
2/12/2019

1

My Head is Spinning: 
A Look at Pediatric 
Vestibular Testing

Alecia Cleveland, MS, CCC-A

Ali Stefanek, AuD, CCC-A

No financial disclosures WHY pediatrics?!

Early 
identification 
of vestibular 
impairment

 Can lead to the formulation of an effective 
(re)habilitation plan 

 Can help identify a serious pathology that may be 
easily treatable or rule out a more significant 
diagnosis

 Can help prevent delay in the achievement of 
developmental milestones and cognition

 Can assist with the choice of side for cochlear 
implantation

Pediatric
Vestibular 
Programs

 Children’s Hospital of Philadelphia

 Children’s Healthcare of Atlanta

 Boston Children’s Hospital

 Nemours Children’s Health System

 Vanderbilt University Medical Center

 Michigan Medicine

 University of Miami Health System

 Cincinnati Children’s Hospital 

Beginnings
 Vestibular and Balance Program started early Spring 2017

 Modeled program after CHOP

 Close working relationship with Dr. Violette Lavender

A Multi-
disciplinary 
Approach

ENT

Audiologist

Physical 
Therapist

Occupational 
Therapist

Rehabilitation 
Medicine

Sports 
Medicine Prevalence of Vestibular 

Symptoms/Disorders

Children with hearing loss are 2 times more 
likely to have dizziness or balance 
problems than children with normal 
hearing

Prevalence
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• General pediatric population:
- Ranges between 0.7% and 15%

• Cochlear implant population:
–80% showed reduced or complete loss of function

• Hearing loss population:
–30 -50% of children with hearing loss have 

unilateral or bilateral vestibular loss

• Otitis Media population:
–50% with otitis media may have vestibular 

disturbance

Prevalence Migraine 
Population

–~10% of children meet International Headache 
Society (IHS) criteria for migraine headache

–Vestibular symptoms occur in 25% of migraine 
children 

–30% to 50% of patients with vertigo have migraines 

–Migraines are reported in children as young as 3 to 
4 years of age

Concussion 
Population

–~30% report symptoms of varying balance 
impairments as long term sequelae

–Cincinnati Children's Hospital reports that post-
concussion dizziness is the 2nd most common 
reason for referral to their pediatric vestibular clinic

–80% of patients recover in the 1st 3 weeks following 
concussion

–If they continue to report symptoms > 3wks post 
concussion, it is called Post Concussion Syndrome

Vestibular Overview and 
Risk Factors

The Vestibular 
System 
Central Nervous 
System + Inner Ear + 
Eyes

•These work together 
for “Balance”

•Dysfunction in any of 
these can result in 
“Dizziness”

•Poor balance, poor 
coordination, delayed 
motor skills

The Vestibular 
System 

Our Purpose: To help determine if the inner 
ear might be involved with patient’s dizziness

The job of the 
vestibular 
system

The vestibular system is responsible for maintaining postural 
control and stability of images on the fovea of the retina during the 
sensation of motion.

This information is used by the central vestibular pathways to 
control reflexes that are mediated by the vestibular system.

Disorders of vestibular function result in abnormalities in these 
reflexes that cause sensations that reflect abnormal information 
about motion.

Vertigo

 “Vertigo”  is true 
rotation of self or 
surroundings 

 This can be inner ear

 And most appropriate 
referral for vestibular 
testing

 Non-vertigo is 
lightheadedness, 
unsteadiness, 
presyncope, and 
imbalance

 This can be 
cardiovascular, 
neurologic, or systemic 
disease

Vestibular 
Signs &
Symptoms

 Falling out of chairs

 Delayed motor skills

 Nausea or vomiting

 Migraine

 Imbalance

 Motion sickness

 Reading difficulties

 Vision disturbance: acuity (stationary or with head movement), 
blurry, double

 Poor spatial relationships: skip words or letter while reading or 
disorganized writing

 Hearing loss, tinnitus, aural fullness
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Delayed Motor 
Skills

 Jumping jacks: 6-8 years of age

 Ski jacks: 8-10 years of age

 Touching toes and return to stand position: 3-5 years of 
age

 Single leg balance stance with eyes open/closed for 20 
seconds: 5-8 years of age

 Eye hand coordination task- nose to fingers: 5-9 years of 
age

Common Risk 
Factors

 Cochlear implants
 Pre and post

 Cochlear malformation
 EVA
 Partitioning defects
 Common cavity
 Mondini Malformation

 VIII nerve defects
 Wispy nerve
 Absent nerve
 ANSD

 Ototoxicity
 Vestibototoxicity

 Syndromes
 Usher
 Waardenburg
 Pendred

 Head Trauma
 Sports
 Concussion

Syndromes 
with Vestibular 
Expressivity

 Branchiootorenal (BOR)
 Pendred
 Cogan’s
 Neurofibromatosis type II
 CHARGE
 Marshall
 Spinocerebellar ataxia
 Waardenburg
 Von-Hippel Lindau
 Usher

• 10% of children with severe congenital hearing loss 
have Usher Syndrome which is also characterized 
by vestibular hypofunction and retinitis 
pigmentosa

Diagnoses 
Associated 
with Vestibular 
Dsyfunction in 
School Aged 
Children

 Migraine
 Concussion/cranial trauma
 Chronic Otitis Media
 Sensorineural Hearing Loss or Cochlear Implants
 Ototoxicity/vestibulotoxicity
 Vestibular neuritis/labyrinthitis
 Benign Paroxysmal Positional Vertigo (BPPV)
 Unilateral or bilateral vestibular hypofunction
 Superior Canal Dehiscence or Perilymphatic Fistula
 Brain tumor
 Post operative or epilepsy related vertigo
 Enlarged Vestibular Aqueduct
 Panic/Anxiety Disorders
 Functional Disorders

Identifying Potential 
Patients

How to find at 
risk patients

 Ask about patient’s gross motor milestones 

 Ask family to fill out the Ages and Stages

 Ask family to fill out the pDHI- pediatric Dizziness Handicap 
Inventory

Ages and 
Stages

 2 month to 60 month

 Categories:
 Communication
 Gross Motor
 Fine Motor
 Problem Solving
 Personal Social
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pDHI

 
VANDERBILT PEDIATRIC DIZZINESS HANDICAP INVENTORY (DHI) 

(Age 5-12) 
Instructions:  The purpose of this questionnaire is to identify difficulties that your child may be experiencing 
because of his or her dizziness or unsteadiness.  Please answer “yes”, “no”, or “sometimes” to each question.  
Answer each question as it pertains to your child’s dizziness problem only. 
 Yes  (4) Sometimes  (2) No  (0) 

1. Does your child’s problem make him/her feel tired?    
2. Is your child’s life ruled by his/her problem?    
3. Does your child’s problem make it difficult for him/her to play?    
4. Because of his/her problem, does your child feel frustrated?    

5. Because of his/her problem, has your child been embarrassed in 
front of others? 

   

6. Because of his/her problem, is it difficult for your child to 
concentrate? 

   

7. Because of his/her problem, is your child tense?    
8. Do other people seem irritated with your child’s problem?    
9. Because of his/her problem, does your child worry?    
10. Because of his/her problem, does your child feel angry?    
11. Because of his/her problem, does your child feel “down”?    
12. Because of his/her problem, does your child feel unhappy?    
13. Because of his/her problem, does your child feel different from 

other children? 
   

14. Does your child’s problem significantly restrict his/her 
participation in social or educational activities, such as going to 
dinner, meeting with friends, field trips, or to parties? 

   

15. Because of your child’s problem, is it difficult for him/her to walk 
around the house in the dark? 

   

16. Because of his/her problem, does your child have difficulty 
walking up stairs? 

   

17. Because of his/her problem, does your child have difficulty 
walking one or two blocks? 

   

18. Because of his/her problem, does your child have difficulty riding 
a bike or scooter? 

   

19. Because of his/her problem, does your child have difficulty 
reading or doing schoolwork? 

   

20. Does your child's problem make it difficult to successfully do 
activities that others his/her age can do? 

   

21. Because of his/her problem, does your child have trouble 
concentrating at school? 

   

Version 2  TOTAL SCORE 
 

Quick 
Assessment: 
ENT clinics

 1. Describe your dizziness without saying the word 
dizzy

 2. When did it start?

 3. How often are you dizzy?
 Daily
 Weekly
 Monthly

 4. How long does your dizziness last?
 Seconds to minutes
 20 min- 2 hours
 Greater than 2 hours/all day

Quick 
Assessment: 
ENT clinics

 Bedside Screen: Single Leg 
Stance

 If 3 y/o and older, count how 
long they can stand on 1 foot 
with eyes open. Stop after 15 
seconds.

 3 years: 2 seconds eyes open

 4 years: 5 seconds eyes open

 5 years: 8 seconds eyes open

Vestibular 
Screening

Head Thrust Test

 Evaluates the VOR in the horizontal plane; looks for maintenance 
of visual fixation

 Normal finding: 
 Patient’s eyes should never deviate from looking at tester’s nose.

 Abnormal finding:
 If movement is to the right and eyes have to saccade to correct, it’s a 

right malfunction
 If movement is to the left and eyes have to saccade to correct, it’s a 

left malfunction
 * The deviation of the eyes occurs on the side where the VOR is 

weak

Vestibular 
Screening

Head Shake Test

 Evaluates dynamic asymmetry in VOR

 Instructions: I am going to move your head back and forth like you 
are saying no for about 30 seconds. When I stop, keep your eyes 
open and look at me. 

 Normal Finding: 
 Eyes should stay stable in space

 Abnormal Finding: 
 Nystagmus will be present
 Nystagmus is positive if there are 3 or more consecutive beats
 Nystagmus can be brief or last up to 20+ seconds
 Nystagmus will beat (fast phase) toward the intact labyrinth; slow 

phase toward lesion

Vestibular 
Screening

Screen for Oscillopsia

 Oscillopsia is a visual disturbance in which objects in the visual 
field appear to oscillate. The severity of the effect may range from 
a mild blurring to rapid and periodic jumping. Oscillopsia is an 
incapacitating condition experienced by many patients with 
neurological disorders.

Dynamic 
Visual Acuity 
Test

 Assess static acuity: Ask pt to 
read the lowest line they can 
while not moving the head

 Move head at ~2hz; ask pt to 
read the lowest line they can 
while the head is moving

 Abnormal: If they read more 
than 2 lines up on the chart

 Screening for oscillopsia and 
VOR function 
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DVA Test Dynamic 
Visual Acuity

 “The clinical test of horizontal dynamic acuity is 
a reliable test for children as young as 3 years. 
It is simple and inexpensive, and will enable 
identification of those for whom more 
extensive testing is warranted.”

Rine et al., 2003.  “A clinical test of dynamic visual acuity for children.” International Journal of Pediatric 
Otorhinolarynogology. November. 67 (11): 1195-1201. 

Other Bedside 
Screeners

 Romberg’s Test:

https://www.youtube.com/watch?v=U5a4lbmwmOw

 Sharpened Romberg:

 https://www.youtube.com/watch?v=FM7s7Sqc6NA

 Fukuda Step:

 https://www.youtube.com/watch?v=cfBqTSVKnS4

 Past Pointing Test

 https://www.youtube.com/watch?v=Icoc-WuJxFk

The Referral Process
When to refer 
for further dx 
testing

1. Dizziness or vertigo as the main symptom

2. If the bedside test results are positive

3. Suspected vestibular migraine

4. If not cookie cutter BPPV (maneuvering without knowing for 
sure could make the problem worse)

5. Concussion kids who are not experiencing relief from 
symptoms or are not making progress in therapy

6. Kids who haven’t met developmental motor milestones and 
are not progressing with therapy and there are no other 
significant developmental delays

7. Kids where you want to be able to monitor progress with 
therapy (pre and post testing)

8. Kids on ototoxic medications that report dizziness or vertigo

More reasons 
to refer

 When more information is needed to confirm or rule 
out a diagnosis 

 Document unilateral/bilateral dysfunction, the involved 
ear, and compensation status

 Confirm BPPV
 Detect central issues that are missed during physical 

exam
 Decide if additional testing or therapy is needed
 Provides quantitative information
 To monitor progress with treatments or therapies
 To obtain pre and post operative information

What is needed 
for our testing?

 Ages: 2-21

 While some modifications allow for testing to be completed on 
younger children, generally speaking vestibular testing requires: 

 Patient willing participation
 Able to follow multi-step commands/directions
 Tolerate goggles for extended period of time

 Significant developmental delays often result in the inability to 
complete or accurately interpret testing

What does 
the 
evaluation 
include?

Otologic exam

• Tympanometry,   Comprehensive 
hearing evaluation

• Rotary Chair, VNG, vHIT, VEMPs

Audiological Evaluation

• Static and Dynamic Balance 
assessments

• Gait analysis
• Vision Screen 

Physical Therapy Evaluation

• Task analysis – cognitive, social, school, 
functional Activities of Daily Living

Occupational Therapy Evaulation

• Medication
• Vestibular Rehab
• Home exercise program
• Further Referrals 

Treatment

• Patient can not be taking certain 
prescription drugs 

Medication considerations 

Pre-Test Mail 
Out Instructions
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Medications

(Certain medications may affect the results due to the chemical alteration of the 
brain.
Certain medications may indicate false positives or mask a true vestibular issue.

Patient can not be taking any of the following meds for at least 72 
hours:

- Anti-nausea medication/Anti-vertigo medication 
- Alcohol; including cough medicines containing 
alcohol.
- Aspirin 
-Tranquilizers & Sedatives
- Narcotics and Barbiturates 
- Antihistamines 

Prescription drugs such as ADHD Meds & Headache Meds should NOT 
be taken the DAY of the test.
Depression and/or Anti-Anxiety Meds will need to be WEANED off by 
the child’s physician.

Vestibular Assessment and 
Treatment

When? 
Where?

 Vestibular Lab location  at COA Clinic 14 Test Room 3

 Appointments are Tuesdays mornings

 Audiology testing takes up to + 3 hours

CoA 
Vestibular 
Lab

Clinic 14 of the 
McWane
building

Clinical Tests of 
Vestibular 
Function

• Vestibular Evoked Myogenic Potentials (VEMP)

• Video Head Impulse Test (vHIT)

• Rotational Chair

• Videonystagmography (VNG)

• Caloric irrigations
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Violette Lavender, AuD, Cincinnati Children’s

Selecting Test 
Battery

 Test protocol catered to pt’s age
 VEMPs can be done on infants
 Rotary chair can be done on infants but won’t be quantitative
 5 years or older can attempt everything except OPK and saccades
 OPK and saccades once 7 years or older

 4 years or under should start with physical therapy unless 
otherwise specified by the professional

Case History 

 Describe dizziness without 
saying the word dizzy

 How long do episodes last?

 How often do they occur? 
When did it first start?

 Is there anything you can do 
to provoke or stop the 
dizziness

 Other symptoms that occur 
along with dizziness

 Headaches, nausea, 
tinnitus, aural fullness, etc.

 Concussion

 Recent ear infections

 Medications

Audiological 
Evaluation the 
day of

 Otologic exam
 Cerumen

 Tympangrams
 Can affect calorics and 

VEMPs

Importance of 
the hearing 
test

Since congenital hearing loss is highly associated with vestibular 
dysfunction this assessment is important no matter the age.

As many of the following tests should be completed as possible 
because the hearing status can assist in differentiating between 
diagnosis

 Behavioral hearing testing in the soundbooth
 Auditory Brainstem Response (ABR) if behavioral hearing 

testing cannot be obtained
 Tympanometry
 Otoacoustic Emissions

Vestibular 
Evoked 
Myogenic 
Potential 
(VEMP)

VEMP

 Short latency electromyographic (EMG) potentials measured in 
response to high level acoustic stimuli

 Cervical VEMP (cVEMP)
 Uses the sternocleidomastoid muscle (SCM)
 Assesses the saccule and inferior portion of the vestibular nerve

 Ocular VEMP (oVEMP)
 Uses the extraocular mucles
 Assesses the utricle and superior portion of the vestibular nerve

VEMPs

cVEMP tests the 
VSR: helps hold 
posture steady when 
body senses movement

oVEMP tests the 
VOR: helps hold 
objects steady (vision) 
when head/body moves

Cervical VEMP

Ipsilateral response
Inhibitory response

Pathway:
Outer/Middle Ear  Saccule
 Inferior Vestibular Nerve 
 Vestibular Nuclei 
VestibulospinalTract  CN 
X1 (Accessory)  Ipsilateral
sternocleidomastoid muscle
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Cervical VEMP

 Normative Data:
 P1 Latency: 12-18 ms
 N1 Latency: 20-26 ms
 Threshold for 500Hz TB: ~90dBHL
 EMG scaling

 Abnormal Finding:
 Asymmetry ratio of greater than 35%  is considered abnormal
 If threshold for 500Hz TB is less than 90dB, then suspect possible 

superior canal dehiscence 

 Possible Pathology:
 Likely absent if ME pathology (fluid) is present
 Should be normal in children with SNHL
 May be tracked down to less than 85dB in cases of SCC dehiscence 

or other third window issues

Cervical VEMP EMG 
Monitoring

Ocular VEMP

 Contralateral response

 Excitatory response

 Pathway:

 Outer/middle ear Utricle 
Superior vestibular nerve 
Vestibular nuclei medial 
longitudinal fasciculus  CN III 
(Oculomotor)  Inferior 
oblique muscle of the eye

Ocular VEMP

 Normative Data:
 N1 Latency: 9-10 ms
 P1 Latency: 12-13 ms

 Abnormal findings:
 Asymmetry ratio of greater 

than 35% is considered 
abnormal

Ocular VEMP  video

Video Head 
Impulse Test

 This test is not 
recommended for patients < 
5 y/o

 Vision and overall 
development must be good 
to administer

 Testing the VOR

 Tested at a frequency of 3-
5Hz

 Can administer at bedside-
watch for overt corrective 
saccades 

vHIT:
Target (sticker, iPhone) 
should be centered on a 
wall at a place that is eye 
level for patient. 

Sit patient AT LEAST 1 
meter (3.28 ft) from the 
target (recommended to 
be no further than 1.5 
meters (5 ft))

Recording

 Make sure the pupil is seen 
when patient moves eye up, 
down, right, and left.

 If you do not have patient’s 
pupil centered within 
recording window, “goggle 
slippage” will likely occur

 Kids have larger pupils than 
adults. If your recordings are 
“bad” and/or pupils do not 
remain within recording 
window, try adding more 
light in the room to force 
pupils to decrease in size. 
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vHIT

 Ask patient to relax. Instruct 
patient to keep their eyes on 
the target. 

 Inform patient that 
audiologist will move their 
head, rapid and 
unpredictable movements, to 
the left ,right, front and back.

 Aiming to move the head 
only 10-15 degrees to right 
and left (aim just outside of 
target).  

 “good” Peak head velocity 
will be accepted at 130+ 
degrees/second for 
horizontal and 110+ deg/sec 
for vertical for pediatrics

 Stop task as soon as 7-15 
"good" impulses are 
obtained to the right and left.

 If you can only get 5-6 
“good” impulses with a 
child and there is a 
repeatable pattern, move 
on. 

Lateral vHIT

RALP LARP

RALP
Right Anterior
Left Posterior

LARP
Left Anterior
Right Posterior

Interpretation

 Instantaneous Gain values -
What is the relationship between 
head and eye movement at each 
msec. 

 The dot scatter plot shows each 
60msec measurement from each 
impulse. They should all hover 
around 1.0 gain

 Velocity Regression Gain – 8% is 
significant asymmetry 

Interpretation

 Normal - no compensatory 
(covert or overt) saccades 
and normal, symmetrical 
gain

 Eye velocities mirror head 
velocities (equal and 
opposite)

 If vHIT is administered 
several weeks post-acute 
issue (neuritis, etc), it is likely 
that abnormality has already 
resolved on its own. 

Rotary Chair Rotational 
Chair Testing

 Assesses the VOR by measuring eye movements during passive, 
whole-body rotation

 Assesses peripheral, central, and bilateral function as well as 
compensation

 Sinusoidal Harmonic Acceleration
 Assess gain, symmetry, and phase of VOR. Response patterns may 

be consistent with peripheral, central, or bilateral function. 
 Step Velocity Test

 Time constant and symmetry in clockwise and counterclockwise 
direction. Latency measures determine central vs. peripheral 
pathology.   
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Set Up

Determine which Goggles fit the 
patient best.

 Use “adult” binocular goggles if 
possible

 If binocular goggles do not fit, use 
“pediatric” monocular goggles

 If neither fit or patient will not 
tolerate them (due to age, etc) then 
use stick camera. 

 Looking to see if nystagmus is 
present or not. 

Goggles Goggles

Set Up

 Set  the  chair to the patient’s  
size

 The patient should be seated 
with the head above the back of 
the seat, high enough to allow 
the head guide to sit just below 
the widest part of the skull. This 
keeps the head tilted slightly 
forward.

 Use a Booster seat to elevate 
patient to the correct height.

 If a patient is very young use 
the 5point harness carseat.

Set Up

Secure the seatbelts

 Buckle the lap belt

 There are two straps that 
cross over the patient’s chest 
and attach to the chair

 Strap the patient’s feet to 
keep them from using their 
feet against the wall to stop 
or start themselves

Set Up

 Use the headstraps to keep 
the head secure

 ***Inform the patient that 
the straps are to keep them 
in just the right place and not
because they will be moving 
very fast, etc.

SHA: 
Sinusoidal 
Harmonic 
Acceleration

 Task with vision denied
 VOR .16 Hz
 VOR .02 Hz
 VOR .64 Hz
 Others as needed-

 Test interoctave Hz if an abnormal result if found

 If two or more adjacent frequencies are abnormal, then you have an 
abnormal result.

SHA testing involves sinusoidally accelerating the rotary chair to a 
standard peak velocity of 50-100 deg/sec across several 
frequencies of rotation from 0.01 to 0.64 Hz or higher.  The SHA 
generates three primary measures of vestibular function: gain, 
phase, and symmetry. (MPBD pg 64-65)

MPBD = Manual of Pediatric Balance Disorders, O’Reilly, et al.

SHA SHA



2/12/2019

11

Step Velocity

 Step Velocity (CW) – right (clockwise); 45 sec moving, 45 sec still

 Step Velocity (CCW) – left (counter clockwise); 45 sec moving, 45 
sec still

 Task with vision denied

The Step Velocity Test slow-phase eye velocity resulting from 
symmetric presentations of rapid acceleration of the chair to a 
constant rotational velocity, and subsequent deceleration of 
the chair to rest, is used to assess the state of the vestibular 
end organ and the  central processing of vestibular information. 
(MPBD pg 67)

MPBD = Manual of Pediatric Balance Disorders, O’Reilly, et al.

Step Velocity SHA 
Interpretation

 Gain: 
 low  peripheral or poor tasking
 high  central

 Phase Lead   peripheral issue

 There is no such thing as a phase lag. If you get one, re-calibrate and try again.

 Abnormal low frequencies typically mean a peripheral issue.

 You must task well to prevent false errors. Typically, the low frequencies become 
abnormal before the high frequencies. If you get the opposite, retest with more 
challenging tasking. 

SV 
Interpretation

 Slow Decay – If nystagmus 
suppression is slow, the 
finding is central

 Fast Decay – peripheral 

 Gain: how much nystagmus
is present

 Low Gain – peripheral
 High Gain – central

Videonystagmography

(VNG) and 
Calorics

Evaluates the VOR by measuring eye movements
Assesses peripheral and central function

 Spontaneous and gaze nystagmus
 Optokinetic nystagmus
 Saccades
 Smooth Pursuit 
 Head Shake
 Positional testing
 Dix Hallpike
 Caloric irrigations

Oculomotor
Testing

 Oculomotors can be completed 
with child in the rotary chair OR
with child sitting on the table 
tracking stimulus on TV screen

 Complete in the rotary chair if 
possible!

 Oculomotor norms are not 
accurate until 7+ years of age

VNG

 Calibration

 Gaze – Left, right

 Saccades

 Smooth Pursuit – Slower, Faster

 OPKs – Right, Left

 Spontaneous Nystagmus

 Have to instruct clearly and sometimes have to repeat!

OPK Testing

 OPK black and white 
bars appear on wall. 

 Instructions
 Low Gain: could indicate 

vestibular hypofunction
 High Gain: (above 1.0) 

associated with central 
vestib function such as 
migraine or cerebellar 
lesion 

Positionals

Static Positionals

 Head Right

 Head Center

 Head Left

 Body Right

 Body Left

Dynamic Positionals

 Dix Hallpike
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Calorics Calorics

Purpose: to determine if one inner ear balance system is weaker 
than the other inner ear balance system or if there is a bilateral 
weakness

Symmetry and directional preponderance used to assess 
differences between ears

Evaluates: 

Horizontal Semicircular Canals

Low frequency region of the semicircular canal response (.003 Hz)

Calorics

 Most likely only for age 7 years+

 Water vs. Air

 This test is dependent on if the goggles fit for recording and if 
patient can understand instructions to keep eyes open, etc.  

 ALWAYS complete otoscopy prior to administering Caloric test 
battery to rule out the following:

 Occlusive cerumen
 Presence of foreign object in ear canal

 ALWAYS complete Tympanometry prior to administering the 
Caloric test battery to rule out the following:

 TM perf
 Tubes
 Middle Ear Pathology such as presence of fluid

 Do NOT use the word dizzy or “you might feel sick” when 
instructing patients to help keep them calm during testing. 

Tasking

 Tasking is a large part of the test battery
 SHA
 Step velocity
 Calorics
 Positionals

 It can be one of the biggest challenges

 Need to ask questions patient can answer; do not want to over OR 
under task

Tasking Tasking

Reinforcement

 Stickers

 Books

 Bubbles

 Toys

 Anything that will keep the child motivated to keep participating!!!

Treatment Options Treatment

 Vestibular Rehabilitation Therapy
 Head, body, and eye exercises to retrain the brain to 

recognize and process signals from the vestibular system and 
coordinate them with information from vision and 
proprioception 

 Surgical Intervention
 To repair or stabilize inner ear function or stop the production 

of sensory information or prevent its transmission from the 
inner ear to the brain

 Medication
 Vestibular suppressants, steroids, antivirals, antibiotics

 Canalith Repositioning

 Dietary Considerations
 i.e. Migraines, Meniere’s Disease
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Vestibular 
Rehabilitation 
Therapy

• Adaptation
– Long term changes in the neuronal response to stimulus
– Includes motor learning
– Improve postural stability, motor development, alignment

• Substitution
– Alternative strategies to replace lost or compromised function
– Central pre-programming
– Train the sensory re-weighting and integration

• Habituation
– Reprogramming of postural responses to decrease sensitivity to 

movement or visual stimuli

Returning to 
School

 Gym

 Extracurricular activities

 Reading

 Behavior

 Frequent Falls

Returning to 
School 

Academic Accommodations

 Long Term needs (>3 weeks)

 Can include: 
 standardized testing 

arrangements
 Extra time on work
 Changes in class schedule

 May include a 504 Plan or 
formal IEP Plan 

Academic Modifications 

 More prolonged and more 
permanent change to 
educational plan

 Modification depend on severity 
and type of symptoms as well as 
teaching style in the classroom

 Special education with specific 
items in Formal IEP/504  plan

Case Study #1
History

 12 year old male

 Premature birth

 Developmental delay

 Hydrocephalus with VP shunt (last revision October 2016 per 
mom)

 Asthma 

 Panhypopituitarism

 Headaches

 Pt is in 6th grade and has an IEP

 Patient was recently seen by neurology to evaluate the status of 
his shunt given recent complaint of dizziness and headaches, and 
per mother everything looked good.

History 

 “Random” bouts of dizziness 

 Per pt report the dizziness occurs most often when he bends 
down. 

 Episodes last for less than a minute and don’t occur every day or 
even every week

 Pt’s mother reported that in May, June and August he reported 
the dizziness a few times sporadically, but no episodes occurred in 
July

 Pt described his dizziness as feeling unsteady but denied any falls

 Does not report objects or the room to be spinning around him

 Mother also reported a recent increase in headaches. 

Evaluation

 Normal hearing and middle ear function, bilaterally.

 Rotational Chair Testing: 
 Spontaneous Nystagmus: No nystagmus with vision or vision 

denied. Normal results.
 Gaze Test: No nystagmus present. 
 Sinusoidal Harmonic Acceleration (SHA): Revealed gain, 

symmetry, and phase within normal limits to .02, .16 Hz, and .64Hz.
 Velocity Step Test: normal time constant and symmetry in 

clockwise and counterclockwise directions. 

Evaluation

 Vestibular Evoked Myogenic Potentials 
 Present and symmetrical, bilaterally, for both ocular and cervical 

VEMPs.

 Video Head Impulse Test
 Normal VOR responses in the plane of the lateral, anterior and 

posterior semicircular canals. 

Evaluation

 Videonystagmography (VNG): 
 Saccade Test: normal velocity, accuracies, and latencies
 Smooth pursuit tracking: normal gain and symmetrical responses
 Optokinetic Test: normal gain in clockwise and counterclockwise 

directions
 Static Positional: no positional nystagmus observed
 Dynamic Positioning: no nystagmus observed
 Caloric Testing: Monothermal warm caloric irrigation screening 

revealed a hyperactive response in the right ear. (Of note, pt 
vomited following second ear irrigation thus further testing to 
confirm hyperactive response could not be completed. )
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Clinical 
Summary

 Peripheral dysfunction is not suspected. 

 Hyper active caloric response is likely a central finding; however, 
response could not be repeated.  

Recommendations
 Follow up with neurology regarding today’s results and headaches 

as previously recommended. 

 Proceed with evaluation by vestibular physical therapist as 
scheduled. Case Study #2

History

 12 y.o. girl 
 Dizziness began after an accident to the head with concussion
 Nausea with dizziness for first 2 weeks
 Persistent dizziness with reportedly increased severity 

 Worsens Dizziness: 
 Loud Sounds – large startle reaction 
 Cannot attend concerts, violin classes
 Riding in the car
 Bright Light

History

 Specialties:
 Ophthalmology – no medical vision difficulties
 ENT – with normal hearing test
 Neurology – MRI unremarkable

 No difficulty with:
 Pressure differences (sneezing, lifting, eye movements)
 Tinnitus, aural fullness, or anxiety 
 Only mild headache, not correlated to other symptoms 

 Birth History:
 Triplet
 10 weeks premature with 2 month NICU stay
 History positive for Jaundice 

Evaluation

 Normal hearing and middle ear function, bilaterally. 

 Rotational Chair Testing: 
 Spontaneous Nystagmus: No nystagmus with vision or vision 

denied. Normal results.
 Gaze Test: No nystagmus present. 
 Sinusoidal Harmonic Acceleration (SHA): Revealed gain, 

symmetry, and phase within normal limits to .02, .16 Hz, and .64Hz.
 Velocity Step Test: normal time constant and symmetry in 

clockwise and counterclockwise directions.

Evaluation

 Videonystagmography (VNG): 
 Saccade Test: normal velocity, accuracies, and latencies
 Smooth pursuit tracking: normal gain and symmetrical responses
 Optokinetic Test: essentially normal gain in clockwise and 

counterclockwise directions
 Static Positional: no positional nystagmus observed
 Dynamic Positioning: no nystagmus observed
 Caloric Testing: Bithermal caloric irrigations revealed a unilateral 

weakness in the right ear of 28%. This value exceeds the 20% 
normal limit. Directional preponderance value was within normal 
limits.

Evaluation

cVEMP (Cervical Vestibular Evoked Myogenic Potential)

 Present responses were noted bilaterally. Responses were 
symmetrical.

 An abnormally low threshold was noted in the right ear at 72 dB 
nHL. 

Clinical 
Summary

 Abnormally low VEMP thresholds on the right side and a right 
unilateral weakness found on caloric testing is consistent with 
peripheral vestibulopathy.

 Today’s results are most consistent with peripheral lesion in the 
right ear. 

 Test results in combination with patient history are consistent 
with a “3rd window” disorder, which may include Superior 
Semicircular Canal Dehiscence. 



2/12/2019

15

Recommendations

 Follow-up with a pediatric Ear, Nose, and Throat physician given 
today’s results. Consider temporal bone CT scan to investigate 
anatomy of the vestibular system.

 Continue with physical therapy as recommended. Pt will benefit 
from physical compensation strategies for her condition.

Case Study #3
History

 16 year old male

 Hx of 2 concussions (at age 12 and age 15)

 Pt reports headaches, vision loss, and tinnitus

 Reports difficulty hearing and feeling of ears being “full” or 
“stopped up”

 Recent normal hearing test at referring physician’s office

History

 Since concussion 1 year ago, pt has been dizzy almost every day

 Dizziness is usually followed or accompanied by headaches and 
tinnitus

 Reports the “room spins” and lightheadedness

 Dizziness can be provoked by turning his head to either side; 
cannot do anything to alleviate the symptoms 

 Pt has been unable to drive regularly, his physical activity has been 
limited and is less frequently playing video games

 No longer playing sports since his last concussion; pt was a 
football player

 Pt was seen 2 weeks ago in concussion clinic at CoA

 Further recommendations  pending audiological vestibular results 

Evaluation

 Normal tympanograms, bilaterally.

 Rotational Chair Testing: 
 Sinusoidal Harmonic Acceleration (SHA): Revealed gain, 

symmetry, and phase within normal limits to .02, .16 Hz, and .64Hz.
 Velocity Step Test: normal time constant and symmetry in 

clockwise and counterclockwise directions.

Evaluation

 Videonystagmography (VNG): 
 Saccade Test: normal velocity, accuracies, and latencies
 Smooth pursuit tracking: normal gain and symmetrical responses
 Optokinetic Test: normal gain in clockwise and counterclockwise 

directions
 Static Positional: right beating nystagmus in the majority of 

positions
 Right beating nystagmus post-headshake
 Dynamic Positioning: right beating nystagmus in both 

conditions; however, nystagmus not consistent with a pattern of 
BPPV

 Caloric Testing: Monothermal warm caloric irrigation screening 
revealed normal results. 

Evaluation
 Vestibular Evoked Myogenic Potentials:

 Present and symmetrical bilaterally for both ocular and cervical 
VEMPs.

Clinical 
Summary

 Results are consistent with a non-localizing bias of the vestibular 
system. Recommendations

 Vestibular Rehabilitation evaluation

 MRI, as per concussion clinic recommendations
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Case Study #4
History 

 31 month old male

 Congenital CMV

 Bilateral profound SNHL & bilateral cochlear implantation

 Born at 36 weeks; NICU stay for 10 days due to concerns with 
breathing and CMV

History

 Parental concern of balance

 Pt started walking at 18 months; has been receiving PT services 
through EI

 Reports pt seems to fall often and “backs into things”

 Pt demonstrates a wide base when standing and walking

 Seems to stand on the inside of his feet

 Misc: 
 Meds: singulair for allergies
 Hx of BMT; tympangrams indicate patent tubes today

Evaluation

 Tests able to be completed: 
 Head Thrust
 cVEMP
 Rotary Chair

Evaluation

 Tests not able to be completed:
 vHIT
 VNG
 Calorics
 oVEMPs

Evaluation

 Head thrust screening: abnormal, catch up saccades present, 
bilaterally

 cVEMP: no VEMP present bilaterally

 Rotary Chair: 
 VOR 0.04 Hz: abnormal, no nystagmus
 VOR 0.08 Hz: abnormal, no nystagmus

Clinical 
Summary

Bilateral weakness of vestibular function Recommendations
Recommend patient receive VOR therapy and balance therapy 
services 

Case Study #5
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History 

 14 year old male

 ATV accident with “right petrous temporal bone fracture with 
extension in the semicircular canals” and TBI

 Hospitalized for 4 days

 Severe dizziness for 1-2 days following the injury

 Cochlear damage with fracture; right sided profound SNHL

 Pt followed by rehab medicine, physical therapy, ENT and 
audiology for HL

 Referred by PT to determine POC

History

 Difficulty walking in a straight line and on uneven surfaces but pt 
seems unaware per mom

 Pt is “off balance” and “leans backwards and to the right”

 Dizzy episodes with exertion, around bright lights and lights 
flashing per pt

 Headaches accompany dizzy episodes; last 15-20 min 1-2x/day

 Was seen by audiology about 2 months after the accident

Rotary Chair Results

Sinusoidal 
Harmonic 
Acceleration 
(SHA): 
• Low gain
• Clockwise 

asymmetry
• Phase leads

Step 
Velocity

Normal time constant 
and symmetry in 
clockwise and 
counterclockwise 
directions

VNG Results

 Gaze: left beating nystagmus
 Saccade Test: normal velocity, accuracies, and latencies
 Smooth pursuit tracking: normal gain and symmetrical responses
 Optokinetic Test: normal gain in clockwise and counterclockwise 

directions
 Static Positional: left beating nystagmus in the majority of positions
 Left beating nystagmus post-headshake
 Dynamic Positioning: left beating nystagmus in both conditions; 

however, nystagmus not consistent with a pattern of BPPV
 Caloric Testing: Bithermal caloric irrigations revealed a unilateral 

weakness in the right ear.

cVEMP oVEMP vHIT

Covert and overt saccades present
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Clinical Summary 
& 
Recommendations

 Right sided vestibular hypofunction

 Follow-up with physical therapy to aid in POC Now what?

Referrals

Deficits may include:

Dizziness

Balance

Visual-motor 

Ocular-motor

Office Use Only: 
MR identification label 

 
 
 
 

                                                                                              
                            
 

 

Patient Name:  _________________________________________________________  Birthdate: _______________________________  

Parent(s) : ____________________________________________________________  Phone:   _________________________________ 

 Outpatient PT & OT Services 
 Serial Cast ing Clinic Services 

     POSH schedulers:  (205) -638-
7527   

 
FAX: (205) 638-6740 
      
 

  Seating Clinic 
  Modified Barium Swallow 

Function Testing    
Scheduling & Questions:  (205) 
638-9645 

 FAX:  (205) 638-6067 
  

  OT for CBIT Prog ram for 
Tics & Touret te’s 
Scheduling & Questions: 
(205)638-6820 
 

FAX: (205) 638-6063 

PT        OT 
Vestibular/Balance Disorders 
POSH schedulers: (205)-638-
7527   

 
FAX: (205) 638-6740  
      
 

         
Referring Physician:  (please print)  __________________________________________________________________________________ 
 
Referring Physician Address:  _______________________________________________ Office Phone:___________________________ 
                                                                                  
                                                   ________________________________________________FAX:__________________________________ 
 

 
Please note:   Reason for referral, d iagnosis and physician’s signature are required from the physician’s of fice prior to the patient  b eing seen for 
either Physical Therapy and/or Occupational Th erapy 
 
Patient re ferred for:                        

 Occupational Therapy Evaluation & Tx     Physical Therapy Evaluation & Tx 
 Occupational Therapy Orthotics    Physical Therapy Orthotics 

 
Reason(s) for referral:   

Fine  motor delay Difficulty walking/gait abnormality/toe walking 
Handwri ting problems Gross motor delay 
Feeding difficulty Lack of coordination/balance 
Muscle weakness/Specify: Muscle weakness/Specify: 
Hand or upper extremity orthopedic problems  Lower extremity orthopedic problems 
Torticoll is Torticollis 
 Sensory problems/sensory integration disorder Orthotics: Sol id AFO, Hinged AFO, SMO, FO, Other: 
Pain in upper extremity/hand/Specify: Pain in lower extremity/Specify: 
Upper extremity serial casting, and orthotics  as needed Lower extremity seria l casting, cast shoes, knee immobilizers 

and orthotics as needed 
Splinting: specify:  Mobility device: crutches, walker, canes 
Other: specify:  Other: specify: 

 

Diagnosis (please list ICD-10 code): ________________________________________________________ 

Scheduling urgency due to:  post- surgical therapy needs     post- BOTOX    failure to thrive 

Precautions (Concerns/contraindicat ion s):  _________________________________________________________________________ 

Has child seen a therapist here before? Yes/Name: _______________________________  No 

Current  Medications (list): ________________________________________________________________________________________   

MRSA Positive?  Yes   No          CMV active? Yes    No  

Typ e of Insurance:_________________________________________ Contract #: ___________________________________________ 
 
Insurance authorization number:____________________________________  (if Medicaid, please provide Medicaid referral) 
 
Physician signature:_________________________________________________________ Date:_______________________________     
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Referral for Physical Therapy & Occupational Therapy  
 

Clinic/Physician Office Instructions:  This form must be faxed as indicated below 
If Demographics sheet i s attached, fi ll in the Patient Name and Birthdate only 
Please attach Medicaid referral.  For insurance, complete the form below. 

 

* DT0 1 8 5 *  
 

How to 
make a 
referral

 Email balance@childrensal.org 
 This is forwarded to AUDIOLOGY, PT, OT and REHABILITATION 

MEDICINE

 Information will be reviewed at monthly team staff meeting and 
test order will be determined based on age, symptoms, etc. Any questions? Contact Info

Alecia Cleveland

Alecia.cleveland@childrensal.org

205-638-

Ali Stefanek

Ali.stefanek@childrensal.org

205-638-2504

References

 Chien et al., 2001. Superior Canal Dehiscence Size: Multivariate Assessment of 
Clinical Impact. ActaOtolaryngol Suppl. 545:41-9.

 Crumley-Welsh (2014). “Helping people with vestibular disorders.” Hearing Review. 
21(9):38-40.

 Furman et al., 2006. “Vestibulo-ocular function in anxiety disorders”. J Vestib Res. 
16(4-5):209-15.

 Hong et al., 2011. “Vestibular-Evoked Myogenic Potentials in MigrainousVertigo.” 
Otolaryngol Head Neck Surg February. 11(2): 284-287

 Struebel et al., 2001. “Vestibular-evoked myogenic potentials in the diagnosis of 
superior canal dehiscence syndrome”. ActaOtolaryngol Suppl. 545:41-9.

 Taylor, R. L., A. P. Bradshaw, et al., (2012). "Augmented ocular vestibular evoked 
myogenic potentials to air-conducted sound in large vestibular aqueduct 
syndrome." Ear Hear 33(6): 768-771. 

 Telian et al., (1991). “Bilateral vestibular paresis: diagnosis and treatment”. 
Otolaryngol Head Neck Surg. 1991 Jan;104(1):67-71.

References

 Chien et al., 2001. Superior Canal Dehiscence Size: Multivariate Assessment of 
Clinical Impact. ActaOtolaryngol Suppl. 545:41-9.

 Crumley-Welsh (2014). “Helping people with vestibular disorders.” Hearing Review. 
21(9):38-40.

 Furman et al., 2006. “Vestibulo-ocular function in anxiety disorders”. J Vestib Res. 
16(4-5):209-15.

 Hong et al., 2011. “Vestibular-Evoked Myogenic Potentials in MigrainousVertigo.” 
Otolaryngol Head Neck Surg February. 11(2): 284-287

 Struebel et al., 2001. “Vestibular-evoked myogenic potentials in the diagnosis of 
superior canal dehiscence syndrome”. ActaOtolaryngol Suppl. 545:41-9.

 Taylor, R. L., A. P. Bradshaw, et al., (2012). "Augmented ocular vestibular evoked 
myogenic potentials to air-conducted sound in large vestibular aqueduct 
syndrome." Ear Hear 33(6): 768-771. 

 Telian et al., (1991). “Bilateral vestibular paresis: diagnosis and treatment”. 
Otolaryngol Head Neck Surg. 1991 Jan;104(1):67-71.

References

 AlsalaheenBA,MuchaA,MorrisLO ,et al.Vestibularrehabilitationfordizzinessandbalanc edisordersafterconcu ssion. J Neurol
Phys Ther. 2010;34(2):87-93. 

 AmericanPsychiatric Association.(2013).Diagnostic and statistical manual of mental disorders(5thed.).Arlington,VA: 
American Psychiatric Publishing. 

 BakerJG,LeddyJJ,DarlingSR,etal.FactorsAssociat edWithProblemsforAdolescent sReturningtotheClassroom After Sport-
Related Concussion. Clin Pediatr (Phila). 2015;54(10):961-8 

 BlumeHK.HeadachesafterConcussioninPediat rics:aR eview.CurrPainH eadacheRep.2015;19(9):42 . 

 BroglioSP,CollinsMW,WilliamsRM,MuchaA,KontosAP.Currentandem ergingrehabilitationforconcu ssion:a 

review of the evidence. Clin Sports Med. 2015;34(2):213-31 

 BrownNJ,MannixRC,O'brienMJ,GostineD,C ollinsM W,MeehanWP.Effectofcognitiveactivitylevelondurationof post-
concussion symptoms. Pediatrics. 2014;133(2):e299-304 

 CaeyenberghsK,VanroonD,VanakenK,etal.Staticanddynamicvisuomotort askperformanceinchildrenwith acquired brain 
injury: predictive control deficits under increased temporal pressure. J Head Trauma Rehabil. 2009;24(5):363-73 

 ChoeMC,BlumeHK.Pediatric Posttraum aticHeadache:AReview.JChildNeurol.2015; 

 CollinsM,AndersonK,FedorS,etal.TheScienc eofConcussion:AdvancementinAssessment ,Management,and 

Rehabilitation. Avon, CT: QuickCompliance, Inc; 2013. 

 CollinsMW,IversonGL,LovellMR,McKeagDB,NorwigJ,MaroonJ.On-fieldpredictorsofneu ropsychologic aland 

symptom deficit following sports-related concussion. Clinical Journal of Sports Medicine 2003 Jul;13(4):222-9. 

 CollinsMW,LovellMR,IversonGL,C antuRC,MaroonJC ,FieldM.Cumulativeeffect sofconcu ssioninhigh-school 

athletes. Neurosurgery 2002 Nov;51(5):1175-9; discussion 1180-1. 

 CorwinDJ,WiebeDJ,ZonfrilloMR,et al.VestibularDeficitsfollowingYouthConcussion.JPediatr.2015;166(5):1221-5. 



2/12/2019

19

References

 DaneshvarDH,NowinskiCJ,McKeeAC,etal.Theepidemiologyofsport-relatedconcussion.ClinSportsMed. 
2011;30(1):1-17. 

 DematteoC,MccauleyD,StazykK,etal.Post-
concussionreturntoplayandreturntoschoolguidelinesforchildrenand youth: a scoping methodology. 
Disabil Rehabil. 2015;37(12):1107-12 

 DematteoC,StazykK,GigliaL,etal.ABalancedProtocolforReturntoSchoolforChildrenandYouthFollowing 
Concussive Injury. Clin Pediatr(Phila). 2015;54(8):783-92 

 DematteoC,StazykK,SinghSK,etal.Developmentofaconservativeprotocoltoreturnchildrenandyouthto
activity following concussive injury. Clin Pediatr (Phila). 2015;54(2):152-63 

 DifazioM,SilverbergND,KirkwoodMW,BernierR,IversonGL.ProlongedActivityRestrictionAfterConcussi
on:AreWe Worsening Outcomes?. Clin Pediatr (Phila). 2015 

 ElbinR,SchatzP,LowderHB,etal.Anempiricalreviewoftreatmentandrehabilitationapproachesusedinthe
acute, sub-acute, and chronic phases of recovery following sports-related concussion. Current 
treatment options in neurology. 2014;16(11):1-12. 

 EllisMJ,CordingleyD,VisS,ReimerK,LeiterJ,RussellK.Vestibulo-oculardysfunctioninpediatricsports-
related concussion. J Neurosurg Pediatr. 2015;16(3):248-55 

 FieldM,CollinsMW,LovellMR,MaroonJC.Evaluatingsymptomsincollegeandhigh-
schoolathletes.Journalof Pediatrics 2003 May; 142 (5):546-53. 

 Field,Melvin,etal."Doesageplayaroleinrecoveryfromsports-
relatedconcussion?Acomparisonofhighschooland collegiate athletes." The Journal of pediatrics 142.5 
(2003): 546-553. 

 Frommer,LeahJ.,etal."Sexdifferencesinconcussionsymptomsofhighschoolathletes."Journalofathletictr
aining 46.1 (2011): 76. 

 GagnonI,GalliC,FriedmanD,etal.Activerehabilitationforchildrenwhoareslowtorecoverfollowingsport-
related concussion. Brain Injury. 2009;23(12):956-964. 

References

 GalettaKM,BrandesLE,MakiK,etal. TheKing–Devick test and sports-related 
concussion:studyofarapidvisual screening tool in a collegiate cohort. J Neurol Sci. 2011;309(1):34-39. 

 GioiaGA.Multimodalevaluationandmanagementofchildrenwithconcussion:usingourheadsandavailable 
evidence. Brain Inj. 2015;29(2):195-206 

 GizaCC,HovdaDA.Thenewneurometaboliccascadeofconcussion.Neurosurgery.2014;75Suppl4:S24-33. 

 GizaCC,HovdaDA.TheNeurometabolicCascadeofConcussion.JAthlTrain.2001;36(3):228-235. 

 GizaCC,KutcherJS,AshwalS,etal.Summaryofevidence-
basedguidelineupdate:evaluationandmanagementof concussion in sports: report of the guideline 
development subcommittee of the american academy of neurology. Neurology. 2013;80(24):2250-
2257. 

 GurleyJM,HujsakBD,KellyJL.Vestibularrehabilitationfollowingmildtraumaticbraininjury.NeuroRehabilit
ation. 2013;32(3):519-528. 

 Guskiewicz,KevinM.,etal."Epidemiologyofconcussionincollegiateandhighschoolfootballplayers."TheA
merican Journal of Sports Medicine 28.5 (2000): 643-650. 

 HalsteadME,McavoyK,DevoreCD,etal.Returningtolearningfollowingaconcussion.Pediatrics.2013;132(5
):948- 57 

 HalsteadME,WalterKD,CouncilonSportsMedicineandFitness.Clinicalreport:sport-
relatedconcussioninchildren and adolescents. Pediatrics. 2010;126(3):597-615. 

 HarmonKG,DreznerJA,GammonsM,etal.Americanmedicalsocietyforsportsmedicinepositionstatement
: concussion in sport. Br J Sports Med. 2013;47(1):15-26. 

 HeitgerMH,JonesRD,MacleodAD,SnellDL,FramptonCM,AndersonTJ.Impairedeyemovementsinpost-
concussion syndrome indicate suboptimal brain function beyond the influence of depression, 
malingering or intellectual ability. Brain. 2009;132(Pt 10):2850-70 

References

 IversonGL,GaetzM,LovellMR,CollinsMW.Cumulativeeffectsofconcussioninamateurathletes.BrainInjury2004 
May;18(5):433-43. 

 JacobsSM,VanstavernG P.Neuro-ophthalmicdeficitsaft erheadtrauma.CurrNeurolNeurosciRep.2013;13(11):389 

 KingD,ClarkT,GissaneC.Useofarapidvisualscreeningtoolfortheassessmentofconcussioninamateu rru gby 

league: a pilot study. J Neurol Sci. 2012;320(1):16-21 

 Kutcher,JeffreyS.,andChristopherC .Giza."Sportsc oncussiondiagnosisandmanagement."CONTINUUM :Lifelong

Learning in Neurology 20.6, Sports Neurology (2014): 1552-1569. 

 LangloisJA,Rutland-BrownW,WaldMM.Theepidemiologyandimpactoftraumaticbraininjury:abriefoverview.J 

Head Trauma Rehabil. 2006;21(5):375-378. 

 LauB.,CollinsMW,KontosA.,MuchaA,LovellMR.Whichon-fieldsymptomspredictprotractedrecoveryfromsport- related 
concussion? Dizziness a predictor of a protracted recovery American Journal of Sports Medicine, 2011 Nov.;39(11):2311-8. 
Epub 2011 Jun 28. 

 LeddyJJ,KozlowskiK,DonnellyJP,et al.Apreliminarystudyofsubsymptomthresholdexercisetrainingforrefractory post-
concussion syndrome. Clin J Sport Med. 2010;20(1):21-27. 

 LeddyJJ,SandhuH,SodhiV,etal.Rehabilitationofconcu ssionandpost-concu ssionsyndrome.SportsH ealth. 2012;4(2):147-
154. 

 LovellMR,CollinsMW,IversonGL,FieldM,MaroonJC,C antuR,PodellK,PowellJW,BelzaM ,FuFH.Recovery from “ mild 
”concussion in high-school athletes. Journal of Neurosurgery 2003 Feb;98(2):296-301. 

 MararM,McilvainNM,FieldsSK,Comstoc kRD.EpidemiologyofconcussionsamongUnitedStat eshighschool athletes in 20 
sports. Am J Sports Med. 2012;40(4):747-55. 

 MarshallCM,VernonH,LeddyJJ,BaldwinB A.Theroleofthec ervicalspineinpost-concussionsyndrome.Phys Sportsmed. 
2015;43(3):274-84. 

References

 MarshallS,BayleyM,McCullaghS,etal.Clinicalpracticeguidelinesformildtraumaticbraininjuryandpersiste
nt symptoms. Can Fam Physician. 2012;58(3):257-267. 

 MarshallS,BayleyM,MccullaghS,etal.Updatedclinicalpracticeguidelinesforconcussion/mild traumatic 
brain injury and persistent symptoms. Brain Inj. 2015;29(6):688-700. 

 MayKH,MarshallDL,BurnsTG,etal.Pediatricsportsspecificreturntoplayguidelinesfollowingconcussion.In
tJ Sports Phys Ther. 2014;9(2):242. 

 MccreaM,GuskiewiczK,RandolphC,etal.Incidence,clinicalcourse,andpredictorsofprolongedrecoveryti
me following sport-related concussion in high school and college athletes. J Int Neuropsychol Soc. 
2013;19(1):22-33. 

 MccroryP,MeeuwisseW,JohnstonK,etal.Consensusstatementonconcussioninsport:the3rdInternational 
Conference on Concussion in Sport held in Zurich, November 2008. J Athl Train. 2009;44(4):434-48. 

 MccroryP,MeeuwisseWH,AubryM,etal.Consensusstatementonconcussioninsport:the4thInternational 
Conference on Concussion in Sport, Zurich, November 2012. J Athl Train. 2013;48(4):554-75. 

 MihalikJ,StumpJ,LovellMR,CollinsMW,NorwigJ,HaganT,FuF.Sexdifferencesinacuterecoveryfollowing 
concussion in athletes. British Journal of Sports Medicine 2004;38:654-664 

 Mucha A, Collins MW, Elbin RJ, et al. A brief vestibular/ocular motor screening (VOMS) assessment to 
evaluate concussions: preliminary findings. Am J Sports Med. 2014;42(10):2479-2486. 

 RabinowitzAR,LevinHS.Cognitivesequelaeoftraumaticbraininjury.PsychiatrClinNorthAm.2014;37(1):1-
11 

 RansomDM,VaughanCG,PratsonL,SadyMD,McgillCA,GioiaGA.Academiceffectsofconcussioninchildre
nand 

adolescents. Pediatrics. 2015;135(6):1043-50 

 ReedN,GreenspoonD,IversonGL,etal.Managementofpersistentpostconcussionsymptomsinyouth:a 
randomised control trial protocol. BMJ Open. 2015;5(7):e008468. 

References 

 SchneiderKJ,MeeuwisseWH,Nettel-
AguirreA,etal.Cervicovestibularrehabilitationinsport-relatedconcussion:a 
randomised controlled trial. Br J Sports Med. 2014;48(17):1294-1298. 

 SeidmanDH,BurlingameJ,YousifLR,etal.EvaluationoftheKing-
Devicktestasaconcussionscreeningtoolin high school football players. J Neurol Sci. 
2015;356(1-2):97-101 

 SilverbergND,IversonGL.Is rest after concussion "the best 
medicine?":recommendations for activity resumption following concussion in 
athletes, civilians, and military service members. J Head Trauma Rehabil. 
2013;28(4):250- 259. 

 StumpJ,CollinsMW,LovellMR,NorwigJ,LoweM,McClinceyM.Symptomrecoveryfollo
wingconcussion: Implications for return to play. British Journal of Sports Medicine 
2004;38:654-664 

 ThomasDG,AppsJN,HoffmannRG,MccreaM,HammekeT.Benefitsofstrictrestafterac
uteconcussion:a randomized controlled trial. Pediatrics. 2015;135(2):213-23 

 ValovichMcleodTC,HaleTD.Vestibularandbalanceissuesfollowingsport-
relatedconcussion.BrainInj. 2015;29(2):175-84. 

 VidalPG,GoodmanAM,ColinA,etal.Rehabilitationstrategiesforprolongedrecoveryin
pediatricandadolescent concussion. Pediatr Ann. 2012;41(9):1-7. 

 ZhouG,BrodskyJR.Objectivevestibulartestingofchildrenwithdizzinessandbalanceco
mplaintsfollowingsports- related concussions. Otolaryngol Head Neck Surg. 
2015;152(6):1133-1139. 


