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Medical Surveillance of Injuries in
the U.S. Military

Descriptive Epidemiology and Recommendations
for Improvement

Bruce H. Jones, MD, MPH, Michelle Canham-Chervak, PhD, MPH, Sara Canada, MPH,
Timothy A. Mitchener, DMD, MPH, LtCol Sean Moore, MD

Introduction: Injury surveillance is the fırst and most critical step of the injury prevention process.
Without it, successful injury prevention could not be sustained. The purpose of this paper is to
describe advances in military medical surveillance, compare the incidence of injuries with other
illnesses, defıne the size and causes of the injury problem for the military, and make recommenda-
tions for improved surveillance and injury prevention.

Methods: Medical and personnel data for nondeployed active duty personnel were obtained from
the Armed Forces Health Surveillance Center for 2000–2006. Rates of nonfatal injuries and injury-
related musculoskeletal conditions, frequencies of injury types, and causes of injury hospitalizations
are described.

Results: Injuries were the leading cause of medical encounters among military personnel. The rate
of hospitalization for injuries was approximately 1000 per 100,000 person-years and, for injuries
treated in outpatient clinics, 999 per 1000 person-years. The leading injury type resulting in hospi-
talization was fractures (40%) and the leading injury type resulting in outpatient visits was sprains
and strains (49%). Leading causes of hospitalization were falls/near falls (17.5%), motor vehicle
mishaps (15.4%), and sports (13.1%).

Conclusions: Injuries are the biggest health problem of the military services. Military medical
surveillance data are useful for determining the magnitude and causes of the injury problem,
identifying possible prevention targets, and monitoring of trends among military personnel.
(Am J Prev Med 2010;38(1S):S42–S60) Published by Elsevier Inc. on behalf of American Journal of
Preventive Medicine
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ntroduction
urveillance is the fırst and most important step of
the public health process.1–4 As stated by William
Foege in his foreword for the second edition of

rinciples of Public Health Surveillance,

. . . epidemiology and analysis cannot be superior to
the surveillance system used for collecting the facts
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analyzed. The analysis of those facts, the interpre-
tation of their health implications, the interven-
tions designed, and the programs launched are all
based on the quality of the surveillance system used.
Surveillance systems are therefore basic to every-
thing that follows in public health.5

Injury surveillance is critical to sustained injury pre-
ention for a number of reasons1,6,7 including:

Identifıcation of the biggest, most severe injury
problems
Detection of emerging injury problems
Setting objective, evidence-based priorities
Evaluation of newly implemented policies and
programs
Monitoring continuing success of policies and

programs
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Where injury prevention is concerned, it is important
o keep in mind that if you cannot measure the health
utcome, you cannot prevent it with any certainty.7,8

In the past, public health surveillance of injuries has
ocused primarily on fatalities,9 but that is not ade-
uate as the vast majority of injuries are nonfatal. In
estern European countries and the U.S., for every
ne death there are approximately 30 hospitalizations
nd 300 emergency department visits.9 The military is
o exception to this observation. Data from the U.S.
ilitary show that for each unintentional injury death,

here are 33 injury hospitalizations and almost 4000
utpatient visits (includes emergency department vis-
ts plus other outpatient clinic visits).10 For this reason,
t is strongly recommended that injury surveillance
ystems capture both morbidity and mortality. At a
inimum, injury deaths and hospitalizations should
e monitored.11–14

TheDepartment of Defense (DoD) Injury Surveillance
nd Prevention Working Group15 and the Armed Forces
pidemiological Board (AFEB) Working Group2 strongly
ecommended medical surveillance of nonfatal injuries.
nly hospitalization data were readily available for use in
urveillance at the time of those recommendations in the
ate 1990s. Now the military services maintain rapidly
ccessible hospitalization and outpatient data.
The purpose of this paper is to illustrate the potential

alue of military medical surveillance data for injury ep-
demiology and prevention. The paper will: (1) compare
he occurrence of injuries to other health problems
mong U.S. military personnel; (2) show the magnitude
nd causes of the problem of injuries for U.S. military
ervices using routinely available medical data; (3) dis-
uss capabilities and limitations of military medical sur-
eillance for injuries; and (4) make recommendations to
mprove military medical surveillance systems and the

able 1. Population for active duty DoD and services by y

Year DoD Army Navy

2000 1,352,932 467,222 364,086

2001 1,334,640 464,229 358,233

2002 1,305,995 455,415 349,181

2003 1,164,209 347,316 339,719

2004 1,197,679 353,693 347,399

2005 1,135,551 327,222 333,846

2006 1,145,289 358,524 318,805

Source: Defense Medical Surveillance System, 2007, with adjustm
oD, Department of Defense
njury prevention process. s

anuary 2010
Methods
The population for the
analyses in this paper
encompassed all non-
deployed active duty
military personnel for
the Army, Air Force,
Navy, and Marines
from January 1, 2000,
to December 31, 2006.
Most of this paper will
focus on data for the
most recent year of
complete data, 2006.
On average, the active
duty population was
85% men and 15%

omen. In addition, 83% of the men and 77% of the women
ere aged�35 years. Table 1 shows the populations for each
f the four military services in person-years, corrected for
ime spent deployed toOperations Iraqi Freedom (OIF) and
nduring Freedom (OEF). This was done because the med-
cal surveillance data presented do not include injuries or
ther health conditions treated in deployed settings.
The defınition of injury adapted for this report was de-

ived from one employed by the DoD Military Injury Met-
ics Working Group16 that states: injuries are traumatic
ounds or other conditions of the body caused by external
orce or exposure (i.e., transfer of kinetic energy, heat, or
old), and microtraumatic physiologic harm resulting in
oss of capacity due to a continued or repeated neuromuscular
tress or strain. Thedefınition includes both generally accepted
CD-9-CM codes from the 800–999 code series for acute inju-
ies but also selecteddiagnoses from themusculoskeletal disor-
ers in the716–739codeseries (e.g., stress fractures, tendonitis,
ursitis) that are commonly accepted as injuries in the sports
edicine literature17–21 and the Armed Forces Health Surveil-

ance Center (AFHSC) Installation Injury Reports.22 Only
hose visits for which injury was the primary diagnosis were
ncluded. In order to capture incident cases, diagnoses for the
ame condition for the same person were excluded if the same
njury diagnosis occurred in the record more than once in a
0-day period of time.
Todetermine importance of injuries as a public healthprob-

em compared to other health conditions, a request was made
o theAFHSCforhospital andambulatory/outpatient caredata
n all active dutymilitary personnel from theDefenseMedical
urveillance System (DMSS), broken down by the seventeen
tandard Principal Diagnosis Groups (PDGs) from the ICD-
-CM code book. The data for this part of the request were for
he calendar year 2006 (January 1, 2006, toDecember 31, 2006)
or each of the Services and for the DoD, including (1) all
edical encounters for each PDG, (2) the number of individu-
ls with one or more of a particular diagnosis for each of the

2000–2006a

Air Force Marines

350,803 170,821

341,362 170,817

334,757 166,641

332,336 144,838

349,349 147,237

327,969 146,514

318,312 149,647

or deployments
ear,

ent f
eventeen PDGs (i.e., visits for duplicate diagnoses excluded),
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nd (3) the number of bed days in the hospital for a specifıc
iagnosis in each of the seventeen PDGs.
To document the general rates and trends of injury since

000, overall injury encounter frequencies, Service popula-
ions, and rates were requested from the AFHSC for overall
njuries (acute andchronicoroveruse) and for lower-extremity
veruse injuries. Lower-extremity overuse injuries were exam-
nedbecauseweight-bearingphysical training, such as running
nd marching, is unavoidable in the military, and these activi-
ies are a major cause of injuries primarily to the lower
xtremities.
In order to determine the types of injuries forwhichmilitary
ersonnel received medical care in the most recent complete
ear, 2006, a data request was made for both hospital and
utpatient data broken out by diagnosis and location in the
orm of the Barell Matrix.23,24 It should be noted that medical
ata for these and other injury outcomes are from land-based
edical treatment systems and third-party civilian medical
are providers receiving reimbursement from the services for
are of active duty personnel. These categories of hospitaliza-
ion and outpatient data are virtually 100% complete.
To quantify injury-related musculoskeletal conditions,
ata on conditions in the ICD-9-CM code series 716 to 739
ere requested in the form of a matrix modeled after the
arell Matrix24 for hospitalized and ambulatory (outpa-
ient) conditions treated in 2006. The 60-day exclusion rule
described above) was applied to reduce duplicate entries
ue to follow-up. Themethod for creating the injury-related
usculoskeletal injury category is more fully described in a

ater paper in this supplement to the American Journal of
reventive Medicine.
A request was also made to the AFHSC for DMSS hospital-

zationdatabycauseof injury for themost recent completeyear
2006). This was done to determine what circumstances and
vents are associated with different types of acute injuries
ICD-9-CMcodes 800–999). NorthAtlantic TreatyOrganiza-
ion (NATO) Standardization Agreement (STANAG) 2050
ause codes25 were employed for coding of hospitalization in-
ormation on military personnel rather than ICD-9-CM E-
odes as STANAG CODES are the only routinely captured
njury cause code data available for the Services. Injury causes
f hospitalization also received codes for intent (intentional
ersus unintentional) as well as three digits that provided spe-
ifıc cause information. General cause code categories in-
luded air transport, land transport, athletics, falls,
achinery/tools, environmental factors, and instrumental-

ties of war.Military outpatient data were not cause coded at
he time of this report.
Rates of injury were calculated using person-years in the
enominator, based on personnel data for each Service.
ates of hospitalization were calculated per 100,000 person-
ears, while rates of outpatient visits were calculated per
000 person-years. Denominators were corrected for the
umber of person-years deployed to OIF or OEF during the

ear in question (Table 1). Statistical tests comparing rates of s
njury are not performed because: (1) differences in clinical
reatment locations and therefore record aggregation
mong the Services preclude valid statistical comparisons
e.g., shipboard medical records are maintained separately
rom treatment in land-based Navy clinics); (2) numbers of
ases and denominators for this “census” data are so large
hat very small differences in rates will be signifıcant. Fre-
uencies and rates of injury for women, age and racial
roups are not reported because many subgroups would be
oo small to have reliable case numbers or rates.

esults
elative Magnitude of the Injury Problem

igure 1 shows the relative importance of injuries versus
ther health conditions. In this fıgure, both acute and
raumatic injuries and injury-related musculoskeletal
onditions are combined to form the “injury” category.
he graph clearly indicates that injuries were the leading
ause of medical encounters, with over 1.95 million in
006. This is more than 2.5 times the next leading cate-
ory, mental disorders, at just over 755,000 encounters.
lmost a million individual service members were af-
ected by injuries. This ismore than 2.5 times the number
f personnel affected by the next leading PDG, Sense
rgan Disorders. The number of hospital bed days for
njuries, 68,000 days in 2006, was surpassed only bymen-
al disorders, at almost 98,000 for the year. It should be
oted in regard to bed days thatmost injuries, even those as
erious as fractures, were treated on an outpatient basis.

njury Rates and Trends for the DoD and
he Services

igure 2 shows overall rates and trends for all injury-
elated medical encounters (hospitalizations and outpa-
ient visits combined) in 2006—the overall DoD and the
ndividual Services’ injury rate. The DoD rate was over
600 injury visits per 1000 servicemembers per year. The
rmy showed the highest rates of medical encounters,
lmost 2200 per 1000 person-years. Rates for the Services
ere fairly flat from 2000 to 2006.
Figure 3 displays rates for the most common general

ype of injury: lower-extremity overuse injuries (e.g., con-
itions such as stress fractures, Achilles tendonitis, plan-
ar fasciitis, bursitis) for the DoD and the Services. The
ate of DoD lower-extremity overuse injury visits was
lmost 900 per 1000 person-years. The lower-extremity
veruse injury rates were highest for the army and lowest
or the navy. Rates of lower-extremity overuse injuries
ppear to be decreasing for the army and going up for the
ir force and the marines. It should be kept in mind that
n average half of the navy is at sea at any given time, and

hipboard outpatient injuries are not captured in the

www.ajpm-online.net
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utomated medical records system. As with Figure 1,
hese fıgures (2 and 3) give a sense of the burden injuries
lace on the military medical treatment system.
Table 2 displays the number of service members
ith one ormore hospitalizations by PDG for DoD and
he Services in 2006. Injuries (n�11,591) were the
eading cause of adverse health event hospitalizations
or the DoD (note: pregnancies are not considered
dverse health events). The same was true for Army
nd Marine Corps; however, injuries were only the
econd leading cause of adverse health event hospital-

igure 1. Burden of injury versus disease, active duty mi
njury category includes injury-related musculoskeletal con
onditions arising during the perinatal period (medical en
ource: Defense Medical Surveillance System, 2007
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igure 2. Overall rates of injury, active duty DoD and
ervices, 2000–2006
ll inpatient and outpatient visits; includes primary and
onprimary diagnoses.

ource: Defense Medical Surveillance System, 2007 S

anuary 2010
zation for the Air Force and the Navy where the num-
er of injuries was exceeded by the number of mental
onditions. The rate of hospitalization for service
embers with one or more injuries, for the DoD in
006, was 1012 injury hospitalizations per 100,000
ersonnel.
Table 3 shows the number of service members with
ne or more injuries treated in outpatient clinics by
DG for the DoD and the Services. Over 1,000,000
njuries to service members were treated in outpatient

, 2006
ns from ICD-9-CM code series 716-739. Chart excludes
ters�1322).

igure 3. Lower-extremity overuse–injury rates, active
uty DoD and services, 2000–2006
ll inpatient and outpatient visits; includes primary and
onprimary diagnoses.
litary
ditio

coun
ource: Defense Medical Surveillance System, 2007



Table 2. Hospitalizations by Principal Diagnosis Group for active duty DoD and services, 2006a,b

Category ICD-9-CM
codes

DoD Army Navy Air Force Marines

Injuryc Not injury n Injuryc Not injury n Injuryc Not injury n Injuryc Not injury n Injuryc Not injury n

Infectious/parasitic 001–139 0 1,197 1,197 0 602 602 0 223 223 0 243 243 0 129 129

Neoplasm 140–239 0 1,858 1,858 0 803 803 0 477 477 0 467 467 0 111 111

Endocrine 240–279 0 867 867 0 356 356 0 207 207 0 230 230 0 74 74

Blood 280–289 0 468 468 0 169 169 0 107 107 0 142 142 0 50 50

Mental 290–319 0 10,503 10,503 0 5,434 5,434 0 2,046 2,046 0 1,862 1,862 0 1,161 1,161

Nervous 320–389 45 1,036 1,081 25 464 489 8 202 210 6 237 243 6 133 139

Circulatory 390–459 0 2,494 2,494 0 1,091 1,091 0 527 527 0 678 678 0 198 198

Respiratory 460–519 0 2,668 2,668 0 1,424 1,424 0 370 370 0 461 461 0 413 413

Gastrointestinal 520–579 4 6,361 6,365 4 2,812 2,816 0 1,317 1,317 0 1,587 1,587 0 645 645

Genitourinary 580–629 0 2,543 2,543 0 1,154 1,154 0 497 497 0 726 726 0 166 166

Pregnancy 630–677 0 15,157 15,157 0 5,004 5,004 0 4,207 4,207 0 4,908 4,908 0 1,038 1,038

Skin 680–709 0 2,005 2,005 0 941 941 0 378 378 0 278 278 0 408 408

Musculoskeletal 710–739 3,532 2,718 6,250 1,854 1,420 3,274 528 478 1,006 709 528 1,237 441 292 733

Congenital
anomalies

740–759 0 312 312 0 122 122 0 70 70 0 84 84 0 36 36

Perinatal 760–779 0 5 5 0 3 3 0 1 1 0 1 1 0 0 0

Symptoms ill-defined 780–799 0 4,275 4,275 0 2,106 2,106 0 846 846 0 1,004 1,004 0 319 319

Injury/poison 800–999 8,010 2,429 10,439 4,387 1,174 5,561 1,183 454 1,637 969 467 1,436 1,471 334 1,805

Total 11,591 56,896 68,487 6,270 25,079 31,349 1,719 12,407 14,126 1,684 13,903 15,587 1,918 5,507 7,425

aSource: Defense Medical Surveillance System, 2007
bIncident rule: visit is �60 days from preceding visit for the same diagnosis (identified using 3-digit ICD-9-CM code)
cAs defined by Armed Forces Health Surveillance Center’s (AFHSC) Installation Injury Reports, primary diagnosis only, to exclude follow-up visits
DoD, Department of Defense
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linics. This was more than twice as many as for the
ext leading cause, respiratory diseases. The same is
rue for each of the military Services. For the DoD
verall, the rate of injury clinic visits for service mem-
ers with one or more injury of a particular type in
006 was 999 outpatient (ambulatory) injuries per
000.

iagnoses and Locations of Acute Traumatic
njuries

able 4 displays types of injuries (e.g., fractures, sprains,
trains) resulting in hospitalization by body location (Barell
atrix format) for theDoD. These acute,mostly traumatic,

njuries caused almost 7000 hospitalizations in 2006. The
ost common type of acute injury hospitalized in 2006was

ractures, accounting for 40% of the total. The next most
ommon, after fractures, were internal injuries (12%), open
ounds (9%), and sprains and strains (8%). The leading
ocation of hospitalized injuries was the lower extremities,
ith a combined total of 28%of injuries. The second leading
ocation of hospitalized injurieswas the upper extremities at
9%. Just over 9% of injury hospitalizations were due to
raumatic brain injuries (TBI).
Table 5 presents data on the types of acute injuries by
ody location (Barell Matrix format) for ambulatory/
utpatient injuries—a total of over 540,000 injuries. The
eading types of injuries were sprains and strains, ac-
ounting for 49% of total outpatient injuries. Contusions
ollowed at 16%, then fractures (10%), and open wounds
8%). There were over 7000 TBIs treated in outpatient
ettings (1.3% of outpatient injuries).

iagnoses and Locations of Overuse and
hronic Injuries

able 6 identifıes the general types of injury-related
usculoskeletal conditions that result in hospitaliza-

ion. This table is arranged in the same manner as the
arell Matrix, with injury types on the horizontal axis
nd body location on the vertical axis.24 These types of
njuries resulted in just over 3300 hospitalizations of
ctive duty service members in 2006. The most com-
on conditions were categorized as “other derange-
ents of joints,” accounting for 47% of hospitaliza-

ions. The second leading category of injury-related
usculoskeletal conditions was “pain and inflamma-

ion,” which includes conditions commonly seen in
ivilian orthopedic and sports medicine clinics, such as
chilles tendonitis, plantar fasciitis, bursitis, and
atello–femoral syndrome. These painful, sometimes
isabling overuse inflammatory conditions account
or 25% of all hospitalizations. The most common

egion of the body suffering this type of injury was the v

anuary 2010
ack and spine. Back complaints and injuries consti-
uted 43% of the total injury-related musculoskeletal
onditions that required hospitalization.
Table 7 shows the types of injury-related musculoskel-

tal conditions by body location (Barell Matrix–like for-
at) that resulted in treatment in outpatient clinics. Over
35,000 injury-related musculoskeletal conditions to ac-
ive duty service members were treated in outpatient
linics in 2006. “Pain and inflammation” was the most
ommon type of injury, at 84% of the total. The most
ommonly injured body region was the lower extremity,
ccounting for 49% of the total.

auses of Injury-Related Hospitalizations

able 8 shows the frequencies, rates, and percentage
istribution of the leading causes of injuries resulting
n hospitalizations of DoD military personnel for the
otal DoD and for each of the military services. The
Falls and miscellaneous” category accounted for 34%
f all hospitalizations in the DoD in 2006. Within this
ategory, falls/jumps and near-falls (slips and trips)
ccounted for the largest portion, 18% of all injury
ospitalizations. The second leading cause was “Acci-
ents of land transport,” which resulted in 19% of all
njury hospitalizations. Nonmilitary, privately owned–
otor-vehicle mishaps were the leading type of vehicle
ssociated with injury hospitalizations, accounting for
5% of all injuries. Athletic and sports injuries consti-
uted the third leading category of hospitalization for
njury, 13.1% of all hospitalized injuries. Intentional,
onbattle injuries (e.g., fıght- and assault-related inju-
ies) were the fıfth leading cause of hospitalized inju-
ies, resulting in 8.0% of the total for the DoD. Para-
hute jump–related injuries accounted for 4.7% of all
ospitalizations in the DoD. However, the vast majority of
arachute injuries occurred among army personnel.

iscussion
ummary of Current Military Medical
urveillance Data on Injuries
n 2006, a total of 764military servicemembers died from
onbattle injuries.26 However, this number was small
ompared to the roughly 1,000,000 service members who
uffered nonfatal, nonbattle injuries as reported in this
rticle. When looking at hospitalizations, injuries ac-
ounted for 17% (n�11,591) of all hospitalizations. The
extmost common reason for hospitalizationwasmental
isorders at 15%, followed by gastrointestinal diseases at
%. Looking at conditions treated in outpatient clinics
howed that injuries were the leading health problem
equiring outpatient medical care, at 27% of all such

isits (n�1,143,846). The next leading cause of outpa-
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ient visits was respiratory illness at 12% (n�508,782)
nd the third was neurologic conditions at 11%
n�492,853). These fındings are consistent with previ-
us military data.
For every traumatic injury death in 2006, there were 11
ospitalizations and 715 injuries treated in outpatient
ettings (Figure 4). When ratios for all injuries—acute
nd overuse/chronic in nature—were calculated, there
ere 16 hospitalizations and over 1500 outpatient visits
or every death (Figure 4). It is clear from these data that
onfatal injuries are by far the biggest health problem of
he military. More attention must be focused on these
onfatal injuries to reduce the impact of injuries on the
ealth and readiness of U.S. military personnel.
As seen in Table 4, the most common type of acute

raumatic injuries requiring hospitalization are fractures,
ccounting for almost 40% of all hospitalized injuries.
rom the perspective of hospitalizations, prevention of
ractures must be a top priority. TBIs, which tally about
% of hospitalized injuries, are of concern because of

able 3. Ambulatory visits by Principal Diagnosis Group f

Category ICD-9-CM
codes

D

Injuryc Not i

Infectious/parasitic 001–139 0 193

Neoplasm 140–239 0 55

Endocrine 240–279 0 87

Blood 280–289 0 10

Mental 290–319 0 245

Nervous 320–389 13,344 492

Circulatory 390–459 0 102

Respiratory 460–519 0 508

Gastrointestinal 520–579 19 193

Genitourinary 580–629 0 167

Pregnancy 630–677 0 64

Skin 680–709 1,284 245

Musculoskeletal 710–739 589,828 276

Congenital anomalies 740–759 0 17

Perinatal 760–779 0

Symptoms ill-defined 780–799 0 483

Injury/poison 800–999 539,371 33

Total 1,143,846 3,180

Source: Defense Medical Surveillance System, 2007
Incident rule: visit is �60 days from preceding visit for the same d
As defined by Armed Forces Health Surveillance Center’s (AFHSC) Ins
oD, Department of Defense
heir potential long-term disabling effects. p
Examination of injuries occurring in outpatient set-
ings reveals a different order of priorities. Sprains and
trains caused 49% of outpatient visits, with more than
65,000 injuries treated (Table 5). Based on these num-
ers, sprains and strains should be another top priority
or prevention. Fractures were the third leading category
f outpatient injuries, at 10%. This is impressive, as there
ere over 53,000 fractures treated on an outpatient basis
cross the military services, indicating how serious out-
atient injuries can be. Although TBIs accounted for less
han 1.5% of outpatient injuries, they numbered more
han 7000, an obvious cause for concern.
When looking at injury-related musculoskeletal

onditions (Table 6), joint derangements, such as me-
iscal tears, articular cartilage derangements, and
oose bodies, accounted for 47% of all overuse/chronic
njury hospitalizations. The biggest overuse/chronic
njury problems seen in ambulatory care (Table 7) are
onditions that cause pain and inflammation, includ-
ng Achilles tendonitis, plantar fasciitis, bursitis, and

tive duty DoD and services, 2006a,b

Army

n Injuryc Not injury n

193,385 0 68,973 68,973

55,346 0 17,807 17,807

87,137 0 30,655 30,655

10,816 0 3,502 3,502

245,095 0 116,542 116,542

506,197 4,338 177,962 182,300

102,929 0 36,761 36,761

508,782 0 186,057 186,057

193,640 8 74,330 74,338

167,720 0 63,504 63,504

64,596 0 22,347 22,347

246,473 530 88,902 89,432

866,617 259,004 115,834 374,838

17,650 0 7,050 7,050

850 0 378 378

483,273 0 190,682 190,682

573,369 222,032 14,527 236,559

4,323,875 485,912 1,215,813 1,701,725

sis (identified using 3-digit ICD-9-CM code)
tion Injury Reports, primary diagnosis only, to exclude follow-up visits
or ac

oD

njury

,385

,346

,137

,816

,095

,853

,929

,782

,621

,720

,596

,189

,789

,650

850

,273

,998

,029

iagno
talla
atello–femoral syndrome.
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Cause-of-injury data presented in this paper showed
hat the leading causes of acute traumatic injury hos-
italizations for military personnel are falls, motor
ehicle mishaps, and athletics/sports (Table 8). For the
ilitary, these causes of injuries should be given top
riority (1) for prevention, where evidence of effective
nterventions exist; and (2) for research, where evi-
ence of preventability is lacking.
For each level of severity (hospitalization or ambulatory/

utpatient care) and each category of injury (acute or over-
se/chronic), a different set of injury prevention priorities
ould be derived. Ruscio et al.10 approached this issue by
stimating numbers of limited duty days for each type of
njury seen in theBarellMatrix and injury-relatedmusculo-
keletal matrices. Across the entire DoD, it was estimated
hat acute and overuse/chronic injuries together resulted in
ver 25,000,000 days of limited duty in 2005.10 The leading
ause of acute traumatic injuries was fractures of the upper
nd lower extremities, which led to more than 5,000,000
ays of limited duty. That was followed by lower-extremity
prains and strains, at more than 1,800,000 days of limited

able 3. Ambulatory visits by Principal Diagnosis Group f

Navy Air

Injuryc Not injury n Injuryc Not

0 52,341 52,341 0 48,

0 13,777 13,777 0 19,

0 24,571 24,571 0 25,

0 3,301 3,301 0 3,

0 50,822 50,822 0 54,

3,795 118,212 122,007 4,135 142,

0 25,924 25,924 0 33,

0 104,984 104,984 0 160,

3 43,649 43,652 3 58,

0 37,877 37,877 0 53,

0 17,819 17,819 0 20,

283 56,827 57,110 244 70,

104,394 54,913 159,307 168,022 78,

0 4,089 4,089 0 4,

0 205 205 0

0 105,803 105,803 0 147,

114,054 7,228 121,282 125,087 8,

222,529 722,342 944,871 297,491 928,
uty.Among the injury-relatedmusculoskeletal conditions, a

anuary 2010
veruse injuries (pain and inflammation) of a lower extrem-
ty resulted in an estimated 3,800,000milliondays of limited
uty. Based on the amount of morbidity in terms of limited
uty days, priority for prevention (by injury type) was given
o fractures of the extremities, lower-extremity overuse in-
uries, and lower-extremity sprains and strains. Among
ause coded injuries, the leading causes of the top fıve injury
iagnosis groups resulting in limited duty days were found
obe falls, sports andphysical training, handlingof guns and
xplosives, private vehicle mishaps, and slips, trips, and
wists.10 These data also suggest that the sheer numbers of
onfatal injuries should shift some emphasis from fatal in-
uries to nonfatal injuries.

omparisons of U.S. and Military Rates

o get a relative sense of how big the problem of injuries
s for the military and how well the services are doing to
revent injuries, one can compare the rates of injuries
mongmilitary service members with other populations.
hemost convenient comparisons can bemadewithU.S.

tive duty DoD and services, 2006a,b (continued )

e Marines

y n Injuryc Not injury n

48,633 0 23,438 23,438

19,417 0 4,345 4,345

25,710 0 6,201 6,201

3,166 0 847 847

54,715 0 23,016 23,016

146,275 1,076 54,539 55,615

33,178 0 7,066 7,066

160,329 0 57,412 57,412

58,043 5 17,602 17,607

53,669 0 12,670 12,670

20,545 0 3,885 3,885

71,093 227 28,611 28,838

246,025 58,408 28,039 86,447

4,584 0 1,927 1,927

203 0 64 64

147,584 0 39,204 39,204

133,304 78,198 4,026 82,224

1,226,473 137,914 312,892 450,806
or ac

Forc

injur

633

417

710

166

715

140

178

329

040

669

545

849

003

584

203

584

217

982
nd various state data. Military hospitalization rates for



Table 4. Frequency of injury hospitalizations by major ICD-9-CM injury code and body location (Barell Matrix), 2006a,b

Injury location Fracture Dislocation Sprains/
strains

Internal Open
wound

Amputations Blood
vessel

Contusion/
superficial

Crush Burns Nerves Unspecified Systemwide
and late effects

n %
total

HEAD AND NECK

Traumatic brain injury

Type-1 117 0 0 246 0 0 0 0 0 0 0 0 0 363 5.2

Type-2 49 0 0 212 0 0 0 0 0 0 0 0 0 261 3.8

Type-3 11 0 0 0 0 0 0 0 0 0 0 0 0 11 0.2

Other head, face, neck

Other head 0 0 0 0 46 0 0 0 0 0 0 69 0 115 1.7

Face 357 1 0 0 61 0 0 0 0 11 0 0 0 430 6.2

Eye 0 0 0 0 36 0 0 27 0 2 0 0 0 65 0.9

Neck 2 0 0 0 8 0 0 0 1 4 1 0 0 16 0.2

Head, face, neck unspecified 0 0 0 0 0 0 5 48 1 27 0 8 0 89 1.3

SPINE AND BACK

Spinal cord

Cervical 18 0 0 18 0 0 0 0 0 0 0 0 0 36 0.5

Thoracic/dorsal 21 0 0 3 0 0 0 0 0 0 0 0 0 24 0.3

Lumbar 7 0 0 1 0 0 0 0 0 0 0 0 0 8 0.1

Sacrum coccyx 0 0 0 3 0 0 0 0 0 0 0 0 0 3 0.0

Spine, back, unspecified 0 0 0 15 0 0 0 0 0 0 0 0 0 15 0.2

Vertebral column

Cervical 50 8 22 0 0 0 0 0 0 0 0 0 0 80 1.2

Thoracic/dorsal 52 0 3 0 0 0 0 0 0 0 0 0 0 55 0.8

Lumbar 89 4 13 0 0 0 0 0 0 0 0 0 0 106 1.5

Sacrum coccyx 18 1 0 0 0 0 0 0 0 0 0 0 0 19 0.3

Spine, back unspecified 4 0 0 0 0 0 0 0 0 0 0 0 0 4 0.1

Torso

Chest (thorax) 66 0 1 167 18 0 4 14 0 2 0 0 0 272 3.9
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Table 4. Frequency of injury hospitalizations by major ICD-9-CM injury code and body location (Barell Matrix), 2006a,b (continued )

Injury location Fracture Dislocation Sprains/
strains

Internal Open
wound

Amputations Blood
vessel

Contusion/
superficial

Crush Burns Nerves Unspecified Systemwide
and late effects

n %
total

Abdomen 0 0 0 167 19 0 1 7 0 2 0 0 0 196 2.8

Pelvis, urogenital 86 2 1 12 19 0 2 10 2 0 0 0 0 134 1.9

Trunk 3 0 0 0 3 0 0 15 0 3 0 5 0 29 0.4

Back, buttock 0 0 3 0 6 0 0 10 0 6 0 0 0 25 0.4

EXTREMITIES

Upper

Shoulder, upper arm 182 56 124 0 19 2 0 9 1 4 0 13 0 410 5.9

Forearm, elbow 216 6 2 0 49 0 0 3 4 12 0 0 0 292 4.2

Wrist, hand, fingers 249 19 13 0 184 27 0 11 8 20 0 12 0 543 7.8

Other and unspecified 7 0 0 0 10 0 7 12 0 8 37 4 0 85 1.2

Lower

Hip 57 8 4 0 0 0 0 5 0 0 0 0 0 74 1.1

Upper leg, thigh 120 0 0 0 0 3 0 5 0 6 0 0 0 134 1.9

Knee 34 112 235 0 0 0 0 1 0 0 0 0 0 382 5.5

Lower leg, ankle 768 15 82 0 0 4 0 11 1 10 0 0 0 891 12.8

Foot, toes 141 8 3 0 32 2 0 12 3 7 0 0 0 208 3.0

Other and unspecified 12 0 61 0 110 0 3 28 0 6 0 36 0 256 3.7

Unclassified by site

Other/multiple 7 0 0 0 0 0 1 0 0 0 9 0 0 17 0.2

Unspecified site 8 0 15 10 15 0 0 41 1 18 8 75 0 191 2.8

Systemwide and late effects 0 0 0 0 0 0 0 0 0 0 0 0 1,103 1,103 15.9

Total 2,751 240 582 854 635 38 23 269 22 148 55 222 1,103 6,942

% total 39.6 3.5 8.4 12.3 9.1 0.5 0.3 3.9 0.3 2.1 0.8 3.2 15.9

aSource: Defense Medical Surveillance System, as of December 31, 2007
bPrimary diagnosis only. Injuries during deployment not included. Incident rule is �60 days from preceding visit for the same diagnosis (using 3-digit ICD-9-CM code)
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Table 5. Frequency of injury ambulatory visits by major ICD-9-CM injury code and body location (Barell Matrix), 2006a,b

Injury location Fracture Dislocation Sprains/
strains

Internal Open
wound

Amputations Blood
vessel

Contusion/
superficial

Crush Burns Nerves Unspecified Systemwide
and late effects

n %
total

HEAD AND NECK

Traumatic brain injury

Type-1 225 0 0 2,055 0 0 0 0 0 0 5 0 0 2,285 0.4

Type-2 366 0 0 4,476 0 0 0 0 0 0 0 0 0 4,842 0.9

Type-3 77 0 0 0 0 0 0 0 0 0 0 0 0 77 0.0

Other head, face, neck

Other head 0 0 0 0 3,699 0 0 0 0 21 55 5,367 0 9,142 1.7

Face 3,420 72 226 0 8,970 0 0 0 0 126 0 0 0 12,814 2.4

Eye 0 0 0 0 960 0 0 10,974 0 378 44 0 0 12,356 2.3

Neck 5 0 2 0 160 0 0 0 16 100 43 0 0 326 0.1

Head, face, neck unspecified 0 0 0 0 0 0 88 6,963 28 304 14 2,536 0 9,933 1.8

SPINE AND BACK

Spinal cord

Cervical 75 0 0 175 0 0 0 0 0 0 0 0 0 250 0.0

Thoracic/dorsal 291 0 0 26 0 0 0 0 0 0 0 0 0 317 0.1

Lumbar 53 0 0 48 0 0 0 0 0 0 0 0 0 101 0.0

Sacrum coccyx 7 0 0 11 0 0 0 0 0 0 0 0 0 18 0.0

Spine, back, unspecified 10 0 0 111 0 0 0 0 0 0 0 0 0 121 0.0

Vertebral column

Cervical 361 129 15,191 0 0 0 0 0 0 0 0 0 0 15,681 2.9

Thoracic/dorsal 335 268 6,357 0 0 0 0 0 0 0 0 0 0 6,960 1.3

Lumbar 609 106 19,738 0 0 0 0 0 0 0 0 0 0 20,453 3.8

Sacrum coccyx 223 60 622 0 0 0 0 0 0 0 0 0 0 905 0.2

Spine, back unspecified 110 5 0 0 0 0 0 0 0 0 0 0 0 115 0.0

Torso

Chest (thorax) 1,267 30 2,823 601 212 0 23 3,586 0 67 9 0 0 8,618 1.6
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Table 5. Frequency of injury ambulatory visits by major ICD-9-CM injury code and body location (Barell Matrix), 2006a,b (continued)

Injury location Fracture Dislocation Sprains/
strains

Internal Open
wound

Amputations Blood
vessel

Contusion/
superficial

Crush Burns Nerves Unspecified Systemwide
and late effects

n %
total

Abdomen 0 0 0 564 346 0 15 532 0 56 44 0 0 1,557 0.3

Pelvis, urogenital 658 44 13,554 79 678 0 7 384 47 26 6 0 0 15,483 2.8

Trunk 11 0 0 0 99 0 0 1,864 3 64 7 2,908 0 4,956 0.9

Back, buttock 0 0 9,061 0 236 0 0 1,537 10 69 0 0 0 10,913 2.0

EXTREMITIES

Upper

Shoulder, upper arm 2,830 6,351 25,375 0 499 32 0 2,703 20 88 0 1,904 0 39,802 7.3

Forearm, elbow 3,926 294 2,300 0 1,788 40 0 2,042 41 402 0 0 0 10,833 2.0

Wrist, hand, fingers 16,934 1,696 17,395 0 16,155 314 0 12,385 952 1,258 0 3,790 0 70,879 13.0

Other and unspecified 134 0 0 0 605 13 67 2,114 10 170 1,148 1,447 0 5,708 1.1

Lower

Hip 574 170 11,458 0 0 0 0 908 5 0 0 0 0 13,115 2.4

Upper leg, thigh 864 0 0 0 0 105 0 626 8 74 0 0 0 1,677 0.3

Knee 458 12,394 11,634 0 0 0 0 4,773 43 20 0 0 0 29,322 5.4

Lower leg, ankle 8,914 235 54,060 0 0 163 0 2,299 69 159 0 0 0 65,899 12.1

Foot, toes 9,161 339 8,717 0 2,979 38 0 12,301 312 182 0 0 0 34,029 6.3

Other and unspecified 473 0 46,246 0 3,788 95 74 4,773 11 163 0 8,532 0 64,155 11.8

Unclassified by site

Other/multiple 48 0 0 0 0 0 1 0 0 12 397 0 0 458 0.1

Unspecified site 956 162 20,356 184 3,146 0 17 18,007 100 1,260 323 1,939 0 46,450 8.5

Systemwide and late effects 0 0 0 0 0 0 0 0 0 0 0 0 0 23,033 4.2

Total 53,375 22,355 265,115 8,330 44,320 800 292 88,771 1,675 4,999 2,095 28,423 23,033 543,583

% total 9.8 4.1 48.8 1.5 8.2 0.1 0.1 16.3 0.3 0.9 0.4 5.2 4.2

aSource: Defense Medical Surveillance System, as of December 31, 2007
bPrimary diagnosis only. Injuries during deployment not included. Incident rule is �60 days from preceding visit for the same diagnosis (using 3-digit ICD-9-CM code).
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njury are not directly comparable to U.S. rates because
he population of the services is predominantlymen aged
30 years. Nevertheless, such a comparison should pro-
ide a conservative impression of how high or low are
ilitary rates of injury. In their book The Incidence and
conomic Burden of Injuries in the U.S., Finkelstein et al.
2006) breakdown the types and causes of injuries.27 The
anner in which it is done is similar to the way in which
ilitary data were tabulated for this paper. For that rea-
on, the 2006 rates of hospitalization for the military are

able 6. Frequency of injury-related musculoskeletal cond
ocation), active duty DoD, 2006a,b

Injury location Inflammation
and painc

(overuse)

Inflammation/
pain with
nervesc

(overuse)

SPINE AND BACK

Vertebral column

Cervical 30 59

Thoracic/dorsal 0 37

Lumbar 135 37

Sacrum coccyx 1 0

Spine, back unspecified 3 3

EXTREMITIES

Upper

Shoulder 218 0

Upper arm, elbow 39 0

Forearm, wrist 11 0

Hand 4 0

Lower

Pelvis, hip, thigh 22 0

Lower leg, knee 200 0

Ankle, foot 92 0

Unclassified by site

Other specified/multiple 13 0

Unspecified site 63 15

Total 831 151

% total 24.9 4.5

Source: Defense Medical Surveillance System, as of December 31
Primary diagnosis only. Injuries during deployment not included. Inc
3-digit ICD-9-CM code).
Examples of inflamation/pain musculoskeletal conditions include te
involvement include sciatica and thoracic/lumbosacral neuritis or ra
disorders, meniscus tear, and joint instability.
oD, Department of Defense
ompared to those from Finkelstein’s book. This is a r
easonable comparison, since military injury rates have
een relatively stable from 2000 to 2006 (Figure 2). An-
ther set of comparison data comes from the State Injury
ndicators Report.28

Overall rates of injury within the military services (in-
luding both acute traumatic conditions and injury-
elated musculoskeletal conditions) are a little over 1000
ospitalizations per 100,000 service members. However,
f just the acute traumatic injury rate for the military is
ompared with the U.S. overall as is usually done, the

s for hospitalizations (matrix by injury type and body

ress
cture

Sprains/
strains/
rupture

Dislocation Other joint
derangementc

n %
total

0 0 0 250 339 10.2

0 0 0 8 45 1.4

0 0 0 826 998 30.0

0 0 0 0 1 0.0

5 0 0 41 52 1.6

0 16 60 157 451 13.5

0 0 1 3 43 1.3

0 0 1 11 23 0.7

0 4 0 7 15 0.5

6 2 1 19 50 1.5

5 530 29 160 934 28.0

0 3 13 80 188 5.6

1 1 1 10 26 0.8

1 2 0 5 166 5.0

8 558 106 1,577
3,331

3.2 16.8 3.2 47.3

7
rule is �60 days from preceding visit for the same diagnosis (using

itis, bursitis, or lumbago. Examples of pain/inflammation with nerve
tis. Examples of other joint derangements include intervertebral disc
ition

St
fra

1

8

10

, 200
ident

ndon
diculi
ates are 584 per 100,000 for the military (late effects and
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edical–surgical misadventures not included) and 676
er 100,000 for the U.S.27 Even though the military pop-
lation is composed of some of the highest-risk age
roups, the rate is about the same as that for the U.S. A
004 survey of 34 states found that overall injury hospi-
alization rates for those aged 15–24 years ranged from
32 per 100,000 (Rhode Island) to 650 per 100,000 (Ari-
ona).28 This same survey found that the rate for those
ged 25–34 years ranged from a low of 208 per 100,000
Nebraska) to a high of 545 per 100,000 (Pennsylvania).

able 7. Frequency of injury-related musculoskeletal cond
ype and body location, active duty DoD, 2006a,b

Injury location Inflammation
and painc

(overuse)

Inflammation/
pain with
nervesc

(overuse)

S
f

SPINE AND BACK

Vertebral column

Cervical 24,671 4,249

Thoracic/dorsal 0 5,698

Lumbar 78,750 6,120

Sacrum coccyx 3,216 0

Spine, back unspecified 20 1,303

EXTREMITIES

Upper

Shoulder 57,416 0

Upper arm, elbow 12,535 0

Forearm, wrist 11,815 0

Hand 6,820 0

Lower

Pelvis, hip, thigh 19,016 0

Lower leg, knee 124,648 0

Ankle, foot 86,119 0

Unclassified by site

Other specified/multiple 3,019 0

Unspecified site 23,113 2,585

Total 451,158 19,955 1

% total 84.0 3.7

Source: Defense Medical Surveillance System, as of December 31
Primary diagnosis only. Injuries during deployment not included. Inc
3-digit ICD-9-CM code).
Examples of inflamation/pain musculoskeletal conditions include te
involvement include sciatica and thoracic/lumbosacral neuritis or ra
disorders, meniscus tear, and joint instability.
oD, Department of Defense
he 2006 rate of hospitalization for acute traumatic inju- s

anuary 2010
ies for U.S. military personnel (584 per 100,000) is at the
igh end of the states’ rates for these age groups. Consid-
ring the largelymale population and the vigorous nature
f military training this is a favorable comparison.
An examination of some specifıc types of injuries from

he Barell Matrix reveals a similar pattern for the military
ompared to theU.S. TheTBI hospitalization rates for the
ervices are about 55 per 100,000 service members per
ear compared to 57 for the U.S.27 TBI hospitalization
ates in 2004 for those aged 15–24 years, reported by 34

s for ambulatory (outpatient) visits (matrix by injury

s
re

Sprains/
strains/
rupture

Dislocation Other joint
derangementc

n %
total

0 0 0 3,208 32,128 6.0

0 0 0 338 6,036 1.1

0 0 0 10,955 95,825 17.8

0 0 0 0 3,216 0.6

7 0 0 3,423 4,923 0.9

0 1,990 1,641 4,756 65,803 12.3

1 0 20 195 12,761 2.4

2 0 14 505 12,356 2.3

0 502 41 206 7,569 1.4

6 192 12 283 19,609 3.7

9 8,017 358 12,989 151,461 28.2

0 240 114 4,545 91,018 16.9

1 55 9 147 3,501 0.7

4 303 11 183 30,949 5.8

0 11,299 2,220 41,733 537,155

2.0 2.1 0.4 7.8

7
rule is �60 days from preceding visit for the same diagnosis (using

itis, bursitis, or lumbago. Examples of pain/inflammation with nerve
tis. Examples of other joint derangements include intervertebral disc
ition

tres
ractu

17

1

2

10

5,44

27

4,75

0,79

, 200
ident

ndon
diculi
tates, ranged froma lowof 33 per 100,000 (Rhode Island)
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o a high of 178 per 100,000 (Arizona).28 For those aged
5–35 years in the same 34-state survey, rates of TBI
anged from a low of 24 per 100,000 (Rhode Island) to a
igh of 109 (Pennsylvania). The TBI rate for the U.S.
ilitary (55/100,000) is at the low end of this range. In
xamining another type of injury, fractures, a similar
ontrast with the U.S. as a whole is found. For the mili-

able 8. Hospitalized nonbattle causes of injury for active

Category DoD Arm

n Ratec % n Ratec

Falls, miscellaneous other
unspecifiedd

1,483 129.5 (1) 34.3 895 249.6 (1

Fall/jump (stairs,
same/different level)

578 50.5 13.4 285 79.5

Twist, turn, slip (no fall) 178 15.5 4.1 111 31.0

Miscellaneous other,
unspecified

727 63.5 16.8 499 139.2

Accidents—land transport 824 71.9 (2) 19.1 383 106.8 (2

Nonmilitary vehicle 666 58.2 15.4 305 85.1

Military vehicle 50 4.4 1.2 23 6.4

Nontraffic and other land
transport

108 9.4 2.5 55 15.3

Athletics and sports 567 49.5 (3) 13.1 280 78.1 (3

Complications—medical 348 30.4 (4) 8.0 206 57.5 (4

Intentional
injuries—nonbattle

222 19.4 (5) 5.1 136 37.9 (6

Machinery, tools 221 19.3 (6) 5.1 122 34.0 (7

Accidents—air transport 220 19.2 (7) 5.1 197 54.9 (5

Parachute 202 17.6 4.7 189 52.7

Military aircraft, air
transport other

18 1.6 0.4 8 2.2

Environmental factors 202 17.6 (8) 4.7 115 32.1 (8

Guns, explosives 90 7.9 (9) 2.1 61 17.0 (9

Poisons, fire,
hot/corrosive
substances

64 5.6 (10) 1.5 36 10.0 (1

Instrumentalities of
war—enemy

42 3.7 1.01 12 3.3

Accidents—water
transport

38 3.3 0.92 11 3.1

Instrumentalities of
war—self, accidents

2 0.2 0.05 0 0

Totale 4,323 377.5 100 2454 684.3

Source: Defense Medical Surveillance System, 2007
Population: DoD�1,145,289; Army�358,524; Navy�318,805; Air Force�3
Rate per 100,000 person-years. Presented in descending order by DoD rate.
Fighting excluded from Falls and Misc and added to Intentional injuries.
Missing Standardization Agreement codes (not included in total): DoD�5171
oD, Department of Defense
ary, fractures result in hospitalizations for service mem- a
ers at a rate of roughly 240 per 100,000 service members
er year, while for the U.S. it is 333 per 100,000 popula-
ion per year.27 These comparisons of the military with
he U.S. civilian population are extremely crude. Never-
heless, they suggest that rates of injury hospitalization
or TBIs and fractures among service members are not
nduly high, relative to the U.S. as a whole or to similar

ty DoD and service, 2006a,b

Navy Air Force Marines

n Ratec % n Ratec % n Ratec %

36.5 194 60.9 29.2 181 56.9 30.3 213 142.3 35.1

11.6 102 32.0 15.3 91 28.6 15.2 100 66.8 16.5

4.5 21 6.6 3.2 21 6.6 3.5 25 16.7 4.1

20.3 71 22.3 10.7 69 21.7 11.6 88 58.8 14.5

15.6 181 56.8 27.2 174 54.7 29.1 86 57.5 14.2

12.4 153 48.0 23.0 139 43.7 23.3 69 46.1 11.4

0.9 5 1.6 0.8 13 4.1 2.2 9 6.0 1.5

2.2 23 7.2 3.5 22 6.9 3.7 8 5.3 1.3

11.4 100 31.4 15.0 99 31.1 16.6 88 58.8 14.5

8.4 38 11.9 5.7 24 7.5 4.0 24 16.0 4.0

5.5 46 14.4 6.9 33 10.4 5.5 63 42.1 10.4

5.0 28 8.8 4.2 30 9.4 5.0 41 27.4 6.8

8.0 6 1.9 0.9 12 3.8 2.0 5 3.3 0.8

7.7 3 0.9 0.5 8 2.5 1.3 2 1.3 0.3

0.3 3 0.9 0.5 4 1.3 0.7 3 2.0 0.5

4.7 22 6.9 3.3 14 4.4 2.3 51 34.1 8.4

2.5 8 2.5 1.2 13 4.1 2.2 8 5.3 1.3

1.5 11 3.5 1.7 11 3.5 1.8 6 4.0 1.0

0.51 9 2.8 1.4 3 0.9 0.5 18 12.0 3.0

0.47 22 6.9 3.3 3 0.9 0.5 2 1.3 0.3
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In addition to the fact that hospitalization rates for
ilitary and civilian populations are similar, it is note-
orthy that injury fatality rates are also similar. The crude
ate of unintentional (“accidental”) injury deaths overall
or the military Services was 32.2 per 100,000 service
embers in 2006.26 The crude rate of unintentional in-

ury deaths for theU.S. the year before (2005)was 39.7 per
00,000.29 More specifıcally, the U.S. rate among those
ged 15–24 years was 37.4, while that for those aged
5–34 years was 34.9.28 These age categories for the
.S. correspond to the age distribution of active duty
ilitary personnel, of whom more than 75% are aged
35 years.26 Even though the comparisons are crude,

hese data suggest, as has been shown in the past,30 that
on– combat-related fatality rates for the military are
ot unduly high compared with unintentional injuries
nd for the U.S. population in general.
The previous paragraphs examined comparisons of

ypes of injuries treated, but comparison of rates for spe-
ifıc causes of injuries for the military and the U.S. popu-
ation may also be instructive. The annual rate of fall-
elated injury hospitalizations for the military is 50.5 per
00,000 service members, which is substantially lower
han for the U.S. population, where rates for boys/men
ged 15–24 years is 89 per 100,000 and for those aged
5–44 years is 125 per 100,000.27 When looking at indi-
idual Services, rates of falls for the army (79.5 per
00,000 per year) are more similar to the civilian data
han the other Services.
Annual rates of hospitalization for motor vehicle–

elated injuries for themilitary are 71.9per 100,000. In com-
arison, for theU.S., the rates are 100 per 100,000.27 Rates

igure 4. Unintentional injury pyramid, active duty mili-
ary, 2006
ources: Death-Defense Manpower Data Center, 2007;
ospitalizations and Ambulatory—Armed Forces Health
urveillance Center (AFHSC), 2007
f injuries reported for the U.S. for those aged 15–24 h

anuary 2010
ears and those aged 25–44 years were 216 and 147,
espectively.27When looking at the state level, in 2004 the
ange of motor vehicle–related hospitalization rates
mong the 34 reporting states for those aged 15–24 years
ere 53 to 246 per 100,000, with a median rate of 157.28

or those aged 25–34 years, the range of motor vehicle–
elated hospitalization rates for the 34 states was 45 to 154
er 100,000 persons per year, with a median of 103.28

ospitalization rates for motor vehicle–related injuries
mong military personnel appear to be at the low end of
he spectrum reported for states.
The rate for the Army alone, which is the best compar-

son population because they have greater opportunity to
rive (do not spend time at sea), is 91.5 per 100,000 per
ear (Table 7). This rate is still on the low side, compared
o state-level civilian population data on younger age
roups comparable to the army population. It should not
e surprising that motor vehicle–related injury hospital-
zation rates are lower for the military than for the U.S.
rull et al.31 showed that fatality rates for comparable age
roups of male service members are lower than for civil-
anmen of the same age. Krull found that men of compa-
able age in the U.S. population were at a 14%–46%
igher risk of dying in a motor vehicle crash than army
en of the same age.
Participation in sports is the third leading cause of
ospitalization for the military. The rate of sports injury
ospitalizations cannot be readily contrasted with civil-
an U.S. data, due to the fact that sports/athletics do not
eceive a cause code in the civilian ICD-9-CM E-code
ystem. Unlike ICD-9-CM E-coded data, the STANAG
njury cause codes permit coding of specifıc sports (soft-
all, basketball, football, soccer) and recreational activi-
ies (skiing, rock climbing, horsemanship, swimming).
nother challenge to assessing sports and recreational
njuries for bothmilitary and civilian communities is that
large portion of the injuries are overuse injuries, such as
tress fractures, Achilles tendonitis, plantar fasciitis, and
atello–femoral syndrome, classifıed in the ICD-9-CM
ode series 716–739.17,20 These injury-related musculo-
keletal conditions are not classifıed as “injuries” in the
CD-9-CMcode book, or bymost injury epidemiologists.
owever, these conditions are commonly recognized as
njuries by the sports medicine community (orthopedic
urgeons, physical therapists, athletic trainers, sports
edicine practitioners). The DoD Military Injury Met-
ics Working Group in 2002 agreed that such conditions
hould be captured by military injury surveillance sys-
ems.16,22 If these injury-related musculoskeletal condi-
ions (chronic and overuse injuries) were not coded and
racked as injuries, 30% of hospitalizations and 52% of
mbulatory injury visits would bemissed by themilitary’s

ealth Services and safety offıcials.
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For the military, physical training– or exercise-related
njuries are the single biggest category of overuse injuries
nd would be missed altogether if not coded and tracked
long with acute injury (ICD-9-CM 800–999) data. Vig-
rous weight-bearing physical activity is inescapable for
ervice members, and as a result lower-extremity overuse
njuries are also unavoidable. The data in Figure 3 repre-
ent lower-extremity overuse injuries and were designed
o track the effects of running and other weight-bearing
njuries. This is an important issue for civilian communi-
ies, where similarly young or middle-aged, vigorously
ctive individuals would also be expected to experience
hese kinds of injuries.

apabilities and Limitations of Military
njury Surveillance

ince the late 1980s, public health and injury experts have
ecommended surveillance of both fatal and nonfatal in-
uries.6,11–14 In 1996, the AFEB recommended that the
oD develop a comprehensive medical injury surveil-
ance system including hospitalization and outpatient
ata, and that surveillance of overuse/chronic injuries32

n addition to acute injuries was needed.1,2 As a result of
hese recommendations the DMSS was established in
99733 at the direction of the Assistant Secretary of De-
ense for Health Affairs; it began with surveillance of
ospitalizations.2,33 In 1998, automated outpatient sur-
eillance data became available through DMSS for all
our Services in addition to hospitalization data. The ad-
ition of outpatient injury visit data greatly expanded the
ecognition of how important the problem of injuries is
or the military Services.
Even though the currentDMSShas some limitations, it

s evident from the preceding discussion that the military
ervices have developed a system capable of substantially
ontributing to the prevention of injuries. The DMSS is
opulation-based with both inpatient (hospital) and out-
atient (ambulatory) data. The data on hospitalizations
f military personnel, which have the characteristics rec-
mmended for the states to incorporate,6,23 are virtually
00% complete. All hospitalizations inmilitary treatment
acilities are captured as well as those for which the mili-
ary pays for care outside the military healthcare system.
ll cases have diagnosis codes (ICD-9-CM N-codes).
hese data are linked to personnel data containing demo-
raphic, occupational, and other information on all ser-
icemembers. About 75% of hospitalized injury cases are
ause codedwith specifıcNATOcodes (STANAGcodes).
Injury and public health experts universally recom-
end use of hospitalization data for injury surveillance,
hen available.6,11–14 The State and Territorial Injury
revention Directors Association (STIPDA) recom-

ends population-based surveillance that tracks both in- c
ury hospitalizations and rates (i.e., numerators, denom-
nators, and incidences) of such hospitalizations in the
.S.23 STIPDAprovides a number of specifıc recommen-
ations about how to use hospital discharge data for
njury surveillance.23 Their recommendations include:
1) checking the quality of data (completeness and per-
entage of diagnosed injuries with cause codes among
ther things); (2) including hospitalized conditions that
ist an injury as the principle reason for admission;
3) calculating crude, unadjusted injury discharge rates
nd gender-specifıc age-adjusted rates; (4) reporting fre-
uencies of diagnoses by body location in the Barell Ma-
rix format; and (5) describing causes of injury for which
valid external cause code exists using the recommended
ramework for presenting mortality and morbidity data.
Note: While military injury hospitalization data are
ause coded, the data are not coded using ICD-9-CM
-codes, but rather NATOSTANAG injury cause codes).
his paper demonstrates that, with the exception of re-
orting ICD-9-CM E-codes, the DoD military hospital-
zation data can be reported in the manner suggested by
TIPDA. Likewise with the exception of cause-of-injury
odes, outpatient data meeting these specifıcations are
lso available.
In addition to hospitalization data, it is also recom-
ended that other nonfatal injury data be utilized for
urveillance. The most commonly recommended non-
ospitalized medical data source is emergency depart-
ents.6,11,13,34,35 Several national surveys and national
ospital samples report these data.36–40 A number of
tates have surveillance systems for nonfatal injuries that
rack hospitalizations and emergency department visits
ut do not track all outpatient care, as is done in the
MSS. When he published his article in 2003, Horan
oted that only 17 states had developed emergency de-
artment surveillance systems, and none were reported
ohave the ability to conduct surveillance of all outpatient
njuries.6 As a result, direct comparisons of military out-
atient data tomost national or state data are not possible
t this time.
As with hospitalization data, outpatient data for non-
eployed military personnel treated in ambulatory care
linics are virtually 100% complete. However, as men-
ioned earlier, there is no cause coding for outpatient
njuries. Outpatient data are also linked to demographic
ata for all service members. Data on age, race, gender,
arital status, military occupational skills, and other spe-
ifıcs are available for public health purposes. However,
here are differences among services in capture of health
ata, especially outpatient data when, for instance, ship-
oard medical data for the Navy are not captured. Be-

ause of its nature the army has the most complete data.

www.ajpm-online.net



N
t

C
T
s
t
p
c
a
s
t
h
a
a
u
a
S
i
t
g
s

i
s
w
d
l
t
f
m

s
A
m

●

●

●

●

●

●

●

●

●

●

m
t
o
l
h
g
a
t
m
d

N
t

R

Jones et al / Am J Prev Med 2010;38(1S):S42–S60 S59

J

evertheless data are excellent for tracking rates and
rends within Services.

onclusion and Recommendations
here is a growing recognition of the value of medical
urveillance to public health, safety, and injury preven-
ion by both civilian6,13 and military subject matter ex-
erts.1,2 However, priorities for the military are still fo-
used on fatal injuries—primarily motor vehicle and
viation crashes. In comparison to hundreds of thou-
ands of injuries treated in hospitals and outpatient set-
ings each year, there have historically been only a few
undredmotor vehicle fatalities per Service each year and
fewdozen aviation deaths.1 These nonfatal injuries have
huge impact on the health and readiness of military
nits. It has been estimated that nonfatal injuries result in
lmost 25 million days of limited duty annually for the
ervices.10 As shown in this paper, falls, sports, and phys-
cal fıtness training result in far more nonfatal injuries
han motor vehicle or aviation mishaps and should be
iven much higher priority for both prevention and re-
earch than they are accorded.
The data presented in this paper clearly indicate that

njuries are the biggest health problem of the military
ervices for which medical care is sought. Nevertheless,
here comparisons can be made with U.S. population
ata, rates of injuries are similar andmay in some cases be
ower than for the U.S. and for some states. This suggests
hat while prevention of injuries should be a top priority
or the military, the services are doing a good job of
aking military training and operations safe.
The DoD has a well-established medical surveillance

ystem that could be used more effectively than it is now.
ctions that could be taken to makemore effective use of
edical surveillance of nonfatal injuries are:

Make greater use ofmedical data to identify the biggest
problems.
Monitor rates and trends in injuries to detect emerging
injury problems, such as TBI and other injury condi-
tions that are not currently tracked such as noise- and
vision-related injuries.
Integrate nondeployment data as shown in this paper
with improved deployment and shipboard data.
Set priorities based on data on themagnitude of nonfatal
as well as fatal injuries and evidence of preventability.
Make sure prevention of injuries related to falls, sports,
physical fıtness training, military-vehicle mishaps, and
the handling of guns and explosives are priorities for the
DoD.
Where evidence of effective prevention strategies ex-

ists, set prevention priorities.

anuary 2010
Where evidence of effective prevention does not exist
but large or severe problems are identifıed, such as falls,
set research priorities.
X For problems that military and civilian communi-

ties share, seek to ensure civilian research organi-
zations recognize and share the priority (e.g., fall
and sports injury prevention).

X Where injury problems are unique to the military,
develop processes to ensure military research pri-
orities incorporate public health priorities (e.g.,
military-vehicle mishap–related injuries, falls from
military vehicles, and blast-related TBIs).

Evaluate all newly implemented injury prevention pro-
grams and policies andmake sure surveillance data and
metrics are available to monitor success.
Make suremedical surveillance data and evidence of pre-
vention effectiveness reach installation and unit com-
manders and installation safety andmedical authorities.
Improve nonfatal injury surveillance:
X Integrate medical treatment data from all sites de-

ployed and nondeployed.
X Report rates of injury for emergency department

treatment separately from other outpatient treat-
ment to allow for comparisons to national and
state data.

X Encourage the use of the same coding systems by
the military as for civilian U.S. medical care for
purposes of comparability.

X Establish cause coding of injuries treated in outpa-
tient settings.

Current DoD attention to injury prevention offers the
ilitarymedical departments a greater opportunity to con-

ribute to thepreventionof the singlebiggesthealthproblem
f the services. TheDoDandmilitary services have an excel-
ent medical surveillance system to monitor injury-related
ealth outcomes and the success of injury prevention pro-
rams. Ifoutpatientdata systemsare improved, theDoDhas
nopportunity toperform two important actions: fırst, con-
ribute tremendously to the prevention of injuries in the
ilitary services; and second, establish a model for future
ata-driven, evidence-based injury prevention.

o fınancial disclosures were reported by the authors of
his paper.
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