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Suzanne R. Block, MPH, Bruce H. Jones, MD, MPH

Introduction: Medical information systems during past military deployments had limited injury
surveillance capability as data were not accessible during deployments and did not capture causes of
injury. This paper describes nonbattle injury (NBI) results from an ongoing surveillance program
that identifıes injury occurrences and causes during deployments for Operations Iraqi Freedom
(Iraq) and Enduring Freedom (Afghanistan).

Methods: U.S. Army soldiers medically air evacuated from Iraq (March 2003–December 2006) or
Afghanistan (October 2001–December 2006) were identifıed from air evacuation records that pro-
vided demographics, casualty type, diagnosis, and patient history. For NBI cases, the patient history
was used to identify and code injury cause, incident circumstances, and body region. Descriptive
statistics were used to describe and compare NBIs evacuated from Iraq and Afghanistan.

Results: In all, 27,563 soldiers in Iraq and 4165 in Afghanistan were air evacuated. NBIs accounted
for 35% and 36% of cases, respectively, and were the largest single category of evacuations for both
operations. Distributions for leading categories of NBI diagnosis (fracture, inflammation/pain, and
dislocation) and body region (back, knee, and wrist/hand) were similar for both operations. Leading
NBI causes were the same for both operations—sports/physical training (19%–21%), falls/jumps
(18%), and motor vehicle–related incidents (12%–16%)—but the proportion of motor vehicle
incidents was higher in Iraq (p�0.001).

Conclusions: Routinely collected air evacuation records provided the basis for ongoing injury
surveillance for Iraq and Afghanistan. NBI was the largest category of evacuations from both
operations. Leading NBI causes were similar to those identifıed for previous deployments and many
should be preventable.
(Am J PrevMed 2010;38(1S):S94–S107) Published by Elsevier Inc. on behalf of American Journal of Preventive
Medicine
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onbattle injuries (NBIs) have become a major
cause of morbidity and mortality during com-
bat operations. Whereas infectious disease

as the leading cause of nonbattle hospitalizations in
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orldWars I and II and the KoreanWar,1–3 beginning
ith the Vietnam War, injuries have been the leading
ause of nonbattle admissions.4–6 This shift in relative
mportance of NBIs has been described for marines,1,4,5

ailors,1 and soldiers.2,7–10 During Operations Desert
hield and Storm (ODS&S) in 1990–1991 andOperation
oint Endeavor (OJE) in Bosnia (1995–1996), NBI was
he leading category of hospitalizations, accounting for
5% and 20%, respectively.6,7,11 Musculoskeletal and
onnective tissue conditions made up the second leading
ategory of hospitalizations in ODS&S (14%) and the
ourth leading category in OJE (10%). Motor vehicle

rashes (19%), falls (19%), and sports (18%) were the top
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hree causes of NBI admissions in ODS&S.6,11 Moreover,
n ODS&S, the number of nonbattle deaths from unin-
entional trauma (n�183) exceeded the number of battle-
elated deaths (n�147).12

Even though the impact of NBIs during military oper-
tions is well recognized, the epidemiology of these inju-
ies is poorly understood. During past military opera-
ions, analyses to describe injury incidence, types,
everity, causes, and treatment outcomeswere conducted
t the completion of the operations when copies of the
edical records were centralized for review. Lessons

earned from these retrospective analyses led to major
dvancements in medical evacuation, treatment, and re-
abilitation that have greatly benefıted injured service
embers. This retrospective approach to injury surveil-

ance did not, however, allow identifıcation of injury
roblems early in the deploymentswhen changes in prac-
ice and policy could have lowered the injury risk for
eployed soldiers.
Even today, limitations in the electronic medical

ecord system used during military deployments affect
ur ability to conduct high-quality, responsive injury sur-
eillance during deployments. These limitations include
he inability to identify all injury occurrences and inade-
uate recording of precipitating causes. Efforts are un-
erway to improve existing medical record systems, but,
n the meantime, these limitations reduce the effective-
ess of injury surveillance efforts. Given these limita-
ions, it was necessary to identify other sources ofmedical
nformation that could be used to conduct routine injury
urveillance.
In 2004, the Injury Prevention Program of the U.S.
rmyCenter for Health Promotion and PreventiveMed-

igure 1. Distribution of air evacuation cases by injury
ype and diagnosis category for Iraq (2003–2006)a,b

Air evacuation cases: n�27,563
Percentages represent the percentages of all evacuation
Aases within each group

anuary 2010
cine demonstrated that routinely collected air medical
vacuation records could be used to conduct ongoing
njury surveillance during Operations Iraqi Freedom
Iraq) and Enduring Freedom (Afghanistan).13 Two pre-
ious reports described the benefıts of using the air evac-
ation records for general medical surveillance during
ilitary operations.14,15 The air evacuation record
ystem—U.S. Transportation Command (TRANSCOM)
egulating and Command & Control Evacuation System
TRAC2ES)—is used to request and coordinate air evac-
ation of service members with serious injuries and dis-
ases. Characteristics of these records important for in-
ury surveillance include: (1) complete capture of injuries
nonbattle and battle injuries) and illnesses (diseases)
erious enough to require evacuation from the theater;
2) data completeness—all data elementsmust be entered
efore the patient can be air evacuated; (3) use of stan-
ardized diagnosis codes; (4) descriptions of the injury
ncident and cause in the patient history; (5) accessi-
ility of the records (monthly); and (6) potential to link
ith data from other systems. Since 2004, air evacua-
ion records have been used to monitor the frequency,
ates, types, and causes of serious injuries (NBIs and
attle injuries) and diseases during current military
perations.
The purpose of this paper is to (1) demonstrate the
tility of air evacuation records for injury surveillance
uring military deployments and (2) describe the fre-
uency, rate, types, and causes of NBIs that required
edical air evacuation of U.S. Army soldiers since the
eginning of the operations in Iraq (March 2003) and

igure 2. Distribution of air evacuation cases by injury
ype and diagnosis category for Afghanistan (2001–2006)a,b

Air evacuation cases: n�4165
Percentages represent the percentages of all air evacu-
tion cases within each category
fghanistan (October 2001) to December 2006.
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ethods
rmy soldiers who were air evacuated from Iraq or Af-
hanistan to a military hospital in Germany or the U.S.
ere identifıed from air evacuation records provided by
he TRAC2ES Program Offıce at Brooks Air Force Base.
or this analysis, an air evacuation case was any deployed
oldier (regular Army, Army Reserve, or Army National
uard) who required air evacuation for an injury (NBI or
attle injuries) or disease between October 2001 and De-
ember 2006. If a previously air-evacuated soldier de-
loyed again (i.e., a second deployment) to Iraq or Af-
hanistan after recovering from the fırst injury or disease,
nd required air evacuation for a different injury or dis-
ase, both air evacuation episodes were included as
ases.
The following data
ere abstracted for
achcase: age, gender,
ank, operation (Iraq
r Afghanistan), date
f air evacuation, ori-
in and destination of
ach air evacuation
ovement, casualty

ype, diagnosis, ana-
omical locationof in-
ury,andnarrativepa-
ient history. When
vailable, accident
Army Safety Man-
gement Information
ystem) and casualty
eports (Defense Ca-
ualty Information
rocessing System)
ere linked to air
vacuation records
or injury cases.These
eports provided ad-
itional details about
he incident circum-
tances and injury
ause.
Trained injury

oders used a com-
uterized data-entry
ool to review the
ombined data ele-
ents for each case.
ome of themost im-
ortant data elements
ere the diagnosis
nd text fıelds that de-
cribed the patient

Table 1. Age, gender, and milita
Iraq (2003–2006) and Afghanista

Characteristic and category

Age group (years)

17–19

20–29

30–39

40–49

50–59

�60

Unknown

Gender

Male

Female

Unknown

Military rank

Junior enlistedc

Noncommissioned officerd

Senior noncommissioned officere

Commissioned officerf

Warrant officerg

Unknown

aDistribution by demographic categorie
and Afghanistan from October 2001 t

bp-value comparing the demographic ca
cIncludes enlisted ranks E-1 to E-4
dIncludes enlisted ranks E-5 to E-7
eIncludes enlisted ranks E-8 to E-9
fIncludes commissioned officers O-1 to
istory and incident gIncludes warrant officers WO-1 to WO-4
ircumstances. After a thorough review of each case, important
etails were re-coded for this analysis. Based on the diagnosis,
asualty type, patient history, and incident circumstances, each
ase was classifıed as an NBI, battle injury, or disease. For injury
ases (NBI and battle injury), cause of injury was determined
henever possible, and was coded using a standardized scheme
escribed in the North Atlantic Treaty Organization (NATO)
tandardization Agreement (STANAG) No. 2050, 5th Edition
ndcommonlyreferredtoas theSTANAGcodes.16Other impor-
ant details about injury incidentswere also coded using variables
eveloped for this analysis.
Descriptive statistical methods were used to describe

he (1) distribution of injury types (NBI and battle injury)
nd diagnosis categories for diseases, (2) demographic
haracteristics of soldiers air evacuated for NBIs, (3) fre-
uency and rates of air-evacuated NBIs, (4) distribution

nk of soldiers air evacuated for nonbattle injuries from
001–2006) and for all deployed soldiers (2001–2006)a

Iraq
(n�9530)

Afghanistan
(n�1515)

p-valueb All deployed
soldiersa

n % n % %

256 2.7 51 3.4 0.13 5.8

4661 48.9 751 49.6 0.63 56.0

2904 30.5 452 29.8 0.62 26.7

1381 14.5 204 13.5 0.29 9.7

310 3.3 51 3.4 0.82 1.8

2 0.0 0 0.0 — 0.01

16 0.2 6 0.4 0.11 0.00

8712 91.4 1399 92.3 0.23 89.8

814 8.6 115 7.6 0.22 10.2

4 0.0 1 0.1 0.52 0.01

4486 47.1 666 44.0 0.02 47.9

3997 41.9 613 40.5 0.28 35.6

184 1.9 49 3.2 �0.01 2.4

580 6.1 111 7.3 0.06 10.0

162 1.7 44 2.9 �0.01 1.8

121 1.3 32 2.1 �0.01 2.3

all soldiers (includes injured and non-injured) who deployed to Iraq
ember 2006
ry for Iraq and Afghanistan
ry ra
n (2

s for
o Dec
tego

O-7
www.ajpm-online.net
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f NBI types and anatomical locations, and (5) distribu-
ion of NBI causes. The chi-square test of proportions was
sed to compare these distributions for Iraq and Afghan-
stan. To calculate estimated NBI rates (injuries/1000
eployed person-years), the estimated deployed person-
ime for each year (2001 to 2006) of each operation was
btained from the Armed Forces Health Surveillance
enter. All results were reported separately for Iraq and
fghanistan.

esults
rom October 2001 to December 2006, some 31,197 sol-
iers were air evacuated from Iraq or Afghanistan for an
njury or disease. Including air evacuations during subse-
uent deployments to Iraq and/or Afghanistan, 515 of
hese soldiers were air evacuated twice and eight were air
vacuated three times for different (new) injuries and/or
iseases. Including these additional cases, the total num-
er of cases was 31,728 (NBI: n�11,045; battle injury:
�5401; diseases: n�15,282). Ninety-two soldiers with
n NBI were air evacuated for two different injuries that
ccurred during different deployments.
There were 27,563 air evacuation cases from Iraq that

ncluded 9530 NBIs, 4968 battle injuries, and 13,065 dis-
ases. Figure 1 shows the distribution of these cases by
njury type (NBI or battle injury) or diagnosis category
or diseases. NBI was the largest single category (34.6%),
ollowed by battle injury (18.0%).
From Afghanistan, there were 4165 air evacuation

ases, including 1515 NBIs, 433 battle injuries, and 2217
iseases. Figure 2 shows the distribution of these cases by
njury type (NBI or battle injury) or diagnosis category
or diseases. Similar to the fındings for Iraq, NBI was the
argest single category (36.4%) for Afghanistan. The pro-

able 2. Rates (injuries per 1000 deployed person-years
or Iraq (2003–2006) and Afghanistan (2001–2006)

Calendar
year

Iraqa (n�9530) Afgh

Frequency (n) Ratec Frequ

2001–2002e NA NA 215

2003 3333 27.16 273

2004 2395 19.25 356

2005 2236 15.47 300

2006 1566 12.40 371

Total/overall 9530 18.40 1515

Iraq (Operation Iraqi Freedom): March 2003–December 2006
Afghanistan (Operation Enduring Freedom): October 2001–Decemb
Rate is the number of nonbattle injuries per 1000 deployed person
p-value comparing the yearly rate for Iraq and Afghanistan

Frequency for Afghanistan includes October 2001 to December 2002

anuary 2010
ortion of NBI cases was 3.3 times higher than the next
argest category, ill-defıned signs and symptoms
11.1%). Battle injury was the third leading category
10.4%) in Afghanistan and accounted for a smaller
roportion of cases than in Iraq (p�0.001).
Demographic characteristics including age, gender,

nd military rank of the soldiers who were air evacuated
rom Iraq and Afghanistan for an NBI are described in
able 1. There were no differences in the age and gender
istributions for soldiers from Iraq and Afghanistan.
verall, more than half of soldiers were under the age of
0 (Iraq: 51.6%; Afghanistan: 53.0%) and more than 80%
ere under the age of 40 (Iraq: 82.1%; Afghanistan:
2.8%). Female soldiers accounted for only 8.6% and
.6% of NBIs in Iraq and Afghanistan, respectively. More
njured soldiers in Iraq were junior enlisted rank
p�0.02), whilemore soldiers in Afghanistanwere senior
oncommissioned offıcers (p�0.001) or warrant offıcers
p�0.001). For comparison, the age, gender, and rank
istributions for all soldiers (includes injured and non-
njured) who deployed to Iraq and Afghanistan between
ctober 2001 and December 2006 are also included in
able 1.
While the overall NBI rates (NBIs/1000 deployed
erson-years) for Iraq (2003–2006) and Afghanistan
2001–2006) differed (p�0.001) (Table 2), the com-
ined yearly rates for years 2003 to 2006 when both
perations were ongoing were the same (Iraq: 18.4/
000 person-years; Afghanistan: 18.4/1000 person-
ears; p�0.93). Different patterns were noted, how-
ver, when comparing yearly rates between and within
raq and Afghanistan. In 2003, the rate for Iraq was at
ts highest level and was two times higher than the rate for
fghanistan (p�0.001). The rate for Iraq then decreased
9% in 2004 and continued to decrease in subsequent years

(p trend �0.001).
The rate for Af-
ghanistan was low-
est during the fırst
1/4 years of the
operation(October
2001–2002), then in-
creased in subse-
quent years (p trend
�0.001). Afghani-
stan’s rates were
higher than Iraq’s in
2004 through 2006.
The NBIs were

classifıed by general
diagnosis and ana-
tomical location. For

air-evacuated nonbattle injuries

tanb (n�1515) p-valued

(n) Ratec

9.31 —

13.41 �0.001

24.15 �0.001

17.93 0.02

19.89 �0.001

16.19 �0.001

06
s

) for

anis

ency

er 20
-year
Iraq and Afghani-



Table 3. Barell Matrix for air-evacuated nonbattle injuries for Iraq (2003–2006)a

Injury location Fracture Dislocation Sprain/
strain

Internal Open
wound

Amputation Blood
vessel

Contusion/
superficial

Crush Burns Nerve Unspecified Systemwide and
late effects

Total % total % body
region

HEAD AND NECK

Traumatic brain injury

Type 1 1 — — 17 — — — — — — 0 — — 18 0.4 1.2

Type 2 10 — — 30 — — — — — — — — — 40 0.8

Type 3 1 — — — — — — — — — — — — 1 0.0

Other head, face, neck

Other head — — — — 9 — — — — 0 1 48 — 58 1.2 5.1

Face 90 0 0 — 13 — — — — 28 — — — 131 2.6

Eye — — — — 18 — — 8 — 3 0 — — 29 0.6

Neck 0 — 0 — 2 — — — 0 0 10 — — 12 0.2

Head, face, neck unspecified — — — — — — 2 0 2 8 0 15 — 27 0.5

SPINE AND BACK

Spinal cord

Cervical 4 — — 8 — — — — — — — — — 12 0.2 1.0

Thoracic/dorsal 2 — — 0 — — — — — — — — — 2 0.0

Lumbar 2 — — 15 — — — — — — — — — 17 0.3

Sacrum coccyx 0 — — 4 — — — — — — — — — 4 0.1

Spine, back, unspecified 4 — — 10 — — — — — — — — — 14 0.3

Vertebral column

Cervical 21 2 32 — — — — — — — — — — 55 1.1 2.6

Thoracic/dorsal 4 1 1 — — — — — — — — — — 6 0.1

Lumbar 34 0 26 — — — — — — — — — — 60 1.2

Sacrum coccyx 3 0 1 — — — — — — — — — — 4 0.1

Spine, back unspecified 8 0 — — — — — — — — — — — 8 0.2

(continued on next page)
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Table 3. (continued)

Injury location Fracture Dislocation Sprain/
strain

Internal Open
wound

Amputation Blood
vessel

Contusion/
superficial

Crush Burns Nerve Unspecified Systemwide and
late effects

Total % total % body
region

Torso

Chest (thorax) 21 1 7 17 6 — 1 3 0 1 0 — — 57 1.1 4.1

Abdomen — — — 11 10 — 1 1 — 0 6 — — 29 0.6

Pelvis, urogenital 52 2 8 2 4 — 0 0 0 1 1 — — 70 1.4

Trunk 2 — — — 0 — — 2 0 2 2 7 — 15 0.3

Back, buttock — — 28 — 0 — — 3 4 0 — — — 35 0.7

EXTREMITIES

Upper

Shoulder, upper arm 91 218 225 — 12 0 — 17 1 3 — 18 — 585 11.6 34.5

Forearm, elbow 198 28 18 — 8 0 — 3 4 5 — — — 264 5.2

Wrist, hand, fingers 279 62 43 — 146 53 — 13 36 28 — 110 — 770 15.3

Other and unspecified 4 — — — 3 1 2 2 3 8 87 7 — 117 2.3

Lower

Hip 20 12 13 — — — — 5 0 — — — — 50 1.0 39.6

Upper leg, thigh 47 — — — — 0 — 2 0 4 — — — 53 1.1

Knee 32 719 64 — — — — 18 2 1 — — — 836 16.6

Lower leg, ankle 384 20 89 — — 1 — 2 3 7 — — — 506 10.0

Foot, toes 187 16 13 — 35 3 — 17 19 4 — — — 294 5.8

Other and unspecified 4 — 111 — 39 0 8 6 3 2 — 80 — 253 5.0

UNCLASSIFIED BY SITE

Other, unspecified

Other/multiple 1 — — — — — 1 — — 1 9 — — 12 0.2 8.1

Unspecified site 272 30 20 1 17 — 1 7 2 15 18 13 — 396 7.9

Systemwide and late effects — — — — — — — — — — — — 195 195 3.9 3.9

Total 1778 1111 699 115 322 58 16 109 79 121 134 298 195 5035

% total 35.3 22.1 13.9 2.3 6.4 1.2 0.3 2.2 1.6 2.4 2.7 5.9 3.9 100.0 100.0

aIncludes ICD-9-CM codes 800–995
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Table 4. Barell Matrix for air-evacuated nonbattle injuries for Afghanistan (2001–2006)a

Injury location Fracture Dislocation Sprain/
strain

Internal Open
wound

Amputation Blood
vessel

Contusion/
superficial

Crush Burns Nerve Unspecified Systemwide and late effects Total % total % body
region

HEAD AND NECK

Traumatic brain injury

Type 1 2 — — 2 — — — — — — 0 — — 4 0.5 1.1

Type 2 4 — — 1 — — — — — — — — — 5 0.6

Type 3 0 — — — — — — — — — — — — 0 0.0

Other head, face, neck

Other head — — — — 4 — — — — 0 0 12 — 16 2.0 6.9

Face 13 0 0 — 5 — — — — 1 — — — 19 2.3

Eye — — — — 8 — — 2 — 0 0 — — 10 1.2

Neck 0 — 0 — 0 — — — 1 0 2 — — 3 0.4

Head, face, neck unspecified — — — — — — 2 1 0 2 0 3 — 8 1.0

SPINE AND BACK

Spinal cord

Cervical 2 — — 2 — — — — — — — — — 4 0.5 1.5

Thoracic/dorsal 1 — — 0 — — — — — — — — — 1 0.1

Lumbar 1 — — 1 — — — — — — — — — 2 0.2

Sacrum coccyx 1 — — 0 — — — — — — — — — 1 0.1

Spine, back, unspecified 0 — — 4 — — — — — — — — — 4 0.5

Vertebral column

Cervical 4 0 2 — — — — — — — — — — 6 0.7 2.2

Thoracic/dorsal 1 0 0 — — — — — — — — — — 1 0.1

Lumbar 5 0 5 — — — — — — — — — — 10 1.2

Sacrum coccyx 0 0 0 — — — — — — — — — — 0 0.0

Spine, back unspecified 1 0 — — — — — — — — — — — 1 0.1

TORSO

Chest (thorax) 1 0 0 1 1 — 0 0 0 0 0 — — 3 0.4 2.4

Abdomen — — — 3 1 — 0 0 — 0 0 — — 4 0.5

Pelvis, urogenital 7 0 0 0 0 — 0 0 0 0 0 — — 7 0.9

Trunk 0 — — — 0 — — 1 1 0 0 2 — 4 0.5

Back, buttock — — 1 — 0 — — 0 1 0 — — — 2 0.2

(continued on next page)
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Table 4. (continued)

Injury location Fracture Dislocation Sprain/
strain

Internal Open
wound

Amputation Blood
vessel

Contusion/
superficial

Crush Burns Nerve Unspecified Systemwide and late effects Total % total % body
region

EXTREMITIES

Upper

Shoulder, upper arm 12 32 47 — 2 1 — 1 0 0 — 2 — 97 11.9 36.1

Forearm, elbow 26 4 2 — 1 1 — 0 1 1 — — — 36 4.4

Wrist, hand, fingers 71 10 12 — 10 9 — 2 7 4 — 11 — 136 16.6

Other and unspecified 0 — — — 0 1 1 0 0 1 22 1 — 26 3.2

Lower

Hip 5 3 5 — — — — 0 0 — — — — 13 1.6 41.2

Upper leg, thigh 7 — — — — 0 — 1 1 0 — — — 9 1.1

Knee 1 135 8 — — — — 0 0 0 — — — 144 17.6

Lower leg, ankle 72 3 21 — — 1 — 0 0 1 — — — 98 12.0

Foot, toes 23 1 3 — 4 1 — 3 5 0 — — — 40 4.9

Other and unspecified 0 — 10 — 3 1 1 1 0 1 — 16 — 33 4.0

UNCLASSIFIED BY SITE

Other, unspecified

Other/multiple 0 — — — — — 0 — — 0 4 — — 4 0.5 5.9

Unspecified site 21 5 8 0 2 — 0 1 0 3 1 3 — 44 5.4

Systemwide and late effects — — — — — — — — — — — — — 22 22 2.7

Total 281 193 124 14 41 15 4 13 17 14 29 50 22 817 100.0

% total 34.4 23.6 15.2 1.7 5.0 1.8 0.5 1.6 2.1 1.7 3.5 6.1 2.7 100.0

aIncludes ICD-9-CM codes 800–995
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tan, the distributions and rank order for diagnosis and
natomical location categories were similar. The top fıve
iagnosis categories were:

. fracture (Iraq: 18.9%; Afghanistan: 18.8%; p�0.91);

. inflammation and pain–overuse (Iraq: 14.3%; Afghan-
istan: 14.1%; p�0.82);
. dislocation (Iraq: 11.7%; Afghanistan: 12.9%; p�0.18);
. sprain/strain (Iraq: 10.7%; Afghanistan: 11.6%;
p�0.29); and
. internal joint derangement (Iraq: 11.3%; Afghanistan:
12.1%; p�0.70).
he top fıve categories for anatomical location were:

. back (Iraq: 18.0%; Afghanistan: 16.6%; p�0.19);

. knee (Iraq: 15.4%; Afghanistan: 15.9%; p�0.62);

. wrist/hand (Iraq: 12.9%; Afghanistan: 12.3%; p�
0.50);
. ankle/foot (Iraq: 11.3%; Afghanistan: 10.7%; p�0.55);

able 5. Injury-related musculoskeletal condition matrix f

Body region Inflammation and
pain (overuse)

Joint
derangement

Joint d
with n
involve

Vertebral column

Cervical 66 84 37

Thoracic/dorsal — 6 34

Lumbar 331 161 37

Sacrum, coccyx 2 — —

Spine, back unspecified 448 76 194

EXTREMITIES

Upper

Shoulder 211 25 —

Upper arm, elbow 19 3 —

Forearm, wrist 7 5 —

Hand 13 4 —

Lower

Pelvis, hip, thigh 20 0 —

Knee, lower leg 72 190 —

Ankle, foot 105 19 —

UNCLASSIFIED BY SITE

Others and unspecified

Other specified/multiple 19 3 —

Unspecified site 54 2 65

Total 1367 578 367

% total 51.3 21.7 13.8

Includes a subset of ICD-9-CM codes 716–739
and (
. shoulder (Iraq: 9.3%; Afghanistan: 10.2%; p�0.24).
Nonbattle injuries were further categorized by their pri-
ary (fırst listed) diagnosis into two major subgroups—
cute traumatic injuries (Iraq: n�5035; Afghanistan:
�817) and injury-related musculoskeletal conditions
Iraq: n�2667; Afghanistan: n�428)—that together ac-
ounted for 80.8% of NBIs for Iraq and 82.2% of NBIs for
fghanistan. The remainder of the NBIs did not allow clas-
ifıcation into meaningful subgroups. The larger subgroup,
cute traumatic injuries, included NBIs with a diagnosis
lassifıed in Chapter 17 (Injury and Poisoning) of the ICD-
-CM. This subgroup accounted for similar proportions of
heNBIs in Iraq andAfghanistan (52.8%and53.9%, respec-
ively; p�0.43). The other subgroup, injury-related muscu-
oskeletal conditions,was a subset ofmusculoskeletal condi-
ions classifıed in Chapter 13, ICD-9-CM (Diseases of the
usculoskeletal System and Connective Tissue) and ac-
ounted for 28.0%ofNBIs in Iraq and28.3% inAfghanistan

r-evacuated nonbattle injuries for Iraq (2003–2006)a

ement
gical

Stress
fracture

Sprain/
strain/
rupture

Dislocation Total % total % by body
region

— — — 187 7.0 55.4

— — — 40 1.5

— — — 529 19.8

— — — 2 0.1

1 — — 719 27.0

— 71 7 314 11.8 14.5

0 — 0 22 0.8

3 — 0 15 0.6

— 18 0 35 1.3

2 6 0 28 1.0 23.1

7 191 0 460 17.2

— 4 0 128 4.8

1 1 0 24 0.9 7.0

13 30 0 164 6.1

27 321 7 2667

1.0 12.0 0.3 100.0 100.0
or ai

erang
eurolo
ment
p�0.83).
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Tables 3 and 4 are Barell Matrices17 for Iraq
n�5035) and Afghanistan (n�817), respectively.
hese matrices provide a standardized format to de-
cribe the acute traumatic injuries (the fırst subgroup
f NBIs) by their injury type (horizontally, across the
op) and body region (vertically, on the left side). Com-
aring Iraq and Afghanistan, the proportion of injuries
ccounted for by each injury type was similar. The
hree largest injury-type categories for both were frac-
ures, dislocations, and sprains/strains. Combined,
hese three categories accounted for 71.3% of trau-
atic injuries for Iraq and 73.2% in Afghanistan. Frac-

ures accounted for nearly one third of the acute trau-
atic injuries.
There were differences in the body region distributions

or the acute traumatic injuries in Iraq and Afghanistan.
here weremore injuries involving the head, face, and neck
n Afghanistan (p�0.04), but more injuries to the torso

able 6. Injury-related musculoskeletal condition matrix f
006)a

Body region Inflammation
and pain
(overuse)

Joint
derangement

Joint der
with neu
involvem

Vertebral column

Cervical 7 16 14

Thoracic/dorsal — 1 7

Lumbar 68 24 6

Sacrum, coccyx 0 — —

Spine, back unspecified 37 23 9

EXTREMITIES

Upper

Shoulder 33 9 —

Upper arm, elbow 4 0 —

Forearm, wrist 1 0 —

Hand 0 1 —

Lower

Pelvis, hip, thigh 7 0 —

Knee, lower leg 30 26 —

Ankle, foot 20 2 —

UNCLASSIFIED BY SITE

Others and unspecified

Other specified/multiple 1 1 —

Unspecified site 6 0 16

Total 214 103 52

% total 50.0 24.1 12.1

Includes a subset of ICD-9-CM codes 716–739
p�0.02) and unspecifıed sites (p�0.03) in Iraq. The distri- C

anuary 2010
utions for the other body regions were similar for Iraq and
fghanistan. Three fourths of the injuries involved the
pper and lower extremities. The kneewas the largest sub-
ategory of the lower extremity and overall, while the
rist/hand/fıngers was the largest subcategory of the
pper extremity and the second largest of all
ubcategories.

Tables 5 and 6 are similarly formatted matrices that
ategorize the injury-related musculoskeletal conditions
second subgroup of NBIs) for Iraq (n�2667) and Af-
hanistan (n�428), respectively. Comparing Iraq and
fghanistan, the proportion of injuries accounted for by
ach injury type was similar. The four leading injury types,
n descending order, were (1) inflammation and pain
overuse) (p�0.63); (2) joint derangement (p�0.27);
3) joint derangement with neurologic involvement
p�0.37); and (4) sprain/strain/rupture (p�0.95).

r-evacuated nonbattle injuries for Afghanistan (2001–

ent
al

Stress
fracture

Sprain/
strain/
rupture

Dislocation Total % total % by body
region

— — — 37 8.6 49.8

— — — 8 1.9

— — — 98 22.9

— — — 0 0.0

1 — — 70 16.4

— 11 3 56 13.1 15.4

0 — 0 4 0.9

1 — 0 2 0.5

— 3 0 4 0.9

0 1 0 8 1.9 27.6

1 30 0 87 20.3

— 1 0 23 5.4

0 2 0 4 0.9 7.2

1 4 0 27 6.3

4 52 3 428

0.9 12.1 0.7 100.0 100.0
or ai

angem
rologic
ent
omparing the major body region categories for Iraq and
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fghanistan, Iraq
ad a larger pro-
ortion of injuries
nvolving the ver-
ebral column (p�
.03) and a smaller
roportion involv-
ng the lower ex-
remity (p�0.04).
Using the air

vacuation records
or all NBI cases
ndsupplemented,
henavailable,with
nformation from
ccident (n�813)
nd casualty rep-
rts (n�1838), ca-
se of injury was
dentifıed for 6291
BIs in Iraq
66.0%) and 950
BIs in Afghani-
tan (62.7%). The
istribution and
anking of the causes of injurywere based on injurieswith
specifıed cause (Table 7). The four leading categories
or Iraq and Afghanistan were the same, consisting
f (1) sports and physical training, (2) falls/jumps,
3) motor vehicle–related incidents, and (4) crushing
r blunt trauma. Although differences were noted when
omparing cause proportions for Iraq and Afghanistan,
hese differences were signifıcant only for motor vehicle–
elated incidents (p�0.001) and cutting/piercing
p�0.03), both of which were higher in Iraq. The “other
pecifıed” cause category (Table 7) included other identi-
ıed causes, each accounting for less than 2% of the total,
hat could not be grouped into larger categories.

iscussion
romOctober 2001 to December 2006, some 27,563 U.S.
rmy soldiers deployed in Iraq and 4165 soldiers de-
loyed in Afghanistan were air evacuated to a U.S. hospi-
al in Germany or the U.S. Of these, 35% in Iraq and 36%
n Afghanistan had a nonbattle injury, making nonbattle
njury the largest injury or diagnosis category for air
vacuations. Characteristics of soldiers with NBIs were
imilar for Iraq and Afghanistan. They were predomi-
ately male (91%, 92%), younger than 40 years (82%,
3%), and either junior enlisted (44%, 47%) or noncom-
issioned offıcer (41%, 42%). Leading injury types and

Table 7. Distribution and ranking
Iraq (2003–2006) and Afghanista

Cause of injuryc

Sports and physical training

Falls/jumps

Motor vehicle–related incidents

Crushing or blunt trauma

Lifting, pushing, pulling

Twisting, turning, slipping

Shoes, clothing, body armor

Cutting and piercing

Handling weapons and explosives

Environmental

Other specified

Total

aIncludes injuries for which the nonbattl
bIncludes injuries for which the nonbattl
cCauses of injury are listed in descendin
dp-value comparing the cause category p
natomic locations for NBIs were similar for Iraq and d
fghanistan, as were the leading injury causes—sports/
hysical training, falls/jumps, and motor vehicle–related
ncidents.
Comparable (complete) air evacuation data from pre-

ious military operations are not available. Direct com-
arison of air-evacuated NBI rates, types, and causes is,
herefore, not possible. However, two reports frommed-
cal treatment facilities that treated air-evacuated soldiers
uring ODS&S were reviewed. Both described similarly
igh proportions of NBIs among air evacuees.18,19 At the
3th Evacuation Hospital in Saudi Arabia, 721 evacuees
ere treated as outpatients.18 Of these, 48% had NBIs,
0% had musculoskeletal conditions which were proba-
ly NBIs, 8% had battle injuries, and 24% had a disease/
llness. Of the 435 evacuees who were hospitalized at the
3th Evacuation Hospital, 39% had NBIs, 14% had battle
njuries, and 47% had a disease/illness. Travis described
80 patients air evacuated from ODS&S and treated at
adigan Army Medical Center.19 Of these, 46% had or-

hopedic NBIs, 6% had orthopedic battle injuries, and
8% were admitted by other specialties and included
ome (number not reported) NBIs and battle injuries.
Leading injury types that were air evacuated from Iraq

nd Afghanistan, in decreasing rank order, were frac-
ures, inflammation and pain (overuse), dislocations, and
prain/strain. As comparable air evacuation data from
revious operations are not available, hospitalization

uses of injury for air-evacuated nonbattle injuries for
01–2006)a,b

Iraq Afghanistan p-valued

% Rank n % Rank

63 18.5 1 195 20.5 1 0.13

14 17.7 2 170 17.9 2 0.89

20 16.2 3 109 11.5 3 �0.001

33 8.5 4 85 8.9 4 0.63

17 8.2 5 66 6.9 6 0.18

25 6.8 6 67 7.1 5 0.73

63 4.2 7 29 3.1 8 0.10

94 3.1 8 17 1.8 10 0.03

91 3.0 9 31 3.3 7 0.71

71 2.7 10 24 2.5 9 0.73

00 11.1 — 157 16.5 — —

91 100.0 950 100.0

ry cause was specified for Iraq (66.0%)
ry cause was specified for Afghanistan (62.7%)
er based on their distribution for Iraq.
rtions for Iraq and Afghanistan
of ca
n (20

n

11

11

10

5

5

4

2

1

1

1

7

62

e inju
e inju
g ord
ata provides the only possible comparison. For ODS&S,
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riter reported that fractures (25%) were the leading
ype of NBI requiring hospitalization and were also the
eading contributor to hospitalization days.6 The next
eading injury categories (in decreasing rank order) were
prains/strains, other injury, and dislocations. Writer’s
ındings are consistent with the fındings of this current
nalysis.
The overall NBI rate for Iraq (2003–2006) was higher

han the rate for Afghanistan (2001–2006), but when
he rates were compared for the same timeframe (2003–
006), the rates were similar. When yearly rates were
ompared between andwithin operations, important dif-
erences were seen. Except for 2003, the yearly rates for
fghanistan were higher than for Iraq. Rates for Iraq
radually decreased over time from their high in 2003.
his decrease may have been related to improvements
n military facilities and services for soldiers in Iraq,
ncluding access to higher levels of medical care. The
fghanistan rate was lowest during the fırst 21⁄4 years
f the operation (2001–2003) and increased in subse-
uent years.
Several factors most likely contributed to these rate
ifferences for Iraq and Afghanistan. It is possible that
riteria used to determine if and when an injured soldier
hould be air evacuated changed over time and may have
een different for Iraq and Afghanistan. Injury rates may
lso be related to different injury risks and hazards that
re dependent on time frame andoperation. For example,
ertain factors inherent with deployment to Afghanistan
ay have increased these soldiers’ NBI risk, while other

actors associatedwith deployment to Iraq appear to have
owered the injury risk over time. Some of the factors
ffecting these differences may have been: (1) accessibil-
ty and level of medical care available in-theater, (2) ter-
ain (rural, mountainous versus urban), (3) weather con-
itions, (4) road conditions, (5) usage and types of
ilitary vehicles, (6) permanence and quality of facilities
nd installations, and (7) maturity of logistical support.
ifferences in these factors may individually or, most
ikely, in combination influence theNBI risk for deployed
oldiers. However, differences in these potential risk fac-
ors have not been quantifıed and evaluated for Iraq and
fghanistan.
Combat intensity may be another factor that influenced

he NBI rates in Iraq and Afghanistan. Three reports have
valuated theassociationbetweencombat intensity andNBI
njury rates during previous operations.20–22 Two of these
ound that higher combat intensity was associated with
igher NBI rates.20,22 Blood compared disease/nonbattle
njury rates among marines involved in different phases
f the assault on Okinawa (World War II) and among
arines assignedtorifle,weapons,andheadquarterunitsdur-
ng the Korean War.20 Higher combat intensity was asso- 1

anuary 2010
iated with a higher disease/nonbattle injury (DNBI)
ncidence. However, when the same author evaluated
he relationship between combat intensity and DNBI
ates during the Hue offensive in Vietnam, battle in-
ensity did not affect DNBI incidence.21 Wojcik com-
ared the disease rates and NBI rates during the three
hases of ODS&S—the build-up, ground combat, and
ost-combat phases.22 There were no differences in
he disease rates for these three periods, but the NBI
ate for the combat phase was 2.7 times higher than the
ate for the build-up phase and 2.6 times higher than
he rate for the post-combat phase. The degree to
hich the different levels of combat intensity in Iraq
ompared to Afghanistan, or during different time-
rames for each operation, may have influenced NBI
ates is unknown. Data for this type of analysis are not
urrently available.
A unique strength of this analysis was the ability to

dentify and classify causes of injury for NBIs that were
edically evacuated from Iraq and Afghanistan. Over-
ll, cause of injury was identifıed for 66% of the inju-
ies. The leading causes of injury for Iraq and Afghan-
stan were identical. The top three causes were sports/
hysical training (19%–21%), falls/jumps (18%), and
otor vehicle–related incidents (11%–16%). Again,
ince there are no comparable reports of injury causes
or air-evacuated NBIs from previous deployments,
omparisons will be made to hospitalization data. In
DS&S, the leading NBI causes of hospitalization were
otor vehicle crashes (19%), falls (19%), and sports/
thletics (18%).6 These three leading causes of NBIs for
ospitalization were the same as the leading three
auses for air evacuation from Iraq and Afghanistan.
At fırst look, it may be surprising that sports and phys-

cal training was the leading cause of nonbattle injury in
raq and Afghanistan considering the nature and combat
ntensity of these operations. Participation in sports ac-
ivities, however, is an important and appropriate leisure
ime activity during deployments, as in garrison. Soldiers
re required to participate in physical training. Participa-
ion in sports is encouraged and allows soldiers to en-
ance their physical fıtness and encourages a healthy
ifestyle, including weight and stressmanagement. Sports
lso improve esprit de corps and morale. However, there
s a recognized injury risk with participation in these
ctivities.23–29 Garrison and peacetime sports injury rates
or themilitary are also high. Between 1989 and 1994, the
ports-related injury hospitalization rate for soldiers was
6 injuries/10,000 person-years.28 Among nondeployed
oldiers (2004–2005), sports were the fourth leading
ause of injury hospitalizations in the Army, comprising

0% of injury hospitalizations (Michelle Canham-
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hervak, U.S. Army Center for Health Promotion and
reventive Medicine, unpublished data, 2005).
Four other reports have recognized sports as an impor-

ant cause of injury during deployments. A recent report
escribed a suspected increase in basketball-related inju-
ies among soldiers after a concrete basketball court was
pened at a forward operating base in Afghanistan.30 In
DS&S, sports and athletics accounted for 18% of NBI
ospitalizations.6McKee reported that sports injuries ac-
ounted for 21% of primary care visits for orthopedic
BIs among U.S. forces participating in Operation Joint
uard during 2007.8 Similarly, among British troops de-
loyed in Bosnia for Operation Resolute in 1995–1996
same timeframe as OJE for U.S. forces), sports ac-
ounted for 11% of all NBIs.31 It was also noted that the
ncidence of sports injuries increased steadily as this op-
ration progressed.
Injury surveillance is critical during military deploy-
ents in order to determine themagnitude and causes of

he injury problem, and to monitor the injury incidence,
ypes, and causes over time.7 In addition to the adverse
ffects of injuries for soldiers, injuries during military
eployments directly affect the soldier’s military unit and
ts ability to be combat ready at all times. For NBIs that
equired air evacuation from Iraq and Afghanistan, these
egative effects were prolonged. Efforts to reduce the
njury risk for soldiers and prevent injuries rely on this
urveillance process to focus attention on the most im-
ortant causes of injury and to assess the effectiveness of
nterventions.
Routinely collected air evacuation records, supple-
ented with information from accident investigations
nd casualty reports, have enabled ongoing injury sur-
eillance during the current operations in Iraq and Af-
hanistan. Even though the cause was identifıed for only
wo thirds of the air-evacuatedNBIs, this surveillance has
rovided the most complete reporting of serious non-
attle injuries and their causes for the current deploy-
ents. Greater details from this surveillance about the
auses of injury, as well as injury types and locations
ssociated with specifıc causes, have been reported to
rmy leaders and commanders. This has allowed them
o focus attention on these leading causes as they work to
evelop and evaluate prevention policies and counter-
easures that may lower injury risk for currently de-
loyed soldiers.

onclusion
outinely collected air evacuation data provided the basis
or deployment injury surveillance during current Army
eployments in Iraq (Operation Iraqi Freedom) and Af-

hanistan (Operation Enduring Freedom). From this
urveillance and analysis, NBI occurrences, rates, types,
natomical locations, and causes were reported for 2001–
006. Clear from this analysis, NBIs were the leading
ategory of medical evacuations, accounting for 35% of
ir-evacuated cases from Iraq and 36% of cases from
fghanistan. The leading causes of NBI in Iraq and Af-
hanistan were sports and physical training, falls/jumps,
otor vehicle–related incidents, and crushing or blunt

rauma. These causes were similar to those reported for
ast deployments and many should be preventable. Rou-
ine injury surveillance conducted during these opera-
ions enabled early detection of injury rates, types, and
auses, and allowed commanders and army leaders to
ocus on prevention policies and countermeasures while
he operations were ongoing.

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