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Case 1 

 11 year old high level gymnast in minor MVA 

 No LOC, C/O ‘in a fog’, dizziness, and HA

 Assessed by school nurse next day, returns to class 

saying “I’m fine”

 Continues with school and activities over next 1-2 weeks 

as usual

 Completed tests, computer projects, lots of note taking



Case 1 (2 weeks later)

 Hospitalized for severe HA, gait disturbance, and 
difficulty with speech.

 Normal Brain/Spine MRI, Normal EEG

 Discharged with diagnosis of concussion 2 days later

 Referred to our concussion clinic



Case 1 (Our clinic at 1 month) 

 Cognitive testing showed severe memory and processing 

deficits

 Vestibular testing showed poor postural control and 

balance

 Vision testing showed abnormal:

 smooth pursuits

 saccadic movements (KD time >75sec)

 Convergence (NPC 14cm)



Case 

 13 year old healthy boy with elbow to head in PE 

basketball

 No LOC, some HA and dizziness

 Assessed and had no “red flags”

 Continues with regular school activities

 Complains of ongoing worsening headache and new 

migraines



Case  (4 weeks)

 See neurologist and starts on Topamax

 Normal MRI brain

 Symptoms continue to progress

 No longer tolerating sports or even exercise

 Struggling with academics and grades (was 4.0 student)

 Feeling depressed and hopeless



Case  (3 months)

 Seen in our clinic 3 months later

 Ongoing severe: 

 Cognitive deficits 

 Vestibulocular deficits

 Exercise intolerance

 Cervical dysfunction and migraines 



Case: Cognitive test



Case: Vision testing

 KD scores: 25, 31, differed

 NPC: 17cm  Accommodation: R: 18cm  L:12cm 



Case: Vestibular testing

 BESS Testing: 1: macro sway, 2: >5 errors, 3: differed

 Force Plate: Severe deficits with post/left midline shift

 Laser Sway: 8 deviations



Oculomotor Tracking







Evoked Potentials (P300)





Management: 5th Consensus



Management: 5th Consensus

 Research supports multi-disciplinary 

therapeutic approach:
 Return to Learn and cognitive support

 Vestibulocular rehabilitation

 Cervical rehabilitation

 Return to play protocol

 Graded Exertional Rehabilitation (ARP)



5th Consensus (Updates) 

Acute Phase Considered first 24-48hrs 
(as opposed to 2-3 weeks -4th Consensus)

 Early Intervention > Absolute Rest

 Sub symptom threshold exertional rehab protocol (Revised 

RTP) 

 Vestibulocular/cervical exercises

 Implement Return to Learn 





Consensus Summaries

 Avoid routine CTs

 Multidisciplinary Functional 

testing

 Validated tools 

 SCAT5/ImPACT/VOMS

 PCS up to 20-30%

 Refer after 4-6wks

 ID PCS risk factors

 Avoid absolute cognitive 

rest >2-3d

 Customized RTL

 Rehabilitation>Meds

 ARP after 48hrs

 Vestibulocular rehab

 Cervical rehab



CONCUSSION EVALUATION:

Combination of Measures

 Detailed history

 Symptom checklist

 Prior concussions

 Red flags/Imaging?

 Neurologic exam

 Cognitive exam / MMSE

 Vestibulocular testing 
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WHAT IS THE SCAT5?

The SCAT5 is a standardized tool for evaluating concussions 

designed for use by physicians and licensed healthcare 

professionals1. The SCAT5 cannot be performed correctly 

in less than 10 minutes.

If you are not a physician or licensed healthcare professional, 

please use the Concussion Recognition Tool 5 (CRT5). The 

SCAT5 is to be used for evaluating athletes aged 13 years 

and older. For children aged 12 years or younger, please 

use the Child SCAT5. 

Preseason SCAT5 baseline testing can be useful for 

interpreting post-injury test scores, but is not required for 

that purpose.Detailed instructions for use of the SCAT5 are 

provided on page 7. Please read through these instructions 

carefully before testing the athlete. Brief verbal instructions 

for each test are given in italics. The only equipment required 

for the tester is a watch or timer.

This tool may be freely copied in its current form for dis-

tribution to individuals, teams, groups and organizations. 

It should not be altered in any way, re-branded or sold for 

commercial gain. Any revision, translation or reproduction 

in a digital form requires specific approval by the Concus-

sion in Sport Group.

Recognise and Remove

A head impact by either a direct blow or indirect transmission 

of force can be associated with a serious and potentially fatal 

brain injury. If there are significant concerns, including any 

of the red flags listed in Box 1, then activation of emergency 

procedures and urgent transport to the nearest hospital 

should be arranged.

Patient details

Name:  

DOB:  

Address:  

ID number:  

Examiner:  

Date of Injury:        Time:  

Key points

• Any athlete with suspected concussion should be REMOVED 

FROM PLAY, medically assessed and monitored for 

deterioration. No athlete diagnosed with concussion 

should be returned to play on the day of injury.

• If an athlete is suspected of having a concussion and 

medical personnel are not immediately available, the 

athlete should be referred to a medical facility for urgent 

assessment.

• Athletes with suspected concussion should not drink 

alcohol, use recreational drugs and should not drive a motor 

vehicle until cleared to do so by a medical professional.

• Concussion signs and symptoms evolve over time and it 

is important to consider repeat evaluation in the assess-

ment of concussion.

• The diagnosis of a concussion is a clinical judgment, 

made by a medical professional. The SCAT5 should NOT 

be used by itself to make, or exclude, the diagnosis of 

concussion. An athlete may have a concussion even if 

their SCAT5 is “normal”.

Remember:

• The basic principles of first aid (danger, response, airway, 

breathing, circulation) should be followed.

• Do not attempt to move the athlete (other than that required 

for airway management) unless trained to do so.

• Assessment for a spinal cord injury is a critical part of the 

initial on-field assessment.

• Do not remove a helmet or any other equipment unless 

trained to do so safely.

SPORT CONCUSSION ASSESSMENT TOOL — 5TH EDITION
DEVELOPED BY THE CONCUSSION IN SPORT GROUP

FOR USE BY MEDICAL PROFESSIONALS ONLY

supported by
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Concussion Symptoms (SCAT5)

•Physical symptoms

•Cognitive  symptoms

•Psychiatric symptoms

•Sleep disturbance
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Mini Mental

 Immediate and delayed recall (3 words)

 Serial 7’s or 3’s

 Spell “WORLD” backwards

 Months or weekdays in reverse

 Numbers in reverse



mBESS TESTING



mBESS ERRORS

Document:

 Hands lifted off iliac crest

 Opening eyes

 Step, stumble, or fall

 Hip abduction >30 deg

 Lifting forefoot or heel

 Moving out of test position >5 sec





“VOMS”

 Smooth Pursuits

 Near Point Convergence (<6-8cm)

 Saccades (V/H)

 VOR/dolls eye (V/H)

 Visual Motor sensitivity

Mucha, AM etal.  A Brief Vestibular/Ocular Motor Screening (VOMS) Assessmentto Evaluate 

Concussions: Preliminary Findings.  Investigation performed at the University of Pittsburgh, Pittsburgh, 

Pennsylvania, USA.  2014.  





Vision Exam/Testing

 Exam:

 VOMS (NPC!)

 Accommodation 

 Cover/uncover (mal alignment)

 Pursuit/Saccadic dysfunction

 Visual Testing tools:

 Oculomotor tracker

 Pupillometer

 Visual evoked potentials (VEP) 



Additional Testing

 Cognitive (ImPact, Cambridge Brain Sciences)

 Exertional tolerance: “Active Rehab Protocol”

 Balance/Vestibular

 Reaction time, fine motor

 Dual tasking 

 Electrophysiology  (P300 Auditory Evoked Potentials) 



Imaging and Labs (PPCS)

 MRI Brain (rule out structural abnormalities)

 Labs for PPCS: Pituitary gland, nutritional

 Functional Neuroimaging

 Diffusion tensor imaging

 fMRI, SPECT, MR spectroscopy, PET

 Serum biomarkers

 SNE, SB100, Banyan, etc

 Genetic Markers

 Apo E gene profiles



Active Rehab Protocol (ARP)/Testing

 Begin at 24-48hrs ONLY if tolerated

 Sub symptom threshold exertion

 Monitored exertional tolerance test

 Establish SAFE exertional step:

 Intensity

 Modality

 Duration





Management: 5th Consensus

 Research supports multi-disciplinary 

therapeutic approach:
 Return to Learn and cognitive support

 Return to play protocol

 Vestibulocular rehabilitation

 Cervical rehabilitation

 Graded Exertional Rehabilitation (ARP)







“limiting the duration of rest in the first days after an injury is one of the most 

important messages of the guideline.”

-Co-author Matthew J. Breiding,  CDC, Atlanta, Georgia



Emerging data suggest that symptom-limited activity, including 

activities of daily living and non-contact aerobic exercise, may 

begin as soon as tolerated after an initial brief period (24–

48hours) of cognitive and physical relative rest.



Active Rehab Protocol (ARP)

 Multiple Protocols (Buffalo Protocol)

 BCTT (treadmill), BCBT (bike)

 Determine exertional “dose”:

 5 Step Protocol:

 Step 1-Light (50-60% MHR)

 Step 2- Moderate (60-70% MHR)

 Step 3- Vigorous (70-80% MHR)

 Step 4- Maximal (80-90% MHR)

 Step 5- Maximal with MDM (bridge sport)



5 Step Protocol



ARP: Risks/Side Effects

 Studies to date have shown little to no 

adverse risks 

 Main risk is exacerbation of symptoms:

 Pushing through the threshold 

 Eager athletes may not endorse Sx

 Not following strict protocol/parameters

 Highly symptomatic or VOMS + patient may not be ready 

(Syncope/Fall risk)

 Exertional Dysautonomia



Exercise Intolerance?

 Symptoms during exercise:
 HA, dizziness, pre-syncope, nausea

 Fatigue, SOB, “out of shape”

 Causes:
 Vestibular dysfunction 

 Visual dysfunction

 Autonomic Dysfunction 

 Deconditioning

 Psychogenic/Burnout



Exertional Dysautonomia

Autonomic dysfunction can lead to 

exercise intolerance (CBF instability)

 HR/BP response to exercise

 Rate of rise, HRV, decline with cool down

 BP control during exercise

 Orthostatic (tilt test) BP/HR instability

 Others: 

 Pupillary reflex speeds 

 Sweat dysfunction 

 Heat homeostasis 





Management of Dysautonomia

⚫ Sub-threshold exertion (Levine protocol)

⚫ Autonomic rehab (Mayo Clinic):

 Biofeedback

 Cardio respiratory exercises

 Positional dysautonomia (POTS):
 Postural and LE resistance exercises

 Hydration and Salt

 Medications (propranolol, florinef) 



Cognitive Testing

 Computerized Cognitive Testing (ImPACT, CBS)

 Memory, Processing, Attention, RT

 Formal Neuropsychiatric testing (comprehensive) 

 qEEG/Evoked Potentials (P300)

 RT, Attention, Cognitive capacity, brain mapping 



Neurocognitive Testing

 Degree/type of cognitive impairment

 Targeted accommodations 

 Baseline vs normative data

 Sport clearance tool

 Persistent or severe cognitive deficits >> Formal “NP” 

testing with neuropsychiatrist



Evoked Potentials (P300)

 Very objective measure of cognitive capacity

 Oddball test AERPs most common

 Many papers looking at P300 and cognition

 Recent promising papers illustrating clinical utility in 

complex concussion cases 





Vestibular Testing

 Force Plate (multiple protocols)

 BESS (SCAT 5)

 Peripheral vestibular testing 

 Laser Sway

 Dual tasking (Tandem walk with cognitive task)



Cervicogenic Testing

 Rule out C spine injury (rare)

 Cervical ROM

 Cervical provocation tests/maneuvers 



Vision is Central

 Identify, Characterize, Treat

 Variety of simple and complex vision tests

 Predictors for PPCS risk

 Predictors of academic tolerance

 Exercise Tolerance and vision biomarkers



CJSM 2019



NPC and Exercise Tolerance

 Inverse relationship 

 NPC>17cm = Poor/Low tolerance (step 1 or 2)

CJSM 2019



NPC and Academic Tolerance

CJSM 2019



Comprehensive Management 





Post traumatic migraine

 Trigger avoidance

 Exercise (ARP)

 Sleep

 Biofeedback

 Cognitive Behavioral Therapy

 Medications (Elavil, Triptans, Tizanidine, SSRIs, Topamax)

 Supplements (Mg, B2, feverfew, butterbur, others)



Cervical dysfunction

 Primary or secondary?

 Cervical Rehabilitation

 Trigger point injections, Acupuncture

 Manual therapy, Craniosacral, OMM, Myofascial



Active rehab protocol

 Progressive sub symptom threshold exertional

rehabilitation

 Determining exertional “dose” after exercise tolerance 

testing:

 Step 1

 Step 2

 Step 3

 Step 4

 Step 5



Vestibular dysfunction

 Vestibular rehab

 Exercise (ARP)

 Canalith repositioning (peripheral dysfunction)

 ENT/audiology evaluation 

 Meds (meclizine, etc)



Individualized Cognitive Action 

Plan (ICAP)

 Return to learn/work plan considering:

 Cognitive Tolerance/Fatigue

 Specific Cognitive deficits 

 Cognitive accommodations/modifications 

 Include critical visual, vestibular, and 

exertional accommodations





RETURN to LEARN

 Depending on severity of symptoms may need up to 1-2 

days off (RED ZONE)

 Part time with maximal individualized accommodations 

(ORANGE ZONE)

 Full time with partial supports (YELLOW ZONE)

 Gradual return to normal school work as tolerated by 

symptom threshold  (GREEN)

 Back to full academics and sports (BLUE)



School Accommodations

 Allows the brain to continue healing without prolonging 

symptoms

 Keeps the student stimulated (avoid potential for increase in 

depressive symptoms)

Do not go over the symptom 

threshold!



Accommodation Methods

 No testing

 Postpone or alternate methods 

 Limited or no screen time/projectors

 Audio books, printed notes

 No PE or recess

 Light walking and rehab 

⚫ Extra time/help for projects

 Tutors, study groups, make up work plan

⚫ Avoid Busy Hallways

 Hall pass



RTL Consistency

 Return to Learn Plan needs leverage points!! 

 Depending on type of accommodations needed:

 No sports, PE, regular recess

 No recreational screens or smart phones

 No video games

 No driving or long travel

 No High Stimuli Events (noise, lights) 



Anxiety/Mood

 Exercise (ARP)

 Coping strategies

 Sleep

 Psychotherapy

 Biofeedback

 Cognitive Behavioral Therapy

 Medications (Lexapro, Celexa, Zoloft)



Sleep Disturbance

 Exercise (ARP)

 Sleep Hygiene

 Sleep/Wake Routine (8-10hrs)

 Avoid stimulation after dinner

 Tryptophan rich dinner

 Meditation/Journaling/Action Plans before bed

 Supplement/Medications: Melatonin, Trazodone, others





POLEC’s Model for Visual Rehabilitation

 Post Trauma Vision Syndrome (PTVS)

Concussion and TBI through  HX/Evaluation 

 Visual Midline Shift Syndrome (VMSS)

 Dynamic VML Assessment

Risk of Fall (RoF), Neurological Event (Padula), 

Home treatment 1) improved no longer needed

2) once stabilized give as rx

 Core Body Awareness/Base of Support

Visual Body Mapping, Primitive Reflexes, Core Strength ( body/neck) (Fitzgerald)

 Neuro Visual Processing Rehabilitation

The effective use of lenses, prisms and sectoral occlusion

including Neuro Visual Postural Therapy ( Padula) – Peripheral vision with body and 

vestibular 

 Vision Therapy

Ocular motor, vergences, saccades, movement with body/head

with binocular activities 

7

8





Dynamic changes of a sway responses can 

result not only from a change in the 

sensory reweighting dynamics but also 

from the change of the stimulus 

amplitude itself. 

Investigate –

Visual interaction within threshold-

based models





A recent brain imaging study also found that in 

addition to peripheral reflex mechanisms, central 

processing of proprioceptive information from the 

foot was essential for balance control.57

It has been suggested that in passive movement cutaneous receptors appears to 

play a greater role in sensory feedback. 

In contrast, in active movement control, fusimotor drive and muscle spindle 

feedback are both involved, although input from muscle spindles is considered to 

play a more dominant role.112, 113 

The brain may rely on different information from different receptors in the two 

phases, and the results may reflect hemispheric specialization in proprioceptive 

information at that joint.36

Other vestibular knowledge-

Once the body is moving (automatic 

motion) the visual process becomes 

the dominant input for support.   



MOTOR OUTPUT TO THE EYES

COORDINATED BALANCE SYSTEM 

Dynamic Midline shift 

dynamics

SENSORY INPUT

INPUT FROM THE EYES

INPUT FROM THE MUSCLES AND JOINTS

INPUT FROM THE VESTIBULAR SYSTEM 

INTEGRATION OF SENSORY INPUT

PROCESSING OF CONFLICTING SENSORY INPUT

MOTOR OUTPUT

MOTOR OUTPUT TO THE MUSCLES AND JOINTS

gravity, kinetics, proprioception, 

movement in space, body posture

MIDLINE SHIFT 

DYNAMICS



Shoes 
Help or Challenge communication between the body/vision?

Our feet posture can change eye posture

Merrell Vapor Glove shoes !

Need support? What is the least support needed? 

25,000  PROPROCEPTORS IN OUR FEET!!



Fitzgerald & Monroe 



It’s Spatial   It’s Core Body

 Skeffington’s Circles 

 1- Where is it? Where am I?

 2. What is it?

 3. How do I explain it? (speech and auditory)

Where – Spatial (Peripheral Visual) with 

body core (proprioceptive… some start with 

a plank (wall/floor) 



Vision/Body Assessment

Dynamic Visual Midline Shift 

Assessment of patients interpretation of space through the 

physical movement of the visual/body/vestibular system moving 

through space.

How do they interpret space by: 

1.   Standing straight 

2.   Initiating movement forward 

3.   Initiating stop 

4.   Over flow of body after stopping. 

* Stand straight - Walk – Stop- Walk – Turn- Stand straight*

Multisegmental Body Motion



Sensory reweighting Dynamics

 Once stopped – this movement is what I interpret as the 

overflow between the visual, proprioceptive system and 

vestibular system. 

How much is intermodality vs. Intramodality ??

i.e. - Rocking – forward-backward

- Arms out for balance – (is it symmetrical?)

- Body twisted 

- Head tilted



Con’t Assessment/TX VMLL with Body Motion

 Visual testing – sitting, standing, walking (difference?)

 When does the symptoms occur?

 How does the posture in activity change (reading, standing, 

walking)?

• Physical testing – restricted muscular tone/extension 

refer to PT on all assessment and treatment or manual 

manipulation tx. 

• Visual/physical Tx – exercise controlled - ie static bike 

• Pursuit/saccadic movement (vertical/horizontal)

• no head movement

• With head movement







Sensorimotor External Screening-

outside my primary practice

 VA, CoverTest, Pursuit, NPC –test area of interest (rd,copying, 
sport)

 Dynamic Visual Midline Shift – watch how the body/vision/space 
around body interplay. 

 VEP (habitual & treatment lens) – when to use prisms/length, try 
various prism angles and multiple times in treatment. 

 Force Plate (habitual & treatment lens)

 RightEye (habitual & treatment lens) – repeat as needed

 Photobiomodulation (Syntonics) – can also repeat VEP with this lens

No prisms are given at this 

time only photochromatic

lenses and binasal occlusion. 

Treatment Lens – Binasals (any occlusion 

option), Low Plus, Low Prism, Yoked 

Prism, Color Lenses, or any combination!! 



Vision Assessment- at Primary Practice

 Full Neuro Optometric Evaluation –

 Best Functional Rx (plus/prism vergence alignment/VMLS 
prism) – not always 20/20 (comfortable, tolerance)

 Phoria, vergences, accommodation, NPC

 Ocular Health 

 Dynamic VMLS Evaluation –

 Prisms (Walk-Stop-Walk)

 Use Binasal Occlusion (Unilateral, Bilateral, Black, Opaque, 
Color Tints?) – Twist of body (residual from prism)

 Review testing from SPARCC/private clinic for overall  
treatment



Treatment

 VMLS Rx – prism googles until stabilized – important 

to give – eliminate “focal binding”

 Peripheral Stimulation / Syntonics

 Core Body Building Neck/Body (Fitzgerald)

 Neuro-Visual Postural Therapy (Padula)

 Vision Therapy - further enhanced treatment 

binocularity/accommodative.

 Con’t co-manage - PT/OT/ST/AT/Nurse as needed. 

* continued review of VMLS Rx throughout process. 



VMLS Rx- TX with Movement!!

 Bike/Treadmill with HRV (heart rate variability) 

 Exercise – faster recovery 

 Driving?! – test on Sanet Vision Integrator (SVI) & 

Senaptic



Polec’s Essential Referrals

 Nutrition – refer out for management (NMD’s, Neuro Pharmacologist)

 Body Structure – Osteopathic Manipulation, Cranial Sacral, Visceral 

Manipulation 

 Injections for head/body pain – Musclo Skeletal Physician

 Body Integration - Physical Therapy

 Daily Living Skills – Occupational Therapy

 Speech Delays– Speech Therapy

 Supportive Care/ Testing – Athletic Trainers / School Nurses



Dynamic VMLS Assessment

Dynamic VMLS- Left/Posterior- Gait analysis 

with stand/walk/stop/walk/stand

VEP

OD 1 BI

OS 1 BI 

VEP

OD 2 @ 060

OS 2 @ 060

Force Plate 

Habitual – no rx

1.

2.

3.
5.

Force Plate

OD 2 @ 060

OS 2 @ 060

4.

11 yr. old Female Gymnast 



11 yr. old Female Gymnast 

Vergences – were restricted at 

near and distance

Accommodation – spasm equally 

restricted for OD, OS

10 sessions 1 x per week  
1-4 with 2 @ 060

focused on core body/neck strengthening, slight aerobic activity (refer SPARCC) 

NVPT (building periphery/body)

Alpha/omega (20 mins (3xweekly) – 10/10)

Cranial sacral/ visceral manipulation 

5-6 re-evaluated VMLL 1 @ 090

Stopped syntonics

Added aerobic level with SPARCC

Added +0.50 0.5 BI OU reading

No HA and back to school full time -

switched interest to Competitive Diving !

7-10 no prism 

Continued Add only at need basis 

Normalized training

Vision therapy/cognitive speed

VA: 20/25 OD, OS, OU

NPC: x/12/15





Multi Disciplinary Model

 Concussion Clinic that is Comprehensive 

 Understands Vision deficits and evaluation

 Recognizes the primary and secondary effects of vision

 Vision often the primary or central profile/domain

 Educate patient about vision deficits/treatment early



Multi Disciplinary Model

 Bring in Vision Team in timely manner with PPCS 

 Early intervention group for severe deficits? 

 Ongoing integrative care to manage all profiles around a 

focused central vision domain 




