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INTRODUCTION
In the current operational environment of

OIF/OEF, blast injuries from devices such as improvised
explosive devices (IEDs) produce a high number of mild
traumatic brain injuries (mTBI). The continued use of
IEDs against our forces suggests that mTBI will remain a
focus of medical evaluation and treatment. The effects of
mTBI or concussion can decrease individual or unit mis-
sion effectiveness, and potentially cause further risk to the
safety of the individual or his peers. While TBI might be
suspected after any injury that causes a significant blow to
the head, there is also risk for brain injury related to the
concussive force of explosive devices. In some cases, a
blow to the head or blast exposure will cause no injury,
while in other cases this external force will cause disrup-
tion in brain processes. This disruption may range from a
brief, temporary period of being dazed or confused, to a
lengthier period of loss of consciousness. In those cir-
cumstances, it is useful to have an instrument to assess po-
tential cognitive or physical changes from this injury.
Ideally, such an instrument is validated for its ability to
serve in that role, has sensitivity to subtle cognitive
changes that are perhaps not obvious in casual conversa-
tion, is brief, and does not require administration by a
physician or psychologist.

This risk in wartime is in addition to that already
substantial risk in young adulthood. In fact, young men,
the group at greatest risk in the civilian population, has its
rates largely matched by young women in the military, a
figure that demonstrates the inherent risk in service.1 From
1997 through 2006, there were 110,000 servicemembers
who had at least one TBI-related medical encounter, with
11.6% being hospitalizations. As expected, the numbers
of TBI associated with battle injuries and the war time ac-

tivity has increased since September 2001 relative to the
period from 1997 to September 2001. In 2007; however,
there was a marked increase in those that have two or more
ambulatory visits at least seven days apart while deployed
to/within 365 days of returning from Operation Enduring
Freedom (OEF) or Operation Iraqi Freedom (OIF) with the
rates more than doubling over the previous year.2

DEFINITION OF TBI
The Defense and Veterans Brain Injury Center

(DVBIC) defines traumatic brain injury as an injury to the
brain resulting from an external force and/or accelera-
tion/deceleration mechanism from an event such as a blast,
fall, direct impact, or motor vehicle accident, which causes
an alteration in mental status, typically resulting in the tem-
porally related onset of symptoms such as: headache, nau-
sea, vomiting, dizziness/balance problems, fatigue, trouble
sleeping/sleep disturbances, drowsiness, sensitivity to
light/noise, blurred vision, difficulty remembering, and/or
difficulty concentrating. This definition, developed for use
in military settings, is consistent with other widely ac-
cepted definitions such as those by the CDC and WHO.

HISTORY
The need for medical management of concussion

(mTBI) is well recognized in the sports world. This in-
volves two components.1 One is the acute care manage-
ment of the injured at the time of injury. This is to identify
and treat any potential neurosurgical emergencies. The
other is the monitoring of concussion symptoms over time
to monitor progress in recovery and determine when an in-
dividual is fit to return to the playing field. McCrea and
colleagues in a prospective cohort study of 1631 collegiate
football players examined the course of recovery after a
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subset of the players sustained a concussion.2 These ath-
letes showed the greatest number of physical and cognitive
symptoms in the acute phase immediately after concus-
sion, with a course of recovery over five to seven days, at
which time most were again at their baseline. However,
about 10% remained symptomatic at one week’s time, and
players demonstrated different patterns of recovery in their
symptom reporting, cognition, and balance.

In November 2006, the DVBIC assembled 32 mil-
itary and civilian experts to create a literature-based clin-
ical practice guideline with regard to the assessment and
management of mTBI in a military operational setting.
That group produced a set of guidelines (see
http://www.dvbic.org/pdfs/clinical_practice_guideline_rec
ommendations.pdf for the full document). For illustrative
purposes, a graphical representation of the Level I prac-
tice guideline is shown below. As can be seen, this guide-

line relies on the use of the Military Acute Concussion
Evaluation (MACE; see on page 71 for full instrument) a
tool developed earlier that year by the Defense and Veter-
ans Brain Injury Center. The MACE has both a history
and evaluation component. The history component can
confirm the diagnosis of mTBI after establishing that
trauma has occurred and that during the course of this trau-
matic event, i.e. the service member having experienced
an alteration in consciousness. The evaluation component,
designed to be easily used by medics and corpsmen, can be
administered within five minutes. It utilizes the Stan-
dardized Assessment of Concussion (SAC) to preliminar-
ily document neurocognitive deficits in four cognitive
domains: orientation, immediate memory, concentration
and delayed recall. 3

The SAC was developed in response to and in ac-
cordance with the recommendations of the Colorado and
American Academy of Neurology Colorado Guidelines.
The SAC was also designed to be consistent with the neu-
ropsychological literature on those domains of function

thought to be most sensitive to the effects of mild traumatic
brain injury/concussion, and the tests best suited to meas-
uring those functions in brain injury patients.4,5 The SAC
has been shown in multiple studies to have validity in de-
tecting and characterizing mental status abnormalities re-
sulting from concussion.6,7

MACE ADMINISTRATION
The MACE has full instructions in its administra-

tion. The MACE and instructions are available at
http://www.dvbic.org/cms.phpp=Medical_care. The
MACE is designed for use fairly immediately post-injury.
There are no data to support its use beyond the acute in-
jury period, although it may have sensitivity to persistent
cognitive deficits after the first week. The first eight parts
of the MACE describes the incident that caused injury or
concern for injury, determines whether a TBI actually oc-
curred, based on the TBI definition, and asks about current
symptoms. In practice, when possible, it is useful to de-
termine whether the reported symptoms have a temporal
relationship to the injury itself. That is, if tracking recov-
ery from injury, one must be sure that the symptoms being
examined did not antedate the injury. These first sections
of the MACE are generally equivalent to the Brief Trau-
matic Brain Injury Screen (BTBIS and better known as the
DVBIC 3 Question Tool). The BTBIS10 is a TBI screening
that has had initial validation of its ability to determine the
presence of a TBI when given as a questionnaire. While it
has questions about TBI related symptoms, it provides only
self report of cognition and other factors. The MACE is
intended to be individually administered and can more
carefully detect and characterize potential cognitive dys-
function as a result of the injury. Parts 9 through 13 of the
MACE provide the formal cognitive examination and a
neurological screening. This screening involves examina-
tion of the eyes for pupil reactivity; examination of verbal
fluency and output; and motor changes such as gait distur-
bance or pronator drift. In the scored portion, one point is
given for each correct response. However, there may not
be equal clinical significance to each item. For example, if
a service member were to lose a point for the month or
year, it would be suggestive of more diffuse cognitive im-
pairment than the inability to recall one of five learned
words after a delay. There are alternate forms available for
the words and digits, as there have been case reports of
service members memorizing MACE word lists, so that
they might remain deployable with their unit.

.
INTERPRETATION

There is no definitive cutoff below which cogni-
tive dysfunction is present. In studies of some non-con-
cussed patients the mean score was 28. In the initial
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validation studies of the SAC, a score of 25 provided the
best combination of sensitivity and specificity to mental
status changes. Therefore, in practice, a score below 25
may represent clinically relevant cognitive impairment.

The authors of the SAC provide several guide-
lines to be followed in the interpretation of the SAC per-
formance in sports related concussion, but the guidelines
and cautions for interpretation are equally useful in a mil-
itary setting (p.47):

● The SAC provides a standardized, ob-
jective measure of mental status changes
following concussion, but the examiner
must not rely solely on the SAC or any
other instrument as a stand-alone
method of diagnosing concussion or de-
termining a subject’s recovery and readi-
ness to return to play after injury. The
SAC is intended to complement, not
substitute for, the advice of a physician
or other qualified healthcare provider.
All aspects of the injury examination
(e.g., mental status evaluation, physical
exam, symptom survey, witness ac-
counts, etc.) must be equally considered
in the assessment and management of
concussion.
● Concussion may manifest with signs
other than mental status or neurocogni-
tive abnormalities, such as physical
signs or other post-concussion symp-
toms. Therefore, a comprehensive
physical exam and survey of symptoms
should accompany any mental status
exam, including the SAC.
● Any unusual signs and symptoms re-
ported or displayed by a subject follow-
ing suspected concussion must be
seriously considered by the examiner,
regardless of performance on the SAC
or any other assessment measure. The
presence of any post-concussion signs
or symptoms, on the SAC or otherwise,
should preclude any subject from re-
turning to competition and indicates the
need for close monitoring of the sub-
ject’s condition. Persistent symptoms
indicate the need for further evaluation
by a physician.
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