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Abstract: 29 

Background: Post-concussion syndrome is defined as a group of symptoms occurring after a 30 

traumatic brain injury (TBI) that can persist for durations ranging from weeks to years. The 31 

Centers for Disease Control and Prevention estimates that 1.7 million Americans experience TBI 32 

annually. Vestibular rehabilitation has been shown to help alleviate common symptoms after 33 

concussions, such as dizziness, headaches and impaired balance. The purpose of this case report 34 

is to describe the physical therapy management of a patient with post-concussion symptoms two 35 

months post-injury. 36 

Case Description: The patient is a 17-year-old female with a history of concussion following a 37 

syncopal episode two months prior to the initial evaluation. The patient was referred to physical 38 

therapy for evaluation and treatment of continued post-concussion symptoms including 39 

headaches and dizziness that worsened with activity. The examination indicated impaired static 40 

and dynamic balance. An impaired vestibular ocular reflex was indicated by dynamic visual 41 

acuity testing and a positive head thrust test.   42 

Outcomes: Following five weeks of vestibular rehabilitation, including static and dynamic 43 

balance exercises, as well as gaze stabilization, the patient reported improvement in the 44 

frequency of dizziness symptoms allowing return to school and work as a waitress. The patient 45 

showed significant improvement in all functional testing, including the dizziness handicap 46 

inventory, functional gait assessment, balance error scoring system test and the four-square step 47 

test. 48 

Discussion: The patient’s improvement in dizziness, headaches, static and dynamic balance, and 49 

improved vestibular ocular reflex demonstrate the potential benefits of vestibular rehabilitation 50 

for a patient suffering from post-concussion symptoms. Further research needs to be conducted 51 
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comparing individuals with concussions who receive vestibular rehabilitation to those who 52 

recover with rest only. 53 

 54 
Manuscript word count: 2,815 words  55 
 56 

Background and Purpose: 57 

Post-concussion syndrome is defined as a group of symptoms occurring after a traumatic 58 

brain injury (TBI) that can persist for durations ranging from weeks to years.1 The diagnosis of 59 

post-concussion syndrome is not well agreed upon in the literature, but does include at least three 60 

of the following symptoms: headache, dizziness, fatigue, irritability, insomnia, concentration or 61 

memory difficulty, and intolerance of stress or emotion.1  The Centers for Disease Control and 62 

Prevention estimates that 1.7 million Americans experience TBI annually.1  However, the actual 63 

reported incidence of TBI  is estimated to be much lower secondary to individuals failing to seek 64 

medical attention to obtain a definitive diagnosis.2   65 

Following a concussion, the brain is in an “energy crisis” state due to sudden increase in 66 

glucose metabolism and a decrease in cerebral blood flow, which results in a mismatch of energy 67 

supply and demand.3 Both cognitive and physical activities require brain energy utilization, 68 

therefore the need for a period of cognitive and physical rest is critical for recovery. The current 69 

guidelines for the management of a concussion include complete physical and cognitive rest until 70 

the patient’s acute symptoms have resolved.4 Complete cognitive rest can be challenging because 71 

it involves minimizing any potential cognitive stressors to the brain, such as school work, video 72 

games, reading, watching television, cell phone use, and listening to music. Although the need 73 

for a period of complete rest period is agreed upon, the optimal amount of time for this rest 74 

period is not well represented in the literature. Willer et al5 states that the clinically accepted 75 

standard is to limit activity until the patient no longer has symptoms at rest.  76 
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Vestibular rehabilitation has been shown to improve common symptoms that develop 77 

after a concussion, including vertigo, dizziness and imbalance.3,6 After an exhaustive literature 78 

review, no studies were found that compare the effects of vestibular rehabilitation following a 79 

concussion to individuals that recover with rest only. The purpose of this case report is to 80 

describe the physical therapy management using vestibular rehabilitation of an adolescent female 81 

with post-concussion symptoms two months post-injury.  82 

Patient History and Systems Review:  83 

The patient was a 17-year old female who was originally examined in the Emergency 84 

Department (ED) two months prior to her initial evaluation in physical therapy after a vasovagal 85 

syncope episode, which resulted in a head injury. The patient had no prior history of syncope 86 

with exertion and an unremarkable medical history. The patient’s medications included 87 

magnesium and she received monthly B12 injections. At the time of evaluation, the patient had 88 

returned to school to attend classes, but was unable to participate in school work due to increased 89 

severity of symptoms. She also reported non-compliance with relative brain rest that had been 90 

recommended by her physician. The patient’s goals for therapy included to return work as a 91 

waitress symptom free and to return to school full time in order to graduate from high school two 92 

months from presentation to therapy. The patient signed an informed consent allowing for the 93 

use of medical information for this report and received information on the institution’s policies 94 

regarding the Health Insurance Portability and Accountability Act. 95 

Clinical Impression #1: 96 

The patient was referred to physical therapy for vestibular rehabilitation two months 97 

following her concussion for continued complaints of headaches and dizziness. She was not 98 

referred earlier due to lack of transportation and a limited schedule. The patient’s primary 99 

complaint of dizziness with activity, specifically head movements, limited her ability to 100 
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participate in school and at work. A complete vestibular examination was completed in order to 101 

rule out the potential differential diagnoses for dizziness, such as benign paroxysmal positional 102 

vertigo (BPPV), which is commonly seen in patients following a concussion6 Based on the 103 

patient’s mechanism of injury, further examination of the patient’s cardiovascular system was 104 

needed to assess for symptoms consistent with orthostatic hypotension. (See table 1. for systems 105 

review) 106 

The patient’s examination included the following systems: musculoskeletal, 107 

neuromuscular, cardiovascular and integumentary.  She was given the Dizziness Handicap 108 

Inventory (DHI) prior to examination to assess the impact of symptoms on her function (See 109 

Appendix 4).  The history included important questions regarding the duration and frequency of 110 

symptoms, sensitivity to motion, such as driving or taking an elevator, and sensitivity to certain 111 

head positions.  Auditory and balance history, neck pain and migraine history were to be 112 

included. Ocular motor exam including smooth pursuits, saccades, convergence and VOR 113 

cancellation were assessed. A cervical exam was performed, including range of motion and the 114 

vertebral artery test. VOR testing, including the head thrust test, dynamic visual acuity (DVA) 115 

and cerebellar testing, specifically coordination, were completed. Testing for BPPV included the 116 

modified Dix-Hallpike and the lateral test to assess the anterior, posterior and horizontal 117 

semicircular canals. Balance was assessed using the GANS Sensory Organization Performance 118 

(SOP) test (see appendix 1), Balance Error Scoring System (BESS) test (see appendix 2) and the 119 

Four Square Step Test (see appendix 3). Gait would be assessed using the Functional Gait 120 

Assessment (FGA) and gait speed. Since this concussion resulted from a syncope episode, blood 121 

pressure would be taken in supine, sitting and standing to assess for orthostatic hypotension.  122 

(See Table 2. for Tests and Measures) 123 
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Clinical Impression #2: 124 

The information obtained in the examination, as well as the patient’s continued 125 

symptoms of dizziness and headaches that increased with activity, confirmed the initial diagnosis 126 

of concussion with vestibular symptoms. Information obtained from the history, including the 127 

patient’s complaints of dizziness lasting a few seconds with all head positions at increased speed 128 

and with walking at a fast pace, as well as complaints of headaches with reading, fluorescent 129 

lights and loud noises, were all consistent with signs and symptoms of a concussion. The patient 130 

also noted differences in her balance over the past few weeks, which research has shown is a 131 

common finding following a concussion.3 Since there are multiple causes for dizziness, the 132 

examination required several tests and measures to rule out potential differential diagnoses.  The 133 

patient’s complaints of dizziness with ocular motor range of motion and saccades indicated an 134 

impaired vestibular ocular reflex (VOR). The patient had full cervical range of motion and a 135 

negative modified vertebral artery test, which gave reason to believe that the dizziness was not a 136 

result of a vascular issue.  137 

The patient’s VOR testing, including the head thrust test and DVA test indicated a 138 

significant impairment in the patient’s VOR with a corrective saccade with head movement to 139 

the right and with complaints of dizziness during DVA testing.  The patient tested negative for 140 

BPPV on both the modified Dix-Hallpike and lateral test. Results from the Gans SOP test, FGA, 141 

FSST, and the BESS test indicated that the patient’s static and dynamic balance was impaired. 142 

The patient also presented with symptoms consistent with orthostatic hypotension based on 143 

blood pressure readings.  After the initial evaluation, the patient continued to be appropriate for 144 

physical therapy and the decision was made to proceed with interventions.  (See Table 3. for Test 145 

and Measures) 146 
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The primary diagnosis of, “Impaired motor function and sensory integrity associated with 147 

non-progressive disorders of the central nervous system-acquired in adolescence or adulthood” 148 

was selected from the Guide to Physical Therapy Practice with relevant ICD-9-CM code (850 149 

“Concussion”). Based on the patient’s age, prior health status, prior activity level, motivation and 150 

family support, her prognosis for physical therapy was good. However, the delay of two months 151 

in the initial referral to physical therapy had the potential to impact the patient’s overall progress 152 

and improvement in symptoms. The patient’s improvement in function would be affected by the 153 

compliance with her home activity program and with restriction of activity that caused 154 

exacerbation of her symptoms.  155 

Interventions: 156 

The plan for physical therapy included two visits each week for eight weeks or until the 157 

patient’s symptoms had resolved and she was fully able to return to her prior level of function at 158 

school and work. However, due to issues with transportation and her schedule, the patient was 159 

only seen for 5 visits over a 4 week period. Interventions included gaze stabilization, static 160 

balance on various surfaces, oculomotor ROM, saccades and dynamic mobility exercises that 161 

specifically targeted the patient’s VOR. The patient began each session on the Monark bike* for 162 

a total of 5 minutes in order to assess for changes in symptoms associated with physical exertion.  163 

(See Table 4 for Interventions). 164 

Gaze stabilization: 165 

Gaze stabilization exercises were specifically incorporated into the patient’s home 166 

exercise program since her primary complaint was dizziness with quick head movements. The 167 

patient was given instructions on VOR X 1 viewing exercises to be completed at home three 168 

                                                           
* Monark 827E Cardio Care Fitness Exercise Bike: Healthcare International. Inc PO Box 1509 

Langley, WA 98260 
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times a day, which had the patient focusing her eyes on a target (a four letter word on a piece of 169 

paper held at an arm’s length away) while she moves her head from left to right quickly with a 170 

goal of reaching of 120 seconds (See Figure 1. for Gaze Stabilization). The patient repeated the 171 

same exercise, but moved her head up and down for another 120 seconds. Viirre et al7 172 

demonstrated that when a foveal stimulus is presented while the head is moving, improvements 173 

in the function of the VOR are seen. Gaze stabilization was also incorporated into many of the 174 

other interventions described below. Gaze stabilization exercises were progressed by changing 175 

the patient’s position from sitting to standing and progression was indicated when the patient 176 

could perform the task for the full 2 minutes without stopping due to symptoms. Once the patient 177 

could tolerate the full 120 seconds of VOR x 1 viewing exercises while standing, the patient was 178 

introduced to VOR x 2 viewing, which again had the patient focusing on a target, but now her 179 

head moved in the opposite direction of the object.  180 

Static balance on various surfaces:  181 

 Normally, postural control is maintained through integration of three systems: visual, 182 

vestibular and somatosensory.3 Following a concussion, a patient may demonstrate difficulty 183 

with re-weighting the sensory information with changes in the environment.3 Interventions to 184 

address this included challenging the patient with static balance exercises on various surfaces, 185 

such as a tilt board†, airex foam pad‡, and trampoline§. The vestibular system was specifically 186 

targeted by having the patient close her eyes while performing head movements horizontally and 187 

then again vertically, similar to gaze stabilization. The patient was further challenged with 188 

balance exercises on various support surfaces by changing the patient’s base of support, having 189 

                                                           
† Fitterfirst Professional 20” Rocker board P.O. Box 21 De Queen, AR 71832 US 
‡ Airex foam pad: Industrie Nord 26 CH-5643 Sins Switzerland 
§ Plyoback Elite Plus Rebounder 360 Veterans Parkway, Suite 115 

Bolingbrook, IL 60440-4607 United States 
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her close her eyes, and adding horizontal and vertical head turns with fixation of her eyes on a 190 

specific target (See Figures 2 and 3 for Static Balance Interventions). 191 

Oculomotor ROM and saccades: 192 

Oculomotor ROM, saccades and ball circles involved the patient following a target with her eyes 193 

only in all directions (horizontally, vertically and diagonally) while keeping her head still. 194 

During saccades, the patient quickly shifter her gaze between two objects without moving her 195 

head. The objects were continuously moved from a horizontal, vertical or diagonal orientation by 196 

the therapist (See Figure 4 for Saccades Intervention). Ball circles involved the patient standing 197 

on an unsteady surface, such as an airex foam pad or ½ foam, while the patient holds a ball in her 198 

hand and moves it around in circles both clockwise and counterclockwise. She was instructed to 199 

follow the ball with just her eyes at first and then moved her eyes and head at the same time (See 200 

Figure 5). These exercises were progressed by changing the patient’s standing surface from solid 201 

ground, to an airex foam pad to ½ foam.  202 

Dynamic mobility:  203 

Dynamic balance activities included ambulation with horizontal and vertical head turns, 204 

as well as change of direction with freezing, which were all initiated by the therapist. (See Figure 205 

6 for Dynamic Balance Intervention).  Cognitive tasks, such as naming 5 colors, counting 206 

backwards from 50 by 3’s, and naming the months of the year backwards from December, were 207 

incorporated into both static and dynamic balance activities. Studies have shown that patients 208 

who have had a concussion have more difficulty maintaining postural control under dual-task 209 

conditions.8 Dual-tasks result in competition for attention and an increase in cognitive load, 210 

which typically decreases performance in one or both of the tasks. 8 Therefore, the purpose of the 211 

addition of cognitive tasks to balance exercises was to further challenge the patient.  Research 212 
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has also shown that patients who have had a concussion present with greater response times, less 213 

efficient gait strategies, and greater postural control deficits compared with healthy individuals. 8 214 

These deficits are even more apparent under dual-task conditions. 215 

Coordination, communication and documentation  216 

            All aspects of documentation, including examination, evaluation, diagnosis, prognosis 217 

and plan of care were discussed with the patient and the referring physician.    218 

Outcomes: 219 

Following four weeks of vestibular rehabilitation, the patient had achieved all of her 220 

functional goals for therapy. She reported improvement in the frequency of her dizziness 221 

symptoms, and her post-concussion symptoms no longer impaired her function. She 222 

demonstrated improvements in static and dynamic balance, as well as VOR function. She was 223 

able to return to work as a waitress and complete necessary school work in order to graduate two 224 

months post-injury. (See Table 2 for Test and Measures at Discharge and Figure 7 for Functional 225 

Outcomes Measures Results).   226 

Discussion:  227 

The patient’s improvement in her symptoms of dizziness and headaches, static and 228 

dynamic balance, and improved VOR, which had not improved with rest, show the potential 229 

benefits of vestibular rehabilitation for a patient suffering from post-concussion symptoms. Other 230 

studies have demonstrated the potential benefits of vestibular rehabilitation for the management 231 

of concussions.3, 6, 9 Schneider at al9 conducted a randomized control trial that compared the 232 

treatment of 31 individual’s ages 12-30 years old who had prolonged post-concussion symptoms 233 

of dizziness, neck pain and/or headaches following a sports-related concussion. The study 234 

compared a physical therapy treatment group, which received vestibular rehabilitation, including 235 
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habituation exercises, gaze stabilization, standing and dynamic balance exercises, and canalith 236 

repositioning maneuvers to a control group, which followed the current standard of care protocol 237 

for sport-related concussion, which was rest followed by gradual exertion. The study looked at 238 

the effect of both treatments on the amount of time until the subjects had medical clearance to 239 

return-to-play. The study found that treatment group participants were 10.27 (98% CI 1.51-240 

69.56) times more likely to be medically cleared to return-to-sport before 8 weeks compared 241 

with the participants in the control group (p <0.001). This study further demonstrated the benefits 242 

of vestibular rehabilitation in improving symptoms of individuals following a concussion.  243 

The patient performed three repetitions of gaze stabilization exercises daily and these 244 

exercises were also incorporated into both static and dynamic balance interventions during 245 

treatment sessions. Previous research has shown that gaze stabilization decreases symptoms of 246 

dizziness and increases function in individuals with vestibular disorders. The patient’s 247 

improvement on the DHI of 46 points demonstrates this improvement in her symptoms and 248 

function, as well as increased tolerance when performing the VOR x 1 viewing exercises each 249 

session. Gaze stabilization exercises allow for the vestibular system to modify the magnitude of 250 

the VOR in response to head movement and therefore are an important intervention to consider 251 

when the VOR is impaired.  252 

The patient’s improvement in both static and dynamic balance was demonstrated by 253 

improvement on three functional outcome measures. The patient improved her time on the four 254 

square step test by almost 5 seconds showing her improvement in not only dynamic balance, but 255 

coordination.   She demonstrated 9 fewer errors on the BESS test and improved by 5 points on 256 

the FGA to achieve a perfect score. These results further demonstrate the potential benefits of 257 

vestibular rehabilitation for improving a patient’s balance.  258 
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The addition of a cognitive task while performing static and dynamic balance training 259 

helped to evaluate the patient’s continued impairments of balance throughout her treatment. A 260 

balance task that failed to challenge the patient once her balance started to improve became more 261 

difficult for her when she had to perform that same balance activity while performing a 262 

simultaneous cognitive task. A systematic review8 found that concussed individuals resemble 263 

healthy controls when gait and cognitive tasks are performed separately. However, under dual-264 

task conditions concussed individuals demonstrated a more conservative gait strategy. These 265 

findings suggest the need for dual-task training in order to assess whether or not an individual 266 

continues to present with impairments in balance.   267 

Research has shown that vestibular rehabilitation may improve persistent dizziness, gaze 268 

instability, gait and balance dysfunction in patients following concussions and should be 269 

considered in the management of these individuals.6 The results of this case are in agreement 270 

with this recommendation. Despite some research showing the benefits of vestibular 271 

rehabilitation on post-concussions symptoms, further research needs to be conducted comparing 272 

individuals with concussions who receive vestibular rehabilitation and those who recover with 273 

rest only.  274 

 275 

 276 

 277 

 278 

 279 

 280 

 281 

 282 
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Table 1. Systems Review  343 

Systems Impaired vs. non-impaired  

Cardiovascular/Pulmonary Impaired cardiovascular system  

Musculoskeletal Not impaired 

Neuromuscular Impaired balance and coordination 

Integumentary Not impaired 

Communication, Affect, Cognition, Language  Impaired cognition 

Learning Style Written instructions, pictures and 

demonstrations  

Table 2. Tests and Measures at Initial Evaluation and Discharge  344 

Tests & Measures Initial 

Evaluation 

Results 

Discharge 

Results 

Reliability Validity 

Dynamic Visual 

Acuity Test 

Horizontal +1 

Vertical +1 

(patient c/o 

dizziness; 

vertical was 

worse) 

Horizontal 

and vertical 

+ 2 with no 

c/o dizziness 

Excellent test-

retest reliability  

(r=0.94)11 

Excellent (r= 0.72) 

correlation of DVA loss 

and VOR gain measured 

during quantitative 

passive head impulsive 

testing12 

Modified Dix-

Hallpike 

Negative 

bilaterally  

N/A Excellent inter-

rater reliability 

The Dix-Hallpike test is 

the most common 
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(r = 0.92)13 positional test used to 

examine for BPPV in 

the anterior and 

posterior canals14 

Lateral Test Negative 

bilaterally  

N/A N/A The lateral test is used to 

assess BPPV in the 

horizontal canal14 

GANS SOP test 

(Sensory 

Organization  

Performance 

Test): 

Sway with #2,4 

and 6 

Balance was 

assessed 

using other 

outcome 

measures.  

Test-retest 

reliability (ICC = 

0.67)15 

 

Adequate correlation (-

0.31) between DHI 

emotional score 

and mean  sway in 

condition 3.16 

Functional Gait 

Assessment: 

25/30 30/30 Excellent test-

retest reliability in 

patients with 

stroke (ICC = 

0.95, 95% CI)17 

Excellent concurrent 

validity with: 

DHI (r = -0.64)18 

Balance Error 

Scoring System 

Test: 

16 errors  7 errors  Adequate test 

retest reliability in 

youth participants 

aged 9-14 (ICC = 

0.70)19 

Adequate correlation 

with ImPACT Impulse 

control (r = -0.31) 20 

Four Square 

Step Test: 

9.25 seconds 

(average) 

4.79 seconds 

(average) 

Excellent test-

retest reliability 

(ICC=0.93)21 

Adequate concurrent 

validity with gait speed 

(r=0.65) 22 

Dizziness 

Handicap 

Inventory 

52/100 (lower 

score = better 

function) 

6/100 Excellent test-

retest reliability 

(r =0.97)23 

Excellent negative 

correlation between 

scores of DHI and ABC 

(r = 0.64)20 

Head ‘thrust’ 

test 

Positive right 

with corrective 

saccade  

Not tested at 

discharge 

secondary to 

lack of time 

during visit.  

Good test-retest 

reliability 

(r=0.73)24 

Unable to find 

information regarding 

the validity of the head 

thrust test. The head 

thrust test is used to 

assess the function of 

the semicircular canals14 

Blood Pressure 

to Test for 

Orthostatic 

Supine 108/58 

mmHg 

Sitting 108/66 

Not tested at 

discharge 

secondary to 

Healthy 

volunteers, 

medium‐term (1 

Reproducibility of 

cardiovascular responses 
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Hypotension  mmHg  

Standing 90/70 

mmHg  

patient not 

experiencing 

any 

symptoms 

throughout 

treatment.  

week) and 

long‐term (1 year) 

baroreflex 

responses proved 

to be reliable 

(r = 0.54–0.87) 25 

has been inconsistent.  

 

Abbreviations: c/o (complaints of), DVA (Dynamic visual acuity), VOR (Vestibular ocular 345 

reflex), BPPV (Benign paroxysmal positional vertigo), DHI (Dizziness handicap inventory), 346 

ABC (Activity specific Balance Confidence Scale), IMPACT (Immediate Post-Concussion 347 

Assessment and Cognitive Testing) 348 

 349 

Table 3. Interventions 350 

 IE (8 weeks 

PC) 

Visit 2 

(9 weeks PC) 

Visit 3 

(10 weeks PC) 

Visit 4 

(10 weeks PC) 

Visit 5 

(11 weeks 

PC) 

VOR x 1 

viewing (seated) 

H x 22” 

V x 22” 

H x 21, 29 and 

33” 

V x 20, 30, and 

33” 

H x 81 and 64” 

V x 83 and 80” 

H x 120”  

V x 120”  

H x 120”  

V x 120”  

(standing) 

Oculomotor 

ROM  

 x 20 # x 20 # x 20 #  

Saccades   x 20 # x 20 # x 20 #  

Ball Circles  x 20 # x 20 # x 20 #  

VOR x 1 reading   H x 120” 

V x 120” 

(sitting) 

H x 120” 

V x 120” 

(sitting) 

H x 120” 

V x 120” 

(standing) 

EC 

H and V head 

turns on unstable 

surface 

 

 Foam: 

EC x 60” 

H x 10 

V x 10 

 ½ Foam: 

EC x 30” 

H x 20 

V x 20 

 

Trampoline   H x 15 

V x 15  

Fixation while 

bouncing x 20 

Ankle sways x 

20 EO 

x 20 EC  

EO x 30” 

EC x 30” 

EC with H and V 

head turns x 20 

each 

Fixation while 

bouncing EC x 20 

Marching with EC 

x 20 

EO x 30” 

EC x 30” 

EC with H and V 

head turns x 20 

each 

Fixation while 

bouncing EC x 20 

Marching with 

EC x 20 
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Tilt-board  A and P with 

EC x 20 

Lateral with EC 

x 20 

A and P with EC x 

20 

Lateral with EC x 

20 

A and P with EC  

with V x 20 

Lateral with EC 

with H x 20 

A and P with EC 

x 20 

Lateral with EC x 

20 

 

Unilateral stance 

with ball toss  

 x 10 each leg X 15 each leg X 20 each leg  

Dynamic 

mobility  

  H and V x 40 feet 

each 

Ambulation with 

freeze x 20 feet 

Freeze and turn x 

20 feet  

 

Ambulation with 

random H and V 

with EC and 

freeze x 120 feet  

 

VOR x 2 

viewing (seated) 

    H x 120” 

V x 120” 

Abbreviations: IE (initial evaluation), PC (post-concussion), VOR (vestibular ocular reflex), H 351 

(horizontal), *(patient experienced dizziness and nausea),” (seconds), V (vertical), ROM (range 352 

of motion), # (repetitions), EC (eyes closed), EO (eyes open), A (anterior), P (posterior).  353 

 354 

 355 

 356 

 357 

 358 

 359 

 360 

 361 

Figure 1. Gaze stabilization Exercises (VOR x 1 viewing) 362 
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 363 

 364 

 365 

 366 

 367 

 368 

Figure 2. Static Balance on Tilt-board with vertical head movements 369 

 370 

 371 

 372 

 373 

 374 

   375 

Figure 3. Static Balance (Single-leg stance on airex foam pad with ball toss against trampoline) 376 

 377 

  378 

 379 

 380 

 381 

 382 

 383 

 384 
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Figure 4. Saccades (Horizontal orientation) 385 

 386 

 387 

 388 

 389 

 390 

 391 

Figure 5. Ball Circles on Tilt-board (patient following the ball with her eyes only) 392 

 393 

 394 

 395 

 396 

 397 

 398 

 399 

Figure 6. Dynamic Balance (Ambulation with horizontal head while performing a cognitive task) 400 

 401 

 402 

 403 

 404 

 405 

 406 
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Figure 7. Functional Outcome Measures at Initial Evaluation and Discharge 407 

 408 

 409 

 410 

 411 

 412 

 413 

 414 

 415 

 416 

 417 

Appendix 1. Gans Sensory Organization Performance Test   418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 

 426 

 427 

 428 
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 429 

The Gans SOP test is a combination of the Romberg, clinical test of sensory integration of 430 

balance (CTSIB) and the Fukuda stepping test. It includes seven different positions, as shown 431 

above, and with each positon the therapist is evaluating for whether or not there is sway or if the 432 

patient falls. The patient begins by standing on a firm surface with feet together with eyes open, 433 

next the patient is in the same position, but with eyes closed. In third and fourth position, the 434 

patient is in semi-tandem stance with eyes open and then eyes closed. The fifth and sixth 435 

positions are performed on the AIB balance performance foam, pictured above, again with eyes 436 

open first and then eyes closed. The last position the patient is told to march in place with eyes 437 

open at first and then with eyes closed. The therapist is looking to see if the patient deviates 438 

either to the left or right, which indicates unilateral vestibular hypofunction. 439 

 440 

The American Institute of Balance 441 

<http://www.rehab.msu.edu/_files/_docs/Dizziness_Handicap_Inventory.pdf> Accessed 442 

September 27th, 2015 443 

Appendix 2. Balance Error Scoring System (BESS) 444 

   445 

  446 

 447 

 448 

 449 

 450 

 451 

 452 

 453 

 454 

 455 

 456 

 457 

 458 
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http://www.rehab.msu.edu/_files/_docs/Dizziness_Handicap_Inventory.pdf
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A: Double leg stance on a firm surface: Standing with feet side by side (touching), hand on hips 459 

and eyes closed  460 

B: Tandem stance: Standing heel to toe on a firm surface with the non-dominant* foot in the 461 

back. Heel of the dominant foot should be touching the toe of the non-dominant foot. Hands are 462 

on the hips and eyes are closed.  463 

C: Single leg stance: Standing on a firm surface on the non-dominant foot, the hip is flexed to 464 

approximately 30 degrees and knee flexed to approximately 45 degrees. Hands are on the hips 465 

and eyes are closed.  466 

D: Double leg stance on foam surface: Standing with feet side by side (touching), hand on hips 467 

and eyes closed 468 

E: Tandem stance: Standing heel to toe on a foam surface with the non-dominant foot in the 469 

back. Heel of the dominant foot should be touching the toe of the non-dominant foot. Hands are 470 

on the hips and eyes are closed. 471 

F: Single leg stance: Standing on a foam surface on the non-dominant foot, the hip is flexed to 472 

approximately 30 degrees and knee flexed to approximately 45 degrees. Hands are on the hips 473 

and eyes are closed. 474 

*non-dominant leg: defined as the leg opposite of the preferred kicking leg  475 

The goal of each position is to be able to stand in the given position for a total of 20 seconds, 476 

Errors are counted for each of the six positions and the max total number of errors for any single 477 

condition is 10. If a subject commits multiple errors simultaneously, only one error is recorded. 478 

An error is marked if the patient does the following: opens eyes, takes a step, stumbles or falls, 479 

takes hands off hips, abducts or flexes the hip greater than 30 degrees, lifts the forefoot or heel 480 

off the testing surface, or remains out of the proper testing position for greater than 5 seconds, 481 

 482 

 483 

 484 

 485 

 486 

 487 

 488 

 489 
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Appendix 3. Four Square Step Test 490 

 491 

 492 

 493 
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 494 

Four Square Step Test Instructions. Rehab Measures website. < 495 

http://www.rehabmeasures.org/PDF%20Library/Four%20Step%20Square%20Test%20Instructio496 

ns.pdf> Accessed September 27th, 2015 497 

 498 

 499 

 500 

 501 

 502 

 503 

 504 

 505 

 506 

 507 

 508 

 509 

 510 

 511 

 512 

http://www.rehabmeasures.org/PDF%20Library/Four%20Step%20Square%20Test%20Instructions.pdf
http://www.rehabmeasures.org/PDF%20Library/Four%20Step%20Square%20Test%20Instructions.pdf
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Appendix 4.  Dizziness Handicap Inventory  513 

514 
Dizziness Handicap Inventory. Rehab Measures website. 515 

<http://www.rehab.msu.edu/_files/_docs/Dizziness_Handicap_Inventory.pdf> Accessed 516 

September 27, 2015 517 

http://www.rehab.msu.edu/_files/_docs/Dizziness_Handicap_Inventory.pdf
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