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THE WHOLE PIE? MAYBE—
BUT LET’S COMPARE 

APPLES WITH APPLES

Smith and Schneider5 highlight the 
importance of consideration of a full 
spectrum of potential mechanisms un-
derlying whiplash pain. Arguably, few 
would disagree, but there are some in-
consistencies in their argument that re-
quire mention.

Smith and Schneider5 cite clinical pre-
post studies of radiofrequency neurotomy 
to make their case that, presumably, tar-
geting nociception (in this case, from the 
zygapophyseal joints) delivers stronger 
effects on pain and disability than psy-
chological or combined psychological 
and physical interventions. As a basis for 
their argument, they have drawn conclu-
sions from papers with disparate study 
designs, from which conclusions should 
not be drawn. The radiofrequency neu-
rotomy studies3,4 were clinical pre-post 
studies with no control group, no placebo, 
no randomization, no blinding of patients, 
practitioners or assessors taking outcome 
measures, and no prospective published 
protocol or trial registration. The effects 
they note from these studies are within-
treatment effects (change over time). They 
then try to compare these changes (over 
time) to between-treatment effects found 
in randomized clinical trials, including the 
StressModex trial.6 In that high-quality 
trial (Physiotherapy Evidence Database 
scale score [PEDro] of 8/10), physical 
therapist–delivered stress inoculation 
training and exercise were compared to an 
active control treatment of exercise alone. 
Despite Smith and Schneider5 stating that 
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affiliations with or financial involvement 
in any organization or entity with a 
direct financial interest in the subject 
matter or materials discussed in the letter.

RESPONSE

We thank Professor Sterling for her 
interest in our JOSPT Viewpoint. Profes-
sor Sterling noted 2 factors of concern in 
our commentary.9 One involves the ef-
fect sizes demonstrated within patients 
undergoing radiofrequency neurotomy 
when compared to effect sizes demon-
strated between participants undergoing 
rigorously controlled trials. We do not 
disagree that the observational clinical 
studies6-8 we referred to have limitations. 
Importantly, large between-group effect 
sizes have previously been demonstrated 
for cervical radiofrequency neurotomy 
performed in patients with whiplash-

the effect size was small, this is not correct: 
as the blinded analysis showed (and was 
reported), a medium to large between-
treatment effect on the primary outcome 
of pain-related disability was found (Co-
hen’s d = 0.7 immediately after the 6-week 
intervention, 0.52 at 6 months, and 0.66 
at 12 months). They are not the first au-
thors to confuse within- and between-
treatment effects, and this was the topic 
of a recent review by Kamper1 in JOSPT. 
In other words, Smith and Schneider5 are 
comparing apples and oranges in order to 
frame their argument.

Additionally, the authors5 proposed 
that different mechanisms be identified 
and prioritized in individual patients, and 
that these then be targeted. They base this 
argument on the epidemiological causal 
pie models, which are pie charts with each 
component cause as a slice.2 The assump-
tion made by Smith and Schneider5 is that 
predictors identified after whiplash injury 
(eg, posttraumatic stress symptoms, poor 
recovery expectations, higher initial pain) 
are in fact causal contributors to persis-
tent pain and disability, though causation 
has yet to be proven. There is also the dif-
ficulty of extrapolating an epidemiological 
model to individualized patient care. How 
do the authors5 propose to decide which 
discrete factors contribute more than oth-
ers to an individual patient presentation? 
They themselves acknowledge that these 
factors interact, likely in a very complex 
way. A further question would be whether 
these factors are actually discrete. This 
proposal hints back to a time of mind-
body dualism, when physical and psycho-
logical factors were considered as totally 
separate entities. If it existed, such a so-
lution to the extremely complex problem 
of musculoskeletal pain would be utopic; 
however, in our current state of knowl-
edge, it is unrealistic.

Michele Sterling, PhD, MPhty, BPhty, 
FACP

RECOVER Injury Research Centre
The University of Queensland
Herston, Australia
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associated disorder (WAD) within a pla-
cebo-controlled randomized controlled 
trial.3 Cervical radiofrequency neurotomy 
is also supported by systematic reviews2,5 
for those with persistent cervical pain, 
and was the most effective treatment for 
chronic WAD11 in a review of therapeutic 
interventions for WAD. We do not dis-
agree with the methodologic rigor of the 
recent clinical trial performed by Profes-
sor Sterling and colleagues.10 Although 
this study demonstrated a medium to 
large treatment effect, the stress inocu-
lation training and exercise treatment 
group continued to have mild to mod-
erate disability (considering the stan-
dard deviations around the mean Neck 
Disability Index scores) 12 months post 
whiplash injury. Our commentary was 
not a direct comparison of these dispa-
rate treatment approaches. We aimed to 
highlight that different treatments, even 
when performed as rigorously as those 
reported by Sterling et al,10 do not nec-
essarily address the totality of impair-
ments (ie, physical and psychological 
manifestations) in some individuals with 
WAD, providing further support for our 
viewpoint that complex mechanisms are 
involved.

This brings us to Professor Sterling’s 
second concern. In our exploratory pie 
model, we used preinjury1 factors iden-
tified in registry studies and systematic 
reviews of postinjury clinical features12 to 
hypothesize that a range of factors likely 
would need to be addressed to optimize 
recovery at the individual level. We high-
lighted that the component causes for 
each individual are unknown and, as 
such, are not discrete factors. On the con-
trary, they are in opposition to a mind-
body dualism. This approach requires 
health care providers to consider collec-
tion of outcome measures in data sets 
that would allow machine learning/arti-
ficial intelligence to assist with providing 

a solution at the individual level  for those 
with WAD. A recent study demonstrated 
the utility of this approach to identify 
predictive factors for persistent pain in 
rheumatoid arthritis.4 Twenty-one dif-
ferent demographic, patient-rated, and 
clinical factors were evaluated in a regis-
try data set of 288 individuals in Sweden. 
Using these factors, patients could be cor-
rectly assigned to 3 distinct patient sub-
groups (low, moderate, high) with 70% 
accuracy. The authors’ conclusion was 
that “... machine-learning is suited to ex-
tract knowledge from data queried from 
pain and disease related registries.”4

Our contention is that the best pie 
involves a mixture of all ingredients, and 
although the recipe is not quite known 
at this time, the collaborative expertise 
both within our profession and between 
our peers may provide the most satisfying 
outcome for all.

Ashley D. Smith, PT, PhD
School of Allied Health Sciences
Griffith University
Gold Coast, Australi
Cumming School of Medicine
University of Calgary
Calgary, Canadaa

Geoff Schneider, PT, DSc, PhD
Cumming School of Medicine
University of Calgary
Calgary, Canada
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C
oncussion is an injury that affects individuals across the life span 
and across all aspects of activity participation. Over a 5-year 
period, children with a concussion accounted for an estimated 
2.9 million emergency department visits and 1.9 million 

outpatient visits.41 The US Department of Defense estimates that 84% 
of traumatic brain injuries sustained by military service members 
are concussions.16 The Centers for Disease Control and Prevention

of providing assessment and manage-
ment for patients who currently have, or 
who are likely to develop, disabling signs 
and symptoms of a multifaceted bio-
psychosocial nature after a concussive 
event.38 The role of the physical therapist 
in concussion assessment and manage-
ment may vary based on practice setting 
(eg, on the field, outpatient, school), in-
jury mechanism (sport versus nonsport), 
injury acuity (acute versus chronic symp-
toms), availability of other disciplines on 
the concussion management team (eg, 
athletic trainers, physicians, neuropsy-
chologists), and the defined roles of in-
terdisciplinary team members.

Research supports physical therapy 
interventions for patients with persistent 
symptoms after concussion.2,26,31,51,54 Con-
sistent with the paradigm shift toward 
endorsing active rehabilitation strategies 
for concussion, active and early physical 
therapy interventions or exercise are safe, 
feasible, and may be effective.35,50,53 How-
ever, evidence regarding the ideal timing 
to initiate therapy, dosing parameters, 
and prioritization approaches in patients 
with overlapping impairments is limited. 
Because patients with concussion exhibit 
heterogeneous impairments and varia-
tions in the acuity and severity of post-

UU SYNOPSIS: Concussions are a public health 
concern that affects individuals across the life 
span. The multifaceted effects of concussion 
warrant an interdisciplinary management strategy 
that may include physical therapy. However, 
physical therapists may feel underprepared for 
clinical decision making following a concussive 
event. We propose a new treatment-based profiling 
model to help physical therapists manage patients 
following a concussive event. This profiling model, 
based on symptom type and intensity, disability 

status, and response to movement, prioritizes 
treatment emphasis on (1) symptom manage-
ment, (2) movement system optimization, or (3) 
performance optimization. We consider contextual 
factors that modify treatment decision making and 
present examples of each treatment-based profile. 
J Orthop Sports Phys Ther 2019;49(11):829-841. 
doi:10.2519/jospt.2019.8869

UU KEY WORDS: concussion, mTBI, physical 
therapy, whiplash
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A Treatment-Based Profiling Model 
for Physical Therapy Management of 

Patients Following a Concussive Event

reported a significant increase in the 
number of fall-related traumatic brain 
injuries in older adults.58 There are ap-
proximately 3.8 million sports and rec-
reation–related concussions occurring in 
the United States every year.33

In a recent survey of clinical practice 
patterns, one third of physical thera-
pists reported that concussions in the 
majority of their patients were caused 
by non–sport-related mechanisms (eg, 
fall, motor vehicle crash, assault).65 The 

same survey noted that physical thera-
pists care for patients with concussion 
in a variety of settings, including acute 
care, inpatient rehabilitation, outpatient 
clinics, and schools. The timing between 
concussions and the initiation of physi-
cal therapy varied between patients and 
ranged from less than 48 hours to greater 
than 3 weeks.65

The physical therapist is a key mem-
ber of the interdisciplinary concussion 
management team, with a primary role 
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concussion symptoms,65 a comprehensive 
model of assessment and treatment is 
warranted. In a comprehensive model of 
assessment and treatment, physical ther-
apists recognize that some patients may 
require medical management and some 
patients may be amenable to self-care 
management (TABLE 1). Physical therapists 
also recognize that some patients may ex-
hibit postconcussive symptoms despite 
the lack of a formal concussion diagnosis.

This clinical commentary suggests a 
model to support the design and deliv-
ery of physical therapy interventions for 
patients following a concussive event by 
prioritizing the treatment emphasis to 
one of the following: symptom manage-
ment, movement system optimization, or 
performance optimization. The proposed 
treatment-based profiling model consid-
ers a variety of assessment domains and 
is presented using exemplary cases. We 
intend our model to provide general 
guidance to physical therapists caring 
for patients following a concussive event. 
Although the domains proposed in this 
model transcend practice patterns and 
can be applied in a variety of settings, the 
model should not be interpreted as en-
compassing all proper methods of care. 
We recognize that standards of care are 

subject to change as scientific knowledge 
advances and patterns of care evolve. 
Therefore, we encourage physical thera-
pists to integrate the proposed model 
with other acceptable methods of care 
aimed at achieving the same outcomes.

LIMITATIONS OF 
CURRENT CONCUSSION 
MANAGEMENT STRATEGIES

I
n this section, we outline 6 limita-
tions of concussion management strat-
egies that are relevant to physical 

therapists involved in concussion man-
agement. We then propose some strate-
gies that may help physical therapists be 
more effective in managing patients with 
concussion.

Focusing on the Concussion Diagnosis at 
the Expense of Assessing the Concussive 
Event’s Effects on Multiple Body Systems
Many concussion management ap-
proaches emphasize the need to deter-
mine a medical diagnosis of concussion. 
However, the diagnosis of concussion re-
mains a clinical diagnosis, with minimum 
diagnostic criteria that may not cover the 
spectrum of impairments experienced by 
all patients after a concussive event. The 

advantage of a patient carrying the diag-
nosis of concussion is that the diagnosis 
is a common trigger for a more thorough 
evaluation. However, exclusive of sideline 
and emergent management of concus-
sion, when identifying serious and life-
threatening impairments is paramount, 
the drawback of some management mod-
els is a specific focus on the concussion 
diagnosis as a brain injury and a potential 
underappreciation of the multisystem ef-
fects (eg, sensorimotor, vestibulo-ocular, 
cervicogenic) that can result from a con-
cussive event.19,26,34

Patients with concussion may present 
with impairments to the cervicogenic, 
sensorimotor, and vestibulo-ocular sys-
tems.10,15,20,42 For this reason, it is impor-
tant not to forget about the event that 
resulted in the injury. We encourage 
physical therapists to view the concussive 
event as a biomechanical traumatic inci-
dent that may result in multisystem stress 
that is further influenced by individual 
personal and contextual factors specific 
to each patient. This reconceptualization 
recognizes that the clinical manifesta-
tions of a concussive event occur when in-
teractions between multisystem stresses, 
individual vulnerabilities, and environ-
mental demands exceed a threshold spe-
cific to that person. Expanding the focus 
from the brain injury alone encourages 
the clinician to consider the multisystem 
nature of impairments occurring from 
the biomechanical event, while consid-
ering dynamic individual vulnerabilities 
and environmental demands, even in the 
absence of formal concussion diagno-
sis. Focusing on the concussive event is 
analogous to considering whiplash from 
a motor vehicle crash as an event rather 
than a diagnosis.

Anatomy and Pathology Do Not Always 
Directly Relate to Concussion Symptoms
Current concussion management strate-
gies often emphasize a diagnosis based on 
pathoanatomy,15,32 increasing the possibil-
ity of conflating pathology in a body struc-
ture with symptom severity. Current tests 
for pathology do not always accurately 

TABLE 1
Considerations for Physical Therapists 

Participating in Concussion Management

•	 Recognize that some patients require medical management following a concussive event
-	 Red flags (eg, worsening headaches, repeated vomiting, cervical spine ligamentous instability)9,40,42

-	 Comorbidities (eg, previous concussion history, migraine, depression, attention deficit hyperactivity disorder, 
sleep disorders)9

-	 Patients required to seek medical management because of legislative oversight (eg, adolescents in the United 
States sustaining a sport-related concussion)9

•	 Recognize that some patients may be amenable to self-care management following a concussive event (eg, low 
levels of contextual distress, no or controlled comorbidities)

•	 Recognize that the categories of medical management, physical therapy management, or self-care management are 
not mutually exclusive; they are intended to help you conceptualize whether the patient is appropriate for physical 
therapy

•	 Recognize that physical therapy can be combined with medical management for some postconcussive effects (eg, 
affective/mood effects, cognitive effects, migraine symptoms, oculomotor deficits), or with self-care management of 
some postconcussive effects (eg, fatigue, sleep disturbance)

•	 Recognize the constantly evolving nature of the multifaceted effects of a concussive event and the recommended 
best practices for management of patients following a concussive event

•	 Be familiar with clinical practice guidelines25,37,40,46,47 and consensus statements9,42 that outline the effects of injury and 
recommended interventions. These guidelines provide an overall understanding of the interdisciplinary landscape of 
concussion care, and following them will likely improve patient-centered outcomes
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identify the source of signs and symptoms. 
If physical therapists can classify patients 
according to the interventions most likely 
to improve symptoms and function, they 
may be more efficient at developing and 
delivering personalized, targeted, high-
quality care.1,12,13,17,21-23,61

Different People Have Different 
Symptoms Following a Concussive Event
People respond differently after sustain-
ing a concussive event. One-size-fits-all 
recommendations for return to activ-
ity are inappropriate, especially when 
initiated after watchful waiting for self-
resolution of symptoms.43 Being proac-
tive and using a profiling model to target 
ongoing symptoms and impairments 
may help clinicians in providing targeted 
therapy interventions.15,20 In addition, it 
is essential to recognize that many pa-
tients sustain injuries to multiple systems 
after a concussive event and present with 
a variety of overlapping impairments, 
each of which warrants identification 
(FIGURE 1). This will help the clinician to 
prioritize interventions that target pri-
mary, secondary, and tertiary sources of 
symptoms.26,29,38

Different People Recover 
at Different Rates
Normal clinical recovery is often charac-
terized using a time-based approach.42 
The most recent consensus statement 
on concussion in sport describes normal 
recovery as recovery occurring within 14 
days in adults and within 4 weeks in chil-
dren.42 However, these time frames have 
not been systematically studied across 
the life span (eg, very young children, 
middle-aged or older adults) and mecha-
nisms of injury (eg, non–sport-related 
injuries), and may not apply to patients 
who have signs of impairment in various 
systems. Because recovery is often based 
on patient-reported outcomes, the influ-
ence of contextual factors may also play an 
important role in how a patient perceives 
and reports symptoms. We encourage a 
criterion-based model that uses a staging 
process to help the physical therapist and 

patient prioritize interventions. Symptom 
status, disability status, and response to 
movement are criteria that may guide pro-
gression. A criterion-based model applies 
to the diversity of physical therapy prac-
tice settings in which patients are seen by 
a physical therapist, at time points rang-
ing from less than 48 hours to 3 weeks or 
more following concussion.65

The Role of Contextual Factors 
in Recovery From Concussion 
Requires More Attention
Existing concussion literature varies in 
its recognition of the role that contextual 
factors play in recovery.15,20 Although con-
textual factors affecting the recovery from 
concussion include social factors,49,52,55 
cognitive factors,5,55 psychological fac-
tors,18,55 and factors related to general 
health and lifestyle,49,55 existing models 
have mainly focused on a subset of psy-
chological vulnerabilities (eg, anxiety, 
depression) and concussion recovery,15,55 
without much emphasis on other con-
textual factors. Contextual factors can 
play a protective role (ie, resilience) that 
facilitates recovery or a provocative role 
(ie, vulnerability) that negatively affects 
recovery from concussion (TABLE 2). How-
ever, current considerations of contextual 
factors are focused on provocative factors.

Many proposed concussion man-
agement strategies do not specifically 
address how the presence of various pro-

tective and provocative recovery factors 
can change the management of the indi-
vidual patient. Our profiling model pro-
poses a greater integration of the role of 
contextual factors in the clinical decision-
making process.

Self-management Has an 
Underrecognized Role
We postulate that it is possible for an 
individual with low levels of contextual 
distress, who has no comorbidities or 
controlled comorbidities, to sustain a 
concussive event and not develop dis-
abling symptoms that warrant medical 
and/or rehabilitation interventions. For 
these patients, self-management strate-
gies that focus on education about favor-
able prognosis of nondisabling symptoms 
and progressive return to activities may 
be particularly beneficial. Some patients 
may successfully recover from concussive 
events without participating in physical 
therapy.

TREATMENT-BASED 
PROFILING MODEL OF 
PHYSICAL THERAPY 
MANAGEMENT

I
n this section, we outline a profil-
ing model of physical therapy man-
agement that is based on treatment 

provision (ie, treatment based). Our profil-
ing model highlights the role of contextual  

Complexity of various overlapping impairment patterns

VO

VO

VO

VO

VO

VO

CM

CM

CM

CM

CM

CM

FM

ET

FM

FM
FM

FM

ET

ET

ET

ET

ET

FIGURE 1. A visual representation of the possibility of various overlapping combinations of impairments. 
Abbreviations: CM, cervical musculoskeletal; ET, exercise tolerance; FM, functional mobility; VO, vestibulo-ocular.
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factors in recovery, and we provide ex-
emplary patient cases. Our model priori-
tizes the treatment emphasis of physical 
therapy management into 3 profiles: (1) 
symptom management, (2) movement 
system optimization, or (3) performance 
optimization (FIGURE 2) by triangulating 
information obtained from 3 evaluation 
domains: symptom status, disability sta-
tus, and response to movement (FIGURE 3). 
The interaction of profiles and evaluation 
domains dictates the needs of an individ-
ual patient and tailored care.

Evaluation Domains Used in the 
Treatment-Based Profiling Model
Symptom Status  Complete a compre-
hensive evaluation of number, severity, 
onset, clustering, and triggers of self-re-
ported symptoms through the following.
•	 Use a postconcussion symptom check-

list, such as the Sport Concussion As-
sessment Tool symptom checklist,56 
Post-Concussion Symptom Scale,36 or 

Neurobehavioral Symptom Invento-
ry,14 to quantify the following metrics.
-	 Total symptom score: the sum-

mation severity of all queried 
symptoms

-	 Positive Symptom Total: the num-
ber of experienced symptoms, re-
gardless of intensity44

-	 Global Severity Index: the severity 
of endorsed symptoms, controlling 
for the total number of queried 
symptoms44 (total symptom score/
number of queried symptoms)

-	 Positive Symptom Distress Index: 
the severity of endorsed symptoms, 
controlling for the total number of 
endorsed symptoms44 (total symp-
tom score/Positive Symptom Total)

•	 Divide symptom constellation into 
clusters such as cognitive, physical, 
emotional, or sleep constructs

•	 Gather information related to the 
common triggers for exacerbation of 
reported symptoms

•	 Evaluate symptom loading on possible 
sources of impairments (eg, vestibu-
lar, oculomotor, and cervical) and con-
sider alternative self-report measures 
that probe these areas more in depth, 
rather than a more generic symptom 
scale, when signs and symptoms are 
in line with particular systems

•	 Evaluate whether currently reported 
symptoms preceded the concus-
sive event. If symptoms were pres-
ent before, then evaluate changes in 
frequency, severity, and triggers of 
symptoms since the concussive event

Disability Status  Complete a compre-
hensive evaluation of perceived disability 
related to various aspects of movement-
related postconcussive effects. Because 
concussive events can result in a hetero-
geneous presentation of signs, symptoms, 
and functional deficits, assessment of 
perceived disability cannot be achieved 
using a particular measure for all pa-
tients. Perceived disability can be evalu-
ated by triangulating information from 
multiple outcome measures. Below, we 
list examples of outcome measures that 
could be used by physical therapists to 
characterize perceived disability. The list 
is intended to provide examples and is 
not all inclusive. We encourage physical 
therapists to consider the limitations of 
each of the measurements in their inter-
pretation of its results.
•	 Child self-report Pediatric Quality of 

Life Inventory59

•	 Perceived Quality of Life Scale48

•	 Dizziness Handicap Inventory28

•	 Neck Disability Index60

•	 Convergence Insufficiency Symptom 
Survey8

•	 Barrow Neurological Institute Fatigue 
Scale62

•	 Patient-Specific Functional Scale57

•	 Headache Impact Test-66

•	 Patient Health Questionnaire-930

•	 The Posttraumatic Stress Disorder 
Checklist7

Response to Movement  Complete a 
symptom-guided physical examination 
to quantify the response to movement 
and to identify movement system deficits. 

TABLE 2
Protective and Provocative 

Contextual Factors That May Affect 
Recovery After Concussion

Dimension Protective/Resilience Factors Provocative/Vulnerability Factors

Social49,52,55 •	 High socioeconomic status
•	 Supportive family, work, or team relationship
•	 Financial security
•	 Educational attainment

•	 Low socioeconomic status
•	 Poor family dynamic, negative work or team 

relationship
•	 Ongoing litigations, entitlement, perceived 

injustice
•	 Low educational level

Cognitive5,55 •	 High self-efficacy
•	 Cognitive flexibility
•	 Mindfulness
•	 Positive beliefs
•	 Strong academic performance

•	 Low self-efficacy
•	 Catastrophizing behaviors
•	 Stigmatization, maladaptive coping, hyper-

vigilance
•	 Negative beliefs
•	 Poor academic performance

Psychological18,55 •	 Equanimity, perseverance, self-reliance
•	 Meaningfulness
•	 Existential aloneness, high self-reliance
•	 Resilience18

•	 Depression
•	 Anxiety, fear
•	 High levels of stress, frustration, worry, grief
•	 Lack of resilience

General health49 •	 Lack of comorbid health conditions
•	 Lack of a past history of concussion, 

migraine, dizziness, falls

•	 Comorbid health problems such as chronic 
pain, chronic migraine, fatigue

•	 Past history of concussion, migraine, dizzi-
ness, falls

Lifestyle49,55 •	 Physically active
•	 Good sleep hygiene
•	 Good conditioning, tolerant of progressive 

physical loading

•	 Sedentary behaviors
•	 Poor sleep hygiene
•	 Deconditioning, unpredictable response to 

physical loading
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The scope and the extent of the physical 
examination are dictated by symptom 
exacerbation and perceived disability 
status and can include eye movement, 
head movement, neck movement, full-
body movement, and/or visual-field 
movement.

The goal of the physical exam is to 
quantify the patient’s response to move-
ment and to identify movement system 
deficits. Physical examination requires 
a thorough understanding of the hu-
man movement system, defined as “the 
collection of systems (cardiovascular, 
pulmonary, endocrine, integumentary, 
nervous, and musculoskeletal) that 
interact to move the body or its com-
ponent parts.”4 A movement system 
deficit can be attributed to insufficien-
cies in one or more systems. Therefore, 
a thorough physical examination is war-
ranted, with particular emphasis on the 
systems contributing to the observed 
movement-specific deficit. Our profil-
ing model avoids relying on identifying 
a pathoanatomical source of the deficits 
in favor of identifying signs associated 
with various systems contributing to the 
overall movement deficit.

Although the physical therapist will 
conduct the physical examination to 
quantify the patient’s response to move-
ment, the scope and extent of the physi-
cal examination can be modified based 
on the patient’s symptom status and dis-
ability levels. The concept of irritability is 
useful here.39 We use the term irritability 
in the context of the patient’s response to 
movement, as opposed to an emotional 
state often associated with an injury suf-
fered in a concussive event. Movement 
response irritability considers the vigor 
of the movement required to reproduce 
the patient’s symptoms, the frequency of 
symptom provocation, the severity of the 
symptoms once provoked, how quickly 
the symptoms are provoked, which fac-
tors ease the symptoms, how much they 
reduce, and the time it takes for the 
symptoms to resolve. We propose the fol-
lowing terms to describe the response to 
movement after completion of the physi-

cal examination: volatile, stable, and con-
trolled responses.

The response to physical examination 
in patients with a severe symptom rating 
and high levels of perceived disability is 

volatile—characterized by exacerbation 
of symptoms with movement, regard-
less of the type, direction, and exertional 
demands of the movement. Patients with 
a severe symptom rating and high levels 

Disability rating

Response to 
movement

Treatment-based
profile

Moderate to high

High

Volatile

Symptom 
management

Mild to moderate

Moderate

Stable

Movement system
optimization

None to mild

Low

Controlled

Performance 
optimization

Symptom rating

Medical 
management

Physical therapy
management

Self-care
management

Determine 
physical therapy
appropriateness

Assign to 
a profile

Concussive event

FIGURE 2. An overview of the proposed treatment-based profiling model.

Disability ratingResponse to movement

Symptom rating

Symptom management
Movement system optimization
Performance optimization

Low
Moderate

High

Controlled
Stable

Volatile

M
ild

M
oderate

Severe

Examples
• Eye movement
• Head movement
• Neck movement
• Full-body movement

Examples
• Total symptom score
• Positive Symptom Total
• Global Severity Index
• Positive Symptom Distress Index

Examples
• Child self-report Pediatric 

Quality of Life Inventory
• Perceived Quality of Life Scale
• Dizziness Handicap 

Inventory
• Neck Disability Index
• Convergence Insu�ciency 

Symptom Survey
• Barrow Neurological Institute 

Fatigue Scale

FIGURE 3. Evaluation domains used to assign patients to a treatment-based profile.
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of perceived disability can be assessed 
using a limited physical examination 
that mainly focuses on understanding 
symptom provocation and alleviation 
behaviors resulting from movement, 
rather than attempting to quantify spe-
cific movement deficits. The goal of the 
examination is to inform intervention 
choices that are mainly directed toward 
education, symptom management, and 
progressive resumption of activities.

The response to physical examination 
in patients with a moderate symptom 
rating and a moderate disability rating is 
more stable, characterized by exacerbation 
of symptoms after only a few movement 
triggers, with clear provoking and allevi-
ating behaviors. Patients with moderate 
symptom and disability ratings can be ex-
amined using core standardized tasks per-
tinent to activities from their typical daily 
routine to quantify movement patterns 
and impairments. The goal of examination 
is to identify the source of movement sys-
tem deficits (eg, cardiovascular, nervous, 
and musculoskeletal), which will help tai-
lor the intervention strategy.

The response to physical examination 
in patients with low levels of symptoms 
and low levels of perceived disability 
is a controlled response, characterized 
by lack of symptom exacerbation or by 
transient exacerbation of symptoms only 
after sustained exertion. In patients with 
a mild symptom rating and low per-
ceived disability, consider the demands 
of sustained performance upon return 
to work, school, sport, or military duty, 
and plan the physical examination ac-
cordingly. The goal of the examination is 
to identify patient-specific performance 
deficits and to guide progressive return 
to performance. New technologies such 
as wearables, telehealth, and virtual and 
augmented reality might help to bridge 
the gap between the clinical environment 
and the patient’s environment.

Treatment-Based Profiles
Based on triangulating information re-
lated to symptom rating, disability rating, 
and response to movement, we prioritize 

treatment emphasis into symptom man-
agement, movement system optimiza-
tion, or performance optimization.
Symptom Management  The symptom 
management profile can be used in 
patients who have experienced a con-
cussive event and are currently exhibit-
ing significant symptomatic features. 
Patients prioritized for the symptom 
management profile may present with 
a moderate to high symptom status, a 
high rating of perceived disability, and 
volatile or unpredictable nonspecific re-
sponses to movement where symptoms 
are aggravated, even in the absence of 
specific movement triggers. Patients may 
also have a high level of movement re-
sponse irritability—a low tolerance for a 
movement-based clinical examination. 
Consequently, the scope and findings of 
an initial movement-based clinical exam 
may be limited due to the volatile and 
unpredictable response to movement. Pa-
tients profiled as symptom management 
may avoid environments with high sen-
sory stimuli (eg, malls, schools, gyms, big 
crowds) and present with highly guarded 
movement patterns.

Patients prioritized for the symptom 
management profile may benefit most 
from interventions that emphasize effec-
tive symptom management and symp-
tom-guided progressive resumption of 
activities. Individualized patient edu-
cation for symptom management may 
emphasize reassurance that (1) the symp-
toms experienced are common and to be 
expected following a concussive event, 
(2) full recovery is expected in the ma-
jority of patients, and (3) occasional mild 
to moderate exacerbation of symptoms 
is expected and does not indicate harm 
to the brain or other systems. Education 
related to resumption of activities may 
emphasize that (1) return to activities 
is important but should be gradual and 
begin with resumption of daily activities; 
(2) mild but transient increases in symp-
toms are expected when returning to ac-
tivities, although significant or prolonged 
exacerbation of symptoms is not condu-
cive to recovery; and (3) environmental 

accommodations for work or school can 
facilitate gradual resumption of activities.

Patients may receive multimodal 
physical therapy interventions to address 
specific symptoms (eg, neck pain, dizzi-
ness, and headache). These interventions 
may include subsymptom threshold ex-
ercises directed toward habituation. For 
example, a patient experiencing moder-
ate to severe neck pain may have an early 
goal to reduce the frequency and inten-
sity of the pain, as opposed to aggres-
sively trying to improve range of motion. 
Similarly, for a patient with moderate to 
severe dizziness, the goal may be to re-
duce the frequency and intensity of diz-
ziness through habituation exercises, as 
opposed to improving gaze stability via 
gaze stabilization exercises that may be 
appropriate at later stages (FIGURE 4). The 
patient’s movement, function, and activ-
ity tolerance, with a gradual increase in 
intensity guided by the physical therapist 
and based on symptom response, should 
be assessed. As the patient at this stage 
improves, movement system optimiza-
tion may be appropriate.
Movement System Optimization  Pa-
tients who have mild-to-moderate 
symptoms and moderate disability that 
interferes with activities of daily living 
may be prioritized for the movement 
system optimization profile. These pa-
tients tend to have a more delineated 
and specific symptom profile: specific 
movements may trigger mild-to-moder-
ate exacerbation of a limited number of 
symptoms, with a lower movement re-
sponse irritability and return to baseline 
status shortly after the movement is com-
pleted. Specific movements or activities 
may modulate the symptoms of patients 
in this group. For example, a patient may 
have mild dizziness throughout the day 
that is exacerbated with simultaneous 
movement of the head and eyes but re-
solves to a mild level soon after head and 
eye movement stops.

Patients prioritized to this treatment 
profile require education focused on 
specific movements and activities that 
provoke their symptoms. Education may 
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emphasize that a mild-to-moderate ex-
acerbation of symptoms with specific 
movement is to be expected, and reas-
sure the patient that once exacerbated, 
the symptoms will resolve relatively 
quickly, and that symptom provocation 
is not harmful. An increase in symptoms 
is sometimes needed to promote recovery 
via habituation. For example, in a patient 
with mild-to-moderate levels of dizziness 
and reduced gaze stability, gaze stability 
exercises such as vestibulo-ocular reflex 
pattern 1 can be prescribed at an intensity 
appropriate to cause a mild and transient 
increase in dizziness.3

Multimodal treatment strategies 
may also be used to address deficits in 
one or more of the systems required 
for effective and efficient human move-
ment. Examples of interventions include 
manual therapy for the cervical spine 
and exercises (aerobic, eye-head coor-
dination, habituation, range of motion, 
strength, sensorimotor, or balance). Re-
sumption of daily activities may identify 
more challenging situations that provoke 
symptoms. Careful assessment of those 
situations to identify specific provocative 
factors will facilitate a tailored and pro-
gressive plan of care (FIGURE 4).
Performance Optimization  The perfor-
mance optimization treatment emphasis 
profile may be most appropriate for pa-
tients who are relatively asymptomatic 
at rest and with activities of daily living 
but who need to be asymptomatic at 
higher levels of physical performance 
(eg, athletes, military personnel). These 
patients exhibit performance deficits 
with sustained exertion that can occur 
with or without symptom re-emergence. 
An athlete may no longer have dizziness 
at rest, during activities of daily living, or 
during routine exercises. However, the 
athlete’s speed and power are impaired 
after sustained exertion upon return to 
sport, with or without re-emergence of 
symptoms.

Interventions would maximize the pa-
tient’s physical performance at higher lev-
els of sustained physical exertion (FIGURE 

4). Patients who have recently sustained 

a concussive event are at greater risk of 
subsequent injuries.11,24,27,45 Matching 
patients to a performance optimization 
profile may reduce the risk of subsequent 
injuries following a concussive event. Al-
though addressing specific impairments, 
such as mobility and strength, may 
continue to play a role in treatment for 
patients in this profile, targeted interven-
tions mainly consist of multidirectional 
sport- or work-specific activities. Train-
ing parameters may emphasize progres-
sive loading and incremental increases in 
complexity of integrating simultaneous 
use of multiple systems. These param-
eters require mapping of the frequency, 
intensity, time, and type of given exercises 
to the specific demands required for the 
patient to return to peak performance 
status.

Considerations for Application 
of the Proposed Treatment-
Based Profiling Model
Patients presenting to physical therapy 
following a concussive event may have 
coexisting impairments related to symp-

toms, movement system deficits, and 
performance deficits. However, the rela-
tive contribution of these deficits to the 
overall clinical presentation can vary, 
which is the rationale for prioritizing 
the treatment emphasis. As the patient’s 
clinical status changes, treatment priori-
ties should be updated to reflect changes 
in the relative contribution of symptoms, 
movement system deficits, and perfor-
mance deficits to the overall clinical pre-
sentation. For example, a patient who is 
initially treated with interventions con-
sistent with a movement system optimi-
zation profile due to moderate levels of 
symptoms and disability can move on to 
performance optimization interventions 
(FIGURE 4). A patient who initially receives 
treatments consistent with a movement 
system optimization profile might shift to 
receive more interventions for symptom 
management if his or her status deterio-
rates, while continuing treatment in the 
movement system category.

While there are many potential 
treatment options within each of the 3 
treatment-based profiles, appropriate 

Symptom 
management

Movement system
optimization

• Specific conditioning 
(eg, work, sport, active 
duty)

• Functional activity 
training

• Exercise (eg, gaze 
stability, ocular 
alignment and control, 
aerobic, postural 
stability, sensorimotor

• Individualized visual 
motion habituation

• Mobility and postural 
control normalization

• Management of 
symptoms (eg, neck 
pain, headache, 
dizziness)

• Education (eg, active 
rest and progressive 
resumption of 
activities, symptom 
management, 
reassurance)

• Subsymptom 
threshold exercises (ie, 
low-level habituation)

Performance 
optimization

Timeline to Recovery

Intervention Priorities and Approaches

Outcome modifiers
• Protective/resilience factors
• Provocative/vulnerability factors

• Exercise (eg, gaze 
stability, ocular 
alignment and control, 
aerobic, postural 
stability, sensorimotor)

• Individualized visual 
motion habituation

• Mobility and postural 
control normalization

FIGURE 4. An overview of recovery timelines, intervention priorities, and approaches for patients in various profiles.
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prioritization and sequencing of interven-
tions must be considered. For instance, a 
patient treated with movement system 
optimization to address gaze stability 
and cervical mobility impairments may 
benefit from addressing cervical mobility 
and pain first,54 given that full pain-free 
cervical range of motion is required for 
effective gaze stability training, and that 
gaze stability exercises may exacerbate 
cervical pain.

Application of Our Treatment-
Based Profiling Model and 
Integration of Protective and 
Provocative Contextual Factors
We encourage physical therapists to 
adopt a practice model that goes beyond 
physical impairments and a treatment 
philosophy that incorporates protec-
tive and provocative contextual factors 
into patient management. Underpin-
ning a context-informed practice model 
are factors identified at the individual 
level using patient-centered interview-
ing methods. These factors are then 
addressed through therapist reinforce-
ment and delivery of context-informed 

interventions focused on education and 
behavioral change.64 In TABLE 3, we pre
sent exemplary cases to illustrate how 
to apply our model. We also illustrate 
how to incorporate protective and pro-
vocative contextual factors into patient 
management.

CONCLUSION

W
e presented a treatment-
based profiling model for patients 
following a concussive event that 

addresses the limitations of existing strat-
egies in directing the clinical decision-
making process. Our model recognizes 
the concussive event as the presenting 
problem, resulting in physiological and 
psychological responses to what should 
be considered a tissue-based and stress-
based interaction. The response to this 
traumatic event will be modulated by 
coexisting biological, psychological, and 
contextual factors, leading to a complex 
clinical presentation and a multidimen-
sional recovery process. The proposed 
profiling model avoids the challenge of 
identifying the pathoanatomical cause 

of symptoms, although observable signs 
of impairment are important to iden-
tify system involvement. Self-reported 
symptoms and disability and response 
to movement facilitate treatment-based 
profiles. Because risk factors are context 
and person dependent, we recommend 
that physical therapists embrace a con-
text-informed practice approach, using 
risk identification practices to inform 
clinical decision making and treatment 
choices.

Perspectives on Future 
Research Directions
Research investigating rehabilitation in-
terventions following a concussive event 
is in its infancy. There is an opportunity 
to structure research priorities and ap-
proaches to avoid common challenges 
that have hampered successful advance-
ment of physical therapy practice across 
multiple diagnoses (eg, whiplash-asso-
ciated disorders,63 low back pain22). The 
challenge for clinicians and researchers 
working with patients following a concus-
sive event is not merely to find out which 
treatment will work; it is the concep-

	

TABLE 3 Application of the Proposed Profiling Model Using Exemplary Cases

Case 1 Case 2 Case 3

History •	 A 32-year-old woman with a chief complaint of 
headache (4/10) and neck pain (3/10). She is a 
data analyst who sustained a concussive event 
after slipping on ice 2 wk prior

•	 She did not lose consciousness or memory. She 
was transferred to the emergency department and 
was diagnosed with possible concussion. Imaging 
findings were unremarkable

•	 She was advised to rest and follow up with her 
primary care provider if her symptoms continued 
to persist after 1 wk

•	 She followed up with her primary care physician, 
who referred her for physical therapy

•	 Her job requires long hours working at a computer. 
She is unable to work more than a few hours at a 
time

•	 She is a single mother of 2 children, aged 3 y and 1 y

•	 An 18-year-old man with a chief complaint of 
dizziness (3/10) and headache (4/10). He is a high 
school student-athlete on the varsity basketball 
team. A week prior, he sustained a concussive 
event after being elbowed during a basketball 
game

•	 He was diagnosed on the sideline by the school 
athletic trainer and was referred to a concussion 
clinic

•	 After being evaluated by a sport neurologist, he 
was referred for physical therapy

•	 He reported having had 2 concussions prior to this 
one

•	 A 22-year-old female college student with chief 
complaints of fatigue (2/10), feeling nervous 
(2/10), and headache (2/10)

•	 She is an undergraduate student who plays in a 
soccer club at college

•	 She sustained a concussive event 2 wk ago after 
she hit her head against a bookshelf while studying 
at the library

•	 She developed symptoms during the next few 
days that included headache, sleep problems, and 
fatigue

•	 She was seen at the student health center on 
campus and was advised to follow up with a 
tertiary concussion clinic at an academic medical 
center affiliated with her college, but had not been 
seen yet due to lack of available times that do not 
conflict with her class/practice schedule

•	 She was seen by a physical therapist during a well-
ness and performance clinic available for students 
participating in club sports

Table continues on page 837.
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TABLE 3 Application of the Proposed Profiling Model Using Exemplary Cases (continued)

Case 1 Case 2 Case 3

Symptom 
rating

•	 Total symptom score: 60/132
•	 Symptom clusters*

-	 PST: 18
-	 GSI: 60/22 = 2.7
-	 PSDI: 60/18 = 3.3
-	 No clear symptom-clustering pattern and no 

clear association with specific pathoanatomical 
sources

•	 Aggravating factors: symptoms are exacerbated by 
any movement and by working on her computer

•	 Severity
-	 Headache, 4/10
-	 Neck pain, 3/10

•	 Irritability: headache and neck pain can worsen to 
9/10

•	 Alleviating factors: headache is reduced to moder-
ate levels after a few hours by wearing sunglasses, 
staying at home, and sleeping
-	 Headache and neck pain can be reduced to 

1/10 after a good night of sleep
•	 Pre-existing conditions: she reports a pre-existing 

history of neck pain and migraine headache. 
However, this headache is different and is located 
“behind the eyes”

•	 Total symptom score: 60/132
•	 Symptom clusters*

-	 PST: 9
-	 GSI: 60/22 = 2.7
-	 PSDI: 98/9 = 10.9
-	 Possible clustering of symptoms into physical 

and cognitive clusters: he reports headache, 
dizziness, blurred vision, double vision, sensitiv-
ity to light, feeling slowed down, feeling like 
being in a fog, difficulty concentrating, difficulty 
remembering, and “don’t feel right”

•	 Aggravating factors
-	 Headaches: walking the school hallway, eating 

in the cafeteria, and worse toward the end of the 
school day

-	 Dizziness: busy visual environment, lots of head 
movements

•	 Severity
-	 Headache, 4/10
-	 Dizziness, 3/10

•	 Irritability: headache can gradually worsen to 7/10 but 
only occasionally reaches this level. Dizziness can 
worsen to 7/10 but quickly reduces if he stops moving 
his head or visual environment is stabilized

•	 Alleviating factors: headache is reduced with over-
the-counter medications. Dizziness is reduced to 
mild levels on nonschool days and in the morning

•	 Pre-existing conditions: no pre-existing symptoms

•	 Total symptom score: 6/132
•	 Symptom clusters*

-	 PST: 3
-	 GSI: 6/22 = 0.27
-	 PSDI: 6/3 = 2
-	 She reports headache and feeling nervous
-	 No clear clustering

•	 Aggravating factors: no clear symptom exacerba-
tion triggers or relieving factors

•	 Severity
-	 Headache, 2/10
-	 Feeling nervous, 2/10
-	 Fatigue, 2/10

•	 Irritability: headache can worsen to 5/10 after 
prolonged practices and in games. Feeling nervous 
can worsen to 4/10 during games. Fatigue can 
worsen to 7/10 after games

•	 Alleviating factors: headache, feeling nervous, and 
fatigue are reduced to minimal by taking breaks 
during practices or by being replaced during games

•	 Pre-existing conditions: she reports a pre-existing 
history of anxiety

Disability rating NDI, 70%
HIT-6, 66

DHI, 40
CISS, 30
HIT-6, 55

BNI-FS, 35/70
PSFS, 6/10 while participating in a 2-h soccer practice
HIT-6, 40

Response to 
movement

Physical examination revealed:
•	 Eye movement: no exacerbation of symptoms
•	 Neck movement:

-	 Exacerbation of neck pain (7/10) and headache 
(6/10) immediately with active movements. 
Neck pain eased after 1 min; headache per-
sisted past several minutes

-	 Passive segmental movement deferred due to 
pain

•	 Head movement: exacerbation of dizziness (7/10) 
after 10 s, lasting 35 s

•	 Visual-field movement: exacerbation of headache 
(5/10), dizziness (6/10), and balance lasting longer 
than 1 min

•	 Full-body movement: not completed due to patient 
intolerance

Physical examination revealed:
•	 Eye movement: exacerbation of headache (6/10)
•	 Neck movement

-	 No exacerbation of symptoms with active or 
passive ROM

-	 Passive segmental movement is full and pain 
free

-	 Weakness and poor endurance noted in cervical 
and capital flexors and extensors

-	 Sensorimotor exam: poor (>4.5° error) cervical 
joint positioning

•	 Head movement: exacerbation of dizziness (5/10). 
No change in headache

•	 Visual-field movement: exacerbation of dizziness 
(6/10), headache (5/10), and blurred vision (5/10)

•	 Full-body movement: exacerbation of dizziness 
(5/10) and light-headedness (4/10)

•	 All symptoms return to baseline in 5 to 15 s

Physical examination revealed:
•	 Eye movement: no exacerbation of symptoms
•	 Neck movement

-	 No exacerbation of symptoms with active or 
passive ROM

-	 Passive segmental movement is full and pain 
free

-	 Weakness and poor endurance noted in cervical 
and capital flexors and extensors

-	 Sensorimotor exam: poor (>4.5° error) cervical 
joint positioning

•	 Head movement: no exacerbation of symptoms
•	 Visual-field movement: no exacerbation of symptoms
•	 Full-body movement: no exacerbation of symptoms
•	 Transient exacerbation of headache and fatigue is 

observed after practicing soccer drills, especially 
during feint and dribble, running with ball control, V 
runs, and during receiving and turning drills

•	 Tolerates 30 to 45 min of drills
•	 Symptoms ease after a few minutes’ rest
•	 A notable reduction in explosiveness is observed 

during roll and step to inside/outside cut, and 
during multidirectional hurdle jumps

Table continues on page 838.
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TABLE 3 Application of the Proposed Profiling Model Using Exemplary Cases (continued)

Case 1 Case 2 Case 3

Assigned 
profile

Based on the information above:
•	 Symptom rating: moderate
•	 Disability rating: severe
•	 Response to movement: volatile
This patient is profiled to symptom management 

(FIGURE 5A)

Based on the information above:
•	 Symptom rating: moderate
•	 Disability rating: moderate
•	 Response to movement: stable
This patient is profiled to movement system optimiza-

tion (FIGURE 5B)

Based on the information above:
•	 Symptom rating: mild
•	 Disability rating: mild
•	 Response to movement: controlled
This patient is profiled to performance optimization 

(FIGURE 5C)

Contextual 
factors†

Social •	 A single mom with 2 children, aged 1 y and 3 y
•	 Supportive team leader willing to have her work 

from home
Assessment: 5

•	 Low socioeconomic status
•	 Educational level: high school student (senior)
•	 Lives at home; both parents work full-time
Assessment: 4

•	 Low socioeconomic status
•	 Educational level: some college classes
•	 Strong family ties and support
Assessment: 3

Cognitive “I know that I can get through this, but I am trying to 
make sure that going through recovery does not 
impact my performance at work and my time with 
my children”

Assessment: 4

“This is my third concussion, and I feel that I should 
not play basketball anymore if these concussions 
are going to damage my brain”

Assessment: 8

“I know that I need to be in control of my destiny when 
it comes to overcoming fatigue and feeling nervous 
while playing”

Assessment: 2

Psychologi-
cal

“I am frustrated and angry that symptoms are 
continuing 3 wk after I fell. When I think about that, 
I get depressed. I’m afraid this will never resolve, 
because I have a friend who hit her head and is still 
suffering, and it’s been 6 mo”

Assessment: 8

“I am depressed because I will not be able to partici-
pate in college tryouts. If I do not get an athletic 
scholarship, I am not going to college. I can’t stop 
thinking about missing that chance”

Assessment: 8

“I am so aware now that I will get fatigued and nervous 
the longer I play”

Assessment: 5

General 
health

Pre-existing history of migraine and neck pain
Assessment: 6

Pre-existing issues: this is his third concussion
Assessment: 4

Pre-existing history of anxiety
Assessment: 4

Lifestyle •	 Sedentary behaviors
•	 Only 2-3 h of sleep at a time; takes 15-20 min to get 

back to sleep
Assessment: 9

•	 Physically active, good physical conditioning
•	 Sleeps 8-9 h; wakes up occasionally but able to 

return to sleep
Assessment: 2

•	 Physically active
•	 Sleeps through the night except for bathroom visit. 

Returns to sleep quickly
Assessment: 2

Summary  
of con-
textual 
factors

FIGURE 6A FIGURE 6B FIGURE 6C

DisabilityResponse to 
movement

Symptoms

Low

Moderate

High

None

A

DisabilityResponse to 
movement

Symptoms

Low

Moderate

High

None

B

DisabilityResponse to 
movement

Symptoms

Low

Moderate

High

None

C

FIGURE 5. Assignment of patient cases (A) 1, (B) 2, and (C) 3 to a treatment-based profiling model based on symptom status, disability status, and response to movement.

Table continues on page 839.
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Systematic quantification of clinical out-
comes through comparative effectiveness 
research and learning health systems will 
offer timely, generalizable, and clinically 
applicable solutions for patients present-
ing to physical therapy following a con-
cussive event. t

tual shift in the management approach 
for patients with multisystem stresses. 
Accounting for contextual and psycho-
logical factors will enable clinicians to 
provide personalized physical therapy 
aimed at prescribing the right treatment, 
for the right person, at the right time. 

	

TABLE 3 Application of the Proposed Profiling Model Using Exemplary Cases (continued)

Abbreviations: BNI-FS, Barrow Neurological Institute Fatigue Scale; CISS, Convergence Insufficiency Symptom Survey; DHI, Dizziness Handicap Inventory; 
GSI, Global Severity Index; HIT, Headache Impact Test; NDI, Neck Disability Index; PSDI, Positive Symptom Distress Index; PSFS, Patient-Specific Func-
tional Scale; PST, Positive Symptom Total; ROM, range of motion; VOR, vestibulo-ocular reflex.
*PST: the number of experienced symptoms, regardless of intensity. GSI: the severity of endorsed symptoms, controlling for the total number of queried 
symptoms (GSI = total symptom score/number of queried symptoms). PSDI: the severity of endorsed symptoms, controlling for the total number of endorsed 
symptoms (PSDI = total symptom score/PST).
†To illustrate the contribution of contextual factors, we scored each category on a Likert scale (0-10). In general, higher scores indicate factors that are more 
provocative and lower scores indicate factors that are more protective.

Case 1 Case 2 Case 3

Overall assess-
ment

Patient is profiled to symptom management. She also 
exhibited high levels of contextual provocative fac-
tors, mainly related to psychological and lifestyle 
factors

Patient is profiled to movement system optimization. 
He also exhibited moderate levels of contextual 
provocative factors, mainly related to psychological 
and cognitive factors

Patient is profiled to performance optimization. She 
also exhibited low levels of provocative contextual 
factors related to psychological and general health 
factors

Treatment 
strategy

•	 Education that emphasizes
-	 Positive recovery outcomes after concussion
-	 The role of positive expectations in recovery
-	 Importance of sleep hygiene to recovery
-	 Pacing of work and family tasks
-	 Capitalizing on supportive work environment by 

working from home, taking frequent breaks, etc
•	 Gradual resumption of daily activities and light 

activities (ie, walking)
•	 Symptom-guided exploration of limits of move-

ment tolerance

•	 Education directed to the patient’s statements and 
that emphasizes
-	 The role of positive expectations in recovery
-	 The longer duration of postconcussive 

symptoms does not always correlate to worse 
long-term brain health

-	 Resumption of daily activities and subsymptom 
threshold activities

-	 Transient mild exacerbation of symptoms is 
expected with therapeutic exercises

•	 Exercises that include
-	 Brock string/pencil-pushups for convergence 

insufficiency
-	 Gaze stability exercises (VOR pattern 1)
-	 Visual motion habituation exercises (VOR 

cancellation)
-	 Cervical strength and endurance
-	 Head repositioning accuracy

•	 Education that emphasizes
-	 Fatigue is common after concussive events 

and can be attributed to prolonged rest and 
deconditioning, as opposed to being an effect of 
concussion

-	 Prescribed exercises can be viewed as part of 
reconditioning

•	 Exercises for
-	 Cervical strength and endurance
-	 Head repositioning accuracy

•	 Soccer-specific drills, including feint and dribble, 
running with ball control, V runs, and receiving and 
turning drills

•	 Soccer-specific exercises for explosiveness, such 
as roll and step to inside/outside cut and multidi-
rectional hurdle jumps

A B C
Social

Cognitive

PsychologicalGeneral health

Lifestyle

10

8

6

4

2

0

Social

Cognitive

PsychologicalGeneral health

Lifestyle

10

8

6

4

2

0

Social

Cognitive

PsychologicalGeneral health

Lifestyle

10

8

6

4

2

0

FIGURE 6. Application of contextual factors to patient cases (A) 1, (B) 2, and (C) 3.
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[ clinical commentary ]

M
ild traumatic brain injuries (TBIs) account for the 
largest number of deaths and disabilities worldwide.19 
Up to 90% of TBIs are mild, with over 1.5 million new 
cases annually in the United States alone.7,15 People 

with mild TBI may experience a variety of physical, behavioral/
emotional, and cognitive symptoms, such as headaches, dizziness, 
nausea, fatigue, memory and concentration difficulties, irritability,

more related to a trauma in gen-
eral rather than to a specific head 
trauma. The purpose of this clini-
cal commentary was to provide 3 
recommendations for clinicians 
to assess psychosocial factors in 

patients after concussion, and to argue a 
case for clinicians to improve their skills 
in assessing psychosocial factors.

UNDERSTANDING THE 
BIOLOGICAL, PSYCHOLOGICAL, 
AND SOCIAL DETERMINANTS 
OF HEALTH

I
n the 16th century, the body and 
mind were considered separate. This 
philosophy continued after the scien-

tific revolution, ultimately giving rise to 
the currently and most widely used bio-
medical model.20 In the 20th century, se-
quencing the human genome reinforced a 
linear, biomedical model of health: genes 
cause disease. Patients present with sin-
gle disorders that respond predictably to 
specific evidence-based treatments, and 
pills are the best treatment.17 The mind 
and psychology of patients were afforded 
cursory consideration.

In the late 1970s, Engel proposed a 
biopsychosocial model of health to ac-

UU SYNOPSIS: Mild traumatic brain injury is a 
major global public health concern. While most 
people recover within days to months, 1 in 5 people 
with mild traumatic brain injury report persistent, 
disabling symptoms that interfere with participa-
tion in work, school, and sport. People with injuries 
to regions other than the head may report similar 
symptoms. The biopsychosocial model of health 
explains this phenomenon in terms of factors as-
sociated with recovery that are not biomedical. Im-
portant psychosocial factors include poor recovery 
expectations and pretraumatic and posttraumatic 
psychological symptoms. Recent clinical practice 
guidelines recommend that clinicians examine all 
relevant biopsychosocial factors that may contrib-

ute to persistent postconcussive symptoms and 
consider them when helping their patients make 
health-management decisions. However, because 
clinical training continues to prioritize biomedical 
symptoms, clinicians may not feel confident in the 
psychosocial domain. Our objective is to provide 3 
recommendations for clinicians to assess psycho-
social factors in patients after concussion, and to 
argue a case for clinicians to improve their skills 
in assessing psychosocial factors. J Orthop Sports 
Phys Ther 2019;49(11):842-844. Epub 1 Jun 2019. 
doi:10.2519/jospt.2019.8849

UU KEY WORDS: brain concussion, postconcussion 
syndrome, psychology, recovery of function
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Brain Drain: Psychosocial Factors 
Influence Recovery Following  

Mild Traumatic Brain Injury— 
3 Recommendations for Clinicians 

Assessing Psychosocial Factors

changes in mood and emotions, anxiety, 
and depressive symptoms.9,19

Although most people with mild TBI 
recover within 3 months, approximately 
20% report persistent postconcussion 
symptoms up to 1 year or longer and typ-
ically receive a diagnosis of postconcus-
sion syndrome.2,3,7,14 The symptoms can be 

debilitating and interfere with, or delay 
return to, work, school, and sport.4 Post-
concussive symptoms are not specific to 
people with mild TBI.12 These symptoms 
are also reported after other injuries, 
such as orthopaedic injuries, and by un-
injured members of the community.2,21,22 
Perhaps postconcussive symptoms are 
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count for multiple facets of a patient’s bi-
ology, psychology, social behaviors, and 
exposures.20 Psychosocial factors have 
one of the strongest impacts on health.5 
By introducing the biopsychosocial mod-
el, Engel aimed to enhance the existing 
biomedical model by incorporating the 
social, behavioral, and psychological con-
structs of a patient.5,20

There are extensive studies of the 
pathophysiology of mild TBI and post-
concussive symptoms. The evidence 
suggests that persistent postconcussion 
symptoms can be better understood us-
ing a biopsychosocial model rather than 
a biomedical one. The following 3 rec-
ommendations and the TABLE provide 
guidance for clinicians when assessing 
and managing psychosocial symptoms 
in patients who have experienced a mild 
TBI.

Clinical Recommendation 1: Address 
Psychosocial Factors Early
Clinical Consideration  When a patient 
presents with multiple symptoms, clini-
cians should focus on those that can be 
more easily managed or could delay re-
covery first, before targeting more com-
plex or difficult-to-treat symptoms.16 
Primary symptoms include psychoso-
cial symptoms, such as depression and 
anxiety, in addition to other common 
symptoms such as sleep disturbance and 
headache. Primary symptoms can also 
exacerbate other symptoms. For exam-
ple, feeling anxious and depressed can 
lead to fatigue, dizziness, and cognitive 
impairment.

Clinicians should screen for anxiety 
and depression using validated measures 
such as the Generalized Anxiety Disor-
der 7-item scale and the Patient Health 

Questionnaire 9-item scale (TABLE).  
Screening for anxiety and depression 
should be done at any point when the 
clinician observes anxious or depressive 
symptomatology.

Clinical Recommendation 2: Ask 
All Patients About Their Recovery 
Expectations as Early as You Can
Clinical Consideration  Poor recovery af-
ter mild TBI is strongly associated with 
psychosocial factors, including poor re-
covery expectations,6 more emotional 
stress or depressive symptoms, poorer 
preinjury mental status, and lower edu-
cation.7,10 People who expect to recover 
more slowly after injury often do, com-
pared to those who expect a faster recov-
ery.1,8,11 Recent clinical practice guidelines 
recommend early education and reas-
surance concerning recovery times. This 

	

TABLE
Overview of Approach to the Assessment and Management of Individuals 

With Mild Traumatic Brain Injury (Focus on Psychosocial Factors)*

Abbreviations: ACE, Acute Concussion Evaluation; GAD-7, Generalized Anxiety Disorder 7-item scale; MIDAS, Migraine Disability Assessment questionnaire; 
MoCA, Montreal Cognitive Assessment; PCL-5, Posttraumatic Stress Disorder Checklist for DSM-5; PC-PTSD-5, Primary Care Posttraumatic Stress Disorder 
Screen for DSM-5; PHQ-9, Patient Health Questionnaire 9-item scale; PSQI, Pittsburgh Sleep Quality Index; PTSD, posttraumatic stress disorder.
*Refer to the Ontario Neurotrauma Foundation guideline16 for details and a comprehensive approach to the management and assessment of adults with mild 
traumatic brain injury. The tools listed are those recommended by the guideline16 and are available in the guideline appendices (along with others).

Assessment Tool

•	 Screen for common mental disorders (preinjury or concurrent), including depressive disorders, anxiety dis-
orders (including PTSD), behavioral changes (eg, apathy, aggression, irritability), emotional regulation issues, 
substance use disorders, and somatoform disorders. Note that these factors may delay recovery

•	 Monitor
•	 Offer management strategies
•	 Collaborate with other health care providers as appropriate

ACE
PHQ-9 (depression)
GAD-7
PC-PTSD-5
PCL-5
CAGE and CAGE-Adapted to Include Drugs questionnaires

Management Tool

1.	 Focus on education and reassurance: provide verbal and printed information to patients and support persons 
at the initial assessment and throughout care as required. Include information on
a.	 Symptoms and expected outcomes: expect full recovery in the majority of patients (within days, weeks, or 

months)
b.	 Normalizing symptoms: current symptoms are expected and common
c.	 A gradual return to activities as tolerated (ie, does not result in significant or prolonged exacerbation of 

symptoms); some symptoms with return to activity are common and expected
2.	 Self-management techniques (eg, sleep hygiene, stress management)
3.	 Cognitive behavioral therapy (eg, to alter negative expectations of recovery)
4.	 Consider nonpharmacological interventions (with a focus on active versus passive care) as the first line of 

management
a.	 Manage specific symptoms (eg, headache, sleep difficulties) according to evidence-based practice
b.	 Target symptoms that can be managed more easily or could delay recovery first, before focusing on more 

complex or difficult-to-treat symptoms, as some symptoms may exacerbate others (eg, headache and sleep 
difficulties may contribute to anxiety and memory problems)

5.	 Goals for management are to return to preinjury status and prevent/reduce persistent symptoms that may 
limit function and potentially contribute to disability

Brain Injury Advice Card (long and short versions)
Use tools according to specific symptoms (eg, MIDAS, PSQI, MoCA)
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may help normalize the experience of 
initial symptoms, reduce poor recovery 
expectations, and ultimately improve pa-
tient outcomes.16

Clinical Recommendation 3: Patients 
With a Positive Screen for Depression, 
Anxiety, Posttraumatic Stress Disorder, 
or Other Mental Health Disorders Should 
Be Referred to the Appropriate Health 
Care Provider or Be Comanaged
Clinical Consideration  Patients with 
positive screening for a mental health 
disorder should be managed with evi-
dence-based treatments such as cognitive 
behavioral or pharmacological therapy, 
as these conditions often complicate 
recovery.13,16,18

WHERE TO FROM HERE?

W
hile researchers continue to 
investigate the determinants of 
poor recovery after mild TBI, as 

with the many health challenges of our 
time, it will be important to work with-
in the biopsychosocial model of health. 
Some of the strongest predictors of poor 
recovery after mild TBI and other con-
ditions are psychosocial in nature. Clini-
cal training often emphasizes “physical” 
conditions and continues to focus on the 
biomedical domain. Therefore, clinicians 
may feel ill equipped to deal with the 
psychosocial aspect of injury and health. 
Clinicians and trainees need evidence-
based guidance and point-of-care tools 
for assessing and managing psychosocial 
factors.

Future research must identify which 
factors (eg, health history; the influ-
ences of cultural, work, and family; be-
liefs about pain) may influence recovery 
expectations and can be modified by 
specific interventions for mild TBI. As 
technology, brain imaging, and assess-
ment continue to advance, clinicians 
must remember that it is not only the 
brain they must concern themselves with, 
but also the person with the brain. t

@ MORE INFORMATION
WWW.JOSPT.ORG
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UU SYNOPSIS: Mild traumatic brain injury, or con-
cussion, is a common sports injury. Concussion 
involves physical injury to brain tissue and vascu-
lar and axonal damage that manifests as transient 
and often nonspecific clinical symptoms. Concus-
sion diagnosis is challenging, and the relationship 
between brain injury and clinical symptoms is 
unclear. The purpose of this commentary was to 
translate cutting-edge neuroscience to rehabilita-
tion practice. We (1) highlight potential biomarkers 
that may improve our understanding of concussion 
and its recovery, (2) explain why researchers must 
address the paucity of concussion research in 

female athletes, and (3) present female-specific 
factors that should be accounted for in future stud-
ies. Integrating objective, quantitative measures 
of concussion pathophysiology with concussion 
history, genetics, and genomics will help caregivers 
identify concussed athletes, tailor recovery proto-
cols, and protect athletes from potential long-term 
effects of cumulative head impact. J Orthop Sports 
Phys Ther 2019;49(11):811-818. Epub 1 Jun 2019. 
doi:10.2519/jospt.2019.8884

UU KEY WORDS: eye movement tracking, female 
athletes, magnetic resonance imaging, mild 
traumatic brain injury, neuroscience

M
ild traumatic brain injury, or concussion, is a common 
sports injury, with an annual estimate of 300 000 
new cases in the United States.64 Objective, clinically 
relevant biomarkers can improve our understanding 

of concussion diagnosis, risk, and recovery, and are necessary to 
inform clinical decision making and guide sports safety regulations. A 
biomarker is “a characteristic that is objectively measured and evaluated

lular calcium ions), excitotoxic-
ity, inflammation, and apoptosis 
following glutamate release.113 
The cell processes needed to re-
establish ionic equilibrium de-
plete energy stores and increase 

metabolic stress, leading to necrosis. 
Ionic imbalances and axonal shearing 
result in disruption of axonal transport 
and accumulation of proteins, resulting 
in axonal swelling within deep gyri of the 
brain.113 These processes may also set the 
stage for repair and remodeling (ie, neu-
roplasticity) to promote recovery.

In this commentary, we highlight 5 
areas in sport-related concussion that 
require further exploration and describe 
6 cutting-edge approaches applicable to 
these areas.

AREAS OF RESEARCH NEED

I
n this section, we identify 5 areas 
in concussion research that need to be 
addressed in future studies.

Devices to Measure Impact Force
In the absence of clear signs and symp-
toms immediately following a head im-
pact (eg, loss of consciousness, lack of 
balance while sitting or standing, memory 

1Center for Translational Imaging, Department of Radiology, Feinberg School of Medicine, Northwestern University, Chicago, IL. 2Concussion Neuroimaging Consortium; Warren 
Wright Adolescent Center, Department of Psychiatry and Behavioral Sciences, Feinberg School of Medicine, Northwestern University, Chicago, IL. 3Edward Hines, Jr. VA Hospital, 
Hines, IL. The authors certify that they have no affiliations with or financial involvement in any organization or entity with a direct financial interest in the subject matter or 
materials discussed in the article. Address correspondence to Dr Yufen Chen, 710 North Fairbanks Court, LC 0-300, Center for Translational Imaging, Northwestern University, 
Chicago, IL 60611. E-mail: yfchen@northwestern.edu t Copyright ©2019 Journal of Orthopaedic & Sports Physical Therapy®
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Cutting to the Pathophysiology Chase: 
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Related Concussion Management

as an indicator of normal biological pro-
cesses, pathogenic processes, or phar-
macological response to a therapeutic 
intervention.”14

Concussion is a complex sequela of 
events affecting the brain after either a 
direct or indirect blow to the head. It typ-
ically results in a range of transient clini-
cal symptoms, and functional disruption 
that may involve a brief loss of conscious-

ness (less than 30 minutes) or alteration 
of consciousness (less than 24 hours), or 
a brief period of posttraumatic amnesia 
(less than 24 hours).5,63 Brain injury be-
gins with direct damage to brain tissue 
and vasculature, including blood-brain 
barrier disruption and axonal shearing 
due to rotational forces.93,113 Secondary 
injury occurs more gradually93 through 
ionic imbalances (eg, increased intracel-
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disruptions, impaired judgment and/or 
speech), diagnosis of concussion relies 
heavily on subjective report of symptoms 
from the patient,69 which are often un-
derreported.68 New devices that measure 
biomechanical forces to the head in real 
time are an emerging alternative, al-
though few current commercial devices 
accurately diagnose concussion.15,79 Diag-
nosis is further complicated by nonspe-
cific postconcussive symptoms (eg, mood 
changes, sleep disturbance, and cognitive 
complaints) that can also be observed in 
people who do not have concussion.49

Cumulative Effect of Prior Concussions 
and Repetitive Subconcussive Hits
For a single concussion occurring in oth-
erwise healthy adolescents, clinical re-
covery occurs between 1 and 3 months.48 
However, for some, symptoms may per-
sist.17 One factor that may influence con-
cussion risk and recovery is a history of 
previous concussion. Among both athlete 
and veteran samples, prior concussion 
increases the risk of developing subse-
quent concussions.41,78,91 With increased 
injuries, there is risk for greater symptom 
severity and functional impairment.45,87,110

Exposure to subclinical repetitive 
head trauma incurred during sports par-
ticipation (eg, soccer heading) may also 
influence concussion risk and recovery. 
Brain changes may reflect pathways 
through which repeated subthreshold 
head trauma increases vulnerability to 
concussion and protracted recovery.2,95,96 
For example, magnetic resonance imag-
ing of high school collision-sport athletes 
shows significantly different resting-state 
functional connectivity in the default-
mode network compared to non–colli-
sion-sport athletes both before and after 
a single season, and this functional con-
nectivity change persists up to 6 months 
after the end of the season.1,2,51

The default-mode network is a brain 
network that is active during mind wan-
dering, deactivated during goal-oriented 
tasks, and disrupted in numerous brain 
disorders, including Alzheimer’s disease, 
schizophrenia, and autism.16 Changes in 

functional connectivity suggest a com-
pensatory rewiring of brain networks in 
response to physical impact. Similarly, 
structural connectivity (measured by 
diffusion imaging) and brain metabo-
lite composition (measured by magnetic 
resonance spectroscopy) differentiate 
contact-sport and non–contact-sport 
athletes in the absence of diagnosed con-
cussion. There is elevated fractional an-
isotropy and reduced mean diffusivity in 
white matter (indicating more hindered 
water diffusion) and a reduced N-acetyl
aspartate-creatine ratio in the brains of 
contact-sport athletes, and larger altera-
tions in athletes with a history of concus-
sion.18 Even in the absence of clinically 
diagnosable concussive symptoms, im-
pact from participation in collision sports 
might be sufficient to alter functional, 
structural, and chemical characteristics 
of brain tissue.

Genetics
Specific genotypes may be associated with 
greater risk for concussion.81 Apolipopro-
tein E and brain-derived neurotrophic 
factor26,31,32,54,73,100 genes have been impli-
cated in collegiate athletes experiencing 
multiple concussions.99,100 In addition to 
these genes, the genotype of KIAA0319, a 
gene implicated in dyslexia, significantly 
predicted number of previous concus-
sions among college football players.103

Because they are peripherally acces-
sible, expressed in the brain, and have 
been implicated in other brain disor-
ders65 or trauma exposures,61 microRNAs 
(short, noncoding RNAs [20-23 nucleo-
tides] that inhibit messenger RNA and 
protein expression)10,43 may be poten-
tial biomarkers for concussion. There 
is differential microRNA expression in 
animal models of concussion, where 
expression profiles fluctuate post injury 
(unpublished data). In humans, microR-
NAs have above-average diagnostic ac-
curacy for mild to moderate traumatic 
brain injury,13 and may predict spatial 
memory abnormalities over the course 
of a football season without concussion 
in collegiate football.82 Ongoing research 

suggests that these markers, potentially 
in conjunction with metabolomics met-
rics,34 may be important for the diagnosis 
and staging of illness.95

Return to Play
Return-to-play decisions are currently 
guided by clinical considerations and 
guidelines developed by the National Col-
legiate Athletic Association, the National 
Football League, the Concussion in Sport 
Group consensus statement,69 and state 
legislation.92,94 Typically, injured athletes 
are cleared through a stepwise process 
requiring symptom resolution with in-
creased activity. Yet, brain changes mea-
sured by neuroimaging persist beyond 
clinical symptom resolution.23,74 There-
fore, establishing an evidence-informed 
metric of brain recovery following concus-
sion and exposure to repetitive head trau-
ma incurred during sports participation is 
essential for personalized care in injured 
athletes in the short and long term.

Understanding Female-Specific 
Factors in Concussion
Most research has focused on male ath-
letes and male military populations. 
Studying female athletes is crucial be-
cause women may experience a greater 
number of injuries and a longer recovery 
from concussion than men.11,20,21,36 One 
physiological explanation is that the fe-
male brain may be more vulnerable to 
the effects of trauma at the cellular level, 
evident by increased axonal microtubule 
breakage, calcium-ion dysregulation, and 
axonal swelling after injury.30 Lower neck 
strength,46 hormonal fluctuations, men-
strual cycle phase at time of injury, and 
contraceptive use89 may also influence in-
jury risk and concussion recovery among 
female athletes.

Hormones fluctuate over the course of 
the menstrual cycle. Hormonal contra-
ceptives radically attenuate these natural 
fluctuations. Four in every 5 premeno-
pausal, sexually experienced women in 
the United States have used oral contra-
ceptives, and approximately 1 in 3 have 
used other hormonal methods of con-

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

8,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
01

9 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



journal of orthopaedic & sports physical therapy  |  volume 49  |  number 11  |  november 2019  |  813

traception (eg, contraceptive patch).25 
Therefore, excluding women using hor-
monal contraception3 from concussion 
research limits the generalizability of 
findings. Collegiate female athletes using 
hormonal contraceptives had significant-
ly lower postconcussive symptom severity 
than their peers who were not using hor-
monal contraception.36 Women injured 
during the luteal phase of their men-
strual cycle had worse symptoms than 
those taking oral contraceptives or those 
who were injured during the follicular 
phase.112 New methodology recommen-
dations are needed to include women 
using hormonal contraceptives, as well 
as to account for the effects of hormonal 
fluctuations across the menstrual cycle.

Ignoring the impact of menstrual cycle 
phase may impair interpretation of clini-
cal and research biomarkers. There are 
different patterns of functional activation 
in response to emotional processing,6,37,39 
verbal memory tasks,22,55,58,109 and visuo-
spatial tasks29,90 across the menstrual 
cycle. Similar findings have also been re-
ported for structural27 and resting-state 
functional connectivity,84 indicating 
that menstrual cycle phase may induce 
changes at both structural and functional 
levels. Contraception use may also affect 
cognitive functions.85,88 Accounting for 
these variations will improve the sensi-
tivity of clinical and research biomarkers 
to concussive injury.

CUTTING-EDGE 
NEUROSCIENCE TOOLS  
TO STUDY CONCUSSION

I
n this section, we highlight 6 
emerging neuroimaging research tools 
that are simple to administer and 

interpret.

Static Measures of Cerebral Blood Flow
Cerebral blood flow is tightly linked to 
neural activity. Magnetic resonance im-
aging can measure cerebral blood flow 
either with an exogenous contrast agent 
(dynamic susceptibility contrast) or by 
manipulating blood signal with radio-

frequency pulses, such that it becomes 
an endogenous contrast in arterial spin 
labeling. Although dynamic susceptibility 
contrast is more commonly used clinical-
ly, arterial spin labeling is noninvasive.28,59

Concussion studies using arterial spin 
labeling primarily report decreases in re-
gional cerebral blood flow immediately 
after injury, coinciding with cognitive 
impairment and acute symptom sever-
ity. Most studies reported a negative 
correlation between cerebral blood flow 
and symptom severity, cognitive perfor-
mance, and stress and anxiety scores.71,106 
With increased time after injury, some 
studies reported persistent reductions in 
cerebral blood flow up to several months 
following injury,66,105-107 while others have 
found cerebral blood flow to normalize 
within a month.71 Some studies also re-
ported an increase in either global or re-
gional cerebral blood flow, although this 
appears to be primarily associated with 
symptomatic participants.9,97 Most stud-
ies only included male athletes,71,107 and 
sex differences or hormonal influences on 
cerebral blood flow are unclear.

Dynamic Measures of Vascular Reactivity
Cerebral blood flow provides informa-
tion about tissue health at rest but does 
not illuminate whether the blood vessels 
can dynamically adapt when there are in-
creased demands of brain function. The 
link between changes in neural function 
and a corresponding increase in cerebral 
blood flow (neurovascular coupling) is of-
ten disrupted when the vascular system is 
compromised by disease or injury.38

Cerebrovascular reactivity allows 
researchers to examine neurovascu-
lar coupling using a global vasoactive 
stimulus, such as acetazolamide, carbon 
dioxide–enriched air, or breath hold-
ing, which causes dilation of vessels 
throughout the brain. This changes the 
local concentration of deoxyhemoglobin 
and the measured magnetic resonance 
signal—measured via blood oxygenation 
level–dependent imaging.80 Alternatively, 
vascular reactivity can also be measured 
using transcranial Doppler ultrasonogra-

phy, which can detect changes in blood 
velocity of major arteries supplying the 
brain. While transcranial Doppler ul-
trasonography is easier to implement, it 
does not provide vascular reactivity mea-
sures in specific brain regions.

Use of neuroimaging-based cerebro-
vascular reactivity in studies of concus-
sion is a novel development, and findings 
are mixed due to variations in the vasoac-
tive stimulus used, time after injury, and 
head impact load.18,76,77,98 Despite discrep-
ancies due to injury heterogeneity, treat-
ment approaches, baseline physiology, 
and time after injury, cerebrovascular 
reactivity is consistently altered by both 
concussive injury and subconcussive hits 
and dynamically evolves during the re-
covery period.

Brain Network Connectivity
Blood oxygenation level–dependent 
imaging is typically used to investigate 
specific functional tasks. Yet, in the rest-
ing brain, the “noise” of the blood oxy-
genation level–dependent time course 
also contains a wealth of information, 
including oscillations at 0.01 to 0.1 Hz, 
representing spontaneous brain activity. 
Brain areas with correlated oscillations 
are thought to be functionally connected 
and form a functional network. Multiple 
resting-state networks have been identi-
fied.4,24 The connectivity strength within 
these networks correlates with behavioral 
measures and differs between diseased 
and healthy control populations.35 In 
addition to its sensitivity to brain activ-
ity and health, resting-state connectiv-
ity can be measured while participants 
are at rest inside the scanner, minimiz-
ing cognitive burden after injury, and is 
not confounded by differences in task 
performance.

Resting-state connectivity findings in 
sport-related concussion are related to 
time after injury. In general, increased 
connectivity in the default-mode net-
work, a network active at rest, is observed 
during the acute phase (24 hours). At a 
week post injury, connectivity within the 
default-mode network is reduced,52,67,114 
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but across the entire brain, both hyper-
connectivities and hypoconnectivities 
have been reported, and the connectiv-
ity strengths correlate with verbal and 
visual memory deficits.70,74 At a month 
post injury, default-mode network con-
nectivity approaches baseline levels but is 
still abnormal.114 Brain areas involved in 
executive function have hyperconnectiv-
ity at 6 months post injury.23 Connectiv-
ity changes dynamically during recovery 
and can be used to determine whether an 
athlete deviates from a normal recovery 
trajectory.

White Matter Integrity
Diffusion imaging refers to the study of 
microscopic movement of water by en-
coding diffusion with magnetic gradient 
fields in differing orientations. While 
diffusion in nature is truly random, dif-
fusion within tissue is restricted by tis-
sue components such as cell membranes, 
fibers, and micromolecules.60 Diffusion 
imaging is particularly well suited to 
study white matter microstructure due 
to the organization of myelinated axonal 
fiber bundles, which restrict molecular 
diffusion perpendicular to the fiber.

Because diffuse axonal damage is one 
of the primary mechanisms of injury in 
concussion, diffusion tensor imaging is a 
useful tool. The most commonly reported 
measures for diffusion imaging are (1) 
fractional anisotropy—a normalized sca-
lar, with values ranging between 0 and 
1 describing whether diffusion is isotro-
pic (equal in all directions) or restricted 
along a single axis; and (2) mean diffusiv-
ity—the average apparent diffusion along 
the 3 major diffusion axes.

Most concussion studies, but not all,24 
report decreased fractional anisotropy 
and increased mean diffusivity in people 
after concussive injury.62,72,75,111 Axial dif-
fusivity correlated with the Brief Symp-
tom Inventory, and participants with 
higher fractional anisotropy had higher 
Standardized Assessment of Concussion 
cognitive scores.75 Changes in fractional 
anisotropy and mean diffusivity are con-
sistent with axonal injury and are easily 

measured clinically. However, more ad-
vanced diffusion models are needed to 
improve understanding of the mechanism 
underlying these changes and extend our 
ability to probe gray matter changes.

Microhemorrhages and Tissue Integrity
Magnetic susceptibility—the differential 
response of substances when exposed to a 
magnetic field—is the basis of a new type 
of magnetic resonance contrast called 
“susceptibility-weighted imaging.”42 This 
technique is especially sensitive to micro-
hemorrhages, correlates with neurologi-
cal symptoms, and may predict long-term 
outcomes following brain injury.7,12,19,42

Quantitative susceptibility map-
ping is a quantitative extension of sus-
ceptibility-weighted imaging that can 
measure tissue iron content and venous 
oxygen saturation.86,104 The application 
of quantitative susceptibility mapping to 
concussion is relatively new. In 2 stud-
ies,40,108 there was no change in suscepti-
bility either post injury or after a season 
among high school football players.40,108 
However, in the most recent publication, 
with a larger cohort of collegiate and high 
school football athletes followed longitu-
dinally, there were significant increases in 
white matter susceptibility that persisted 
after clinical symptom resolution and 
correlated with return-to-play duration.57

Eye Movement (Infrared Imaging)
Reliable tools to assess subtle cognitive 
impairments that occur after head trau-
ma are needed to assess impairment and 
track change over time. Eye movement 
testing is a noninvasive and reliable mea-
sure of sensorimotor and cognitive func-
tioning,56 with promise for distinguishing 
individuals with and without a history of 
recent head trauma.8,44,101

Rapid movements of the eyes (sac-
cades) from one point of gaze to another 
are tested. The tests are either stimulus 
driven (eg, prosaccade task) or under 
executive control (eg, antisaccade and 
memory-guided saccade tasks). Saccades 
are executed by hierarchically organized 
brain regions, many of which are asso-

ciated with pathophysiological changes 
following symptomatic concussion, as 
well as with pathology signifying chronic 
traumatic encephalopathy. Eye move-
ment test performance is associated with 
white matter changes in the splenium of 
the corpus callosum among individuals 
with recent concussion, suggesting an as-
sociation between performance and neu-
rostructural integrity among individuals 
with recent concussion.101

Some individuals with concussion 
perform worse than controls, particu-
larly on classic eye movement tasks with 
increased executive-control demands 
(eg, antisaccade and memory-guided 
saccade tasks). People with concussion 
tend to have increased directional error, 
decreased saccade accuracy, and, less 
consistently across studies, prolonged 
latencies.33,44,47,53,101

Studies of eye movement following 
concussion have primarily been con-
ducted among men presenting to the 
emergency room. Therefore, further re-
search is needed to determine whether 
eye movement testing is sensitive to the 
effects of concussion in women and in 
those with sport-related concussion.

SUMMARY AND 
PERSPECTIVES

I
ncreased awareness of the long-
term impact of concussions is driving 
growth in concussion research. Howev-

er, there is much work to be done. In this 
commentary, we stress the importance of 
establishing objective biomarkers across 
the research areas of behavior, brain, mo-
lecular biology, and genetics to aid con-
cussion diagnosis. Panels of biomarkers 
will allow caregivers to assess concussion 
risk in athletes, evaluate their resilience 
over many seasons of play, and identify 
concussed athletes more accurately to 
initiate the recovery protocol as early as 
possible.

In the second part of this commen-
tary, we outlined some methodological 
advances that can help (a) better assess 
concussion pathophysiology, (b) link 
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pathophysiology to clinical symptoms, 
and (c) improve understanding of the re-
covery process. Each technique is sensitive 
to a different component of brain injury. 
Therefore, the most powerful approach 
may be to integrate these findings with 
other common clinical tests for a compre-
hensive assessment and informed plan 
of care. Collecting information about an 
individual’s concussion history, genetics, 
and genomics might enhance diagno-
sis, prognosis, and recovery planning—a 
handful of studies have already recognized 
the importance of multimodal data inte-
gration.50,83,102 While some techniques are 
not easily deployable on the sidelines for 
immediate assessment, their quantitative 
nature can help researchers identify sur-
rogate peripheral biomarkers that may be 
more easily applied on the field.

Aside from overt sport-related con-
cussion injury with clinically evident 
symptoms, mounting evidence suggests 
that repetitive subconcussive events may 
lead to underlying brain structure and 
function changes.51,95,96 Whether this re-
sults in increased vulnerability to sub-
sequent concussions or increased risk 
of neurodegenerative disease later in life 
requires longer-term prospective study 
with multimodal data integration.50,83,102

Female athletes are more vulnerable 
to injury, experience a higher number of 
injuries, and have longer recovery times 
than male athletes. However, women 
are dramatically underrepresented in 
concussion research. Women have lower 
neck strength and greater hormonal fluc-
tuations that may explain sex differences. 
These findings need to be investigated on 
a larger scale to guide return-to-play and 
postinjury care, and to inform education-
al resources for injured athletes and their 
caregivers. t
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A 
30-year-old woman was re-
ferred to physical therapy for bi-
lateral shoulder and thoracic spine

pain concurrent with loss of range of 
motion (ROM), resulting in limitations 
in activities such as dressing and swim-
ming. Notable medical history included 
surgical removal of a pituitary adenoma 
6 years prior. The adenoma resulted in 
excessive growth hormone secretion, de-
veloping into acromegaly with hallmark 
physical features.

A shoulder examination revealed 
bilateral capsular-pattern limitations, 
normal strength through the available 
ROM, and a numeric pain scale score of 
7/10 with both active and passive mo-
tions. Functionally, reaching behind the 
back was limited to the lateral hip and 
overhead reaching was limited to the 

anterior base of the neck, with a score of 
35% disability on the shortened version 
of the Disabilities of the Arm, Shoulder 
and Hand questionnaire (QuickDASH). 
The thoracic spine was grossly hypomo-
bile, with restrictions in extension and 
rotation bilaterally.

Treatment consisted of neurodynam-
ics and mobility exercises for 16 visits 
over a 10-week time span. Additionally, 
radiographs were requested to evaluate 
the extent of arthropathies associated 
with acromegaly. Radiographs revealed 
advanced arthropathies of the bilateral 
acromioclavicular and glenohumeral 
joints, along with loss of disc height and 
anterolisthesis throughout the thoracic 
spine (FIGURE 1; FIGURES 2 and 3, available 
at www.jospt.org). Due to the severity 
of the arthrosis, atypical at this age, the 

JASON T. CIROLIA, PT, DPT, OCS, �AdventHealth Sports Medicine and Rehabilitation, Orlando, FL.

Acromegalic Arthropathy

patient was referred to an orthopaedist, 
who recommended continued nonsur-
gical management. At discharge from 
physical therapy, the patient’s ROM had 
plateaued, her numeric pain scale score 
was 3/10, and her QuickDASH disability 
score was 23%.

Acromegalic arthropathy, which occurs 
in about 50% of patients with acromegaly, 
is a thickening of soft tissue and cartilage 
affecting both the peripheral and axial 
skeletons, due to increased bone turnover 
from excessive growth hormone.1,2 While 
surgical removal of the pituitary tumor 
is the preferred treatment, persistent 
elevated levels of growth hormone and 
insulin-like growth factor 1 may require 
long-term medical management.1 t J Or-
thop Sports Phys Ther 2019;49(11):864. 
doi:10.2519/jospt.2019.8302

References
1. Killinger Z, Kužma M, Sterančáková L, Payer J. Osteoarticular changes in acromegaly. Int J Endocrinol. 2012;2012:839282. https://doi.org/10.1155/2012/839282
2. Killinger Z, Payer J, Lazúrová I, et al. Arthropathy in acromegaly. Rheum Dis Clin North Am. 2010;36:713-720.

FIGURE 1. Anteroposterior radiographic views of the right shoulder (A) and the left shoulder (B) in external rotation revealing decreased bone density, severe glenohumeral joint arthrosis, 
and a large osteophyte (blue arrows) projecting off the inferior aspect of the humeral head. Small calcifications superior to the right humeral head (orange arrow) may reflect calcific 
tendinitis There is moderate left acromioclavicular joint arthrosis (red arrow).
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problem. In the United States, emergency 
department TBI-related visits, of which 
80% to 90% are mild TBI, vary from 2193 
per 100 000 in children 0 to 4 years of age 
to 981.9 per 100 000 in young people 15 
to 24 years of age. This clearly indicates 
a substantial public health concern.29 In 
Canada in 2010, the overall rate for emer-
gency department or physician’s office vis-
its for 3-to-17-year-olds was 601 per 100 
000 individuals in Ontario,31 with similar 
trends in Quebec for the same year.25

C
oncussions, or mild traumatic brain injuries (TBIs), are 
common in individuals younger than 18 years of age. 
Every year, thousands of children and adolescents sustain a 
concussion requiring medical attention in the context of sports 

or other activities.35 Although many children and adolescents do not 
seek immediate care after a concussion,3 incidence estimates based 
on hospital or physician office visits help illustrate the scope of the

age after these injuries, they must rely 
on their expertise and clinical judgment. 
Critical to proper concussion manage-
ment is efficient and timely assessment. 
This paper reflects on how to approach 
the evaluation of children and adoles-
cents after a concussion, from diagnosis 
to return to play.

Diagnosis and the First 48 Hours: 
Initial Assessment of Children and 
Adolescents With Concussion
The diagnosis of mild TBI/concussion 
continues to rely on the treating physi-
cian’s clinical judgment, constructed from 
the amalgamation of often limited and 
nonspecific clinical information (signs 
and symptoms).34,46 One such item, head-
ache, is both the most common symptom 
of a concussion37 and a very common 
single symptom for individuals present-
ing to an emergency department with a 
variety of conditions, making its presence 
alone a poor marker of concussion.21 Re-
lying on asking children “how they feel” 
or whether they have a headache at the 
time of diagnosis is insufficient.4 The cli-
nician must broaden the assessment to 
include domains other than self-reported 
symptoms.18

Complementary to a general physical 
exam, adding elements of a neurologi-
cal exam, of cognitive assessment, and 
of balance evaluation is now advocated 
by international recommendations33 and 

UU SYNOPSIS: Pediatric and adolescent concus-
sion is an increasingly high-profile public health 
issue, but it is also a highly heterogeneous 
phenomenon. Many factors interact dynamically 
to influence the recovery trajectory of adolescents 
and children. Diagnostic assessment must include 
domains other than self-reported symptoms, yet 
many prognostic models of outcome focus solely 
on the presence or absence of postconcussion 
symptoms to determine recovery. Function after 
concussion (recovery or persistence of problems) 
is the result of an interaction between biological, 
psychological, and social factors. Despite biopsy-
chosocial models of assessment being advocated 
in rehabilitation for the last 20 years, they are 
still not routinely implemented in the evaluation 

of concussions, along the recovery trajectory, in 
children and adolescents. The International Clas-
sification of Functioning, Disability and Health is a 
framework anchored in a biopsychosocial perspec-
tive that can guide clinicians and researchers to 
include multiple perspectives in their assessments 
or research designs. By focusing on the patient as 
a person, researchers and clinicians can provide 
a more holistic approach that has the potential to 
contribute to a more successful and sustainable 
pediatric and adolescent concussion care model. 
J Orthop Sports Phys Ther 2019;49(11):855-863. 
Epub 9 Oct 2019. doi:10.2519/jospt.2019.8918

UU KEY WORDS: mild traumatic brain injury, 
outcome measures, youths
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ISABELLE GAGNON, PT, PhD1,2*

Determining Outcome in Children 
and Adolescents After Concussion: 
Viewing Things More Holistically

Making a diagnosis of concussion in 
children and adolescents is challenging, 
whether the injury is considered on the 
spectrum of TBI or a separate entity.39 
The heterogeneity of brain injury, the 
complexity inherent to brain function, 
and the variability of clinical presen-
tations have set the stage for different 
definitions of concussion over the last 
decade.32 While clinicians await imaging 
or fluid biomarkers, which could confirm 
or refute the presence of structural dam-
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experts in the field,18 to exclude other 
critical diagnoses such as an intracra-
nial bleed or other neurosurgical emer-
gencies. Screening tools and standard 
assessments may help guide initial diag-
nosis and management in the acute phase 
post injury.11,13,19,23 Examples include the 
Centers for Disease Control and Preven-
tion Acute Concussion Evaluation19 or 
the Sport Concussion Assessment Tool. 
Both tools promote the use of a multi-
faceted, albeit limited, approach and 
can distinguish children with and with-
out concussions.5 The fifth iteration of 
the Sport Concussion Assessment Tool 
(SCAT5)13 and its pediatric equivalent 
(Child SCAT5)11 are currently the pro-
posed standards for assessment of acute 
concussions.33,41 Their utility, however, 
decreases with time and is questionable 
beyond 3 to 5 days after injury.12 An al-
ternative must therefore be considered to 
track recovery over time, beyond simply 
monitoring postconcussion symptoms, 
until complete and unrestricted return 
to activities has been achieved.

Tracking Recovery After Concussion
Clinicians often rely on the presence or 
absence of postconcussion symptoms 
when making judgments about progno-
sis, because they lack a standard, mul-
tidomain assessment tool.43,54 Symptom 
resolution may be a proxy for the child or 
adolescent having returned to preinjury 
levels of function. However, symptom 
resolution does not account for many 
of the deficits or physiological changes 
that have been identified through vari-
ous research. Persistent problems, such 
as difficulties with complex balance 
skills,47 disrupted cerebral blood flow,36 
or electrophysiological abnormalities,42 
found at time points when symptoms are 
largely resolved7,24 point to a discordance 
between the recovery curve and self-re-
ported symptoms. In addition, prolonged 
recovery in these diverse spheres of func-
tioning is frequently studied in isolation. 
While excellent at identifying neuropsy-
chological,6,22 physical,15,30,38 or psychoso-
cial impairments,44 the body of research 

on prolonged recovery leaves clinicians 
wanting for a more holistic view of the 
child or adolescent that could be applied 
to their own practice, where the focus on 
overall well-being is replacing more tra-
ditional and narrower views of physically 
defined medical conditions.28 Biopsycho-
social models can help clinicians and pa-
tients understand concussion recovery 
and track change over time.

Fifteen years ago, biomedical mod-
els, where health was defined as the ab-
sence of disease and the resolution of any 
structural or physiological disruptions, 
dominated. Biopsychosocial models are 
contemporary alternatives that help re-
habilitation specialists better understand 
the experiences of individuals with illness 
or injuries through the examination of 
biological, psychological, and social di-
mensions of their lives.50 Rehabilitation 
is embracing a vision of health that is 
positive, where clinicians focus on patient 
capacity and strengths. Assessments and 
interventions are positioned in a perspec-
tive of not only decreasing impairments, 
but also increasing participation in a 
real-world (ecological) context.1,40

The field of TBI rehabilitation has 
seen the International Classification 
of Functioning, Disability and Health 
(ICF)53 emerge as a useful biopsychoso-
cial model to better characterize func-
tioning after more severe types of TBI. 
However, the field of concussion has 
been slower to embrace this view. Even 
if a concussion is thought of as a milder 
form of brain injury, people experience 
its effects in ways that sometimes appear 
unrelated to the physiological nature of 
the initial injury itself.10,14 Function after 
concussion can thus be better described 
when ascertained through a biopsychoso-
cial lens, acknowledging that its impact 
may not solely be explained by changes 
in structure/physiology. Achieving this 
understanding, however, requires the 
selection and interpretation of assess-
ment tools that are appropriate for the 
patient and the context, and that possess 
the measurement properties required to 
facilitate good clinical decisions.

When applied to any health condition, 
the ICF presents functioning and disabil-
ity as a dynamic interaction between body 
function and structure changes, activities, 
and participation, as well as environmen-
tal and personal factors. A child with a 
concussion who is subjected to a meta-
bolic and physiological cascade of events 
(body structures)20 may have impairments 
of eye movements (body function), limi-
tations in reading class material (activ-
ity), and restrictions in participating in 
meaningful class activities (participation). 
However, the interaction may be such that 
contextual factors, such as effective school 
accommodations or helpful teachers (en-
vironmental factors) and high resilience 
(personal factor), can help the child main-
tain higher levels of participation in social 
and community settings.

Studies  approaching concussions from 
a biopsychosocial perspective are rare. 
However, the models usually focus on lin-
early linking imaging findings to a limited 
number of functional outcomes,51,52 failing 
to take advantage of the dynamic relation-
ships allowed by the model. More efforts 
to examine how best to use the ICF to as-
sess functioning post injury and allow the 
emergence of new rehabilitation targets 
for intervention, especially for children 
and adolescents with prolonged recovery, 
must be deployed.

There are barriers to the successful 
use of biopsychosocial models in clinical 
care and research projects. For example, 
to capture all areas of functioning, clini-
cians risk overburdening children and 
their families with long and repeated as-
sessment sessions, as they may already be 
fatigued from their concussion. Overtest-
ing in any context may perpetuate iatro-
genic consequences, as problems could be 
induced by the increased attention given 
to a potentially mild condition.48 More 
work on the operationalization of biopsy-
chosocial models in the field of concus-
sion is needed.

The CanPedCDE Initiative
The Canadian Pediatric Mild Traumatic 
Brain Injury Common Data Elements 

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

8,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
01

9 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



journal of orthopaedic & sports physical therapy  |  volume 49  |  number 11  |  november 2019  |  857

(CanPedCDE) is an initiative involving 
researchers, clinicians, patients, and 
other stakeholders to propose a compre-
hensive assessment of pediatric mild TBI 
and concussion by varied mechanisms. A 
decade of work by international initia-
tives has suggested a need to standardize 
the clinical presentation of concussion in 
a broad and comprehensive manner. The 
National Institute of Neurological Disor-

ders and Stroke, through its initiative of 
Common Data Elements for TBI2 and for 
sport-related concussions,8 has proposed 
a list of domains and outcome measures 
thought to be appropriate at key time 
points. Although assessment tools for 
single constructs (eg, 3 tools capturing 
quality of life) have been useful in sharing 
data across TBI or sport-related concus-
sion studies, their multiplication and lack 

of specificity to the pediatric population 
have made their clinical utility difficult.

Using the National Institute of Neu-
rological Disorders and Stroke Common 
Data Elements as a starting point, the 
CanPedCDE consensus exercise led to 
the proposition of an ICF-based model 
of functioning after concussion, with 
related assessment tools (see Gagnon 
et al16 and the summary in FIGURES 1 

ICF Body Functions and Structures
b110 Consciousness
b114 Orientation
b126 Temperament and personality functions
b130 Energy and drive
b1301 Motivation
b134 Sleep
b140 Attention
b144 Memory
b152 Emotion
b160 Thought functions
b164 Higher cognitive function
b210 Visual function/seeing
b215 Functions of structures adjoining the eye
b235 Vestibular functions
b260 Proprioceptive function
b280 Headache, neck pain/other pain
b410 Heart function
b455 Exercise tolerance
b510 Vomiting
b555 Endocrine function
b710 Mobility of joints (neck)
b730 Muscle power
b740 Muscle endurance
b755 Involuntary movement reactions
b760 Control of voluntary movements
b770 Gait pattern
s110 Structure of brain
s710 Structures of the head and neck region

Environmental Factors
e1101 Drugs (medications)
e1108 Nonmedicinal drugs and alcohol
e240 Light
e250 Sound
e310 Immediate family
e320 Friends
e355 Health professionals
e580 Health services, systems, and policies
e585 Education and training services, systems, 

and policies
e590 Employment services, systems, and policies
e920 Recreation and leisure

Activities and Participation
d166 Reading
d175 Solving problems
d220 Undertaking multiple tasks
d240 Handling stress/psychological demands
d315 Communicating with nonverbal messages
d415 Maintaining positions/balancing positions
d450 Walking
d455 Moving around
d475 Driving
d720 Complex interpersonal interactions
d820 School education
d840 Work and employment
d920 Recreation and leisure (including sports)
---- Quality of life (no ICF category)

Personal Factors (No ICF Category)
Sex/gender
Age
History of previous concussion/prior recovery
History of headaches/migraine
History of learning disabilities
History of ADHD
History of developmental disorders
History of anxiety/depression
History of sleep disorder
History of prior sports participation
History of prior academic performance
History of other significant comorbidities
Primary language
Dominance (hand, foot)
Socioeconomic status
Compliance to treatment

Injury Information (No ICF Category)
Date of injury
Time of day of injury
Loss of consciousness at time of injury
Posttraumatic amnesia at time of injury
Seizure at time of injury
Initial symptoms at time of injury
Mechanisms of injury
Location of injury on body
Initial treatment

Body functions and structures                    Participation

Environmental factors Personal factors

Activities

Health condition
Mild TBI/concussion

FIGURE 1. The CanPedCDE ICF-based model of concussion outcome is an adaptation of the ICF model, depicting an example of integrated functioning after mild TBI. We 
present the CanPedCDE framework for assessment of pediatric and adolescent mild TBI or concussion as per the World Health Organization’s ICF categories. Abbreviations: 
ADHD, attention deficit hyperactivity disorder; CanPedCDE, Canadian Pediatric Mild Traumatic Brain Injury Common Data Elements; ICF, International Classification of 
Functioning, Disability and Health; TBI, traumatic brain injury. Adapted with permission from the World Health Organization.53 Copyright ©2001 World Health Organization.
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and 2 and TABLE 1). To address some of 
the limitations of previous initiatives, 
which advocated an impressive number 
of elements and assessment tools with-
out actually testing how they should be 
implemented with children and adoles-
cents, the CanPedCDE examined the 
feasibility of executing its framework in 
the context of a pilot, multicenter longi-
tudinal study.16

Feasibility of Administering Multiple 
Assessment Tools to Children and 
Adolescents With Concussion
To explore the burden of administration 
of the selected tools, the CanPedCDE ini-
tiative included pilot data collection in 6 
clinical mild TBI/concussion follow-up 
programs located in Montreal (Montreal 
Children’s Hospital-McGill University 
Health Centre and Centre hospitalier uni-

versitaire Sainte-Justine), Quebec City 
(Centre hospitalier universitaire de Qué-
bec-Université Laval), Ottawa (Children’s 
Hospital of Eastern Ontario), Hamilton 
(McMaster Children’s Hospital), and 
Victoria (University of Victoria). Sites re-
cruited children and adolescents seen in 
their programs, and followed them for 6 
months (48 hours; 2 weeks; and 1, 3, and 6 
months post injury). Ethics approval was 

Acute Recovery Recovery Recovery Recovery

Initial screening and acute period
• Acute Concussion Evaluation
• Ohio State University 

TBI-ID-short form
• Glasgow Coma Scale
• Children’s Orientation and 

Amnesia Test
• SCAT3 (for those aged ≥13 y; 

version in e­ect at time of study)
• Child SCAT3 (for those aged 

5-12 y; version in e­ect at time of 
study)

• PCSI (child, teen, and parent 
versions)

• General questions on injury and 
preinjury functioning 

• PCSI (child, teen, and parent versions)
• Pittsburgh Sleep Quality Index
• Dizziness Handicap Inventory
• PedsQL Multidimensional Fatigue 

Scale
• PedsQL
• Headache Impact Test-6
• Physical Activity Questionnaire (7-day 

recall for physical activities)
• Cervical joint position error test 

(extension, rotation)

• Neck flexion endurance test
• Oculomotor function (clinical)
• Grip strength (handheld dynamometer)
• Vertical jump test
• BOT-2
• Balance Error Scoring System
• Functional Gait Assessment
• Walking-while-talking test
• Reaction-time ruler test

Concussion database 

Concussion

• Medical Symptom Validity Test
• WASI-vocabulary
• WASI-matrix reasoning
• WAIS IV/WISC IV-coding
• WAIS IV/WISC IV-digit span 
• Conners’ CPT II
• Grooved Pegboard Test
• D-KEFS-verbal fluency

• NEPSY-speeded naming
• BASC-2
• Behavior Rating Inventory of Executive 

Function
• Strengths and Di¡culties Questionnaire
• General questions regarding health 

care, accommodations, and return to 
activities

Recovery

Unrestricted 
return to 
activities

Multiple time points over recovery period

1 mo post injury (repeated later if abnormal finding)

FIGURE 2. The CanPedCDE framework list of outcome measures by time of assessment. Abbreviations: BASC-2, Behavior Assessment System for Children Second Edition; BOT-2, 
Bruininks-Oseretsky Test of Motor Proficiency Second Edition; CanPedCDE, Canadian Pediatric Mild Traumatic Brain Injury Common Data Elements; CPT, Continuous Performance 
Test; D-KEFS, Delis-Kaplan Executive Function System; ICF, International Classification of Functioning, Disability and Health; NEPSY, A Developmental NEuroPSYchological 
Assessment; PCSI, Post-Concussion Symptom Inventory; PedsQL, Pediatric Quality of Life Inventory; SCAT, Sport Concussion Assessment Tool; TBI-ID, Traumatic Brain Injury 
Identification Method; WAIS, Wechsler Adult Intelligence Scale; WASI, Wechsler Abbreviated Scale of Intelligence; WISC, Wechsler Intelligence Scale for Children.
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obtained from each institution prior to ini-
tiation of the project. Consecutive children 
presenting to the emergency department 
or follow-up programs of the participating 
institutions were included in the project if 
they (1) were 6 to 17 years of age, (2) had a 

mild TBI,9 (3) had suffered the initial in-
jury in the previous 28 days, and (4) were 
proficient in English or French. Children 
were excluded if they had a severe devel-
opmental delay or a polytrauma requiring 
hospitalization for something other than 

mild TBI. Participating children and fami-
lies were introduced to the project as they 
presented to emergency departments or 
on initial referral to mild-TBI programs, 
and provided informed consent for their 
deidentified data to be used.

	

TABLE 1 Final List of Outcome Measures Included in the CanPedCDE Framework Version 1

Abbreviations: BASC-2, Behavior Assessment System for Children Second Edition; BOT-2, Bruininks-Oseretsky Test of Motor Proficiency Second Edition; 
CanPedCDE, Canadian Pediatric Mild Traumatic Brain Injury Common Data Elements; CPT, Continuous Performance Test; D-KEFS, Delis-Kaplan Executive 
Function System; ICF, International Classification of Functioning, Disability and Health; NEPSY, A Developmental NEuroPSYchological Assessment; PCSI, 
Post-Concussion Symptom Inventory; PedsQL, Pediatric Quality of Life Inventory; SCAT, Sport Concussion Assessment Tool; TBI-ID, Traumatic Brain Injury 
Identification Method; WAIS, Wechsler Adult Intelligence Scale; WASI, Wechsler Abbreviated Scale of Intelligence; WISC, Wechsler Intelligence Scale for Children.

Outcome Measure ICF Category Specific Domain/Construct

Acute Concussion Evaluation Injury information and personal factors Multiple

Ohio State University TBI-ID-short form Personal factors Previous concussion and recovery history

Glasgow Coma Scale Body functions Consciousness

Children’s Orientation and Amnesia Test Body functions Orientation

SCAT3 (for those aged ≥13 y; version in effect at time of study) Body functions Multiple

Child SCAT3 (for those aged 5-12 y; version in effect at time of study) Body functions Multiple

PCSI (child, teen, and parent versions) Body functions Multiple

Pittsburgh Sleep Quality Index Body functions Sleep

Dizziness Handicap Inventory Body functions Vestibular

PedsQL Multidimensional Fatigue Scale Body functions Energy

PedsQL None Quality of life

Headache Impact Test-6 Body functions Pain (headache)

Physical Activity Questionnaire (7-day recall for physical activities) Activities and participation Sport participation

Cervical joint position error test (extension, rotation) Body functions Proprioceptive function

Neck flexion endurance test Body functions Muscle power/endurance

Oculomotor function (clinical) Body functions Functions of structures adjoining the eye

Grip strength (handheld dynamometer) Body functions Muscle power/endurance

Vertical jump test Body functions Muscle power/endurance

BOT-2 Body functions Multiple

Balance Error Scoring System Body functions Involuntary movement reactions (postural control)

Functional Gait Assessment Activities and participation Walking, moving around

Walking-while-talking test Activities and participation Undertaking multiple tasks, walking

Reaction-time ruler test Body functions Control of voluntary movements

Medical Symptom Validity Test Body functions Motivation, memory

WASI-vocabulary None General intelligence

WASI-matrix reasoning None General intelligence

WAIS IV/WISC IV-coding Body functions Thought processing

WAIS IV/WISC IV-digit span Body functions Memory

Conners’ CPT II Body functions Attention

Grooved Pegboard Test Body functions Control of voluntary movements (fine motor)

D-KEFS-verbal fluency Body functions Higher cognitive function

NEPSY-speeded naming Body functions Higher cognitive function

BASC-2 Body functions Emotional functions

Behavior Rating Inventory of Executive Function Body functions Higher cognitive function

Strengths and Difficulties Questionnaire Body functions Emotional functions

General questions regarding health care, accommodations, and return to activities Environmental factors Multiple
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In the pilot implementation proj-

ect, 484 participants were recruited. At 
least 10 participants (children and their 
parents) and 2 clinicians from each site 
were asked to respond to an online ques-
tionnaire addressing the feasibility and 
acceptability of completing or adminis-
tering assessment tools over the 6-month 
visit cycle. Age-appropriate surveys for 
children 10 years of age and older were 
created and tested prior to administra-
tion. The survey asked questions about 
the impact of the entire testing battery, in 
terms of usefulness for concussion man-
agement and the participation process. 
In addition, clinicians were surveyed 
for burden on health care services. The 
questions were scored on a 5-point Lik-
ert scale from 1 (I don’t agree at all) to 
5 (I totally agree) that targeted the data-
collection process (“I think the measures 
used are comprehensible, logical, in good 
order, easily performed, complete, too 
long . . .” and participant experience (“I 
think that participating was interesting, 

personally relevant, useful . . .” Finally, 
clinicians were asked about changes to 
their practice, burden of administration, 
and burden on existing resources in the 
context of sustainability outside of the 
context of the study. All responses were 
compiled by participant group to allow 
for contrasts to emerge.

Respondents to the feasibility survey 
included 97 parents, 59 children, and 39 
clinicians or research assistants. TABLE 2 
presents the percentage of participants 
who were in agreement with the pre-
sented statements. A large majority of 
children, parents, and clinicians agreed 
that participating in the follow-up proj-
ect was useful for them, and that the tests 
used were helpful to track recovery or un-
derstand the concussion itself. Clinicians 
did not fully recognize how helpful the 
comprehensive approach was and how 
reassuring their participation was for the 
child and parents. Clinicians reported 
that the outcome measures contributed 
to providing them with a comprehensive 

view of the child’s functioning and that all 
measures could be administered as part 
of a clinical care visit. However, a signifi-
cant minority of them were concerned 
with the sustainability of administering 
such a high volume of measures without 
the support of a research project.

It appears feasible to approach con-
cussion follow-up from a more global 
perspective and to go beyond the assess-
ment of patient-reported symptoms to 
determine children’s function. However, 
to address clinicians’ concerns about sus-
tainability, it is essential to re-examine 
the proposed outcome measures and 
determine, through empirical analysis, 
whether all retained tools included in 
the CanPedCDE initiative are necessary 
to capture children’s experiences of living 
with a concussion through a biopsycho-
social lens.

What Can Be Done Right Now?
While understanding of the usefulness 
and validation of biopsychosocial models 

	

TABLE 2 CanPedCDE Feasibility Survey Results*

Abbreviation: CanPedCDE, Canadian Pediatric Mild Traumatic Brain Injury Common Data Elements.
*Values are percent of participants who agreed or strongly agreed.

Survey Statement Parents (n = 97) Children (n = 59) Clinicians (n = 39)

Common items for all groups

Participating in the concussion study was useful for me 81 80 92

Participating in the concussion study helped me understand my/the child’s concussion 79 86 64

Participating in the concussion study was reassuring 73 71 64

The tests performed during the visits were helpful to see how I/the child got better 79 76 92

The visits took a lot of my time 20 30 77

The visits lasted longer than I was told 11 0 21

The number of visits was just right 79 86 74

Common items for parents/children

Everything I did will help future patients and their families 94 93

Everything I had to do was well explained by the research staff 98 100

I trusted the research staff during this study 99 98

The visits were fun 90 61

Thinking about the experience of being in the study, I would definitely be part of this study again 87 63

Additional items for clinicians

The number of tests and questionnaires that I had to administer as part of the concussion study could be 
done in my clinical setting

87

The extra resources required for the concussion study visits could be sustained in my clinical setting 67

The interdisciplinary nature of the testing provided a complete picture of the child’s recovery 82
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of function after concussions continues 
to evolve, the question of how to inte-
grate current understanding in follow-up 
clinics delivering postconcussion care is 
important. FIGURE 3 identifies 4 key mo-
ments, proposed by our group,17 when 
intervention can be guided by adopting 
a multimodal approach to assessment. 
Clinical decisions in these key moments 
of transition rely heavily on how assess-

ments are performed to identify needs. 
While the initial evaluation may require 
addressing a larger number of domains 
with more screening measures, re-eval-
uations would be focused on thorough 
assessments of fewer constructs. For 
example, evaluating patient-reported 
postconcussion symptoms at the time of 
initial evaluation might consist of simple 
yes/no questions regarding key symp-
toms,19 while a later assessment would 
require rating a longer list of symptoms 
with a scale allowing for sensitivity to 
severity.45 Evaluation of participation 
domains at the initial evaluation may be 
limited to documenting preinjury levels 
of school, leisure, and sport participation. 
The same participation domains would 
require a detailed assessment of level, 
performance, or satisfaction with partici-
pation at later stages of recovery. Docu-
menting environmental factors, such as 
access to care or support from the school 
environment, would help clinicians tar-
get and tailor specific interventions for 
the child and family.

SUMMARY

M
ost current predictive models 
of concussion recovery limit their 
definition of recovery to an ab-

sence of postconcussion symptoms, and 
thus appear grounded in more biomedi-
cal models of health. Biopsychosocial 
models recognize that disability is the 

result of complex interactions between 
an individual’s physical, psychological, 
social, and environmental factors. While 
there are undeniable underlying struc-
tural/physiological changes following 
concussion, other factors will contribute 
to determine how the individual copes. 
Children and adolescents will vary widely 
in how they respond to their symptoms, 
and also differ in how they cope. By 
adopting a more global view, clinicians 
and researchers could provide a holistic 
approach and contribute to a more suc-
cessful and sustainable pediatric concus-
sion care model. Promising avenues, such 
as that of Kenzie’s27 systems science–in-
spired model, propose an even more inte-
grated and dynamic linking of key aspects 
of concussion injury and recovery than do 
biopsychosocial models (FIGURE 4).26,27,49 
As our understanding of these complex 
processes increases, clinicians providing 
concussion care will need to adapt to this 
more encompassing way of approaching 
the condition and see symptoms as only 
one of the objects of our attention. t
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(University of Calgary); Brian Christie, PhD 

Injury/suspicion of concussion

Concussion diagnosis

Generic
Education/reassurance/

activity management/accommodations

Individualized
Impairment-based treatments/activity 

management/accommodations/reassurance

Individualized
Impairment-based treatments/emerging 

approaches/activity management/
accommodations/reassurance

Initial evaluation

Re-evaluation

Not well

Well

Re-evaluation

Not well

Well

Re-evaluation Well

FIGURE 3. Simplified concussion management 
model, simplified to highlight key moments when a 
biopsychosocial approach to assessment could be 
implemented.

FIGURE 4. Systems science model of concussion. Reprinted with permission from Kenzie et al.26 Copyright ©2017 
Kenzie, Parks, Bigler, Lim, Chesnutt, and Wakeland.
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UU SYNOPSIS: Sport-related concussion is com-
mon in full-contact and collision sports. Epidemiol-
ogy studies use different types of surveillance 
systems and concussion definitions. Concussion 
incidence rates vary across age, sex, sport, and 
level of competition. Incidence rates are increas-
ing, likely due to higher rates of reporting following 
improved knowledge and increased regulations. In 
this review, we summarize 7 key concepts related 
to concussion epidemiology: concussion definition, 
changes in concussion knowledge, reliability and 

accuracy of injury surveillance systems, conserva-
tive management and return to play, reliability 
of self-report, incidence of concussion across 
levels of play, and understanding the behaviors of 
players, coaches, and medical personnel from a 
multidisciplinary management perspective.  
J Orthop Sports Phys Ther 2019;49(11):768-778. 
doi:10.2519/jospt.2019.9105

UU KEY WORDS: athletes, concussion, epidemiol-
ogy, injury surveillance, management
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C
oncussion is a common injury in sport34 and occurs in 
athletes of all ages, with varying incidence rates across contact 
and limited-contact sports.77 Historically, the incidence of 
concussion in athletes has been difficult to estimate due to lack 

of standardization of injury definitions and methods used to collect 
and report data from injury surveillance systems, underreporting, and 

its application to the control of diseases 
and the measurement of disease out-
comes in relation to a population at risk

Prevalence: the number of cases of a dis-
ease/injury/problem that are present in 
a particular population at a given time

Incidence: the rate at which the number 
of new events of a disease/injury/prob-
lem occur over a specific period

Point prevalence: the proportion of indi-
viduals in a population who have a dis-
ease, injury, or problem at a particular 
time, sampled at a single time point

Period prevalence: the proportion of 
the population that has or develops 
the disease, injury, problem within a 
specified period

PART 1: ISSUES IN  
SRC EPIDEMIOLOGY

A 
key challenge in injury epide-
miology is clearly defining the in-
jury, so that cases can be reliably 

counted. Definitions of injury should in-
clude the injury cause and the outcome.54

ANDREW J. GARDNER, PhD1,2  •  KENNETH L. QUARRIE, PhD3  •  GRANT L. IVERSON, PhD4-6

The Epidemiology of Sport-Related 
Concussion: What the Rehabilitation 

Clinician Needs to Know

underdiagnosis.59 Concussion is also com-
mon in daily life and military service, and 
its epidemiology in the civilian and mili-
tary populations is reported in a number 
of reviews.2,28,36,57 The purpose of this com-
mentary is to summarize key concepts re-
lated to the epidemiology of sport-related 
concussion (SRC) in 2 sections: (1) the 

methodological issues of concussion defi-
nition, surveillance systems, and advances 
in concussion knowledge; and (2) a sum-
mary of the data on SRC epidemiology.

Glossary of Terms
Epidemiology: the study of the distribu-

tion and determinants of disease, and 
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Definition of Injury and 
Definition of Concussion
Though a standard definition of concus-
sion has been available for many years,61,63 
consistently applying it has not been easy. 
The severity of concussion has not been 
defined in most sports, except in rugby, 
which defines it as “time loss” (ie, the 
number of days away from sport).

The range of injury definitions in 
sports injury surveillance systems in-
cludes injuries that result in presentation 
to an emergency department or sports 
medicine clinic treatment,1,21,23,71,82,93 in-
juries that result in absence from match 
play7,81 or a training session,11,86 and in-
juries that result in symptoms reported 
by the athlete.42 These different injury 
definitions will produce different injury 
rates.17

Epidemiological studies relating to 
concussion use different methods of data 
capture (surveillance systems) and differ-
ent definitions of concussion. Some rely 
on data (often a diagnosis) provided by 
athletic trainers,12,18,48,73,80,88 and some use 
physician diagnosis.8

Examples of definitions of concussion 
used in epidemiological studies include 
the following:
1.	 “A trauma-induced alteration in men-

tal status that may or may not involve 
loss of consciousness.”10

2.	 “A blow to the head followed by a va-
riety of symptoms that may include 
any of the following: headache, diz-
ziness, loss of balance, blurred vi-
sion, ‘seeing stars,’ feeling in a fog or 
slowed down, memory problems, poor 
concentration, nausea, or vomiting. 
Getting ‘knocked out’ or being uncon-
scious does not always occur with a 
concussion.”47,59

3.	 “When a blow or jolt to the head 
causes problems such as headaches, 
dizziness, being dazed or confused, 
difficulty remembering or concentrat-
ing, vomiting, blurred vision, or being 
knocked out.”22

The Concussion in Sport Group61 de-
fines concussion as “a traumatic brain 
injury induced by biomechanical forces,” 

including “several common features that 
may be utilised in clinically defining the 
nature of a concussive head injury”:
(1)	“Caused either by a direct blow to the 

head, face, neck or elsewhere on the 
body with an impulsive force trans-
mitted to the head”

(2)	“Results in the rapid onset of short-
lived impairment of neurological 
function that resolves spontaneously; 
however, in some cases, signs and 
symptoms evolve over a number of 
minutes to hours”

(3)	“May result in neuropathological 
changes, but the acute clinical signs 
and symptoms largely reflect a func-
tional disturbance rather than a 
structural injury and, as such, no ab-
normality is seen on standard struc-
tural neuroimaging studies”

(4)	“Results in a range of clinical signs 
and symptoms that may or may not in-
volve loss of consciousness. Resolution 
of the clinical and cognitive features 
typically follows a sequential course. 
However, in some cases symptoms 
may be prolonged”61

Loss of consciousness is not required 
for a diagnosis of concussion. There are 
no specific criteria provided to define or 
quantify “short-lived impairment of neu-
rological function.” For example, retro-
grade amnesia, posttraumatic amnesia, 
and confusion are not discussed in the 
definition.61

There is no consensus on the lowest 
threshold for defining and diagnosing 
concussion.64 In its mildest form, a tran-
sient neurological event53 might resolve 
spontaneously in seconds or minutes, 
with no clinical manifestations being 
detectable after this resolution. Whether 
this represents the lowest threshold of in-
jury or a so-called “subconcussive” blow 
to the head4,20,33,83 remains an open ques-
tion. The criteria and/or threshold used 
for the definition of concussion have a 
direct effect on the reported concussion 
incidence.

Operational definitions of concussion 
have also been proposed74,75 to expand on 
theoretical or conceptual definitions and 

to increase recognition and sensitivity of 
diagnosis.75 World Rugby has recognized 
the variable natural history of concus-
sion, appreciating the possibility that 
a concussion may be transient, fluctu-
ate, have a delayed onset, or have signs 
and symptoms that evolve over time. As 
such, a 3-stage diagnostic process was 
introduced that included (1) immediate 
postinjury assessment, (2) repeated as-
sessment within 3 hours, and (3) a fol-
low-up assessment at 36 to 48 hours post 
injury.75 Concussion can be diagnosed at 
any of these time points. Given the natu-
ral history of the condition, it is not pos-
sible to rule out or exclude a concussion 
until the athlete has been re-evaluated 
36 to 48 hours following the event.75 The 
criteria adopted to define concussion will 
have a direct effect on the reported con-
cussion incidence.

Diagnosis of Concussion
Variations in the definition of an injury 
and the definition of concussion make it 
challenging to compare studies and pro-
duce reliable incidence data. It is impor-
tant to consider the reliability of reported 
incidence rates of concussion diagnosis. 
Many professional leagues (eg, the Na-
tional Rugby League, Australian Football 
League, World Rugby, National Hockey 
League, and National Football League) 
have adopted policies that allow a team 
physician to remove an athlete from play 
following a suspected concussion. The 
team physician can examine the athlete 
to determine his or her fitness to return 
to play during the same game (referred to 
in rugby union and rugby league as the 
“head injury assessment” [HIA]). Some 
athletes who are removed from play under 
the HIA and who do not return to play in 
the same game may be kept out of play for 
reasons other than a concussion. In such 
circumstances, it is important to clarify 
whether the injury has been recorded 
in surveillance systems as a concussion, 
because incidence rates can be overesti-
mated when all HIA events resulting in a 
player being permanently removed from 
play are recorded as a concussion.
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Impact of Surveillance Systems 
on Reported Concussion Rates
The people who collect the data and their 
incentives can impact concussion rates. 
In a study of South African schoolboy 
rugby injuries, there was substantial un-
derreporting of concussion by schools 
that obtained data by sending forms 
(instruction forms, weekly report forms, 
and injury questionnaire forms) to all 
20 of the participating schools’ teacher-
coaches and requiring them to complete 
the injury report forms every week. The 
data were more accurate when collected 
by researchers.78

There is limited information about the 
proportion of concussions that are not 
captured by injury surveillance systems, 
because any or all of the following apply:
•	 A concussion was sustained by a play-

er, but no signs of concussion were ap-
parent to observers (an “unobserved” 
concussion).

•	 A concussion was sustained by a play-
er and the event may or may not have 
been observed, but the player did not 
report his or her injury (an “unreport-
ed” concussion).

•	 A concussion was sustained by a play-
er and the player reported the injury 
to a medical practitioner or data col-
lector, but the medical practitioner or 
data collector did not make a diagno-
sis of concussion, or the person clas-
sified the injury as something other 
than a concussion (an “undiagnosed” 
concussion).

Changes in Knowledge and 
Awareness of Concussion
Greater knowledge and awareness of in-
jury among athletes, coaches, parents, 
athletic trainers, and physicians increase 
the likelihood of self-identification, inju-
ry surveillance reporting, and physician 
diagnosis,80 ultimately influencing con-
cussion incidence and lifetime prevalence 
rates.18,48,55,77,94 The number of concussion 
diagnoses is increasing.3 A 10-year study 
of 25 high schools found that the rate 
of reported concussions increased more 
than 4-fold over the study period.55

High school athletes have longer re-
covery times, fewer athletes have signs 
typically considered to be more severe 
(eg, loss of consciousness and amnesia), 
and more athletes are reporting symp-
toms (eg, drowsiness, irritability, light 
sensitivity), which suggests that clini-
cians may have lowered the threshold in 
diagnosing concussion.18 In the United 
States, nationwide state-level concus-
sion legislation and associated educa-
tion efforts have facilitated recognition 
of possible lingering symptoms and 
contributed to a longer documented 
symptom resolution time.18 Emergency 
department visits for concussion have 
increased,25,44 likely because of increased 
knowledge and awareness of (and con-
cern for) concussion rather than in-
creased incidence.72

Reliability and Accuracy of 
Surveillance Systems
National injury databases rely on es-
timates that are based on administra-
tive claims,5 which are limited to fit an 
International Classification of Diseases 
code. The International Classification 
of Diseases code has limited sensitivity 
and specificity for SRC, and is prone to 
underestimation.5 Surveillance systems 
need better capacity for recording com-
prehensive injury information. High 
School Reporting Information Online,15 
the National Collegiate Athletic Associa-
tion Injury Surveillance Program, and the 
National Electronic Injury Surveillance 
System All Injury Program are examples 
of next-generation injury databases. Each 
of these systems is web based and enables 
a broad range of incident information to 
be uploaded by athletic trainers.

There are no effective mechanisms to 
consistently and inexpensively link vari-
ous surveillance data sets, or to follow in-
dividual athletes across sports, tracking 
systems, or the age continuum—key limi-
tations to current surveillance systems.5 
In 2012, the Ivy League and Big Ten con-
ferences in the United States combined to 
establish a surveillance system. Athletic 
trainers complete a data-collection in-

strument, entered online, for each con-
cussive event.12

The Impact of Management and 
Return-to-Play Decision Making 
on Injury Incidence Rates
In the 1980s and 1990s, it was relatively 
common for athletes to return to play fol-
lowing concussion during the same game 
if their signs and symptoms resolved. It 
was also relatively common for athletes to 
return to play while still symptomatic. In 
the 21st century, there has been increased 
vigilance toward identifying concussion 
and avoiding same-day return to play.62 It 
is more common for athletes to be man-
aged more conservatively, from a medi-
cal perspective, and to follow a gradual 
return-to-play procedure.60-63 Epidemio-
logical studies documenting “time loss” 
or recovery times published in the 1990s, 
2000s,18 and in recent years30,72 may yield 
different findings, based, in part, on the 
evolution of how the injury is medically 
managed. Documenting the recovery 
times may or may not overcome some of 
the limitations pertaining to the accuracy 
of the data entered into national surveil-
lance systems.

Reliability and Accuracy of 
Self-reported Concussion
The source of information regarding 
concussion history is most often athlete 
self-report. Adolescent and young adult 
athletes may underreport or inconsistent-
ly report their concussion history.59,66,91 
Among adolescent ice hockey players 
asked to report their concussion history 
on 2 self-report instruments adminis-
tered during the same session, 1 in every 
5 players provided inconsistent informa-
tion; 1 in 10 reported fewer concussions 
and 1 in 10 reported more concussions.66

Among professional National Foot-
ball League players, 7% reported fewer 
concussions during a second administra-
tion of a screening tool completed 9 years 
after the first administration.46 Among 
approximately 5000 high school stu-
dent-athletes with concussion, only a 
small proportion (n = 181, 4%) provided 
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inconsistent information about their con-
cussion history when reassessed between 
90 days and 3 years later. In a subgroup 
of injured athletes (n = 587), 17% report-
ed no change in their concussion history 
on postinjury testing.92 Athletes report-
ing a greater number of lifetime concus-
sions at initial assessment had greater 
disagreement in concussion reporting at 
a subsequent assessment,66,92 suggesting 
that consistent recall of concussion his-
tory may be more difficult for adolescent 
athletes with a greater number of concus-
sions at baseline.92

Athletes may not report concussion 
for many reasons, including (1) lack of 
awareness of the injury, (2) belief that 
concussion is not a serious injury, (3) not 
wanting to be withheld from participa-
tion, (4) not wanting to let the team down, 
and (5) feeling pressure to maintain their 
position on the team.14,16,19,59,65,69,87 This is 
a problem because the athlete may be 
more vulnerable to repeated injury, and 
possibly an exacerbation of symptoms 
and a longer recovery time. Among Aus-
tralian high school rugby union players 
with suspected concussion, 4 of every 5 
returned to play prior to seeking medi-
cal clearance.85 The rate of compliance 
with medical advice in community rugby 
union players revealed that of the 22% of 
players who had been provided with re-
turn-to-play advice, none complied with 
the return-to-play regulation.39

Injury Incidence Rates: The Challenge 
of Assessing Exposure Time
An injury incidence rate is calculated as 
the number of events—in this case, con-
cussions (the numerator)—divided by 
some unit of athlete time for a population 
at risk (the denominator).34,84 Numera-
tors may vary based on underreporting 
or overreporting of concussion or inac-
curate diagnosis, and denominators can 
be difficult to accurately track.34 For team 
sports, exposure is best assessed as the 
number of minutes each athlete plays, 
because different playing positions have 
different exposure rates. Using team ex-
posure can lead to the underestimation 

or overestimation of individual athletes. 
However, it can be very challenging, time 
consuming, and resource intensive to col-
lect these data.84

When individual-level data are un-
available, sports injury epidemiologists 
typically calculate either “athletes at 
risk” or “athlete participation.”84 The ath-
letes-at-risk method uses the number of 
players on the field multiplied by either 
the team’s games played or game-hours. 
This may be represented as injuries per 
athlete-games or, more commonly, as 
injuries per 1000 athlete-games. The 
athlete-participation method uses ath-
lete-exposure (AE), meaning 1 athlete 
participating in 1 practice or game. In 
some instances, “participation” may be 
defined as athletes who were involved 
in the game, while in other instances, 
all athletes recorded on the team sheet 
(even those who did not actually enter 
the game) are included. That is, all par-
ticipating athletes are counted equally, 
even though exposure time ranges 
from full to partial to (potentially) no 
involvement.84

Estimates of risk may change dra-
matically depending on whether hours of 
participation are tracked or a seasonal or 
annual risk of concussion is determined.34 
The American Medical Society for Sports 
Medicine concluded that seasonal or an-
nual risk may be a more readily under-
stood concept.34 The above limitations 
require consideration when assessing the 
reported rates of concussion and compar-
ing these rates within a sport over time, 
or comparing rates across various sports.51

PART 2: EPIDEMIOLOGY OF SRC

T
his section provides epidemio-
logical information relating to in-
jury rates and a review of lifetime 

history and sport-specific injury rates. It 
also discusses injury rates in relation to 
level of competition and type of protec-
tive equipment worn.

Lifetime History of Concussion 
and Sport-Specific Rates
Children and Adolescents  Concussion is a 
common injury among young athletes.3,58,68 

TABLE 1
Incidence Rates of Sport-Related Concussion 

in High School Athletes During the 2008-2009 
and 2009-2010 Seasons Across Sports*

Sport Concussions per 100000 Athletic-Exposures

Boys football 76.8

Boys ice hockey 61.9

Boys lacrosse 46.6

Girls soccer 33.0

Girls lacrosse 31.0

Girls field hockey 24.9

Boys wrestling 23.9

Boys basketball 21.2

Boys soccer 19.2

Girls basketball 18.6

Girls softball 16.3

Cheerleading 11.5

Girls volleyball 8.6

Girls gymnastics 8.2

Boys baseball 4.6

Boys track and field 3.5

Girls track and field 1.4

*Adapted with permission from Meehan et al.68
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It has been reported to represent between 
9%43 and 13%58 of all high school athletic 
injuries. There may be higher rates of 
concussion in high school athletes com-
pared to adult athletes.56,67 The incidence 

of concussion in children and adoles-
cent athletes (younger than 18 years of 
age) across 12 sports was reported as 
0.23/1000 AEs. Rugby, ice hockey, and 
American football were the sports with 

the highest incidence rates of concussion 
among this age range (4.18, 1.20, and 
0.53/1000 AEs, respectively).72 A meta-
analysis of incidence rates of concussion 
in schoolboy rugby union (n = 11 studies) 
reported an incidence rate of 0.62 con-
cussions per 1000 player-match hours 
(range, 0.19-10.6).27 A summary of the 
incidence of SRC in high school athletes 
across 2 academic years is presented in 
TABLE 1.68

Adolescent Student-Athletes  Iverson 
and colleagues41 reported lifetime his-
tory of concussion rates in a large cohort 
of adolescent student-athletes. Between 
2009 and 2013, 32 487 students between 
13 and 18 years of age (mean ± SD, 15.5 
± 1.3 years), from the state of Maine in 
the United States, completed baseline 
preseason testing with Immediate Post-
Concussion Assessment and Cognitive 
Testing (ImPACT Applications, Inc, San 
Diego, CA), a computerized program that 
includes measures of symptom ratings 
and cognitive functioning intended for 
concussion management. As part of the 
program, students completed a health 
survey relating to attention deficit hyper-
activity disorder (ADHD), learning prob-
lems, health problems, and concussion 
history. In the total sample, 17% reported 
a history of 1 or more prior concussions, 
5% reported 2 or more prior concus-
sions, and 2% reported 3 or more prior 
concussions. Stratifying the total sample 
by sex, 20% of boys and 14% of girls re-
ported 1 or more prior concussions, 6% 
of boys and 4% of girls reported 2 or 
more prior concussions, and 2% of boys 
and 1% of girls reported 3 or more prior 
concussions. Youth with ADHD reported 
a greater lifetime history of concussion. 
Specifically, 26% of boys and 21% of 
girls with ADHD reported a history of 1 
or more prior concussions, compared to 
19% of boys and 13% of girls who report-
ed that they did not have ADHD.
College Athletes  Concussion represents 
6% of all collegiate athletic injuries.9 In 
collegiate football, the reported lifetime 
prevalence of concussion has ranged 
from 21%79 to 25%.40 College football 

TABLE 2
Concussion Rates in High School and 

Collegiate Athletes in the United States for 
the 2005-2006 School Year*

*Concussion rates reported from the High School Sports-Related Injury Surveillance Study and the 
National Collegiate Athletic Association Injury Surveillance System, as reported in Gessel et al.29 
Adapted with permission from Gessel et al.29

Concussions per 1000 Athletic-Exposures

Sport/Division Practice Competition or Match Play Overall

Football

High school 0.21 1.55 0.47

Collegiate 0.39 3.02 0.61

Boys soccer

High school 0.04 0.59 0.22

Collegiate 0.24 1.38 0.49

Girls soccer

High school 0.09 0.97 0.36

Collegiate 0.25 1.80 0.63

Volleyball

High school 0.05 0.05 0.05

Collegiate 0.21 0.13 0.18

Boys basketball

High school 0.06 0.11 0.07

Collegiate 0.22 0.45 0.27

Girls basketball

High school 0.06 0.60 0.21

Collegiate 0.31 0.85 0.43

Wrestling

High school 0.13 0.32 0.18

Collegiate 0.35 1.00 0.42

Baseball

High school 0.03 0.08 0.05

Collegiate 0.03 0.23 0.09

Softball

High school 0.09 0.04 0.07

Collegiate 0.07 0.37 0.19

Boys overall total

High school 0.13 0.61 0.25

Collegiate 0.30 1.26 0.45

Girls overall total

High school 0.07 0.42 0.18

Collegiate 0.23 0.74 0.38

Overall total

High school 0.11 0.53 0.23

Collegiate 0.28 1.02 0.43
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players with a history of previous con-
cussions were more likely to have future 
concussions than were collegiate football 
players with no history of concussion.31 
One in 15 concussed football players sus-
tained a subsequent concussion in the 
same season.31 Players who sustained a 
concussion in a season were 3 times more 
likely to sustain a second concussion in 
the same season compared with unin-
jured players.32

A large majority of same-season re-
peat concussions occurred within the 
first 2 weeks of the first concussion,13 
which has been far less likely in recent 
years due to more conservative manage-
ment and a gradual, stepwise return-
to-play approach. In collegiate-level 
ice hockey, 1 study reported concussion 
rates based on the sex and level of play 
(ie, Division I versus Division III).76 
The highest concussion rate was found 
in Division I men (0.83 per 1000 AEs), 
followed by Division III women (0.78 
per 1000 AEs), Division I women (0.65 
per 1000 AEs), and Division III men 
(0.64 per 1000 AEs).76 A summary of 
concussion rates reported in the High 
School Sports-Related Injury Surveil-
lance Study and the National Collegiate 
Athletic Association Injury Surveillance 
System is presented in TABLE 2.
Professional Athletes  Annual injury re-
ports in professional leagues have been 
produced for a number of years. However, 
the definition of injury, and the definition 

of concussion, has varied across sports, 
making comparisons challenging. The 
criteria for diagnosing concussion within 
the same professional competition have 
also changed over time. The National 
Football League’s reported incidences of 
concussion from 2012 through 2017 are 
presented in TABLE 3.

A systematic review of the concus-
sion incidence rates from the National 
Hockey League published in 201652 re-
ported a 10-fold increase in the rate of 
concussion from the 1986-1987 season 
to the 2011-2012 season. The lowest inci-
dence rate was during the 1986-1987 sea-
son (0.42 concussions per 100 games),90 
and the second highest and highest in-

cidence rates were in 2010-2011 (4.35 
concussions per 100 games) and in 2011-
2012 (4.88 concussions per 100 games), 
respectively.24

Prior to the National Hockey League 
lockout (a labor dispute between the Na-
tional Hockey League and the National 
Hockey League Players’ Association result-
ed in the cancellation of the 2004-2005 
season), the concussion incidence rate was 
2.89 concussions per 100 games. The rate 
decreased 28% to 2.07 concussions per 100 
games in the season following the lockout, 
but has risen each season since. “Rule 48” 
was created in an effort to eliminate a type 
of game play known to be a risk factor for 
concussion (ie, checks to the head) and was 

	

TABLE 3
Incidence of Concussion in the National Football League in the 

Preseason, Regular Season, and Postseason From 2012 Through 2017*

*Adapted with permission from https://www.playsmartplaysafe.com/newsroom/reports/2017-injury-data/.

Year Practice Game Total Practice Game Total Practice Game Total

2012 42 43 85 3 177 180 45 220 265

2013 39 38 77 4 163 167 43 201 244

2014 42 41 83 8 121 129 50 162 212

2015 29 54 83 9 187 196 38 241 279

2016 26 45 71 7 172 179 33 217 250

2017 45 46 91 11 189 200 56 235 291

Total 223 267 490 42 1009 1051 265 1276 1541
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FIGURE. Incidence of match concussions per 1000 hours (2010-2017) from the English Professional Rugby Injury 
Surveillance Project.45
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implemented at the beginning of the 2010-
2011 season.

A summary of the incidence rates of 
concussion during the regular season in 
the National Hockey League is provided 
in TABLE 4.52 Donaldson et al24 reported 
the rates of “suspected concussion,” 
which likely accounts for the increased 
rates reported for seasons 2009-2010, 
2010-2011, and 2011-2012. All other 
rates reported are medically diagnosed 
concussions.

In Australian professional rugby 
league, the concussion incidence rates 
vary dramatically across studies, in large 
part due to different criteria for defining 
injury. Using the more liberal injury defi-
nition, between 8.0 and 17.1 injuries per 
1000 playing-hours have been reported.26 
In rugby league, concussion accounted 
for 29% of all injuries associated with 
illegal play and 9% of injuries sustained 
in legal play,26 suggesting that rule modi-
fication and stricter officiating might re-

duce the rate of concussion in that sport.
A pooled analysis of concussion in-

jury incidence revealed 7.7 concussions 
per 1000 match-hours (95% confidence 
interval [CI]: 6.8, 8.7) in rugby league.50 
A meta-analysis of incidence rates of con-
cussion in professional rugby union play-
ers (n = 16 studies) reported an incidence 
rate of 1.19 concussions per 1000 player-
match hours (range, 0.33-7.8).27 King and 
colleagues49 reported an overall incidence 
of 51 concussions per 1000 player-hours. 
There was a 5-fold difference between 
witnessed (n = 8) and unwitnessed (n = 
44) concussions. The incidence rate of 
unwitnessed concussions was 51 concus-
sions per 1000 player-hours.49

In the Rugby Football Union injury 
surveillance report from the 2016-2017 
season,45 the most commonly reported 
match injury was concussion, accounting 
for 20% of all match injuries. The inci-
dence of concussions during match play 
between 2010 and 2018 is illustrated in 
the FIGURE. The mean severity of medical-
ly diagnosed match concussions, defined 
as time lost from sport, in 2017-2018 was 
19 days. Concussion accounted for 18% of 
all injuries to the ball carrier and 37% of 
all injuries to the tackler.45

Protective Equipment
The protective benefit of headgear is a 
topic that requires further investigation. 
The prevailing opinion has been that 
headgear provides limited or no effect on 
reducing the risk of concussion, although 
this may be partly due to a lack of evi-
dence being interpreted as a lack of effect. 
However, in recent years, biomechanical 
research relating to helmets and other 
types of protective headgear suggests that 
there are important differences between 
helmet and headgear types in regard to 
reducing both linear and rotational ac-
celeration to the head and brain.

There are a number of factors besides 
the potential direct benefits of wearing 
headgear that require consideration. 
For example, full-contact and collision-
sport athletes who choose to wear head-
gear may be the type of players who 

TABLE 4
A Summary of the Incidence Rate of Concussion 

in the Regular Season of the NHL*

Abbreviation: NHL, National Hockey League.
*Adapted with permission from Kuhn and Solomon.52

†Incidence rate reported in concussions per 100 games.
‡Reported rates include “suspected concussion” as determined by the authors.

Study/Season Concussion Rate†

Wennberg and Tator90

1986-1987 0.42

1987-1988 0.83

1988-1989 0.71

1989-1990 0.71

1990-1991 0.54

1991-1992 0.46

1992-1993 0.69

1993-1994 0.69

1994-1995 0.64

1995-1996 0.80

1996-1997 1.27

Benson et al6; Wennberg and Tator89,90

1997-1998 2.52 ± 0.46

1998-1999 3.54 ± 0.48

1999-2000 2.95 ± 0.23

2000-2001 3.62 ± 0.73

2001-2002 3.05 ± 0.75

Benson et al6; Wennberg and Tator89

2002-2003 3.07 ± 0.20

2003-2004 2.89 ± 0.06

2004-2005 NHL lockout

Wennberg and Tator89

2005-2006 2.07

2006-2007 2.36

2007-2008 2.52

2008-2009 No reported data

Donaldson et al24‡

2009-2010 2.76

2010-2011 4.35

2011-2012 4.88
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also take fewer risks during games, and 
may therefore adopt a style of play that 
places them at less risk of injury.38 In 
contrast, wearing so-called “protective 
equipment” like headgear may encour-
age some players to play more aggres-
sively and therefore place themselves at 
greater risk of injury.

In a cohort of 3207 nonprofessional 
male rugby union players aged 15 years 
and older from metropolitan Sydney, 
Australia, players who “always” wore 
headgear during games had a significant-
ly reduced risk of concussion.37,38 Players 
who reported that they rarely wore head-
gear during games (incidence rate = 12.6; 
95% CI: 8.4, 18.3) had almost double the 
incidence of concussion compared to 
players who reported that they always 
wore headgear (incidence rate = 7.4; 95% 
CI: 5.6, 9.7).38 However, the concussion 
incidence in players who reported never 
wearing headgear was almost identical to 
the incidence in players who always wore 
headgear (7.5 [95% CI: 6.0, 9.2] versus 
7.4 [95% CI: 5.6, 9.7]).38 In a 3-season 
study of 757 professional rugby players 
in the United Kingdom, players who did 
not wear headgear had a higher rate of 
concussion (4.6 per 1000 player-hours; 
95% CI: 3.7, 5.7) than those who did wear 
headgear (2.0; 95% CI: 1.0, 4.2).45

A rigorous evaluation of the benefits 
(or lack thereof) of appropriate headgear 
and the relationship with concussion in 
full-contact and collision-sport athletes 
is required. A summary of the level of 
evidence by Navarro70 shows that the use 
of customized mandibular orthosis in 
American football has a high level of evi-
dence (4), but no effectiveness in prevent-
ing concussion. In rugby, a mouthguard 
and headgear have a low level of evidence 
(2), but have no effectiveness and incon-
clusive effectiveness, respectively. In soc-
cer, headgear has no effectiveness and 
a level of evidence of 3 for preventing 
concussion. And in field hockey and ice 
hockey, a face shield has inconclusive and 
no effectiveness, respectively, and levels 
of evidence of 4 and 2 for preventing con-
cussion, respectively.

Directions for Future Research
Future epidemiological studies should 
consider the longitudinal examination 
of SRC incidence while considering dif-
ferences stratified by age, sex, ethnic-
ity, level of competition, and playing 
position. However, when considering 
incidence rates both within sports over 
time (intrasport comparisons) and 
across sports (intersport comparisons), 
until there is universal agreement on 
the operational definition of concussion 
for the numerator and a standardized 
exposure measure for the denomina-
tor, such comparisons are impossible. 
It is critical for epidemiologists to 
lead the field to consensus on these is-
sues in order to produce meaningful 
comparisons.

SUMMARY

T
here are a number of factors to 
take into account when considering 
the epidemiology of SRC.64,74,75 One 

of the greatest challenges is determining 
reliable methods for calculating and com-
paring concussion incidence rates, both 
within a sport over time and between 
sports. Factors such as the definition of 
concussion, changes in knowledge, more 
conservative management, increased 
readiness of athletes to self-report, and 
the calculation of the denominator are 
all important. In providing incidence 
rates, it has been suggested that season-
al or annual risk may be a more readily 
understood concept.35 Estimates of risk 
for concussion may change dramatically 
when hours of participation are tracked 
or a seasonal or annual risk of concussion 
is determined.35 Researchers, the medi-
cal community, and the general public 
are interested in injury data that gener-
ally are not presented in articles, such as 
the injury rates for total participants in a 
single season for a specific sport at a spe-
cific level of play. Injury rates per 1000 
playing-hours are important to present 
for standardization and cross-compar-
ison purposes, but they are difficult to 
interpret. t
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[ musculoskeletal imaging ]

A 
60-year-old man presented to 
the emergency department with 
constant right shoulder pain of in-

sidious onset that had lasted for 1 month. 
Available history included cervical spine 
osteomyelitis and C6-T1 laminectomy 
5 months prior, with loss to follow-up 
after completing two 6-week courses of 
intravenous antibiotics. He described se-
vere pain with movement and alleviation 
with the elbow flexed and the shoulder 
adducted and internally rotated against 
his abdomen. He reported homelessness, 
“long-time” daily alcohol consumption, 
and 1-month relapse to intranasal co-
caine use for pain management, after 5 
years of sobriety.

While awaiting initial radiograph 
results, the patient was referred to the 
emergency department’s physical thera-

pist for frozen shoulder. Examination 
revealed no active right shoulder motion 
due to pain. Passive range was pain lim-
ited to 0° of external rotation and 20° of 
flexion, with an empty end feel. Palpation 
of the quadrangular space produced ra-
diating symptoms to the anterior shoul-
der. There was no fever, joint erythema, 
warmth, or edema. The left shoulder 
demonstrated pain-free limited motion 
in a capsular pattern. The cervical spine 
screen revealed no significant findings.

Based on history of osteomyelitis, 
drug relapse, pain severity, and side-to-
side differences in shoulder examination, 
the physical therapist recommended 
magnetic resonance imaging of the right 
shoulder for suspected infection.1 Upon 
receiving physical therapist recommen-
dations and reviewing initial radiographs 

GERMAINE HERMAN, PT, DPT, OCS, �Eskenazi Health, Indianapolis, IN.
SARA ZEHR, PT, DPT, OCS, MPH, �Eskenazi Health, Indianapolis, IN.

Osteomyelitis of the  
Glenohumeral Joint

(FIGURE 1), the physician ordered magnetic 
resonance imaging, which revealed shoul-
der osteomyelitis and myositis (FIGURE 2; 
FIGURE 3, available at www.jospt.org). The 
patient was admitted for intravenous 
antibiotics, irrigation, debridement, and 
antibiotic spacer placement, with even-
tual reverse total shoulder arthroplasty 
(FIGURE 4, available at www.jospt.org).

This case highlights a person-centered 
approach to clinical decision making in 
light of atypical and vague musculo-
skeletal findings. In the absence of clas-
sic joint infection signs and symptoms, 
the physical therapist had to consider 
patient history and social situation in 
the clinical decision for further diag-
nostic imaging. t J Orthop Sports Phys 
Ther 2019;49(11):865. doi:10.2519/
jospt.2019.9101

Reference
1.	� American College of Radiology. ACR Appropriateness Criteria: suspected osteomyelitis, septic arthritis, or soft tissue infection (excluding spine and diabetic foot). Available at: 

https://acsearch.acr.org/docs/3094201/Narrative/. Accessed February 27, 2019.

FIGURE 1. An anteroposterior radiograph of the right shoulder 
showing decreased bone density, osteolysis, and fragmentation 
of the glenohumeral head and articular surfaces. Bony 
fragments are seen scattered throughout the capsule.

FIGURE 2. T1-weighted, fat-saturated, contrast magnetic resonance image of the right shoulder, with the (A) axial 
view showing osseous erosion and destruction of the medial aspect of the humeral head and glenoid fossa (arrow), 
consistent with osteomyelitis. (B) The coronal oblique view shows edema of the supraspinatus (arrow), consistent 
with myositis. Enhancing T1 marrow replacement is visualized in the glenoid and humeral head extending to the 
surgical neck.
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T
he past decade has witnessed many advances in the assessment, 
diagnosis, prognosis, and management of the patient with 
mild traumatic brain injury (mTBI) or concussion and its 
varied sequelae. However, the condition continues to frustrate 

clinicians and researchers due to the lack of (1) clear definition of the
injury, (2) identification of the cause (sports 
related, trauma based, a fall or other exter-
nal forces impacting the head/neck) of the 
injury, (3) consistent evidence-based inter-
ventions, and (4) valid biomarkers to ex-
plain the outcome on a patient-by-patient 
basis across the life span.

Because many mTBI cases go unrec-
ognized, underreported, and potentially 
untreated, concussion continues to be a 

significant public health concern. While 
many patients seek and receive care in 
an emergency setting, some also receive 
primary and follow-on care from a num-
ber of health care professionals, including 
physicians, athletic trainers, chiroprac-
tors, exercise physiologists, neuropsy-
chologists, and physical therapists. All of 
these professionals undoubtedly intend 
to effectively assess and manage the pa-

tient with mTBI (concussion). However, 
given the variability of the clinical presen-
tation, dissimilar screening and evaluation 
processes further contribute to practice 
variability. The specialty nature of physi-
cal therapy practice can raise challenges 
in this regard. Therapists who are expert 
in managing one type of impairment (eg, 
musculoskeletal, vestibular) may be more 
thorough in identifying and managing 
deficits in their area of expertise.

Though a few screening tools have 
been developed specifically for concus-
sion (eg, the Rivermead Post Concussion 
Symptoms Questionnaire,10 the Post-
Concussion Symptom Scale,11 and the 

How Do We Meet the 
Challenges of Assessing  
and Managing Concussion?
AIRELLE HUNTER-GIORDANO, DPT 
Department of Physical Therapy, University of Delaware,  
Newark, DE

KAREN L. MCCULLOCH, PT, PhD, FAPTA 
Division of Physical Therapy, Department of Allied Health Sciences, 
School of Medicine, University of North Carolina at Chapel Hill, 
Chapel Hill, NC

JAMES M. ELLIOTT, PT, PhD, FAPTA 
Discipline of Physiotherapy, Faculty of Health Sciences, The 
University of Sydney, Lidcombe, Australia 
Kolling Institute of Medical Research, Royal North Shore Hospital, 
Northern Sydney Local Health District, St Leonards, Australia 
Physical Therapy and Human Movement Sciences, Feinberg 
School of Medicine, Northwestern University, Chicago, IL
J Orthop Sports Phys Ther 2019;49(11):766-767. doi:10.2519/jospt.2019.0107

The editorial and works within this special issue are supported by the US National Institutes of Health through grant number R01HD079076 (Eunice Kennedy Shriver National Institute 
of Child Health and Human Development) awarded to Dr Elliott, and by the National Center for Medical Rehabilitation Research. The content is solely the responsibility of the authors 
and does not necessarily represent the official views of the National Institutes of Health.
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Child Sport Concussion Assessment Tool 
Fifth Edition5), the vast majority of out-
comes measures have been adapted from 
other conditions, such as headache (with 
or without migraine), neck pain (eg, the 
Neck Disability Index15), whiplash-asso-
ciated disorders, vestibular deficits (eg, 
Dizziness Handicap Inventory8), and 
other neuromusculoskeletal conditions. 
The overlapping and interactive nature 
of multiple body systems in postconcus-
sion presentation challenges the acumen 
of even the most astute clinician. Im-
pairments following brain injury can be 
diverse, nonspecific, and have many pos-
sible causes (eg, brain injury, autonomic 
or sleep dysfunction, visual impairments, 
cervicogenic causation). Accurately iden-
tifying the underlying cause of concussion 
impairments helps the clinician prioritize 
assessment and management, including 
appropriate referral to other clinicians 
with complementary specialties.

There is ongoing epidemiologic de-
bate as to what concussion is, the time 
required for recovery, who should best as-
sess and manage concussion, and whether 
best practice is defined by targeting (1) 
the cardinal signs/symptoms resulting 
from injury to head/neck structures, (2) 
the adverse neuropsychological sequelae, 
or (3) both. Although the onetime stan-
dard practice, “rest until asymptomatic,” 
is no longer advised, there is limited evi-
dence to clearly define the timing of reha-
bilitation versus allowing natural recovery 
to occur with a gradual return to typical 
activities.

As the field progresses, there is a point 
of interdisciplinary convergence around 
assessment, prognosis, management, and 
referral. This special issue supports and 
represents an interdisciplinary approach 
to assessment, management, and treat-
ment of mTBI/concussion. The papers 
cover the epidemiology of sport-related 
concussion7; innovative imaging and mo-
lecular biomarkers4; injury classification 
schemas1,2; patient-centered models of 
individualized assessment, diagnosis, and 
management12,14; new evidence highlight-
ing psychosocial factors that can drive the 

clinical course3; links to cervical spine dis-
orders9 (such as whiplash injury13); and 
current concepts in evaluating outcomes 
in children and youth after concussion.6 
The articles further highlight the evolving 
role of the physical therapist throughout 
the clinical course post concussion.

Substantial work in sports and mili-
tary concussion has provided many im-
portant lessons to guide current practice. 
But there is much to be learned about 
concussion recovery in other populations 
commonly seen in physical therapy (eg, 
children, older adults, and individuals 
who wish to return to work post concus-
sion). Physical therapists interact with 
patients across the life span and are ide-
ally placed to (1) screen for and identify 
concussion in those who may not have 
been diagnosed, and (2) provide inter-
vention for impairments that stem from 
the musculoskeletal, vestibulo-ocular, 
and exertional systems.

It is incumbent on every clinician to 
recognize when to refer to other profes-
sionals, within or outside their practice, 
who may have specialty knowledge and 
experience in treating these patients. 
Interdisciplinary collaboration to study 
approaches and models for assessing, di-
agnosing, and treating concussion will help 
clinicians provide optimal care. It is with 
gratitude to the authors who contributed 
to this special issue of the Journal of Ortho-
paedic & Sports Physical Therapy that we 
present the evidence and practices current-
ly available to clinicians in the assessment 
and treatment of mTBI/concussion. t
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C
oncussion is a condition that can affect anyone, at any stage of 
life. The incidence of mild traumatic brain injury is estimated 
to be 749 cases (95% confidence interval: 709, 790) per 
100 000 person-years.11 Approximately half (47.9%) of people 

report substantial persistent symptoms 1 year following injury.45 The 
economic and social burdens of concussion injury are increasingly

that persistent symptoms post concus-
sion can arise from other structures.9,27,32 
Many hallmark symptoms post concus-
sion are not specific to concussion,1,27,29,44 
and several of the most common symp-
toms, including headache, dizziness, 
and neck pain,7,19 are characteristic of 
neck conditions.2,25,42,46 Persistent symp-
toms post concussion “do not necessar-
ily reflect ongoing physiological injury 
to the brain.”34 This is reflected in sev-
eral studies that draw parallels between 
whiplash-associated disorder and con-
cussion: similar cognitive deficits,1,44 
biomechanical injury forces,8 and in-
jury occurrence.15 It is also consistent 
with descriptions of upper cervical dys-
function in people with headache post 
concussion.47 Multimodal assessment, 
including a focused physical examina-
tion, must identify specific issues that 
may contribute to persistent symp-
toms.34 Concussion can affect multiple 
systems concurrently, and assessment 
and management of persistent symp-
toms are best performed by a multidisci-
plinary team on an individual basis.31,34,42

When neck-related problems that 
may contribute to persistent symptoms 
post concussion are identified, clini-
cians can offer specific tailored treat-
ment.32,34,42,43 This has great potential, as 
high-quality randomized controlled tri-
als report that neck-related headaches,17 

UU BACKGROUND: Persistent symptoms post 
concussion can arise from a range of sources, 
including the neck. There is little description of 
neck assessment findings in people with persistent 
symptoms post concussion.

UU OBJECTIVES: To assess people with persistent 
symptoms following a concussion and determine 
whether the neck has also been injured, and to 
evaluate the potential of the neck to contribute to 
their symptoms.

UU METHODS: A consecutive series of par-
ticipants (n = 20) referred for neck assessment 
were prospectively recruited by 2 providers of a 
multidisciplinary concussion service for people 
with persistent symptoms. Data were collected 
at initial assessment and on completion of neck 
treatment, which included standard questionnaires 
(Rivermead Post Concussion Symptoms Question-
naire, Neck Disability Index, Dizziness Handicap In-
ventory); patient-reported measures of headache, 
dizziness, and neck pain; physical examination 
findings; and details of comorbidities.

UU RESULTS: Participants were evaluated at a mean 
of 7.5 weeks post concussion (median, 5 weeks). 
On neck assessment, 90% were considered by 
the clinician to have a neck problem contributing 
to their current symptoms. Multiple findings were 
consistent with this view, including moderate-to-se-
vere Neck Disability Index scores (mean ± SD, 33.4 
± 9.5 points), frequent neck pain (85%), frequent 
moderate-to-severe pain on occiput-C4 segmental 
assessment (85%), a positive flexion-rotation test 
(45%), and muscle tenderness (50%-55%).

UU CONCLUSION: Multiple findings were indicative 
of concurrent neck injury, particularly involving 
the upper cervical spine. These neck-related 
findings are important to recognize, as they have 
the potential to contribute to persistent symptoms 
post concussion and may respond to neck treat-
ment. This study was prospectively registered 
with the Australian New Zealand Clinical Trials 
Registry (ACTRN12616001183471). J Orthop Sports 
Phys Ther 2019;49(11):845-854. Epub 1 Jun 2019. 
doi:10.2519/jospt.2019.8547

UU KEY WORDS: brain concussion, cervical spine
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Can the Neck Contribute to Persistent 
Symptoms Post Concussion?  

A Prospective Descriptive Case Series

recognized, with New Zealand data re-
flecting international trends.5,26,34 For 
the purposes of  this paper, concussion 
is considered synonymous with mild 
traumatic brain injury.33

Clinicians must consider the neck as 
an alternative source of symptoms when 
evaluating people following a potential 
concussion. While concussion is defined 
as a brain injury,34 it is well recognized 
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dizziness,39 and neck pain24 can be effec-
tively treated by physical therapists. In 
sport-related concussion, a combination 
of neck and vestibular physical therapy 
can decrease time to medical clearance 
to return to sport in people with per-
sistent headaches, dizziness, and neck 
pain.43 It is reasonable to consider that 
offering evidence-based treatment for 
neck-related symptoms may reduce the 
impact of persistent symptoms post 
concussion.

While our understanding of concus-
sion continues to improve, the specific 
role of the neck in people with persis-
tent symptoms post concussion is not 
well understood. How neck problems 
should be identified post concussion, the 
extent to which the neck contributes to 
symptoms, and whether treatment of the 
neck is effective remain unclear. Symp-
toms alone have limited value in distin-
guishing between neck and brain injury 
in people with concussion.21,27 Prelimi-
nary research suggests that the physi-
cal examination may be more likely to 
identify neck (particularly upper neck) 
problems when they are present after 
concussion,6,21 and highlights the need 
for further prospective study. The pur-
pose of this study was to assess people 
with persistent symptoms following a 
concussion who were referred for neck 
assessment within a multidisciplinary 
concussion service, to (1) determine 
whether the neck had also been injured, 
and (2) evaluate the potential for the 
neck to contribute to their symptoms.

METHODS

T
his prospective case series was 
conducted within a multidisci-
plinary concussion service. Ethical 

approval for this research was received 
from the University of Otago Human 
Ethics Committee (H16/089) and the Ac-
cident Compensation Corporation Ethics 
Committee (number 314). This study was 
prospectively registered with the Austra-
lian New Zealand Clinical Trials Registry 
(ACTRN12616001183471).

Clinical Setting
Participants were prospectively recruited 
by 2 providers of a multidisciplinary con-
cussion service. This service is nationally 
funded and provided by local contract 
holders nationwide. It is designed to 
provide further assessment and care for 
people with persistent symptoms post 
concussion who are at risk of a prolonged 
recovery. The service accepts referrals 
from medical practitioners (most com-
monly general practitioners). The concus-
sion service provides a multidisciplinary 
assessment to confirm the diagnosis, 
evaluate the source(s) of symptoms, con-
sider any barriers to recovery, and develop 
an individual management plan. A “key 
worker” (either a physical therapist or oc-
cupational therapist) performs an initial 
assessment for new referrals, which is 
then reviewed, along with any other clini-
cal notes available, by a multidisciplinary 
team including a medical doctor, neuro-
psychologist, occupational therapist, and 
physical therapist. The team then decides 
which assessments are necessary for each 
patient, and these are performed. Other 
specialists are consulted as appropriate. 
Information from these assessments is 
collated and overall recommendations 
for management are developed. As the 
concussion service providers were in a 
main city to which people from surround-
ing areas might travel to access care, the 
individual management plan could be 
completed where the person lived by lo-
cal clinicians.

All patients using the concussion ser-
vice received basic support from the key 
worker (an occupational therapist or 
physical therapist), including education 
about concussion, advice on how to man-
age a graduated return to daily activities, 
and case management.

Participants
This study included patients who re-
ceived a neck assessment from 1 of 3 
experienced physical therapists with 
postgraduate training in orthopaedic 
manual therapy. Where neck treatment 
was completed with a study physical ther-

apist, the treatment was tailored to the 
patient’s needs, and the initial measures 
were repeated at the final appointment, 
upon completion of neck treatment. Data 
were collected from the physical therapy 
assessment and from the concussion ser-
vice providers.

Selection Criteria
Key workers in the concussion service 
screened consecutive patients for eligi-
bility. The selection criteria were based 
on current clinical practice at both sites. 
Patients were eligible to participate if 
they had persistent (more than 10 days) 
headaches, dizziness and/or neck pain, a 
history suggesting that the neck might 
contribute to their symptoms, and at-
tended a referral for neck assessment 
with a study physical therapist. Patients 
were excluded if they had contraindica-
tions to manual neck assessment (eg, 
fracture, inflammatory joint conditions, 
or infection), other significant neurologi-
cal conditions, or were under 16 years of 
age. All participants provided written 
informed consent, and their rights were 
protected.

Recruitment was performed over a 
2-month period at 2 clinic sites, with 
an initial target of 30 participants. As a 
descriptive study, the recruitment target 
reflected referral expectations.

Data Collection
Data were recorded at the initial physi-
cal therapy neck assessment, and again at 
the final appointment for neck treatment 
provided by the study physical therapists. 
Data collected included demographic 
data, the Rivermead Post Concussion 
Symptoms Questionnaire (RPQ), the 
Neck Disability Index, the Dizziness 
Handicap Inventory, patient-reported 
findings, and physical assessment using 
a standard assessment form (APPENDIX, 
available at www.jospt.org). The cause 
of concussion was recorded according 
to the International Statistical Classifi-
cation of Diseases and Related Health 
Problems-10th Revision external-cause 
classification, grouped into falls (unin-
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tentional), transport accidents, exposure 
to mechanical force (eg, struck by/against 
an object), and assault (interpersonal 
violence).

The RPQ measures the severity of a 
range of postconcussion symptoms,22 
and is recommended as a core measure 
of traumatic brain injury–related symp-
toms.49 Scores of 2 or greater indicate 
that the symptom has increased since the 
concussion injury. In addition, the RPQ-
3 and RPQ-13 subscales are reported.10 
The Neck Disability Index and Dizziness 
Handicap Inventory measure the impact 
of neck disability48 and dizziness,16 re-
spectively, on daily activities.

Subjective and physical examination 
findings were recorded on a standard 
assessment sheet developed in collabo-
ration with the clinicians and reflecting 
their routine clinical practice (APPENDIX). 
Headache frequency (headache days in 
the last week), duration (hours), and se-
verity (0-10 numeric scale) were record-
ed.17 Dizziness frequency was recorded 
on a 6-point scale20,40 (0, never; 1, less 
than once per month; 2, 1 to 4 episodes 
of dizziness per month; 3, 1 to 4 episodes 
of dizziness per week; 4, dizziness once 
daily; 5, dizziness more than once a day 
or constant), and dizziness duration on 
a similar scale (0, nil; 1, dizziness last-
ing up to 10 seconds; 2, dizziness lasting 
up to a minute; 3, dizziness lasting up 
to 5 minutes; 4, dizziness lasting up to 
10 minutes; 5, dizziness lasting longer 
than 10 minutes or constant). Dizziness 
severity/intensity was measured using a 
0-to-10 numeric scale.40 Neck pain se-
verity was recorded using the numeric 
pain-rating scale (calculated as the aver-
age of the current, best, and worst neck 
pain in the last 24 hours, on a 0-to-10 
scale for each).

Physical measures included neck 
range of motion, measured using the 
CROM device (Performance Attain-
ment Associates, Lindstrom, MN); the 
flexion-rotation test13; a segmental as-
sessment of the neck, recording pain 
and stiffness from the occiput to C450; 
and tenderness of the paraspinal and 

suboccipital muscles. Descriptive mea-
sures included whether headaches were 
provoked by movement, the analysis of 
the assessing physical therapist, and the 
amount of neck treatment recommend-
ed (recorded as hours and time span). 
The analysis of the assessing physical 
therapist included judging whether the 
neck was considered to be contributing 
to the patient’s current symptoms from 
their most recent concussion injury. If 
the clinician determined the neck to 
be contributing to the patient’s current 
symptoms, then neck treatment was rec-
ommended as appropriate. Treatment 
for pre-existing conditions is not per-
mitted in this service. Neck treatment 
is only recommended when symptoms 
are considered to arise from the recent 
concussion injury.

Further details were retrieved from 
the multidisciplinary concussion service 
reports, including details of comorbidi-
ties and other treatment received. Where 
the multidisciplinary team recommended 
and included specific follow-up treatment 
(as distinct from the initial assessment) 
in the care plan, this was recorded as 
“other treatment received.” Furthermore, 
the extent to which neck and vestibulo-
ocular treatments were received concur-
rently was recorded as “overlap in neck 
and vestibulo-ocular treatment.” This 
was due to neck and vestibulo-ocular as-
sessment/treatment being completed by 
separate, specialized physical therapists. 
Last, adverse effects from treatment were 
monitored.

Data Analysis
In line with recommendations for case-se-
ries design,4,23 most results are presented 
individually as descriptive statistics, such 
as frequency (percentage) for categorical 
data or mean ± SD for continuous data. 
Median values have been presented where 
appropriate to ensure the data were rep-
resented accurately, and differences were 
noted. For the segmental findings, mean 
pain scores of 3 or less were excluded to 
better represent moderate-to-severe cases 
and exclude “normal” tenderness.

RESULTS

P
articipant flow through the 
concussion service and study is de-
tailed in FIGURE 1. After screening, 

20 individuals completed the initial neck 
assessment, and 11 completed neck treat-
ment with the study physical therapists, 
including posttreatment reassessment. A 
majority of people attending the concus-
sion service were referred for a neck as-
sessment (29/39, 74%; including 2 who 
saw nonstudy physical therapists), and 
most of those who were eligible partici-
pated (20/26, 77%; excluding 1 consid-
ered later not to have a concussion).

Demographic characteristics of partici-
pants (n = 20) are presented in TABLE 1, and 
the symptom characteristics are presented 
in TABLE 2. Participants were evaluated at 
a mean of 7.5 weeks post concussion (me-
dian, 5 weeks). All participants reported 
headaches. The headaches were frequent 
(mean, 5.6 headache days in the past 
week), of variable duration (mean ± SD, 
8.9 ± 10.4 hours), and of moderate sever-
ity (mean, 4.6/10). Fifteen participants 
reported dizziness. The dizziness was 
typically frequent (median, 5/5), of short 
duration (median, 2/5), and of moderate 
severity (mean, 4.7/10).

Physical examination and analysis 
findings are presented in TABLE 3, with 
further detail on segmental findings 
shown in FIGURE 2. Other physical exami-
nation findings commonly documented 
were lower cervical or cervicothoracic 
junction pain (4 patients) and tightness/
tenderness in the trapezius or sternoclei-
domastoid (6 patients). Overall, 18 (90%) 
participants were considered to have a 
neck problem that was contributing to 
their current symptoms post concussion. 
For these participants, a mean of 3.4 ± 
1.6 hours of neck treatment was recom-
mended over 4.3 ± 1.8 weeks.

Treatment information, including 
comorbidities and overlap in treatment 
for participants completing neck treat-
ment (n = 11), is reported in TABLE 4. The 
median time span of treatment was 3 
weeks. While all patients were consid-
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ered to have vestibular/functional bal-
ance comorbidities, treatment for this did 
not always overlap with neck treatment. 
There were 3 cases in whom no overlap 
occurred (cases 1, 2, and 6). These partic-
ipants received vestibular treatment only 
after neck treatment was completed. Pre– 
and post–neck treatment comparisons 
for headache and dizziness variables (fre-
quency, duration, and severity) and neck 
pain are presented in FIGURES 3 through 5. 

This highlights that changes in one vari-
able (eg, headache frequency) were not 
always reflected in others. No adverse ef-
fects from treatment were reported.

DISCUSSION

T
his prospective case series de-
scribes multiple findings indicative 
of concurrent neck injury in 18 of 

20 participants with persistent symp-

toms post concussion. Participants were 
recruited from a multidisciplinary con-
cussion service and represent those with 
persistent symptoms (mean, 7.5 weeks; 
median, 5 weeks post concussion at ini-
tial assessment), consistent with previous 
descriptions.7,14,45 The neck-related find-
ings have the potential to contribute to 
participant symptoms and may respond 
to neck treatment.

Concussion and neck injuries can 
be concurrent. While previous studies 
have proposed9,28,32,42 or given limited 
support to the role of the neck,21,37,43,47 to 
date, there has been a lack of prospec-
tive data describing the nature of neck 
issues in those with persistent symptoms 
post concussion. In this study, physical 
therapists considered the neck to con-
tribute to current symptoms in 90% of 
cases referred for assessment. Partici-
pants reported neck disability, neck pain, 
headaches provoked by neck movement/
position, muscle tenderness, and cervical 
segmental pain and stiffness. The pres-
ence of multiple neck-related findings 
lends further support to the idea that 
the neck has the potential to contribute 
to symptoms following a concussion in-
jury. This does not diminish the role of 
brain injury or other comorbidities (eg, 
vestibular or oculomotor dysfunction) 
in postconcussion symptoms, but high-
lights the potential for concurrent neck 
injury in those with persistent symptoms. 
In these cases, there is value in having a 
member of the multidisciplinary team 
with the skills to identify and manage 
neck-related symptoms.

Assessment findings help clarify the 
nature of neck problems that may pre
sent following a concussion. The clini-
cian who works with people who have 
postconcussion symptoms and suspects 
neck involvement may focus on the upper 
cervical spine. Relevant findings in this 
series of participants include moderate-
to-severe pain and stiffness on segmental 
assessment of the upper cervical spine, a 
positive flexion-rotation test, asymme-
try of neck movement in rotation, and 
tenderness of the suboccipital muscles. 

Potential participants seen by the 
concussion service providers over 
recruitment period, n = 39

Eligible participants, n = 27

Excluded, n = 12
• Did not attend entire service, n = 1
• Saw physical therapist of their own 

choice (nonstudy), n = 2
• Ineligible, n = 9

Consenting participants who completed 
initial neck assessment, n = 22

Excluded, n = 5
• Declined to participate, n = 1
• Missed, n = 4

Excluded, n = 2
• Incomplete assessment data, n = 1
• Considered by multidisciplinary 

team not to have sustained a 
concussion, n = 1

Participants included in initial 
assessment analysis, n = 20

Excluded, n = 2
• Neck treatment not recommended

Participants with neck treatment 
recommended, n = 18

Excluded, n = 6
• Received neck treatment 

elsewhere (out of town, or had a 
preferred physical therapist)

Participants who received treatment 
with study physical therapists, n = 12

Participants with full pretreatment and 
posttreatment data available for 
analysis, n = 11

Excluded, n = 1
• Did not complete final assessment 

(left town)

FIGURE 1. Participant flow chart.
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These findings indicate frequent dysfunc-
tion at the C1-2 level, a particularly mo-
bile segment involved in axial rotation.3 
Given that headache, neck pain, and 
dizziness are the most common physical 
symptoms reported post concussion,19 
findings consistent with upper cervical 
spine dysfunction are relevant. People 
with cervicogenic headache or dizziness 
and no history of concussion also report 
pain, stiffness, a positive flexion-rotation 
test, movement asymmetry, and suboc-
cipital muscle tenderness.17,18,36,38 The 

convergence of findings might suggest 
that a focus on neck range of movement, 
the flexion-rotation test, palpation, and 
segmental assessment could be appro-
priate to identify neck contributions to 
symptoms in people with persistent post-
concussion symptoms.

The nature of the neck findings in this 
study is consistent with neck problems 
for which treatment is available. This is 
good news, as identifying a neck disorder 
opens a pathway for treatment in addi-
tion to other postconcussion care. The 

clinicians identified 3 main categories of 
neck problems: (1) possible cervicogenic 
headache, (2) possible cervicogenic diz-
ziness, and (3) neck injury. The broad 
term neck injury reflects issues identified 
with the neck not related to headaches or 
dizziness. While a working diagnosis of 
possible cervicogenic headache might be 
challenged,2 the clinicians gathered ap-
propriate, relevant subjective and physi-
cal information41 to make an informed 
decision. Specific findings, such as fre-
quent pain at the C1-2 level and a positive 

	

TABLE 1 Demographic Characteristics (n = 20)

Abbreviation: NZ, New Zealand.
*35% male.
†15% other, 5% Maori.
‡25% employed part-time, 25% school or tertiary study, 10% not employed or retired.
§Median, 5 weeks.
‖25% fall, 5% assault.
¶25% sport.

Case Age, y Sex Ethnicity Employment Status
Time Since 
Injury, wk Cause of Concussion Injury Setting Past History

1 19 Female NZ European School or tertiary study 4 Exposure to mechanical force Sport Unremarkable

2 26 Male NZ European Employed full-time 4 Exposure to mechanical force Nonsport Unremarkable

3 21 Male Other European Employed full-time 4 Exposure to mechanical force Nonsport Unremarkable

4 40 Female NZ European Employed full-time 4 Fall Nonsport Unremarkable

5 31 Female Other European Employed part-time 2 Exposure to mechanical force Nonsport Migraines; previous concussion 2 
mo prior

6 46 Female NZ European Employed full-time 5 Fall Nonsport Unremarkable

7 66 Female NZ European Not employed or retired 42 Transport accident Nonsport Multiple previous concussions; 
previous neck injury 1 y prior

8 23 Male NZ European School or tertiary study 10 Assault Nonsport Unremarkable

9 44 Female NZ European Not employed or retired 2 Exposure to mechanical force Nonsport Unremarkable

10 62 Male Other (Irish) Employed part-time 3 Transport accident Nonsport Unremarkable

11 19 Female NZ European Employed part-time 5 Exposure to mechanical force Nonsport Migraines

12 17 Female NZ European School or tertiary study 13 Fall Nonsport Unremarkable

13 47 Female NZ European Employed part-time 6 Transport accident Nonsport Migraines

14 56 Male NZ European Employed full-time 5 Transport accident Nonsport Migraines as teenager; no neck 
injury history

15 21 Female NZ European School or tertiary study 17 Fall Sport Previous concussion 12 y prior; 
previous neck injury 5 y prior

16 20 Female Maori School or tertiary study 7 Fall Sport Unremarkable

17 64 Male NZ European Employed full-time 5 Exposure to mechanical force Nonsport Chronic neck pain; dizziness 
related to low blood pressure

18 38 Male NZ European Employed part-time 3 Transport accident Sport Chronic neck stiffness and pain

19 37 Female NZ European Employed full-time 5 Transport accident Sport Multiple previous concussions

20 45 Female NZ European Employed full-time 3 Transport accident Nonsport Unremarkable

Total 37 ± 16 65% female* 80% NZ European† 40% employed full-time‡ 7.5 ± 8.9§ 35% exposure to mechanical 
force or transport accident‖

75% nonsport¶
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flexion-rotation test, support the clinical 
reasoning.12,36

A challenge in treating persistent 
postconcussion symptoms is the high 
potential for headaches to arise from 
multiple sources30 (eg, brain, neck, ocu-
lomotor, etc). For a physical therapist 
trying to decide whether conservative 
neck treatment is worth exploring, a 
low-threshold clinical diagnosis of pos-
sible cervicogenic headache might be 
appropriate, particularly considering 
that manual therapy and exercise have 
good evidence for treating cervicogenic 

headache.2,17 All participants had signs 
of concurrent vestibulo-ocular issues. 
Therefore, the presence or absence of 
cervicogenic dizziness was unclear. A 
neck injury was considered to affect ap-
proximately half of those assessed based 
on the history, questionnaires, and ex-
amination, and might be less controver-
sial to identify.

Participants’ symptoms changed 
from the initial to the posttreatment 
neck assessments. Given the observa-
tional study design, these improvements 
are certainly not all attributable to neck 

	

TABLE 2 Symptom Characteristics (n = 20)

Abbreviations: B, bilateral; D, duration; DHI, Dizziness Handicap Inventory; E, emotion; F, function; Fr, frequency; NDI, Neck Disability Index; NPRS, 
numeric pain-rating scale; P, physical; RPQ, Rivermead Post Concussion Symptoms Questionnaire; S, severity; U, unilateral.
*As recommended by Eyres et al,10 a separate score for the RPQ-3 (headaches, dizziness, nausea) is provided (and the RPQ-13 can be calculated).
†Headache days in the past week.
‡By neck movement or positions.
§Calculated as the average of the current, best, and worst neck pain in the last 24 hours on a 0-to-10 scale for each.
‖Side shift.
¶No side shift.
#Median, 7 days.
**Values are median.

Case
Full  

(0-64)
RPQ-3 
(0-12)

NDI  
(0-100)

Full  
(0-100)

F  
(0-36)

E  
(0-36)

P  
(0-28)

Yes/No 
(side) Fr, d† D, h

S  
(0-10) Provoked‡

Yes/
No

Fr 
(0-5)

D 
(0-5)

S  
(0-10)

Yes/
No

NPRS 
(0-10)§

1 25 5 … … … … … Yes (B) 7 0.3 5 No No No

2 35 10 26 60 26 18 16 Yes (U)‖ 7 24 9 Unsure Yes 5 2 6 Yes 0.7

3 36 5 30 62 24 22 16 Yes (B) 7 0.2 6 Yes Yes 5 1 3 Yes 4.7

4 42 9 31 36 10 8 18 Yes (B) 7 2 3 Unsure Yes 5 1 5 Yes 2.3

5 42 8 34 42 18 6 18 Yes (U)¶ 7 0.5 4 Unsure Yes 5 1 5 Yes 4.3

6 31 6 36 58 28 8 22 Yes (B) 4 2 6 Yes Yes 5 1 4 Yes 3.7

7 42 10 42 60 22 22 16 Yes (B) 3 24 2 No Yes 4 4 7 Yes 3.0

8 29 6 42 40 12 16 12 Yes (B) 7 2 4 Yes Yes 4 1 4 Yes 2.7

9 26 3 40 26 8 6 12 Yes (U)¶ 7 4 3 Unsure Yes 3 2 4 Yes 6.0

10 34 4 28 56 28 16 12 Yes (B) 1 1 1 No Yes 4 2 1 Yes 2.7

11 47 10 20 78 34 24 20 Yes (U)¶ 7 24 4 Yes Yes 5 3 8 Yes 4.7

12 38 8 … 30 10 8 12 Yes (U)‖ 7 2.5 8 No Yes 5 2 6 No

13 27 6 … 44 18 10 16 Yes (U)¶ 4 12 7 No Yes 5 3 7 No

14 28 5 36 … … … … Yes (B) 7 1 6 Yes No Yes 4.3

15 54 9 44 34 10 8 16 Yes (B) 7 24 3 Unsure Yes 3 1 2 Yes 4.0

16 24 4 44 40 18 12 10 Yes (B) 3 2 5 Yes Yes 5 1 2 Yes 3.3

17 25 5 20 … … … … Yes (B) 7 24 2 No No Yes 2.0

18 32 6 26 … … … … Yes (B) 7 2 3 Unsure No Yes 1.7

19 43 9 50 78 30 28 20 Yes (B) 4 2 8 Unsure Yes 5 5 6 Yes 6.3

20 26 3 18 … … … … Yes (U)‖ 2 24 3 Yes No Yes 2.7

Total 34.3 ± 
8.5

6.6 ± 
2.4

33.4 ± 
9.5

49.6 ± 
16.3

19.7 ± 
8.4

14.1 ± 
7.3

15.7 ± 
3.5

100% 
yes

5.6 ± 
2.1#

8.9 ± 
10.4

4.6 ± 
2.2

35% yes 75% 
yes

5** 2** 4.7 ± 
2.1

85% 
yes

3.5 ± 
1.5

RPQ* DHI Headache Dizziness Neck Pain

Sti�nessPain

0
2
4
6
8

10
12
14
16

C0-1 C1-2 C2-3 C3-4

Fr
eq

ue
nc

y,
 n

Segmental Level

FIGURE 2. Frequency of segmental findings from the 
occiput to C4 (C0-C4). These data represent findings 
on the left or the right side (n = 20), and only include 
moderate-to-severe pain scores (4/10 or greater).
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TABLE 3 Physical Examination and Analysis (n = 20)

Abbreviations: AROM, active range of motion; CH, cervicogenic headache; CTJ, cervicothoracic junction; F-R, flexion-rotation; MSP, moderate-to-severe pain; 
NCCCS, neck considered contributing to current symptoms; NTR, neck treatment recommended; PE, physical examination; SCM, sternocleidomastoid.
*Loss of 10° or greater in rotation or side flexion.
†Pain rated as 4/10 or greater.
‡Represents the clinical opinion of the assessing physical therapist; NCCS refers to symptoms arising from the patient’s most recent concussion injury.
§Although the upper thoracic spine was involved, this case was managed similarly to a neck injury, by the same provider and within the concussion service. To 
reflect this situation, the case has been recorded as NCCCS and NTR.

Case AROM* F-R Test

Segmental 
Levels With 
MSP†

Suboccipital 
Tenderness

Paraspinal 
Tenderness

Headache 
Provoked 
by PE Other Relevant Findings Analysis‡ NCCCS‡ NTR‡

1 Right rotation Positive C2-C3, right No Right No Pain at CTJ C2-C3 dysfunction; possible CH Yes Yes

2 No Negative C0-C2, bilateral Right Right No Unremarkable Possible CH Yes Yes

3 No Negative C0-C4, left; C1-
C4, right

Left Left No C6-C7, left pain: 8/10 Lower cervical neck pain Yes Yes

4 No Negative C0-C2, right No No Yes Upper cervical flexion 
reproduced headache

Possible CH and dizziness Yes Yes

5 No Positive No (mild only) Bilateral Right No Tight upper trapezius Neck injury Yes Yes

6 No Negative C0-C3, right Right Right Yes SCM tender, bilateral Possible CH and dizziness Yes Yes

7 No Positive C1-C2, right No No No Unremarkable Possible CH and dizziness. 
Chronic neck issue related to 
several concussions/whiplash

Yes Yes

8 Right rotation Negative C1-C3, right No No Yes SCM tenderness, right more 
than left

Possible CH and dizziness. Neck 
injury

Yes Yes

9 No Positive No (mild only) Left Left No Paraspinal/suboccipital 
muscle tightness

Neck injury: left neck pain and 
severe spasm

Yes Yes

10 Left rotation, 
right side 
flexion

Negative C3-C4, bilateral; 
C1-C3, right

No No No C5-C6, left pain at CTJ Lower cervical injury: left side Yes Yes

11 Right side 
flexion

Negative C0-C4, right Right Right No Unremarkable Neck injury: right upper cervical. 
Headache not reproduced

Yes Yes

12 No Negative C0-C2 and C3-
C4, bilateral; 
C2-C3, right

No Right No Stiffness and pain at T2-T3: 
reproduced her day-to-
day pain

Main problem: upper thoracic 
spine pain/stiffness

Yes§ Yes§

13 No Positive C0-C4, left No No Yes Right upper cervical side-
bend tighter than left

Possible CH Yes Yes

14 Right rotation, 
right side 
flexion

Positive C0-C2, right Right Right Yes Unremarkable Possible CH Yes Yes

15 Left rotation Positive C0-C2, bilateral Bilateral Bilateral No Unremarkable Neck injury Yes Yes

16 Right rotation Negative C1-C2, right Right No No Tender trapezius, bilateral Possible CH and neck injury Yes Yes

17 No Negative No (mild only) No No No Upper cervical flexion and 
right sidebend tight

No acute neck injury or CH. Has 
chronic thoracic spine pain; 
will continue current treat-
ment for this

No No

18 No Negative C0-C1, bilateral No No Yes Reduced left rotation 
(C1-C2) and right upper 
cervical sidebend

Underlying chronic neck stiffness; 
no worse as a result of this 
injury

No No

19 No Positive C1-C2, right Right No No Tender right trapezius. Fracture 
of right clavicle concurrent 
with concussion

Possible CH and dizziness. Upper 
cervical dysfunction at C1-C3

Yes Yes

20 Left rotation Positive C0-C4, bilateral Bilateral No No SCM tender, bilateral Possible CH and dizziness; C0-
C2 dysfunction

Yes Yes

Total 40% ≥10° 
loss

45% posi-
tive

85% MSP 55% yes 50% yes 30% yes 90% 
yes

90% 
yes
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treatment. Early support from the key 
worker might influence participant re-
covery and outcomes. Participants were 
initially assessed at a mean of 7.5 weeks 
(median, 5 weeks) post concussion, a 
stage where fast symptom resolution 
is no longer expected35 and active re-
habilitation is recommended.28,42 The 
time between the initial and posttreat-
ment assessments was relatively short 
(mean, 3.2 weeks; 8 participants com-
pleted treatment within 3 weeks). That 
substantial symptom improvements 
are observable for multiple and chronic 
symptoms within a short period sug-
gests that the overall model of care is 
appropriate. Improvements in neck pain 
in particular, along with headache and 
dizziness variables, lend some addition-
al support to clinician impressions of a 
cervicogenic contribution to symptoms. 
However, the extent of neck involvement 
relative to other variables is unclear. Par-
ticipants who did not achieve resolution 
of headache or dizziness reported chang-
es in frequency, duration, or severity, 
which may be clinically relevant. These 
preliminary results suggest that neck 
treatment is worth exploring in further 
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FIGURE 3. Individual headache data, pretreatment versus posttreatment (n = 11). Participants 1, 2, and 6 had no overlap with other treatment.
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FIGURE 4. Individual dizziness data, pretreatment versus posttreatment (n = 11). Participants 1, 2, and 6 had no overlap with other treatment.

TABLE 4
Treatment Information, Including Comorbidities 

and Overlap in Treatment (n = 11)*

*Data were retrieved from the multidisciplinary concussion service summary.
†Values are mean ± SD (range).
‡As reported by the treating physical therapist.

Value

Treatment type (more than one could apply), n

Manual therapy 10

Soft tissue techniques 3

Specific exercises (eg, posture, control) 8

Number of sessions† 4.45 ± 1.1 (3-6)

Time span of treatment, wk† 3.2 ± 2.3 (1-9)

Neck treatment considered beneficial (yes), n (%)‡ 11 (100)

Comorbidities identified, n

Vestibular/functional balance 11

Oculomotor 6

Mental health 1

Other musculoskeletal (eg, fracture) 1

Other treatment received, n

Vestibulo-ocular rehabilitation 11

Psychology 0

Other musculoskeletal treatment 1

Occupational therapy 5

Overlap in neck and vestibulo-ocular treatment, n

No overlap 3 (cases 1, 2, 6)

Single session 2 (cases 8, 10)

2 sessions 3 (cases 3, 4, 9)

3 or more sessions 3 (cases 5, 7, 11)
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controlled studies. Persistent symptoms 
post concussion are complex, and as-
sessment and treatment of the neck are 
relatively accessible and affordable.

Limitations
This study is an observational case se-
ries designed for descriptive reporting. 
The outcome data are exploratory and 
intended to stimulate ideas for future re-
search and practice. Participants’ health 
care was not controlled or modified and 
represents clinical rather than research 
conditions. Each participant had a his-
tory, presentation, and set of issues ad-
dressed by the concussion service’s 
health professionals. This study reports 
variables routinely collected by the clini-
cians involved in the concussion service. 
Participants represent those suspected 
to have neck problems and referred for 
neck assessment, rather than all patients 
accessing the concussion service. There-
fore, the generalizability of these results 
to all patients with postconcussion 
symptoms is uncertain. We are unable 
to draw conclusions regarding the extent 
to which neck problems contributed to 
postconcussion symptoms. Persistent 
symptoms post concussion are multifac-
torial, and this study focuses specifically 
on findings considered relevant to the 
neck. When considering the pre/post–
neck treatment data, the contribution 
of the wider concussion service team—in 
particular, key worker support and spe-
cific vestibulo-ocular treatment—should 
be accounted for.

CONCLUSION

P
ain and restriction in the upper 
cervical spine were similar to those 
described in cervicogenic head-

ache and cervicogenic dizziness studies. 
Neck-related findings are important to 
recognize, as they have the potential to 
contribute to persistent symptoms post 
concussion and may respond to neck 
treatment. Along with a detailed history, 
a physical examination including cervical 
range of motion, the flexion-rotation test, 
palpation, and segmental examination 
may help clinicians identify neck-related 
problems. t

KEY POINTS
FINDINGS: Pain and stiffness in the up-
per cervical spine were similar to those 
described in cervicogenic headache and 
cervicogenic dizziness research.
IMPLICATIONS: Neck-related findings are 
important to recognize, as they have 
the potential to contribute to persistent 
symptoms post concussion and may 
respond to neck treatment. Neck as-
sessment may help clinicians evaluate 
potential sources of symptoms post  
concussion.
CAUTION: The case-series design is suit-
able for descriptive reporting. Further 
controlled studies are needed to clarify 
the effects of neck treatment on persis-
tent symptoms post concussion.
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FIGURE 5. Individual neck pain data, pretreatment 
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had no overlap with other treatment.

REFERENCES

	 1.  �Beeckmans K, Crunelle C, Van Ingelgom S, et 
al. Persistent cognitive deficits after whiplash 
injury: a comparative study with mild traumatic 
brain injury patients and healthy volunteers. 
Acta Neurol Belg. 2017;117:493-500. https://doi.
org/10.1007/s13760-017-0745-3

	 2.  �Bogduk N, Govind J. Cervicogenic headache: an 
assessment of the evidence on clinical diagnosis, 
invasive tests, and treatment. Lancet Neurol. 
2009;8:959-968. https://doi.org/10.1016/
S1474-4422(09)70209-1

	 3.  �Bogduk N, Mercer S. Biomechanics of the 
cervical spine. I: normal kinematics. Clin 
Biomech (Bristol, Avon). 2000;15:633-
648. https://doi.org/10.1016/
S0268-0033(00)00034-6

	 4.  �Carey TS, Boden SD. A critical guide to 
case series reports. Spine (Phila Pa 1976). 
2003;28:1631-1634. https://doi.org/10.1097/01.
BRS.0000083174.84050.E5

	 5.  �Cassidy JD, Carroll LJ, Peloso PM, et al. 
Incidence, risk factors and prevention 
of mild traumatic brain injury: results 
of the WHO Collaborating Centre Task 
Force on Mild Traumatic Brain Injury. J 
Rehabil Med. 2004;36:28-60. https://doi.
org/10.1080/16501960410023732

	 6.  �Cheever K, Kawata K, Tierney R, Galgon 
A. Cervical injury assessments for 
concussion evaluation: a review. J Athl 
Train. 2016;51:1037-1044. https://doi.
org/10.4085/1062-6050-51.12.15

	 7.  �Dikmen S, Machamer J, Fann JR, Temkin NR. 
Rates of symptom reporting following traumatic 
brain injury. J Int Neuropsychol Soc. 2010;16:401-
411. https://doi.org/10.1017/S1355617710000196

	 8.  �Elkin BS, Elliott JM, Siegmund GP. Whiplash 
injury or concussion? A possible biomechanical 
explanation for concussion symptoms in some 
individuals following a rear-end collision. J 
Orthop Sports Phys Ther. 2016;46:874-885. 
https://doi.org/10.2519/jospt.2016.7049

	 9.  �Ellis MJ, Leddy JJ, Willer B. Physiological, 
vestibulo-ocular and cervicogenic post-
concussion disorders: an evidence-based 
classification system with directions for 
treatment. Brain Inj. 2015;29:238-248. https://
doi.org/10.3109/02699052.2014.965207

	10.  �Eyres S, Carey A, Gilworth G, Neumann V, 
Tennant A. Construct validity and reliability of 
the Rivermead Post-Concussion Symptoms 
Questionnaire. Clin Rehabil. 2005;19:878-887. 
https://doi.org/10.1191/0269215505cr905oa

	 11.  �Feigin VL, Theadom A, Barker-Collo S, et al. 
Incidence of traumatic brain injury in New 
Zealand: a population-based study. Lancet 
Neurol. 2013;12:53-64. https://doi.org/10.1016/
S1474-4422(12)70262-4

	12.  �Hall T, Briffa K, Hopper D, Robinson K. Reliability 
of manual examination and frequency of 
symptomatic cervical motion segment 
dysfunction in cervicogenic headache. Man Ther. 
2010;15:542-546. https://doi.org/10.1016/j.
math.2010.06.002

	13.  �Hall T, Robinson K. The flexion–rotation test 
and active cervical mobility—a comparative 
measurement study in cervicogenic headache. 
Man Ther. 2004;9:197-202. https://doi.
org/10.1016/j.math.2004.04.004

	14.  �Hartvigsen J, Boyle E, Cassidy JD, Carroll 
LJ. Mild traumatic brain injury after motor 
vehicle collisions: what are the symptoms and 
who treats them? A population-based 1-year 
inception cohort study. Arch Phys Med Rehabil. 
2014;95:S286-S294. https://doi.org/10.1016/j.
apmr.2013.07.029

	15.  �Hynes LM, Dickey JP. Is there a relationship 
between whiplash-associated disorders and 
concussion in hockey? A preliminary study. 
Brain Inj. 2006;20:179-188. https://doi.

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

8,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
01

9 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

https://doi.org/10.1007/s13760-017-0745-3
https://doi.org/10.1007/s13760-017-0745-3
https://doi.org/10.1016/S1474-4422(09)70209-1
https://doi.org/10.1016/S1474-4422(09)70209-1
https://doi.org/10.1016/S0268-0033(00)00034-6
https://doi.org/10.1016/S0268-0033(00)00034-6
https://doi.org/10.1097/01.BRS.0000083174.84050.E5
https://doi.org/10.1097/01.BRS.0000083174.84050.E5
https://doi.org/10.1080/16501960410023732
https://doi.org/10.1080/16501960410023732
https://doi.org/10.4085/1062-6050-51.12.15
https://doi.org/10.4085/1062-6050-51.12.15
https://doi.org/10.1017/S1355617710000196
https://doi.org/10.2519/jospt.2016.7049
https://doi.org/10.3109/02699052.2014.965207
https://doi.org/10.3109/02699052.2014.965207
https://doi.org/10.1191/0269215505cr905oa
https://doi.org/10.1016/S1474-4422(12)70262-4
https://doi.org/10.1016/S1474-4422(12)70262-4
https://doi.org/10.1016/j.math.2010.06.002
https://doi.org/10.1016/j.math.2010.06.002
https://doi.org/10.1016/j.math.2004.04.004
https://doi.org/10.1016/j.math.2004.04.004
https://doi.org/10.1016/j.apmr.2013.07.029
https://doi.org/10.1016/j.apmr.2013.07.029
https://doi.org/10.1080/02699050500443707


854  |  november 2019  |  volume 49  |  number 11  |  journal of orthopaedic & sports physical therapy

[ research report ]

MORE INFORMATION
WWW.JOSPT.ORG@

2015;25:237-242. https://doi.org/10.1097/
JSM.0000000000000128

	28.  �Leddy JJ, Baker JG, Willer B. Active rehabilitation 
of concussion and post-concussion syndrome. 
Phys Med Rehabil Clin N Am. 2016;27:437-454. 
https://doi.org/10.1016/j.pmr.2015.12.003

	29.  �Leslie O, Craton N. Concussion: purely a brain 
injury? Clin J Sport Med. 2013;23:331-332. 
https://doi.org/10.1097/JSM.0b013e318295bbb1

	30.  �Lucas S, Hoffman JM, Bell KR, Dikmen 
S. A prospective study of prevalence and 
characterization of headache following mild 
traumatic brain injury. Cephalalgia. 2014;34:93-
102. https://doi.org/10.1177/0333102413499645

	31.  �Makdissi M, Cantu RC, Johnston KM, McCrory P, 
Meeuwisse WH. The difficult concussion patient: 
what is the best approach to investigation 
and management of persistent (>10 days) 
postconcussive symptoms? Br J Sports Med. 
2013;47:308-313. https://doi.org/10.1136/
bjsports-2013-092255

	32.  �Marshall CM, Vernon H, Leddy JJ, Baldwin BA. 
The role of the cervical spine in post-concussion 
syndrome. Phys Sportsmed. 2015;43:274-284. 
https://doi.org/10.1080/00913847.2015.1064301

	33.  �Marshall S, Bayley M, McCullagh S, et al. 
Updated clinical practice guidelines for 
concussion/mild traumatic brain injury and 
persistent symptoms. Brain Inj. 2015;29:688-
700. https://doi.org/10.3109/02699052.2015.10
04755

	34.  �McCrory P, Meeuwisse W, Dvorak J, et al. 
Consensus statement on concussion in sport—
the 5th international conference on concussion in 
sport held in Berlin, October 2016. Br J Sports 
Med. 2017;51:838-847. https://doi.org/10.1136/
bjsports-2017-097699

	35.  �McCrory P, Meeuwisse WH, Aubry M, et al. 
Consensus statement on concussion in sport: the 
4th International Conference on Concussion in 
Sport held in Zurich, November 2012. Br J Sports 
Med. 2013;47:250-258. https://doi.org/10.1136/
bjsports-2013-092313

	36.  �Ogince M, Hall T, Robinson K, Blackmore AM. The 
diagnostic validity of the cervical flexion–rotation 
test in C1/2-related cervicogenic headache. Man 
Ther. 2007;12:256-262. https://doi.org/10.1016/j.
math.2006.06.016

	37.  �Olson HM, Tunning MJ, Boesch RJ. Chiropractic 
management of musculoskeletal symptoms in a 
14-year-old hockey player with postconcussion 
symptoms: a case report. J Chiropr Med. 
2016;15:208-213. https://doi.org/10.1016/j.
jcm.2016.04.006

	38.  �Reid SA, Callister R, Katekar MG, Rivett DA. 
Effects of cervical spine manual therapy on 
range of motion, head repositioning, and balance 
in participants with cervicogenic dizziness: 
a randomized controlled trial. Arch Phys 
Med Rehabil. 2014;95:1603-1612. https://doi.
org/10.1016/j.apmr.2014.04.009

	39.  �Reid SA, Callister R, Snodgrass SJ, Katekar 
MG, Rivett DA. Manual therapy for cervicogenic 

dizziness: long-term outcomes of a randomised 
trial. Man Ther. 2015;20:148-156. https://doi.
org/10.1016/j.math.2014.08.003

	40.  �Reid SA, Rivett DA, Katekar MG, Callister R. 
Sustained natural apophyseal glides (SNAGs) 
are an effective treatment for cervicogenic 
dizziness. Man Ther. 2008;13:357-366. https://
doi.org/10.1016/j.math.2007.03.006

	41.  �Rubio-Ochoa J, Benítez-Martínez J, Lluch E, 
Santacruz-Zaragozá S, Gómez-Contreras P, Cook 
CE. Physical examination tests for screening and 
diagnosis of cervicogenic headache: a systematic 
review. Man Ther. 2016;21:35-40. https://doi.
org/10.1016/j.math.2015.09.008

	42.  �Schneider KJ. Sport-related concussion: 
optimizing treatment through evidence-
informed practice. J Orthop Sports Phys Ther. 
2016;46:613-616. https://doi.org/10.2519/
jospt.2016.0607

	43.  �Schneider KJ, Meeuwisse WH, Nettel-Aguirre A, 
et al. Cervicovestibular rehabilitation in sport-
related concussion: a randomised controlled 
trial. Br J Sports Med. 2014;48:1294-1298. 
https://doi.org/10.1136/bjsports-2013-093267

	44.  �Taylor AE, Cox CA, Mailis A. Persistent 
neuropsychological deficits following whiplash: 
evidence for chronic mild traumatic brain injury? 
Arch Phys Med Rehabil. 1996;77:529-535. 
https://doi.org/10.1016/s0003-9993(96)90290-7

	45.  �Theadom A, Parag V, Dowell T, et al. Persistent 
problems 1 year after mild traumatic brain injury: 
a longitudinal population study in New Zealand. 
Br J Gen Pract. 2016;66:e16-e23. https://doi.
org/10.3399/bjgp16X683161

	46.  �Treleaven J. Dizziness, unsteadiness, visual 
disturbances, and postural control: implications 
for the transition to chronic symptoms after 
a whiplash trauma. Spine (Phila Pa 1976). 
2011;36:S211-S217. https://doi.org/10.1097/
BRS.0b013e3182387f78

	47.  �Treleaven J, Jull G, Atkinson L. Cervical 
musculoskeletal dysfunction in post-concussional 
headache. Cephalalgia. 1994;14:273-279. https://
doi.org/10.1046/j.1468-2982.1994.1404273.x

	48.  �Vernon H, Mior S. The Neck Disability Index: a 
study of reliability and validity. J Manipulative 
Physiol Ther. 1991;14:409-415.

	49.  �Wilde EA, Whiteneck GG, Bogner J, et al. 
Recommendations for the use of common 
outcome measures in traumatic brain 
injury research. Arch Phys Med Rehabil. 
2010;91:1650-1660.e17. https://doi.org/10.1016/j.
apmr.2010.06.033

	50.  �Zito G, Jull G, Story I. Clinical tests of 
musculoskeletal dysfunction in the diagnosis of 
cervicogenic headache. Man Ther. 2006;11:118-
129. https://doi.org/10.1016/j.math.2005.04.007

org/10.1080/02699050500443707
	16.  �Jacobson GP, Newman CW. The development 

of the Dizziness Handicap Inventory. 
Arch Otolaryngol Head Neck Surg. 
1990;116:424-427. https://doi.org/10.1001/
archotol.1990.01870040046011

	 17.  �Jull G, Trott P, Potter H, et al. A randomized 
controlled trial of exercise and manipulative 
therapy for cervicogenic headache. 
Spine (Phila Pa 1976). 2002;27:1835-
1843; discussion 1843. https://doi.
org/10.1097/00007632-200209010-00004

	18.  �Jung FC, Mathew S, Littmann AE, MacDonald 
CW. Clinical decision making in the management 
of patients with cervicogenic dizziness: a case 
series. J Orthop Sports Phys Ther. 2017;47:874-
884. https://doi.org/10.2519/jospt.2017.7425

	19.  �Junn C, Bell KR, Shenouda C, Hoffman JM. 
Symptoms of concussion and comorbid 
disorders. Curr Pain Headache Rep. 2015;19:46. 
https://doi.org/10.1007/s11916-015-0519-7

	20.  �Karlberg M, Magnusson M, Malmström EM, 
Melander A, Moritz U. Postural and symptomatic 
improvement after physiotherapy in patients 
with dizziness of suspected cervical origin. Arch 
Phys Med Rehabil. 1996;77:874-882. https://doi.
org/10.1016/s0003-9993(96)90273-7

	21.  �Kennedy E, Quinn D, Tumilty S, Chapple CM. 
Clinical characteristics and outcomes of 
treatment of the cervical spine in patients 
with persistent post-concussion symptoms: 
a retrospective analysis. Musculoskelet Sci 
Pract. 2017;29:91-98. https://doi.org/10.1016/j.
msksp.2017.03.002

	22.  �King NS, Crawford S, Wenden FJ, Moss NE, Wade 
DT. The Rivermead Post Concussion Symptoms 
Questionnaire: a measure of symptoms 
commonly experienced after head injury and its 
reliability. J Neurol. 1995;242:587-592. https://
doi.org/10.1007/bf00868811

	23.  �Kooistra B, Dijkman B, Einhorn TA, Bhandari M. 
How to design a good case series. J Bone Joint 
Surg Am. 2009;91 suppl 3:21-26. https://doi.
org/10.2106/JBJS.H.01573

	24.  �Korthals-de Bos IB, Hoving JL, van Tulder MW, 
et al. Cost effectiveness of physiotherapy, 
manual therapy, and general practitioner care 
for neck pain: economic evaluation alongside a 
randomised controlled trial. BMJ. 2003;326:911. 
https://doi.org/10.1136/bmj.326.7395.911

	25.  �Kristjansson E, Treleaven J. Sensorimotor 
function and dizziness in neck pain: implications 
for assessment and management. J Orthop 
Sports Phys Ther. 2009;39:364-377. https://doi.
org/10.2519/jospt.2009.2834

	26.  �Langlois JA, Rutland-Brown W, Wald MM. The 
epidemiology and impact of traumatic brain 
injury: a brief overview. J Head Trauma Rehabil. 
2006;21:375-378.

	27.  �Leddy JJ, Baker JG, Merchant A, et al. 
Brain or strain? Symptoms alone do not 
distinguish physiologic concussion from 
cervical/vestibular injury. Clin J Sport Med. 

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

8,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
01

9 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

http://www.jospt.org
https://doi.org/10.1097/JSM.0000000000000128
https://doi.org/10.1097/JSM.0000000000000128
https://doi.org/10.1016/j.pmr.2015.12.003
https://doi.org/10.1097/JSM.0b013e318295bbb1
https://doi.org/10.1177/0333102413499645
https://doi.org/10.1136/bjsports-2013-092255
https://doi.org/10.1136/bjsports-2013-092255
https://doi.org/10.1080/00913847.2015.1064301
https://doi.org/10.3109/02699052.2015.1004755
https://doi.org/10.3109/02699052.2015.1004755
https://doi.org/10.1136/bjsports-2017-097699
https://doi.org/10.1136/bjsports-2017-097699
https://doi.org/10.1136/bjsports-2013-092313
https://doi.org/10.1136/bjsports-2013-092313
https://doi.org/10.1016/j.math.2006.06.016
https://doi.org/10.1016/j.math.2006.06.016
https://doi.org/10.1016/j.jcm.2016.04.006
https://doi.org/10.1016/j.jcm.2016.04.006
https://doi.org/10.1016/j.apmr.2014.04.009
https://doi.org/10.1016/j.apmr.2014.04.009
https://doi.org/10.1016/j.math.2014.08.003
https://doi.org/10.1016/j.math.2014.08.003
https://doi.org/10.1016/j.math.2007.03.006
https://doi.org/10.1016/j.math.2007.03.006
https://doi.org/10.1016/j.math.2015.09.008
https://doi.org/10.1016/j.math.2015.09.008
https://doi.org/10.2519/jospt.2016.0607
https://doi.org/10.2519/jospt.2016.0607
https://doi.org/10.1136/bjsports-2013-093267
https://doi.org/10.1016/s0003-9993(96)90290-7
https://doi.org/10.3399/bjgp16X683161
https://doi.org/10.3399/bjgp16X683161
https://doi.org/10.1097/BRS.0b013e3182387f78
https://doi.org/10.1097/BRS.0b013e3182387f78
https://doi.org/10.1046/j.1468-2982.1994.1404273.x
https://doi.org/10.1046/j.1468-2982.1994.1404273.x
https://doi.org/10.1016/j.apmr.2010.06.033
https://doi.org/10.1016/j.apmr.2010.06.033
https://doi.org/10.1016/j.math.2005.04.007
https://doi.org/10.1080/02699050500443707
https://doi.org/10.1001/archotol.1990.01870040046011
https://doi.org/10.1001/archotol.1990.01870040046011
https://doi.org/10.1097/00007632-200209010-00004
https://doi.org/10.1097/00007632-200209010-00004
https://doi.org/10.2519/jospt.2017.7425
https://doi.org/10.1007/s11916-015-0519-7
https://doi.org/10.1016/s0003-9993(96)90273-7
https://doi.org/10.1016/s0003-9993(96)90273-7
https://doi.org/10.1016/j.msksp.2017.03.002
https://doi.org/10.1016/j.msksp.2017.03.002
https://doi.org/10.1007/bf00868811
https://doi.org/10.1007/bf00868811
https://doi.org/10.2106/JBJS.H.01573
https://doi.org/10.2106/JBJS.H.01573
https://doi.org/10.1136/bmj.326.7395.911
https://doi.org/10.2519/jospt.2009.2834
https://doi.org/10.2519/jospt.2009.2834


journal of orthopaedic & sports physical therapy  |  volume 49  |  number 11  |  november 2019  |  a1

[ research report ]
APPENDIX

Standard concussion neck assessment - INITIAL 
Name: _______________________________________________ Date: ____________________ 

Physiotherapist: _______________________________________ 

Subjective 
Brief current history: ________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

Brief past history: ___________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

Main current problems: ______________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

Headaches:  Yes / No Description: __________________________________________________________ 
Provoked by neck movements or positions? Yes / No / Don’t know 

Location: 

Frequency: 

Duration: 

Severity:  

Dizziness:  Yes / No 

Unilateral without side shift Unilateral with side shift  Bilateral 

Notes: _______________________________________________________________ 

_____ headache days in the past week 

_____ minutes / hours (typically) 

_____ / 10 (typically) 

Description: __________________________________________________________ 
Provoked by neck movements or positions? Yes / No / Don’t know 

Frequency: _____ per day / week / month (circle) Constant 

Duration: _____ seconds / minutes (typically) 

Severity:  _____ / 10 (typically) 

Neck pain:  Yes / No 
Constancy: 

Description: __________________________________________________________ 
Constant / intermittent

_____ / 10 currentSeverity:  _____ /10 best, last 24 h _____ /10 worst, last 24 h

Other relevant issues (describe): 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

Physical examination 
Range of movement CROM measure (degrees) Notes 
Flexion 
Extension 
Retraction 
Protraction 
Side flexion Left: Right:
Rotation Left: Right:
Flexion-rotation test Left: Right: Positive / negative (circle)

Note: The flexion-rotation test is positive when the visually estimated range is reduced by more than 10˚ from the 
anticipated normal range (44˚ ± 8˚).12 
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Abbreviations: NPRS, numeric pain-rating scale; VBI, vertebrobasilar insufficiency.

APPENDIX

Standard concussion neck assessment - INITIAL 
Name: _______________________________________________ Date: ____________________ 

Physiotherapist: _______________________________________ 

VBI screen Clinical judgment Notes 
Subjective Positive / negative
Physical examination Positive / negative

Ligament testing Clinical judgment Notes 
Alar ligaments Positive / negative
Transverse ligament Positive / negative

Segmental exam Left Right 
Pain (NPRS) Restriction (7-point scale) Pain (NPRS) Restriction (7-point scale)

C0-C1
C1-C2
C2-C3
C3-C4

Restriction on 7-point scale: hypermobile (1, 2, 3), normal (4), hypomobile (5, 6, 7).

Neurological exam Clinical judgment Notes 
Indicated? Yes / no
Upper motor signs Positive / negative
Sensation Positive / negative
Motor Positive / negative
Reflex Positive / negative

Muscle tenderness: Suboccipital Left / Right  Paraspinal Left / Right 

Other: _______________________________________________________________ 

Other relevant findings (eg, lower cervical spine, thoracic spine)

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

Headache provoked during physical examination? Yes / No   If so, due to ____________________________ 

Dizziness provoked during physical examination? Yes / No   If so, due to ____________________________ 

Brief summary / analysis: 
__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 

Overall, do you consider the neck as contributing to symptoms?  Yes / No

If yes, evidence of (circle): Cervicogenic headache Cervicogenic dizziness Neck injury 

Other: _______________________________________________________ 

Recommend further neck treatment?  Yes / No  

If yes, estimated treatment required is _____ hours over a period of ______ weeks

Comments: ________________________________________________________________________________ 

__________________________________________________________________________________________ 

Signature: ___________________________ 
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A
bout 3 million patients each year seek medical attention 
for traumatic brain injury (TBI) in the United States, 
with the vast majority of cases classified as mild TBI or 
“concussions.”29,87 As half of injuries might go unrecognized 

or unreported, concussion continues to be a significant public health 
concern.102,119,144 Just as concussions are seen with increasing frequency 
in emergency settings,20 surveys reflect that concussion is increasingly

areas. In addition, many common pre-
sentations, such as migraine, mood and 
emotional symptoms, exercise intoler-
ance, and vestibular and oculomotor im-
pairments, may be injury related but may 
also present independent of concussion.

This clinical commentary focuses on 
the evaluation and differential diagnosis 
of concussion to help guide patient assess-
ment and management in the acute and 
postacute phases of recovery, including 
return to high-risk sport and life activi-
ties. As clinician-researchers who manage 
concussions of sport and nonsport etiolo-
gy in a multidisciplinary setting, we intend 
this commentary to be applicable across 
populations and ages. We use the terms 
“mild TBI” and “concussion” interchange-
ably, as the distinction between the two is 
ill defined.

ACUTE ASSESSMENT (3 OR 
FEWER DAYS POST INJURY)

I
n the acute phase, the most impor-
tant principles are (1) to protect the pa-
tient from further injury (primarily by 

removal from play or high-risk activity), 
and (2) to quickly evaluate the patient 
and rule out more serious injury, includ-
ing cervical injury, skull fractures, and in-
tracranial hemorrhage.100 Several groups 
have validated clinical criteria to identify 
patients with mild TBI who are at low 
risk for serious injury and do not need 
to undergo head and cervical computed 
tomography.54,60,80,129,133,134 In addition, a 
blood test was recently approved by the 

UU SYNOPSIS: Concussion is an ongoing concern 
for health care providers. The incidence rates 
continue to be high and the rate of recovery is 
variable due to potential risk factors. With no valid 
biomarkers, diagnosis and assessment of concus-
sion remain a clinical challenge. The heterogeneity 
in presentation following injury provides an ad-
ditional level of complexity, requiring the screening 
and evaluation of diverse body systems, including 
oculomotor, vestibular, autonomic, psychiatric, cer-
vical, and cognitive symptoms. While a few tools, 
such as the Vestibular/Ocular Motor Screening and 
Balance Error Scoring System, have been devel-
oped specifically for concussion, the vast majority 
of tests are adapted from other conditions. Further 

complicating the process is the overlapping and 
interactive nature of the multiple domains of 
postconcussion presentation. This commentary 
illustrates how clinicians can conceptualize the 
multiple profiles that present following concussion 
and describes tools that are available to assist 
with screening and evaluation of each area. The 
multifaceted nature of concussion warrants broad 
clinical screening skills and an interdisciplinary ap-
proach to management. J Orthop Sports Phys Ther 
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Considerations for Diagnosis and 
Management of Concussion

represented in the clinical practices of 
many health care professions.53,148,151,154 
While most patients recover in a few 
weeks with minimal complications, some 
patients experience persistent posttrau-
matic complaints affecting daily activi-
ties.22,92,150 Nearly 14% of school-aged 
children and approximately one third 
of adult patients report symptoms and 
reduced function 3 months after a con-
cussion.6,14,101 Many factors, such as age, 
sex, psychiatric history, and migraine his-
tory, as well as posttraumatic manifesta-
tions of migraine, psychiatric, vestibular, 
and oculomotor dysfunction, may influ-

ence recovery following a concussion 
and contribute to postconcussion syn-
drome.74,82,108,117,142,152 As a result, the evalu-
ation process in concussion management 
is complex and multifaceted.

The challenges for differential diag-
nosis are the absence of biomarkers and 
paucity of clinical tests specific to concus-
sion. As a result, tools developed to assess 
other conditions have been borrowed and 
adapted to evaluate many of the effects 
of concussion. For example, there are no 
concussion-specific headache or psychi-
atric assessments, despite the high preva-
lence of posttraumatic findings in these 
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US Food and Drug Administration to de-
tect the presence of intracranial lesions.49 
Despite utility in identifying more serious 
injury, none of these measures is specific 
to concussion management.

Instruments for acute concussion as-
sessment in sport and military settings 
continue to be revised and studied, in-
cluding the Standardized Assessment 
of Concussion,98 the multidimensional 
Sport Concussion Assessment Tool,99,100 
and the Military Acute Concussion Eval-
uation.50 While each of these measures 
has sensitivity and specificity for con-
cussion diagnosis in the acute environ-
ment,7,13,96,98 their utility in detection of 
impairment is limited to the first few days 
after injury.25,26,31,38,95

POSTACUTE ASSESSMENT 
(MORE THAN 3 DAYS 
POST INJURY)

T
he primary goals of postacute 
assessment are (1) to provide ap-
propriate management of the con-

cussion, and (2) to minimize the extent 
and duration of morbidity. This may 
include further medical assessments; 
recommendations for school, work, or 
sport participation; generalized activity 
prescription; and interventions including 
therapies and medication. Heterogeneity 
in clinical presentation following a con-
cussion27,34,44 necessitates a multifaceted 
clinical assessment approach rather than 
a single measure.

We frame postacute assessment in the 
context of the following domains, where 
the clinician might expect to see signs and 
symptoms: ocular, vestibular, autonomic, 
mood/psychiatric, posttraumatic mi-
graine, cervical, and cognition. Although 
these domains may overlap, the postacute 
assessment of concussion should consid-
er each of these areas. Due to the variable 
nature of concussion, a multidimensional 
evaluation can form the basis for identify-
ing primary, secondary, and tertiary clini-
cal profiles presenting in each injury and 
provide a useful framework for guiding 
individualized management. For exam-

ple, patients with ocular profiles follow-
ing a concussion may be prescribed vision 
exercises to facilitate recovery, whereas 
patients with posttraumatic migraine 
profiles may require pharmacological in-
tervention. After reading this section, cli-
nicians will become familiar with various 
tools and assessments that assist in the 
evaluation and management of patients 
with concussion in the postacute phase 
as they relate to the domains of ocular, 
vestibular, autonomic, psychiatric, post-
traumatic migraine, cervical, and cogni-
tive function.

Symptoms
Evaluation of concussion in all phases 
typically starts with a thorough inventory 
of symptoms. In the postacute phase, this 
subjective information can form the basis 
for identifying a patient’s unique clinical 
profile when combined with objective 
measures and medical history. Symp-
toms can be highly variable and relate to 
a host of cognitive, physical, mood, and 
sleep issues. Symptoms such as dizziness 
and imbalance suggest a vestibular clini-
cal profile, while reporting nervousness 
or sadness may point to a psychiatric pre-
sentation. Several self-report measures—
including those developed specifically 
for athletes, children, and the general 
population—are available and may be 

used by clinicians to assess postconcus-
sion symptoms (FIGURE 1). Up to 28% of 
adolescents report concussion-like symp-
toms despite no history of a concussion.68 
Therefore, symptom assessments should 
not be stand-alone measures and should 
be considered in combination with other 
subjective and objective tests for greater 
accuracy.

Ocular Assessment
Impairment in ocular function, a fre-
quent marker of concussion, is found in 
42% to 55% of athletes.39,117 These deficits 
are strongly associated with cognitive and 
gait impairments67,117 and protracted re-
covery.39,42 Symptoms of ocular dysfunc-
tion may include blurred vision, double 
vision, eye fatigue, poor eye tracking, 
and frontal headaches associated with 
visual activity. Convergence deficits, ac-
commodation dysfunction, saccadic and 
pursuit impairment, and disorders of 
ocular misalignment are common af-
ter a concussion.21,94 While full assess-
ment of the oculomotor system involves 
a detailed examination by a vision spe-
cialist, screening tools can be helpful in 
identifying potential impairment in the 
ocular system (FIGURE 2). Most ocular as-
sessments were not developed specifi-
cally for concussion and are best used in 
combination with other postconcussion 

• Post-Concussion Symptom Scale
• Post-Concussion Symptom 

Inventory
• Health and Behavior Inventory
• Rivermead Post Concussion 

Symptoms Questionnaire

Symptoms

Co
nc

us
si

on
 S

pe
ci

fic

• Not applicable

G
en

er
al

 T
oo

ls

FIGURE 1. Tools for assessment of concussion 
symptoms.

• Vestibular/Ocular Motor 
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FIGURE 2. Tools for assessment of ocular function 
after concussion.
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measures. When ocular findings present 
after a concussion, management often in-
cludes oculomotor exercises.16

The King-Devick test,115 developed to 
assess eye movement in children with 
reading difficulty, quantifies saccadic 
movements and has been proposed for 
both oculomotor assessment and acute 
diagnosis in patients with concussion. 
Due to variability in performance1,2 on 
the King-Devick test, patients require a 
baseline measurement for valid postin-
jury comparison. Additional challenges 
include high rates of abnormal base-
line performance,105,106 high rates of 
false-positive findings after exercise 
(32%-36%),40,146 practice effects,114 and 
inadequate sensitivity (60%-62%) and 
specificity (39%-84%) in concussion 
identification.51,104,113 The benefits of the 
King-Devick test are its ease and short 
time to administer (less than 2 minutes).

The Vestibular/Ocular Motor Screen-
ing (VOMS)109 was developed as a simple 
tool to identify potential oculomotor and 
vestibular dysfunction not assessed by 
other available instruments following 
sport-related concussion. Recognizing 
that oculomotor and vestibular impair-
ments are common and often interde-
pendent, the VOMS assesses near point 
of convergence and symptom provoca-
tion with the ocular functions of pursuit, 
saccades, and convergence, and the ves-
tibular subtests of vestibular-ocular re-
flex (VOR) and visual motion sensitivity. 
Administration of the VOMS is standard-
ized, with symptom scores totaling 2 or 
greater on individual VOMS items or a 
near point of convergence of greater than 
5 cm considered significant for increased 
likelihood of concussion.109 Studies have 
found the VOMS to have low false-pos-
itive rates (between 2% and 11%).76,146,149 
The VOMS measures aspects of oculo-
motor and vestibular function other than 
those tested by the King-Devick test and 
the Balance Error Scoring System (BESS), 
with good reliability.107,109,146,149 Abnormali-
ties on the VOMS may be associated with 
delayed recovery after sport-related con-
cussion in youth and adolescents.3

Key Points
•	 Oculomotor signs and symptoms are 

distinct from and require different 
management than other postconcus-
sive findings.

•	 Screening tools such as the King-
Devick test and VOMS may help to 
identify common oculomotor deficits.

•	 A full oculomotor exam is indicated 
when screening tools identify deficits.

Vestibular Assessment
Approximately 60% of athletes have 
vestibular impairment and symptoms, 
such as dizziness, nausea, and imbal-
ance, following sport-related concus-
sion.109 Vestibular symptoms may be an 
important early marker of a concussion, 
as prolonged recovery has been linked 
to the presence of dizziness as an acute 
symptom.30,82,126 Postconcussion vestib-
ular impairment presents functionally 
as balance dysfunction, VOR impair-
ment, visual motion sensitivity, and/
or posttraumatic benign paroxysmal 
positional vertigo (BPPV).16 Because of 
these diverse presentations, screening 
for vestibular dysfunction should be 
multidimensional (FIGURE 3). Implemen-
tation of vestibular rehabilitation is rec-
ommended when deficits are identified 
in any of these areas.16

Balance deficits in sensory organi-
zation are frequently observed acutely 
and subacutely following concussion.55 
Therefore, sensory organization testing 
instruments have a role in the diagnosis 
of concussion, along with other on-field 
measures. The BESS123 has been stud-
ied extensively in sport-related concus-
sion as a measure of balance function.111 
Acutely, the BESS has a sensitivity of 
34% and specificity of 91% to 96% in 
the differential diagnosis of concus-
sion.24 A modified BESS, which excludes 
the surface challenge (the condition of 
standing on a cushion in the original 
version), is included in the sideline 
Sport Concussion Assessment Tool, but 
research on the instrument is limited.18 
The BESS appears to be best suited as 
an acute measure, as it is insensitive to 

deficits after the third day of injury.111 
As deficits in maintaining balance un-
der conditions of divided attention ap-
pear to persist into the postacute phase, 
balance testing utilizing dual cognitive 
task paradigms may be more sensitive 
for subacute assessment.23,47,116 However, 
at this time, no standardized methods 
exist for dual-task balance and gait 
assessment.

In addition to oculomotor items, the 
VOMS includes tests to identify vestibu-
lar constructs of VOR function and vi-
sual motion sensitivity in a standardized 
format. While nonconcussed individuals 
rarely have symptoms and impairments 
on the VOMS, the vestibular items on 
the VOMS are likely to provoke the most 
symptoms following a concussion (un-
published data).109,146 When abnormali-
ties are identified with the basic screening 
and tests described above, more in-depth 
clinical evaluation of the vestibular sys-
tem may be indicated. In particular, the 
Dix-Hallpike and supine roll tests should 
be performed when posttraumatic BPPV 
is suspected.10 Clinical or laboratory 
testing of VOR function, including but 
not limited to the dynamic visual acuity 
test, head impulse test, and head-shake 
nystagmus test, may be helpful for cli-
nicians with expertise in applying these 
measures.58,59,90

• Balance Error Scoring System
• Vestibular/Ocular Motor 
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interaction in balance
• Dual-task balance/gait tests
• Head impulse test
• Head-shake nystagmus test
• Dynamic visual acuity test
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FIGURE 3. Tools for assessment of vestibular and 
balance function after concussion.
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Key Points
•	 Vestibular symptoms and impair-

ments are common and potentially 
contribute to prolonged recovery.

•	 Postconcussion vestibular impair-
ments require different assessments 
and include BPPV, imbalance, VOR 
dysfunction, and visual motion 
sensitivity.

•	 The VOMS, BESS, and positional 
testing (Dix-Hallpike and supine roll 
tests) are helpful tools for assessing 
vestibular system impairment in pa-
tients with concussion.

•	 Vestibular rehabilitation targeted to 
deficits should be implemented when 
findings are present.

Autonomic Assessment
Persistent autonomic nervous system 
dysfunction is thought to be the under-
lying mechanism for the physiological 
postconcussion disorder subtype de-
scribed by Ellis and colleagues.43 Patients 
with this clinical profile following a con-
cussion tend to have exercise intolerance 
and become symptomatic with cognitive 
activity. Regulating cerebral blood flow is 
one of the main roles of the autonomic 
nervous system thought to be implicated 
following concussion,118 and symptom 
provocation may be due to decreased ef-
ficiency of the brain in increasing blood 
supply to brain networks that are best 
suited to task demands.118 This type of 
autonomic nervous system dysfunction, 
cardiovascular autonomic dysfunction, 
has been suggested as a biomarker for 
concussion81 and investigated through 
measures of heart rate variability, blood 
pressure, and orthostatic intolerance.62 
Despite small sample sizes and variability 
in methodology, recent research suggests 
that there is at least transient cardiovas-
cular autonomic dysfunction that may 
resolve by 72 hours post injury,37 and 
a recent meta-analysis concluded that 
concussion “likely” causes anomalies in 
autonomic nervous system functioning.118

Concussion symptoms associated 
with autonomic nervous system dysfunc-
tion may extend beyond exercise intoler-

ance and provocation of symptoms with 
cognitive activity. Several symptoms or 
features of other clinical profiles may be 
driven by or linked to autonomic nervous 
system dysfunction, including emotional 
distress, migraine, and vestibular dis-
orders.11,19,110,118,128,145 Notably, autonomic 
nervous system dysfunction, especially 
orthostatic intolerance, occurs as a result 
of deconditioning,28,32 which is a common 
consequence of overresting and inactivity 
following concussion.

The most common tools or measures 
used to assess autonomic nervous system 
dysfunction following concussion are 
specific to exercise tolerance (FIGURE 4). 
The Buffalo Concussion Treadmill Test84 
is adapted from the Balke cardiac tread-
mill stress test4 and relies on measuring 
heart rate and blood pressure while grad-
ually increasing workload until the first 
sign of symptom exacerbation. Details 
of the protocol are available elsewhere.83 
This approach has been presented as 
both an assessment and treatment mo-
dality following concussion, particularly 
for the physiological postconcussion 
subtype.43,83 Similar to treadmill para-
digms, the McMaster All-Out Progres-
sive Continuous Cycling Test is another 
exercise-tolerance test that has been used 
to assess symptoms and cardiorespiratory 
response to increased workload following 
concussion.35

Other methods to assess autonomic 
nervous system function, including heart 
rate variability, the Valsalva maneuver, 
and head upright tilt table testing, are 
used infrequently in routine clinical 
care and are typically reserved for severe 
presentations.46 While these assessment 
methods for autonomic nervous system 
function have been proposed, interpre-
tation and management of findings are 
controversial. As autonomic dysfunction 
appears to manifest more subtly follow-
ing concussion compared to primary 
dysautonomia, exercise-tolerance test-
ing paradigms likely provide the best 
information for identifying impairment 
and guiding management. However, ad-
ditional research is needed to determine 

whether the existing protocols are op-
timal for assessing individuals with au-
tonomic signs and symptoms following 
concussion.
Key Points
•	 Autonomic dysregulation can occur 

after a concussion and contribute to 
exercise intolerance.

•	 Exercise-tolerance testing is an im-
portant component of assessment fol-
lowing a concussion.

•	 Constructs of the optimal exercise-tol-
erance test are not known at this time.

Mood/Psychiatric Assessment
Following a concussion, emotional 
symptoms are common, with a quarter 
of patients displaying an anxiety/mood 
profile.77 Mood changes may be challeng-
ing to assess due to complex etiology and 
overlap in symptoms with other clinical 
profiles. For example, dizziness and nau-
sea are both prominent symptoms of both 
anxiety and vestibular clinical profiles 
following concussion. The relationship 
between profiles is further complicated 
by the overlap in physiology of vestibular 
function and emotional regulation.120

Neurometabolic disruptions of the 
emotional circuitry have been identified 
in neuroimaging studies following con-
cussion.45 Neurometabolic alterations 
are similar in patients with concussion 

• Bu�alo Concussion Treadmill 
Test

• McMaster All-Out Progressive 
Continuous Cycling Test
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FIGURE 4. Tools for assessment of autonomic 
function after concussion.
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and those with clinical depression on ad-
vanced neuroimaging, suggesting over-
lap in physiological substrate. It is not 
entirely clear when the pathophysiologi-
cal changes that are linked to emotional 
symptomology fully resolve, or whether 
some neurochemical changes persist for 
weeks to months in some patients.

Concussion symptom inventories can 
assist the clinician in screening for mood-
related impairment, as these tools ask pa-
tients to report the presence and intensity 
of affective symptoms such as sadness, 
emotionality, and nervousness. How-
ever, evaluating for mood changes and 
anxiety after a concussion requires more 
in-depth interview questions pertaining 
to current mood and stressors. There are 
many standardized clinical tools that can 
be borrowed from the psychology field to 
assess postconcussion emotional symp-
tomology (FIGURE 5). These measures are 
typically validated and reliable self-report 
questionnaires to measure depression, 
anxiety, adjustment, and coping strate-
gies, with comprehensive lists of these 
tools used in concussion patients sum-
marized elsewhere.124 However, no emo-
tional or mood measures are specific to 
concussion, nor can they be used to diag-
nose concussion or differentiate etiology 
of symptoms. Rather, questionnaires for 
depression and anxiety can measure the 

severity and type of distress, along with 
functional impact.
Key Points
•	 The presence of emotional symp-

toms can complicate recovery from a 
concussion.

•	 Concussion symptom inventories 
can assist in screening for psychiatric 
influences.

•	 Instruments borrowed from the psy-
chiatric field may be helpful to further 
assess mood-related impairment.

Posttraumatic Migraine
Headache is the most common symptom 
following a concussion and occurs in ap-
proximately 70% of cases.63,64,75 Similar 
to concussion itself, posttraumatic head-
ache is quite heterogeneous in presenta-
tion and may arise from many sources, 
including the cervical spine, medica-
tion overuse, and autonomic, psychiat-
ric, tension, and migraine influences.70 
When examining features of posttrau-
matic headache, migraine has been 
identified as the most common post-
traumatic headache type in both sport 
and nonsport populations, representing 
up to half of the cases.74,91,136

Primary migraine is defined as epi-
sodic headache attacks of moderate to 
severe pain intensity, typically unilateral 
and of pulsating quality and lasting 4 

to 72 hours if untreated. Migraines are 
aggravated by normal physical activity 
(eg, walking or climbing stairs) and fre-
quently occur with nausea and/or vom-
iting or photophobia and phonophobia. 
Some migraines may involve aura, with 
transient sensorimotor symptoms, par-
ticularly visual changes.61 The patho-
physiology of migraine involves abnormal 
activation of trigeminovascular pain 
pathways that results in headache and 
associated symptoms. While the mecha-
nism behind posttraumatic migraine is 
not clearly understood, it does not appear 
to merely be a manifestation of a pre-
existing migraine diagnosis, as rates of 
posttraumatic migraine far exceed rates 
of migraine in the general population.86 
Posttraumatic migraine is likely the re-
sult of interactive effects of concussion-
induced cortical hyperexcitability and 
genetic predisposition.5,15

Differentiating migraine from other 
headache types following concussion 
is important for at least 2 reasons: (1) 
posttraumatic migraine headache (as 
opposed to nonmigraine headache) is 
specifically associated with a worse clini-
cal course, including more severe symp-
toms, increased neurocognitive deficits, 
and protracted recovery74,103; and (2) mi-
graine headache requires distinct man-
agement that may include preventative 
or abortive medication and identification 
and regulation of triggers. Additionally, a 
migraine variant—vestibular migraine—
is a frequent cause of episodic dizziness 
that appears to have greater prevalence 
in younger patients.85 Posttraumatic ves-
tibular migraine is likely a common cause 
of dizziness following concussion.

At this time, posttraumatic migraine 
diagnosis is based on the International 
Headache Society clinical criteria for 
primary migraine.61 The Migraine Assess-
ment Tool, based on international crite-
ria, has been developed and validated to 
clinically diagnose migraine.93 Other in-
ventories, such as the Migraine Disabil-
ity Assessment test132 and the Headache 
Impact Test,79 may help to quantify pain 
and disability due to migraine (FIGURE 6).
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FIGURE 5. Tools for assessment of mood after 
concussion.
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FIGURE 6. Tools for assessment of migraine after 
concussion.
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Key Points
•	 Posttraumatic migraine is a distinct 

postconcussion clinical presentation 
that influences recovery time.

•	 Migraine must be managed differently 
from other headache types.

•	 The diagnosis of posttraumatic mi-
graine is currently based on inter-
national classification criteria for 
primary migraine.

Cervical Considerations
Many of the symptoms of concussion and 
whiplash-associated disorder are similar. 
Neck pain, headaches, dizziness, impaired 
balance, impaired oculomotor control, 
sleep disruption, fatigue, hypersensitiv-
ity, cognitive dysfunction, and affective 
symptoms have all been documented 
independently in both concussion and 
whiplash-associated disorder. Therefore, 
in cases of trauma where these symptoms 
are present, it is important to determine 
whether concussion, whiplash-associat-
ed disorder, or both are contributing to 
clinical presentation in order to provide 
evidence-based treatment. Although sev-
eral tools are in use, none of them have 
sufficient sensitivity and specificity to dif-
ferentiate the cervicogenic source of many 
symptoms (FIGURE 7). An important clini-
cal differentiation may simply be whether 
symptomatic relief (eg, reduced headache 

or dizziness) can be achieved with treat-
ment of the cervical spine in a reasonable 
amount of time.

Whiplash may result in a constellation 
of symptoms, likely due to the participa-
tion of cervical afferents in higher-order 
processes such as postural control, eye 
movements, and gaze stabilization.56 
However, as with many issues related to 
concussions, these symptoms may have 
a noncervicogenic etiology as well. In 
the differential exam, consider cervical 
instability, postural deficits, active mo-
tion, segmental motion, soft tissue, mo-
tor control, or sensory/reflex changes that 
are consistent with cervical dysfunction 
and/or pathology.121

Cervicogenic Headache  As discussed 
earlier, headache is common following 
trauma, with various etiologies includ-
ing cervicogenic, medication overuse, 
migraine, and other causes. Cervicogenic 
headache, by definition, begins within 7 
days of whiplash injury and may or may 
not be associated with neck pain.61 Im-
portantly, cervical pain is neither neces-
sary for the diagnosis of nor specific to 
cervicogenic headache. Cervical pain is a 
known symptom of migraine, due to ac-
tivation of the upper cervical dorsal root 
afferents relaying to the trigeminocervi-
cal complex within the trigeminovascu-
lar pain system.9 However, cervicogenic 
headache is often associated with other 
findings, such as postural deficits, range-
of-motion limitation, and upper cervi-
cal dysfunction.57,69,153,155 Sensorimotor 
findings, such as tissue hypersensitiv-
ity131,135,141,153 and balance disturbance,140 
may also occur with cervicogenic head-
ache; however, these issues may charac-
terize other conditions, such as migraine, 
vestibular disorders, and anxiety.

The prevalence of cervicogenic head-
ache is unclear. In a large prospective 
study, posttraumatic cervicogenic head-
ache was diagnosed in only 4% of those 
with posttraumatic headache, while mi-
graine, probable migraine, and tension-
type headaches were identified at much 
higher rates.91 It’s important that clini-
cians recognize the overlap in symptoms 

when managing posttraumatic headaches 
and apply cervical intervention in appro-
priate cases, while referring other head-
ache types for medical management.
Cervicogenic Dizziness  Dizziness is an-
other common postconcussive symptom 
with potential cervicogenic etiology. 
Much like headache, posttraumatic dizzi-
ness can be attributed to multiple causes, 
such as peripheral and central vestibular 
dysfunction, autonomic dysfunction, 
vestibular migraine, or anxiety.52 How-
ever, cervicogenic dizziness should be 
considered when dizziness is episodic, 
has a close temporal relationship to neck 
pain, and is brought on by specific neck 
movements or positions rather than 
whole-body movements.139 Cervicogenic 
dizziness has been associated with other 
findings, including altered postural con-
trol, abnormal oculomotor function, and 
impaired kinesthetic awareness of neck 
position.89,139

The best tests to differentiate cervico-
genic influences on sensorimotor control 
likely involve movement of the body with 
a stable head in order to activate the cer-
vical spine while eliminating vestibular 
influences. In the cervical torsion test 
(CTT),89 nystagmus is recorded with the 
head and body in neutral and with the 
head still and body rotated to the right 
and left. A study89 examining patients 
with BPPV and cervicogenic dizziness 
reported that nystagmus of greater than 
2°/s in any position is considered a posi-
tive test for cervicogenic dizziness. Con-
versely, symptoms or nystagmus with en 
bloc motions point to a noncervicogenic 
cause of symptoms. The CTT requires 
nystagmography, which may not be avail-
able to many clinicians.

Similar to the CTT, variations of cervi-
cal relocation testing have been proposed 
to provide additional differentiation ca-
pability.65 These paradigms hold promise 
but require additional empirical evidence 
before they are suitable for clinical use. 
Head relocation tests designed to iden-
tify cervical proprioceptive deficit have 
found increased impairment in patients 
with cervical pathology.36,89,122 However, 
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FIGURE 7. Tools for assessment of the cervical spine 
after concussion.
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increased deficits in joint position testing 
have also been found in patients with ves-
tibular disorders, making this a nonspe-
cific measure.65 The smooth pursuit neck 
torsion test138 was developed to assess 
cervical output on oculomotor function. 
Early studies were encouraging, finding 
differences in the gain of eye movement 
response with the head rotated138; how-
ever, more recent research has not repro-
duced these findings.71 Postural stability 
is reduced in patients with whiplash.12,112 
Balance sway measures may only be use-
ful in ruling out cervicogenic influences 
when measures are normal.56

Key Points
•	 Cervical impairments frequently over-

lap with concussion.
•	 Headaches and dizziness are symp-

toms that commonly result from cervi-
cal dysfunction as well as concussion.

•	 Treatment of the cervical spine is rec-
ommended when cervicogenic etiol-
ogy is supported.

Cognitive Assessment
Cognitive deficits following concussion 
have been documented for many decades, 
and neuropsychological tests were some 
of the first tools utilized for concussion 
assessment and management.8 It is well 
established that many adolescent patients 
with sport-related concussion experience 

transient cognitive decline within the first 
days to weeks post injury,33,73,97,125 with 
some studies suggesting that deficits can 
persist for a few months following concus-
sion in a small subset of patients.88,147 Al-
though deficits are often mild72 and some 
patients do not notice overt changes in 
mental capacity in day-to-day function-
ing, they exhibit impairments in attention, 
processing speed, and memory processes 
when evaluated on objective neurocogni-
tive testing48,127,143 (FIGURE 8).

Neurocognitive testing is a helpful 
diagnostic tool for concussion,78 and can 
be particularly useful in situations where 
patients are not forthcoming about their 
symptoms (eg, athletes trying to hide in-
jury to avoid removal from competition) 
and have no other objective deficits to 
accurately diagnose injury.17 Cognitive 
deficits following concussion potentially 
have multiple pathophysiological under-
pinnings, and severity is influenced by a 
variety of personal and injury factors. As 
with each postconcussion domain, a bidi-
rectional relationship exists between the 
cognitive and nearly every other domain, 
including sleep, ocular, vestibular, mood, 
and migraine.
Key Points
•	 Cognitive deficits are a consistently 

demonstrated marker of concussion.
•	 Clinical assessment of concussion is 

aided by neurocognitive testing.
•	 Preinjury (baseline) cognitive testing 

is helpful, but not necessary, in the 
evaluation of concussion.

ESTABLISHING RECOVERY 
FROM CONCUSSION

M
uch like establishing a con-
cussion diagnosis, determin-
ing concussion recovery poses a 

unique challenge for health care provid-
ers. There are no recognized biomarkers 
or objective measures of recovery from 
concussion. Often, “clinical” recovery does 
not align with physiological recovery—
abnormalities in the electrical responses, 
metabolic balance, and oxygen consump-
tion of neurons persist several months af-

ter clinical testing is normal and patients 
are symptom free.41,130 At present, a com-
prehensive, multidomain evaluation is the 
gold standard for determining recovery 
status, where establishing that the patient 
has returned to normal preinjury function 
is the goal. Provocative examinations of 
neurocognitive function, exercise toler-
ance, and vestibular-oculomotor function 
are important to perform, as symptoms 
and performance are typically normal in 
the resting state. When possible, com-
paring findings to baseline test results 
may help the clinician identify postinjury 
neurocognitive deficits.66 Baseline testing 
for other domains of functioning, such 
as vestibular-oculomotor screening, has 
been initiated as a standard of care for 
collegiate athletes.76

Return to Sport
Return-to-sport criteria include the re-
quirement that the person be symptom 
free at rest and with physical activity.100 
Normal cognitive function is also a criteri-
on mandated by a number of organizations 
and school districts,137 and neurocognitive 
testing is often considered a “cornerstone” 
for appropriate management with return 
to sport.100 These criteria loosely represent 
recovery from the diverse concussion im-
pairments or profiles elaborated through-
out this article (eg, neurocognitive testing 
determines normal cognitive function and 
exertion testing rules out persistent dys-
autonomia). No return-to-sport protocols 
include criteria for normal vestibular or 
oculomotor function. However, provid-
ers frequently require these domains of 
functioning to normalize before allowing 
their patients to return to sport, due to the 
elevated risk of reinjury during sport par-
ticipation with persistent deficits (eg, poor 
balance or gaze stability) and the conse-
quences of chronic impairments from 
repetitive trauma to these brain systems.

SUMMARY

C
oncussion is challenging to 
evaluate and manage due to the 
nonspecific nature of symptoms 
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FIGURE 8. Tools for assessment of cognition following 
concussion.
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[ clinical commentary ]
and impairments characteristic of inju-
ry, coupled with lack of valid biomarkers 
to diagnose concussion and determine 
recovery. The acute diagnosis, postacute 
evaluation and management, and deter-
mination of recovery from concussion 
rely predominantly on clinical assess-
ment. No single instrument is sufficient 
to assess concussion in isolation due 
to the significant heterogeneity in pre-
sentation, and research supports com-
prehensive, multidomain assessment 
approaches to manage concussion. Sig-
nificant overlap in symptoms and im-
pairments (eg, oculomotor problems 
following both concussion and whiplash-
associated disorder) and interaction be-
tween profiles (eg, vestibular symptoms 
due to migraine) can occur post concus-
sion. Although most clinical tools have 
been successfully borrowed and adapted 
to patients with concussion, a majority 
of measures are not exclusive to concus-
sion and require additional research and 
refinement for this subpopulation. It is 
important for clinicians to understand 
the strengths and limitations of the tools 
and instruments used to diagnose and 
manage concussion, and for researchers 
to contribute empirically to this body of 
knowledge. t
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W
hiplash and its associated disorders (WAD)73 are the most 
common injury arising from a motor vehicle collision 
(MVC), with an annual Western-world incidence of 
between 200 and 300 per 100 000 population.36,58,68 

Rehabilitation costs for persistent WAD exceed those associated with 
other common, and not radiologically occult, catastrophic injuries such 
as spinal cord injury.16 One in 2 people with WAD will develop long-
term neck-related disability, and up to 1 in 4 will report widespread

bodily pain.38,70 The cardinal features 
of WAD remain neck pain and lack of 
mobility. Other signs/symptoms of the 
clinical course include motor weakness,54 
sensory hypersensitivity,71 hypoesthesia,14 
arousal,21,87,88 and cognitive deficits.65 The 
signs and symptoms of WAD are strik-
ingly similar to those reported in known 
concussion cases. However, assessment 
and management of WAD and concus-
sion are often considered separately.

The global incidence of concussion, 
often described as a “mild” traumatic 
brain injury (mTBI), is expected to rise, 
considering the increase in motor vehicle 
use, particularly in developing coun-
tries.44,45 In the United States, of the 1.4 
million cases of mTBI reported annually, 
45% are suggested to have resulted from 
an MVC.25 A more recent study suggested 
that concussions occur in about 1 of 61 oc-
cupants in noncatastrophic crashes, with 
an increased risk occurring in rollover 
crashes.86

Similar Symptoms Arise After 
WAD and Concussion
The most common and shared symp-
toms, some of which may persist for up 

UU SYNOPSIS: Whiplash and concussion may 
have similar presenting symptoms, biomechanical 
mechanisms, and neurophysiological sequelae, 
but neither enjoys a gold standard diagnostic 
test. Guidelines for whiplash and concussion are 
developed and implemented separately. This 
disparate process may contribute to misdiagnosis, 
delay appropriate primary care management, and 
impair patient outcomes. In our clinical commen-
tary, we present 3 cases where signs and symptoms 
consistent with whiplash were identified in primary 
care. Symptoms in all cases included neck pain, 
headache, dizziness, and concentration deficits, 
raising suspicion of coexisting postconcussion 
syndrome. All cases were referred for specialist 
physical therapy. Characteristics consistent with 
poor recovery in both whiplash and postconcussion 
syndrome were confirmed, and multidisciplinary 
management, drawing from both whiplash and 
concussion guidelines, was implemented. All 
patients reported improvement in activities of daily 

living after tailored management addressing both 
neck and head injury–related factors, suggesting 
that these conditions were not mutually exclusive. 
Self-reported outcomes included reductions in neck 
disability and postconcussion symptoms of between 
20% and 40%. It may be appropriate for whiplash 
and concussion guidelines to be amalgamated, 
enhanced, and mutually recognized on a patient-
by-patient basis. Primary health care professionals 
might consider minimum screening to identify 
postconcussion syndrome in patients following mo-
tor vehicle collision by administering questionnaires 
and assessing cranial nerve function, balance, and 
cognition. Management should then incorporate 
principles from both whiplash and concussion 
guidelines and harmonize with available imaging 
guidelines for suspected spine and head trauma. 
J Orthop Sports Phys Ther 2019;49(11):819-828. 
doi:10.2519/jospt.2019.8946

UU KEY WORDS: mild traumatic brain injury, neck 
trauma, screening
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to 5 years,79 across WAD and mTBI are 
neck pain, headache, dizziness, fatigue, 
and cognitive impairment. After neck 
pain, the most common symptoms expe-
rienced by people with WAD (70%-80% 
of people) are headache,5,35 dizziness,67,83 
blurred vision,82 fatigue,35 and cognitive 
impairment.39 The most common symp-
toms after mTBI are pain, headache,9 and 
cognitive deficits, including impaired in-
formation processing and reduced atten-
tion.34,43,50 While cognitive impairment 
following whiplash and mTBI appears to 
be similar, some aspects, including long-
term memory, reasoning, and accuracy in 
problem solving, were worse in patients 
with whiplash compared with mTBI.10 
Therefore, in the presence of these symp-
toms, a diagnosis of either WAD or mTBI 
could be present and contribute to the 
clinical course.

Imaging Cannot Differentiate 
WAD and Concussion
There are no gold standard diagnostic 
tests capable of differentiating WAD and 
mTBI.13,44 For both conditions, contro-
versy persists regarding the relationship 
between imaging findings of structural 
pathology and diagnosis, prognosis, and 
outcomes. For example, magnetic reso-
nance imaging (MRI) scans of the brain 
in healthy people with no history of con-
cussion have revealed “incidental find-
ings” that are benign (eg, sinus problems, 
enlarged glands, and cysts of no medical 
significance).85 Furthermore, specific pa-
tient populations (eg, athletes or military 
personnel) may have pre-existing differ-
ences in brain structure, function, and 
connectivity as a result of previous repeti-
tive, subconcussive impacts and history 
of concussion.51

Routine use of early diagnostic im-
aging tests following whiplash or other 
common spinal conditions is challenged 
for multiple reasons, including abnor-
mal or variant morphology of the cervi-
cal52 and lumbar spines of asymptomatic 
participants (false positives)12 and lack 
of imaging findings in some patients fol-
lowing whiplash.1,3,26,29,48,53,84 Some clini-

cians may be skeptical and question the 
merit of pathoanatomical findings and 
outcomes.

One guideline that may assist primary 
health care clinicians to make appropri-
ate imaging decisions is the American 
College of Radiology Appropriateness 
Criteria (ACR-AC).2,72 The ACR-AC are 
a set of consensus-developed, evidence-
derived guidelines to assist in decision 
making for imaging based on the poten-
tial condition requiring investigation. 
Most applicable within the ACR-AC for 
patients with WAD are the clinical con-
dition categories of “suspected spine 
trauma”19 and “head trauma.”1 Further 
imaging may be considered appropriate 
when, for example, concerns of signifi-
cant relevant pathology may not be con-
sistent with a favorable outcome.64

One characteristic that has tradition-
ally assisted the clinician to distinguish 
whiplash from postconcussion syndrome 
(PCS) is either loss of consciousness 
or posttraumatic amnesia. Traumatic 
brain injury is usually classified as mild, 
moderate, or severe, based on the initial 
Glasgow Coma Scale score (part of the cri-
teria for appropriate imaging referral in 
head trauma) recorded in the emergency 
room, the duration of loss of conscious-
ness, and the duration of posttraumatic 
amnesia.43 However, not all patients can 
be assessed using these criteria. For ex-
ample, some patients may have briefly 
lost consciousness after the MVC but 
regained it before being assessed. Some 
patients do not present to the emergency 
room.13 Drugs or alcohol may confound 
results.45 Some patients may have other 
injuries that require priority assessment 
and management.9,20

Guidelines for WAD and Concussion Are 
Poorly Implemented in Primary Care
Guidelines for the assessment and man-
agement of patients with mTBI pre-
senting to the emergency room exist.20 
However, different hospitals and emer-
gency care providers adopt different 
guidelines.28,81 Irrespective of diagno-
sis and management in the emergency 

room, health care professionals working 
in primary care often do not have access 
to information, including initial loss of 
consciousness or posttraumatic amnesia. 
So, the diagnosis is likely to be made ac-
cording to how patients present in pri-
mary care.

The suggestion that whiplash and 
concussion are similar is not innova-
tive or new. There are similarities in the 
acute and chronic clinical profiles and 
even results of somatosensory-evoked-
potential testing following whiplash and 
mTBI.1,11,30,32,37,91 Nineteenth-century 
clinical reports of whiplash, or “railway 
spine,” implicated brain injury as a pos-
sible explanation for the long-lasting 
symptoms reported by those afflicted.24 
Risk factors for persistent symptoms fol-
lowing whiplash and mTBI are similar 
(older age, female sex, and acute symp-
tom report).59 Contemporary work pro-
vides new insights into biomechanical 
links between WAD and concussion and 
supports the assessment of the brain and 
the musculoskeletal system following 
MVC to inform management and, hope-
fully, expedite recovery.23

Despite similarities in symptoms, neu-
rophysiology, and biomechanical forces, 
guidelines for managing whiplash and 
guidelines for managing concussion have 
been separately developed and imple-
mented. Separate guidelines have been 
developed for managing concussion in 
sport (eg, the Sport Concussion Assess-
ment Tool Fifth Edition)22 and concus-
sion due to other mechanisms.31 Different 
diagnostic criteria are employed in these 
guidelines, both within and between 
conditions.

Recommendations for 
Management in Primary Care
Guidelines for WAD include specific sug-
gestions for management. Guidelines for 
patients with mTBI suggest, after signifi-
cant trauma has been ruled out, provid-
ing verbal and written information on 
discharge and that a brief, routine fol-
low-up appointment may be required.81 
Recently, in one Australian state (New 
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South Wales), legislation was passed57 
that restricts compensation—and there-
fore rehabilitation—for people with 
minor injury (including whiplash) to a 
period of 6 months. For people with WAD 
who may also have comorbid concussion, 
the implications are that they may not 
have access to care after 6 months.

Here, we present 3 cases of WAD and 
apparent comorbid PCS. We (1) discuss 
the implications for assessment and man-
agement, and (2) make recommenda-
tions for how clinicians should approach 
routine concussion screening for people 
presenting with whiplash in primary care.

CASE DESCRIPTIONS

Case 1

A 
45-year-old woman (Ms M) was 
involved in a low-speed, rear-end 
MVC 4 months prior. She could 

not recall whether she lost conscious-
ness and reported no posttraumatic am-
nesia. Presenting symptoms included 
neck pain, headache, dizziness, nausea, 
blurred vision, and memory and concen-
tration difficulties (FIGURE 1). When Ms 
M presented to the emergency depart-
ment after the collision, X-rays excluded 

cervical fracture and further work-up 
excluded serious pathology. Manage-
ment in primary care included medica-
tion (tricyclic antidepressant), with no 
change to symptoms, and physical ther-
apy (manual therapy), which aggravated 
most symptoms.

Ms M had been referred to a neuro-
surgeon, who advised that surgery was 
not indicated, and to an optometrist, 
who reported that her visual acuity was 
6/6. Despite MRI not being warranted 
according to the ACR-AC, Ms M’s gen-
eral practitioner referred her for brain 
MRI. The report concluded, “multiple 
small left frontal and smaller right pa-
rietal subcortical white matter inten-
sity—nonspecific finding.” Her cervical 
spine MRI was essentially normal, and 
she reported being reassured by these 
findings. However, given the lack of re-
sponse to treatment, the insurer referred 
her to a specialist physical therapist, 
who performed further examination. In 
Australia, specialist physical therapists 
must complete an additional 2-year 
fellowship in the Australian College of 
Physiotherapists and are recognized for 
their expertise in the management of 
complex presentations. The findings of 

the specialist physical therapist exami-
nation were as follows:
•	 Physical examination: cervical active 

range of extension reproduced dizzi-
ness (TABLE 1)

•	 Oculomotor examination: abnormal, 
with vertical saccadic eye movement 
during the smooth pursuit examina-
tion and poor near-point convergence 
observed

•	 Upper-limb neurological examina-
tion: normal

•	 Vestibular system examination: 
normal

•	 Sensorimotor system and palpation of 
the cervical spine: symptomatic
Self-reported questionnaires (TABLE 2) 

indicated high disability due to neck pain 
and dizziness, high levels of postconcus-
sion symptoms, and low function.

Case 2
A 24-year-old woman (Ms B) was in-
volved in a simple rear-end MVC 6 weeks 
prior, with no imaging performed in pri-
mary care. Ms B recalled hitting her head 
on the steering wheel and had a bruised 
cheekbone, but did not recall losing con-
sciousness. She attended her general 
practitioner, who referred her to a sports 
and exercise physician the day after 
the collision. Ms B was diagnosed with 
WAD and PCS and referred for physical 
therapy. Presenting symptoms included 
severe headache, nausea, dizziness, loss 
of balance, photophobia, phonophobia, 
bilateral upper-limb paresthesia, and 
neck and arm pain (FIGURE 2). Given these 
symptoms, and following the ACR-AC, 
appropriate referral was made for MRI of 
the cervical spine and brain, and findings 
were reported as normal. Relevant past 
medical history included Ehlers-Danlos 
syndrome (a group of connective tissue 
disorders, although the patient’s specific 
subtype was unknown) and Raynaud’s 
disease. The physical therapist findings 
were as follows:
•	 Physical examination: marked global 

restriction in cervical active range 
of motion, with noticeable muscle 
guarding/spasm

Constant, moderate 
neck pain

Other symptoms 
• Blurred  vision (constant)
• Dizziness 
• Nausea
• Memory/concentration 

di�culties 

Headache occurring 
once per week 
5/10

Bilateral constant 
pins and 
needles

FIGURE 1. Body chart indicating where case 1 experienced symptoms.
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•	 Cranial nerve (CN) examination: ver-

tical saccadic eye movements during 
the smooth pursuit component of the 
oculomotor nerve (CN III) examina-
tion and reduced facial muscle coor-
dination during facial nerve (CN VII) 
examination; normal upper motor 

neuron/upper-limb neurological ex-
amination, including normal respons-
es to both the Babinski and Hoffmann 
signs

•	 Sensory examination: evidence of 
temporal summation to repeated pin-
prick,66 allodynia, cold hyperalgesia, 

and pressure hyperalgesia; therefore, 
as expected and consistent with the 
mechanism of injury, tenderness to 
palpation of the cervical spine; a posi-
tive finding (increased mobility and 
symptom reproduction) on an alar 
ligament stress test
The positive finding on the alar liga-

ment stress test, together with the history 
of Ehlers-Danlos syndrome, may be signifi-
cant to physical therapists, as together they 
suggest joint hypermobility with or without 
craniovertebral instablity.56 Self-reported 
questionnaires indicated high self-report-
ed disability due to neck pain, a high score 
on the Impact of Event Scale-revised,90 
and high severity of PCS (TABLE 2).

Case 3
A 44-year-old man (Mr S) was involved 
in a high-speed, dangerous-mechanism, 
head-on MVC on the motorway 12 weeks 
prior. The estimated speed of impact was 
greater than 100 km/h. Mr S believed he 
lost consciousness for a short time and 
recalled waking up in the wreckage of the 
vehicle. He was trapped in the vehicle un-
til paramedics could cut him free. He was 
taken by helicopter to the hospital.

	

TABLE 1 Physical Examination Findings of the 3 Cases

Abbreviations: AROM, active range of motion; CPT, cold pain threshold; HIT, head impulse test; JPE, joint position error; PAIVM, passive accessory interverte-
bral movement; PPT, pressure pain threshold; ROM, range of motion; SPNTT, smooth pursuit neck torsion test.
*Observable vertical saccade during SPNTT examination and reduced near-point convergence.
†Babinski and Hoffmann tests performed to screen/exclude upper motor neuron lesion.

System/Impairment Examined Case 1 Case 2 Case 3

Cervical ROM Reduced cervical extension (20°; increasing 
headache and dizziness)

Reduced cervical AROM in all directions (<10°) Reduced cervical AROM in all directions (<10°)

Neurological

Cranial nerves Abnormal oculomotor examination* Abnormal oculomotor examination* and facial 
nerve (VII) examination (poor coordination)

Abnormal oculomotor examination* and 
hypoglossal (XII) nerve examination (poor 
coordination)

Upper-limb/upper motor 
neuron lesion

Normal, including normal responses to Babinski 
and Hoffmann tests†

Normal, including normal responses to Babinski 
and Hoffmann tests†

Clonus-elicited bilateral hyperreflexia

Pain sensitivity Normal PPTs, pinprick hyperalgesia (left and 
right upper limbs), normal CPTs

Reduced PPTs globally, temporal summation, 
reduced CPTs globally

Temporal summation, widespread allodynia

Vestibular/balance Negative HIT, 5 s in tandem stance, failed by 
stumble (maximum score of 10)

2 s in tandem balance; HIT not performed due 
to reduced cervical AROM

Unable to perform tandem balance; HIT not 
performed due to reduced cervical AROM

Sensorimotor Positive SPNTT, JPE >6° (extension and rotation) Not tested initially Not tested initially

Palpation PAIVM at C1-C2 reproduced dizziness and 
headache

Generalized tenderness, positive alar ligament 
stress test

Not tested initially

Other symptoms 
• Nausea
• Dizziness
• Photophobia
• Phonophobia
• Loss of balance

Constant headache; 
intensity of  
3-10/10 

Bilateral arm pain 
and paresthesia, 
with intermittent 
numbness

Constant neck pain; 
intensity of 7/10 

FIGURE 2. Body chart indicating where case 2 experienced symptoms.
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A cervical spine computed tomogra-
phy scan excluded fracture, further work-
up excluded serious pathology, and Mr S 
was discharged home after 2 nights in the 
hospital. Initial follow-up was with his 
general practitioner, who then referred 
him for physical therapy. Treatment to 
date had included exercise and manual 
therapy, which aggravated symptoms and 
produced “muscle spasms.” Mr S was then 
referred for specialist physical therapy. 
Presenting symptoms included constant 
back and neck pain (FIGURE 3), dizziness, 
poor balance, and fatigue. Investigations 
included cervical spine MRI, which was 
reported as normal. While the acute 
computed tomography scan was war-
ranted, the subsequent MRI scan, based 
on presenting symptoms, was considered 
inappropriate according to the ACR-AC 
guidelines (chronic neck pain variant 1).2 
The specialist physical therapist findings 
were as follows:
•	 Physical examination: global restriction 

of cervical active range of motion, with 
all directions measuring less than 10°; 

noticeable cervical muscle guarding
•	 Neurological examination: abnormal 

response to the CN III examination, 

with reduced eye coordination; diffi-
culty controlling the coordination of 
his tongue during assessment of the 

	

TABLE 2 Self-reported Questionnaire Results for All 3 Cases

Abbreviations: CSI, Central Sensitization Inventory; DHI, Dizziness Handicap Inventory; IES-R, Impact of Event Scale-revised; NDI, Neck Disability Index; 
PSFS, Patient-Specific Functional Scale; PTSDS, Posttraumatic Stress Diagnostic Scale; RPCSQ, Rivermead Post Concussion Symptoms Questionnaire.
*Activity limited by dizziness and nausea and cognitive impairment.
†Activity limited by dizziness and blurred vision and cognitive impairment.

Construct/Measure Baseline 12-mo Follow-up Baseline 12-mo Follow-up Baseline 12-mo Follow-up

Pain/disability

NDI 33/50 18/50 34/50 10/50 48/50 28/50

Dizziness (DHI) 75/100

Central sensitization (CSI) 53/100 28/100

Whiplash clinical prediction rule High risk High risk High risk

Psychological

IES-R 22/75 13/75 49/75 19/75

PTSDS 21/51 12/51

Concussion symptoms (RPCSQ)

3 items 8/12 4/12 11/12 3/12 5/12 3/12

13 items 45/52 28/52 39/52 19/52 27/52 17/52

Function (PSFS)

Work 0/10 4/10 0/10 2/10 0/10* 8/10

Reading 5/10† 8/10 1/10* 6/10

Driving 2/10† 6/10 1/10* 4/10

Case 1 Case 2 Case 3

Other symptoms
• Dizziness
• Poor balance
• Fatigue

Constant headache; 
intensity of 8-10/10 

Constant neck 
and back pain; 
intensity of 8/10

FIGURE 3. Body chart indicating where case 3 experienced symptoms.
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hypoglossal nerve (CN XII); follow-
ing clinical assessment of the spinal 
cord, responses consistent with hyper-
arousal (eg, brisk bilateral upper- and 
lower-limb reflexes, but a decreasing 
Babinski sign); a repeated beat on clo-
nus testing

•	 Sensory examination: widespread 
allodynia over the neck and back; 
temporal summation with repeated 
pinprick over the forearm, inducing 
bilateral spasms of the upper and 
lower limbs
Self-reported questionnaires also 

revealed high scores for self-reported 
disability, central sensitization, and post-
traumatic stress symptoms (TABLE 2).

OUTCOMES

Management and Interpretation of Cases

A
ll 3 cases presented with symp-
toms that could be classified as 
either WAD (grade II)73 or PCS. 

In the initial primary care phase, the 
patients were diagnosed with WAD and 
managed accordingly. The apparent PCS 
was initially missed. Delayed diagnosis 
of sport-related concussion is associated 
with delayed recovery.4 A similar scenario 
could occur in the context of concussion 
after MVC.

In all 3 cases, once referred for a 
second opinion, the apparent PCS was 
identified. Patient management was 
then multidisciplinary, including medi-
cal, physical, and psychological therapy. 
Patients were referred for appropriate 
pain management and concurrently 
referred to a psychologist. In one case, 
a neuropsychologist directed the cog-
nitive rehabilitation. The approach to 
the physical management incorporated 
principles from both WAD and PCS 
guidelines.

For patients with WAD, in the pres-
ence of altered pain processing, standard 
management (such as manual therapy) 
is often contraindicated. Rather, patient 
management is advised by experts to be 
directed at identified impairments (which 
are often sensorimotor or neuromuscu-

lar) and to avoid pain provocation with 
the targeted exercises prescribed.60,62,75

Concussion guidelines recommend 
that the approach to recovery of function 
follow specific principles, based on reach-
ing target heart rates and increasing by 
specific increments weekly. Outcomes in-
cluded significant reduction in symptoms 
and return to driving and work in all 3 
cases (TABLE 2).

DISCUSSION

T
hese cases and the supporting 
literature suggest that clinical 
guidelines for symptoms arising af-

ter MVC are needed for primary health 
care practitioners to screen patients with 
WAD for PCS. If screening could occur 
during the history and physical examina-
tion, it would allow for appropriate man-
agement and further assessment (eg, a 
specific type of imaging).

Implications for Patient History Taking
Recommendations from mTBI/concus-
sion guidelines could be implemented 
in whiplash guidelines to screen patients 
with WAD for PCS when taking a history 
in primary care. While whiplash guide-
lines recommend assessment of pain, 
disability, and psychological distress,69,74 
those for cognitive impairment and PCS 
do not. Given that cognitive deficits oc-
cur at a similar frequency and to a similar 
extent in both whiplash and PCS,10,39 and 
are associated with high pain and reduced 
quality of life,18 assessment of cognitive 
impairment could be recommended. 
While there are tools that assess cognitive 
impairment, constructs such as attention 
and immediate and delayed recall are 
easily assessed by questionnaire.10,39 For 
example, recently, the Perceived Deficits 
Questionnaire was validated and recom-
mended for this purpose in whiplash.80

Assessment of PCS is also not routine-
ly recommended in people with whiplash. 
By the time patients present to primary 
care, acute assessment tools such as the 
Sport Concussion Assessment Tool Fifth 
Edition22 or the Abbreviated Westmead 

Post Traumatic Amnesia Scale, as recom-
mended in acute or emergency depart-
ment assessment,55 may not be relevant. 
However, postconcussion symptom 
questionnaires appropriate for the sub-
acute stage, such as the Rivermead Post 
Concussion Symptoms Questionnaire,40 
are recommended.55 The cases presented 
here and elsewhere35 have used this tool.

Implications for the Physical Examination
Minimal concussion screening for people 
with WAD during the physical examina-
tion may be warranted. Recommended 
domains in clinical guidelines for WAD 
include assessing for physical impair-
ments, such as active range of motion, 
muscle function, and sensorimotor 
impairment, if indicated.74 An upper-
limb neurological examination is rec-
ommended to screen for the potential 
presence of radiculopathy; however, 
clinical examination of brain function is 
not recommended.

When people with WAD have expe-
rienced loss of consciousness, posttrau-
matic amnesia, or have symptoms of PCS 
(eg, a high score on the Rivermead Post 
Concussion Symptoms Questionnaire40), 
we recommend that primary health care 
practitioners conduct minimal screen-
ing of brain function. Signs and symp-
toms should guide the tests chosen. At 
a minimum, conduct a CN examination. 
A stronger focus on testing balance and 
coordination may be required.27,47 In all 
3 cases presented in this paper, CN III 
and balance testing was abnormal and 
enabled detection of potential PCS. These 
tests take only a few seconds to admin-
ister, and would not be burdensome to 
implement in primary care.

Although uncommon, there have been 
previous case reports of abnormal facial 
(CN VII)49 and hypoglossal (CN XII)15 
function after head and neck trauma. 
We hypothesize that this may be due to 
head trauma (concussion) rather than 
neck trauma (whiplash). Given that the 
hypoglossal nerve traverses the antero-
lateral cervical spine, it is plausible that 
neck trauma may result in hypoglossal 
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nerve injury. Given that abnormal facial 
and hypoglossal nerve function was not 
a common finding in these case studies 
or in the literature, less emphasis should 
be placed on these tests for routine 
screening.

Because the vestibular system is impli-
cated in concussion,41 routine vestibular 
and oculomotor screening is commonly 
recommended. However, in whiplash, 
painful restriction of cervical range of 
motion may limit valid testing of the ves-
tibular system (eg, the head impulse test). 
Instead, the clinician might choose the 
oculomotor assessment as the differential 
test. The vertical saccade observed dur-
ing smooth pursuit examination is more 
suggestive of concussion than vestibular 
involvement. Therefore, modifications to 
the recommended vestibular and oculo-
motor screening may need to be made in 
the presence of whiplash.

Implications for Imaging
In the course of routine care of the patient 
with suspected head/neck injury, primary 
care practitioners recommend diagnostic 
tests on a patient-by-patient basis. The 
ACR-AC guidelines, and other available 
guidelines informed by the same body of 
evidence and by the same clinical crite-
ria,77,78 are available worldwide.

While the ACR-AC provide guidance 
as to who should be referred for imag-
ing, and what kind, they do not inform 
clinicians about how they should or could 
correlate nonemergent imaging findings 
with the subsequent clinical course. Pre-
injury neck pain, older age, high base-
line pain intensity, higher self-reports of 
disability, and female sex are associated 
with poor recovery from whiplash64,89 and 
mTBI.59 However, it is unclear whether 
indeterminate imaging findings, beyond 
frank pathology, may be associated with 
the subsequent clinical course of whip-
lash and mTBI/concussion.

In all 3 cases, imaging was ordered, 
but not always in line with current 
guideline recommendations. Among 
the proposed benefits of adhering to the 
ACR-AC are cost savings, reductions in 

exposure to ionizing radiation, avoiding 
the identification of pathology that may 
simply represent normal variants, and 
more informed clinical decision making. 
While there was no radiological evidence 
of more serious pathology (eg, spinal cord 
injury or moderate-to-severe brain inju-
ry) in any of the cases, conventional MRI 
findings should not be necessarily dis-
missed as “normal,” given the low likeli-
hood of conventional imaging techniques 
to detect brain lesions following mTBI.42

In the future, findings from advanced 
imaging, combined with other known 
risk factors for poor recovery, may help 
identify key factors influencing the clini-
cal course. Until that time, clinicians are 
encouraged to follow the imaging guide-
lines, refer patients for appropriate imag-
ing, embrace emerging technologies, and 
recognize the opportunity to examine our 
own clinical instincts when managing 
patients with more complex, and seem-
ingly inexplicable, signs and symptoms of 
whiplash or PCS.

Implications for Management
Diagnosis or presence of concussion 
symptoms in people who had initially 
been managed for whiplash directed 
care and promoted recovery. All cases 
were managed initially as if they were 
“whiplash,” with minimal awareness that 
concussion might be present.

Due to the lack of a gold standard diag-
nostic test for both WAD and concussion, 
current guidelines for both46,74 recom-
mend management according to the pre-
senting symptoms and signs. In the case of 
WAD, guidelines recommend advice to re-
main active, analgesia, and exercise aimed 
at the impairment.74 Similarly, concussion 
guidelines recommend managing the pre-
senting symptoms (such as headache and 
dizziness) as well as providing advice on 
graded physical activity.33,46 One of the 
key differences, however, is that concus-
sion guidelines recommend cognitive re-
structuring as part of rehabilitation,33,46 
whereas WAD guidelines do not. In the 
3 cases presented, the reason for limita-
tions in activity participation and failure 

to return to work was primarily due to 
dizziness and cognitive impairments. Ad-
dressing cognitive impairments was es-
sential for recovery.

Despite whiplash and concussion 
sharing common pathophysiological and 
pathomechanical processes, outcomes 
are often evaluated separately. We might 
be ready to improve characterization of 
whiplash and concussion through supe-
rior understanding of the pathogenesis 
of these 2 non–mutually exclusive condi-
tions. Therefore, our call to clinicians is to 
recognize the highly comorbid conditions: 
try not to evaluate outcomes separately. 
Future guidelines should aim to reconcile 
that a proportion of people with whiplash 
may have concussion, and vice versa.

One barrier for primary health care 
practitioners to implementing guideline 
recommendations is the copious informa-
tion they receive. Compared to common 
conditions such as diabetes and hyper-
tension, WAD and concussion present 
infrequently in primary care.17 Recom-
mendations from clinical guidelines for 
conditions such as WAD and concussion 
are implemented poorly.6,7 An alternative 
health service delivery model gaining fa-
vor for busy primary health care profes-
sionals is to perform routine minimal-risk 
screening for nonrecovery or poor prog-
nosis (regardless of diagnosis) and refer 
patients early to specialized care.29,61

Comprehensive assessment (eg, neu-
rological, psychological distress, pain 
sensitivity, physical impairment, and 
vestibular screening) is required to direct 
care. Because not every person with WAD 
will present with these impairments, it 
can be inefficient for primary health care 
professionals to routinely assess all do-
mains. Those at risk of poor prognosis 
early after injury more commonly have 
complex impairments.76 In the 3 cases 
presented, a validated risk-stratification 
tool for whiplash63 determined that all 3 
cases were at “high risk” of nonrecovery. 
In this situation, clinical guidelines rec-
ommend referral to a specialist clinician, 
who then undertakes a more compre-
hensive assessment to determine further 
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care, in consultation with the primary 
health care professional.74 The service de-
livery model assists primary health care 
professionals by determining who can be 
managed well in primary care and who 
may need referral. This model of care is 
feasible6 and can improve care in patients 
with WAD8 and low back pain.29

Implications for Compensation and Cost
Whiplash-associated disorder and con-
cussion are frequently managed in com-
pensable settings. However, eligibility for 
compensation differs. In New South Wales, 
Australia, compensation law changed 
in 2017 to restrict compensation entitle-
ments for people with WAD to a 6-month 
time frame.57 The intent of this compensa-
tion change was to benefit “wellness,” not 
“sickness.” However, the casualties may be 
cases of WAD where undiagnosed concus-
sion coexists. Our 3 cases did not recover 
within the 6-month time frame, and were 
ineligible for compensation after this pe-
riod—a substantial financial burden. All 3 
patients eventually returned to work, but 
required longer to do so. Without the fi-
nancial support of their partners and fami-
lies, it is likely that this outcome would not 
have been possible.

SUMMARY

W
hiplash and PCS share symp-
toms and pathophysiology. How-
ever, they are often considered 

separately in clinical practice. Whiplash 
and PCS may often coexist, and primary 
health care professionals should consid-
er minimal screening so that PCS is not 
missed. Likewise, for researchers and 
guideline developers, the call is to con-
sider where whiplash and PCS guidelines 
may interact. Novel risk-based health 
service delivery pathways may provide 
a mechanism to translate recommenda-
tions into clinical practice. t
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S
port-related concussion is among the most frequently 
reported injuries in sport and recreation.80 A sport-
related concussion is “a traumatic brain injury induced 
by biomechanical forces.”84 Symptoms and signs that 

occur following a concussion are believed to represent a 
functional rather than structural injury, as structural neuroimaging 
studies do not detect abnormalities.84 Recovery can occur in the initial

factors that affect individuals 
across the continuum of concus-
sion care, using the dynamic, 
recursive model of sport injury88 
framework. In part 1 of this com-
mentary, we address etiology, risk 

factors, and detection of concussion. In 
part 2, we address concussion assessment 
and management.

An Introduction to the Dynamic, 
Recursive Model of Sport-
Related Concussion Etiology
Individual athletes have their own risk 
factors that predispose them to concus-
sion (FIGURE 1). These factors may change 
over time. During sport, athletes are ex-
posed to different events in which no 
concussion or injury occurs. In these 
cases, the athlete continues to play, and 
ongoing adaptation and changes in the 
set of risk factors to which the athlete is 
exposed may occur, resulting in higher 
or lower concussion risk. In youth ath-
letes, growth and development may 
result in changes in performance and 
adaptations.

UU SYNOPSIS: The risk factors of concussion may 
be categorized as intrinsic (internal factors specific 
to the individual) or extrinsic (external factors 
related to the environment or sport). Identifying 
these factors is part of an individualized, patient-
centered approach to prevention, assessment, and 
management of concussion. In most cases, the 
symptoms of concussion resolve in the initial few 
days following the injury, and a strategy involving a 
gradual return to sport and school is recommend-
ed. When symptoms persist for longer than 7 to 10 
days, a multifaceted interdisciplinary assessment 

to guide treatment is recommended. This article 

applies the dynamic, recursive model of sport 

injury to sport-related concussion and summarizes 

the process of individualized assessment and 

management following concussion in athletes of 

all ages, with a focus on physical rehabilitation. 

J Orthop Sports Phys Ther 2019;49(11):799-810. 
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Adapting the Dynamic, Recursive 
Model of Sport Injury to Concussion: 

An Individualized Approach to 
Concussion Prevention, Detection, 

Assessment, and Treatment

days to weeks for most adults, but up to 
one third of children and youth may take 
longer than 4 weeks to recover.108,127

Each individual can present with a 
unique set of symptoms and aggravat-
ing or relieving factors following concus-
sion.84 Individualized assessments are 

imperative to best understand the etiol-
ogy of symptoms.37,78,102,106 A multifaceted, 
interdisciplinary approach to assessment 
and management is vital.

The purpose of this clinical com-
mentary was to summarize prevention, 
detection, assessment, and treatment 
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Following concussion, it is neces-
sary to recognize and remove the player 
from additional risk and refer the player 
to appropriate medical management as 
early as possible.28,84 Trauma followed 
by observable signs or symptoms of con-
cussion should trigger an assessment to 
screen for concussion.28,84 A multifaceted 
assessment can inform appropriate man-
agement.37,78,84,102 Once the player has re-
covered and received clearance to return 
to play, the player may re-enter the dy-
namic process of adapting through recur-
rent participation.

PART 1: ETIOLOGY, RISK 
FACTORS, AND DETECTION 
OF CONCUSSION

A 
widely referenced model in 
the area of sport injury research 
has proposed that multiple factors 

influence the etiology of sport injury.88 
Various etiological factors can vary over 
time and change the risk that is associ-
ated with injury.88 The literature in the 

area of concussion is evolving and, as 
such, enables adaptation of this model 
to better understand the etiology of 
concussion.

Increasing knowledge regarding con-
cussion burden and identifying factors 
contributing to multifaceted and recur-
sive risk for concussion will inform the 
development and evaluation of effective 
concussion prevention strategies. The 
best way to decrease the burden of con-
cussion is to prevent the injury before it 
occurs (ie, through primary prevention).

One frequently referenced models of 
injury prevention is the van Mechelen 
model.122 In this model, understanding 
the overall burden of injury in the popu-
lation and identifying risk factors inform 
interventions aimed at injury prevention. 
Knowledge of modifiable risk factors 
helps to efficiently direct injury preven-
tion efforts, and knowledge of nonmodi-
fiable risk factors helps the clinician 
achieve an understanding of the overall 
risk to the athlete and informs return-to-
play decision making.

Risk Factors for Concussion
Each individual who participates in an 
activity brings a specific set of intrinsic 
and extrinsic factors (FIGURE 1). Under-
standing the impact that these factors 
may have on assessment, management, 
and return to activity/sport helps to en-
sure a well-balanced and evidence-in-
formed approach to care. In this section, 
we summarize the key intrinsic and ex-
trinsic risk factors for concussion.
Intrinsic Risk Factors for Concussion  In-
trinsic risk factors may be modifiable 
(such as neuromuscular or sensorimotor 
control) or nonmodifiable (such as previ-
ous history of concussion, sex, age, and 
genetics).

Previous history of concussion is a risk 
factor for future concussion.1 The exact 
mechanism by which this occurs is not 
yet well understood and may be related 
to genetics, epigenetics, sensorimotor or 
neuromuscular control, and other factors.

The literature is inconsistent regard-
ing sex as a risk factor for concussion. 
In sports with similar rules, women may 
be at greater risk of concussion than 
men.1,16,43,71,79 Risk may differ due to physi-
cal characteristics or because women may 
be more likely to report symptoms.23,117

As age increases through adolescence, 
the risk of concussion increases, before 
declining in the early twenties.1,34,43,50

History of attention deficit hyperac-
tivity disorder or learning disability may 
increase the risk of concussion and/or 
detection of concussion in youth and col-
legiate athletes.10,42

Pre-existing symptoms of dizziness, 
neck pain, and headache may increase 
the risk of concussion in male youth ice 
hockey players.105 Possible explanations 
for the increased risk include altered neu-
romuscular control, sensorimotor con-
trol, balance, or cervical spine strength.101

High school athletes with lower neck 
strength may have a greater risk of con-
cussion.19 In youth ice hockey players, an 
increased risk of concussion has been re-
ported in players who did not meet the 
Canadian recommendations for daily 
physical activity (1 hour of daily physical 

Extrinsic Risk Factors
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FIGURE 1. A dynamic, recursive model of the etiology of concussion. Adapted with permission from Wolters Kluwer 
Health, Inc (Meeuwisse et al88).
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activity) in the 6 weeks prior to study 
entry.9 Player skills and strategy of sport-
specific techniques may also influence 
concussion risk. In elite rugby, the ma-
jority of concussions occur to the tackler, 
and the risk of concussion increases when 
the tackler accelerates, travels at a high 
speed, and has head contact.20

Extrinsic Risk Factors for Concus-
sion  The environment in which an 
athlete plays includes factors that can 
influence the risk of concussion, many of 
which may be modifiable.

Contact and collision sports, such as 
rugby, American football, and ice hockey, 
have the highest reported incidence of 
concussion.93 In youth ice hockey leagues 
where bodychecking is permitted, there is 
nearly a 4-fold increase in risk of concus-
sion in the 11- to 12-year age group (Pee 
Wee).33 Game play has greater concussion 
risk than practice.1,22,57

Interventions Can Mitigate Risk  The 
protective effects of helmets in reducing 
the risk of more severe traumatic brain 
injury are well documented,76 as is the 
protective effect of mouthguards in re-
ducing orofacial injury. However, while 
protective equipment, such as helmets, 
headgear, and mouthguards, may miti-
gate the risk of concussion, the literature 
is inconclusive. Studies in basketball, 
hockey, and rugby have suggested a pro-
tective effect of mouthguards on concus-
sion risk; however, a meta-analysis found 
no significant effect.32 In American youth 
football, appropriate helmet fit was asso-
ciated with lower symptom severity and 
shorter duration of symptoms.44 In ice 
hockey, appropriate helmet fit may pro-
tect against concussion, although further 
research is needed.41 Studies examining 
the use of headgear in rugby and soccer 
are inconclusive.32,95 Further research is 
needed to better understand the role of 
protective equipment by sport.

Interventions aimed at primary pre-
vention have shown promise in decreas-
ing the risk of concussion. In youth rugby 
players, there was a reduction in overall 
risk of game-related concussion when a 
neuromuscular training program was 

performed at least 3 times weekly.49 A 
vision training program may reduce the 
risk of concussion in collegiate football 
players.18 There was a 67% reduction in 
the risk of concussion in youth ice hockey 
following rule changes to disallow body-
checking.32 Tackle training and rules 
related to tackling in rugby as a way of 
decreasing risk of concussion are areas 
of ongoing evaluation.47 Finally, restrict-
ing the number of collision practices in 
youth football may reduce the frequency 
of head impacts in games and practice.14

Detecting Concussion: Recognize and 
Remove From Sport Participation
A concussion should be suspected after a 
direct blow to the head or following trau-
ma to the body by which force has been 
transmitted to the head.84 Some of the 
observable signs of concussion are lying 
motionless, clutching the head, unsteadi-
ness, or appearing dazed or confused im-
mediately following a concussion (see the 
Concussion Recognition Tool Fifth Edi-
tion28). Symptoms may be reported by the 
player, such as headaches, dizziness, nau-
sea, sensitivity to light or noise, fatigue, 
and feeling as though in a fog. Symptom 
onset can be delayed, with the duration of 
the delay predicting a longer time to re-
covery following injury. Once a concussion 
is suspected, the player should be removed 
from play and further assessed by a quali-
fied health care professional (FIGURE 2).

Concussion Screening Tools
The Concussion Recognition Tool Fifth 
Edition (CRT5) is a sideline tool that can 
be used by parents, coaches, officials, and 
players to recognize when a concussion 
may have occurred.28 In some sports, a 
“spotter” watches for potential signs of 
concussion and identifies individuals 
who may require screening for concus-
sion. Immediate removal from activity 
may improve outcomes.4

At the time of injury, screening for 
more severe injury (eg, intracranial 
bleeding, cervical spine fracture) is im-
perative. Clinicians should use a multifac-
eted assessment that includes symptoms, 

a neurological screen, and assessment of 
multiple clinical domains.27,37 The Sport 
Concussion Assessment Tool Fifth Edi-
tion (SCAT5)29 includes an immediate/
on-field assessment that incorporates 
red flags, observable signs, memory as-
sessment (ie, the Maddocks questions), 
the Glasgow Coma Scale, and a cervical 
spine assessment. The office (off-field) as-
sessment portion of the SCAT5 includes 
history, symptoms, cognitive screening 
(from the Standardized Assessment of 
Concussion, which includes orientation, 
immediate and delayed memory ques-
tions, and digits and months of the year 
in reverse order), a neurological screen 
(including reading, cervical spine range 
of motion, ocular motor function, coor-
dination, and balance), and a modified 
version of the Balance Error Scoring 
System.29 The Child Sport Concussion 
Assessment Tool Fifth Edition should be 
used with children aged 5 to 12 years.21

The clinical utility of the SCAT5 dimin-
ishes after the initial 3 to 5 days following 
injury.84 However, the symptom scale on 
the SCAT5 can be used to evaluate change 
in symptoms over time. Other screening 
tools, such as the Vestibular/Ocular Mo-
tor Screening and a combination of op-
tokinetic stimulation, gaze stabilization 
testing, and near point of convergence, 
may have clinical utility as screening 
tools for concussion in the subacute pe-
riod (2-10 days) following concussion.85,89 
The SCAT5 and Vestibular/Ocular Motor 
Screening tools can be used as part of the 
clinical assessment but should not replace 
other aspects of the clinical exam that may 
be warranted, based on the individual cir-
cumstances of the injury.21,29,84

PART 2: ASSESSMENT 
AND MANAGEMENT 
OF CONCUSSION

T
he initial management of con-
cussion involves both cognitive and 
physical rest for the first 24 to 48 

hours following injury.84,103 After this time, 
gradually and progressively increase activ-
ities of daily living, as long as symptoms do 
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not increase.84,103 Once concussion-related 
symptoms have resolved with typical ac-
tivities, gradually resume physical and 
cognitive activities (FIGURE 2).

Return to school and return-to-sport 
strategies can occur simultaneously.84 
Each step of the return-to-school and 
return-to-sport protocols should take a 
minimum of 24 hours. If symptoms recur, 
then the athlete should move back to the 
previous step.

Return to School
The return-to-school protocol includes 
4 steps: (1) daily activities that do not 
provoke symptoms, (2) school activi-
ties outside of school, (3) part-time re-
turn to school, and (4) full-time return 
to school (FIGURE 3).29,84 To facilitate re-
turn to school, a medical letter includ-
ing recommendations for individual 
accommodations is recommended.94 
Accommodations at school may include 

reduced hours at school, more time to 
complete assignments and examinations, 
frequent breaks, reduced screen time, 
and working in a quiet area.21 Return to 
school should occur before return to con-
tact activity or full competition.

Return to Sport
The return-to-sport strategy includes 6 
steps: (1) symptom-limited activity, (2) 
light aerobic exercise, (3) sport-specific 
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FIGURE 2. Recursive model including assessment and management. Parts of this figure were adapted with permission from Wolters Kluwer Health, Inc (Meeuwisse et al88). J
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exercise, (4) noncontact training drills, 
(5) full-contact practice, and (6) return to 
sport (FIGURE 3).29,84 Medical clearance to 
return to sport occurs once the individual 
is able to complete the return-to-sport 
protocol with no symptom exacerbation 
and when no other clinical assessment 
findings suggest ongoing problems that 
would preclude returning to sport.84

Return to Work
Return-to-work recommendations are 
based on similar principles as those of 
return to school and return to sport.91 

Gradually and progressively increase 
activities, provided there is no increase 
in symptoms. If symptoms recur or are 
exacerbated, reduce the demands of the 
task to a level that does not provoke 
symptoms. Consider occupation-specif-
ic activities (eg, cognitive and physical 
demands, safety requirements) in any 
return-to-work recommendations.15,91 
Positive health outcomes have been re-
ported with return to work or staying at 
work.99 However, reintroduction of risk 
and timing in the early recovery period 
must be carefully monitored.91

If symptoms persist following the 
initial days to weeks following injury, a 
multifaceted assessment to identify areas 
that may require rehabilitation is war-
ranted.37,65,78,103 Refer the patient for ad-
ditional assessment and rehabilitation if 
the individual has not recovered in the 10 
to 14 days following injury. In some cases, 
targeted rehabilitation (eg, vestibular re-
habilitation, cervical spine rehabilitation, 
subsymptom threshold aerobic exercise) 
is warranted.106 In other cases, further 
medical investigations, referral to addi-
tional interdisciplinary health care pro-
fessionals, or referral for interdisciplinary 
care may be required (FIGURE 4).

In this section, we outline 9 common 
persistent symptoms following concus-
sion,7,58,106 describe differential diagnoses, 
and offer an overview of evidence-based 
rehabilitation approaches.

Headaches
Headaches are the most frequent symp-
tom following concussion. A post-
traumatic headache (1) is a secondary 
headache that can be attributed to the 
injury when a new headache occurs fol-
lowing trauma, and (2) must occur with-
in the initial 7 days after the trauma.46 If 
a preinjury headache worsens or becomes 
persistent, the primary headache diagno-
sis, in addition to the posttraumatic diag-
nosis as described above, is to be used.46 
Headache diagnoses following concus-
sion might also include medication over-
use headache, migraine headache (with 
or without aura), tension-type headache, 
cervicogenic headache, occipital neural-
gia, and mixed headache type.73,74,126

Diagnosis directs appropriate man-
agement. In many cases, medical man-
agement is required; for some headache 
types, such as cervicogenic headaches, 
physical therapy may be of benefit.54,125 
Botulinum toxin injection can be consid-
ered for posttraumatic chronic migraine 
headaches.24 Repetitive transcranial 
magnetic stimulation may be effec-
tive in the treatment of posttraumatic 
headache.60,69,70 Often, a multimodal 
approach to headache management 
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includes both acute and prophylactic 
medication.

Cervical Spine Pain
Cervical spine pain may be accompanied 
by cervicogenic headache or cervico-
genic dizziness.7,106 Cervical spine find-
ings are common following concussion 
(eg, impairments following anterolateral 
strength, the head perturbation test, joint 
position to the left, or the cervical flexor 
endurance test).107 Many of the symptoms 
reported following whiplash are similar 
to those reported following concussion,51 
suggesting that cervical spine injury 
might have occurred at the same time as 
the concussion. When the 2 injuries oc-
cur concurrently, they must be treated 
appropriately.

Assessment of the cervical spine should 
include range of motion, manual spinal 
exam, general strength, and cervical sen-
sorimotor and neuromotor control.61,118,120 
The clinical tests that have established 

utility in the cervical spine literature, 
including joint position sense, cervical 
movement control, the craniocervical flex-
ion test, cervical flexor and extensor en-
durance, the cervical flexion-rotation test, 
and manual spinal exam, may be useful in 
identifying potential areas of dysfunction 
in concussion.53,55,61,97,106,107,119

Combining specific exercises with man-
ual therapy is effective for treating cervi-
cal spine pain.54 After concussion, include 
neuromotor control, sensorimotor con-
trol, manual therapy, and soft tissue tech-
niques, in combination with vestibular 
rehabilitation.106 A sequential approach to 
addressing headaches and cervical spine 
findings (including neuromotor control) 
as an initial step of rehabilitation is ap-
propriate, given the connections between 
the upper cervical spine and the vestibular 
and visual systems.

Treatment may be more effective 
when initiated early in the recovery pro-
cess.104 However, further research is war-

ranted to identify the ideal timing and 
type of intervention. In the presence of 
ongoing cervical spine findings, further 
interventional procedures, such as com-
parative controlled medial branch blocks 
(to confirm facet joint–mediated pain), 
trigger point injections (in the presence 
of ongoing myofascial pain), and greater 
occipital nerve blockades (in the pres-
ence of greater occipital neuralgia), may 
be considered.26,98

Dizziness
Dizziness is typically the second most 
common symptom following concussion.7 
As with headache, identifying the source 
of dizziness is important to direct treat-
ment—some disorders respond well to 
physical therapy (eg, benign paroxysmal 
positional vertigo [BPPV], unilateral pe-
ripheral vestibular hypofunction), while 
others require medical evaluation and 
management (eg, superior semicircular 
canal dehiscence).2,45,48

Cervicogenic

Migraine with aura

Migraine without aura

Tension type

Medication overuse

Occipital neuralgia

Manual therapy

Craniocervical 
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spine training

Smooth pursuit neck torsion
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Rhythmic stability training

Myofascial techniques Canalith repositioning 
maneuvers
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Bu�alo Concussion 
Treadmill Test

Accommodation
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health

Ongoing symptoms 
following concussion

FIGURE 4. Symptoms, targeted clinical assessment, and management following concussion. *May also benefit from vestibular rehabilitation. Abbreviation: BPPV, benign paroxysmal 
positional vertigo.
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Dizziness symptoms can be vertigo 
(ie, sensation of spinning of the environ-
ment or the person), light-headedness, 
presyncope, or a sense of disorientation. 
In addition to a thorough history, tar-
geted assessment tests help clinicians 
to understand the source of dizziness. 
Neurological examination, assessment 
of vestibulo-ocular reflex function, static 
balance, dynamic balance, assessment 
of nystagmus with and without fixation, 
positional testing, and vestibular func-
tion testing can inform diagnosis and 
management.

The duration of a dizziness episode 
can also provide a clue as to the source 
of dizziness following concussion. For 
example, BPPV may occur in approxi-
mately 5% of cases of ongoing dizziness 
following concussion.2,106 Suspect BPPV 
when the patient describes seconds of 
vertigo with positional changes (eg, lying 
down/getting up, rolling in bed, looking 
up, bending over).8 For BPPV to be diag-
nosed, a positive Dix-Hallpike test with 
seconds of vertigo and a characteristic 
pattern of nystagmus should be pres-
ent.8 Canalith repositioning maneuvers 
(eg, the Epley maneuver) are effective for 
treating BPPV (up to 98% of cases resolve 
within 3 treatments).8,75

In up to 10% to 26% of cases of on-
going dizziness following concussion, 
assessment findings suggest peripheral 
vestibular hypofunction (ie, decreased 
vestibular labyrinth function).11,12 Sus-
pect a peripheral vestibular problem in 
patients who report intense dizziness 
and unsteadiness following the concus-
sion, followed by a gradual improvement 
of symptoms over the initial few weeks. 
Symptoms are often provoked with rapid 
head motions, and blurred vision may 
be reported in association with head 
movement (suggesting altered vestibu-
lo-ocular reflex dysfunction). Unsteadi-
ness or imbalance may also be reported 
(suggesting difficulty with maintaining 
an upright position in space, possibly 
related to dysfunction of vestibulospinal 
function, proprioception, vision, or other 
systems that contribute to upright bal-

ance) and should be assessed. In other 
cases, findings suggest that central ves-
tibular involvement may be present. Less 
common diagnoses may include temporal 
bone fracture (with resultant damage to 
the eighth cranial nerve), labyrinthine 
concussion, peri-lymphatic fistula, and 
semicircular canal dehiscence.12,35

Vestibular rehabilitation may be of 
benefit for individuals with peripheral 
vestibular disorders (including BPPV) 
and stable central vestibular disor-
ders.8,45,75 Positive effects on recovery 
following vestibular rehabilitation after 
concussion have been reported in the 
literature.2,106 Typically, vestibular reha-
bilitation includes canalith repositioning 
maneuvers (for BPPV) and individually 
targeted exercises aimed at facilitating 
sensorimotor compensation (includ-
ing adaptation, habituation, substitu-
tion, and standing and dynamic balance 
exercises).3,8,106

Vision
Blurred vision, double vision, and diffi-
culty reading may be reported following 
a concussion. Findings of convergence 
insufficiency have been identified in 
children following concussion; however, 
further research is needed to identify 
whether these deficits are pre-existing 
or have their onset following trauma. 
Of the children with convergence insuf-
ficiency, 46% had their symptoms resolve 
in the initial 4.5 weeks following injury, 
and another 41% reported recovery fol-
lowing vestibular rehabilitation that in-
cluded convergence training.110 Deficits 
in smooth pursuit, saccades, near point 
of convergence, and accommodation also 
have been reported following concussion, 
often in the presence of vestibulo-ocular 
reflex deficits and altered balance.81 Thus, 
visual assessment should include smooth 
pursuit, saccades, near point of conver-
gence, and accommodation, in combi-
nation with a vestibular and balance 
examination.

Many individuals who have suffered 
a concussion may report difficulty with 
reading at school, work, or during screen 

time (eg, computers, smartphones, tab-
lets). Individuals with visual symptoms 
following concussion may benefit from 
accommodations to enable earlier return 
to school or work in a less visually pro-
vocative environment (eg, printed ma-
terials rather than electronic, change in 
contrast on a screen).94 Frequent breaks, 
pacing of activities, and working in a qui-
eter environment may facilitate return to 
function.

Exertion
Autonomic function may be disrupted 
following concussion.25 An increase in 
symptoms can occur for some individu-
als when they increase the intensity of 
physical activity. This type of difficulty 
has been termed physiological postcon-
cussion syndrome and has been hypoth-
esized to occur secondary to autonomic 
nervous system involvement.67,68 For in-
dividuals who report difficulty with exer-
tion, the Buffalo Concussion Treadmill 
Test is a widely used clinical test (based 
on the Balke test) that progressively in-
creases the level of physical activity by 
increasing the incline and then speed of 
a treadmill.67 The test is stopped when 
symptoms increase (termed the symptom 
threshold and defined as at least a 2-point 
increase in symptom severity on a 0-to-
10 rating scale) or when the individual 
reaches voluntary exhaustion.

Exercise may facilitate recovery fol-
lowing concussion.40,66,67 Two different 
paradigms of exercise have demonstrated 
benefit for symptoms and function: (1) 
subsymptom aerobic exercise training 
at 80% of the maximal heart rate that 
was achieved on the Buffalo Concussion 
Treadmill Test, 5 days per week67; and 
(2) exercising at 60% of maximal heart 
rate (calculated as 220 – age × 60%) for 
up to 15 minutes, combined with guided 
imagery and sport-specific coordination 
exercises.39,40 However, some studies have 
reported an increase in symptoms with 
exercise in children and youth, and oth-
ers have reported no change.77,103 Given 
the known general positive benefits of 
exercise, consideration of aerobic exer-
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cise training following the initial return 
to activity after concussion is warranted 
in the absence of contraindications to 
exercise.103

Cognitive Difficulties
Cognitive symptoms can include diffi-
culties remembering and concentrating, 
slowed processing, decreased attention, 
and difficulty with learning.58,86 Cognitive 
symptoms often resolve over the initial 
days to weeks following injury. Some-
times, cognitive symptoms persist and 
may be associated with ongoing difficul-
ties with school and with occupational, 
sport, and social activities.86 Cognitive 
symptoms often occur in the presence 
of other symptoms, such as pain, head-
aches, difficulties with vision, and sleep 
problems.87 Referral to a neuropsycholo-
gist may be warranted for a thorough 
assessment to clarify the etiology of the 
cognitive complaints and to assist in de-
veloping an individualized management 
plan. Evidence for cognitive remediation 
following concussion is very limited.

There may be alterations in gait, re-
duced gait velocity, and increased sway 
when dividing attention following con-
cussion.38,59 Further research to better 
understand changes in the ability to 
divide attention while accounting for 
growth and development is warranted.

Mood and Mental Health
Irritability, sadness, anxiety, and feeling 
more emotional than normal are often 
reported following concussion, although 
they may not be acute.58 The psychologi-
cal response to concussion may be simi-
lar to that to musculoskeletal injury, and 
improves over time.121 Some adults may 
have generalized anxiety disorder, panic 
attacks, and posttraumatic stress disorder 
following injury, which may reflect a new 
diagnosis or an exacerbation of a previous 
condition.128 Anxiety and depression are 
more common in women than in men, and 
may predict a longer recovery.52,109 Ongo-
ing psychological or psychiatric problems 
are rare in children and youth without 
preinjury problems.31 Management of 

mental health problems will depend on 
the specific diagnosis (eg, pharmacologi-
cal or psychological treatment). Use stan-
dardized tools when screening for mood 
and mental health problems.13

Sleep Problems and Fatigue
Up to 1 in 2 individuals with concussion 
report sleep problems (insomnia, dif-
ficulty falling asleep, difficulty staying 
asleep).17,82 In the early postinjury phase, 
individuals may be more fatigued than 
normal and require more sleep.96 Indi-
viduals with pain may also require more 
sleep.64,112 Addressing sleep difficulties is 
important to improve recovery.92

Treatment of sleep disorders often in-
cludes pharmacological and nonpharma-
cological management.123,124 Education 
regarding sleep hygiene may improve 
sleep quality. Cognitive behavioral ther-
apy may be beneficial for insomnia.36 
Melatonin may have benefits for sleep 
following concussion, but is not currently 
recommended for sleep onset or main-
tenance problems.100 In the presence of 
ongoing sleep difficulties, refer to a sleep 
specialist to further investigate potential 
underlying causes.

Key sleep recommendations include91:
•	 Avoid caffeine and alcohol for several 

hours before bedtime.
•	 Set a consistent wake time.
•	 Monitor sleep time with a diary.
•	 Relax for an hour prior to going to bed.
•	 Only go to bed when tired.
•	 Use the bed only for sleeping.
•	 Limit naps to less than 1 hour, and 

prior to mid afternoon.
•	 Limit screen time prior to sleeping.

Neuroendocrine Dysfunction
Neuroendocrine dysfunction, caused by 
injury to the hypothalamic-pituitary axis 
following mild to severe traumatic brain 
injury5,6,90,114 and sport-related concus-
sion,72,113,114,116 has been reported. Growth 
hormone is the most commonly affected 
hormone following concussion.56,63,114,115 
Individuals with symptoms consistent 
with alteration in sex hormones, hypo-
thyroidism, adrenal dysfunction, diabetes 

insipidus, syndrome of inappropriate an-
tidiuretic hormone secretion, or growth 
hormone deficiency (fatigue, disrupted 
sleep patterns, and cognitive difficulties) 
should be investigated for hypothalamic-
pituitary axis dysfunction.114

Predicting Recovery
People with more, and more severe, acute 
and subacute symptoms take longer to 
recover following concussion.52 Adoles-
cent age, female sex, the presence of a 
migraine history, and pre-existing mental 
health problems are predictors of slower 
recovery.52 Many other factors (eg, previ-
ous history of concussion, preschool age, 
race, genetics) have been evaluated as 
potential predictors of longer recovery, 
with mixed results.52 Attention deficit 
hyperactivity disorder and learning dis-
abilities are unlikely to be risk factors 
for prolonged recovery.52 Among youths 
5 to 18 years of age who presented to an 
emergency department, female sex, old-
er than 13 years of age, migraine history, 
previous concussion with symptoms for 
greater than 1 week, sensitivity to noise, 
fatigue, headache, parent reporting that 
the child answers questions slowly, and 
more than 3 errors on the Balance Er-
ror Scoring System-tandem stance were 
predictors of longer recovery.127 Children 
with visual, vestibular, and cervical spine 
findings also recover more slowly.30,81

An Overview of Rehabilitation 
Following Concussion
After an initial 24 to 48 hours of cognitive 
and physical rest,84,103 initiate a strategy 
of gradual return to school and sport.84 
If symptoms persist beyond 7 to 10 days 
following injury, targeted treatment may 
be warranted.84,103 Rehabilitation follow-
ing concussion should be informed by a 
multifaceted, interdisciplinary assess-
ment aimed at identifying underlying 
sources of ongoing symptoms.78,103

In the presence of headache, dif-
ferential diagnosis of headache type is 
imperative to inform management. For 
individuals with ongoing dizziness, neck 
pain, and headaches, cervicovestibular 
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physical therapy can be beneficial.103,104,106 
Sport-specific training, related to the con-
text in which the individual would be par-
ticipating, should form an integral part 
of the rehabilitation program.106 For chil-
dren and adolescents with visual and ves-
tibular findings, vestibular rehabilitation 
may be of benefit.111 In addition, low-level 
aerobic exercise may promote recovery 
following concussion.40,62,67

Collaborative care, including cog-
nitive-behavioral therapy, care man-
agement, and psychopharmacological 
evaluation, has positive effects on symp-
tom reduction after 6 months.83 An active 
approach to rehabilitation, including aer-
obic exercise, visualization, and coordi-
nation, has positive effects on symptoms 
and function.39,40 Future research to best 
understand timing, order, frequency, and 
other parameters of combination treat-
ments is warranted.103

Return-to-sport and return-to-school 
strategies include a gradual return to ac-
tivities, which may vary depending on 
the environment to which the athlete re-
turns. Sport-specific and performance-
related skills may be necessary to return 
to full participation. For instance, the 
skills required of a volleyball player will 
differ from those expected of an ice hock-
ey player. Thus, consideration of sport-
specific skills should be an integral part 
of a rehabilitation program. In addition, 
decisions regarding return to sport may 
be affected by the intrinsic and extrinsic 
factors that characterize the individual 
athlete. Discussion among the health 
care team and with the individual and 
his or her family can facilitate appropri-
ate return-to-sport and return-to-school 
decisions.

SUMMARY

A
s concussions differ so widely, 
an awareness of risk factors and in-
dividual clinical characteristics can 

facilitate an individualized approach. A 
multifaceted assessment for each patient 
should include postconcussive symptom 
reports; a neurological screen; assessment 

of cervical spine, vestibular, visual, and 
exertion-related symptoms; plus sleep, 
mood, cognitive, and related domains. 
Once the individual has completed 1 to 2 
days of rest, a gradual return to sport and 
school/work is recommended. Return to 
participation in sport should occur along a 
continuum, with respect to the individual’s 
risk of concussion and the characteristics 
of the environment to which the person is 
returning. Such a rehabilitation strategy, 
tailored to the individual, can facilitate 
high-quality, evidence-informed care and 
injury prevention. t
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