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Abstract 

Vestibular balance dysfunction has been documented as a military problem following duty-related 

barotrauma and/or head acceleration. We are fostering the development of rapid, portable, fieldable tests 

of balance function following such vestibular insults. We consulted on military-relevant tests with more 

than 50 vestibular researchers, scientific advisors, clinicians, and biomedical engineers working for 

government agencies, universities, clinics, hospitals, or businesses. Screening tests and devices 

appropriate for early (post-injury) military functional assessment were considered. Based on these 

consultations, we recommend that military field tests should emphasize dynamic, functional, and duty-

relevant aspects of standing balance, gait, visual acuity, perception of visual vertical, and vertigo. While 

many current tests are useful for the clinic, they often require modification before they are suitable for 

military field and aid station settings. This report summarizes likely future military testing needs, giving 

priority to testing approaches in development which promise to be rapid, portable, field-ready, semi-

automated, usable by a non-specialist, and suitable during testing and rehabilitation. 

The Need for Vestibular/Balance Tests Suitable for Early Testing After Injury 

Head injury is a major concern of military medicine due to exposure of personnel to explosive blasts, 

vehicle collisions/rollovers, falling, or other sources of duty-related concussion.
1
 As with other combat 

personnel, special operations personnel have been injured by blast
2
 and vehicle accidents

3
. Sufferers of 

concussion or mild traumatic brain injury (MTBI) commonly report symptoms such as dizziness and 

(often migrainous) headache.
4
 Since the vestibulocochlear organs and central vestibular systems are 

highly sensitive to pressure and acceleration, it is no surprise that the majority of concussion/MTBI 

patients in the military setting show evidence of vestibular pathology and balance problems.
5-6

 Vestibular 

pathology has been documented extensively following concussion, MTBI, and barotraumas, and 

vestibular injury is known to be associated strongly with dizziness, vertigo, and disequilibrium.
7-9

 

Dizziness has been described as a nonspecific sense of disorientation, whereas vertigo has been 

characterized as an illusion of self-motion.
10

 The patient will use the terms interchangeably, but the 

clinician can distinguish them by careful questioning and evaluation.
6,11,12

 Dizziness and vertigo are 

disturbing symptoms which may prompt patients to go to the emergency room. Nearly 70% of 

emergency-room patients reporting dizziness/vertigo as their chief complaints are diagnosed with a 

vestibular problem.
13

 Dizziness/vertigo may persist for many months following head injury and these 

symptoms contribute disproportionately to a person’s degraded performance or disability following head 

injury.
4,10,11,14 

We expect that few Soldiers will feel able to perform when they are experiencing episodes 

of vertigo which prevent them from confidently standing or walking, whereas many other common signs 

and symptoms of mild blast injury (e.g., headache, tinnitus, partial hearing loss) might be tolerated more 

readily under most circumstances. Disruption of balance diminishes Soldier readiness (or fitness-for-

duty), resulting in prolonged inability to return to regular duty and increasing the risk of further injury 

(e.g., by contributing to falling or vehicle accidents).
15

 Hoffer, Gottshall, and Balough
6
 estimate that 

untreated balance disorders cost the U.S. military over $500M per year in lost equipment and 

unsuccessful mission accomplishment, resulting in the medical discharge of valuable personnel, and 

ultimately costing billions of dollars per year in retraining and medical benefits. 

Recently, a number of authors and agencies have noted the need for better functional screening tools 

following concussion or MTBI,
16-18

 and in particular, for improved vestibular evaluation following 

exposure to improvised explosive devices (IEDs).
8,9,19,20

 Military medics, corspmen, and aidmen require 

easy-to-use tools which allow rapid and early post-injury testing to assist with decisions concerning 
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whether a Soldier should return to duty or be referred for further evaluation. Tests providing automated 

administration and scoring will yield better consistency than is common with many subjective tests used 

presently (e.g., the Military Acute Concussion Evaluation
18

). Technologies are being developed for 

evaluation of MTBI, but few focus on vestibular and balance functioning. This gap in focus seems 

inadvisable, since nearly all military missions require good balance and gaze control. Another potential 

problem with current systems used to assess MTBI effects is that they generally are developed separately 

from systems for MTBI rehabilitation. It may be advantageous if a combination system was developed 

with assessment and physical therapy rehabilitation capabilities integrated into a single unit (or a closely 

coordinated suite of tests) comprised of consistent, well-designed procedures and interfaces. This would 

decrease total equipment footprint and decrease the number of devices which need to be procured, 

learned, and maintained. We met with experts to identify a way forward to fill some of these gaps. 

 

Expert Consultations on Military Vestibular/Balance Testing 

This report represents our thoughts based on discussions with approximately 54 distinct persons (some 

people consulted more than once) with expertise in human balance and vestibular function. The people 

consulted included experienced researchers, scientific advisors, otolaryngologists, ear/nose/throat doctors, 

physical therapists, audiologists, and biomedical engineers. Our consultations included people in 

academia, industry, and/or the government (e.g., Department of Defense, National Institutes of Health, 

National Aeronautics and Space Administration).  

Our group considered military-appropriate balance tests for early assessment after injury.
9,20,21

 We 

sought to provide advice concerning the optimal design and implementation of tests and protocols 

intended to enhance future balance assessment and recovery in the military setting. The “group” we refer 

to throughout this paper is defined as the 54 people attending one or more of four meetings we held, as 

follows: 1-2) two preliminary meetings in Pensacola, FL, U.S.A., the first of which
21

 was attended by six 

people and the second by 13; 3) an invitational workshop (n=16) in Rockville, MD, U.S.A.
20

 4) 

consultations in Europe with professionals attending two international vestibular conferences (n=30) in 

Reykholt and Reykjavik, Iceland.
20

 These meetings and the participants are described further in a 102-

page government technical report.
20

 The essential findings are summarized for the first time in a journal 

here. 

 

Features of an Optimal Test  

Our group started by summarizing the features an ideal future military field test would possess:  

1. Sensitive. 

2. Reliable. 

3. Specific. 

4. Designed for initial, functional screening (rather than diagnosis), to determine if further care and 

diagnostic testing is needed. 

5. User-friendly (e.g., usable by a medic after one hour of training). 

6. Rapidly administered and interpreted. 

7. Portable (i.e., small and light). 

8. Rugged (i.e., hardware) and stable (i.e., software). 

9. Militarily-relevant (e.g., clear face validity to aid return-to-duty decisions). 

10. Clinically-relevant (e.g., relevant to procedures and standards of clinical practice). 

11. Semi-automated. 

12. Multi-functional (e.g., does testing and rehabilitation). 

13. Accepted by users (e.g., comfortable, non-invasive). 

14. Mature. 
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The Three Major Categories of Functional Ability Which Should be Evaluated 

The group decided that the emphasis of their recommendations would be on simple functional tests and 

less on sophisticated, comprehensive, or less portable test devices, such as commercially-available 

rotatory visual-vestibular tests or higher-end computerized dynamic posturography systems. Nevertheless, 

such tests serve as important standards for comparison as new field tests are developed. Several functional 

abilities are critical to service members and are degraded by vestibular aspects of head injury. We 

categorized three main functional abilities, which are listed below, along with citations of one or more 

reference tests in each category of ability: 

1. Head-gaze coordination to maintain good visual processing. 

a. Reference tests: dynamic visual acuity, head thrust, and various commercially-available 

visual-vestibular rotatory testing systems.
12,22-24

 

2. Maintenance of accurate spatial orientation perception. 

a. Reference tests: subjective visual vertical (SVV) estimates during conditions of head tilt 

or off-center rotation.
25-27

 

3. Balance functioning to maintain coordination during standing and locomotion. 

a. Reference test for standing balance: computerized dynamic posturography, especially 

under conditions of diminished visual and somatosensory cueing.
7,28,29 

(There is no gold 

standard yet for a gait test in young military blast/concussion patients, but some of the 

many options
28-34

 are discussed below). 

 

A Subset of Screening Tests Suitable for Possible Integration into a Future Portable Battery 

Our group generated an initial list of 17 possible tests for consideration in future functional screening 

in the field setting, the battalion aid station, or a full care center (Figure 1).
20

 The authors of this report 

considered which of the full list of potential tests were most suitable for integration into a single suite of 

tests for functional screening in the military. We envisioned a portable battery of tests that would be 

supported for accelerated development and delivery. The battery should include aspects of each of the 

three categories of function (head-gaze, balance, orientation), should meet the key requirements identified 

(e.g., portable, medic-friendly, allows laptop-based administration and test results), and should be capable 

of integration with one another into a single system or a compatible suite. Each test could be made 

commercially available in three years or fewer, although full military validation and procurement would 

add many years to that estimate. Tests 2a (portable SVV) and 3a (portable posturography) are a current 

area of focus for the authors and their colleagues. The tests are listed below. 

1. Head-gaze coordination: 

2. Automated dynamic visual acuity test: could be performed at a battalion aid station.
22

Spatial 

orientation perception: 

a. SVV via automated goggles: could be performed in the field.
27

 (Figure 2). 

b. Dizziness Handicap Inventory (DHI): could be used anywhere, but would benefit from 

modification to improve military applicability.
28

 

3. Functional balance: 

a. Portable posturography during additional stressors (e.g., cognitive tasking, external 

perturbation of sway, addition of head movement, pre-test exertion): could be used at the 

battalion aid station.
29,31,32,35

 

b. Functional Gait Assessment (FGA): could be used in the field, but would benefit from 

modification to improve military applicability.
32,34

 

 

Further Details on Functional Balance Tasks Suitable for Sway Testing 

Using the expert recommendations as a point of departure, the authors devised a list of desired testing 

capabilities from category #3, above (Functional balance) which could be readily incorporated into near-

future generations of multisensory balance testing, cueing (and rehabilitation) devices
36-37

. The authors 

gave special consideration to tests which also could serve as treatments, e.g., by using the same basic 
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hardware but having different user interfaces and protocols for testing versus treatment. The fundamental 

device capabilities listed below are deemed worthy of consideration for testing and treatment (e.g., 

vestibular rehabilitation) at a single portable clinical workstation which could be located as far forward as 

a battalion aid station. Some of these capabilities are emerging from our team’s ongoing Small Business 

Innovative Research efforts, although much development, automation, and refinement remains to be done. 

The item below most likely to be ready in the near-term is 1.b (head movements during balance 

performance), which is a current area of focus for the authors. The full list is as follows: 

1. Balance performance: With or without visual, auditory, and/or tactile cueing. 

a.     Using different stances. 

b.     During paced head movements with or without simultaneous attempts to control gaze or   

read a display.
22

 

c.     While cognitively tasked.
35

 

d.     After external mechanical perturbation (e.g., unpredictable, measured push). 

2. Related functional activities: With or without visual, auditory, and/or tactile cueing. 

a. One-legged standing. 

b. Lunging. 

c. Partial proxies of gait. (e.g., heel-to-toe walking, stepping). 

d. Squatting, moving from sitting to standing.
37

 

e. Simulated dynamic weapon skills.
32

 

 

Thoughts Concerning a Logical Sequence of Testing 

Our group considered the logical sequence of testing following a mild head injury in the military 

setting. Our focus was on tests for the field or aid station, not just the full care center (Figure 1). Below is 

the suggested sequence of tests we think would be ideal for a future battery (some of which are still in 

development). 

1. Primary field testing would be performed by a medic post-injury, starting with the SVV and then 

the FGA (all subtests not requiring head movement). Such testing would commence as soon as 

possible after MTBI. Total time should be approximately 10 minutes. Tests should be 

transportable in a small tote bag and administered anywhere with a level surface. If scores are 

abnormal, the patient would proceed to the battalion aid station. It should be possible to proceed 

with FGA subtests requiring head movement if the patient shows no signs of neck injury and can 

easily move his or her head around voluntarily (good cervical range of motion). If there is any 

doubt, head movement tests can be deferred for secondary testing. 

2. Secondary testing at battalion aid station: medical personnel would check neck further if needed, 

then do static posturography, followed by a dynamic visual acuity test. Total time should be 

approximately 30 minutes. All tests should be transportable in the rear seat of a vehicle and 

administered anywhere there is a level surface and not too much noise. If scores are abnormal 

then the patient could be referred to a specialist if needed for further diagnosis.  

3. Tertiary testing and care by specialists (e.g., ENT, otololaryngologist) at a comprehensive care 

center usually should include the standard set of tests, including cervical/ocular VEMP, 

computerized dynamic posturography, and full clinical rotator chair testing.
38,7,23

 

 

Conclusions 

Our recommendations are not intended as comprehensive diagnostic guidelines or testing standards 

(e.g., we do not discuss simple bedside tests of spontaneous nystagumus), but rather, to draw attention to 

tests requiring further development to permit the earliest possible functional screening after injury in the 

military setting. For initial testing in the field by a medic, we recommend development of a portable 

device which permits rapid testing and interpretation of orientation perception and gaze/balance 

functioning. Several aspects of such an automated system are in development by us and others, but some 

aspects have not been fully automated yet, nor have all aspects been bundled into one suite of capabilities. 
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We predict that some of the orientation and balance testing capabilities under development may become 

available commercially as early as 2015. Full validation of any test requires much longer. 

It may become possible in the future to commence initial therapy at the aid station using the same 

portable device used for testing, provided the device is designed for both testing and rehabilitation 

applications and therapy is warranted for a diagnosed balance problem. Usually, such treatment includes 

vestibular rehabilitation and other appropriate physical therapy, but patient and device availability in the 

field may be constrained by operational requirements, so treatment must be flexible and the device should 

be as automated and patient-controlled as possible. 

Eventually, cervical/ocular VEMP tests
38

 (which we currently list for full care centers) could be 

incorporated at the battalion aid station level. The ocular VEMP is rapidly administered, well tolerated, 

and requires no special tasks on the part of the patient. Presently, VEMP tests are only at some full-care 

centers and require expertise to interpret, so further development is needed. 
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Figure Captions (jpegs sent as separate email attachments) 

 

Figure 1: The military needs vestibular/balance tests which can be administered in the field (top left) or at 

the battalion aid station (right), not just in full care centers (bottom). 

 

Figure 2: An example of a simple field test for vestibular function developed recently by Dr. Andrew 

Clarke and colleagues of the Charité Medical School of Berlin and being evaluated by the authors of this 

report. This is a portable, automated version of the subjective visual vertical test, which detects unilateral 

otolith dysfunction (unilateral deficit can cause inability to orient a line vertically). 
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