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Background  
A concussion is a traumatic brain injury that can result in vestibular and oculomotor 
dysfunctions. The Head Shake-Sensory Organization Test was developed from the 
original Sensory Organization Test to measure a subject’s ability to maintain balance 
while moving their head. 

Purpose  
The purpose of this study was to compare the performance of adults with no history of 
concussion to those with a history of concussion on the Head Shake-Sensory 
Organization Test to determine if long-standing balance deficits are present after 
concussion. 

Study Design   
Cross-sectional study 

Methods  
Subjects with a history of concussion and healthy normal controls completed the 
Dizziness Handicap Inventory, the Activities-Specific Balance Confidence Scale, the 
sensory organization test, the head shake SOT, and the Foam Head Shake-Sensory 
Organization test in a single testing session. Scores were analyzed for differences 
between the two groups. 

Results  
Twenty-five participants (nine patients with history of concussion and 16 healthy 
controls; mean age, 21.08±4.10 years) completed testing. The equilibrium scores in both 
groups significantly decreased with more complex tasks. Furthermore, the concussion 
group had significantly worse equilibrium scores than the control group during the Head 
Shake (p = 0.007) and Foam Head Shake-Sensory Organization Test (p = 0.002) tasks but 
not during the Sensory Organization Test task. 

Conclusion  
Adding head shake and foam cushion conditions to postural stability tests improves 
sensitivity in detecting balance deficits in individuals with a concussion. 

Level of Evidence    
3 
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INTRODUCTION 

A concussion is defined as a traumatic brain injury induced 
by biomechanical forces.1 It is estimated that 1.6-3.8 mil
lion sports-related concussions (SRCs) are sustained each 
year – with up to 60% of these cases presenting with 
vestibular and oculomotor dysfunctions.2 Common com
plaints related to vestibular abnormalities include dizzi
ness, impaired balance, vertigo, difficulty in busy environ
ments, and motion discomfort.3 Vision, somatosensory, 
and vestibular systems are responsible for postural stability 
and dynamic balance. Thus, deficits in one or more of these 
systems would result in difficulty maintaining one’s bal
ance. A component of the vestibular system, the vestibu
lospinal reflex (VSR) coordinates movements of the head 
and neck with the body in order to maintain the head in an 
upright position – for example as the head tilts to the left 
or right.4 

The Head Shake-Sensory Organization Test (HS-SOT) 
was developed from the original Sensory Organization Test 
(SOT) with the purpose of measuring an individual’s ability 
to use vestibular input to maintain balance while moving 
the head.5 The HS-SOT has been examined under different 
parameters in several populations including: young healthy 
adults, young adults with peripheral vestibular hypofunc
tion, young athletic populations, and an aging popula
tion.6‑9 The HS-SOT was evaluated in a healthy population 
in a study performed by Cripps et al. where the test-retest 
reliability was found to be excellent (0.78-0.85) in healthy 
asymptomatic adults aged 20 to 26 years.10 Honaker et al. 
tested individuals with and without peripheral vestibular 
asymmetry to determine the sensitivity and specificity of 
the HS-SOT for indicating peripheral vestibular hypofunc
tion.7 It was determined that the sensitivity of Condition 5 
of the HS-SOT with horizontal head turns at 15 degrees per 
second was 70%, and the specificity was 100%.7 This sug
gests the effectiveness of Condition 5 of the HS-SOT with 
head turns of 15 degrees per second for confirming periph
eral vestibular dysfunction, or asymmetry. Another study 
confirmed the reliability of the HS-SOT in healthy young 
adults (ICC=0.85, 0.78 for Conditions 2 and 5 respectively) 
compared to lesser reliability in older populations.5 The 
HS-SOT has not been tested in populations with a known 
history of concussion. Because vestibular dysfunction has 
been implicated in those with concussions, clinical tools 
should be used to fully assess the resulting impairments. 
The purpose of this study was to compare the performance 
of adults with no history of concussion to those with a his
tory of concussion on the Head Shake-Sensory Organiza
tion Test to determine if long-standing balance deficits are 
present after concussion. 

The hypothesis is that individuals with a history of con
cussion will score lower (not as well) than those without a 
history of concussion. 

METHODS 

This cross-sectional study was approved by the Northern 
Arizona University Institutional Review Board and all sub
jects gave informed consent. 

PARTICIPANTS 

Participants were recruited through flyers distributed to 
a public university in a metropolitan community. Partici
pants were required to be 18 to 35 with a history of concus
sion(s) or no history of concussion(s) and possess sufficient 
English language skills to complete questionnaires. Partici
pants were excluded if they were: under 18 or over 35 years, 
had a lower extremity musculoskeletal injury in the prior 
three months; history of a head injury in the past year; or 
diagnosis of a visual, vestibular, or balance disorder, had 
limited cervical range of motion that would interfere with 
horizontal head movements, were unable to complete the 
SOT or had fall reactions to SOT Conditions 5 and 6, had an 
acute concussion within seven days of participation in the 
study, had a history of migraines or severe motion intoler
ance. Participants were had to have not consumed alcohol 
for 24 hours before participating in testing. 

Telephone screening was used to ascertain eligibility. 
Participants meeting study criteria were provided informa
tion about the purpose of the research and the potential 
risks. Participants provided written informed consent. Ex
perimental procedures were approved by the institutional 
review board associated with the study. Participants com
pleted a personal/medical history form prior to testing to 
ensure there were no reasons for exclusion. 

INSTRUMENTATION 

SENSORY ORGANIZATION TEST (SOT) 

The SOT evaluates sensory interactions during six condi
tions that selectively remove or disrupt visual, somatosen
sory, or vestibular systems with the participant attempting 
to maintain steady state standing balance while wearing a 
harness. The conditions are the following: (1) eyes open 
standing on a firm surface; (2) eyes closed while standing 
on a firm surface; (3) sway-referenced vision standing on a 
firm surface; (4) eyes open standing on a sway-referenced 
surface; (5) eyes closed standing on a sway-referenced sur
face; and (6) eyes open, sway-referenced vision standing on 
a sway-referenced surface. Three trials are performed for 
each condition to generate a composite equilibrium score. 
The SOT uses a computerized system with a servo-con
trolled dual force plate and visual surround to determine 
whether an individual can effectively use inputs from vi
sual, somatosensory, and vestibular systems to maintain 
balance while suppressing inaccurate sensory information 
.11,12 The SOT was performed using the NeuroCom Equitest 
BalanceMaster, following a standardized procedure in the 
literature (NeuroCom International, Inc., Clackamas, OR, 
USA.13 The SOT has good-to-moderate test-retest reliabil
ity and has assessed sensory contributions to balance con
trol in children, young adults, older adults, and individu
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als with neurological disorders.14‑17 It has also been used 
to evaluate the effectiveness of interventions for improving 
balance.18‑20 Although the SOT is a commonly used bal
ance assessment tool, its ability to detect subtle balance 
deficits has been challenged.19,21‑23 

HEAD SHAKE SENSORY-ORGANIZATION TEST (HS-SOT) 

The HS-SOT is an enhancement of the SOT and was devel
oped to improve the delineation of balance performance.5,
24,25 In the HS-SOT, dynamic head movements are incor
porated into standard SOT Condition 2 and Condition 5.5,
24 Unlike the SOT where the head is static, the HS-SOT re
quires active head movements in the horizontal plane, as if 
saying no repeatedly, to correspond with visual and audi
tory feedback while maintaining a fixed head velocity at ap
proximately 100° per second as measured by an accelerom
eter. In addition to assessing the possible influence of head 
movements on postural stability, the HS-SOT also stimu
lates the semicircular canals.24 This stimulation creates ad
ditional vestibular input that must be integrated during the 
balance task.25 Therefore, the HS-SOT may expose subtle 
balance deficits and enhance the clinical standard use of 
the SOT.5 The HS-SOT has been shown to have excellent 
test-retest reliability in healthy, younger adults and moder
ate-to-good test-retest reliability in healthy, older adults.26 

At least five separate trials of each condition of the HS-SOT 
are required to calculate composite fixed (Condition 2) and 
sway (Condition 5) scores. 

THE DIZZINESS HANDICAP INVENTORY (DHI) 

The DHI is a self-assessment questionnaire intended to 
measure the impact of dizziness on an individual’s everyday 
functioning. The DHI questionnaire has 25 questions about 
the physical, emotional, and functional effects of dizziness 
on a person’s life.27 Three subscales are assigned to the 
questions. The physical subscale consists of nine items that 
measure the physical effects of vertigo, such as unsteadi
ness, loss of balance, and nausea. The emotional subscale 
consists of nine items that measure the emotional effect of 
vertigo, such as anxiety, depression, and frustration. The 
functional subscale is comprised of seven items that mea
sure the impact of vertigo on daily activities, such as walk
ing, driving, and working. The overall score runs from 0 to 
100, and each question is graded on a 3-point scale (yes, 
sometimes, no). Higher ratings reflect a larger impact of 
vertigo on the individual’s everyday life. The DHI can be 
used to measure the severity of vertigo and to monitor 
symptomatic changes over time.27 

THE ACTIVITIES-SPECIFIC BALANCE CONFIDENCE (ABC) 
SCALE 

The ABC scale is a questionnaire developed to measure a 
person’s confidence in their ability to conduct a variety of 
daily activities without losing their balance or falling. The 
16-item ABC scale asks individuals to assess their confi
dence in accomplishing particular tasks on a scale ranging 
from 0% (no confidence) to 100% (complete confidence).28 

The items encompass a variety of tasks, such as walking up 
and down stairs and reaching for an object on high shelves. 
Higher scores on the ABC scale indicate greater trust in bal
ancing.28 

PROCEDURES 

All testing was conducted at a university research labora
tory at the same location and completed in a single ses
sion. Participants were permitted to use glasses or contact 
lenses. Participants completed a personal/medical history 
form, the DHI, and the ABC. Instructions were provided be
fore each test was performed, and participants were asked 
to demonstrate their understanding of the test before pro
ceeding. Participants were offered rest breaks and water be
tween tests to ensure hydration and adequate rest. Per SOT 
manufacturer recommendations, participants were placed 
in an appropriately sized harness that did not restrict sway, 
and their malleoli were aligned with the axis of rotation 
based on their height. Participants were told to stand as 
steadily as possible while performing SOT Condition 2 
(standing eyes closed on fixed surface) and SOT Condition 
5 (standing eyes closed on sway surface) under three con
ditions. The three conditions were the standard SOT proto
col, the HS-SOT protocol, and the HS-SOT protocol while 
standing on a foam pad. The order of the three conditions 
was randomized for each participant. Three trials of the 
SOT were performed for each condition to calculate a com
posite score, ranging from 0 to 100. A score of 0 was given 
to participants who required the harness to prevent a fall. 

After completing each of the three conditions, partici
pants were disengaged from the BalanceMaster and offered 
a seated rest break. Participants were assisted in donning 
the head accelerometer, and their malleoli were realigned 
in the proper axis. Participants were instructed to move 
their head in the horizontal axis at a velocity of approxi
mately 100° per second that corresponded with an auditory 
tone and visual feedback on the computer monitor. Partic
ipants practiced maintaining the horizontal cervical spine 
motion at the appropriate velocity using the visual feed
back until they were able to maintain the motion with their 
eyes closed and using the auditory feedback. Three trials of 
each condition were performed to calculate the composite 
fixed and sway scores. 

STATISTICAL ANALYSIS 

A sample size calculation was performed to estimate mod
est relationships between the SOT and HS-SOT tests using 
PASS version 12 software indicating 24 participants would 
be required for a power of at least 0.80. (NCSS Statistical 
Software, Kaysville, UT). A p-value of less than .05, two-
tailed was considered statistically significant. SPSS version 
23.0 (IBM Corp., Armonk, NY) was used to analyze the data. 
A linear mixed-effects model was performed as the groups 
were unbalanced. A post hoc analysis was completed to 
identify any differences between the groups. 
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Table 1. Healthy Control and Concussion Groups’ Characteristics and Comparisons.         

Characteristic Concussion n=9 Control n=16 Total n=25 p-value 

Gender n (%) 7 Female (78%) 10 Female (62.5%) 17 Female (68%) 0.432^ 

Age m(SD) (range) years 20.33 (3.35) 
(18-28) 

21.50 (4.52) 
(18-33) 

21.08 (4.10) (18-33) 0.507# 

DHI m(SD) 1.56 (3.28) 2.13 (5.49) 1.92 (4.74) 0.780# 

ABC m(SD) 95.24 (2.69) 95.82 (4.98) 95.61 (4.24) 0.749# 

DHI: Dizziness Handicap Inventory; ABC: Activities-Specific Balance Confidence; ^: Chi square test; #: Independent samples t- test 

Table 2. Equilibrium Scores for Conditions 2 and 5 with and without head shake and while standing on foam pad.                   

Task Condition 
Concussion 

M (SD) 
Control 
M (SD) 

SOT 
2 91.7 (1.8) 93.6 (1.4) 

5 55.2 (17.7) 69.2 (9.0) 

HS-SOT 
2 81.0 (12.1) 91.4 (2.6) 

5 42.0 (16.0) 53.9 (12.6) 

Foam HS-SOT 
2 50.4 (20.0) 63.4 (20.2) 

5 19.7 (2.4) 43.8 (16.2) 

SOT: Sensory Organization Test; HS: Head Shake; M: Mean; SD: Standard Deviation 

RESULTS 

Twenty-five individuals participated: nine patients with 
history of concussion (20.33 +/- 3.35 years, age range: 
18–28) and 16 healthy controls (21.50 +/-4.52 years, age 
range: 18–33). The groups were not significantly different. 
(Table 1). 

The participants’ equilibrium scores during each balance 
test are presented in Table 2. 

The linear mixed model (3 Tasks x 2 SOT conditions x 2 
groups) showed that there was a significant effect of task, 
F (2, 100.584) = 55.372, p < 0.001, a significant effect of 
SOT condition, F (1, 98.930) = 179.653, p < 0.001, and a sig
nificant effect of group, F (1, 28.367) = 14.701, p < 0.001. 
No significant 2- or 3- way interactions were found (p > 
0.05). A post hoc analysis of task effect with Sidak adjust
ment showed that the average equilibrium scores (average 
of SOT2 and SOT5) in both groups significantly decreased 
with more complex tasks. Furthermore, the concussion 
group had significantly worse equilibrium scores than the 
control group during HS-SOT (p = 0.007) and Foam HS-SOT 
(p = 0.002) tasks but not during the standard SOT task (See 
Figure 1). 

In the patient group, there was a significant within-sub
ject effect between the tasks (F (2, 97.66) = 42.96, p < 0.001), 
with higher average equilibrium scores observed on stan
dard SOT (81.41, 95% CI: 76.60–86.21) than HS-SOT (72.62, 
95% CI: 67.81– 77.42) and both SOT and HS-SOT showed 
higher average equilibrium scores than Foam-HS-SOT (M = 
52.90, 95% CI: 47.48– 58.32). 

DISCUSSION 

The main findings were that the SOT equilibrium score de
creased with the addition of head shake and decreased fur
ther when participants stood on the foam cushion, and 
equilibrium scores of participants with a history of concus
sion were lower during HS-SOT as well as Foam-HS-SOT 
than scores of healthy participants. However, no group dif
ferences were found during SOT. The results of the current 
study are clinically important because standardized pos
tural stability tests may not detect subtle differences of dis
ruption of the integration of vision with the vestibular sys
tem needed to maintain balance. 

Researchers have reported that the HS-SOT has good re
liability and may be more useful in discriminating subtle 
postural instability in healthy younger adults compared to 
healthy older adults.5,7 Park et al. investigated SOT and HS-
SOT performance in adults aged 20 to 39, adults aged 40 
to 59, and older adults aged 60 to 79 reporting decreased 
performance on Condition 5 for the SOT and HS-SOT com
pared to Condition 2 for the SOT and the HS-SOT.25 The 
current study differs from these studies by the addition of 
a foam cushion to increase the difficulty and by focusing 
on healthy younger adults that had sustained a concussion 
and comparing differences in healthy younger adults that 
did not have a concussion. 

In the clinic, clinicians often assess balance of a patient 
by challenging balance such as asking a patient to stand on 
one leg or by the use of a foam cushion. A foam cushion 
distorts somatosensation and forces the use of vision and 
the vestibular systems. The literature is sparse on compar
ing foam cushions to challenge balance. A foam cushion 
is used in the concussion balance test (COBALT). DeFeo et 
al. investigated differences between the SOT, modified Bal
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Figure 1. Comparison of Average Equilibrium Score Between Healthy and Concussed Groups.           
SOT: Sensory Organization Test, HS: Head shake 
*: significant difference between groups difference (p<0.05) 

ance Error Scoring System, and COBALT.29 In the DeFeo 
study, the COBALT involved yaw plane head shaking in 
healthy younger adults and the authors reported that the 
COBALT may be a clinically feasible test of sensory inte
gration but this study did not involve patients with a con
cussion. Massingale et al. compared uninjured (mean age of 
14.7) to concussed adolescents (mean age of 15) using the 
COBALT.30 The foam pad that is used with the COBALT has 
a foam density of 3.6 lb/cu ft and is 18 inches wide by 20 
inches depth by 4 inches in height. The foam pad used with 
COBALT differs from the NeuroCom foam pad as the Neu
roCom foam pad is 18 inches wide by 18 inches depth by 
5 inches in height. Chaikeeree et al. have investigated dif
ferences in foam pads during static standing and reported 
the NeuroCom foam pad as having a higher Young’s modu
lus (0.049 MPa) compared to three different types of foam 
pad.31 Chaikeeree et al. noted that foam pad selection mat
ters and that the NeuroCom foam pad induced greater sway 
in both the anterior-posterior direction and medial-lateral 
direction compared to three other types of foam pads: eth
ylene vinyl acetate foam, memory foam, and sponge coated 
with a plastic sheath.31 A comparison of COBALT foam pad 
to the NeuroCom foam pad has not been studied to the au
thors knowledge. In the Massingale et al. study, only 55% 
of the concussed adolescents were able to complete all do
mains of the COBALT due to an increase in symptoms of 
dizziness or inadequate neck range of motion.30 If con
cussed adolescents were unable to complete all of the do
mains of the COBALT, then it may be too difficult to com
plete and perhaps the NeuroCom foam pad may be a good 
substitute. Future studies could compare foam pad cush
ions. 

In the current study, the two patient reported outcome 
measures used were the DHI and ABC scores. Interestingly, 
there were no differences in DHI and ABC scores between 
the control (mean age 21.50 +/-4.52 years) and the con
cussed (mean age 20.33 +/- 3.35 years) groups. As these 
subjective outcome measures are measuring perceived 
dizziness (DHI) and perceived confidence in balance (ABC) 
across functional activities in 20-year-olds, perhaps the 
young adults did not perceive to have dizziness or lack con
fidence in balance during functional activities. Specific to 
the control group, there were two participants that influ
enced the overall mean for the control group with one par
ticipant noting a DHI score of 4 and a separate participant 
noting a DHI score of 10. Although the participants did not 
have a history of concussion it is apparent that these two 
participants may have misinterpreted the questions relative 
to a complaint of dizziness. An example of this is question 
2 of the DHI that asks “because of your problem, do you feel 
frustrated” or question 7 that asks “because of your prob
lem, do you have difficulty reading?” Perhaps the partici
pant interpreted these questions without considering that 
this questionnaire was only relevant to dizziness. The ex
clusion criteria for the study did not limit those with atten
tion deficit disorder or a learning disability so it is possible 
that this influenced these two participants, but this infor
mation was not collected in this study. 

LIMITATIONS 

There were potential limitations in the current study. First, 
there was a small sample size of prior concussed partic
ipants. When considering the number of concussions re
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ported in an athletic season, the Centers for Disease Con
trol estimates that five to 10% of athletes will be diagnosed 
with a concussion.32 In the current study, 36% of the par
ticipants had a concussion history and were not athletes. 
The authors of the current study suggest that future studies 
should investigate a larger athletic population using the 
HS-SOT to identify potential subtle balance deficits. Sec
ond, the National Collegiate Athletic Association and the 
Department of Defense Concussion Assessment, Research, 
and Education (NCAA-DOD CARE) trials investigated the 
impact of attention deficit/hyperactivity disorder, learning 
disability, and the combination of these two neurodevel
opment disorders.33 The NCAA-DOD CARE trial suggests 
that athletes with these neurodevelopment disorders have 
a greater risk of incurring a concussion (Relative Risk range 
of 1.369 to 2.243) compared to controls.33 In the current 
study, these neurodevelopment disorders were not assessed 
and therefore it is possible that participants with these dis
orders were included in the study. It is currently unknown 
how neurodevelopment disorders impact postural stability 
in this population. A limitation of the current study is that 
it was performed in a controlled research lab as the SOT and 
the HS-SOT conditions are impacted by noisy environments 
such as the athletic training room. Authors have suggested 
that both the SOT and HS-SOT should be performed in a 
quiet environment as participants are attempting to main
tain their balance and uncontrolled noise may startle the 
participant and impact their ability to maintain their bal
ance.5‑7 Results may differ in more typical athletic environ
ments. 

CONCLUSION 

Standardized postural stability tests are commonly used to 
assess balance deficits; however, these tests may not be 
sensitive enough to detect subtle differences in balance dis
ruption. In the current study, the HS-SOT and Foam-HS-
SOT conditions were more challenging than the SOT for 
the participants suggesting that the addition of head mo
tion or a foam cushion may assist with identification of 
balance impairments. Participants with a concussion his
tory had lower equilibrium scores in the HS-SOT and Foam-
HS-SOT conditions than healthy participants. This suggests 
that these tests discriminate subtle postural instability in 
individuals with a concussion. Clinicians should consider 
using more challenging postural stability tests to better as
sess balance deficits in individuals with a concussion. 
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