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U.S. servicewomen may be at greater risk of injury in future conflicts as they integrate into combat occupations.
More than 1,000 servicewomen were wounded during military conflicts in Irag and Afghanistan. Some women

To describe acute care, complications, and health care utilization among servicewomen with combat-related amputa-

In this retrospective matched-pairs study, women were identified from the Expeditionary Medical Encounter Data-
base between 2003 and 2012 and matched with men on amputation injuries, injury severity, and age. Differences

Of 20 women identified for analysis, 13 received tourniquets, three were administered procoagulants, and six had
massive transfusions. WWomen averaged 3.4 (SD = 1.6) postinjury complications, and the most frequent were het-
erotopic ossification (n = 17), posthemorrhagic anemias (n = 13), and bacterial wound infections (n = 10). Acute care
and complications were similar among men. WWomen averaged more acute care days (M = 49.8, SD = 30.6) than
men (M = 46.1, SD = 274) but fewer intensive care unit days (women: M = 2.6, SD = 4.0; men: M = 4.4, SD =

Postinjury care among servicewomen with combat-related amputations was comparable with servicemen, and
complications were common. This information can aid providers and nursing staff in the management of these
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he proportion of women serving in the U.S. mili-
tary is increasing. Currently, women account for
approximately 15% of Active Duty and 19% of Se-
lected Reserve forces (U.S. Department of Defense, Of-
fice of the Deputy Assistant Secretary of Defense for
Military Community and Family Policy, 2018), and

more than 280,000 deployed in support of the conflicts
in Iraq and Afghanistan (U.S. Department of Defense,
2013). Although women were previously restricted
from ground combat positions and units, many suffered
combat-related injuries due to blurred battle lines (e.g.,
guerilla warfare) (Dye et al., 2016; Karmark, 2016).
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amputations did not differ from men in terms of comor-

KEY POINTS P

e Complications among women with combat-related
amputations were common but not statistically
different from those in men.

e The most common complications after amputations
in women were heterotopic ossification, anemia, and
bacterial wound infections.

e \Women recovering from amputations had more acute
care bed days but fewer ICU bed days than men.

e Future studies are warranted to inform military and
civilian health care providers on the specific needs of
women with combat-related injuries.

Furthermore, in 2013, the Direct Ground Combat
Definition and Assignment Rule was rescinded, and all
combat positions were subsequently opened to women
(Karmark, 2016; U.S. Department of Defense, 2013).
Because of these policy and enemy tactics changes, ser-
vicewomen may be at a greater risk of combat injury
and death than in previous wars as they transition to
expanded military roles (Armed Forces Health Surveil-
lance Center, 2012; Dye et al., 2016).

At the time of this study, more than 1,000 women
were wounded in action, and 168 died while serving
in Iraq and Afghanistan (Defense Casualty Analysis
System, n.d.). The majority of those wounded were in-
jured by blasts (Dye et al., 2016). These injuries are of-
ten complicated by polytrauma, which presents unique
challenges in emergency care (Centers for Disease Con-
trol and Prevention, 2013). Research on women with
combat-related amputations is sparse, likely because
of the small number of women with these injuries. A
Medical Surveillance Monthly Report (Armed Forces
Health Surveillance Center, 2012) counted only 24 ser-
vicewomen with deployment-related major limb ampu-
tation. Nevertheless, because of the growing number of
servicewomen in combat occupations, it may be expect-
ed that the number of women with traumatic amputa-
tions will increase in future conflicts (Katon & Reiber,
2013).

Studies among women service members and vet-
erans with deployment-related amputations have ex-
amined long-term outcomes (Katon & Reiber, 2013;
Riviera et al., 2015), but a research gap remains in un-
derstanding their immediate outcomes and health care
needs. Furthermore, research on sex differences in post-
amputation acute care and complications is primarily
limited to civilians, and findings among civilians with
traumatic amputations may not generalize to a military
cohort (Edwards et al., 2016). A recent study on upper
extremity amputations in civilians found that, although
male sex predicted mortality, men and women did not
differ in the occurrence of acute major and minor sys-
temic and local complications (Fisher et al., 2018). An-
other study among civilians found that women with
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bidities and length of hospital stay but were less likely
to be fitted with a prosthetic lower limb than men at dis-
charge (Singh et al., 2008). Previous research has also
found that, in general, women civilians and veterans use
more health care services than their male counterparts
(Bertakis & Azari, 2010; Frayne et al., 2007; Friberg
et al., 2016), but little is known about sex differences
in postamputation health care utilization. Research on
the immediate care and outcomes of servicewomen with
combat-related amputations is necessary to obtain clini-
cal knowledge to tailor individualized care and address
the specific needs of this group (Randolph et al., 2016).

OBJECTIVE

The objectives of this study were to describe
postinjury acute care, complications, and health care
utilization among servicewomen with combat-related
major limb traumatic amputations and to assess sex dif-
ferences in these factors using matched-pairs analysis
with a group of similarly injured servicemen.

METHODS

Study Sample and Data Sources

This was a retrospective matched-pairs study. The
study sample was obtained from the Expeditionary
Medical Encounter Database (EMED), maintained by
the Naval Health Research Center in San Diego, CA
(Galarneau et al., 2007). Data contained in the EMED
are extracted from U.S. service members’ medical re-
cords completed by military providers at treatment fa-
cilities in combat theater, close to the point of injury.
Injuries are characterized using the Abbreviated Injury
Scale (Gennarelli & Wodzin, 2005) and International
Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes (Commission on Pro-
fessional Hospital Activities, 1997). Patient records in
the EMED are combined with inpatient and outpatient
medical information and tactical, operational, person-
nel, and deployment-related data obtained from other
U.S. Department of Defense databases. Combining in-
formation from these sources makes a robust clinical
picture of each patient available to clinicians and re-
searchers. The study was approved by the institutional
review board at the Naval Health Research Center.

The EMED was queried for servicewomen us-
ing the Abbreviated Injury Scale traumatic amputation
codes for the upper extremities (711000.3, 711001.4,
711002.4, 711012.5, 711003.3, and 711004.2) and
lower extremities (811000.3, 811001.4, 811010.5,
811002.4, 811012.5, 811003.3, and 811004.2). Twen-
ty U.S. servicewomen who survived amputations that
occurred within 24 hr of a combat-related injury event
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during Operation Enduring Freedom or Operation Iraqi
Freedom were identified for analysis. Injury dates ranged
from 2003 to 2012. To compare acute care, complica-
tions, and health care utilization by sex, servicemen in
the EMED were matched to women in a 1:1 ratio on
Abbreviated Injury Scale amputation codes, age (+1
year), and Injury Severity Score (ISS; +1 point) (Baker
et al., 1974). In the case of a complex injury profile,
such as a patient who suffered traumatic amputation
in addition to open liver laceration or burns, additional
injuries were matched as closely as possible to maintain
similar injury profiles between the matched pairs.

Measures
Demographic and Injury-Specific Characteristics
Individual demographics and injury-specific char-
acteristics were obtained from the EMED and included
age, service branch (Army, Marine Corps, or Navy),
occupation (administration and functional support, in-
fantry, service and supply handlers, or other), military
operation (Operation Enduring Freedom or Operation
Iraqi Freedom), ISS, injury mechanism, and vehicle
mount status (mounted or dismounted). The number
of deployments and the number of days deployed were
collected from the Defense Enrollment Eligibility Re-
porting System.

Acute Care

Postinjury acute care information was obtained
from medical records review and included tourniquet use
between the point of injury and the initial treatment facil-
ity in combat theater, procoagulant agent (i.e., tranexam-
ic acid or factor VIIa) administration, and massive trans-
fusion at a treatment facility in combat theater. These
variables were categorized as “yes” or “no/unknown.”

Complications

Medical complications that occurred within 30
days after injury were identified via ICD-9-CM codes
from the Military Health System Data Repository and
grouped into cerebrovascular, pulmonary, hematologi-
cal, genitourinary, gastrointestinal, musculoskeletal,
and integumentary complications. Heterotopic ossifica-
tion, specifically, was confirmed by radiology reports
and documented if occurring within 1 year after injury
in both groups. Patient medical records were reviewed
by registered nurses to confirm these complications, and
any additional complications identified in the medical
records review were added to the patient’s clinical pro-
file and included in the analysis. Complications were
categorized as “yes” or “no/unknown.”

Health Care Utilization

Health care utilization variables included hospital-
izations, intensive care unit (ICU) bed days, acute care
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bed days, and outpatient physical therapy visits. Data
for hospitalizations, ICU bed days, and acute care bed
days were collected from the Standard Inpatient Data
Record in the Military Health System Data Repository
during the first year postinjury. Outpatient physical
therapy visits were assessed using the Standard Ambula-
tory Data Record and Comprehensive Ambulatory and
Professional Encounter Record in the Military Health
System Data Repository. These visits were identified by
a Medical Expense Performance Reporting System code
for physical therapy clinic services used during the first
year postinjury.

Statistical Analysis

Absolute numbers and percentages were calcu-
lated for categorical variables. Distributions of ampu-
tations by anatomical location were not calculated to
maintain patient confidentiality. Means, standard de-
viations, medians, and ranges were calculated for con-
tinuous variables. Categorical variables were compared
across the matched pairs using the McNemar test or
McNemar-Bowker test, and continuous variables were
assessed with the Wilcoxon signed-rank test. An a level
of .05 was used to determine statistical significance. All
analyses were completed using SAS Version 9.4 (SAS
Institute, Cary, NC).

RESULTS

The study sample included 40 service members
(20 women and 20 men) matched on ISS (M = 16.0,
SD = 6.3), age (M = 26.0, SD = 5.4), and major limb
traumatic amputations that occurred in the immediate
24-hr postinjury period. All amputations were caused
by a combat blast-related event. There were 46 amputa-
tions, 23 in each sex, as three members in each group
suffered bilateral amputations. Thirty-eight of 46 am-
putations (85%) were to the lower extremities.

The study sample’s demographic and injury-spe-
cific characteristics are shown by sex in Table 1. All
of the injured women served in the Army and were in
primarily administrative (z = 6) or service and supply
positions (n = 7), whereas men were distributed in the
Army (n = 12), Marine Corps (n = 7), and Navy (n
= 1), and most served in infantry positions (z = 12).
Most women were injured in Operation Iraqi Freedom
(n = 15), whereas men were more evenly distributed
between Operation Enduring Freedom (z = 9) and Op-
eration Iraqi Freedom (7 = 11). The average number of
days deployed was lower in women (M = 307.2, SD =
181.5) than in men (M = 380.1, SD = 217.1). Nearly
half of all women and men were dismounted at the time
of injury. There were no statistically significant differ-
ences between the sexes on any demographic or injury-
specific variables (ps > .035).
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Table 1. Demographic and Injury Characteristics by Sex

Women (n = 20) Men (n = 20)

Characteristic n (%) or M(SD) Median (Range) n (%) or M(SD) Median (Range) P
Age, years® 26.1(5.1) 25.0(18-36) 26.0(5.8) 25.0(18-42) -
Service branch® -

Army 20(100) 12 (60)

Marine Corps 0 7(35)

Navy 0 1(5)
Occupation 13

Administration/functional support 6(30) 0

Infantry 0 12 (60)

Service/supply handlers 7(35) 2(10)

Other 7(35) 6(35)
Operation Iragi Freedom* 15(75) 11 (55) 29
Deployments 1.5(0.6) 1.0(1-3) 2.1(1.3) 2.0(1-7) 19
Days deployed 307.2(181.5) 284.0(70-734) 380.1(217.1) 360.5 (51-761) 33
Injury Severity Score® 15.7(5.9) 16.5(4-33) 16.3(6.8) 17.0 (4-38) -
Dismount injury 9 (45) 9(45) 1.00

2pvalues for paired differences were calculated using the McNemar—Bowker test (occupation), the McNemar test (military operation [Operation Iragi Freedom], dismount injury), and the Wilcoxon

signed-rank test (deployments, days deployed.

*Variables used for matching.

cpvalue could not be calculated because there were less than two nonmissing levels.
“Military operation during which amputation occurred.

Acute Care

For acute care provided in combat theater, fewer
women than men had tourniquets (7 = 13 vs. n = 16),
procoagulant agents (# = 3 vs. n = §), and massive
transfusion (7 = 6 vs. n = 8), but differences were not
statistically significant in paired analyses (ps > .05).

Complications

Overall, the average number of postamputation
complications was 3.4 for women (SD = 1.6) and 3.3
for men (SD = 1.9). As shown in Table 2, the most com-
mon complications among women were heterotopic
ossification (n = 17), posthemorrhagic anemias (n =
13), and bacterial wound infections (7 = 10). These
were also the most frequent complications among men.
There were no sex differences in complications in paired
analyses (ps > .05).

Health Care Utilization

As shown in Table 3, in the first year postinjury,
women had a slightly higher mean number of acute care
bed days (M = 49.8, SD = 30.6) than men (M = 46.1,
SD = 27.4) but fewer ICU bed days (women: M = 2.6,
SD = 4.0; men: M = 4.4, SD = 8.3). Both groups av-
eraged approximately three hospitalizations during the
study period. Within 1 year after injury, women (M =
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170.2, SD = 121.3) averaged a higher number of out-
patient physical therapy visits than men (M = 138.0,
SD = 71.7). Overall, differences in health care utiliza-
tion variables by sex were not statistically significant in
paired analyses (ps > .05).

DISCUSSION

This study is one of the first to examine acute
care, complications, and health care utilization of ser-
vicewomen with combat-related major limb traumatic
amputations and to compare these characteristics with
servicemen. The primary findings of this study were that
postamputation complications among servicewomen
were common but comparable with men in matched-
pairs analysis. In addition, servicewomen and service-
men did not statistically differ in postamputation acute
care or health care utilization measures.

Clinical records completed in combat theater pro-
vided information on some acute care and resuscita-
tion measures, such as tourniquet use and procoagulant
agent administration. The distribution of these initial
treatment measures is similar to findings from a study
by Godfrey et al. (2017) on mostly male service mem-
bers with deployment-related traumatic amputations in
the Joint Theater Trauma Registry. Although men and
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Table 2. Postamputation Complications by Sex
Complication ICD-9-CM Code Women (n = 20), n (%) Men (n = 20), n (%) P
Cerebrovascular
Stroke® 430, 434 1(5) 0 -
Deep vein thrombosis 453.40, 451.83 2(10) 1(5) 1.00
Pulmonary
Pneumonia 486, 482 2(10) 1(5) 1.00
Pleural effusion/atelectasis 511.9,518.0 4(20) 4(20) 1.00
Pulmonary embolus 4151 1(5) 1(5) 1.00
Hematological
Anemias (posthemorrhagic) 285.1 13(65) 16 (80) 45
Bacteremia 790.7, 038, 995.92 3(15) 1(5) 63
Coagulopathy 286 4(20) 2(10) .69
Genitourinary
Acute renal failure 584, 586, 958.5 1(5) 3(15) 50
Urinary tract infection® 599.0 2(10) 0 -
Gastrointestinal
lleus® 560.1 0 2(10) -
Musculoskeletal
Rhabdomyolysis® 728.88 0 3(15) -
Compartment syndrome 958.9 5(25) 1(5) 13
Nonunion of fracture® 733.8 1(5) 0 -
Heterotopic ossification 72813 17 (85) 16 (80) 1.00
Integumentary
Bacterial wound infection 041.9, 998.5, 958.3 10(50) 10 (50) 1.00
Fungal wound infection® 998.5, 958.3 0 1(5) -
Nonhealing wound® 998.83, 997.69 0 1(5) -
Pressure ulcer 707.00 1(5) 1(5) 1.00
Acinetobacter (+swab) 041.85 2(10) 2(10) 1.00
Note. ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.
2pvalues for paired differences were calculated using the McNemar test.
*pvalues could not be calculated because there were less than two nonmissing levels.
Table 3. Health Care Utilization by Sex
Women (n = 20) Men (n = 20)
Variable M(SD) Median (Range) M(SD) Median (Range) P
Hospitalizations 31(1.2) 3.0(2-7) 35(1.8) 3.0(2-8) 19
ICU bed days 26(4.0) 1.0(0-13) 44(8.3) 0.5(0-25) 46
Acute care bed days 49.8 (30.6) 40.5(11-110) 46.1(27.4) 38.0(11-110) 70
Physical therapy visits 170.2(121.3) 145.5 (0-433) 138.0(71.7) 128.5(6-284) A7

Note. ICU = intensive care unit.

apvalues for paired differences were calculated using the Wilcoxon signed-rank test.
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women did not differ on these variables in the present
study, there are other treatments not included in the
analyses (e.g., types of blood products), and studies on
differences regarding additional acute care and resusci-
tation measures may be warranted.

With the exception of one study that found no
differences in heterotopic ossification between military
women and men (Potter et al., 2007), the present study
was novel in comparing complications after combat-
related amputations by sex. No additional research
on sex differences in military service members with
combat-related amputation was available for compari-
son at the time of this study, and comparable literature
among civilians with traumatic amputation is limited.
Our findings are consistent with those of one study in
civilians that found no differences between women and
men in postamputation complications following upper
extremity amputation (Fisher et al., 2018).

The greatest number of complications among
women occurred in the form of heterotopic ossification
at the amputation site. Previous research has shown
that heterotopic ossification is more common among
military populations than in civilians (Matsumoto et al.,
2014). Clinician review of radiology reports confirmed
that 85% of women in the present study developed het-
erotopic ossification within 1 year postinjury, which is
higher than two previous military studies (Melcer et al.,
2011; Potter et al., 2007). Melcer et al. (2011) identi-
fied heterotopic ossification in 60% of servicemen with
combat-related amputation using radiology reports,
which corroborated an earlier study by Potter et al.
(2007) that found it in 63% of service members with
amputations using medical records and radiographs.
Both studies used a follow-up period of at least 12
months. The higher proportion of heterotopic ossifica-
tion in the present analysis may be due to the relatively
small sample size of women with combat-related major
limb traumatic amputations.

Studies on civilians have reported postamputation
wound infections and sepsis among the highest post-
amputation complications (Belmont et al., 2011; Low
et al., 2017). This is highlighted by a previous study uti-
lizing National Surgical Quality Improvement Program
data that found wound infection rates of approximately
9% in patients undergoing below-the-knee amputa-
tions (Belmont et al., 2011). Bacterial wound infections
were much more common in the present study, occur-
ring among 50% of women. These dissimilar findings
are not surprising considering that traumatic amputa-
tions occurring in combat may be more prone to in-
fection because of the contaminated nature of wounds
from the battlefield. Notably, wound infection rates in
the present study compared closely with a recent study
by Stewart et al. (2019), which investigated factors that
may predict infections in extremity wounds incurred
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in combat. In their study, which comprised servicemen
with combat-related traumatic amputations, Stewart
et al. found that 47% had a wound infection during
their initial hospitalization period.

Comprehensive rehabilitative care is essential for
servicewomen and servicemen to optimize outcomes
following traumatic limb amputation (Rivera & Pasqui-
na, 2016), ideally using an interdisciplinary approach
to individualize care (Parnell & Urton, 2021). Previous
research in civilians and veterans demonstrates higher
utilization of medical care, especially in women com-
pared with men (Bertakis & Azari, 2010; Frayne et al.,
2007; Friberg et al., 2016). In the present study, there
were no differences between servicewomen and service-
men in bed days in the first year postinjury. Overall,
women averaged nearly three more physical thera-
py visits per month than men, but the matched-pairs
analysis difference was not statistically significant. It is
important to note that military service members have
full access to comprehensive rehabilitation after injury
(Rivera & Pasquina, 2016). The relative equal use of
postamputation outpatient physical therapy services in
the present study may be due to fewer barriers to care in
military than civilian health care systems. Future studies
are warranted to investigate sex differences in the type
of health care delivered, as well as outcomes occurring
after 1 year, including postamputation pain, physical
functioning and activity levels, prosthetic use, and dis-
similarities in issues that may arise for women and men
when returning to the civilian workforce.

The results of this study demonstrate that post-
amputation complications among servicewomen were
common, particularly heterotopic ossification, post-
hemorrhagic anemias, and bacterial wound infections.
For any member with severe traumatic injuries, contin-
ued quality care and health promotion are essential for
long-term management. Within women veteran groups,
health disparities such as smoking and mental health
disorders have also been noted (Lehavot et al., 2012).
These are added concerns when promoting healthy be-
haviors in a population with severe trauma and will
need lifetime treatment as they enter veteran and civil-
ian health care systems. Patient outcomes can be op-
timized by engaging service members who sustained
amputations in self-care to meet physical and psychoso-
cial needs early in the rehabilitative process (Schreiber,
2017).

LIMITATIONS

There are limitations that warrant mention.
First, the total number of servicewomen with com-
bat-related amputations from Operation Enduring
Freedom and Operation Iraqi Freedom is low, which
yielded a small sample size. We used a matched-pairs
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design to mitigate the effects of this limitation. Sec-
ond, the use of ICD-9-CM codes to identify postam-
putation complications may not elucidate important
clinical subgroups (Al-Rawajfah et al., 2015). Finally,
documentation in a combat environment may be in-
complete due to the high operational tempo and need
to provide immediate, lifesaving care. As such, some
data points from the point of injury and military fa-
cilities in combat theater may be underreported, but
we expect this would be nondifferential between the
groups.

CONCLUSIONS

In this study, postamputation care and complica-
tions among servicewomen were comparable with those
in servicemen. The findings highlight that servicewomen
with combat-related amputations frequently experi-
enced postinjury complications. This information will
be useful in managing these injuries in military health
care settings and civilian facilities in the continuum of
care. Although it is encouraging to identify little or no
differences between the sexes in postamputation care
and complications, it is important to continue to ex-
amine the specific health care needs of injured military
women as future conflicts will see greater numbers serv-
ing in combat occupations.
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