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Disclosures

• No financial disclosures to report

• Assuming learner has basic knowledge of concussion PT 
interventions
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Objectives

• Changes in Healthcare 
• Review of concussion categories and profiles 
• Concussion Referral Considerations 
• How to build a multidisciplinary team
• Complicated Cases: Multidisciplinary approach 
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Healthcare Today & Its Future
Changes driven by:
• Payers:

– Fee for service
– value based care vs shared savings ‘bundled payments’

• Opioid crisis 
• Health and wellness
• Technology, AI

By 2040:
“Health will be defined holistically as an overall state of 
well-being encompassing mental, social, emotional, 
physical, and spiritual health”

-Deloitte 
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Physical Therapist’s Role
Increased utilization as primary providers:

– direct access 
– breadth of knowledge 
– wellness 
– Shared savings plans (PT vs other specialist) 

At Duke:
• Joint Health Program 

– PT- is Primary Osteoarthritis Provider 
– 5 Pillars: education, exercise, nutrition, sleep, pain 

coping skills
• Multidisciplinary Approach 

– Nutrition, behavioral health, Orthopedics, medical 
weight loss
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Joint Health Program 
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Duke Concussion Program

• Created in 2013 to meet community need resulting from Gfeller
Waller Concussion Awareness Act (signed 6/16/11)

• Collaboration between sports physicians and physical therapists
• How can we improve recovery outcomes from common concussion 

presentation - headache, dizziness, etc?
• Can we utilize same model for non-sports related concussions?

– PTs can act as primary providers to 
• 1) establish treatment plan for common physical symptoms
• 2) identify need for additional referrals related to concussion 

symptoms
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Duke Sports Concussion Clinic 

2013-2014
• ~1 Sports PT provider
• 51 PT evaluations (33%)
• Team:

– PCSM
– Neurology/Headache Clinic
– Neuropsychology

2017-2018
• ~3 Sports PT providers
• 108 PT evaluations (64%)
• Team:

– PCSM
– Vision Center
– Speech Therapy
– Occupational Therapy
– Neurology
– Neuropsychology
– Psychiatry

8

Target Treatments:
Sub-Acute through Post-Acute
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Game Plan

• WHAT are the concussion symptom categories to be aware of?
• WHAT are the post-concussion screening assessments?
• WHEN do you consider specific treatment interventions?
• WHO are the medical providers on a concussion care team?
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WHAT are the concussion symptom 
categories?
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Concussion Symptoms
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CLINICAL PROFILES
• Vestibular
• Cognitive
• Anxiety-Mood
• Ocular
• Headache-Migraine
• Fatigue

SYMPTOM
CATEGORIES
• Physical
• Mental
• Sleep
• Emotional

13

Overlapping clinical profiles: an emerging concept to 
facilitate individualised management after sport-

related concussion. 

Kimberly G Harmon et al. Br J Sports Med 2019;53:213-225

Copyright © BMJ Publishing Group Ltd & British Association of Sport and Exercise Medicine. All rights reserved.

CLINICAL 
PROFILES
• Vestibular
• Cognitive
• Anxiety-Mood
• Ocular
• Headache-

Migraine
• Fatigue
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WHAT are the concussion screening 
assessments?

WHEN do you consider specific 
treatment interventions?
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Scope of Practice

• Assessments discussed are not intended to diagnose specific 
conditions

• They will identify if persistent concussion symptoms may benefit 
from specific interventions or medical referrals to help facilitate 
recovery

• Discuss with supervising physician your abilities to perform these 
assessments and interventions based on your license protocol

• Focal neurologic and spinal cord injuries should be ruled out during 
acute management
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Clinical Profiles

• VESTIBULAR
• Cognitive
• Anxiety-Mood
• Ocular
• Headache-Migraine
• Fatigue
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In the literature

• 2018 (Moran)“40% to 50% of athletes with a sport-related concussion 
report balance dysfunction and dizziness, which are underlying 
impairments to the vestibular system, along with 65% to 90% 
presenting with oculomotor dysfunction after a concussion.”

• 2014 (Schneider) “A combination of cervical and vestibular 
physiotherapy decreased time to medical clearance to return to 
sport in youth and young adults with persistent symptoms of 
dizziness, neck pain and/or headaches following a sport-related 
concussion.”

• 2018 (Reimer) “Post-traumatic BPPV accounts for 8.5% to 18% of all 
BPPV cases… BPPV was successfully treated in all patients with 
a mean of 1.58 targeted PR maneuvers.”

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.
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Vestibular – Dizziness/Balance

• Complaints of increased symptoms with quick head movements, 
quick eye movements, trouble in busy environments

• Vertigo – Spinning sensation, lightheaded
• Balance difficulties
• Increased symptoms with moving environments (riding in cars, 

escalators)
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Vestibular Oculomotor Screen 
(VOMS)

• Vestibular Oculomotor Screen (VOMS)
–Smooth H pursuit
–Saccades
–Convergence
–Vestibulo-Ocular Reflex
–Visual Motion Sensitivity

Mucha 2014
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Balance Assessment

22

• Select appropriate balance test 
depending on your patient 
demographic and symptomatology

• Romberg EO/EC
• BESS
• Timed Tandem Gait

21

Concussion and LE Injuries 

22
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Interventions

• Balance Exercises – change surfaces, BOS, add in perturbations
• Vestibular Exercises – Saccades, VOR, smooth pursuits
• Epley maneuver if BPPV
• Advanced Considerations – refer to vestibular specialist

Referrals
• ENT – severe vertigo, tinnitus
• Signs of central vestibular involvement
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Clinical Profiles

• Vestibular
• COGNITIVE
• Anxiety-Mood
• Ocular
• Headache-Migraine
• Fatigue
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Cognitive

Difficulty with:
• Language: Word finding, engaging in conversation, writing, reading

• Cognition: Remembering things, paying attention, 
concentrating/focusing, learning new information

• Executive Function: Planning, organizing assessments, tasks, 
solving problems, starting and finishing activities

• Pragmatics/Social Interaction: Interacting with peers, patients, 
teacher, spouse; irritability, fatigue with tasks such as reading, 
typing/writing, inefficiency/poor performance, acting out 
inappropriately (e.g. in classroom), not understanding jokes, humor, 
withdrawing, frustration with tasks being more difficult than before
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Interventions

• Academic Adjustments
– Shortened school days
– Extra time for assignments and exams
– Tutoring
– Individualized Education Plans (IEP) vs 504 plans

• Consult with school counselors or academic advisers to implement

Referrals
• Speech Therapy – help manage communication and cognition 

symptoms and develop coping strategies
• Occupational Therapy – work on functional difficulties with school or 

work tasks, social engagement, managing schedules and work loads
• Neuropsychology – more in depth evaluation, cognitive behavioral 

training
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Clinical Profiles

• Vestibular
• Cognitive
• ANXIETY-MOOD
• Ocular
• Headache-Migraine
• Fatigue
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Anxiety/Mood

• Athletes may experience mood changes following concussion
– Worry about losing identity or status as athlete
– Inability to perform exercise or fitness routine

• Vargas (2015): Post-concussion depression symptoms were 
related to a higher level of baseline depression symptoms and 
baseline post-concussion symptoms, lower estimated full-scale IQ, 
older age at first participation in organized sport, and fewer number of 
games missed due to concussion, and nonwhite ethnicity
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PHQ-9

31

PHQ-9
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Interventions

• Cognitive Behavioral Therapy-Based Strategies
– Progressive Relaxation
– Pleasant Imagery
– Value Based Goal setting
– Breath Centering
– Activity Pacing

• Sleep Hygiene
•Finding an outlet/social involvement

• Sports Psychology – counseling, cognitive behavioral therapy
• Neuropsychology – uses tests to assess cognition and behavior
• Psychiatry – mental health concerns, medication needs

Referrals 
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Clinical Profiles

• Vestibular
• Cognitive
• Anxiety-Mood
• OCULAR
• Headache-Migraine
• Fatigue
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In the literature

2015 (Master) - “A high prevalence of vision diagnoses 
(accommodative, binocular convergence, and saccadic eye 
movement disorders) was found in this sample of adolescents 
with concussion, with some manifesting more than one vision 
diagnosis. These data indicate that a comprehensive visual 
examination may be helpful in the evaluation of a subset of adolescents 
with concussion. Academic accommodations for students with 
concussion returning to the classroom setting should account for these 
vision diagnoses.”

Master, C. L., Scheiman, M., Gallaway, M., Goodman, A., Robinson, R. L., Master, S. R., 
& Grady, M. F. (2016). Vision diagnoses are common after concussion in adolescents. 
Clinical pediatrics, 55(3), 260-267
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Vision Issues

• Complaints: Headaches, Eye strain/pain, Dizziness, Photosensitivity

• Difficulty focusing on reading, looking at screens, blurry or double 
vision, or tracking objects

• Sensitivity to bright lights or fluorescent lighting

• Abnormal eye movements

• Difficulty comprehending what is being seen or understanding what is 
being read

36
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King-Devick Test

• Used as a sideline tool to 
recognize concussions

• Assesses saccadic eye 
movements 

• Clinically useful to identify 
difficulties with reading

37

MULES

Mobile Universal Lexicon 
Evaluation System
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MULES

• 681 athletes (age 17 ± 4 years, range 
6–37, 38% female)

• 280 youth, 357 collegiate and 44 
professional athletes

• most common sports were:
– ice hockey (23%); soccer (17%); 

football (11%)
• baseline averages were 41.2 ± 11.2 s

– longer times for younger athletes, 
learning effect as well
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MULES

• 17 athletes with concussion (age 18 ± 3 
years)

• all showed increases of MULES time scores 
from pre-season baseline
– median increase 11.2s
– range 0.6–164.2
– P = .0003 (Wilcoxon signed-rank test).

• At least half of the MULES scores worsened 
by > 10 s from pre-season baseline

• Since learning effects and improvement are 
typically noted between testing sessions for 
performance measures, any worsening of 
time scores from pre-season baseline is 
considered consistent with injury
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Interventions

• Pencil pushups
• Dot Drill/Brock String

• Light Sensitivity
– Use of sunglasses and/or hat
– Lower brightness or limit time on screens
– Tinted lenses (prescribed by OD)

• Referrals
– Vision Therapy (OT vs PT)
– Neuro-optometrist

41

When to Refer Continued 

Slide used with permission from Neera Kapoor O.D.
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Clinical Profiles

• Vestibular
• Cognitive
• Anxiety-Mood
• Ocular
• HEADACHE-MIGRAINE
• Fatigue

43

Headache/Migraine

• R/o contributing factors:
– Whiplash Associated Disorder
– Cervicogenic headache
– Vision/fatigue related HA

• Tension type vs Migraine

• Medication Overuse Headache

44

Cervical

• Complaints: Neck Pain, Headache, Dizziness
• Observation: Head positioning, Movement avoidance, Abnormal 

posture

45

Whiplash Associated Disorder

Marshall 2015
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Cervical Instability Symptoms

47

Cervical Instability PE
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Tension Type Headache

Episodic Chronic

ICHD-3. Cephalalgia 2018;38 (1):1-211 
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Migraines

Without Aura With Aura

ICHD-3. Cephalalgia 2018;38 (1):1-211 
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HIT-6
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Medication Overuse Headache

• Presentation: Increasing frequency of HA, change in quality of HA, 
increased need for pain meds (>2days/wk)

• Diagnostic Criteria
A. HA occurring on ≥15 or more days/month in patient w pre-

existing HA disorder
B. Regular overuse for >3 months of one or more drugs that can be

taken for acute and/or symptomatic treatment of headache

ICHD-3. Cephalalgia 2018;38 (1):1-211 

Referrals
• Neurologist
• Headache Clinic
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Commonly used HA medications

• Acetaminophen (Tylenol)
• Ibuprofen (Advil, Motrin)
• Amitriptyline or Nortriptyline - TCA
• Topiramate (Topamax) – migraine prevention
• Amantadine - cognitive
• Imitrex (triptan) – migraine medication
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Clinical Profiles

• Vestibular
• Cognitive
• Anxiety-Mood
• Ocular
• Headache-Migraine
• FATIGUE

54
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Fatigue

• Screen for persistent sleep disturbances
• Relative rest for up to 72 hrs, then resume sub-symptomatic activities

– How to determine exercise threshold?
• Presence of autonomic dysfunction after concussion can be treated 

with exercise prescription
• Early sub-threshold aerobic exercise can improve time to recovery
• Chronic fatigue – possible pituitary involvement?

55

Exercise as Medicine
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Exercise Tolerance Testing

• Goal is to identify sub-threshold exertion level that is safe for 
individual to perform exercise

• Buffalo Concussion Treadmill or Bike Test (Leddy)
• Duke Concussion Stationary Bicycle Test
• NOT part of the graduated return to sport progression
• Can be performed if patient is symptomatic
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Safety First!

60
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Intervention: Exercise Prescription

• 80-90% of achieved HR on exercise tolerance test = Target HR
– Strong recommendation to utilize HR monitor

• 20 min/day minimum at target HR with 5 minute warmup and longer 
cool down
– STOP at symptom exacerbation

• Bike first, then running 6-7 days/wk
• Increase target HR 5-10bpm every 1-2 wks (or retest)

• “Cardiovascular and Cerebrovascular Recovery” = ≥ 80% age-
predicted max HR x20 minutes without symptoms
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Referrals

• Sleep study 
• Tilt table test
• POTS vs  autonomic dysregulation
• Pituitary involvement – endocrine dysfunction
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WHO are the medical providers on a 
concussion care team?
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Brain Power
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Build a Network 

Who to Engage: 
• CERVICAL – PT, Chiropractor, Spine specialist
• VESTIBULAR – PT, ENT
• OCULAR – Neuro-optometry, Vision Therapy (OT/PT)
• COGNITIVE - Neuropsychology, Occupational Therapy, 

Speech/Language Pathology
• HEADACHE/MIGRAINE - Neurology, Headache 

Specialist
• FATIGUE – PT, Pituitary, Cardiology, Endocrinology, 

Sleep Study
• ANXIETY/MOOD – Sports Psychology, Neuropsychology, 

Psychiatry
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Build a Network 
Who to engage cont:
• PCP, ED, family physician 

How to engage: 
• Presentations 
• Clinic visits, group e-mail 

What to discuss: 
• Review/provide the research 
• Importance of access to appointments
• Standardizing assessments (ie PCP) 

66
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Complicated Case 1

• AR 30 y/o female sustained concussion falling and hitting her head 
while playing roller derby on 7.1.18

• Initial MD evaluation:  8.9.18
• Initial Symptoms:  HA, blurred vision, nausea, and 

photo/phonophbia
• Initial PT visit: 8.13.18 symptom score 71/132     NDI 24%

– Current Symptoms:  HA, photophobia, phonophobia, cognitive 
deficits, and nausea. 

– Aggravating factors: thinking, stress, and screens
– Alleviating factors: laying down, dark rooms, and sleep
– Pertinent PMH: includes ADD and h/o previous concussion 
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Complicated Case 1

AR 30 y/o female roller derby 
• Examination: 

– +HA
– +AROM cervical, +palpation
– + VOMS (pressure in head, ”eyes feel jumpy”)
– +King Devick

• Initial Treatment: 
– VOR Hz/Vrt, Saccades Hz,Vrt, posture, AROM cervical
– reduce comp screen brightness, wear sunglasses at work, print out 

long documents, only spend 5-10 minutes at a time looking at 
screen followed by 1 min of rest, ear plugs, no PA, no alcohol, no 
additional screen time outside of work (ie TV/phone), 
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AR: Multidisciplinary Approach

Date: 8.13 8.23 8.28 9.7 9.12 9.1
8

10.3 10.9 10.17

Pain 4 2 1 1 1 4 2 5 0
Functional 
Rating (%)

70 60 70 70 60 50 85 40 70

VOMS + + + + + + + + +/-
Symptoms 
score (X/132)

35 24 10 8 13 24 11 29 15

Orthostatics + + + + +
Change in 
Interventions

manual Cardio 
assessment 
bike test

15 min 
cardio

30 min 
cardio
DN

Cardio 
Assessment 
body weight
rest/activity

PMR Refer 
to 
Speech
45 
cardio
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AR: Multidisciplinary Approach 

Date: 10.22 11.1 11.7 11.12 11.29 12.5 12.28

Pain 3 0 0 0 3 1 2
Functional Rating 
(%)

70 70 70 80 70 80 80

VOMS - - - - - - -
Symptoms score 
(X/132)

24 11 13 10 8 7 7

Orthostatics + + +
Intervention 
Changes 

Co-treat with 
vision clinic, 
progressive 
relaxation

Cardio 
assessment
bike

co-tx
vision 
clinic

Refer to 
optometry 
OT
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Complicated Case 2

DOI 12/15/2017
24 y/o female hit in right temple by point of another surf board; 
believes she blacked out; “came to” under water - fellow surfers had 
to get her to safety
Symptoms at time: unable to track conversations, blurred vision, poor 
balance, headache, dizziness, fatigue
Rested until early January and then returned to work. Sent to ED due 
to difficulty with comprehension, balance, and concentration. 
Negative CT scan
Saw Neurology in early January in LA who placed her on bed rest for 
2.5 months —> When did not improve, referred her to concussion 
clinic in San Diego (Started in mid to end of May, 6 weeks of 
Treatment)
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Complicated Case 2

• Treatments/Therapies in San Diego
– Speech Therapy - Conversation/Speech Issues
– Physical Therapy - Vestibular and balance
– Osteopath and chiropractor - Neck pain
– Cognitive behavioral training - Mindfulness and stress management
– Light Exercise Such as Walking or Yoga

• Neuropsychology evaluation - Findings?
• Moved back to NC in July to focus on recovery and be closer to 

family
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Complicated Case 2

• Symptoms worsened by stress
• Better in morning than later in day
• Environmental engineer - designs water treatment systems; currently 

unable to work
• Would like to return to biking, swimming, volleyball. Able to do yoga, 

walk, and ride stationary bike at time of eval
• Sx provoked by reading, looking side to side, visual input, 

concentrating, low rumbling noises, bright lights
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Questions???
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