point

Frobell et
al. 2010c

Short term

Reijman et
al. 2021 a

Short term

Frobell et
al. 2010c

Medium
term

Reijman et
al. 2021 a

Medium
term

Frobell et
al. 2013 a

Long
term

Tsoukas et
al. 2016

Long
term

Outcome
measure
(range)
KOOS
(without
ADL scale)
(0-100)
IKDC (0-100)

Intervention
Mean

36.9

45.9
KOOS
(without
ADL scale)
(0-100)
IKDC (0-100)

36.9

45.9
KOOS
(without
ADL scale)
(0-100)
IKDC (0-100)

37.2
NR

Pre
SD

15.6

16.5

15.6

16.5

15.6
NR

N

62

85

62

85

62
NR

Mean

71.9*

81.6

75.85*

84.7

80

86.7
Frobell et
al. 2010 a

Medium
term

Reijman et
al. 2021 a

Medium
term

Frobell et
al. 2013 a

Long
term

SF-36
(mental
subscale) (0100)
KOOS
(Quality of
life) (0-100)
SF-36
(mental
subscale) (0100)

67.2

30.4

67.2

20.2

17.9

20.2

62

83

62

88.3

76.6

87

Control
Post
SD
N
Mean
Self-reported knee function

19.43*

16.9

20.45*

27.2

15.9

61

82

62

83

61

36.8

46.2

36.8

46.2

36.8
NR

Pre
SD

11.9

16.6

11.9

16.6

11.9
NR

N

59

82

59

82

59
NR

6.5
17
Self-reported quality of life

13.5

22.3

62

83

65.3

30.9

13.9
61
65.3
Self-reported return to activity

Mean

70.9*

74.4

76.21*

79.4

82

77.5

18.5

18.02

18.5

59

80

59

83.8

65.8

85

Post
SD

19.97*

16.8

19.47*

26.5

17.6

13

16.1

22.6

13.7

Effect size
(95%CI)

ROB

SMD -0.05
(-0.41, 0.31)

Low

SMD -0.43
(-0.74, -0.11)

Some
concerns

SMD 0.02
(-0.34, 0.37)

Low

SMD -0.20
(-0.50, 0.11)

Some
concerns

SMD 0.11
(-0.33, 0.56)

Low

SMD -0.89,
(-1.62, -0.16)

High

SMD -0.30,
(-0.66, 0.06)

Low

SMD -0.48,
(-0.79, -0.17)

Some
concerns

SMD-0.14,
(-0.50, 0.21)

Low

N

59

75

59

80

59

15

59

80

59
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Reijman et
al. 2021 a

Short term

Frobell et
al. 2010 b

Medium
term

Reijman et
al. 2021 a

Medium
term

Frobell et
al. 2010 b

Long term

Tsoukas et
al. 2016 b

Long
term

Lysholm
score (0100)
Tegner
activity scale
(0-10)
Lysholm
score (0100)
Tegner
activity scale
(0-10)
Tegner
activity scale
(0-10)

64.5

8.26

64.5

8.26

19.1

1.48

19.1

1.48

85

62

85

62

6.29

1.44

17

Frobell et
al. 2010 a

Medium
term

KT1000 test
(mm)

/

/

/

Tsoukas et
al. 2016

Long
term

KT1000 test
(mm)

/

/

/

90.3

5.83

90.6

5.59

6.29

6.6

1.5
Culvenor et
al. 2019 a

Medium
term

Culvenor et
al. 2019 a

Long term

Patellofemoral
cartilage
thickness
(µm)
Patellofemoral
cartilage
thickness
(µm)

5000

500

59

5000

500

59

-88

11.8

3.71

24.4

5.17

1.65

2.4

85

62

83

61

17
Knee Stability

64.7

8.26

64.7

8.26

19.2

1.48

59

82

59

2.2

15

/

/

/

/

/

/

62

86.2

5.69

87.1

5.11

5

8.3

4.5
600

58

600

58

59

-108
4800

-12

1.48

82

6

0.2
17
Patello-femoral cartilage thickness
4800

223.4

19.2

118.86
53
Single leg-hop - limb symmetry index (LSI)
NR
NR

-1

Br J Sports Med

11.9

2.57

23.7

4.25

2.97

2.9

0.5

317.4

143

SMD -0.34,
(-0.66; -0.03)

Some
concerns

SMD -0.04,
(-0.40, 0.31)

Low

SMD -0.14,
(-0.45, 0.16)

Some
concerns

SMD -0.10,
(-0.46, 0.26)

Low

SMD -0.53
(-1.24, 0.18)

High

MD -1.70,
(-2.65, -0.75)

Low

MD-3.00,
(-3.27, -2.73)

High

MD 76.00,
(10.63, 141.37)

Low

MD 107.00,
(17.33, 196.67)

Low

75

59

80

59

15

59

15

59

53

Flosadottir
Short term
LSI
NR
NR
NR
NR
MD 1.10,
Low
et al.
(-2.98, 5.18)
99.8
10.5
30
100.9 d
4.6 d
32 d
2018**
Flosadottir
Long term
LSI
NR
NR
NR
NR
NR
NR
MD 0.80,
Low
et al.
(-4.34, 5.94)
2018**
95.2
12
46
96 d
12.1 d
39 d
Abbreviations: SD, Standard Deviation; SMD, Standardized Mean Difference; CrI, Credible Interval, CI, Confidence Interval, NR, Not Reported; KOOS, Knee Injury and Osteoarthritis Outcome score, IKDC, International
Knee Documentation Committee score, SF-36 (mental subscale) Medical Outcomes Study 36-Item Short-Form Health Survey (Component scale for mental health), KT1000 (MEDmetric) arthrometry, instrumented test to
assess anteroposterior translation of the knee.
a

SD was calculated from 95% confidence interval.
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was calculated from median and interquartile range.

SD was estimated from included graphs.

d Values were calculated by pooling of groups.
* Data was provided by Prof. Lohmander.
** Data was provided by Prof. Angeberg.
Follow-up time points: Short-term (≤ 1 year), Medium term (> 1-3 years) and Long term (> 3 years).
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Dichotomous Outcomes
Source

Follow-up
time point

Outcome measure

Intervention

n
Frobell et
al. 2010
Reijman et
al. 2021

Medium
term
Medium
term

Snoeker et
al. 2020

Long term

Frobell et
al. 2013

Long
term

Frobell et
al. 2013

Long
term

Control

N
Adverse event – Graft Rupture

n

N

1

59

Graft rupture
3

62

Graft rupture

Meniscal injuries
(ACOLAS Score)

Effect size (95%CI)

ROB

OR 2.9,
(0.3, 29.2)
OR 1.93,
(0.34, 10.82)

Low
Some concerns

4

85
Meniscal injuries

2

82

60
Meniscal surgeries

29

55

OR 0.85
(0.45, 1.62)

Low

27

61
Radiological knee osteoarthritis

32

59

OR 0.88,
(0.47, 1.62))

Low

29

OR 1.80,
(0.77, 4.22)

Low

OR 0.71,
(0.16, 3.12)

High

Meniscal surgery

Radiological
confirmed knee
19
osteoarthrits
Tsoukas et
Long term
Radiological
al. 2016
confirmed knee
osteoarthrits
4
Abbreviations: OR, Odds ratio, CrI, Credible Interval, CI, Confidence Interval, NR, Not Reported.

58

17

10

5

55

15

Follow-up time points: Short-term (≤ 1 year), Medium term (> 1-3 years) and Long term (> 3 years).
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Source

Frobell et
al. 2010c

Followup time
point

Short
term

Outcom
e
measure
(range)

Mea
n

Short
term

Mediu
m term

Non-Operative (NO)
N

Mea
n

Pre
SD

N

Mean

Post
SD

N

15.62
*

60

71.93
*

19.43
*

6
0

34.6*

11.96
*

23

58.42
*

15.18
*

2
3

38.2*

16.93

85

81.2

15.52

8
5

50.7

17.48

41

67.1

15.52

4
1

43.3

11.87
*

36

78.85
*

18.68*

3
6

17.8

41

82.5

16.17

4
1

KOOS
(without
ADL
scale)
(0-100)

36.9*

15.62
*

60

75.85
*

20.45
*

6
0

34.6*

11.96
*

23

75.44
*

17.75
*

2
3

38.2*

Effect
size
(95%CI))

ROB

d

IKDC (0100)

47.1
Frobell et
al. 2010c

Continuous Outcomes – As treated analysis
Delayed Reconstruction (DR)
Pre
Post
N
Mea
SD
N
Mean
SD
n
Self-reported knee function

KOOS
(without
ADL
scale)
(0-100)

36.9*
Reijman
et al.
2021a

Early Reconstruction (ER)
Pre
Post
SD
N
Mean
SD

Br J Sports Med

11.87
*

36

76.7*

20.74*

3
6

SMD
DR_NO:
1.09,
(0.53,
1.65)
ER_NO:
0.37,
(-0.04,
0.79)
ER_DR: 0.72, (1.22, 0.23)
SMD
DR_NO:
0.97 (
0.52;
1.43)
ER_NO: 0.08 (0.29;
0.45)
ER_DR: 0.89 (1.28; 0.50)
SMD
DR_NO:
0.06
(-0.46,
0.59)
ER_NO: 0.04, (0.37,
0.46)
ER_DR: 0.02,
(-0.50;
0.46)

Low

Some
concern
s

Low
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Reijman
et al. 2021
a

Mediu
m
term

IKDC (0100)

47.1
Frobell et
al. 2013 a

Long
term

Mediu
m
term

Long
term

85

85.9

15.1

8
2

50.7

17.48

41

78.4

15.3

4
1

43.3

17.8

41

83.5

15.5

4
1

16

60

80

17.63

5
9

34.6
12.6
23
81
Self-reported quality of life

18.16

3
0

38.2

12.4

36

82

16.49

2
9

SF-36
(mental
subscale
) (0-100)

67.3
Frobell et
al. 2013 a

16.93

KOOS
(without
ADL
scale)
(0-100)

36.9
Frobell et
al. 2010 a

Br J Sports Med

20.77

60

88.3

13.13

SF-36
(mental
subscale
) (0-100)
67.3

20.77

60

87

15.68

5
9

5
9

64.3

64.3

23.4

23.4

23

23

86

86

18.58

13.97

3
0

3
0

66

66

17.1

17.1

36

36

82.3

83

14.97

19.23

2
9

2
9

SMD
DR_NO:
0.33,
(-0.10;
0.77)
ER_NO: 0.16,
(-0.53;
0.22)
ER_DR: 0.49, (0.87; 0.11)
SMD
DR_NO:
0.06,
(-0.45,
0.57)
ER_NO:
0.11,
(-0.33,
0.56)
ER_DR:
0.06
(-0.38;
0.50)

Some
concern
s

SMD
DR_NO: 0.24,
(-0.75,
0.27)
ER_NO: 0.39,
(-0.84,
0.06)
ER_DR:
-0.15
(-0.59;
0.29)
SMD
DR:
0.18, (0.69,
0.33)

Low

Low

Low

71

Saueressig T, et al. Br J Sports Med 2022;0:1–13. doi: 10.1136/bjsports-2021-105359

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

Br J Sports Med

ER:
0.24,
0.69,
0.20)

(-
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(-4.04,
8.64)
ER_DR:
-0.40,
( -6.84,
6.04)

Abbreviations: SD, Standard Deviation; SMD, Standardized Mean Difference; CrI, Credible Interval, CI, Confidence Interval, NR, Not Reported; KOOS, Knee Injury and Osteoarthritis Outcome score, IKDC, International
Knee Documentation Committee score, SF-36 (mental subscale) Medical Outcomes Study 36-Item Short-Form Health Survey (Component scale for mental health), KT1000 (MEDmetric) arthrometry, instrumented test to
assess anteroposterior translation of the knee.
a

SD was calculated from 95% confidence interval.

b SD

was calculated from median and interquartile range.

C

SD was estimated from included graphs.

d

Contrasts are ER vs. NO, DR vs. NO and ER_DR.

* Data was provided by Prof. Lohmander.
** Data was provided by Prof. Angeberg.
Follow-up time points: Short-term (≤ 1 year), Medium term (> 1-3 years) and Long term (> 3 years).
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Source

Follow-up
time point

Outcome
measure

Long
term

Meniscal
surgeries

Early Reconstruction
n

Dichotomous Outcomes – As treated analysis
Delayed Reconstruction
N
n
N

Br J Sports Med

Effect size
(95%CI)a

ROB

OR
DR_NO: 1.70
(0.42, 6.77)
ER_NO:
0.44
(0.15, 1.24)
ER_DR:
0.26
(0.08, 0.84)

Low

Low

26

OR
DR_NO:
1.65,
(0.57, 4.81)
ER_NO: 0.95
(0.38, 2.40)
ER_DR: 0.58
(0.24; 1.42)

Low

26

OR
DR_NO:
1.43,
(0.36, 5.78)
ER_NO:
2.68,
(0.81; 8.88)
ER_DR: 1.87,
(0.65, 5.35)

Non-Operative
n

N

Meniscal surgery at follow-up
Snoeker et
al. 2020

30
Snoeker et
al. 2020

Long term

Long
term

17
Meniscal injuries

60

17
Radiological knee osteoarthritis

15

29

29

12

Radiological
confirmed knee
osteoarthrits

19
58
Abbreviations: OR, Odds ratio, CrI, Credible Interval, CI, Confidence Interval, NR, Not Reported.
a

30

Meniscal injuries
(ACOLAS Score)

27
Frobell et
al. 2013

61

6

29

4

Contrasts are ER vs. NO and DR vs. NO.

Follow-up time points: Short-term (≤ 1 year), Medium term (> 1-3 years) and Long term (> 3 years).
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Appendix 13. Sensitivity analyses.
Outcome (Follow-up
time point)

Studies included in
meta-analysis

Total N

Intervention

Self-reported knee
function
(Short-term)
Self-reported knee
function
(Medium-term)
Self-reported knee
function
(Long-term)
Self-reported knee
function
(Long-term)
Radiological
osteoarthritis (long
term)
Radiological
osteoarthritis (long
term)

Frobell et al.,
Reijman et al.

288

Early Reconstruction

Frobell et al.,
Reijman et al.

288

Early Reconstruction

Frobell et al.,
Tsoukas et al

152

Early Reconstruction

Frobell et al.,
Tsoukas et al

152

Early Reconstruction

Frobell et al.,
Tsoukas et al

152

Early Reconstruction

Frobell et al.,
Tsoukas et al

152

Early Reconstruction

Health-related quality of
life (Medium-term)

Frobell et al.,
Reijman et al.

288

Early Reconstruction

Self-reported return to
activity (Medium-term)

Frobell et al.,
Reijman et al.

288

Early Reconstruction

Self-reported return to
activity
(Long-term)
Self-reported return to
activity
(Long-term)
Adverse Event – Graft
rupture

Frobell et al.,
Tsoukas et al

152

Early Reconstruction

Frobell et al.,
Tsoukas et al

152

Early Reconstruction

Frobell et al.,
Reijman et al.

288

Early Reconstruction

Control
Primary Outcomes
Rehabilitation +
optional
Reconstruction
Rehabilitation +
optional
Reconstruction
Rehabilitation +
optional
Reconstruction*
Non-operative**

Rehabilitation +
optional
Reconstruction*
Non-operative**

Secondary outcomes
Rehabilitation +
optional
Reconstruction
Rehabilitation +
optional
Reconstruction
Rehabilitation +
optional
Reconstruction*
Non-operative**

Rehabilitation +
optional
Reconstruction

Original Analysis
Effect size
Prediction Interval
(95%CrI)

Sensitivity Analysis
Effect size
Prediction Interval
(95%CrI)

SMD -0.25,
(-0.84, 0.76)

(-1.25, 0.76)

SMD -0.25
(-0.92, 0.44)

(-1.38, 0.89)

SMD -0.10,
(-0.59, 0.41)

(-0.91, 0.72)

SMD -0.10
(-0.59, 0.41)

(-0.91, 0.72)

SMD -0.21,
(-1.49,0,81)

(-2.28, 1.58)

SMD -0.24,
(-1.26, 0.62)

(-1.87, 1.22)

SMD -0.25,
(-1.48, 0.77)

(-2.21, 1.51)

SMD -0.27,
(-1.27, 0.60)

(-1.87, 1.19)

OR 1.45,
(0.30, 5.17)

(0.18, 10.0)

OR 1.50,
(0.49, 4.30))

(0.31, 6.47)

OR 1.46,
(0.34, 5.99)

(0.17, 11.63)

OR 1.49,
(0.44, 4.90)

(0.29, 7.29)

SMD -0.40,
(-0.88, 0.09)

(-1.18, 0.40)

SMD -0.40,
(-0.99, 0.20)

(-1.39, 0.60)

SMD -0.10,
(-0.57, 0.38)

(-0.87, 0.68)

SMD -0.10,
(-0.67, 0.48)

(-1.06, 0.87)

SMD -0.22,
(-0.92, 0.39)

(-1.32, 0.77)

SMD -0.23,
(-1.00, 0.45)

(-1.46, 0.89)

SMD -0.84
(-2.56, 0.87)

(-3.36, 1.67)

SMD -0.84,
(-2.20, 0.52)

(-2.51, 0.82)

OR 2.3,
(0.4, 12.4)

(0.3, 20)

OR 2.3,
(0.5, 10.7)

(0.3, 20)

Sensitivity analysis with half normal prior for τ with a scale of 0.5 and uninformative prior for µ.
* Tsoukas et al. had no patients in the control group that needed surgery.
** We combined the as treated group that needed no surgery from Frobell et al. with the non-operative group by Tsoukas et al..
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Outcome (Follow-up
time point)
Self-reported return to
activity
(Long-term)

Studies included in
meta-analysis
Frobell et al.,
Tsoukas et al

Total N

Intervention

Control

152

Early Reconstruction

Rehabilitation +
optional
Reconstruction*

Self-reported return to
activity
(Long-term)

Frobell et al.,
Tsoukas et al

152

Early Reconstruction

Non-operative**

Original Analysis
Effect size
Raw Mean Difference
(95%CrI)
(95%CrI)
SMD -0.22,
-0.75
(-0.92, 0.39)
(-2.92, 1.23)
(Tegner Scale)
(0-10)
SMD -0.84
-2.61,
(-2.56, 0.87)
(-7.90, 2.67)
(Tegner Scale)
(0-10)

Br J Sports Med

Sensitivity Analysis
Difference of Medians⸸
(95%CI)
1.1
(-0.85, 3.05)
(Tegner Scale)
(0-10)
1.18
(-0,75, 3.20)
(Tegner Scale)
(0-10)

Sensitivity analysis with a meta-analysis of the difference of the medians
⸸ Please note that the results for the meta-analysis of the difference of the medians is not (!) reverse scaled.
* Tsoukas et al. had no patients in the control group that needed surgery.
** We combined the as treated group that needed no surgery from Frobell et al. with the non-operative group by Tsoukas et al.

Outcome
(rho value)
Self-reported function (0.5)

Mean

95% Lower CrI

95% Upper CrI

-0.27

-0.84

0.21

Self-reported function (0.6)

-0.27

-0.83

0.21

Self-reported function (0.7)

-0.27

-0.83

0.21

Self-reported return to activity (0.5)

-0.21

-0.57

0.13

Self-reported return to activity (0.6)

-0.21

-0.57

0.13

Self-reported return to activity (0.7)

-0.21

-0.57

0.13

Self-reported quality of life (0.5)

-0.35

-0.87

0.16

Self-reported quality of life (0.6)

-0.35

-0.87

0.16

Self-reported quality of life (0.7)

-0.35

-0.87

0.16

Sensitivity analysis for the choice of correlational values for the computation of synthetic effect size for the combination of multiple time points.
95%CrI: 95% Credible Intervals.
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Studies included in
meta-analysis

Total N

Intervention

Control

Frobell et al.

152

Early Reconstruction

Primary Outcomes
Non-operative**

152

Early Reconstruction

Non-operative**

152

Early Reconstruction

Secondary outcomes
Non-operative**

Self-reported knee
function
(Long-term)

Tsoukas et al.

Radiological knee
osteoarthritis (long
term)

Tsoukas et al.

Self-reported return to
activity
(Long-term)

Frobell et al.

Frobell et al.
Tsoukas et al.

Br J Sports Med

Effect size
(95%CrI)

95% Prediction
Interval1

Raw mean
difference2 / Risk
difference3
(95%CrI)

Certainty rating4

SMD -0.25,
(-1.48, 0.77)

(-2.21, 1.51)

Very Lowa,c

OR 1.46,
(0.34, 5.99)

(0.17, 11.63)

-0.96,
(-5.79, 3.95)
IKDC
(0-100)
-62 per 1000
patients,
(113, -391)

SMD -0.84
(-2.56, 0.87)

(-3.36, 1.67)

-2.61,
(-7.90, 2.67)
(Tegner Scale)
(0-10)

Very Lowa,c,d

Very Lowa,c,d

Sensitivity analysis with the non-operative group by Frobell combined with data by Tsoukas
95%CrI: 95% Credible Intervals. NA: Not applicable, DR: Delayed Reconstruction, ER: Early Reconstruction. NO: Non-operative Negative standardised mean differences indicate the effect favoured the intervention.
** We combined the as treated group that needed no surgery from Frobell et al. with the non-operative group by Tsoukas et al..
1The

prediction interval indicates the heterogeneity in the data and the range of potential values that could be possible in future studies.

2Raw

data estimate was done by multiplying the SMD and associated 95% credible interval estimates by the available pooled standard deviation from studies included in the review.

3 Raw

data estimate used the median comparator baseline risk of included studies.

4a:

certainty rated down for risk of bias, b: certainty rated down for indirectness, c: certainty rated down for inconsistency, d: certainty rated down for imprecision, e: certainty rated down for publication.
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Appendix 14. Forest Plots - Sensitivity analyses.

Primary outcomes

Figure 12 Self-reported function short term (sensitivity analysis)
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Figure 13Self-reported function medium term (sensitivity analysis)
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Figure 14 Self-reported function long term (sensitivity analysis)
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Figure 15 Self-reported knee function long term (non-operative groups as control) (sensitivity analysis)
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Figure 16 Radiological knee osteoarthritis long term (sensitivity analysis)
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Figure 17 Radiological knee osteoarthritis long term (non-operative groups as controls) (sensitivity analysis)

Secondary outcomes
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Figure 18 Health-related quality of life medium term (sensitivity analysis)
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Figure 19 Self-reported return to activity medium term (sensitvity analysis)
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Figure 20 Self-reported return to activity long term (sensitivity analysis)
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Figure 21 Self-reported return to activity long term (non-operative groups as control) (sensitivity analysis)
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Figure 22 Adverse events - graft rupture (sensitivity analysis)
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