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ABSTRACT

Background Medical screening and load monitoring
procedures are commonly used in professional football
to assess factors perceived to be associated with
injury.

Objectives To identify prognostic factors (PFs) and
models for lower extremity and spinal musculoskeletal
injuries in professional/elite football players from
medical screening and training load monitoring
processes.

Methods The MEDLINE, AMED, EMBASE, CINAHL
Plus, SPORTDiscus and PubMed electronic
bibliographic databases were searched (from inception
to January 2017). Prospective and retrospective cohort
studies of lower extremity and spinal musculoskeletal
injury incidence in professional/elite football players
aged between 16 and 40 years were included.

The Quality in Prognostic Studies appraisal tool

and the modified Grading of Recommendations
Assessment, Development and Evaluation synthesis
approach was used to assess the quality of the
evidence.

Results Fourteen studies were included. 16 specific
lower extremity injury outcomes were identified. No
spinal injury outcomes were identified. Meta-analysis
was not possible due to heterogeneity and study
quality. All evidence related to PFs and specific lower
extremity injury outcomes was of very low to low
quality. On the few occasions where multiple studies
could be used to compare PFs and outcomes, only
two factors demonstrated consensus. A history of
previous hamstring injuries (HSI) and increasing

age may be prognostic for future HSI in male
players.

Conclusions The assumed ability of medical
screening tests to predict specific musculoskeletal
injuries is not supported by the current evidence.
Screening procedures should currently be considered
as benchmarks of function or performance only. The
prognostic value of load monitoring modalities is
unknown.

INTRODUCTION

The incidence of musculoskeletal injuries
reported in European professional football
(soccer) players is high. On average, players
sustain two injuries and miss 37 days of
training and match play per season,' with
most injuries occurring to the lower extrem-
ities.” Team performance is negatively
affected by increased injury incidence and
severity” and the subsequent financial impli-
cations are considerable.” Therefore, injury
prevention strategies are potentially of
great benefit to professional clubs.”

In professional sport, general medical
examination’ and physical performance
tests (PPTs)® 7 are commonly used to screen
for factors ferceived to indicate enhanced
injury risk.” ¥ A survey of elite European
professional football teams has identified
that 94% routinely use injury risk screening
and monitoring with the most common
methods including muscle flexibility,
strength and imbalance assessment and
joint mobility examination.'®

Evaluation of training and match load
through technological modalities such as
Global Positioning Systems (GPS) and heart
rate monitoring are also commonly
employed for this purpose in football,'® !
alongside subjective indicators such as
perceived exertion ratings and wellness
evaluation.'”

Factors associated with injury and assessed
through screening and load monitoring
have been given many different names in
the literature, such as risk factors, predictive
factors and predictors. However, The
PROGnosis RESearch Strategy Partnership,
an international, interdisciplinary collabora-
tion which aims to enhance the impact of

BM)

Hughes T, et al. BMJ Open Sport Exerc Med 2017;0:¢000263. doi:10.1136/bmjsem-2017-000263

s
Ram



Open Access 8

prognosis research, terms such factors as prognostic
factors (PFs). PFs are defined as variables associated
with or predictive of clinical events (such as injury) in
populations with a defined baseline state.'® '* Impor-
tantly, PFs may or may not offer insights into injury
causality, but by being associated with or predictive of
the outcome of interest, they are potentially useful for
developing multivariable prognostic models. These
aim to make meaningful individual risk predictions
and inform stratified management approaches
designed to reduce risk."* Hence, medical screening
and training load monitoring processes are concerned
with prognosis. Consequently within this review only
the term PF will be used for measures derived from
such practices. PFs are intrinsic (person specific) or
extrinsic (environment specific)'” and deemed modifi-
able or non-modifiable.'® For intrinsic factors, an
example of a non-modifiable factor is age, whereas a
modifiable factor could be strength. For extrinsic
factors, a non-modifiable factor example is weather,
while modifiable factors include training load.

Previous systematic reviews have investigated PFs for
injuries in sport® 7 7?2 and football in general.?’
These findings have limited clinical relevance as anal-
yses were not stratified by sport, skill level or both. PFs
should be considered specific to sport and populations
of amateur or professional athletes, as there are funda-
mental differences in metabolic, biomechanical and
loading exposure characteristics that may also predis-
pose to particular injuries. Specifically, in professional
football, a previous systematic review found that history
of a previous hamstring injury (HSI) may be associated
with future HSIs, although the evidence relating to the
prognostic value of isokinetic strength testing, func-
tional movement screen, muscle imbalance assessment,
use of psychological questionnaires and fatigue moni-
toring was either inconclusive or insufficient.”*
However, the analysis only included these commonly
perceived PFs identified by an international survey of
medical practice in professional clubs®® and did not
examine other potentially relevant factors. The only
review of training load monitoring found that high
intensity football training may be associated with
increased injury propensity,’’ although these findings
were limited to generalised injury categories rather
than specific outcomes. There are no exhaustive
systematic reviews that have investigated PFs identified
through medical screening and training load moni-
toring procedures for specific injuries in professional
football.

Therefore, the aims of this systematic review are to: 1)
identify PFs for specific lower extremity and spinal
musculoskeletal injuries in adult professional/elite foot-
ball players, from medical screening and training load
monitoring processes and ii) identify any current prog-
nostic models that are able to predict specific lower
extremity and spinal injuries in adult professional/elite
football players.

METHODS

The methodology was specified a priori through
protocol registration with the International Prospective
Register of Systematic Reviews.”® This review has
conformed to the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) guide-
lines (online supplementary file 6).%”

Eligibility criteria

Types of studies

Prospective and retrospective cohort studies were
included as these are best suited for prognosis
research.”” Studies of any other design were excluded.

Types of participants

Studies were included if participants were defined as
professional/elite football players, aged between 16 and
40 years. Studies were excluded if they contained
participants from non-football or mixed sports, or
amateur/recreational football players of any age.

Types of outcome measures

Outcomes were any lower extremity or spinal musculo-
skeletal injury categories, defined by specific diagnosis
and/or anatomical location. Outcomes that were not
defined with specific diagnosis and/or location, or used
generalised injury categories (eg, defined as injuries,
match injuries, training injuries, overuse injuries,
general muscle or ligament injuries) were excluded.
Studies were included if the magnitude of association
between PFs and outcomes were reported with appro-
priate summary effect measures, that is, odds ratios
(OR), risk ratios (RR), incidence rate ratios (IRR) or
hazard ratios (HR) alongside corresponding p values
and confidence intervals (CI). Studies were excluded if
measures of association were not reported, that is, only
significance testing was reported.

Types of prognostic factors

Studies were included if any of the following were
investigated: 1) general medical examination/question-
naire (including anthropometric information), 2) any
clinical musculoskeletal examination/assessment
methods (including flexibility, mobility and strength
measurement) or PPT (including measures of core
stability, functional movement control, strength and
proprioception), 3) medical imaging, 4) training load
measurement (time unit documentation, technology
such as GPS and physiological parameters, eg, heart
rate measures). Studies were excluded if PFs or models
were not investigated or if treatment interventions
were performed.

Data sources and search sirategy

The MEDLINE, AMED, EMBASE, CINAHL Plus,
SPORTDiscus electronic bibliographic databases were
searched from inception to 24 July 2016, and repeated
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on 12 December 2016 to identify new literature. The
strategy is presented in the online supplementary file
1; terms were adapted to the requirements of each
specific database. To ensure that all relevant studies
were captured, a secondary search of the PubMed data-
base was conducted on 2 January 2017 using a broad
non-specific strategy of football OR soccer AND inju-
ries. Where the full text was obtained, reference lists
were searched. Searches were limited to original
research articles, published in English through peer-
reviewed journals. Systematic and narrative reviews,
clinical commentaries, editorials, conference abstracts,
grey literature or studies from non-peer-reviewed jour-
nals were excluded.

Study selection

Titles and abstracts of retrieved studies were indepen-
dently screened by the lead reviewer (TH). The second
reviewer (MJC) verified the results and relevant full-
text articles were obtained. All were screened for eligi-
bility in a standardised, unblinded manner jointly by
both reviewers. Data were extracted by one reviewer
(TH) using a standardised form (see online supple-
mentary file 2) and verified by the second reviewer
(MJC).

Risk of bias in individual studies

Risk of bias was assessed using The Quality in Prog-
nostic Studies (QUIPS) tool,** which is advocated by
the Cochrane Prognosis Methods Group and has
moderate to near perfect inter-rater reliability.*?
QUIPS evaluates validity and bias through participa-
tion, attrition, PF, confounding variable and statistical
reporting domains. Domains contained several items
where extracted information was entered and
this guided judgement of potential for bias. After
consideration, each domain was rated as low, moderate
or high risk of bias and the corresponding risk level
for each domain was colour coded as green, amber or
red, respectively.

Both reviewers assessed the evidence independently,
but were not blinded to authors, title or journal.
Disagreements were resolved through discussion. If
consensus could not be reached, the third reviewer
(JCS) was consulted.

Data analysis and synthesis
Extracted data and QUIPS appraisal summaries were
tabulated to assess heterogeneity of study characteris-
tics and quality (table 1). Subgroup analysis of male
and female participants was planned a priori. The
quantity, quality and heterogeneity of the literature
prevented formal statistical evaluation, so a narrative
synthesis was performed. All results were extracted for
each study (see online supplementary file 3).

This synthesis process was based on the modified
Grading of Recommendations Assessment,

Development and Evaluation (GRADE) framework.”®
All significant PFs for a specific injury outcome were
tabulated and grouped (table 2). Any PFs investigated
by multiple studies for the same outcome, while using
the same effect measures, were tabulated and
presented graphically (figures 2-4). These data and
QUIPS appraisals were used to make key judgements
for each PF in the following domains: 1) study limita-
tions, 2) consistency of results, 3) effect sizes, 4)
precision of results, 5) publication bias, 6) overall
quality (see online supplementary file 4 for detailed
explanation of how judgements for each domain were
made).

RESULTS

Study selection

From the searches, 6362 total results were returned
with 1245 duplicates, leaving 5117 studies (figure 1).
After screening titles and abstracts 4846 studies were
excluded. The full texts of the remaining 271 studies
were obtained; 257 studies were not eligible at this
stage. All excluded studies are listed (with exclusion
reasons) in online supplementary file 5. A final total of
14 studies were included.

Characteristics and quality of included studies

For all included studies, the characteristics, PFs and
outcomes investigated along with QUIPS risk of bias
assessments are presented in table 1. A narrative
summary across studies is provided in the sections
below.

General

Studies predominantly originated from Europe
with one each from the Middle East** and Australia.*’
Follow-up ranged from 1 to 11 football seasons.”*
¥4 Two studies®™ ° stated a 10-month follow-up,
equating to one season.

30-41

Participants

Participant numbers were provided in 13 studies
and totalled 5946 professional/elite players but as one
study®! did not report the number of included partici-
pants the true total is unknown. Two studies’™ *°
exclusively investigated female players (n=316). All
other studies used male participants only (n=5630).

30 32-43

Outcomes

All outcomes were defined as time loss injuries, that is,
injuries that resulted in a player being unable to fully
participate in training or match play. Nine outcomes
were categorised by diagnosis and anatomical region,
whereas seven were categorised by anatomical region
only without diagnosis (table 2). No spinal outcomes
were investigated.
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Prognostic factors
Demographic/anthropometric ~ factors  frequently
included age, height, weight, body mass index and past
medical history.”’ #**! % Neuromuscular factors
included strength, power, gumpin% knee control and
proprioceptive tests,”’ ** 77 79 40 %2 43 a)though there
was a variety of testing procedures.

Five studies®™ *° *9 %0 %2 jpyestigated isokinetic
strength tests. For ankle plantarflexor and dorsiflexor
muscle groups, only two studies by the same group™ *°

used a comparable concentric-eccentric strength
testing protocol. For quadriceps and hamstring isoki-
netic strength testing, four studies®® ¢ * **

investigated peak torque, although different protocols
and measurements were used.

Anatomical factors included lower limb muscle flexi-
bility, hypermobility, ankle range of motion, ankle
stability and foot pronation assessments,”’ ** #° 79 40
although considerable variation in methods existed. One
study®” investigated biceps femoris architecture through
ultrasound examination. Two studies investigated ante-
rior knee laxity using a KT 1000 arthrometer,”* *°
although it was unclear if identical protocols were
followed.

Training and match exposure in hours was reported
in six studies,®” ** #7 38 40 21 3lthough onlgl one evaluated
this as a PF (for patellar tendinopathy).”® Technological
evaluation of training load variables were not investi-
gated as PFs for specific injuries in any study. One study
investigated match fixture congestion”® and another
studied recovery time”' between games.

Eight studies performed univariate PF analyses.
6798 40 %3 Thirteen studies used multivariable statistical
models to assess the independent value of PFs.”” ! #3-%
However, there was no evidence of an attempt to
develop a prognostic model for making individual
predictions or validation of a model’s prospective
performance.

30-32

Effect summary measures

Considerable heterogeneity was evident for reported
effect estimates which prohibited meta-analysis. Effect
measures included ORs,?0 33735 3740 HRg 36 37 rate
ratios’' ** and relative risk.*' **

Risk of bias within and across studies

The quality of reporting was generally of a poor to
moderate standard. Overall, out of 84 domains, 19
(23%) were classed as low risk, 26 (31%) were classed as
moderate risk and 39 (46%) were classed as high risk of
bias.

Study participation

Three studies were classed as high risk,”’ eight
studies were of moderate risk,>0 32 37-39 4143 hile
three®® %% %0 were considered low risk of bias in
terms of participation reporting. Ten studies did not

34 35

30 31 33 36-41 43 whereas four

34 35 42

report eligibility criteria,
reported this but in insufficient detail.”
Papers considered low risk® *® ** had good descrip-
tions of recruitment period, location, source and
sample population characteristics. In studies consid-
ered high or moderate risk,>% #* 35 3739 4143
these factors were either not reported or reported
inadequately.

Study attrition

Eight studies were considered high
risk as attrition rate, characteristics and reasons for
participants lost to follow-up were either not
reported or inadequately described. Two studies®® *!
were of moderate risk as reasons for attrition were
reported but no participant characteristics were
reported. Four studies™ *° *? ** were of low risk of
bias as response rate was 100% so attrition was not
applicable.

30-32 34 36-38 42

Prognostic factor measurement

Across 12 studies,?? 3! 33-39 4143 PR measurement
reporting was of moderate to high risk of bias. Validity
of PF measurement was reported adequately in only one
study.*” Reliability of measurement was frequently not
repor

ted™ ** 7799 41 %2 61 inadequately described.”® ** ** Two
studies reported reliability appropriately*’ ** and were
considered low risk. There were no missing data for PF
measurements in seven studies,”’ **7*% **"*2 although
this was either not reported or inadequately described
in the other studies.”’ 7 779

Outcome measurement

Eleven papers®® *! *% were considered high risk of
bias because specific clinical or imaging diagnostic
criteria for injury outcomes were not stated or inade-
quately described. Reliable or validated methods for
diagnosis confirmation were also not reported in any
of these studies and may be a source of misclassifica-
tion bias. In studies considered moderate risk,
one® stated clinical criteria for HSIs with diagnosis
confirmed with MRI, although this was not standar-
dised. One study” did not state specific clinical
criteria, although reported HSI was confirmed
through MRI; it was unclear whether only structural
HSIs were included for analysis. Only one study®’
was considered low risk. Instead of documenting
injury type, outcomes were reported per body loca-
tion. By using non-diagnostic anatomical outcome
measures, the implications of misclassification bias
were less in this study.

Study confounding

Ten studies® #2798 #0 %1 were considered high risk for
confounding reporting. Definitions of confounding
factors were either not reported or unclear. Three
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studies®® *7 ** stated that adjustments were made for

one factor in the statistical analysis. It was assumed that
these were considered as confounding factors, although
not explicitly defined as such.

Four studies”' *? ** ** were considered as moderate
risk. Confounding factors were clearly defined and
appro?riately adjusted for in the analyses by one
study.** Three studies®' * *’ stated that analyses were
adjusted for covariates. In these papers it was assumed
that these were confounders, although were not specifi-
cally defined as such. Dataset completeness for defined
confounding variables and methods of missing data
management were also not reported in any study.

Statistical analysis

Statistical analysis reporting was of low risk of bias in
nine studies;’® 3! 34737 40 42 43 4.3 were presented in
sufficient detail, with the justification for statistical
modelling outlined and no evidence of selective
reporting. Two studies®® “ were considered as
moderate risk because of selective reporting of signifi-
cant findings. Three studies® ** *! were considered
high risk. One* did not use any form of statistical
modelling and selective reporting was evident.
Another*! described the effect measure as relative risk,
which was either inappropriate for the Cox propor-
tional hazard model used or due to reporting
inaccuracy. One study”® reported only significant PFs,
using a high significance level of 0.20, and referred the
reader to online appendices for all results, which were
unavailable for download.

Data synthesis

Results of studies

All PFs with associated effect measures, CIs and
p values for all included studies are presented in
online supplementary file 3. Significant PFs, or factors
investigated by multiple studies, per outcome are
summarised in table 2. To aid understanding of this
table, PFs have been grouped according to specific
injury outcomes that were defined within the included
literature. For factors presented in the table, the evalu-
ation of the related evidence according to modified
GRADE assessment domains is also presented.

All evidence was low or very low quality (table 2).
Significant methodological limitations were evident
and as significant PFs were derived predominantly
from single studies, examination of consistency was
limited. Effect measures were variable across factors,
but imprecision of effect was common and a sample
size calculation was reported by only two studies.”® **
Due to the paucity of literature, publication bias was
likely.

Muscle injuries
Muscle injury outcomes were investigated in male
participants only. Six significant PFs were identified for

quadriceps and calf injuries and four for adductor inju-
ries (table 2), derived from one study.” ” Two significant
factors for groin strain were found in one study” (table
2).

It was unclear whether adductor and groin strain
injuries were comparable due to lack of diagnostic
criteria presented and have been treated as separate
entities.

Nineteen significant factors associated with HSIs
were identified, with 14 via single studies (table 2).
Two studies®® *7 investigated increased age and history
of previous HSI using HRs, as summarised in figure 2.

Increased age was investiggted through univariate
analysis only. Hagglund et al”° reported that for every
lyear increase in age, there was an associated small
increase in hazard, with a narrow CI lying on the
border of significance. However, their later study®’
demonstrated no significant association. In both
studies, previous HSI was significantly associated with
increased hazard for further HSI, in both univariate
and multivariate analyses. Hagglund et al’® reported a
greater estimated association with larger Cls, possibly
due in part to the much smaller sample size. Using
ORs, two studies investigated increased age™ Y and
two studies investigated previous HSIs*’ ** as PFs for
new HSIs using multivariate analyses (figure 3).

Similar to the HR analysis, there was consensus that
for every 1year increase in age, odds of developing a
HSI were significantly increased,” *? although effect
sizes were small (range 1.40-1.78). In contrast, there
was no agreement regarding the effect of previous HSI
on the odds of sustaining a new HSI; point estimates
lay either side of the line of no effect with very wide
CIs, suggesting a considerable lack of precision and
may be related to methodological or sample size
differences.

Ligament injuries and tendinopathies

Outcomes related to ligament injuries and tendinopa-
thies relied on a smaller evidence base, also of low to
very low quality (table 2) and included ankle and knee
sprain, ACL tear and patellar tendinopathy. Two
studies®® *? investigated the association of a previous
ankle sprain with new ankle sprain and a previous
knee sprain with new knee sprain, using ORs in male
and female participants, respectively. This permitted a
limited subgroup analysis (figure 4).

Significant positive associations for both outcomes
were found in the male-only study,”® while non-signifi-
cant positive associations were reported in the female-
only study.” It was difficult to ascertain whether these
inconsistencies were due to gender, methodological
quality or statistical power. Differences in statistical
methods may also have been influential. In terms of
ankle sprain outcomes, all other PFs of weight, body
mass index and eccentric ankle strength asymmetry
related to male players only and were reported by one
study (table 2).”> One study reported that a previous

12 Hughes T, et al. BMJ Open Sport Exerc Med 2017;0:2000263. doi:10.1136/bmjsem-2017-000263
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Figure 1 Preferred Reporting Items for Systematic reviews and Meta-Analyses flow chart, highlighting the study selection
process. *Search results from non-specific search strategy of football OR soccer AND injuries.

anterior cruciate ligament (ACL) injury was signifi-
cantly associated with a new ACL injury in females,*”
while another study reported that previous ACL injury
was significantly associated with both traumatic and
overuse knee injuries in males®' (table 2). Three signif-
icant factors associated with patellar tendinopathy were
observed by one study of male participants.”®

Injuries defined by anatomical location
PFs for outcomes defined per anatomical location
rather than by diagnosis are summarised in table 2.

Predominantly these were obtained from a single
study®’ of female players, although groin and knee
injuries in males were investigated by one study per
respective outcome.”® *' None of these outcomes could
therefore be compared in multiple studies.

DISCUSSION

This review has evaluated the evidence related to PFs
or prognostic models for specific lower extremity and
spinal musculoskeletal injuries identified through
medical screening and training load monitoring

Hughes T, et al. BMJ Open Sport Exerc Med 2017;0:2000263. doi:10.1136/bmjsem-2017-000263 13



Open Access 8

Study or Subgroup

log[Hazard Ratio] SE Hazard Ratio 95% CI

1.1.1 Increased age (univariate)

Hagglund et al 36
Hagglund et al 37

0.0953 0.0413
0.0198 0.1323

1.1.2 Previous hamstring injury (univariate)

Hagglund et al 36 1.1632 0.2936
Hagglund et al 37 0.4947 0.1272

1.1.3 Previous hamstring injury (multivariate)
Hagglund et al 36 1.2528 0.3117
Hagglund et al 37 0.3365 0.1139

3.20[1.80, 5.69]
1.64 [1.28, 2.10]

3.50 [1.90, 6.45]
1.40 [1.12, 1.75]

Hazard Ratio 95% ClI
1.10[1.01, 1.19] H
1.02 [0.79, 1.32] -t
_._
+
—'—
—'—
0.1 0.2 0.5 ] 2 5 10

Reduced hazard Increased hazard

Figure 2 Graph presenting hamstring injury prognostic factors in male participants, investigated by multiple studies—HR

analyses.

processes in professional football. Overall, the paucity,
heterogeneity and methodological limitations of the
literature meant that the current evidence was of very
low or low quality. Within our review, the between-
study heterogeneity which limited comparisons
between PFs and outcomes may be partly explained by
differences in individual clubs’ screening and moni-
toring practices, confirmed previously through
international questionnaires.'’ ** The overall limita-
tions in quantity of evidence may be explained in part
by a possible reluctance of individual clubs to share
data within the research community for fear of losing a
competitive advantage. This highlights the potential
value of conducting large multi-team cohort studies of
professional players such as those identified within this
review. *0 °1 3998 405 O the few occasions where
multiple studies could be used to compare PFs and
outcomes, only two factors demonstrated consensus in
terms of prognostic value for future HSIs in male
professional football players. One was history of
?fevious HSI which appears to increase hazard ratio.”®
?" Second was increasing age which appears to elevate
the odds of a new HSL.” *” No studies were found to
have examined spinal injury outcomes.

Although most studies used multivariable models to
examine PF interactions, none had set out to develop a
prognostic model or validated injury prediction perfor-
mance of a model prospectively. Therefore, the current
evidence base is relevant only to the initial stages of
prognostic model development, which is identifying
potential candidate PFs to consider including in
models.'* **

While PFs from traditional medical screening
methods were assessed,”® **™** surprisingly only one
study examined an imaging modality** and no studies
investigated training load monitoring derived from
technology such as GPS or heart rate measures.
Although five studies®® ** *7 #° *! recorded training
and match exposure in terms of time units, only one
study analysed this as a PF, for patellar tendinopathy.

The results of this study suggested that for every
10 hours increase in total football exposure, the odds
of developing patellar tendinopathy in male profes-
sional players increased by a factor of 1.02 (95% CI 1.0
to1.04).”® No other studies were available to assess the
consistency of these findings and with the insufficient
volume of evidence it could be argued that the prog-
nostic value of training load monitoring for specific
lower extremity or spinal injuries is unknown at
present.

A previous review identified high-quality cohort
studies of professional footballerswhich suggested that
a history of previous injury was a significant PF for
future injuries of the same type and other locations.
This included a history of HSI being strongly associated
with new HSL.** McCall et al** also found that there was
insufficient evidence to evaluate the effect of fatigue,
muscle imbalance, FMS and isokinetic testing as PFs for
injuries. Although McCall et al** did not locate studies
relating to fatigue, our review identified two studies, *'
**which investigated recovery time between games or
match fixture congestion that maybe indirectly related
to fatigue. We found that in agreement with McCall
et al,>* there was insufficient evidence to establish the
prognostic value of isokinetic muscle testing and FMS.
Our review demonstrates consensus with this prior
review that a previous HSI increases risk of a future HSI.
However, we have also identified that increasing age
may also be influential on HSI, which has not been
reported previously. Despite this agreement there was a
discrepancy noted in the quality of included studies in
our review and the findings of McCall et al.** Our review
found that all evidence related to previous injury was
potentially subject to major biases and consistency of
results could not be examined for most factors, other
than the effects of increasing age and previous HSI on
future HSIs. **

The differences in reported evidence quality between
reviews may be due to different appraisal systems.
McCall et al®* used the Scottish Intercollegiate

14 Hughes T, et al. BMJ Open Sport Exerc Med 2017;0:2000263. doi:10.1136/bmjsem-2017-000263
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Study or Subgroup log[Odds Ratio]

SE Odds Ratio 95% CI

Odds Ratio 95% CI

2.1.1 Increasing age (multivariate)
Arnason et al 30 0.3365 0.1023
Henderson et al 39 0.5766 0.2138

2.1.2 Previous hamstring injury (multivariate)

Arnason et al 30 2.451 0.6114
Fousekis et al 34 -1.8971 0.8212

11.60 [3.50, 38.45]
0.15 [0.03, 0.75] ¢ t

1.40 [1.15, 1.71] —+
1.78 [1.17, 2.71]

—_—

0.05 0.2 | 5 20
Reduced odds Increased odds

Figure 3 Graph presenting hamstring injury prognostic factors in male participants, investigated by multiple studies—OR

analyses.

Guidelines Network (SIGN) tool for appraisal, whereas
we used the QUIPS tool and modified GRADE frame-
work which are specific to prognostic research and
arguably more suitable for the study designs reviewed.
Considerable differences in inclusion and exclusion
criteria existed and also, our study chose to investigate
specific musculoskeletal outcomes of the the lower
extremities and spine only rather than musculoskeletal
injuries affecting all body areas. Additionally, McCall
et al** investigated only a limited selection of PFs and
screening tests identified through a survey, whereas
this review attempted to provide an exhaustive exami-
nation of all PFs related to screening and training load
m;)_nitoring in professional football.

In terms of reporting quality, all studies within our
review consistently performed poorly in the domains of
PF measurement and study confounding. Outcome
measurement was a very serious limitation and subject
to risk of major misclassification bias due to the lack of
specific diagnostic criteria or utilisation of gold stan-
dard diagnostic measures. This diagnostic imprecision
means that it is questionable if these outcomes can
actually be attributed to specific pathologies. It is clear
that research quality in football prognostic studies
needs to improve through transparent reporting of
reliability and validity measurements, explicit identifi-
cation of confounding factors and the use of clinical
Odds Ratio 95% ClI

Study or Subgroup log[Odds Ratio] SE

diagnostic criteria and/or confirmatory diagnostic
modalities to accurately establish the presence of an
injury outcome. Until such time, associations between
potential PFs and specific injuries should be considered
non-robust. A greater and improved evidence base is
also necessary to assist future development of prog-
nostic models in an attempt to predict individual injury
outcomes. Many of the issues highlighted in this review
relate to the reporting rather than necessarily the
conduct of the studies included. It is hoped that recom-
mendations aiming to improve the transparency of
prognosis research®® will improve the quality of
evidence available in the future.

What does this mean to clinicians?

Our results suggest that the ability of medical screening
tests to predict specific musculoskeletal injury risk is
not supported by the current evidence. Extrinsic non-
modifiable factors of age and previous injury may be
the only PFs associated with further HSIs, although
this is supported by low-quality evidence. At present,
screening tests should only be considered as markers
of individual musculoskeletal function or performance
and therefore primarily useful as benchmarks following
injury or in the evaluation of training effects. Presently,
when considering specific lower extremity or spinal
injuries the prognostic value of load measures is
unknown.

Odds Ratio 95% CI

3.1.1 Association of previous ankle sprain with new ankle sprain (univariate, male players)

Arnason et al 30 1.6696 0.645 5.31[1.50, 18.80]

3.1.2 Association of previous ankle sprain with new ankle sprain (multivariate, female players)

Faude et al 33 0.3293 0.4119 1.39(0.62, 3.12]

3.1.3 Association of previous knee sprain with new knee sprain (univariate, male players)

Arnason et al 30 1.5173 0.5344 4.56[1.60, 13.00]

3.1.4 Association of previous knee sprain with new knee sprain (multivariate, female players)

Faude et al 33 0.4055 0.4591 1.50[0.61, 3.69]

—_—

0.05 0. 5 20
Reduced odds Increased odds

Figure 4 Graph presenting prognostic factors for ankle sprain and knee sprain injuries, investigated by two or more studies—

OR analyses.

Hughes T, et al. BMJ Open Sport Exerc Med 2017;0:2000263. doi:10.1136/bmjsem-2017-000263 15



Open Access 8

Limitations

Despite a thorough literature search using MeSH
terms and keywords, certain relevant studies may have
been missed. As the search was limited to articles
published in academic journals only, this may have
introduced some publication bias. Also, both reviewers
were not blinded to the authors of the papers included
for appraisal. Also, although the QUIPS appraisal tool
has been stated to have moderate to near perfect reli-
ability,” inter-rater reliability was not formally
evaluated in our review. Nevertheless, this is the only
known systematic review that has evaluated PF for
lower extremity and spinal injuries in professional foot-
ball (soccer) players, using specific prognostic research
appraisal and synthesis tools.

CONCLUSION

The current evidence suggests that a previous HSI and
increasing age may be associated with development of
future HSIs in male professional football players. This
must be interpreted with caution, as significant issues
and complexities within the literature have been
highlighted. This limits current understanding of PF
accuracy through medical screening and training load
monitoring. Further research is essential to help
further the knowledge base of this important area of
football and sports medicine.
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Summary box

WHAT IS ALREADY KNOWN?

» In professional football, the risk of sustaining a lower
extremity musculoskeletal injury is considerable.

» Medical screening and training load monitoring processes are
commonly used to identify prognostic factors for injury and
develop preventative strategies to reduce risk.

» Several previous systematic reviews have investigated prog-
nostic factors for injury identified through screening tests
generally in sport.

» One previous review has investigated a limited number of
prognostic factors through screening tests in professional
football.

WHAT ARE THE NEW FINDINGS?

» The evidence is of low to very low quality.

» Previous hamstring injury and increasing age may increase the
risk of a future hamstring injury in male professional players.
The limitations of the evidence mean that the contribution of
other prognostic factors cannot be fully excluded and currently
the ability of medical screening procedures to predict specific
injury risk is unsubstantiated.

» The prognostic value of training load monitoring is unknown.

» Future studies are needed to improve understanding of the
prognostic value of medical screening and training load moni-
toring in professional football.
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