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Introduction
There has been an increase in the rate of traumatic brain injury 

(TBI) occurrence from 2001 through present of approximately 
824 patients per 100,000 (CDC, 2016). Concussions were 
thought to only involve a specific set of symptoms; namely, 
unconsciousness, memory impairment, or confusion [2]. As we 
are now aware, concussions can be much more diverse than the 
aforementioned symptoms suggest. The gelatinous brain freely 
floating in the skull can have multiple impact points during head 
trauma. On the same side of the impact is the coup injury to 
the brain; on the opposite side of the impact is the contra-coup 
injury; and the vectors of force that travel through the entire 
brain can also cause tearing or shearing of neurons, leading to 
injury. The gelatinous nature of the brain makes it particularly 
susceptible to these shearing and tearing forces [3]. 

This kind of damage can impair the metabolic functions of 
neurons causing them to struggle to release, reabsorb, or utilize 
neurotransmitters at the same rate they did prior to being 
damaged. This leads to metabolic strain of the impaired neurons 
and allows for an increased amount of byproducts to build up 
inside of the nerve cell. These byproducts are toxic to cells at 
high levels. For example, impaired calcium metabolism can lead 
to cellular death post-concussion [4]. When a nerve cell dies, the 
linking cells mustcompensate for the lost neuronal activity. This 
can result in added demand and cause the cycle of byproduct  

 
build-up to occur in the once healthy nerve cells, leading to cell 
death in the extreme case of overuse.

Since no surgical intervention, or pharmacological 
management can heal nerve cells, low-level cognitive activity, 
or cognitive rest, is one of the best recommendations to ensure 
proper nerve cell recovery [5]. Due to the idiopathic nature of 
concussions, individual and graduated return-to-activity (RTA) 
management that incorporates initial cognitive rest may prove 
to be the most beneficial [6]. As recent research has shown that 
a human nerve cell can die within 6-hours post-concussive force 
[7], there should be a minimum of 6 hours of cognitive rest post 
impact to ensure the best possible chance of healing. If nerve 
cells are not given adequate rest, then proper healing may not 
occur, and the added cognition of daily tasks, or therapeutic 
intervention, may further impair nerve function. One hour of 
intense cognition daily has been shown to be a safe strategy to 
reduce the likelihood of placing too much demand on nerve cells 
and causing further impairment [8].

The goal of this protocol is to incorporate clinicians and 
patients in an integrated approach to achieve successful 
vestibular and concussion management. The protocol 
utilizes psychometrically analyzed cognitive assessment and 
management tools and integrates them with well-established 
vestibular rehabilitation protocols developed at The American 
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The gelatinous brain freely floating in the skull can have multiple impact points during head trauma. On the same side of the impact is the 
coup injury to the brain; on the opposite side of the impact is the contra-coup injury; and the vectors of force that travel through the entire 
brain can also cause tearing or shearing of neurons, leading to injury. The American Institute of Balance - Vestibular Cognitive Integration 
(AIB-VCI) recognizes research showing that creating too much cognitive demand, including during therapy sessions, can have devastating 
and long-lasting effects on the cognitive abilities of the patient, suggesting that adequate rest periods can be of utmost importance in terms 
of an efficacious rehabilitation strategy [1]. Thus, being able to independently adjust for cognitive and vestibular activities leads to a safe and 
effective means of cognitive and vestibular rehabilitation post-concussion.
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Institute of Balance. This allows for longitudinal assessment as 
well as an objective RTA decision at the program’s conclusion. 
We present the following patient as an example of the usefulness 
of the protocol at rehabilitating both cortical and labyrinthine 
aspects of concussion.

History
A 46-year-old female was seen at our facility for concussion 

management. Shereports sustaining a head injury during a motor 
vehicle accident 3 weeks ago. The impact to the head occurred 
on the left frontal area. The patient noticed immediate vertigo 
post-impact, lasting for approximately 24-hours. Currently, she 
remarks of blurred vision with active head rotation as well as 
difficulty ambulating on dynamic surface. She reports brief 
vertigo episodes when laying down at night. The patient also 
notices short-term memory impairment, especially for numbers. 
She gives the example of having problems remembering phone 
numbers at work, which used to be a regular task pre-impact. 
She states that paying attention to people speaking, or written 
instructions on the computer screen for more than a few 
minutes is now an issue for her. When the patient attends her 
regular exercise class, she finds the experience overwhelming, 
specifically when her heart rate begins to increase. Of note, 
CT and MRI studies performed post-impact were negative for 
significant findings.

Vestibular Assessment

Hallpike and positional testing: positive for bilateral 
posterior canal benign paroxysmal positional vertigo (PC-BPPV), 
subjectively worse on the left side

a)	 Gaze testing: No nystagmus

b)	 Rotary Chair testing: Asymmetric gain to step velocity 
leftward

c)	 Head Thrust: corrective saccades with leftward head 
thrusts

d)	 Optokinetic studies: Symmetric gain bidirectionally

e)	 Gans SOP testing: fall on condition 6, right turn on 
condition 7

Cognitive Assessment

Woodcock-Johnson Tests of Cognitive Abilities showing 
deficits:

a)	 Block rotation

b)	 Retrieval fluency

c)	 Numbers reversed

d)	 Verbal attention

AIB - Vestibular-Cognitive Integration Assessment and 
Management Tools

a)	 Brief Visuospatial Memory Task (BVMT)

b)	 Hopkin’s Verbal Learning Task (HVLT)

c)	 NAB Digits Forward/Backward

d)	 Stroop Test

e)	 Symbol Digit Modalities Test (SDMT)

Management Strategy

I.	 Canalith repositioning: left PC first, then right PC

II.	 VRT for uncompensated left vestibulopathy using 
hybrid techniques for: substitution, gaze stabilization, 
adaptation, and habituation protocols focusing on 0.5 - 1 Hz 
head movements

III.	 Cognitive management strategies:

a)	 Block rotation

b)	 Retrieval fluency

c)	 Numbers reversed

d)	 Verbal attention

A.	 Patient should reduce cognitive load to 1 hour of 
cognition daily

B.	 Vitamin C at 1-2,000 mg daily in AM or after physical 
activity to reduce cortisol

C.	 Vitamin E at up to 1,000 mg daily as neuro and vascular 
protectant

D.	 Omega 3-6-9 supplementation (either increasing 3 
with supplementation or decreasing 6 in diet) for neuro and 
vascular protectant

Management Protocol (Figure 1)

Figure 1: AIB-VCI Protocol.

I.	 Our protocol consists of a combination of vestibular 
rehabilitation exercises and cognitive training exercises. The 
former consists of adaptation, habituation, gaze stabilization, 
and substitution based on the patient’s symptoms and test 
findings; the latter consists of training material that relates 
to the cognitive tests that show deficit. Due to the complaint 
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of exercising provoking symptoms, heart rate (HR) will be 
incorporated in the rehabilitation process (Figure 2).

Figure 2: Heart rate vs Exercises.

II.	 One of the selected exercises for the patient based on 
her vestibular complaints of oscillopsia with active head 
rotation as well as her cognitive complaints of digit memory 
issues. During this exercise, the patient would make a circle 
pattern of movement with her body and head while focusing 
on a ball with a cue card attached, or with the cue card alone, 
in addition to performing a forward/backward digit memory 
task.

Figure 3: Dynamic Functional Reach.

Figure 4: Head Circles.

Figure 5: Ball Stabilization.

Following are more examples of AIB-VCI exercises used with 
the patient (Figures 3-5). All of the exercises were completed 
3-5 days per week for one hour per session. Of the 3-5 days per 
week sessions, 2 of them were done with elevated heart rate. Our 
protocol, adapted from the Buffalo Concussion Treadmill test 
[9,10], required the patient to first elevate her heart rate to her 
symptom-limited maximum (88 BPM in this case). Then, 80% of 
this value was used as a starting point, gradually progressing to 
her target of 100 BPM. During the heart rate training sessions, 
the patient completed the AIB-VCI exercises as described 
previously after elevating her heart rate to 80% of the symptom-
limited maximum. Every 3 weeks, the heart rate was increased 
by 10 BPM if her vestibular and cognitive scores were improving, 
as measured by the 3-week re-assessment period.

A.	 First Follow-up

a)	 Vestibular assessment

i.	 Hallpike and positional testing: negative for BPPV 
bilaterally

ii.	 Gaze testing: No nystagmus

iii.	 Rotary Chair testing: Symmetric gain to step velocity 
bidirectionally

iv.	 Head Thrust: corrective saccades with leftward head 
thrusts

v.	 Optokinetic studies: Symmetric gain bidirectionally

vi.	 Gans SOP testing: fall on condition 6

b)	 Cognitive assessment

I.	 AIB - Vestibular-Cognitive Integration Assessment and 
Management Tools

i.	 Brief Visuospatial Memory Task (BVMT) - Improvement

ii.	 Hopkin’s Verbal Learning Task (HVLT) - Decline

iii.	 NAB Digits Forward/Backward - Improvement

iv.	 Stroop Test - Improvement
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v.	 Symbol Digit Modalities Test (SDMT) - Decline

II.	 Management Strategy

a.	 VRT for uncompensated left vestibulopathy

using hybrid techniques for: substitution, gaze stabilization, 
adaptation, and habituation protocols focusing on 1 Hz - 1.5 Hz 
head movements

b.	 Cognitive management strategies:

i.	 Since SDMT and HVLT declined, we need to either 
reduce the time spent on the cognitive exercises or reduce 
the cognitive load

ii.	 This was done by reducing the difficulty of the cognitive 
tasks as well as the paired vestibular tasks

iii.	 Heart rate will be increased by 10 BPM for all exercises 
except those using adaptations from the SDMT and HVLT 
(Figure 6)

Figure 6: AIB-VICI Score Interpretation.

The graph depicts the relationship between vestibular 
and cognitive performance. In this case, the patient is making 
progress with vestibular compensation but not with select 
cognitive performance. Unlike the increased intensity needed 
for vestibular therapy, cognitive therapy can be negatively 
influenced by too demanding of tasks. As such, the remedy is 
to decrease the intensity of the cognitive tasks, or the divided 
attention task.

B.	 Second Follow-up

I.	 Vestibular Assessment

a.	 Gaze testing: No nystagmus

b.	 Head Thrust: No corrective saccades with leftward 
head thrusts

c.	 Gans SOP testing: fall on condition 6

II.	 Cognitive Assessment

a.	 AIB - Vestibular-Cognitive Integration Assessment and 
Management Tools

a)	 Brief Visuospatial Memory Task (BVMT) - WNL

b)	 Hopkin’s Verbal Learning Task (HVLT) - Improvement

c)	 NAB Digits Forward/Backward - WNL

d)	 Stroop Test - WNL

e)	 Symbol Digit Modalities Test (SDMT) - Improvement

III.	 Management Strategy

a.	 VRT for uncompensated left vestibulopathy

i)	 using hybrid techniques for: substitution, gaze 
stabilization, adaptation, and habituation protocols focusing 
on 1 Hz - 2 Hz head movements

ii)	 Cognitive management strategies:

iii)	 Since BVMT, NAB Digits, and Stroop tests have returned 
to normal, we can focus on completing exercises for these 
tasks at the target heart rate of 100 BPM

iv)	  HVLT and SDMT have improved, thus we will increase 
the HR by 10 BPM and increase the difficulty of the cognitive 
task as well as the paired vestibular task

C.	 Third Follow-up

I.	 Vestibular Assessment

a.	 Gaze testing: No nystagmus

b.	 Head Thrust: No corrective saccades with leftward 
head thrusts

c.	 Gans SOP testing: Normal 1-7

II.	 Cognitive Assessment

AIB - Vestibular-Cognitive Integration Assessment and 
Management Tools

i.	 Brief Visuospatial Memory Task (BVMT) - WNL

ii.	 Hopkin’s Verbal Learning Task (HVLT) - WNL

iii.	 NAB Digits Forward/Backward - WNL

iv.	 Stroop Test - WNL

v.	 Symbol Digit Modalities Test (SDMT) - WNL

a.	 Management Strategy (Self-Directed Maintenance)

i.	 VRT for uncompensated left vestibulopathy

ii.	 using hybrid techniques for: substitution, gaze 
stabilization, adaptation, and habituation protocols focusing 
on 1 Hz - 2 Hz head movements

b.	 Cognitive management strategies:

i.	 All cognitive tests have returned to normal; we can 
focus on completing exercises for these tasks at the target 
heart rate of 100 BPM (this can be adapted as a self-directed 
maintenance schedule) (Figure 7)
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Figure 7: AIB-VICI Score Interpretation.

ii.	 This graph illustrates the intended results of the 
AIB-VCI. The patient has centrally compensated for the 
unilateral peripheral vestibulopathy and has reached age-
corrected normative cognitive scores. Thus, the patient has 
been successfully rehabilitated for cortical and labyrinthine 
aspects of the concussion.

Discussion
a)	 In this case, successful cognitive and vestibular 
management was completed using a strict stepwise 
progression, which has been shown as a successful concussion 
rehabilitation strategy [11]. The AIB-VCI recognizes 
research showing that creating too much cognitive demand, 
including during therapy sessions, can have devastating and 
long-lasting effects on the cognitive abilities of the patient, 
suggesting that adequate rest periods can be of utmost 
importance in terms of an efficacious rehabilitation strategy 
[1]. Improper rehabilitation strategies that do not allow for 
adequate cognitive rest often cause patients to have ongoing 
symptoms of cognitive decline for many years. This is done 
in contrast to the intensity needed for effective, and timely, 
vestibular rehabilitation [12]. Although the cognitive and 
vestibular tasks are performed together during sessions, they 
can be manipulated individually, allowing for adjustment of 
time and intensity of each category.

b)	 Cortical and labyrinthine concussions have 
traditionally been managed as a dichotic problem. However, 
the combination of therapeutic regimes with a single 
strategy (AIB-VCI) can differentially adjust for difficulty of 
training sessions on two levels: vestibular task difficulty and 
cognitive task difficulty. Thus, we can counterbalance for a 
patient who may need different levels of cognitive versus 
vestibular training. It has been mentioned previously thattoo 
intense, or too time-consuming, cognitive load can create a 
cascade of events in the central nervous system that lead to 
neuronal cell death [4]. Thus, being able to independently 
adjust for cognitive and vestibular activities leads to a safe 

and effective means of cognitive and vestibular rehabilitation 
post-concussion [13-15].

Conclusion
Conclusion research is still in its early stages. The AIB-VCI 

is not intended to be an all-inclusive treatment method. Rather, 
it is part of an interdisciplinary medical approach towards 
successful rehabilitation [16-20]. Be it cervical spine injuries, 
hormone imbalances, visual changes, personality differences, or 
motor neuron changes, the collaborative approach to concussion 
management will yield the most benefit to the patient.
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