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Abstract
Introduction Injuries of the anterior cruciate ligament
(ACL) are a common musculoskeletal complication and
can cause significant reduction in patient function and
quality of life. Many undergo ACL reconstruction, with
high-quality rehabilitation key to successful outcome.
Knowledge of physical prognostic factors, such as
quadriceps strength, is crucial to inform rehabilitation
and has important implications for outcome following
ACL reconstruction. However, these factors predicting
outcome are poorly defined. Therefore, the aim of this
systematic review is to establish physical prognostic
factors predictive of outcome in adults following ACL
reconstruction. Outcome will be subdivided into two
groups of outcome measures, patient-reported and
performance-based. Physical prognostic factors of
interest will reflect a range of domains and may be
modifiable/non-modifiable. Results will help decide most
appropriate management and assist in planning and
tailoring preoperative and postoperative rehabilitation.
Methods and analysis This systematic review protocol
is reported according to the Preferred Reporting Items
for Systematic Review and Meta-Analysis Protocols.
MEDLINE, CINAHL and EMBASE databases, key journals
and grey literature will be searched from inception
to July 2019. Prospective cohort studies including
participants aged ≥16 years who have undergone ACL
reconstruction will be included, with articles focusing on
multi-ligament reconstructions and ACL repair surgery,
or not published in English excluded. Two independent
reviewers will conduct searches, assess study eligibility,
extract data, assess risk of bias (Quality in Prognostic
Studies tool) and quantify overall quality of evidence
(modified Grading of Recommendations, Assessment,
Development and Evaluation guidelines). If possible, a
meta-analysis will be conducted, otherwise a narrative
synthesis will ensue focusing on prognostic factors, risk
of bias of included studies and strength of association
with outcomes.
Ethics and dissemination Findings will be published in
a peer-reviewed journal, presented at conferences and
locally to physiotherapy departments. Ethical approval is
not required for this systematic review.
PROSPERO registration number CRD42019127732.

Strengths and limitations of this study
►► This protocol is written and reported in line with the

Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocol guidelines.
►► This study uses the Quality in Prognostic Studies
tool to assess for risk of bias in individual studies, a
tool devised specifically for use in prognostic factor
review questions.
►► This systematic review will use a modified Grading
of Recommendations, Assessment, Development
and Evaluation method to rate the overall quality of
evidence across studies.
►► This study will include only prospective cohort studies in the review, which are the gold standard for
prognostic research.
►► This review will focus on physical prognostic factors
only, but it is recognised that other factors can contribute to overall outcome.

Introduction
Injuries of the anterior cruciate ligament
(ACL) are common1 and regarded as one of
the most frequently sustained ligamentous
injuries within the knee.2 Overall population-
based incidence has been documented as 81
per 100 000 people,3 with approximately 250
000 individuals affected each year in the USA
alone,4 the majority of whom undergo ACL
reconstruction.5 With a primary function of
reducing and controlling anterior tibial translation,6 the ACL is an important ligament in
the maintenance of normal knee function,
with rupture resulting in a significant musculoskeletal injury.7
Preceding and following ACL reconstruction, good-quality rehabilitation programmes
or protocols are regarded as key to successful
outcome (positive change resulting from
ACL reconstruction).8 Successful outcome,
or research focusing on outcome, is not
well defined within the literature, with
multiple definitions suggested.9 Following
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have been associated with younger age groups and individuals returning to a high level of sport in which pivoting
and twisting movements are common.28 Predictors of
successful outcome include male patients aged <30 years
with ‘normal’ body mass index (BMI) and the use of
hamstring tendon autografts.26 27 29 With all reviews, a
successful outcome has been associated with improved
scores when using a range of outcome measures such
as the IKDC and KOOS questionnaires. However, these
studies have varied in their inclusion and exclusion
criteria around study design and included prognostic
factors, with only two reviews assessing risk of bias,27 28
making it difficult to draw conclusions.
A recent cohort study by Scherer et al20 examined factors
associated with a more rapid recovery following ACL
reconstruction. As a result, the study included a follow-up
at 6 months postsurgery and targeted return to a previous
level of activity as a primary aim. Conclusions were in
agreement with de Valk et al26 that preoperative factors,
such as younger age, ‘normal’ knee flexion and extension
strength and no previous knee surgery, were associated
with improved outcome at a 6-month follow-up. However,
Scherer et al20 used a convenience sample from a single
clinic, making generalisation of findings difficult.
Further studies have evaluated factors predicting failure
following ACL reconstruction, with results showing
multiple predictive factors. Both Parkinson et al21 and
Robb et al22 found that meniscal integrity was the strongest predictor of ACL reconstruction failure. However,
it should be highlighted that both studies only included
single-
bundle ACL reconstructions using a hamstring
graft and primarily focused on the risk factors for graft
failure, as opposed to physical factors predicting outcome.
Despite this, these studies were further supported by a
large study by Cox et al13 which found patients who underwent a meniscal repair as well as an ACL reconstruction
scored lower on the IKDC and KOOS. Furthermore,
other factors such as female gender,23 increased BMI,
lower levels of education, smoking status and revision
of ACL surgery have been found predictive of poorer
outcomes,13 but the potential for reporting and publication bias in original studies is acknowledged.23

Status of current literature
Few systematic reviews have investigated factors
predicting successful outcome after ACL reconstruction,26–28 where successful outcome could be quantified
using the performance-based outcome measures such as
return to sport or return to a previous level of activity, or
improvement in the patient-reported outcome measure
scores.12–14 From these reviews, multiple factors have been
identified which are associated with poorer outcome (ie,
not returning to a previous level of activity or decrease
in the outcome measure scores), such as being a smoker,
preoperative quadriceps strength deficit of 20% or more,
preoperative knee range of motion limitations (flexion),
increased pain, ACL or knee laxity and concomitant
meniscal injury.26 27 29 Furthermore, factors of re-rupture

Rationale for further research
These highlighted studies emphasise that there are
numerous and wide-ranging potential physical prognostic
factors that may predict outcomes following ACL reconstruction and that they can be grouped into either modifiable (eg, quadriceps strength) or non-modifiable factors
(eg, age). Despite the continued research into the prognostic factors predicting outcome following ACL reconstruction over the 7 years since the systematic review by
de Valk et al,26 no rigorous systematic review that utilises
and follows the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines exists.
Although a recent systematic review of patient-reported
outcome following ACL reconstruction was published by
Hamrin Senorski et al,27 this only includes publications
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ACL reconstruction or revision, outcome measures
recommended for the evaluation of outcome vary
and include both patient-
reported outcome measures
and performance-
based outcome measures. Furthermore, measures which incorporate the domains of the
International Classification of Function, Disability and
Health (ICF) (body function, activities and participation, body structure and environmental factors) are
useful.10 11 Examples of outcome measures used in the
literature include return to sport,12 improvement in
patient-
reported outcomes (eg, International Knee
Documentation Committee (IKDC) and Knee Injury
and Osteoarthritis Outcome Score (KOOS) questionnaires)13 14 and performance-based outcomes (eg, quadriceps strength).14 As highlighted, it is common that a
long-term goal is to allow individuals to return to their
prior levels of activity.15 However, events such as an ACL
reconstruction can also have a significant impact on the
personal life of the individual,16 with prolonged periods
of rehabilitation often required.12 As a consequence,
several recent systematic reviews have attempted to
synthesise the evidence relating to the prognostic psychological factors affecting outcome.17–19 In addition, several
studies13 20–23 have suggested that numerous physical
prognostic factors can impact and predict the outcome
following ACL reconstruction. In the context of this
review, we define physical prognostic factors as being
physical in nature, including both modifiable factors,
for example, quadriceps strength, and non-
modifiable
factors, for example, age, recognising that both can
have a physical effect and influence outcome. However,
no recent high-quality systematic review of such physical
prognostic factors has been published. Seen as a developing area of research,24 prognostic studies and their
findings can contribute to clinical decision making and
overall patient management.25 Given this, it would appear
important for both the patient and the team caring for
the patient to be aware of potentially important physical
prognostic factors, both modifiable and non-modifiable
and their respective implications, when considering both
preoperative and postoperative expectations, rehabilitation and management.

Open access

Objective
To establish the physical prognostic factors predictive of
outcome in adults following ACL reconstruction. This
will, in turn, help clinicians and patients in making decisions on the most appropriate management and assist,
where decided appropriate, in planning and tailoring
both preoperative and postoperative rehabilitation
following ACL reconstruction.
Methods
Design
A systematic review designed as a result of scoping literature searches, reported in accordance with Preferred
Reporting Items for Systematic Review and Meta-Analysis
Protocols guidelines (PRISMA-
P)31 and Cochrane
32
Handbook.
Eligibility criteria
Inclusion criteria
Population
Any patient aged ≥16 years undergoing an ACL reconstruction or revision. If a study includes patients aged
both <16 years and ≥16 years, the study will be included
if it is possible to separate the data so as to only include
the participants aged ≥16 years. If this is not possible, the
study will be excluded.
Physical prognostic factors
Based on the previous literature,13 22 23 26 33–35 examples
of potential factors to be included are documented in
box 1. However, any additional investigated physical prognostic factors identified in the search will be included.
For the purpose of this review, we define physical prognostic factors as being physical in nature, including both
modifiable, for example, quadriceps strength, and non-
modifiable, for example, age, recognising that both can
have a physical effect and influence outcome.
Study design
Prospective cohort studies (gold standard design for
prognostic reviews) that focus upon prognostic factors
Middlebrook A, et al. BMJ Open 2020;10:e033429. doi:10.1136/bmjopen-2019-033429

Box 1

Potential physical factors identified

Potential physical prognostic factors
►► Quadriceps strength.
►► Knee range of movement.
►► Concomitant meniscal injuries.
►► Concomitant articular cartilage injuries.
►► Level of preoperative pain.
►► Amount of preoperative ACL laxity.
►► Preinjury activity levels.
►► History of previous knee surgery.
►► ACL rupture location (mid-substance).
►► Graft type—allograft vs autograft.
►► Graft site—hamstring vs patella tendon.
►► BMI.
►► Smoking status (physical effects of smoking).
►► Time from injury to surgery.
►► Age.
►► Gender.
ACL, anterior cruciate ligament; BMI, body mass index.

and that include a follow-up, of any time period, will be
included within this review. This will include both preoperative and postoperative variables. There will be no
restriction on the date of publication.
Timing and setting
There will be no restriction on length of follow-up and all
time points used within included studies will be included.
No restriction on setting will be used.
Outcomes
Given the broad spectrum of outcome measures used
to evaluate outcome following surgery within studies,
all outcome measures recommended in the evaluation of ACL reconstruction or revision will be included.
This can include patient-reported outcome measures or
performance-
based measures. For the purpose of this
review, outcome measures will be classified into domains
of outcomes in keeping with the four domains of the
ICF.10 This allows a more holistic approach in assessment of ‘outcome’ following ACL reconstruction rather
than focusing on one domain or one outcome measure.
Outcome measures will include: functional tests, strength,
return to previous level of activity, radiological measures,
graft failure and complications, and patient-
reported
outcome measures such as the KOOS and IKDC. Owing
to this heterogeneity of outcome measures, narrowing
to a specific outcome measure is not possible as it would
exclude large bodies of relevant literature. Therefore,
any outcome of interest will be included.
Exclusion criteria
Any study which includes multi-
ligament reconstruction of the knee will be excluded from this review. This
is due to multi-ligament injuries being more complex
and potentially limb threatening, with neurovascular
compromise not uncommon, as well as a lack of evidence
3
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and data from the Scandinavian knee ligament registers and, given the sample of convenience, it cannot be
assumed to represent the wider population in countries
outside of this region. There is, therefore, a need for a
high-quality systematic review to evaluate and synthesise
the current body of literature within this important area
of research.
As demonstrated by the systematic reviews and studies
presented,12–14 26–28 it is apparent that definitions of
outcome and outcome measures utilised to determine
outcome are wide ranging, with both patient-reported
outcome measures and performance-
based outcome
measures adopted. This highlights a lack of standardisation within the literature30 and results in the need for
a broad approach to outcome and outcome measures
within this review, in order to capture all relevant literature and avoid risk of bias.

Open access

Information sources
Comprehensive searches will be performed from inception to July 2019 via the following electronic databases:
MEDLINE, CINAHL, EMBASE. Additionally, grey literature searches including the British National Bibliography,
OpenGrey and Zetoc will be conducted. Hand searching
of key journals (The American Journal of Sports Medicine,
The British Journal of Sports Medicine and Knee Surgery, Sports
Traumatology and Arthroscopy) will be conducted as well as
screening reference lists of included articles which meet
the eligibility criteria.
Search strategy
A search strategy has been developed by modifying
a strategy previously utilised within prognostic factor
research40 and using key terms for the population of
interest (ACL reconstruction) together with prognostic
search terms. A MEDLINE search strategy will be piloted
using relevant MeSH terms where applicable and subsequently developed for other databases. A validated
methodological search filter for MEDLINE to identify
prognostic studies will be used41 and adapted for other
databases. No specific restrictions on language or date
will be used. The exact MEDLINE search strategy used is
provided in online supplementary file 1.
Data management
Results from searches will be stored on Endnote V.X8
(Clarivate Analytics) software programme. In doing this,
duplicates will be established and eliminated.
Study selection
Titles and abstracts will be screened against the predetermined inclusion and exclusion criteria and then categorised into include, exclude or undecided. This process
will be done independently by two reviewers (AM and
NM). Where uncertainty exists regarding the eligibility of
a paper, the full text will be accessed for clarification. Any
disagreement between the two reviewers regarding eligibility of a study will result in discussion between them.
The agreement between the two reviewers at each stage
will be assessed using Cohen’s kappa.42 If no agreement
is reached, the opinion of an independent third reviewer
(ABR) will be obtained. Following title and abstract
screening and once the full text articles are obtained, the
above screening process will be repeated. The reasons
for ineligibility will be documented and a PRISMA flow
diagram will be included within the review.
Data extraction process
A standardised form has been developed based on
the information deemed relevant as a result of initial
4

subject searches and utilised to extract information
from included studies. This will be done independently
by both reviewers, with the lead reviewer then collating
the information. A pilot of the data extraction form will
initially be performed using five articles, to ensure that
all appropriate data is extracted. Following this and if
required, the form will be amended before the final data
extraction.
Data items
Data to be extracted from included studies is summarised
in table 1. Should there be any missing data, authors will
be contacted by email for further clarification. In the
event of more than one article being identified from the
same study, authors will be contacted for further information in order to avoid duplication.
Outcomes and prioritisation
Outcome was identified as any recommended evaluation
of ACL reconstruction and revision which could include
outcome measures reflecting any domain of the ICF,
specifically body function, activities and participation,
body structure and environmental factors. Outcome
reported outcome
measures may be both patient-
measures and performance-
based outcome measures.
Outcome measures used following ACL reconstruction and reflected in an earlier systematic review by de
Valk et al,26 include the IKDC, KOOS, Tegner Activity
Scale, Lysholm Knee Scoring Scale and the Cincinnati
Knee Rating System. It is appreciated that outcomes
and follow-up assessment timepoints will be of differing
lengths. Short-
term (<3 months), medium-
term (>3
months,<12 months) and long-
term (>12 months)
outcome will be presented, with the main area of interest
being long-term outcome. Long-term outcome will be
subdivided to >12 months but <5 years and >5 years in
order to capture the potential variabilities in longer-term
outcome. The scoping search had identified that it was
not possible to predefine one outcome of interest and
one timepoint.
Risk of bias in individual studies
The Quality in Prognostic Studies (QUIPS) tool will be
adopted to assess the risk of bias of included studies. The
QUIPS tool was created for prognostic factor review questions43 and is recommended by the Cochrane Group44 to
assess the risk of bias in prognostic factor studies and, as
such, has been utilised in a previous systematic review
relating to physical prognostic factors.45 It encompasses
six categories-domains of potential biases: study participation, study attrition, prognostic factor measurement,
outcome measurement, study confounding, statistical
analysis and reporting, and has demonstrated acceptable inter-
rater reliability.46 Mirroring the selection
process, all included studies will be assessed by two
independent reviewers and scored for the risk of bias.
Any disagreement between the two reviewers will result
in discussion between them. The agreement between
Middlebrook A, et al. BMJ Open 2020;10:e033429. doi:10.1136/bmjopen-2019-033429
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and consensus regarding their optimal management.36
Furthermore, due to the differing techniques and
elevated risk of re-rupture in ACL repairs compared with
ACL reconstruction,37–39 any study which evaluates repair
surgery will be excluded. Any study not published in
English will be excluded.

Open access

Content

Data items

General study information
Study characteristics

Title, authors names, publication date.
Sample size, study design, duration of follow-up, country.

Patient characteristics

Age, gender.

Type of intervention/ACL reconstruction

Graft site choice, type of graft.

Physical prognostic factors

Examples include but not limited to: quadriceps strength, knee range of
motion, concomitant meniscal injuries, concomitant articular cartilage
injuries, level of preoperative pain, degree of preoperative ACL laxity,
preinjury activity levels, history of previous knee surgery, ACL rupture
location, ACL graft type, ACL graft site, BMI, smoking status, time from
injury to surgery, age and gender.

Outcome (encompassing patient-reported outcome
measures / performance-based outcome measures)

Patient-reported outcome measures for example, IKDC, KOOS, Tegner
Activity Scale, Lysholm Knee Scoring Scale and the Cincinnati Knee
Rating System.
Performance-based outcome measures for example, return to sport
and/or a previous level of activity, hop tests, quadricep strength.

Results
Other information deemed relevant

Main findings, statistical analysis methods.
Conflicts of interest, any other details deemed relevant.

ACL, anterior cruciate ligament; BMI, body mass index; IKDC, International Knee Documentation Committee; KOOS, Knee Injury and
Osteoarthritis Outcome Score.

the two reviewers at each stage will be assessed using
Cohen’s kappa coefficient.42 If no agreement is reached,
the opinion of an independent third reviewer will be
obtained.
Data synthesis
Subject to homogeneity (consistency of factors across
studies) of predictive factors, outcomes and timing of
outcome, a meta-
analysis will be conducted. This will
be dependent on finding three or more studies with
adequately homogenous sub-groups. The assessment of
clinical, methodological and statistical heterogeneity will
take place. The I2 statistic will be used to assess statistical
heterogeneity, while methodological heterogeneity will be
based on study biases and clinical heterogeneity based on
measures of population and prognostic factors.32 Studies
will be included or excluded for meta-analysis by using the
QUIPS tool, whereby high quality, low risk of bias studies
are included and high risk of bias studies excluded, with
a random effects model being utilised for meta-analysis. If
a meta-analysis is not possible, a qualitative best evidence
narrative synthesis of results will take place. The narrative synthesis would be focused on the prognostic factors,
the risk of bias assessment of included studies, and the
strength of association with the outcome.45 From scoping
searches that have been conducted, cohorts can include
revisions as well as primary ACL reconstruction. To be
inclusive of all potential factors which can influence
outcome, revisions and mixed cohorts will be included in
this review. In the event of studies which have focused on
revisions only, these studies will be synthesised and evaluated separately.
Middlebrook A, et al. BMJ Open 2020;10:e033429. doi:10.1136/bmjopen-2019-033429

Meta-biases
To examine and establish whether any reporting bias
exists, thorough searches for unpublished studies will
be undertaken. This will involve accessing past conference proceedings of the last 10 years, as well as detailed
internet searches. Consistency between protocols and
published studies (where protocols are available) will be
scrutinised. Given the lack of a trial registry specific to
prognostic studies, trial registries will not be searched.
Confidence in cumulative evidence
Overall quality and strength of the evidence will be examined using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) method.47
GRADE is a tool consisting of five components: study
design and its limitations, inconsistency of results across
studies, indirectness of evidence, imprecision and publication bias designed for interventional reviews.47 GRADE
has been adapted to be better suited for prognostic factor
research,48 which includes six factors that may decrease
quality (phase of investigation, study design and its limitations, inconsistency of results across studies, indirectness
of evidence, imprecision and publication bias) and two
factors that may increase the quality (moderate or large
effect size and exposure-response gradient).48
Patient and public involvement
The focus of this systematic review was developed as a
result of working with and rehabilitating many patients
following ACL reconstruction surgery and witnessing a
broad scale of outcomes along this process. Patients will
not be involved in the data collection and analysis of the
review.
5
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Table 1 Summary of data items to be extracted from included studies
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