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Abstract
Background  Sideline detection is the first and most 
significant step in recognising a potential concussion and 
removing an athlete from harm. This systematic review 
aims to evaluate the critical elements aiding sideline 
recognition of potential concussions including screening 
tools, technologies and integrated assessment protocols.
Data sources  Bibliographic databases, grey literature 
repositories and relevant websites were searched from 
1 January 2000 to 30 September 2016. A total of 3562 
articles were identified.
Study selection  Original research studies evaluating 
a sideline tool, technology or protocol for sports-related 
concussion were eligible, of which 27 studies were 
included.
Data extraction  A standardised form was used to 
record information. The QUADAS-2 and Newcastle-
Ottawa tools were used to rate risk of bias. Strength 
of evidence was assessed using the Grades of 
Recommendation, Assessment, Development and 
Evaluation Working Group system.
Data synthesis  Studies assessing symptoms, the 
King-Devick test and multimodal assessments reported 
high sensitivity and specificity. Evaluations of balance 
and cognitive tests described lower sensitivity but higher 
specificity. However, these studies were at high risk of 
bias and the overall strength of evidence examining 
sideline screening tools was very low. A strong body of 
evidence demonstrated that head impact sensors did not 
provide useful sideline concussion information. Low-
strength evidence suggested a multimodal, multitime-
based concussion evaluation process incorporating video 
review was important in the recognition of significant 
head impact events and delayed onset concussion.
Conclusion  In the absence of definitive evidence 
confirming the diagnostic accuracy of sideline screening 
tests, consensus-derived multimodal assessment tools, 
such as the Sports Concussion Assessment Tool, are 
recommended. Sideline video review may improve 
recognition and removal from play of athletes who 
have sustained significant head impact events. Current 
evidence does not support the use of impact sensor 
systems for real-time concussion identification.

Introduction
Despite a consensus definition of sports-related 
concussion (SRC) having been well elucidated,1 
its immediate and accurate recognition in a clin-
ical setting remains a challenge.2 Sustaining a SRC 

may increase the likelihood of incurring a subse-
quent head or musculoskeletal injury,3 and repeated 
concussions could be associated with long-term 
consequences such as persistent postconcussive 
symptoms, depression or neurodegenerative disor-
ders.1 4 5 Early detection of suspected concussion 
and removal of the affected player will help prevent 
these potential adverse sequelae and facilitate 
further evaluation, management and safe return to 
play. This systematic review aims to evaluate the 
critical elements aiding off-field (commonly termed 
‘sideline’) recognition of potential concussions. 
Specific objectives were to assess the diagnostic 
accuracy of existing clinical screening and diag-
nostic tools, determine the utility of technology 
in detecting SRC and assess integrated head injury 
assessment protocols currently used in professional 
collision sports.

Methods
Study design
Expert consensus guidelines for the conduct 
of systematic reviews were followed,6–8 and a 
detailed protocol stating an a priori analysis plan 
was registered before data collection (PROSPERO 
2016:CRD42016037831). The review question 
and inclusion/exclusion criteria are detailed in 
table 1. Online  supplementary details on method-
ology, including a glossary of technical terms, are 
presented in the online    supplementary file    web 
appendix.

Identification of evidence
An extensive range of electronic information sources 
were examined including all major bibliographic 
databases, specialist sports medicine databases, grey 
literature repositories and relevant websites (see 
online    supplementary  web appendix for details). 
Additional information sources included forward 
and backward citation searching, author searching, 
reference checking and contact with experts. Search 
strategies for bibliographic databases were devel-
oped iteratively in conjunction with an information 
services specialist (University College London) and 
underwent external peer review (University of Shef-
field).

Searches were conducted for original research 
published between 2000 (corresponding to the 
modern definition of concussion) and week 4, April 
2016, and were otherwise unrestricted. Current 
awareness searches were conducted in MEDLINE 
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and Embase (week 4, September 2016) immediately prior to 
submission.

Selection of evidence and data extraction
Original research studies identified during searches were 
assessed in a four-stage process by teams of two independent 
reviewers. First, titles and abstracts were screened for relevance. 
Second, full-text articles were examined as required to assess 
eligibility. Third, studies meeting review inclusion criteria were 
classified into domains pertaining to: sideline screening tests 
(comprising subtopics of clinical signs and symptoms, balance 
tests, oculomotor assessments, cognitive tests and multimodal 
testing strategies); technology; and professional sports-specific 
head injury assessment protocols (defined in table  1). Finally, 
data extraction was performed separately for eligible studies 
within each subtopic. A single unblinded reviewer extracted 
information on study characteristics, methodology and results 
using a standardised data extraction form; and a second reviewer 

independently checked data for consistency and accuracy. In 
cases of disagreement at any stage, consultation with a third 
author was planned, with consensus derived by arbitration.

Risk of bias assessment
Included studies were assessed for risk of bias using peer-re-
viewed critical appraisal checklists appropriate to study design. 
The QUDAS-2 tool was used for diagnostic accuracy studies.9 
Observational studies were evaluated using the Newcastle-Ot-
tawa scale.6 A single unblinded reviewer within each subgroup 
team assessed risk of bias, with a second reviewer independently 
checking the assessment for validity. Any disagreement between 
reviewers was resolved by consensus and consultation with 
a third author with expertise in epidemiology and critical 
appraisal.

Data synthesis, statistical analyses and assessment of overall 
quality of evidence
Data synthesis and statistical analysis were performed separately 
for eligible studies within each subtopic. Results are presented 
descriptively with reported point estimates and 95% CIs and 
summarised graphically using Forest plots.10 Heterogeneity was 
assessed using the I2 statistic.11 A narrative synthesis was prespeci-
fied in the event that clinically and methodologically homogenous 
studies at low risk of bias were not identified. References were 
managed in EndNote (Clarivate Analytics, Berkeley California, 
USA), extracted data were collated in Excel 2013, and Forest 
plots were formulated using Meta-DiSc V.1.4 (University of 
Birmingham, Birmingham, UK). The overall quality of evidence for 
each outcome was assessed using the consensus Grades of Recom-
mendation, Assessment, Development and Evaluation Working 
Group (GRADE) approach.12 GRADE is a systematic method of 
assessing quality of evidence and strength of recommendations 
taking into account methodological flaws, consistency of results, 
generalisability of findings and the effectiveness of treatments. A 
clinical diagnosis of concussion was the primary outcome for each 
domain.

Results
Study selection
A total of 3562 citations were screened for eligibility, with the 
full text of 198 articles retrieved for detailed evaluation. During 
full text examination, 27 studies were found meeting review 
inclusion criteria: sideline screening assessment (21 studies); 
integrated diagnostic protocols (1 study) and technology (5 
studies). Figure 1 describes the selection of studies in detail.

Sideline screening tests
Characteristics of included studies
Twenty-one studies met review inclusion criteria and reported 
interpretable data on the diagnostic accuracy of screening tests, 
either alone or in combination, to identify suspected SRC. Char-
acteristics of the included studies examining sideline assessments 
are summarised in table 2.

Risk of bias
Assessment of risk of bias is summarised according to 
QUDAS-2 domains in table 3 and figure 2. Overall risk of bias 
was high or unclear for all included studies. The predomi-
nant limitation was the use of a ‘two-gate’ study design using 
healthy controls, which is known to overestimate estimates of 
test performance.13 14 Other systematic errors included delayed 
index testing, inaccurate reference standard assessment by a 

Table 1  Review question and inclusion criteria

Primary review question/aim

What are the critical elements of sideline screening that can be used to establish the 
diagnosis of concussion or suspected concussion?

Inclusion criteria

Population Athletes competing in sporting activity 
and sustaining a non-trivial head impact 
event (includes any nationality, gender, 
age group or level of performance).

Intervention/index tests Any sideline* screening assessment used 
to detect suspected concussion following 
sports-related significant head impact 
events (including historical features, 
symptoms, physical findings, clinical tests 
or technologies)

Outcome/reference standard Concussion, clinically diagnosed by a 
registered medical practitioner.

Study design Published or unpublished studies of any 
research design.

Exclusion criteria

Population Not related to sport, subjects <13 years, 
animal studies

Intervention/index tests Non-sideline testing

Outcome/reference standard Concussion not examined

Study design Case reports

Review subtopics/objectives

Sideline screening tests Characterise the diagnostic accuracy of 
sideline clinical tests to detect suspected 
SRC, including:
►► Symptoms and clinical signs
►► Balance tests
►► Oculomotor tests
►► Cognitive tests
►► Multimodal assessments (either joint 

use of individual sideline tests or 
multifaceted instruments)

Technology Determine the utility of technology in the 
detection of suspected SRC.

Integrated head injury assessment 
protocols

Evaluate integrated protocols for the 
detection and management of SRC 
currently used in professional collision 
sports.

*‘Sideline’ is used generally to denote testing away from the immediate sporting 
environment, for example, rink side, track side, locker room, medical room, touch line 
and so on.
SRC, sports-related concussion.
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non-medically trained outcome assessors, and test and diagnostic 
review, incorporation and attrition biases. Detailed risks of bias 
evaluations are presented in the online y supplementary  web 
appendix.

Results
The diagnostic accuracy of sideline assessments for detecting 
suspected concussion is summarised in figure 3. Studies exam-
ining symptoms, the King-Devick (KD) test and multimodal 
assessments reported relatively good sensitivity and specificity. 
Evaluations of balance and cognitive tests described lower sensi-
tivity, but relatively good specificity. However, results were 
imprecise and heterogeneous for all types of sideline assess-
ments, in addition to the concerns regarding the internal validity. 
The overall quality of evidence according to GRADE criteria 
was very low for all classes of sideline tests based on serious 
concerns regarding inconsistency, imprecision and risk of bias. 
Detailed results and evaluation of overall quality of evidence for 
individual tests are provided in the online  supplementary  web 
appendix.

Technology
Five studies met review inclusion criteria and reported interpre-
table data on the use of a technology in sideline screening for 
SRC, examining head impact sensors (four studies) and sideline 
video review (one study).15–19 Overall risk of bias was low for all 
studies. Reported results indicated that no clinically significant 
relationship existed between impact magnitude, or location, and 
concussion (p>0.05). Fuller et al16  reported that sideline video 
review contributed to identification of 61.5% of significant 

head impact events and influenced sideline evaluation in 20.4% 
of cases. The overall GRADE quality of evidence was rated as 
high for head impact sensors and low for sideline video review. 
Table  4 summarises the characteristics, risk of bias and main 
results of included technology studies. Further details on risk of 
bias and GRADE ratings are provided in the online supplemen-
tary web appendix.

Integrated head injury assessment protocols
No experimental or comparative effectiveness research was 
identified evaluating the performance of alternative head injury 
assessment protocols. However, a single study at low risk of bias 
was retrieved which evaluated a comprehensive system used 
at the elite level in Rugby Union.16 The major finding was the 
importance of a multimodal, multitime-based concussion evalu-
ation process incorporating video review to identify significant 
head impact events and delayed onset concussion. The overall 
GRADE quality of evidence was rated low, secondary to impre-
cision and potential inconsistency. Further details on existing 
integrated head injury assessment protocols in professional 
sports, and the characteristics of Fuller et al are provided in the 
online supplementary  web appendix.

Discussion
Summary of key findings
Studies examining symptoms, the KD test and multimodal assess-
ments reported high sensitivity and specificity. Evaluations of 
balance and cognitive tests described lower sensitivity, but good 
specificity. However, the overall strength of evidence examining 
sideline screening tools was of very low quality secondary to 
high risk of bias, and imprecise and heterogeneous diagnostic 
accuracy estimates. Studies examining technology provided a 
high (head impact sensors) or low (video review) strength body 
of evidence. Head impact sensors did not provide useful infor-
mation. Conversely, a multimodal, multitime-based concussion 
evaluation process incorporating video review appeared to be 
important for the identification of significant head impact events 
and the delayed onset concussion.

Interpretation
A meta-analysis was not performed due to the absence of studies 
at low risk of bias and marked heterogeneity; in accordance with 
the prespecified analysis plan, a narrative synthesis was there-
fore conducted. Interestingly, no obvious patterns were evident 
between study results and design characteristics including sample 
size, setting, performance level, sport or risk of bias. This may 
be due to the inherent generalisability of findings, but could also 
be explained by biases operating in different directions and to 
varying magnitudes across different studies.

Notwithstanding the high risk of systematic error, a wide 
range of settings, sports and age groups were investigated in 
eligible studies suggesting good external validity of findings. 
However, in addition to information on diagnostic accuracy, 
the feasibility, cost and acceptability of alternative sideline 
tests may be important in applying these results to different 
settings. The availability of baseline data, testing environment 
and influence of the athlete-physician relationship could also 
affect generalisability. Importantly, in lower levels of competi-
tion where medical staff may be limited, an alternative ‘recognise 
and remove’ approach is recommended, with exclusion of the 
sideline screening stage, and immediate and permanent removal 
from any further participation when there is any suspicion of 
concussion.1 20

Figure 1  Flow of identification, screening, eligibility and inclusion 
criteria for the literature review of sideline diagnosis of concussion.
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A key concept in sideline assessment is the rapid screening 
for a suspected concussion, rather than the definitive diagnosis 
of a head injury. Players manifesting clear on-field observable 
signs, such as loss of consciousness, ataxia, tonic posturing or 

post-traumatic seizures, can immediately be diagnosed with a 
concussion and removed from sporting participation. Athletes 
with the possibility of suspected concussion following a signif-
icant head impact event can alternatively proceed to sideline 

Table 2  Characteristics of included studies examining sideline screening assessments

Study Setting
Study 
design

Sample 
size
(n) Sport(s) Level

Mean age 
(years±SE)

Gender
(% 
male) Index test(s) Reference standard

Maddocks
et al33

Australia PCS 56 Australian 
football

Professional NR 100 Individual symptoms, Maddocks 
questions

Clinical diagnosis

McCrory
et  al34

Australia PCS 303 Australian 
football

Professional NR 100 Individual symptoms Clinical diagnosis

Barr and McCrea35 USA PCS 118 American 
football

Varsity
high school

18.1 (NR) NR SAC Clinical diagnosis

Erlanger et al36 USA PCS 47 American 
football, 
ice hockey, 
field hockey, 
wrestling, 
soccer, 
basketball

School
adolescents

17.6 (SD 
2.23)

57 Individual symptoms NR

McCrea37 USA PCS 118 American 
football

Varsity
high school

19.8±1.3 NR SAC Clinical diagnosis

McCrea et al38 USA PCS 91 American 
football

Varsity
high school

17.5±2.1 NR SAC Clinical diagnosis

McCrea et al39 USA PCS 150 American 
football

Collegiate
adults

20.04 (SD 
1.36)

100 GSC, BESS, SAC Clinical diagnosis

Echlin et al40 USA PCS 67 Ice hockey Junior
adolescents

18.2±1.2 100% BESS, SAC Clinical diagnosis + 
SCAT 2

Galetta et al41 USA PCS 39 Boxing, mixed 
martial arts

Amateur adult 24 97 KD MACE

Galetta et al42 USA PCS 219 American 
football, 
soccer, 
basketball

Collegiate 
athletics

20.3±1.4 83 KD Clinical diagnosis

Barr et al43 USA PCS 90 American 
football

High school, 
collegiate

NR 100 CSI, SAC, BESS Clinical diagnosis

King et al44 NZ PCS 50 Rugby league Amateur adult 22.4±4.1 100 KD SCAT 2

Galetta et al45 USA PCS 27 Ice hockey Professional 25±5 100 KD, SAC SCAT 2

Dhawan et al46 USA PCS 141 Hockey High school 
athletics

NR NR KD NR

Leong et al47 USA PCS 34 Boxing Amateur adult 25.8±8.3 85 KD MACE

Fuller et al21 UK, RSA, 
France

PCS 165 Rugby union Professional
adults

NR 100 PSACA1 tool: Maddocks questions, 
symptoms checklist, mental status 
assessment, tandem stance test

Clinical diagnosis + 
SCAT 3

Galetta et al48 USA PCS 243 Ice hockey, 
lacrosse, 
athletics

Amateur youth, 
collegiate 
athletics

Youths: 
11±3, 
adults: 
20±1

Youths: 
84
Adults: 
74

KD, timed tandem gait, SAC Clinical diagnosis

Leong et al49 USA PCS 127 American 
football, 
basketball

Collegiate 
athletics

19.6±1.2 94 KD Modified SCAT 2

Marinides et al50 USA RCS 217 American 
football, 
lacrosse, 
soccer

Collegiate 
athletics

NR 70 KD, BESS, SAC Clinical diagnosis

Putukian et al51 USA PCS 263 American 
football, rugby 
union, sprint 
football, crew

Collegiate
adults

20.33 (SD 
1.74)

67% SCAT2 symptom checklist, modified 
BESS, SAC, SCAT2

Clinical diagnosis

Seidman et al52 USA PCS 337 American 
football

High school 
athletics

15.4±1.3 100 KD SCAT 3

BESS, Balance Error Scoring System; CSI, Concussion Symptom Inventory; GSC, Graded Symptom Checklist; KD, King-Devick; MACE, Military Acute Concussion Evaluation; 
NR, not reported; NZ, New Zealand; PCS, prospective cohort study; RCS, retrospective cohort study; RSA, Republic of South Africa; SAC, Standardised Assessment of Concussion; 
SCAT, Sports Concussion Assessment Tool.
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screening, with a later definitive diagnostic evaluation. Clearly, 
to allow sufficient time and a suitable environment for testing, 
this should occur away from the sporting environment, and may 
necessitate a temporary athlete interchange. The importance 
of off-field testing is exemplified by findings in professional 
Rugby where the number of players with confirmed concussion 
returning to play following their head injury dropped from 56% 
to 13% following the introduction of the Pitchside Suspected 
Concussion Assessment that superseded an ‘on-the-field-and-
on-the run’ approach.21

Elite contact and collision sports are played at a fast pace in 
a disorganised environment, where the view of medical staff 
may be obscured, challenging the evaluation of head impact 
events. Video review appeared to be helpful in identifying both 
observable signs of concussion and cases of possible suspected 
concussion where further assessment off-field is beneficial. 
Furthermore, evolving and delayed onset concussions have 
been well described,16 22 highlighting the importance of careful 
follow-up after a significant head impact, regardless of a negative 
sideline screening test or early diagnostic evaluation. Conse-
quently, implementation of systematic head injury assessment 
protocols appears to improve detection and management of the 
full spectrum of SRC.

Concussion can manifest as a diverse range of somatic, cogni-
tive, behavioural or emotional symptoms; and/or physical signs 
such as vestibulo-ocular deficits, loss of consciousness and 
ataxia.1 It would therefore be expected ex ante that multimodal 
assessments, evaluating several of these domains, are necessary 
to maximise detection of different subtypes of SRC. However, 
with simultaneous testing a net gain in sensitivity usually occurs 
at the expense of a net loss in specificity.23 Interestingly, included 
multimodal assessment studies reported both high sensitivity and 
specificity which could suggest either an optimal combination of 

tests, or could reflect study biases. Given the absence of definitive 
evidence on the performance of sideline tests, expert consensus 
opinion is necessary to guide practice and strongly recommends 
the use of a multimodal assessment tool, of which the Sports 
Concussion Assessment Tool (SCAT; now in its 4th version) is 
the most established, well developed and studied.24

It is important to note that the pretest probability of concus-
sion will strongly influence the performance of sideline screening 
tests.25 In settings with high prevalence of concussion, or high 
test thresholds, the negative predictive value of sideline tests 
will fall. High sensitivity and specificity would consequently 
be necessary to ensure the detection of a satisfactory propor-
tion of cases. Conversely, indiscriminate testing, with a lower 
pretest probability of concussion, would result in higher negative 
predictive values, but worsening numbers of false positives. Such 
a safety first approach might be preferred in non-elite settings.

Consistency with other studies or reviews
There have been a large number of narrative reviews, position 
statements and editorials that have previously examined the role 
of sideline screening tests or technology in the detection of SRC. 
Although these articles are inherently limited by a lack of defined 
inclusion criteria, systematic search strategies and transparent 
risk of bias assessment, their conclusions are broadly consis-
tent with the current systematic review. For example, Eckner et 
al26 stated that ‘multiple assessment tools are available, with no 
single tool showing clear superiority. Many tools remain based 
more on expert opinion than rigorous scientific evaluation.’

Six related systematic reviews were also identified during the 
literature searches, comprising examination of symptom check-
lists,27 SCAT 2/3,28 Balance Error Scoring System,29 KD test30 31 
and sideline testing in general.32 Although the review questions 
were not directly comparable, including delayed non-sideline 
testing and additional examination of test reliability, similar 
studies were often included and conclusions concurred with the 
current study in Alla,27  Yengo-Khan,28  Bell29  and Hunt.30For 
example, Alla27 noted that ‘There is little information available 
on the derivation or psychometric properties (eg, sensitivity, 
reliability, etc) of the various symptom scales’, and Yengo-
Khan28 observed that ‘the sensitivity and specificity of the 

Table 3  Summary of risk of bias across included sideline screening 
studies

Study

Risk of bias

Patient 
selection

Index 
test

Reference 
standard

Flow and 
timing Overall

Maddocks et al33 H L L L H

Barr and McCrea35 H ? H L H

McCrory et al34 H ? L L H

McCrea37 H ? H L H

McCrea et al38 H ? H L H

Erlanger et al36 H ? ? L H

McCrea et al39 H H H H H

Echlin et al40 H H H H H

Galetta et al41 L ? ? H H

Galetta et al42 H L H L H

Barr et al43 H H H L H

King et al44 L ? ? ? ?

Galetta et al45 H ? ? L H

Dhawan et al46 H ? ? L H

Fuller et al21 L L H L H

Leong et al47 L L L H H

Galetta et al48 H ? ? H H

Leong et al49 H L H L H

Marinides et al50 H ? ? H H

Putukian et al51 H H L H H

Seidman et al52 H H L H H

H, high; L, low; ?, unclear risk of bias.

Figure 2  Summary of risk of bias in included studies examining 
sideline screening.
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SAC has been reported sparsely.’ Conversely, in contrast to the 
current findings, Galetta31and King32 concluded that the KD 
test can successfully identify SRC on the sideline. This diver-
gent opinion is explained by the absence of any risk of bias 

assessment for constituent studies included in their reviews, 
resulting in the KD test being interpreted as having high sensi-
tivity and specificity whereas the quality of evidence presented 
did not justify this.

Figure 3  Diagnostic accuracy of sideline screening tests for suspected sports-related concussion. 
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Implications for research
There is an absence of valid research confirming the diagnostic 
accuracy and impact on improving outcomes of currently used 
sideline screening tests. Adequately powered diagnostic accuracy 
studies are therefore recommended that enrol a representative 
sample of athletes with suspected concussion following non-trivial 
head impact events. Ideally, once the diagnostic accuracy and 
optimal threshold of sideline tests have been confirmed, compar-
ative effectiveness studies would investigate whether important 
outcomes are improved. Further research is also recommended 
to investigate the impact of integrated head injury assessment 
protocols and sideline video review for the evaluation of head 
impact events. Further research could usefully examine novel 
sideline screening tests such as reaction times, or investigate the 
utility of tablet software applications as an adjunct to sideline 
concussion screening.

Review limitations
There are a number of potential methodological weaknesses 
which could limit the validity of this systematic review. Because of 
time constraints, hand searching of journals and conference 
proceedings was not performed and regional bibliographic data-
bases were not included raising the potential for publication bias. 
Decisions on study relevance, information gathering and validity 
were unblinded and potentially could have been influenced by 
preformed opinions. Furthermore, data extraction and risk of 
bias assessment were not performed in duplicate (ie, two truly 
independent reviews), with the second reviewer checking the 
assessment of the first reviewer. Finally, assessment of reference 
standard bias was challenged by the lack of a convincing diag-
nostic gold standard.

Conclusions
Based on this systematic review of the literature, an evidence-
based recommendation for any individual screening test or 
protocol is not possible. The recognition of suspected concus-
sion is therefore best approached using multimodal testing 
guided via expert consensus. The SCAT currently represents 
the most well-established and rigorously developed instrument 
available for sideline assessment. The addition of video review 
could potentially offer a promising approach to improve iden-
tification and evaluation of significant head impact events, and 
a multitime-based concussion evaluation process appears to 

be important to detect delayed onset SRC. The KD test shows 
promise as a sideline screening test but requires adequately 
powered diagnostic accuracy studies which avoid a two-gate 
design with healthy controls, and enrols a representative sample 
of athletes with suspected concussion. Collaboration between 
sporting codes to rationalise multimodal diagnostic sideline 
protocols may help facilitate more efficient application and 
monitoring. Current evidence does not support the use of impact 
sensor systems for real-time concussion screening.
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