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Abstract. Objective: to determine the potential impacts of Operation Enduring Freedom (OEF) and Operation Iraqi Freedom
(OIF) on the incidence of TBI-related hospitalization in the active duty US Army.
Methods: All active duty Army personnel hospitalized with a TBI diagnosis during fiscal years 2000 through 2006 were identified
in an administrative database. Annual crude incidence rates were calculated. Two-year adjusted incidence rates were calculated
to compare TBI-related hospitalization rates in the Army to rates in the age-comparable segment of the US civilian population.
Results: The overall incidence of TBI-related hospitalization in the active duty Army increased 105% from FY2000 to FY2006.
There was a 60-fold increase in the hospitalization rate for TBIs attributed to weapons. The increases in TBI hospitalizations
coincided with the occurrence of OEF/OIF. During OEF/OIF, the Army’s hospitalization rates for moderate and severe TBIs were
lower than civilian rates; however, the Army’s hospitalization rate for mild TBIs was higher than civilian rates.
Conclusion: OEF/OIF appear to have had a substantial impact on TBI-related hospitalization rates in the active duty US Army
but differences between Army and civilian rates were not as excessive as expected.
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1. Introduction

The annual incidence of hospitalization associated
with traumatic brain injury (TBI) in the active duty
US Army decreased substantially in the 1990’s [22].
Changes in hospital admission practices for mild
TBI, an increased emphasis on injury prevention, and
changes in the Army population likely contributed to
the decrease [22]. Furthermore, the United States did
not participate in any prolonged large-scale military
conflicts during the 1990s and the resulting lack of bat-
tle injuries helped facilitate the decrease. However, for
most of the current decade, the United States has been
involved in two large-scale protracted military conflicts

1The views expressed in this article are those of the author and do
not reflect the official policy of the Department of Army, Department
of Defense, or U.S. Government.

in Afghanistan and Iraq that have likely increased the
annual incidence of TBI-related hospitalizations in the
active duty Army.

The war in Afghanistan, which was designated Op-
eration Enduring Freedom (OEF) by the US military,
began in October 2001 and is the smaller of the two
conflicts. The war in Iraq, which was designated Op-
eration Iraqi Freedom (OIF), began in March 2003 and
is considerably larger in scale than OEF. Both con-
flicts are still ongoing and, because of their simultane-
ous occurrence, are treated in this paper as one entity,
OEF/OIF, for ease of analysis and discussion.

TBI is one of the more common types of battle in-
jury. This is because “the head is preferentially ex-
posed in combat as the soldier constantly monitors his
environment by means of exteroceptive neurosensory
structures (eyes, ears, and nose) in order to enhance his
own survival” [8]. It is estimated that the head and neck
together comprise 12% of the total body area that is ex-
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posed during combat but in World War II and the Kore-
an and Vietnam Wars, 15% to 25% of combat wounds
were to the head/neck region [8]. However, in OEF/OIF
the proportion may be higher. A recent study that ex-
amined 6,609 combat wounds sustained by US military
personnel in these conflicts found that 30% were to the
head/neck region [37].

TBI has often been described in the news media as
the “signature” injury of OEF/OIF but the incidence of
TBI in these conflicts is not known and without such
data this type of description can lead to mispercep-
tions about the magnitude of the public health prob-
lem TBI currently poses to the US Army. So far, the
TBI-focused epidemiologic studies that have been pub-
lished obtained their data from non-clinical samples of
soldiers who were screened for TBI after they returned
from OEF/OIF [16,43,44,49]. Although these studies
were useful for demonstrating the feasibility and po-
tential utility of population-based TBI screening, they
cannot be used estimate the incidence of TBI in the
Army resulting from OEF/OIF. Consequently, there is
an insufficient amount of data available in the research
literature at the present time to assess the impact of
OEF/OIF on TBI in the Army.

To measure the impact of these conflicts on TBI in the
Army, studies including a broader spectrum of soldiers
are needed. They need to include data from soldiers
who were medically evacuated from OEF/OIF and still
hospitalized as well as those convalescing after being
discharged from the hospital. They also need to include
data from soldiers who were not deployed to OEF/OIF.
In addition, data about the pre-war incidence of TBI in
the Army need to be provided to serve as a benchmark.
TBI incidence data from the civilian population could
also be added to serve as another benchmark.

Administrative databases can be useful for these
types of studies because they often contain data about
an entire segment of a patient population. This paper
examines the annual incidence of TBI-related hospital-
ization in the active duty Army from fiscal year (FY)
2000 through FY2006 using data from the military’s
Standard Inpatient Data Record (SIDR) database. The
SIDR contains data about all military personnel who
are hospitalized in military medical facilities as well as
those who are treated in civilian hospitals [3]. In ad-
dition, this paper will compare the incidence of TBI-
related hospitalizations in the Army to that of the age-
comparable segment of the US civilian population us-
ing data from the National Hospital Discharge Survey
(NHDS), which is based on a large annual probabili-
ty sample of discharges from short stay hospitals with

more than six beds located in all 50 states and the Dis-
trict of Columbia [10]. The paper will infer from these
data the likely impact of OEF/OIF on TBIs in the Army
and illustrate how a better understanding of the epi-
demiology of military TBI can provide some insights
about the nature of these conflicts as well as our current
understanding of TBI.

2. Methods

Deidentified data for all active duty U.S. Army per-
sonnel with a TBI diagnosis in SIDR from FY2000
through FY2006 were analyzed. These data were ob-
tained from the U.S. Army’s Patient Administration
Systems and Biostatistics Activity. Data for US civil-
ians 17 to 49 years of age who were hospitalized with
a TBI diagnosis in 2000, 2001, 2005 and 2006 were
also analyzed. This is the age range of approximately
98% of the active duty Army population. The number
of civilian hospitalizations was estimated from NHDS
public-use data files for those years [11]. To avoid over
counting Army personnel hospitalized multiple times
for the same injury event, only data from the initial
hospitalization were used.

A patient was considered to have had a TBI if at
least one code from any of the following categories
in the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9 CM) was listed
in any of the available diagnosis fields in the SIDR and
NHDS: 800.00 to 801.99, 803.00 to 804.99, and 850.0
to 854.19. These diagnosis codes have been used in
numerous studies to identify TBIs [18]. Patients who
had any ICD-9 CM codes in the 800–959 range other
than those used to indicate TBI were considered to have
associated extra-cranial injuries.

TBI severity was estimated by mapping ICD-9
CM diagnoses to the Abbreviated Injury Scale (AIS)
1990 Revision by using a computer algorithm called
ICDMap-90 [4,50]. 1990 was the year of that last ma-
jor AIS revision prior to the recent 2005 revision. The
AIS uses the following six-category score to indicate
the severity of each diagnosis: 1 (minor), 2 (moderate),
3 (serious), 4 (severe), 5 (critical), and 6 (maximal).
The AIS severity scores for TBI diagnoses were sub-
sequently converted into the three categories that are
generally used to categorize TBI severity. Diagnoses
with a severity score � 2 were classified as mild, those
with a score of 3 were classified as moderate, and those
with a score of 4, 5, or 6 were classified as severe. For
patients with multiple TBI diagnoses, the injury with
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the highest severity score was used to indicate overall
severity.

TBI diagnoses with a severity score of 2 were consid-
ered mild because the most common TBI diagnoses in
this analysis, concussions (ICD-9 category 850), were
almost always mapped to AIS diagnoses with a severity
score of 2. This was the case for concussions with brief
loss of consciousness (LOC) (ICD-9 code 850.1), LOC
of unspecified duration (ICD-9 code 850.5), or if the
diagnosis was “Concussion, unspecified” (ICD-9 code
850.9). Only 27 of the 2,959 Army TBI cases included
in this analysis had TBIs that mapped to AIS diagnoses
with a severity score of 1. These were concussions that
did not result in LOC (ICD-9 code 850.0). Since TBIs
resulting in LOC lasting up to 30 minutes are consid-
ered mild, defining mild TBIs only as those with an AIS
severity score of 1 would have grossly underestimated
the number of mild TBIs [2]. Other studies have used
the same methodology to convert AIS severity scores
to traditional TBI severity indicators [12,22,36,45,51].

Cause of injury was determined from the North
Atlantic Treaty Organization (NATO) Standardized
Agreement (STANAG) 2050 code reported in the
SIDR [31]. STANAG cause of injury codes were de-
veloped by NATO to serve as an alternative to ICD-9
E-codes in order to provide more militarily relevant in-
formation about cause of injury. In this paper, all cases
with STANAG codes indicating a weapon as the cause
of injury were classified as having a weapon-related
injury. Cases with any other STANAG codes were
classified as having injuries attributed to non-weapon
causes.

Crude incidence rates for Army TBI hospitalizations
were calculated for each fiscal year using the year-
end active duty Army population as the denominator.
Army population data were obtained from the Defense
Manpower Data Center in Monterey, California. Crude
rates were calculated for the following categories: all
TBIs, each TBI severity level, outcome, cause of in-
jury, patients with and without associated extra-cranial
injuries, gender, and age. No inferential statistics were
used to compare the changes in the Army’s rates over
time because all hospitalizations were included in the
SIDR.

Two-year age- and gender-adjusted rates were used
to compare the incidence of TBI-related hospitaliza-
tions in the Army to those among 17 to 49 year-old
US civilians in 2000–2001 and 2005–2006. Aggregat-
ing data from multiple years increases the stability of
adjusted incidence rates because small numbers of pa-
tients in some age and gender categories can result in

large variations in rates from year to year. In the Army,
rates for females and those ages 35 and older are prone
to this because these groups are small segments of the
population with few TBI hospitalizations each year.
Civilian hospitalization rates are also prone to this be-
cause relatively small differences in the sample size of
each year’s NHDS can result in substantial fluctuations
in the estimated number of hospitalizations for any giv-
en patient category [42]. As an additional safeguard
against instability in civilian rates, the Army’s rates
from 2005–2006 were also compared to civilian rates
from 2000–2001, which was tantamount to having con-
stant civilian hospitalization rates throughout the study
period.

Civilian incidence rates were calculated using the
Census Bureau’s mid-year population estimates that
were included in the NHDS documentation. Compar-
isons were made in the following categories: all TBIs,
each TBI severity level, outcome, patients with and
without associated extra-cranial injuries, gender, and
age. The Army and civilian incidence rates in most
categories were adjusted for age and gender. The rates
for gender were adjusted only for age and the rates for
age were only adjusted for gender. The rates were ad-
justed by the direct method using the 2000 US civil-
ian population as the standard. Rate differences (RD)
were calculated by subtracting each adjusted civilian
rate from the appropriate adjusted Army rate. 95%
confidence intervals were used to determine if rate dif-
ferences were statically significant. Confidence inter-
vals that exclude the value zero indicate that a rate dif-
ference is significant at the 0.05 level. The variance of
the differences between the adjusted Army and civilian
rates were calculated using methods described by Kahn
and Sempos [24].

3. Results

A total of 2,959 hospitalized active duty Army
personnel met the TBI case definition from FY2000
through FY2006. The hospitalization rate for all TBIs
in the active duty US Army increased from 60.7 to
125.0 per 100,000 (105.7%) from FY2000 to FY2006
(Table 1). The rates for mild,moderate, and severe TBIs
each more than doubled during that period (Table 1).
The incidence of TBIs with associated extra-cranial in-
juries increased 135.1% from FY2000 through FY2006
and the incidence of TBIs without associated extra-
cranial injuries increased 75.3% (Table 1). The hospi-
talization rate for TBIs attributed to weapons increased
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Table 1
Crude incidence rates of TBI-related hospitalizations in the active duty US Army
by injury and demographic characteristics, FY2000 vs. FY2006

FY2000 FY2006 % Change
Characteristic Rate/100,000 Rate/100,000

Soldiers Soldiers

All TBIs 60.7 125.0 105.7
TBI severity

Mild 33.6 69.8 107.8
Moderate 5.5 12.5 130.9
Severe 15.0 33.8 125.0
Unknown 6.7 8.8 31.1

Associated extra-cranial injuries
Yes 30.9 72.6 135.1
No 29.9 52.3 75.3

Cause of injury
Weapon-related 0.8 50.3 6,187.5
Other causes 59.9 74.6 24.5

Outcome
Died in hospital 2.1 5.0 138.3

Gender
Male 65.1 139.4 114.1
Female 36.8 36.8 0.0

Age
17–24 93.9 180.0 91.6
25–34 47.4 102.0 115.0
>= 35 21.0 64.9 209.5

more than 6,000% from just 0.8 per 100,000 in FY2000
to 50.3 per 100,000 by FY2006 while the rate for
TBIs attributed to non-weapon causes increased on-
ly 24.5% during that period (Table 1). The incidence
of in-hospital deaths among TBI patients increased
138.3% from FY2000 to FY2006. However, only a
small proportion (4%) of hospitalized TBI patients died
in FY2006. The Army’s TBI-related hospitalization
rates also substantially increased in all age categories
and for males but the rate for females remained un-
changed.

The largest annual increases in the incidence of TBI-
related hospitalizations in the active duty Army gen-
erally occurred from FY2003 to FY2005 (Figs 1–4).
The largest increases in hospitalization rates for TBIs
with associated extra-cranial injuries occurred from
FY2003 to FY2004 (18.3 per 100,000) and FY2004
to FY2005 (21.1 per 100,000) (Fig. 3). The annu-
al incidence of hospitalization for TBIs without as-
sociated extra-cranial injuries increased from FY2002
through FY2006 but in smaller and more consistent in-
crements (Fig. 3). Consequently, in FY2006, the in-
cidence of TBIs with associated extra-cranial injuries
was 39% higher than the incidence of TBIs without
associated extra-cranial injuries (72.6 versus 52.3 per
100,000), whereas in FY2000, the incidence rates for
these two categories were about equal (30.9 versus
29.9 per 100,000) (Table 1). The Army’s hospitaliza-

tion rates for TBIs attributed to weapons increased
each year from FY2002 through FY2006, with the
largest increases occurring from FY2003 to FY2004
(15.4 per 100,000) and FY2004 to FY2005 (16.8 per
100,000) (Fig. 4). The Army’s hospitalization rates for
TBIs attributed to non-weapon causes also increased
by their largest amounts from FY2003 to FY2005 (6.6
and 9.2 per 100,000, respectively) (Fig. 4). However,
in FY2006, the incidence of TBIs attributed to non-
weapon causes was still 48% higher than the incidence
of TBIs attributed to weapons (74.6 versus 50.3 per
100,000) (Table 1).

The 2-year adjusted incidence rate of all TBI-related
hospitalization in the active duty Army in 2000–2001
(40.1 per 100,000) was significantly lower than it was
among age-comparable US civilians during 2000–2001
(RD = −21.9, 95% CI = −28.7,−15.1) (Table 2). The
Army’s adjusted rates for mild, moderate, and severe
TBIs and for TBIs with associated extra-cranial injuries
were also significantly lower than rates for civilians in
2000–2001 (Table 2). Additionally, the Army’s adjust-
ed rates for males and for personnel 25 years of age and
older were significantly lower than civilian rates but
the rate for females in the Army was not significantly
different from the rate for civilian females (Table 2).

However, in 2005–2006, the Army’s adjusted over-
all incidence of TBI-related hospitalization (71.9 per
100,000) was significantly higher than the incidence
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Fig. 1. Annual crude incidence rate of all TBI-related Hospitalizations in the active duty US Army, FY2000-FY2006.

Fig. 2. Annual crude incidence rates of TBI-related hospitalizations In the active duty US Army by TBI severity, FY2000-FY2006.

among civilians 17 to 49 years of age (RD = 13.9,
95% CI = 7.2, 20.6) (Table 2). The Army’s adjust-
ed rates for mild TBI and for TBIs with associated
extra-cranial injuries were also significantly higher than
civilian rates in 2005–2006 (RD = 26.9, 95% CI =
24.0, 29.7 for mild TBI and RD = 12.3, 95% CI =
7.7, 16.9 for TBIs with associated extra-cranial in-
juries). But, the Army’s hospitalization rates for mod-
erate and severe TBIs were significantly lower than
the rates among age-comparable US civilians in 2005–

2006 (RD = −4.4, 95% CI = −7.5,−1.3 for moderate
TBI and RD = −12.9, 95% CI, −18.1, −7.9 for severe
TBI) (Table 2). When the Army’s incidence rates from
2005–2006 were compared to civilian rates from 2000–
2001, it showed that the Army’s rates in several cate-
gories were significantly different from civilian rates,
including the overall rate and the rates for mild and
severe TBIs (Table 3). This suggests that, in some cat-
egories, instability in civilian rates did not account for
differences between some of the Army’s and civilians’
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Fig. 3. Annual crude incidence rates of TBI-related hospitalizations in the active duty US Army by presence of associated extra-cranial injuries,
FY2000-FY2006.

Fig. 4. Annual crude incidence rates of TBI-related hospitalizations In the active duty US Army by cause of injury, FY2000-FY2006.

TBI-related hospitalization rates.

4. Discussion

These results suggest that OEF/OIF may have had
a substantial impact on the incidence of TBI-related
hospitalization in the active duty US Army. This is
reflected in many ways. The most obvious is that the
increase in the incidence of TBI hospitalizations at-

tributed to weapons coincided with the commencement
of OEF/OIF, which began in FY2002 and FY2003, re-
spectively (Fig. 4). It is also reflected by the timing
of largest annual increases in hospitalization rates for
all TBIs, TBIs of every severity level, and TBIs with
associated extra-cranial injuries, all of which occurred
after OEF/OIF began (Figs 1–3).

The hospitalization trends that are most reflective
of the impact of OEF/OIF on TBIs in the active duty
Army are those for cause of injury, TBI severity, and
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TBIs with and without associated extra-cranial injuries.
When these particular trends are examined more closely
and possible explanations for them are explored, they
provide insights about some important characteristics
of OEF/OIF that distinguish them from other conflicts.
They also provide some insights about the current state
of our TBI knowledge.

The increase in the incidence of TBI hospitaliza-
tions attributed to weapons from virtually none pri-
or to OEF/OIF to 50.3 per 100,000 in FY2006 pro-
vides the strongest evidence that OEF/OIF have af-
fected TBI rates in the Army (Table 1, Fig. 4). Com-
bat in OEF/OIF is the only plausible explanation for
such a large increase in the incidence of weapon-
related TBIs. However, in FY2006, the incidence rate
of TBIs hospitalizations in the Army attributed to non-
weapon causes was still 48% higher than the rate
of weapon-related TBI hospitalizations (74.6/100,000
versus 50.3/100,000) (Table 1, Fig. 4). This certainly
reflects a TBI characteristic and possibly a characteris-
tic of OEF/OIF. The TBI characteristic reflected in this
finding is that these injuries continue to occur in the
large segment of the Army population that is not serving
in OEF/OIF at any given time. Non-deployed soldiers
at their home bases are sustaining TBIs from causes
such as motor vehicle accidents, sports and recreation
activities, and falls just as they always have. This fact
needs to be emphasized because we should not lose
sight of non-war TBIs in military populations during
wartime.

The higher incidence of non-weapon TBI hospital-
izations in the Army in FY2006 may also reflect a
characteristic of OEF/OIF that is different from other
prolonged large-scale conflicts the US has participat-
ed in: low intensity combat. This has resulted in rel-
atively few battle casualties compared to other wars.
The combat intensity in OEF/OIF is lower because in
both Afghanistan and Iraq the US military is not fight-
ing large, heavily armed, and well trained professional
armies like those it faced in the two world wars, the
Korean War, and even to some extent in the Vietnam
War. Instead, it is facing much smaller insurgent and
terrorist groups that lack most of the capabilities needed
to wage conventional warfare on any appreciable scale.
Because of the vastly superior fighting capabilities of
the US military, enemy forces in Afghanistan and Iraq
have been forced to wage a very limited form of war,
avoiding conventional pitched battles that would result
in heavy and irreplaceable losses of both personnel and
weapons, and are relying instead on less costly indi-
rect methods of engagement, such as hiding land mines

and improvised explosive devices (IEDs) in areas fre-
quented by US forces or by conducting small-scale “hit
and run” attacks on US military bases with mortars and
rockets. This is reflected by findings from studies of
battle injuries that occurred in OEF/OIF. Owens and
colleagues found that of 81% of 1,566 US service mem-
bers injured in battle in OEF/OIF were injured by blasts
and only 19% were injured by gunshots [37]. Further-
more, they estimated that OEF/OIF together had the
lowest proportion battle injuries from gunshots than any
previous major war the US has engaged in including the
Civil War of the 1860’s [37]. Other studies had similar
findings. Murray and colleagues reported that 88% of
269 US military personnel evaluated for battle injuries
at an Army medical facility in Iraq were injured by
blasts mostly from IEDs and mortars [34]. The remain-
ing 12% of those with battle injuries sustained gunshot
wounds and most of these individuals (22 out of 33)
were injured in a single firefight. Gondusky and Reiter
found that 97% of the 125 battle injury patent-events
that occurred in a Marine Corps battalion that served
in Iraq were due to blasts from IEDs or mines and on-
ly 3% from direct fire [13]. The term “improvised ex-
plosive device,” which is used to describe the class of
weapons accounting for most of the battle injuries in
these studies, is itself indicative of the limited combat
capabilities of enemy forces in Afghanistan and Iraq.

Examining the trends in the Army’s hospitalization
rates for each TBI severity level can also provide some
insight about the nature of OEF/OIF as well as our un-
derstanding of TBI. The increase in the Army’s hos-
pitalization rate for severe TBIs was undoubtedly the
result of an increase in the occurrence of severe TBIs.
Indicators of severe TBI, such as prolonged LOC and
post traumatic amnesia as well as positive imaging re-
sults, are generally definitive and would be difficult to
miss in most cases. However, it is impossible to de-
termine the extent to which the increase in the Army’s
hospitalization rate for mild TBIs reflected an actual
increase in the occurrence of mild TBIs or was simply
an artifact of the retrospective TBI screening initiated
by the military during OEF/OIF.

The retrospective TBI screening that is now routine-
ly performed on all service members returning from
an overseas deployment is a direct result of OEF/OIF.
It was initiated because of concerns that US military
personnel serving in OEF/OIF may have a higher risk
of sustaining a closed TBI than those who served in
previous conflicts due to the overwhelming reliance on
explosive weapons by the enemy and to higher sur-
vival rates among those injured in combat. The imple-
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mentation of TBI screening was aided by the increased
understanding of mild TBI that occurred over the last
20 years, such as the publication of the ACRM mild TBI
definition, which has been described as a significant
advancement in the ability to diagnose mild TBI [2,41].
It was also aided by the endorsement of the CDC and
the Institute of Medicine as a useful method for iden-
tifying individuals who may have had a mild TBI [17,
35].

The ability of screening to identify TBIs that would
have otherwise been undiagnosed was well illustrat-
ed by a study of patients admitted to a British trauma
center [33]. TBI status was determined by a TBI spe-
cialist based on reviews of medical notes and patient
interviews. Evidence of injury to the head combined
with any memory gaps for events were required for a
definitive TBI diagnosis by the researcher. The study
found that 51% of the 47 patients who met the research
criteria for TBI did not have a TBI diagnosis recorded
in the medical notes. The failure to document a TBI
occurred in 75% of the TBI cases with other injuries but
in only 16% of those with head injury alone. Failure
to document a TBI was associated with having surgery
within 48 hours of the injury event. Furthermore, 83%
of those with an undiagnosed TBI had a mild TBI al-
though three individuals with moderate TBIs and one
with a severe TBI also did not have a diagnosis record-
ed.

Concerns about undiagnosed TBIs, particularly mild
ones, among service members returning from combat
have existed since World War I, when many soldiers
exposed to blasts but with no apparent head wounds
reported to medical aid stations with symptoms similar
to those who had head wounds and brain injury [23].
The term “shell shock” was developed at that time to
describe this phenomenon and it was initially thought
to have a neurologic origin but a debate quickly devel-
oped about whether shell shock’s origin was neurologic
or psychological and by World War II it was generally
considered to be a psychological condition [23]. Un-
fortunately, however, our current understanding of this
phenomenon is no better than it was more than 90 years
ago and debate about its origin has erupted once again.

The current debate was triggered by the military’s
adoption of retrospective TBI screening. It was argued
by Bryant in a recent editorial that mild TBIs identi-
fied by retrospective screenings are more likely to be
misidentified stress reactions. He concluded that un-
necessarily attributing persistent symptoms and health
problems to a mild TBI sustained in OEF/OIF could
result in the development of a new war syndrome, like

the unexplained Gulf War syndrome that emerged after
the 1991 Persian Gulf war, and that it could be harm-
ful to both the morale and future mental health of ser-
vice members because of misperceptions about recov-
ery from brain injury [7]. Bryant based his conclusion
on three issues: 1) the non-specificity of persistent post-
concussive symptoms to mild TBI; 2) the possibility
that mild TBI increases the risk of developing PTSD,
which subsequently results in symptom maintenance;
and 3) the characteristics used to identify TBIs in the
retrospective screening (loss of consciousness, altered
consciousness- such as being dazed or confused- and
not remembering events) could also result from acute
stress reactions thereby rendering any differential di-
agnosis made long after the traumatic event problem-
atic [7].

Although Bryant’s conclusions about the possible
consequences of attributing persistent symptoms and
health problems to mild TBI are not based on evidence
from OEF/OIF, the issues he points out are well doc-
umented. Numerous studies have shown that post-
concussive symptoms are not specific to mild TBI and
that perceptions about recovery may play a role in the
development of persistent symptoms [14,15,19,21,30,
39,46,52–54]. A recent study by Brenner and col-
leagues of TBI and PTSD screening results from US
soldiers who returned from Iraq supports this [6]. It
found that mild TBI and PTSD were both independently
associated with reports of post-concussive symptoms.
Recent studies of US military personnel who served in
OEF/OIF also support the possibility that mild TBI may
increase the risk of developing PTSD [16,49]. Further-
more, several studies have also pointed out the difficul-
ty of determining the causes of post traumatic amne-
sia and altered consciousness when psychiatric condi-
tions, like PTSD, occur after an injury event [20,27–
29]. Therefore, it is likely that the incidence of mild
TBI hospitalizations in the Army in FY2004 through
FY2006 is inflated to some degree by false positive
screening results.

It is also likely that some of the excess incidence re-
flects an actual increase in the occurrence of mild TBIs
in the Army population. Given the sizable proportion
of Army TBI hospitalizations attributed to weapons af-
ter the commencement of OEF/OIF and the apparently
overwhelming reliance on explosive weapons by ene-
my forces, blast exposure was likely a major contributor
to the increase in hospitalizations for TBIs of all sever-
ity levels in the Army from FY2003 through FY2006.
Blasts appear to be the predominant cause of battle in-
juries among US military personnel who participated
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in major conflicts in the last 60 years [37]. Scholarly
works on the history of war in the modern era point
out the profound effects that the application of science
to weapon development and production has had on the
scope and nature of warfare especially from the late
nineteenth century through the present [26,40]. In the
first half of the twentieth century the mass production
of powerful and sophisticated explosive weapons by
the world’s major military powers manifested itself in
millions of battle casualties during the two world wars.
In the decades following the Second World War, the
combination of Cold War rivalry between the US and
USSR and the collapse of European empires around the
world resulted in the proliferation of modern weapons
as well as the knowledge needed to use and produce
them. Consequently, the widespread availability of
modern explosive weapons has enabled insurgent and
terrorist groups with limited budgets to wage wars and
commit violent acts throughout the world and to sus-
tain their campaigns for years and sometimes decades.
Furthermore, despite their financial limitations, these
groups have also acquired sufficient knowledge and ex-
perience from these long campaigns to adapt and use
explosive weapons in ways that inflict maximum injury
and death on their intended victims [25].

Explosive weapons have become predominant be-
cause they are more versatile than firearms. They come
in all shapes and sizes and can be delivered to their
targets in almost limitless ways, including indirectly,
such as hiding mines or bombs where the intended vic-
tims can unknowingly trigger them. Explosive weapons
have also become predominant because they provide
an efficient means of injuring and killing people as well
as destroying property. They are so efficient because
blasts simultaneously transmit many forms of energy
such as fragments and shrapnel, the blast shockwave,
acoustic energy, as well as heat and electromagnetic
field (EMF) energy each of which is a unique injury
mechanism [32]. Consequently, blast injuries are clas-
sified into three and sometimes four categories based
on injury mechanism [9,48]. Primary blast injury re-
sults from exposure to the sudden increase in atmo-
spheric pressure, known as the blast wave, and can in-
jure air filled organs such as the lungs, middle ear, and
gastrointestinal organs. Secondary blast injury results
when individuals are struck by objects set in motion
by a blast. Tertiary blast injury results when individ-
uals are displaced by the blast and subsequently strike
something. Secondary and tertiary blasts injuries can
be blunt or penetrating and can occur in many body
regions including the head. Finally, quaternary blast

injury results from other mechanisms such as exposure
to heat, radiation, or caustic chemicals.

The injury risk from blast exposure depends on many
factors that can interact in very complex ways. One
factor, proximity, greatly influences the risk of injury.
Victims in close proximity to the detonation point are
at risk for primary, secondary, tertiary, and quaternary
blast injury. However, injury risk varies for each blast
injury mechanism as proximity decreases. Victims
have to be relatively close to the detonation point in
order to sustain primary blast injury because the atmo-
spheric overpressure resulting from the blast wave de-
creases exponentially as it travels away from the deto-
nation point [47]. But fragments can travel far beyond
the distance that the blast wave can cause injury [47].

Another factor that affects injury risk is the size of
the explosive weapon because it influences the distance
from the detonation at which the peak overpressure oc-
curs. If the peak overpressure from one weapon occurs
a certain distance from the detonation point, the same
peak overpressure from a larger weapon will occur at a
greater distance from the detonation point. For exam-
ple, at 20 feet from the detonation point, the peak over
pressure from the explosion of 8 pounds of TNT will
equal the peak overpressure that occurs 10 feet from
the detonation point of 1 pound of TNT [47].

The location of the blast also affects injury risk. Ex-
plosions that occur in enclosed spaces create different
blast waveforms than those that occur in the open be-
cause blast waves reflect off of the surfaces of environ-
mental features such as buildings and terrain. These
reflections can increase the intensity and duration of
the atmospheric over pressure thereby increasing the
risk of primary blast injury. Blasts in totally enclosed
spaces can lead to very complex wave forms with many
peak overpressures resulting from interacting reflec-
tions [47]. In addition, the risk of secondary, tertiary,
and quaternary blast injury can increase when explo-
sions occur in enclosed spaces.

While there is no question that both closed and pene-
trating TBIs can result from secondary and tertiary blast
mechanisms, it is not known if primary blast forces can
cause TBI because there are few clinically documented
cases of it [48]. This lack of clinical data is due in part
to difficulty determining whether a blast related TBI
was caused by primary, secondary, or tertiary mecha-
nisms. There is evidence from animal studies suggest-
ing that brain tissue is vulnerable to injury from prima-
ry blast forces. Studies involving rats, rabbits and pigs
that were exposed to primary blast forces have found
indications of neural degeneration and neuronal injury
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or other effects such as decreases in electroencephalo-
graphic activity immediately following exposure to a
blast wave [48]. However, the nature of the interaction
between a blast wave and central nervous system tis-
sue is not known [32]. Therefore, the suggested mech-
anisms of primary blast injury to the central nervous
systems of humans are theoretical and, to date, no ex-
perimental evidence demonstrating such effects exists.

The Army’s increased incidence of hospitalizations
for TBIs with associated extra-cranial injuries after the
commencement of OEF/OIF may also reflect the heavy
reliance on explosive weapons by enemy forces. This
is likely because blasts produce many forms of energy,
each of which is essentially a different injury mecha-
nism. Air filled organs are vulnerable to injury from the
blast wave but many more body regions are vulnerable
to injury if the body is set in motion, from objects set
in motion, such as shrapnel, and from thermal energy.
Studies of civilians have shown that the proportions
of those who were injured in terrorist bombings and
had injuries in multiple body regions were significantly
higher than the proportions of patients injured by other
mechanisms [1,38]. These studies also found that as
many as 62% of those injured in terrorist bombings had
injuries in 2 or more body regions and 30% had injuries
in 3 or more regions [1,38].

The comparisons of TBI-related hospitalization rates
from the active duty Army to estimated rates from the
age-comparable segment of the US civilian population
provided some additional perspective on the possible
impact of OEF/OIF on TBIs in the Army. In 2005–
2006, the Army’s hospitalization rates for moderate
and severe TBIs were each significantly lower than the
estimated civilian rates for these injuries (Table 2). Ta-
ble 2 also shows that the Army’s hospitalization rate
for severe TBIs in 2005–2006 was significantly lower
than the civilian rate in 2000–2001 and that the Army’s
hospitalization rate for moderate TBIs in 2005–2006
was comparable to the civilian rate from 2000–2001.
These findings suggest that severe TBIs probably pose
less of a public health problem in the Army despite the
substantial increase in hospitalization rates that seem
to have resulted from OEF/OIF. They also suggest that
moderate TBIs probably pose no more of a public health
problem in the Army than in the civilian population and
could possibly pose less of a problem as well. There
are two possible related explanations for these findings.
First, the Army’s hospitalization rates for moderate and
severe TBIs in peacetime have tended to be lower than
those in the age-comparable segment of the civilian
population probably because of a healthy worker ef-

fect [22]. The other possible explanation is that the low
combat intensity in OEF/OIF has not produced enough
moderate and severe TBIs to exceed the magnitude of
the healthy worker effect.

Mild was the only TBI severity category in which
the Army’s hospitalization rate was significantly high-
er than the civilian rate in 2005–2006 (Table 2). The
Army’s hospitalization rate for mild TBIs in 2005–
2006 was also significantly higher than the civilian rate
in 2000–2001 (Table 2). These findings suggest that
mild TBIs may pose more of a public health problem
in the Army than in the civilian population because of
OEF/OIF but it is not possible to determine how much
of the excess is due to an actual increase in the occur-
rence of mild TBIs and how much is simply the re-
sult of the military identifying more mild TBIs because
of screening programs. No comparable TBI screening
process is known to occur in civilian hospitals, there-
fore, the incidence of mild TBI hospitalizations in the
civilian population estimated from the NHDS may be
lower than the actual incidence. On the other hand, false
positive screening results have probably inflated the
number of mild TBI diagnoses made in military hospi-
tals to some degree because of the difficulty of distin-
guishing mild TBI from other common wartime health
problems, such as acute stress reactions and PTSD.

The Army’s hospitalization rate for TBIs with asso-
ciated extra-cranial injuries in 2000–2001 was signif-
icantly lower than the civilian rate at that time. How-
ever in 2005–2006, the Army’s hospitalization rate for
these patients was significantly higher than in the civil-
ian population. Interestingly, the Army’s hospitaliza-
tion rate for TBIs with associated extra-cranial injuries
in 2005–2006 was similar to the civilian rate in 2000–
2001 (Table 2). This suggests that, at the very least, the
Army’s hospitalization rate for TBIs with associated in-
juries may have risen enough to become comparable to
that in the civilian population assuming the civilian rate
remained constant throughout the study period. On the
other hand, if the civilian rate actually decreased dur-
ing that period, it is possible that the Army’s hospital-
ization rate for these TBI patients did exceed the civil-
ian rate. In either case, a possible explanation for the
Army’s higher incidence of TBIs with associated extra-
cranial injuries is that blasts from explosive weapons
appear to be a major cause of injury in OEF/OIF, but
they are rare in the civilian population. A study of blast-
related TBIs in a US civilian trauma center identified
only 89 blast injury cases out of 57,392 patients treated
over an 11-year period [5]. However, to some extent,
the Army’s increased incidence of hospitalizations for
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TBIs with other associated injuries could also be the
result of TBI screening, especially among those with
mild TBIs, rather than an increase in the actual occur-
rence of these cases. Moss and Wade found that having
an undiagnosed mild TBI was associated with having
other injuries that were usually more severe than the
TBI [33].

This paper has several strengths and limitations. A
major strength is that it used data about all active duty
Army personnel hospitalized with a recorded TBI diag-
nosis. This is a unique characteristic of military med-
ical databases because there are very few and unlikely
reasons why a hospitalization would not be reported
in the SIDR. If this did happen it would most likely
involve a service member treated at a civilian hospital
who then paid the bill out of pocket rather than using
the military’s health insurance, which covers all service
members [3]. Another strength is that the mechanism
of injury is reported for every patient in the SIDR and
that injury mechanism coding in the military is rela-
tively accurate. One study of cause-of-injury coding at
military hospitals found that only 12% of the records
reviewed had a major coding error [3].

A major limitation is that the exact number of sol-
diers hospitalized for a TBI sustained in OEF/OIF could
not be determined from the data used; therefore, the
impact of OEF/OIF on TBI-related hospitalizations in
the Army had to be surmised. Another limitation is that
differences between the Army’s and civilians’ hospital-
ization rates could have been affected by annual fluc-
tuations in the estimated number civilian TBI hospital-
izations due to annual variation in the sample size the
NHDS is based on. This may have accounted for the
excess incidence of hospitalization for TBIs with asso-
ciated extra-cranial injuries in the Army in 2005–2006
relative to the civilian population.

The TBI severity estimations in this analysis were
undoubtedly influenced by limitations inherent in the
ICD-9 CM and AIS coding systems. Until 2004, brief
LOC was defined by the ICD-9CM as LOC lasting up
to 59 minutes. However, 30 minutes is typically re-
garded as the upper threshold for defining mild TBI in
terms of LOC [2]. Furthermore, LOC duration is usu-
ally unknown for sizable proportions of patients with a
TBI diagnosis. In cases where there is prolonged LOC
or sufficient information about the extent of anatomic
injury, such as evidence of a cerebral laceration or con-
tusion, determining severity is relatively unambiguous
since these injuries are usually considered moderate or
severe. But when anatomic information is insufficient
for determining TBI severity, LOC duration is the only

other information available in the ICD-9 system that
can be used. Therefore, it is likely that patients with
concussion diagnoses who had LOC lasting longer than
30 minutes were misidentified as having a mild TBI.

5. Conclusion

The incidence of TBI-related hospitalization in the
active duty US Army doubled from FY2000 to FY2006.
The largest annual increases in the Army’s TBI hospi-
talization rates for several important injury character-
istics, especially cause of injury, coincided with com-
mencement of OEF/OIF, which strongly suggests that
these conflicts had a substantial the relative impact of
on the incidence of TBIs in the Army. However, de-
spite these increases, the Army’s hospitalization rates
for moderate and severe TBIs in 2005–2006 did not
exceed those from the age-comparable segment of the
US civilian population. But the Army’s hospitalization
rates for mild TBIs and for TBI patients with associ-
ated extra-cranial injuries did exceed civilian rates in
2005–2006 even though both were lower than civilian
rates prior to OEF/OIF. These findings suggest that the
relative impact of OEF/OIF on the incidence of more
serious TBIs in the military is not as great as might have
been expected but they have had relatively more of an
impact on the incidence of mild TBIs and TBIs with as-
sociated extracranial injuries. However, the incidence
of mild TBIs and TBIs with associated extra-cranial in-
juries in the Army after OEF/OIF may also be inflated
to some degree because of retrospective TBI screen-
ing, which is identifying some mild TBIs that would
otherwise have not been identified and could also be
misidentifying some stress reactions as mild TBIs.
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