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__ CLINICAL STUDIES

BALANCE DEFICITS AFTER SPORTS-RELATED
CONCUSSION IN INDIVIDUALS REPORTING
POSTTRAUMATIC HEADACHE

OBJECTIVE: Posttraumatic headache (PTH) may affect neurocognition after sports-
related concussion. To our knowledge, no studies have examined how PTH affects bal-
ance after concussion using dynamic posturography. The purpose of this study is to
compare balance after concussion between athletes reporting PTH and athletes not
reporting PTH.

METHODS: We conducted a retrospective, repeated-measures design with participants
grouped by presence of postinjury report of headache. Balance testing was conducted
on 108 concussed collegiate athletes (age, 18.83 = 1.27 yr; height, 180.92 % 10.01 cm;
mass, 83.29 = 19.62 kg). Presence of PTH during the first postinjury test session (group)
and test time (baseline, postinjury) served as the independent variables. The compos-
ite equilibrium score and the somatosensory, vestibular, and visual ratio scores served
as dependent variables. A 2 X 2 mixed model analysis of variance was used to ana-
lyze each outcome measure.

RESULTS: Significant decreases in all four measures assessed were noted after concus-
sion compared with preseason baseline measures (P < 0.05). Significant group by test-
time interactions were observed, suggesting that composite equilibrium (Fy106 = 6.6089;
P = 0.012) and vestibular ratio (F1106 = 7.156; P = 0.009) scores are affected by the
presence of PTH. Athletes reporting PTH also demonstrated worse visual ratio scores
compared with individuals not experiencing PTH (Fy106 = 4.26; P = 0.041). No other
significant findings were observed for the somatosensory ratio score.

CONCLUSION: Current literature proposes that PTH is associated with cognitive deficits.
Our study indicates that PTH may also contribute to increased balance deficits. We
believe the deficits may be a result of increased sensory organization challenges after
injury. Clinicians should be mindful of these findings when managing concussed ath-
letes reporting headache.
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ety of symptoms and neurocognitive

deficits after injury. Headache is one of
the more common symptoms, occurring in 40
to 86% of concussed individuals, and may
often be overlooked after a possible concus-
sive injury (10, 11, 20). Decreases in neuropsy-
chological performance and increases in symp-
tom presence and severity in individuals
reporting posttraumatic headache (PTH) and
characteristics of posttraumatic migraine after
a concussive injury have been reported in the
literature (2, 21, 28). These findings are impor-

Sports—related concussion results in a vari-
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tant to clinicians, as PTH may exacerbate neu-
rocognitive impairment after injury. The
headache literature also identifies neuropsy-
chological deficits in individuals experiencing
various headache disorders (18, 25, 36).
Various forms of headache, particularly
migraine, have been associated with balance
disorders throughout the balance literature.
Both vertigo and generic postural instability
are common problems for individuals experi-
encing headache disorders. Vestibular distur-
bance is one of the most commonly reported in
the literature (9, 17, 30, 35). Research has also
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revealed the presence of balance deficits after sport-related con-
cussion (10, 12, 27, 29). Concussion-related balance deficits tend
to be greatest at 24 hours after injury and typically resolve
approximately 3 days after injury (12). Research has identified
vestibular and visual system deficiencies in individuals with
global postural control deficits (7, 12, 31).

Although studies have discussed neurocognitive deficits, to
our knowledge, no other study has examined balance assessed
by dynamic posturography in individuals reporting headache
after concussive injury. Although it has been previously estab-
lished that athletes reporting PTH experience increased pres-
ence and severity of symptoms (2, 21, 28), the purpose of this
study was to compare balance deficits between individuals not
reporting PTH and individuals reporting PTH after a concus-
sive injury.

PATIENTS AND METHODS

One hundred and eight concussed male and female collegiate athletes
served as subjects for this study (age, 18.83 = 1.27 yr; height, 180.92 *
10.01 cm; mass, 83.29 = 19.62 kg). The study was approved by the uni-
versity’s institutional review board and was fully explained to partici-
pants before their participation in the study. Written informed consent
was obtained from each subject before the collection of any data.

Subjects were stratified into one of two groups based on their self-
report of headache on a symptom checklist during the first postinjury
test session. Subjects reporting headache on a symptom checklist were
placed in the PTH group (n = 82) and subjects not reporting headache
were placed in the non-PTH group (n = 26). The PTH group consisted
of 60 men and 22 women and the non-PTH group consisted of 15 men
and 11 women. The subjects” balance scores were obtained during a
preseason baseline session and the first postinjury evaluation session.

Balance Assessment

Balance was measured using the Sensory Organization Test (SOT)
(NeuroCom International, Clackamas, OR) (1, 5, 10, 12, 16, 22, 23, 26,
34). The SOT protocol consists of six different 20-second conditions
performed three times each. The six conditions of the SOT are designed
to evaluate an individual’s balance by disrupting the somatosensory,
vestibular, and visual systems to determine how the individual
responds and compensates in the altered environments. The SOT
accomplishes this by moving the visual surround (walls) and surface
(floor) while the subject’s eyes are either open or closed, depending on
the condition. The amount of sway is directly proportional to the move-
ment of the center of gravity as measured by the SOT force platform
(sway referencing set at +1). Figure 1 depicts the six SOT conditions.
Using these conditions, an overall composite equilibrium score, as well
as somatosensory, vestibular, and visual ratio scores, were obtained.
The composite score represents the weighted average of the scores of
all of the sensory conditions. A higher score represents better perform-
ance or less postural sway. The vestibular ratio score is calculated as the
ratio of Condition 5 equilibrium score to Condition 1 equilibrium score.
The visual ratio score represents the ratio of Condition 4 to Condition
1, and the somatosensory ratio score represents the ratio of Condition
2 to Condition 1. The first condition is regarded as a reference in which
all sensory modalities are available and unaltered. Higher ratio scores
indicate the subject’s increased ability to maintain balance under con-
ditions in which the vestibular (Condition 5), visual (Condition 4), and
somatosensory (Condition 2) systems are required to compensate for
the alteration of other systems. The composite equilibrium score and

NEUROSURGERY

POSTTRAUMATIC HEADACHE AFFECTS BALANCE

@ B 2L 8
~— . J
4 =) s.( N\ 6. ( N

N ), - Y, L ny,

Sensory Organization Test

FIGURE 1. Six conditions of the Sensory Organization Test (SOT).
(Reproduced courtesy of NeuroCom International, Inc., Clackamas, OR).

the three ratio scores served as dependent variables in our study. These
four measures were compared at baseline, after injury, and across the
two test times. Baseline means and standard deviations, which were
not significantly different between the groups, are listed in Table 1. The
following values were recorded: composite, ti0s = 1.80 and P = 0.072;
vestibular, t;os = 0.528 and P = 0.598; visual, t;o¢ = 1.00 and P = 0.318;
and somatosensory: t;os = -694 and P = 0.489.

Data Analyses

To address our purpose, we performed separate 2 X 2 mixed model
analyses of variance for each of the four dependent measures of inter-
est. Test-time (preseason baseline and postinjury) and group (PTH and
non-PTH) served as our independent variables for each of our analy-
ses. Our alpha level was set a priori to a P value less than 0.05. All sta-
tistical analyses were performed using SPSS 13.0 software (SPSS, Inc.,
Chicago, IL).

RESULTS

Regardless of headache group classification (i.e., PTH or non-
PTH), we noted a significant decrease in all four measures
assessed in this study after injury compared with preseason
baseline measures (P < 0.05). This finding was driven largely
by the PTH group, as the non-PTH group did not exhibit sig-
nificant changes in these measures and the PTH group made
up a larger portion of the sample. The mean time to the first
follow-up evaluation was 1.44 + 0.90 days for the PTH group
and the mean time to the follow-up evaluation for the non-
PTH group was 1.81 = 1.1 days. The baseline and postinjury
means and standard deviations are listed in Table 1 and
depicted in Figures 2 through 5.

We observed a significant group by test-time interaction for the
overall composite balance equilibrium score (F106 = 6.6089; P =
0.012). The postural stability of our injured athletes after concus-
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TABLE 1. Means and standard deviations of Sensory Organization Test scores?

Baseline Postinjury
Outcome measure
Non-PTH PTH Non-PTH PTH
Composite? <9 82.22 =5.16 79.88 = 5.90 82.02 = 6.97 72.67 £ 14.23
Vestibular? <9 0.76 £ 0.09 0.75 *0.10 0.77 £0.11 0.63 = 0.23
Visual < 0.91 = 0.07 0.89 = 0.08 0.91 = 0.08 0.83 =0.18
Somatosensory 0.97 = 0.02 0.97 = 0.03 0.95 = 0.03 0.95 = 0.06

7 PTH, posttraumatic headache.
b Significant group by test-time interaction (P < 0.05).

< Significant group main effect (P < 0.05).
9Significant time main effect (P < 0.05).

sion was influenced by whether or not they were experiencing a
headache after injury. On average, PTH athletes demonstrated a
seven-point decline on the composite equilibrium score after
injury compared with individuals not experiencing PTH (Fig. 2).

A significant group by test-time interaction was also obser-
ved for the vestibular ratio measure (Fy106 = 7.156; P = 0.009).
The ability of individuals to accurately use information from
the vestibular system was influenced by whether or not they
experienced headache after injury. Contributing to these find-
ings is the significant departure from baseline performance, as
the vestibular ratio score seemed to be more impaired (approx-
imately 13%) in the PTH group than in individuals not report-
ing PTH (Fig. 3). Individuals with PTH also demonstrated
worse visual ratio scores compared with individuals not expe-
riencing PTH (Fi106 = 4.26; P = 0.041). The group by test-time
interaction was not significant (P = 0.086) but suggests a trend
similar to that of the other variables and a departure of postin-
jury visual ratio scores from preseason baseline measures (Fig.

4). No other significant findings were observed for the
somatosensory ratio score (Fig. 5).

DISCUSSION

Our most important finding is that concussed athletes with
PTH experience greater declines in balance than concussed ath-
letes without PTH. As maintaining postural stability is an
important activity of daily living, understanding the effect of
PTH on balance impairments is of important clinical applicabil-
ity not only for evaluating concussed athletes but also for man-
aging a safe return to activity. Feedback given by the vestibu-
lar, visual, and somatosensory systems gives rise to the various
central nervous system commands needed to generate the
appropriate response to environmental changes to maintain
balance. These sensory systems, as well as the integration of
these systems, have been documented to be affected by both
concussion and headache (12, 17, 27, 30, 35). Our study displays
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FIGURE 2. SOT overall composite equilibrium score. A significant group
by test-time interaction indicating that athletes with posttraumatic
headache (PTH) performed worse after concussion compared with presea-

son baseline than athletes not reporting headache after injury (P < 0.05).

FIGURE 3. SOT wvestibular ratio score. A significant group by test-time
interaction indicating that athletes with PTH had more difficulty using the
vestibular system to maintain balance after concussion compared with pre-
season baseline than athletes not reporting headache after injury (P < 0.05).
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FIGURE 4. SOT visual ratio score. A significant main effect of group sug-
gested that athletes with PTH had more difficulty using visual information
to maintain balance after concussion compared with preseason baseline
than athletes not reporting headache after injury (P < 0.05).

FIGURE 5. SOT somatosensory ratio score. A significant main effect of
time suggested that athletes in general had more difficulty using
somatosensory information to maintain balance after concussion compared
with preseason baseline measures (P < 0.05).

increased deficits related to both the vestibular and visual sys-
tems and overall balance in individuals reporting PTH after
concussion.

Headache studies have documented an increase in postural
sway and other postural control deficits in individuals experi-
encing both tension-type headache and migraine. One of the
hypothesized explanations for this deficit in individuals with
tension-type headache is cervical area muscular involvement,
as some studies have shown cervical proprioceptive input to
contribute to postural control (8). Oftentimes, concussive
injuries result in concomitant neck pain, or nuchal and par-
avertebral muscle contraction, which may result in abnormal
proprioceptive feedback (19, 31). Considering that both head-
ache and concussion often contribute to muscular issues in the
cervical region, this may partially explain the decreased over-
all balance performance in individuals reporting PTH. Indivi-
duals experiencing migraine headaches have also been
reported to have these increased balance deficits (9, 17, 30, 33,
35). The mechanism is different for those with migraine than
for those with tension-type headache. The deficit is often a
result of vestibulocerebellar dysfunction and has been found to
be of a central origin (14). Given that many individuals re-
porting headache after concussion also report symptoms con-
sistent with those of a migraine headache, perhaps these de-
ficits are more pronounced with PTH as a result of overlap
from headache, symptoms, and the concussive injury altering
the integration of visual, vestibular, and somatosensory input.

The vestibular disturbances accompanied by tension-type
headaches may be attributable to cervical muscular issues, as
vestibular, visual, and neck proprioceptive information work
together to achieve body and space orientation (30). Concus-
sion has been shown to inhibit an individual’s ability to appro-
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priately use feedback from the vestibular system when visual
and somatosensory inputs are disrupted. This disruption cre-
ates an increased challenge for individuals attempting to ignore
altered environmental information. A healthy individual would
be able to compensate; however, concussed individuals are
often unable to ignore these altered environmental conditions
and select an “incorrect” motor response as a result (12, 15).
Our study found that individuals reporting PTH experience
significantly decreased postinjury vestibular ratio scores, indi-
cating a significantly greater reduction in balance when inputs
from both the visual and somatosensory inputs are disrupted.

It is not unusual that we also observed a significantly lower
postinjury visual ratio score in the group reporting PTH. In
those experiencing migraine, it has been hypothesized that the
close connections between the vestibular nuclei and the oculo-
motor nuclei resulting in the vestibular processing problem
may also be causing issues with visual integration (4, 6, 32).
This mechanism may explain the problems with the visual sys-
tem in our athletes with PTH.

No group differences were found with respect to the som-
atosensory system. In our experience, this is the system least
affected by concussion. This system appears to remain the
least affected even in the presence of PTH. Studies have sug-
gested that both peripheral and central deficits may be the
causative factors in postural stability deficits after concussion
(19). There are also known attention and concentration deficits
after concussion that may play a role in these deficits, specifi-
cally, 1 to 2 days after injury (3, 12, 22, 27). When considering
that these deficits are often significantly worse in individuals
experiencing PTH (2, 21, 28), balance deficits in individuals
reporting PTH may be of clinical concern. One study using the
Balance Error Scoring System, a sideline clinical balance
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assessment battery, found no significant differences in errors
performed by athletes; however, a trend for declining scores
was reported (28).

As with any study, ours is not without limitations. We used
a self-report symptom checklist to determine the presence of
headache, which may have introduced a recall bias. Our groups
were not evenly balanced; however, we believe our sample
represents the concussed population, where as many as 86% of
concussed individuals report headache after injury (13). An
additional limitation is that neither history of headache disor-
ders and previous concussion presence of baseline headache,
were included in this study; however, previous work has sug-
gested that there is no association with previous concussion
and presence of headache immediately after concussion (28).
We also did not examine migraine characteristics or other spe-
cific headache types. With these limitations in mind, future
research should obtain more information on headache after
concussion as well as the presence of posttraumatic migraine
characteristics and the effects these characteristics may have on
balance and recovery after sport-related concussion. It should
also be noted that in cases of statistical nonsignificance, these
measures resulted in large standard deviations; however, this is
common among concussed individuals, as concussion is such
an individualized injury.

Our overall findings may best be explained by the changes of
interpretation of sensory cues underlying postural control as a
result of the concussion and the headache in combination alter-
ing the muscular proprioceptive feedback. This may result in
changes in normal sensory cues and create a reorganization
pattern of the remaining sensory cues. Our study provides sev-
eral clinical implications. First and foremost, PTH is the most
common symptom of concussion and has recently been identi-
fied as a possible contributor to increased neurological deficits
after injury (2, 21, 28). Recent studies have displayed increased
symptom presence, severity, and decreases in neuropsycholog-
ical performance in individuals reporting PTH after concus-
sion. These deficits are magnified with increasing headache
severity and the presence of posttraumatic migraine character-
istics (2, 21, 28). Our study adds to this body of literature, sug-
gesting increased postural stability deficits and decreased abil-
ity to ignore altered environmental conditions in individuals
reporting PTH. Many clinicians do not have access to highly
advanced assessment tools, but 85% of certified athletic train-
ers use a graded symptom checklist as part of their concussion
management protocol (24). In the absence of these advanced
measures, the presence of symptoms may provide clinicians
important information regarding a concussive injury. Clinicians
should consider headache (in the presence or absence of other
symptoms) after concussion as a sign that the athlete is not
ready to return to play.

CONCLUSION

Clinicians should be mindful of the possible increased cogni-
tive and balance deficits in the presence of posttraumatic
headache. Most aspects of sport and physical activity place com-
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peting demands on the cognitive system and require complex
sensory modality interaction. These demands and complex
interactions may predispose an athlete experiencing headache
after injury to further injury. Clinicians and athletes should be
aware that headache after a sudden movement of the head or
body, or even a direct blow to the head, is a serious symptom
and should be treated as such. Our study also reinforces the
need for preseason baseline assessment, as understanding what
is normal gives insight into how impaired an individual may be
after injury. The most important implication of our study is that
completely asymptomatic return to play is essential, as even
the presence of headache may indicate a decrease in an individ-
ual’s overall ability to maintain balance.
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COMMENTS

his article reports a retrospective analysis of 108 concussed colle-

giate athletes’ baseline and postinjury balance performance using
the Sensory Organization Test. Register-Mihalik et al. compare balance
deficits in those reporting versus those not reporting symptoms of
posttraumatic headache (PTH). The finding that balance deficits are sig-
nificantly worse in concussed patients with coexisting PTH than in
concussed patients without PTH is important for neurosurgeons and
others involved in decisions on return to play. It suggests that the pres-
ence of PTH, which can be readily assessed, may serve as a marker for
concomitant balance deficits.

Register-Mihalik et al. have provided a detailed description of the
numerous issues involved with the maintenance of postural stability
and how they can be affected after mild traumatic brain injury
(MTBI). The role of the vestibular system in symptomatology and
our prior belief that it can be primarily involved in concussive head
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injury is borne out by these observations in athletes. In addition, in
experimental models, we know that, clinically and pathologically,
both axonal and neuronal injury in MTBI can be expressed in the
brainstem. Undoubtedly, the clinical expression of symptoms after
MTBI in athletes is complex and multifactorial. However, this
research sheds light on the interaction of these several systems that
contribute to reversible neurocognitive impairment after MTBI, which
may become repetitive, especially in athletes.

Despite its potential clinical utility, the underlying pathophysiolog-
ical basis of this association is not well understood, and many ques-
tions remain. Preconcussion risk factors are likely to be contributory
and should be investigated. In addition, the role of PTH severity needs
to be elucidated. Register-Mihalik et al. focused on the symptoms and
signs during the first 3 days after injury. Further description of the
temporal dynamics of the relationship between PTH and balance
would be useful. Ultimately, it will be important to determine whether
PTH itself is disruptive to visual, vestibular, and/or somatosensory
pathways or whether PTH serves as a marker of some other etiological
factor. In the meantime, the authors have made an important contribu-
tion to the clinical evaluation of concussed athletes.

Todd Harshbarger
Julian E. Bailes
Morgantown, West Virginia

n this provocative study, Register-Mihalik et al. evaluated the rela-

tionship between postinjury headache and balance. They believe that,
as for headache and cognition, a relationship exists with balance that
may dictate decision making on return to play. As they note, there are
significant limitations with this work, including a lack of detail related
to headache character, past headache history if any, other potentially
related symptoms (i.e., visual symptoms), and a large variance in the
collected data. They postulate a number of physiological mechanisms
that might correlate headache with balance dysfunction, including cer-
vical musculature pain. However, these are speculative correlations
only. Perhaps the main value of this report is to provide the impetus for
additional, more detailed studies of the relationship between described
postinjury symptoms and balance.

Douglas Kondziolka
Pittsburgh, Pennsylvania

H eadache after concussion is a pervasive symptom and can present
confusing scenarios to the clinician who is often faced with mak-
ing difficult return-to-play decisions. Although our current knowledge
regarding postconcussion headache is limited, prior studies have
demonstrated a neurocognitive component that can be measured with
careful neuropsychological evaluation. In this study, Register-Mihalik
et al. add to our understanding of PTH and rightly espouse a multifac-
eted evaluation of the concussed athlete. I am hopeful that these
researchers will continue this line of investigation in the future.

Mark Lovell
Neuropsychologist
Pittsburgh, Pennsylvania

egister-Mihalik et al. evaluated how headache after concussion

influenced balance. This study is important because of its original-
ity and also because it further validates the importance of including
balance testing in the battery of baseline and postconcussive injury
testing in athletes. Balance information is very helpful in communicat-
ing with both the athlete and the coaching staff when one has to
explain why that athlete should not participate in their sport. It is a
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physical sign and symptom that can be measured and presented with
other symptoms such as headache, “feeling in a fog,” feeling tired, dif-
ficulty concentrating, and so on. Balance testing is an excellent comple-
ment to computerized neuropsychometric testing, and standard assess-
ment of Concussion and Post Concussion Symptom Scale information.
We use the Balance Error Scoring System at our institution and find the
information quite valuable.

Russ Romano
Athletic Trainer
Los Angeles, California

verall this study describes deficits in standardized balance assess-

ments in patients experiencing headache as a postconcussive
symptom. This is an important finding because it relates a readily avail-
able clinical parameter (subjective report of postconcussive headache) to
an objective physiological measure (the Sensory Organization Test). The
interpretation does not overreach the data, and the conclusions of the
study have potential significance. One of the strengths of the study is the
capacity for within-subject analyses when results from baseline and
postinjury symptoms and balance testing are compared. Given the con-
cern in the literature for athletes minimizing or underreporting symp-
toms after concussion, it would be interesting to look at the subset of
individuals not reporting postconcussive headache but showing evi-
dence of impairments on the Sensory Organization Test and/or the cor-
relation between deficits in sensory organization and neuropsycholog-
ical impairments. Furthermore, recent studies have raised the possibility
of reversible white matter dysfunction as a mechanism of underlying

neurological impairment after concussion. Wilde et al. (2) reported
increased fractional anisotropy in the corpus callosum that correlated
with postconcussive symptoms. One may speculate that integration of
multiple sensory/postural stimuli may be dependent on normal con-
nectivity between different brain structures that modulate sensation/
posture. Vagnozzi et al. (1) showed evidence of neurometabolic dysfunc-
tion (reduced N-acetylaspartate) using magnetic resonance spectroscopy
with a voxel at the frontal gray-white matter junction that recovers over
time, but recovery is prolonged if a second concussion is sustained
before resolution of the initial neurometabolic deficit. Future areas for
investigation could include within-subject administration of the Sensory
Organization Test, standardized symptom checklists, and noninvasive
neuroimaging measures of functional connectivity.

Christopher C. Giza
Los Angeles, California

Daniel Kelly
Santa Monica, California

1. Vagnozzi R, Signoretti S, Tavazzi B, Floris R, Ludovici A, Marziali S, Tarascio
G, Amorini AM, Di Pietro V, Delfini T, Lazzarino G: Temporal window of
metabolic brain vulnerability to concussion: A pilot 'H-magnetic resonance
spectroscopic study in concussed athletes. Neurosurgery (in press).

2. Wilde EA, McCauley SR, Hunter JV, Bigler ED, Chu Z, Wang Z]J, Hanten GR,
Troyanskaya M, Yallampalli R, Li X, Chia J, Levin HS: Diffusion tensor imag-
ing of acute mild traumatic brain injury in adolescents. Neurology 70:948-955,
2008.
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