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Thank you



A Little About Me…
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neuroplasticity (Sydney)

• PhD in Vestibular Rehabilitation at Neuroscience Research 
Australia (NeuRA) and University of New South Wales (UNSW)

• Honorary Post-Doctorate Researcher : NeuRA

• Conjoint Associate Lecturer : UNSW School of Medicine and 
Health

• Past Chair of NeuroRehabilitation clinical practice group : ACA 
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• Lecturer in clinical neuroscience and vestibular neuro-
rehabilitation



What are we 
covering?

• Definitions and pathophysiology 
between whiplash and 
concussion

• How to differentiate?
• Clinically relevant approach



What is Whiplash?

Defined as “an acceleration–deceleration 
mechanism of energy transfer to the neck. It 
may result from rear-end or side-impact motor 
vehicle collisions, but can also occur during 
physical injuries.

The impact may result in bony or soft-tissue 
injuries (whiplash-injury), which in turn may 
lead to a variety of clinical manifestations called 
Whiplash-Associated Disorders”

Gurumoorthy, Twomey. The Quebec Task Force on Whiplash-Associated 
Disorders. Spine. 1996 Apr 1;21(7):897-8



Gurumoorthy, Twomey, 1996



Whiplash
Associated 
Disorder

• Whiplash-associated disorder (WAD) is the most 
common outcome of non-catastrophic motor 
vehicle collisions (MVCs). 
• One in two people with WAD will develop long 

term neck-related disability and up to one in four 
will report widespread bodily pain.
• The cardinal feature of WAD remains neck pain and 

lack of mobility. 
• Other signs/symptoms of the clinical course include 

motor weakness, and sensory hypersensitivity, 
blurred vision, headaches, dizziness and fatigue

Rebbeck et al (2019). Concussion in Combination With Whiplash-Associated Disorder May Be Missed in Primary Care: 
Key Recommendations for Assessment and Management. Journal of Orthopaedic & Sports Physical Therapy, 1–41.



What is a Concussion?

Concussion is a brain injury and is defined as a 
complex pathophysiological process affecting 
the brain, induced by biomechanical forces, 
often in the absence of any structural damage 
and open skull injury

Concussions have also been referred to as 
mild traumatic brain injuries (MTBI). 
Concussions are a subset of MTBIs, on the 
less-severe end of the brain injury spectrum 
and are generally self-limited in duration and 
resolution.

Harmon et al. American Medical Society for Sports Medicine position statement: 
concussion in sport. Br J Sports Med. 2013 Jan;47(1):15-26.



What is a 
Concussion?

Concussion injuries, or mild traumatic brain injury 
(mTBI), have an estimated prevalence of 3.8 million 
per year in the United States and are considered one 
of the least understood injuries facing the sports 
medicine and neuroscience communities today. 
In the majority of cases, concussion symptoms 
resolve within 7–10 days; however, ~10–15% of these 
patients develop persistent symptomatology lasting 
weeks, months or even years after injury. 
Post-concussion syndrome (PCS) is defined as the 
persistence of three or more symptoms for 3 months 
(Diagnostic and Statistical Manual of Mental 
Disorders), following a minor head injury. 

Permenter et al . Postconcussive Syndrome. 2022



What happens to the brain during a mTBI?

Examples of the types of forces in mild traumatic brain injury. The central mechanisms for neuronal damage in 
mild traumatic brain injury (TBI) are acceleration and deceleration biomechanical forces. These forces cause 
strain and shearing forces on axons in the brain, which result in diffuse axonal injury. a | Linear (translational) 
acceleration occurs as a result of forces that make the head move in the anterior–posterior direction (such as 
hitting the front or back of the head). b | Rotational (angular) acceleration occurs as a result of forces that 
make the head rotate sideways (such as a punch to one side of the head). c | Impact deceleration occurs when 
the head forcefully decelerates, for example, when the head hits the ground. 

Blennow et al 2016



Coup / Countercoup



Mg threonate, no 
MSG/aspartate 

Reduce sugars
RMP closer to 
threshold (seizures, 
pain, sensitivities) 

Reduced 
neurotransmitter 
release 

Glial cell 
activation 

Disrupted tau binding to tubulin
- Tau phosphorylation 
- Tau tangles
- Chronic traumatic 

encephalopathy (CTE)

Blennow et al. The Neuropathology and Neurobiology of Traumatic Brain Injury . Neuron Volume 76, Issue 5, 
Pages 886-899 (December 2012) 

Neurometabolic 
Cascade



Giza and Hovda. The New 
Neurometabolic Cascade of 
Concussion. Neurosurgery. 2014 
October ; 75(0 4): S24–S33



Giza and Hovda. The New 
Neurometabolic Cascade of 
Concussion. Neurosurgery. 2014 
October ; 75(0 4): S24–S33



Giza and Hovda. The New 
Neurometabolic Cascade of 
Concussion. Neurosurgery. 2014 
October ; 75(0 4): S24–S33



For reasons not completely 
understood, there is also 
decreased blood flow to the 
brain when glucose (energy) 
requirement is higher, leading 
to an “energy crisis” (the brain 
being starved of blood 
supply).

This ‘mismatch’’ increases the 
vulnerability of the brain to 
further injury 



Advanced Brain Imaging

Raji et al. Clinical utility of SPECT 
neuroimaging in the diagnosis and 
treatment of traumatic brain injury: a 
systematic review. PLoS One. 2014 Mar 
19;9(3):e91088

Khong et al Diffusion Tensor Imaging Findings in Post-
Concussion Syndrome Patients after Mild Traumatic 
Brain Injury: A Systematic Review. Front Neurol. 2016 
Sep 19;7:156

Byrnes et al. FDG-PET imaging in 
mild traumatic brain injury: a critical 
review. Front Neuroenergetics. 
2014 Jan 9;5:13



Cervical afferents have a 
complex neurophysiologic 
interaction with the sensory 
and motor nuclei of the 
brainstem, as well as the 
cerebellum, and higher 
cortical areas that relate to 
sensorimotor function and 
body awareness

Cheever et al. A. Cervical Injury Assessments for 
Concussion Evaluation: A Review. J Athl Train. 2016 
Dec;51(12):1037-1044. 



Treleaven J. Sensorimotor 
disturbances in neck disorders 
affecting postural stability, 
head and eye movement 
control. Man Ther. 2008 
Feb;13(1):2-11



Ambiguity in 
definitions 

As it is challenging to define PCS and WAD, , as well 
as distinguish between them, this makes it also 
challenging to diagnose.

The diagnosis of WAD is made on the mechanism of 
the injury and patient reported symptoms – neck 
pain and related symptoms following a traumatic 
event, usually a road traffic crash.
The diagnosis of PCS is based on a constellation of 
symptoms commonly experienced following mild 
traumatic brain injury.



Can you have one 
and not the other?

The forces required for a whiplash 
to occur is around 4.5g (g = gravity) 
compared to that of a concussion 
which is around 60-160g

Broglio et al. High school and collegiate football athlete concussions: A biomechanical 
review. Ann Biomed Eng 2011;40:37–46. 



Is concussion a brain only injury?

Symptoms after head injury may not be 
specific to the brain. 
Concussion is really a syndrome that 
does not require brain involvement in 
all cases and that concussion symptoms 
can emanate from the cervical spine.
Concomitant injury to the cervical spine 
resembling whiplash may occur as a 
result of the acceleration–deceleration 
forces sustained in concussive trauma

Clin J Sport Med. 2015 May;25(3):237-42



Common 
Symptoms of 

Concussion and 
Cervicogenic 

Injury 

Cheever et al. Cervical Injury Assessments for 
Concussion Evaluation: A Review. Journal of 
Athletic Training. 2016; 51(12):1037-1044



Clinical Challenge

Junior ‘A’ hockey players immediately following 
injuries that either appeared as whiplash 
mechanisms (i.e. a blow to the body with a 
whipping motion of the neck and head), or injuries 
that appeared as concussion mechanisms (i.e. a 
direct blow to the head). It was discovered that 
100% of the injured athletes had signs and 
symptoms of both WAD and concussion indicating 
that these injuries are happening concurrently

Hynes LM, Dickey JP. Is there a relationship between whiplash- associated disorders and 
concussion in hockey? A preliminary study. Brain Inj 2006;20:179–88. 



It’s important because

While most cases of concussion and 
whiplash resolve in the first 3 months 
following initial injury. However, a 
subgroup of people, around 33% for 
concussion (Leddy et al., 2012) and 50% 
for whiplash (Ritchie & Sterling, 2016) go 
on to have persisting symptoms.



Clinical Questions
Which condition are we treating?
Does it matter? 
Do we need to treat them separately?
What treatments are we using to 
manage these conditions? 
Are they effective?



From my experience Clinically meaningful differences

Concussion will generally have 
more signs and symptoms 
associated with dysfunction in

• Brainstem (light/sound/vision
motion sensitivity, eye 
movements, ANS)
• Cognitive (brain fog, memory, 

attention)

Whiplash will generally have more 
cervical spine dysfunction 

• Pain and sensitization 
• Proprioception, cervical-centric 

eye movement/balance function



From my experiences Focus on (dys)function, not the condition  

Don’t necessarily define the patient as having 
one or the other, until you have evaluated. 
Even then, as Chiropractors, it may be prudent 
to say ‘patient x is displaying signs and 
symptoms consistent with PCS or WAD’, rather 
than confirming a diagnosis

Focus on the functional impairments (than the 
condition)

• assess (function and subjective)
• base treatment on patient goals, assessment 

results and (physical and metabolic) capacity 

• re-evaluate 



From my experiences Focus on (dys)function, not the condition  

Start with assessments that have supportive 
evidence to identify functional outcome 
measures related to brain and cervical spine 
function

• ANS function 
• Eye Movements 

• Cervical 

• Peripheral Vestibular function

• Central vestibular integration 

• Cognition
• Balance

Collins et al. A comprehensive, targeted approach to the clinical care of athletes following 
sport-related concussion. Knee Surg Sports Traumatol Arthrosc. 2014 Feb;22(2):235-46.



Cervical 
Dysfunction 
Assessment 

Using the Delphi method, 
Reneker et al surveyed 
experts in the fields of 
concussion, physical 
therapy, and neurology 
to identify the clinical 
utility of several clinical 
tests for differentiating 
between cervical injury 
and symptoms 
originating from the 
vestibular region or 
central processing after a 
sport-related concussion. 

• cervical joint-reposition 
error test (JPET), 

• the smooth-pursuit neck-
torsion test (SPNTT), 

• the head-neck 
differentiation test 
(HNDT), 

• the cervical flexion-
rotation test (CFRT),

• motor-control assessment 
of deep cervical flexors 
(CCFT) and extensors 

Reneker et al. The diagnostic utility of clinical 
tests for differentiating between cervicogenic 
and other causes of dizziness after a sports-
related concussion: An international Delphi 
study. J Sci Med Sport. 2015 Jul;18(4):366-72.



Cheever et al. Cervical Injury Assessments for Concussion Evaluation: A Review. Journal of Athletic Training. 2016; 51(12):1037-1044



Cervical Testing Cervical Neck Torsion Test (Fitz Fitson)

The patient begins seated on a swivel 
chair and turns their trunk 90° to the 
either the right or left, holding for 30 s, 
then returns their trunk to centre. The 
patient then repeats the same process in 
the opposite direction. Each position, 
including the centre positions, is 
maintained for 30 s. Throughout the test, 
the head is stabilized by the clinician and 
therefore motionless. The clinician also 
must continuously observe for nystagmus 
and symptoms Treleaven et al. Normative Responses to Clinical Tests for Cervicogenic 

Dizziness: Clinical Cervical Torsion Test and Head-Neck Differentiation Test. 
Phys Ther. 2020 Jan 23;100(1):192-200.



Cervical Testing Head-Neck Differentiating test

It is similar to the CTT, albeit 
performed using fast movement 
oscillations rather than sustained 
positions. 

Clinical cervical torsion test 
procedures. (a) En bloc component 
(head and trunk rotation together). 
(b) Torsion component. (c) Rotation 
component. Trunk, head, or both 
move at least 45◦–90◦ degrees to 
left and right. Treleaven et al 2020



Cervical Testing Smoot Pursuit Rotation Test

Comparison between smooth pursuit 
with head neutral vs head rotated, 
looking for
- eye movement
- Symptoms

Start with a neutral head position

Then perform same test with the trunk 
rotated 45o (head remains straight)



Cervical Testing Cervical Relocation Test

The patient begins seated, facing a wall 
90 cm away, and wearing a head-
mounted laser pointer that is centred on 
a target on the wall. The patient keeps 
their eyes closed while moving their neck 
in a specified direction, then back to what 
they believe to be centred starting 
position. The patient verbally indicates 
when they believe they are back to 
centre. The patient repeats this process 
for right rotation, left rotation, flexion, 
and extension (in no particular order). 



Cervical Testing Cervical Flexion Rotation Test

The cervical flexion-rotation test is an objective 
method of determining upper cervical joint (C0-2) 
dysfunction.

The cervical spine is fully flexed, in an attempt to 
isolate movement to C1-C2, which has an unique 
ability to rotate in flexion, ruling out movement from 
other levels

Range of rotation in end-range flexion is normally 40–
44° to each side. Dysfunction approx 20o

high sensitivity (91%) and specificity (90%) in 
differentiating subjects with CGH from asymptomatic 
controls or subjects with migraine with aura..

Ogince et al. The diagnostic validity of the cervical flexion-rotation test 
in C1/2 related cervicogenic headache. Man Ther 2007;12:256-262



Cervical Testing Cranio-Cervical Flexion Test

The CCFT has been described as a neuromotor 
control test that evaluates the activation and 
isometric endurance of the deep neck flexors.

The cranio-cervical movement aims to assess the 
anatomical action of longus capitis in synergy with 
longus colli, rather than that of the superficial 
flexors, sternocleidomastoid (SCM) and anterior 
scalene muscles, which flex the neck but not the 
head

Craniocervical flexion is described as flexion of 
the head over the upper cervical region without 
any flexion of the middle or lower cervical region



ANS Testing
The evidence supports the conclusion that 
it is likely that concussion causes 
autonomic nervous system anomalies. 
An awareness of this relationship increases 
our understanding of the physical impact of 
concussion, partially explains the overlap of 
concussion symptoms with other medical 
conditions, presents opportunities for 
further research, and has the potential to 
powerfully inform treatment decisions

Pertab, et al. ‘Concussion and the Autonomic Nervous System: An Introduction to 
the Field and the Results of a Systematic Review’. 1 Jan. 2018 : 397 – 427.



Post-concussion disorders 
(PCDs) caused by 
impairments in global 
brain metabolism 
(Physiologic PCD) or 
neurological sub-system 
dysfunction (Vestibulo-
ocular PCD and 
Cervicogenic PCD) that can 
be distinguished by 
features of the clinical 
history, physical 
examination and treadmill 
exercise testing. Ellis et al. Physiological, vestibulo-ocular and cervicogenic post-concussion disorders: an evidence-based classification 

system with directions for treatment. Brain Inj. 2015;29(2):238-48.



ANS testing Buffalo Concussion Treadmill Test

The Buffalo Concussion Treadmill Test 
(BCTT)  is a validated test to measure the 
amount of aerobic exercise (exercise 
tolerance) following a concussion.
It is a graded provocation test using a 
treadmill that establishes the heart rate 
(HR) at which exercise-induced symptom 
exacerbation occurs after concussion.
It is an effective tool for diagnosing and 
managing concussions, as well as making 
the decision for return to play

Leddy & Willer. Use of Graded Exercise Testing in Concussion and Return-to-
Activity Management. Current Sports Medicine Reports: 2013 - 12:6 - p 370-376



ANS testing Buffalo Concussion Treadmill Test

The goals of it’s use

1. Establish exercise intolerance
2. Establish differential diagnosis of PCD 

(physiological, cervicogenic, vestibulo-
ocular)

3. Individualized management protocols
4. Safe Return To Play (RTP) through re-

established exercise tolerance



ANS testing Buffalo Concussion Treadmill Test

The heart rate (HR) achieved at symptom 
exacerbation on the BCTT is called the 
heart rate threshold (HRt) 

• Modified Balke protocol 
• Graduated exercise test 
• Constant speed 
• Increased incline, 1° per minute  (up to 

15o)
• Measure of physical exhaustion (Borg 

RPE) and/or exercise intolerance 



ANS testing Buffalo Concussion Treadmill Test

Leddy, et al. (2016). Active Rehabilitation of Concussion and Post-concussion Syndrome. PMR. 27. 437-454. 



ANS testing Buffalo Concussion Treadmill Test

Borg Rate of perceived exertion 

The RPE scale is a measure of perceived 
physical activity, and can be explained to 
participants as a measure of “how hard 
you feel like your body is working”. The 
scale’s numbers (6-20) and descriptors 
should be pointed out



ANS testing Buffalo Concussion Treadmill Test

Visual Analogue Scale (VAS) 

The Likert symptom scale is a measure of symptom severity (“how good/bad your 
symptoms are making you feel right now”), and should be distinguished as being 
distinct from RPE. The scale’s numbers (1-10) and pictures (expressions of physical 
pain) should be pointed out.



ANS testing Buffalo Concussion Treadmill Test

Starting speed: brisk walk (approx. 3.3 
mph) 
Increase incline 1° per minute
Record HR, RPE and symptoms until: 

• Participant reaches max HR or RPE of 
19 (exhaustion), OR 

• Symptoms increase by ≥ 3 points (new 
symptom or increased symptom load) 
on the Likert scale (symptom 
exacerbation) 



ANS testing Buffalo Concussion Treadmill Test

Establishing an exercise program 

• For general patients 80% (90%) of HRt, 
20 minutes per day after a five minute 
warm up 

• For athletes 90% of HRt, 20 minutes 
per day, and if well tolerated, move to 
2x per day 



ANS testing Buffalo Concussion Treadmill Test

A ΔHR (difference between resting HR and 
HRt) of ≤50 bpm on the BCTT is 73% 
sensitive and 78% specific for predicting 
prolonged recovery in concussed 
adolescents who were prescribed the 
current standard of care (i.e., cognitive 
and physical rest).

Haider et al. The Predictive Capacity of the Buffalo Concussion Treadmill Test After Sport-Related Concussion in Adolescents. Front Neurol. 2019 Apr 24;10:395.



ANS testing Buffalo Concussion Bike Test

Buffalo Concussion Bike Test (BCBT), developed 
to assess exercise tolerance in patients with 
concussion or participants for whom treadmill 
testing is difficult or contraindicated, including 
if vestibular (head motion) symptoms persist 
when walking and if they’re a risk of falling

The BCBT, takes longer to perform than the 
BCTT but elicits symptom exacerbation at a 
statistically equivalent HR to the BCTT

Haider et al. The Buffalo Concussion Bike Test for Concussion Assessment in Adolescents. Sports Health. 2019 Nov/Dec;11(6):492-497



ANS testing Heart Rate Variability

There is a bidirectional feedback between the 
brain and the cardiac system.

Heart Rate Variability (HRV), a non-invasive 
measure of the autonomic nervous system 
(ANS) and the beat-to-beat change in heart rate 
(HR), provides insight into this connection.

HRV provides insight into the balance between 
sympathetic and parasympathetic nervous 
activity,and may reflect imbalances arising from 
psychological and physiological stress levels.



ANS testing Heart Rate Variability

nerveexpress



ANS testing Heart Rate Variability

Athletes with a concussion history displayed 
suppressed cardiac autonomic recovery after 
moderate aerobic exercise compared with the 
non-concussed control group. 

Players with multiple previous concussions 
exhibited an increased time to physiological 
recovery postexercise versus athletes with 1 or 
no concussions. 

Allyssa et al. Long-Term Influence of Concussion on Cardio-Autonomic Function in Adolescent Hockey Players. J Athl Train 1 February 2021; 56 (2): 141–147.



ANS testing Heart Rate Variability

Athletes with concussion displayed altered HRV measures compared with controls, 
and those with a history of concussion had more disturbances in HRV while 
symptomatic and post-RTP. 

ANS disturbances in athletes post-concussion last beyond symptom resolution and 
medical clearance for progression to exercise and through RTP.

Heart rate variability has potential clinical utility to help clinicians facilitate safe RTP, 
but requires further investigation. 

Senthinathan, et al. (2017). Heart Rate Variability of Athletes Across Concussion Recovery Milestones. Clinical Journal of Sport Medicine, 27(3), 288–295.



Neurocognitive Screen for cognitive profiles 

Cambridge Brain Science



Neurocognitive Screen for cognitive profiles 



Eye Movements

Eye Movement Vision vs 



Eye Movements

Maintain visual fixation when the object, 
environment and/or person is moving

• gaze fixation 
• pursuit (slow moving gaze fixation)
• saccade (fast moving/jumping gaze 

fixation)
• vergence (slow or fast 

convergence/divergence)
• vestibular-ocular reflex (head movement)
• optokinetic (tracking a moving repetitive 

environment)



Eye Movements

“The window of brain function”  



Neurology of Eye Movements

Pierce et al (2019). Saccades: Fundamentals and Neural Mechanisms. In: Klein, C., Ettinger, U. (eds) Eye 
Movement Research. Studies in Neuroscience, Psychology and Behavioral Economics. Springer, Cham.



Are eye movements 
affected in mTBI?

“Whenever possible, the 
SRC (sports related 
concussion) assessment 
should incorporate 
neurological, vestibular, 
ocular motor, visual, 
neurocognitive, 
psychological and cervical 
aspects”

Feddermann-Demont et al 2017



Eye Movement Impairments in mTBI



What Does The Evidence Say?





What Do 
Impaired Eye 
Movements 
Look Like?

20yo male with post-concussion syndrome, 
performing a smooth pursuit test using infra-red 
camera goggles – VNG (video nystagmography)



How Do We Assess Eye Movements? 



Eye-Tracking 
Technology vs 
Observation 
“Most saccadic and pursuit 
deficits may be missed during 
clinical examination, and 
therefore eye tracking 
technology may be a useful and 
sensitive screening and 
monitoring tool for sports-
related concussions”

Snegireva et al. Eye tracking technology in sports-related 
concussion: a systematic review and meta-analysis. Physiol Meas. 
2018 Dec 21;39(12)



Eye Tracking When Reading 



Other Assessments for Eye Movements

Mucha et al. A Brief Vestibular/Ocular Motor Screening (VOMS) 
assessment to evaluate concussions: preliminary findings. Am J Sports 
Med. 2014

Galetta et al. The King-Devick test and sports-related concussion: study of 
a rapid visual screening tool in a collegiate cohort. J Neurol Sci. 2011 Oct 
15;309(1-2):34-9.



What are the Treatment Options?

Treatment is ALWAYS based on 
1. Assessment results 
2. Patient goals

It’s not based on condition, nor a set of standardized 
set of exercises or therapy 

Ensure program is “progressive, graded and engaging”

Consider metabolic capacity (fatigue, level of function, 
lifestyle) “titrate therapy”



What are the Treatment Options?



Thank you

carlo@brainhub.com.au

Love your brain

BRAIN HUB
Dizziness & Concussion Clinic


