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Introduction

Approximately 54,000 U.S. Service Members (SM) were medically evacuated during
Operation Iraqi Freedom and Operation Enduring Freedom (OIF/OEF) from 2001-2009 (Powers,
2010). Underbody blast (UBB) exposure emerged as a substantial cause of morbidity and
mortality of SMs, which was unique to OIF/OEF due to the frequent use of improvised explosive
devices (IED). For example from 2001 to 2005, 79% of combat injuries in OIF/OEF were blast-
related injuries, 49% of which were due to vehicle IED exposures (Owens et al., 2008). While
anti-tank and anti-vehicle land mines were recognized threats in combat operations prior to
OIF/OEF, the widespread use of IEDs by insurgents was not anticipated, resulting in many
reported blast-related injuries and a need for increased protections against high-rate, vertical
accelerations.

To improve SM protective countermeasures against UBB events, improved medically-
based protection standards must be developed. Improved vehicle platform designs, energy
attenuating materials, and personal protective equipment (PPE) are all potential protection
strategies to mitigate occupant injuries for UBB events. However, these strategies require
relevant human injury tolerance criteria that are validated for high-rate, high-magnitude,
dynamic vertical and/or multi-directional (e.g., inertial and flail injury) loading conditions
occurring during blast events. Development of critical human injury tolerance criteria require
biomechanical human response data for unique UBB loading conditions.

The approach to this unique military-specific occupant protection research problem is
modeled from the civilian motor vehicle research industry. Frequent analyses of civilian motor
vehicle accident injuries have driven civilian motor vehicle occupant protection research and
protection standard development (King,Viano, Mizeres, & States, 1995). These analyses have
been used to not only identify occupant injury patterns for research prioritization based on the
severity and frequency of injuries, but also to guide the biomechanical research strategies. This
approach has improved motor vehicle crash safety, mitigated injuries, and saved lives.
Biomechanical research with cadavers and anthropomorphic test devices (ATDs) has allowed
researchers to create, update, refine, and validate the human biomechanical response corridors
and injury risk assessment curves used in improved crash protection standards and motor vehicle
crashworthy design (Rupp, Flannagan, & Kuppa, 2010). Biomechanical human response
corridors and criteria have been developed and widely established for frontal and side impacts.
However, these corridors and criteria are only applicable to automotive crash impact conditions;
they cannot be indiscriminately applied to UBB (vertical impact) events. The loading rates of
blast events exceed automotive crash loading rates by several orders of magnitude, and
automotive crash directions are predominately longitudinal (front/rear) and lateral (side),
whereas UBB events are predominately vertical. While the dynamics of UBB events are different
from automotive crash events, the general research approach to improving SM protection is the
same: review existing medical injury data to prioritize the injury investigations, reproduce
injuries in the laboratory to create human biofidelic response corridors and injury risk assessment
curves, and incorporate these data into performance standards for use in the development and
testing of mitigation technologies by developers of military vehicles and PPE.



As a vital first step in the process to establish injury patterns in the UBB environment, an
initial injury analysis has been performed on a dataset provided by the Joint Trauma Analysis for
the Prevention of Injury in Combat (JTAPIC) Program. This dataset includes all medical injuries
sustained during UBB events occurring between 2007 and 2010. The initial analysis describes
distribution patterns of injuries by: body region, body region and injury type, and body region
and severity (Vasquez, Brozoski, Logsdon, & Chancey, 2018). The analysis of injury patterns
provides researchers with the ability to develop laboratory-controlled studies to replicate the
high-rate, vertical loading UBB events. However, to augment the injury pattern analysis, medical
images of injuries sustained during UBB events are required to provide additional insight into the
injury complexity as well as validate that laboratory-controlled studies produce relevant injuries
to the UBB environment.

This report describes an overview of the methods used to create the 2007-2010 OIF/OEF
UBB Medical Image Catalog. Sample images from the catalog are provided in Appendices A
through J. Radiological images of Wounded in Action (WIA) and Killed in Action (KIA)
individuals injured during UBB exposures during OIF/OEF from 2007 to 2010 were collected to
create a catalog of UBB injuries. This Medical Image Catalog will inform researchers of the
complexity and severity of injuries due to UBB, the possible loading dynamics, and potential
mechanisms of tissue failure. Using the insight gained from the images, researchers will be able
to refine tests to duplicate these injuries in the laboratory and validate injuries produced in the
laboratory as operationally relevant.

Methods

In 2011, all medical injury data from mounted UBB events in theater during OIF/OEF
from 2007 through 2010 available to the JTAPIC Program was provided to the U.S. Army
Aeromedical Research Laboratory (USAARL). The research team specifically requested data
from JTAPIC for SMs injured during an UBB event with the assumption that all injured SMs
were mounted in the vehicle at the time of the event (Vasquez et al., 2018). The dataset
contained the following information for each injured individual: initial disposition (WIA or
KIA), injury description(s), and respective Abbreviated Injury Scale (AIS) code(s). Disposition
of SM (KIA or WIA) was provided and determined by the on-site status of the injured
individual. KIA was assigned to individuals that were deceased on-site; all other injured
individuals were assigned as WIA, including those that may have later died from wounds. The
AIS is an anatomically-based scoring system that classifies each injury by body region and
severity (Association for the Advancement of Automotive Medicine, 2008). After the dataset
was reviewed for completeness, each injury was coded by body region, injury type, and severity
derived from the injury descriptions and AIS codes provided.

A down selection process from the 2007-2010 OIF/OEF UBB injury dataset was
completed to determine which individuals’ medical images were to be obtained. Medical images
were only necessary for injuries of interest, for injuries that require protection, and for which
injury mitigating strategies could be developed. Therefore, medical images of individuals only
sustaining minor injuries (e.g., superficial abrasions, contusions, etc.) as well as catastrophic
injuries (e.g., torso transection, decapitation, thermal burns, etc.) were excluded from being
requested. More details of injury types included and excluded are described in Vasquez et al.



(2018). The medical images for the WIA individuals were obtained from Lundstuhl Regional
Medical Center (LRMC) in 2012. LRMC staff provided all available medical images from the
list of individuals to USAARL. For the KIAs, most individuals sustained whole body trauma, for
which developing injury mitigating strategies is difficult; however, the KIAs are still important
to consider. A list of events from the injury dataset was compared to a JTAPIC list of events that
contained additional environmental and exposure information. Matching events were the first
down selection criteria. Additional down selection criteria to choose KIA medical images were
events in which resulted in WIAs and KIAs in the same event. The images for the KIA
individuals were obtained from the Armed Forces Medical Examiner’s Office (AFME) in 2012.
The medical images collected from LRMC and AFME established the 2007-2010 OIF/OEF UBB
Medical Image Catalog, a subset from the injury dataset (Vasquez et al., 2018). A flowchart of
the down selection process from the injury dataset to the medical images requested is shown in
Figure 1.

The medical images, mainly DICOM files, for every individual (WIA and KIA) were
reviewed and assigned a body region. Nine body regions were assigned to investigate the unique
aspects of the vertical loading from UBB and identify trends of injury by region: (1) Head and
Face; (2) Neck with an emphasis on cervical spine; (3) Torso including the shoulder complex;
(4) Upper Extremity; (5) Lumbar Spine; (6) Pelvis including the hip complex; (7) Thigh;

(8) Lower Leg including the knee; and (9) Foot and Ankle. If an image included more than one
body region (e.g., head and neck), the image was assigned to each viewable body region. If an
image had more than one body region without substantial portions (at least two-thirds) in the
view, the DICOM metadata (assigned when the image was taken) was used to determine the
focus of the medical image and the image was assigned to that body region.

Research physicians reviewed a subset of the medical images to find exemplar UBB
injuries for this summary report. For each image reviewed, the image was assigned a (1) body
region and specific skeletal location, (2) injury type, and, if able, (3) severity. Although several
injury types were available within the injury dataset (fracture/dislocation, amputation, internal
organ injuries, thermal, neuro/vascular, penetrating/perforating, minor injuries), the images
down-selected for the Medical Image Catalog were x-ray and/or computed tomography (CT),
therefore, the majority of the injury types identified from the images were musculoskeletal
related (e.g., fractures). Severity was determined and documented by the research physicians as
best as the image(s) allowed. The severity was determined based on the guidance within the
Abbreviated Injury Scale (AIS) 2005: 2008 Update.

For each injury identified by the research physicians, 2D images were captured in the
axis of interest. The 2D image was captured from either an x-ray or the slice view of a CT. If a
CT scan was available and of reasonable quality, a 3D reconstruction of the injury was rendered
using the 3D reconstruction software Materialise Mimics® (version 21.0, Belgium). Adjacent
body regions were removed from the reconstructions to highlight the injury, e.g., the ribs were
removed to better view an anterior thoracic vertebral body fracture. The 2007-2010 OIF/OEF
UBB Medical Image Catalog includes original medical image files organized by individual and
body region, the injuries determined by the research physicians for a subset of all images, and the
2D images and 3D reconstructions.
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Figure 1. Down selection flowchart of injury dataset to available medical images in the 2007-
2010 OIF/OEF UBB Medical Image Catalog. The boxes on the left quantify the number of
individuals available in the dataset and the number of individuals that ultimately exist in the
catalog with medical images. The boxes on the right indicate the criteria and processes that
resulted in the medical images received for the catalog.



Results

For medical injuries of interest, the down-selected injury dataset (Figure 1) contains 296
events, 555 unique individuals, and 3,844 injuries. Every injury for each individual was coded
for body region, injury type, and severity. The body region distribution of all injury types by
disposition is shown in Figure 2. Each injury was assigned a body region; the total number of
injuries were then counted per body region, where n represents the total number of injuries. An
individual was assigned to every body region in which they received at least one injury; the total
number of injured individuals were then counted per body region, where m represents the total
number of individuals. This implies that the same individual may be counted in more than one
body region (Vasquez et al., 2018).

Injuries  Indiv Injuries  Indiv
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m = total number of individuals for KlAs and WIAs, respectively

Figure 2. Distribution of injuries per body region in the 2007-2010 OIF/OEF UBB injury
dataset. The distribution of the injuries per body region includes all injury types available.

From the 555 individuals in the 2007-2010 OIF/OEF UBB injury dataset, medical images
were only provided for 223 WIA and 10 KIA individuals. Some medical image files were
corrupt and were unusable (66 WIA and 1 KIA individuals). Medical images (x-rays and/or CTs)
from 157 WIA and 9 KIA individuals are available for use in the 2007-2010 OIF/OEF UBB
Medical Image Catalog. The process of obtaining the available medical images is detailed in

Figure 1.

As USAARL research physicians systematically reviewed the medical images of 157
WIA individuals, musculoskeletal-related injury types, as expected, were identified: fractures,
ligament injury, and soft tissue damage due to complex fractures. However, a few other injury
types were identified in the x-rays and CTs, such as neuro/vascular (e.g., hemorrhaging) and



internal organ injury (e.g., pneumothorax). It is possible that more injuries exist than what was
identified in the images.

The number of WIA and KIA individuals that have imaging per body region is shown in
Figure 3. Individuals were counted once per body region if they had at least one medical image
in that body region. Fifty percent or more of the WIA individuals in the 2007-2010 OIF/OEF
UBB Medical Image Catalog have at least one image in the Head and Face, Torso, and Pelvis
regions.

100%

BWIA, m=157
BAKIA, m=9

90%
80%
70%
60%
50%
40%
30%

20%

10%

Percent of Individuals of Respective Total Indivuals
with an Image per Body Region

0%
Head and Neck Torso Upper Lumbar Pelvis Thigh Lower Leg Foot and
Face Extremity Spine Ankle

Figure 3. Percentage of individuals with images by body region in the 2007-2010 OIF/OEF UBB
Medical Image Catalog. The number of individuals include all WIA and KIA individuals that
have at least one image in each body region. The data labels over the bars represent the count of
individuals in that body region.

The WIA medical images for three exemplar individuals in each body region are
provided in Appendices A through I. The primary injury type identified in the CT and x-ray
images were fractures. A range of fracture complexity/severity is provided for each body region.
External fixation devices, in addition to other medical equipment, can be seen in some of the
images. The 2007-2010 OIF/OEF UBB Medical Image Catalog only had two WIA individuals
with fractures in the Head and Face region. Both individuals only sustained fractures to the face.
In addition to skeletal fractures, Appendix C contains an image of a pneumothorax.

The images for nine KIA individuals are available. The medical images for one KIA have been
reviewed for injury identification by the research physicians, and the anterior-posterior view of
one image of that KIA individual is provided in Appendix J.



Discussion
Medical Image Collection and Quality

The WIA medical images obtained from LRMC were images collected at a previous
medical treatment facility (Role II), at a combat support hospital (Role III), or at LRMC (Role
IV) depending on the severity and level of care required to treat the injury as well as the location
of the UBB event. Not all of the WIA individuals have medical images that were taken at the
initial time of injury and before treatment: some WIA individuals have images of their injury
before treatment as well as images after treatment, some individuals only have images before
treatment, and other individuals only have images after treatment was rendered. In the WIA
medical images after treatment, external fixation devices, staples, casts, and other medical
instruments can be observed. Because the medical images were collected at the various levels of
care facilities with various levels of capabilities, the quality and resolution of the images vary.
Due to poor resolution, some of the images contain artifacts that hinder the research physicians’
ability to identify possible injuries.

Injury Identification and 3D Reconstructions

The WIA medical images were reviewed by research physicians. For some of the WIA
individuals, definitive conclusions about possible injuries could not be made due to lack of
reported symptoms as well as the poor resolution of some of the CT slices. In addition, the poor
resolution of the CT slices made rendering some 3D reconstructions very difficult. For a few
individuals, the reconstruction software could not detect the shape of the bones, producing a 3D
rendering that was very grainy with many holes in the mask. Interpolation to fill these holes
could render a 3D reconstruction that was not true to the individual. The smallest fractures, such
as hairline fractures, were difficult to reconstruct due to low resolution. While the 3D
reconstruction provides a quick overview of possible injuries, the most accurate review of
injuries remained to examine the individual CT slices.

The KIA individuals were imaged while in the body bag with all of the remaining gear
that was worn at the time of the event. Therefore, the KIA individuals were not placed in an
anatomical position before imaging. Any radiopaque materials worn by the individual or on the
body bag (e.g., zippers, boot grommets, belt buckles, etc.) were not removed and produced
artifacts in the image. As both of these factors can obscure injuries, not all injuries may be
identified. Also, both of these factors made rendering clean 3D reconstructions difficult. Despite
these artifacts and non-traditional imaging procedures, the KIA images are incredible views into
complex UBB injuries.

Wounded in Action Medical Image Catalog versus the Injury Dataset

It is interesting that the Medical Image Catalog contains more WIA individuals with
Head and Face, Torso, and Pelvis images, where the trend in the injury dataset showed WIAs
sustaining more injuries in the Torso, Lumbar Spine, Lower Leg, and Foot and Ankle regions, as
seen in Figure 2. USAARL did not receive medical images for all of the WIAs in the injury
dataset. At the time of request, LRMC did not have access to the images for all WIAs requested



due to imaging occurring at the different Roles of care, as previously described. The counts
provided in Figure 3 are of all available body regions seen in the medical images. This count
includes the injured body regions as well as the (possibly) uninjured neighboring body regions
that are seen in the medical images, e.g., a CT scan of a Lumbar Spine with the Pelvis in the
same scan. Neighboring body regions within the same image were only counted if a substantial
portion of the body region was in the medical image, e.g., an x-ray of a pelvis with half of the
femur showing would only count as an image of a Pelvis. The metadata assigned upon capture of
the x-ray images were also used to determine what body region(s) was being captured.

Conclusions

Through a review of these medical images, the physicians and researchers can gain
insight into the different possible loading dynamics, identify potential mechanism(s) of tissue
failure, and an appreciation of the severity and complexity of the sustained injuries. Physicians
can gain imaging and treatment insight through examining multiple cases beyond what they
might experience and treat. Researchers can use this insight to guide the design of laboratory
experiments with Post Mortem Human Subjects (PMHS) to induce operationally relevant
injuries. Recreating and studying these injuries in the laboratory will allow USAARL and other
researchers to develop appropriate human tolerance and injury criteria for exposure to UBB
environments. This information is critical in the development of effective PPE, vehicle design,
and other blast mitigating technologies to protect our SMs.

The 2007-2010 OIF/OEF UBB Medical Image Catalog provides a unique and diverse
collection of radiographic medical images of U.S. SMs injured in military vehicles during UBB
events. Such medical images have previously only been available during treatment, preventing a
systematic examination of injuries, trends, and severities. Further study of the Medical Image
Catalog can provide insight to physicians, researchers, and planners that can help prepare for
future Multi-Domain Operations (MDO).
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Figure Al. Individual #1 with injuries to the Head and Face. The individual is intubated and
may also be wearing a C-collar.

A: CT axial image of comminuted nasal bone fractures and displaced fracture to the zygoma.

B: CT coronal image of multiple fractures to the left lateral orbital rim and a blowout fracture of
the left orbit. C: CT axial image of fracture to the alveolar ridge demonstrated by cavity along
alveolar ridge. D: CT coronal image showing a comminuted fracture to the left maxilla and a
blowout fracture of the left orbit. E & F: 3D reconstruction, anterior view, showing (from top to
bottom) comminuted nasal bone fractures, a displaced fracture to the zygoma, a blowout fracture
of the left orbit with multiple fractures to the left lateral orbital rim, a comminuted fracture to the
left maxilla, and a fracture to the alveolar ridge.
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Figure A2. Individual #2 with facial fractures to the nasal bone and mandible. The individual is
wearing a face mask.

A: CT axial image of fracture to the midline of the mandible. B: CT coronal image of fracture to
the midline of the mandible. C: 3D reconstruction with a right-sided, oblique view of the nasal
bone fractures and mandible fracture. D: CT axial image of multiple fractures to the nasal bone.
E: CT sagittal image of multiple fractures to the nasal bone and fracture to the midline of the
mandible. F: 3D reconstruction with a left-sided, oblique view of fracture to the nasal bone and a
mandible fracture.
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Appendix B. Exemplar Injuries to the Neck Region
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Figure B1. Individual #1 with a fracture to the C5 vertebra.
A: CT image showing a sagittal view of the anterior vertebral body fracture on the C5 vertebra.
B: 3D reconstruction of anterior vertebral body fracture on the C5 vertebra.
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Figure B2. Individual #2 with a fracture to the C2 vertebra.

A: X-ray image of vertebral fracture on the pedicle/facet of the C2 vertebra. B: CT coronal view
of bilateral fractures on the pedicle/facet of the C2 Vertebra. C: CT sagittal view of fracture on
the pedicle/facet of the C2 vertebra. D: CT axial view of bilateral fractures on the pedicle/facet
of the C2 vertebra. E: 3D reconstruction of the C2 vertebra with bilateral fractures to the
pedicle/facet.
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Figure B3. Individual #3 with fractures to the C7 vertebra. The individual is intubated and may
also be wearing a C-collar.

A: CT axial view of bilateral pedicle and lamina fractures on the C7 vertebra. B: CT coronal
view of bilateral pedicle and lamina fractures on the C7 vertebra. C: 3D reconstruction of the
posterior cervical spine showing bilateral pedicle and lamina fractures on the C7 vertebra.
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Appendix C. Exemplar Injuries to the Torso Region
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Figure C1. Individual #1 with a displaced fracture to the 6th rib on the left side. Ribs 4, 5, 7, and
11 may also be fractured on the left side; however, the CT is too pixelated to confirm.

A: Axial CT image of displaced 6th rib fracture on the left side. B: 3D reconstruction of
displaced fracture to the 6th rib on the left side. The reconstruction show T6-T12 with only the
left side ribs constructed.
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Figure C2. Individual #2 with a left side pneumothorax.
CT axial image of a pneumothorax on the left side viewed at the level of the T5 vertebra.
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Figure C3. Individual #3 with multiple fractures to the TS vertebra and transverse process
fractures on the left side of L1, L2, and L3 vertebrae. The T5 vertebral body has anterior
wedging greater than 20%.

A: CT sagittal view of burst fracture on the vertebral body of the TS vertebra. TS also has a
bilateral transverse process fracture and a spinous process fracture. B: CT frontal view of a burst
fracture on the vertebral body of the T5 vertebra. C: 3D reconstruction of a posterior view of the
spinal column (from T2 to sacrum) showing a bilateral fracture to the transverse process and a
fracture to spinous process on the T5 vertebra. D: 3D reconstruction of an anterior view of the
spinal column (from T2 to sacrum) with a close-up of a burst fracture on the vertebral body of
the TS5 vertebra.
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Appendix D. Exemplar Injuries to the Upper Extremities
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Figure D1. Individual #1 with fractures to the left humerus and left ulna. There are two external
fixation devices on the arm above and below the elbow. The fixation devices have been removed
from the 3D reconstructions.

A: CT sagittal view of left side elbow with a simple, displaced fracture in the ulna shaft. This
slice visualizes the displacement of the proximal humerus fragment. B: CT sagittal view of left
side elbow showing a simple, minimally displaced fracture in the humerus shaft and a simple,
displaced fracture in the ulna shaft. C: 3D reconstruction of the left elbow, viewed laterally,
showing a simple, minimally displaced fracture in the humerus shaft and a simple, displaced
fracture in the ulna shaft. D: 3D reconstruction of the left elbow, viewed anteriorly, showing a
simple, minimally displaced fracture in the humerus shaft.
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Figure D2. Individual #2 with a fracture to the proximal, third of the left ulna shaft.
X-ray image of a simple ulna shaft fracture of the left arm. Intravenous tubing seen in image.
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Figure D3. Individual #3 with midshaft fractures to the left ulna and left radius.
X-ray image of left arm showing a simple fracture on radius shaft and a complex (comminuted)
fracture of the ulna shaft. Localized swelling near ulna fracture can also be seen.
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Appendix E. Exemplar Injuries to the Lumbar Spine
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Figure E1. Individual #1 with a compression fracture to the L3 vertebra with less than 20%
anterior height loss.

A: CT sagittal view of a compression fracture on the L3 vertebra. B: CT axial view of a
compression fracture on the L3 vertebra. C: 3D reconstruction of a compression fracture on the
L3 vertebra.
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Figure E2. Individual #2 with fractures to the L1, L2, and L3 vertebrae. CT resolution is too low
to reconstruct an accurate 3D image.

A: CT coronal view of fractures to the transverse processes on the right side of the L1, L2, and
L3 vertebrae. B: CT axial view of a fracture to the transverse process on the right side of the L1
vertebra. C: CT axial view of a fracture to the transverse process on the right side of the L2
vertebra. D: CT axial view of a fracture to the transverse process on the right side of the L3
vertebra.
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Figure E3. Individual #3 with burst fractures to the L1 and L4 vertebrae, a bilateral fracture to
the transverse process on L1, and a fracture to the right side transverse process on L4. There may
also be other transverse process fractures in the Lumbar Spine region, but definitive conclusions
cannot be made for other fractures due to the poor resolution of the sagittal and coronal views of
the CT.

A: CT axial view of L1 vertebra with a burst fracture to the body and bilateral fractures to the
transverse processes. B: CT axial view L4 vertebra with a burst fracture to the body and fracture
to the right side transverse process. There is evidence of laparotomy in the CT, and material
consistent with wound packing is seen in the image. C: 3D reconstruction of an anterior view of
the lumbar column. L1 has a burst fracture and bilateral fractures to the transverse processes. L4
has a burst fracture and a fracture to the right side of the transverse process. D: 3D reconstruction
showing the right side of the lumbar column. L1 and L4 have burst fractures. L1 and L4 also
have fractures to the transverse processes.
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Appendix F. Exemplar Injuries to the Pelvis Region
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Figure F1. Individual #1 with multiple fractures to the left side of the pelvis. It is possible that
other fractures are present; however, definitive conclusions cannot be made for other fractures
due to the poor resolution of the sagittal and coronal views of the CT.

A: CT axial view of a fracture of the superior pubic ramus on the left side of the pelvis. B: CT
axial view of a fracture to the tuberosity on the left side of the pelvis. C: CT axial view of a
fracture to the sacrum on the left side of the pelvis with separation to the left sacroiliac joint.
D: 3D reconstruction of an anterior view of the pelvis with fractures to the sacrum, superior
pubic ramus, and tuberosity on the left side. E: X-ray image showing an anterior-posterior view
of unilateral fractures to the sacrum and pelvic ring. The pelvic ring is fractured at the superior
pubic ramus and the tuberosity. External fixators can be seen in the image in addition to
radiopaque materials.
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Figure F2. Individual #2 with unilateral pelvic fractures to the sacrum and inferior pubic ramus.
A: CT axial image of a fracture in the sacrum on the left side. B: CT axial image of a fracture to
the inferior pubic ramus on left side.

Note: A 3D reconstruction was not possible because the DICOM stack for this CT only
contained 12 slices.
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Figure F3. Individual #3 with a fracture to the right pubis and no disruption to the pubic
symphysis.

A: CT axial image of a non-displaced fracture to the right pubis. B: CT coronal image of a non-
displaced fracture to the right pubis. C: 3D reconstruction showing a fracture to the right pubis.
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Appendix G. Exemplar Injuries to the Thigh
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Figure G1. Individual #1 with a fracture to the femur. An external fixation device can be seen in
the images.

A: X-ray image of a simple femur fracture (anterior-posterior view). B: X-ray image of a simple
femur fracture (oblique view).

36



Figure G2. Individual #2 with fractures to the femur shaft and femoral neck on the right thigh.
External fixation devices, bone screws, and surgical staples are seen in the images.

A: X-ray image of femur fractures to the right thigh. When described from the proximal to distal
aspect, there is a fracture to the femoral neck with bone screws in place and a simple fracture to
the femur shaft. B: X-ray image of a simple fracture to the right femur shaft with external

fixation devices available.
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Figure G3. Individual #3 with a fracture to the femur. An external fixation device, surgical
staples, and tubing, consistent with a wound vacuum, can be seen in the image. X-ray image of a
left-side distal, partial articular femur fracture. Note the lucency at the patellar articulation.
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Appendix H. Exemplar Injuries to the Lower Leg
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Figure H1. Individual #1 with multiple fractures to the right tibia and fibula. External fixation
devices seen in image. The staples in the images are evidence of a fasciotomy.

A: X-ray image of multiple fractures to the right leg: (described proximal to distal) proximal,
partial articular tibia fracture, wedge fracture to tibia shaft, comminuted fracture to the fibula
shaft, and a distal, suprasyndesmotic fracture to the fibula shaft. B: X-ray image of a proximal,
partial articular tibia fracture to the right leg. The bottom of this x-ray also shows part of the
wedge fracture to the tibia shaft. C: X-ray image of a wedge fracture to tibia shaft, comminuted
fracture to fibula shaft, and suprasyndesmotic fracture to the fibula shaft.
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Figure H2. Individual #2 with a fracture to the tibia on the right side.
A: X-ray image of the right leg with a minimally displaced, comminuted fracture from mid to
distal tibia. B: Lateral view of an x-ray image with a minimally displaced, comminuted fracture

from the mid to distal tibia on the right leg.
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Figure H3. Individual #3 with a right fibula fracture and multiple fractures to the left tibia and
fibula.

A: Right leg: X-ray image of a fracture to the fibula shaft. B: Left leg: X-ray image of multiple
fractures: displaced tibia midshaft fracture, comminuted fracture to fibula shaft (proximal), and a
fracture to the fibula shaft (distal).
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Appendix I. Exemplar Injuries to the Foot and Ankle Region
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Figure I1. Individual #1 with fractures to the calcaneus and tibia of the left foot and ankle.

A: CT sagittal view of a left-side distal, comminuted tibia fracture (complete articular). B: 3D
reconstruction (right lateral view) of a left distal, comminuted tibia fracture (complete articular).
C: CT axial view of a left distal, comminuted tibia fracture (complete articular). D: CT sagittal
view of a left-side, non-displaced calcaneus fracture. E: 3D reconstruction (left view) of a left-
side fracture on the calcaneus. F: X-ray image of a left-side calcaneus fracture, and a left
midshaft simple fibular fracture. External fixators seen in the image.
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Figure 12. Individual #2 with fractures to the right calcaneus and talus. X-ray image of a right
foot lateral view showing posterior process fracture of the talus (with one joint surface affected)
and a displaced, comminuted fracture of the distal plantar aspect of the calcaneus.
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Figure 13. Individual #3 with multiple fractures to the left and right feet and ankles. The CT of
these injuries contains both feet. A cast on each foot can be seen in the CT images.

A: CT sagittal view of the individual’s left foot with a calcaneus fracture. B: A CT sagittal view
of the individual’s right foot with a calcaneus fracture, a talus fracture, and a navicular fracture.
C: CT sagittal view of the individual’s right foot with a fracture to the 4th metatarsal. D: CT
axial view of the left and right feet with bilateral calcaneus fractures. E: CT axial view of the
individual’s left foot with a small fracture to the navicular.
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Figure 14. 3D reconstructions of the feet of individual #3, which contain multiple fractures.

A: Right foot arrows (from left to right) show a calcaneus fracture, a talus fracture, and fractures
to the 2nd and 3rd metatarsals. Left foot arrows (from left to right) show a calcaneus fracture and
a fracture to 1st metatarsal. B: Right foot arrows (from left to right) show a fracture to the 2nd
metatarsal, a talus fracture, a navicular fracture, and a calcaneus fracture. C: Right foot arrows
(from top to bottom) show a talus fracture, a calcaneus fracture, a navicular fracture, and
fractures to the 2nd and 3rd metatarsals. Left foot arrows (from top to bottom) show a calcaneus
fracture and a fracture to the 1st metatarsal. D: Right foot arrows (from top to bottom) show a
calcaneus fracture, a navicular fracture, a fracture to the intermediate cuneiform, and fractures to
the 2nd and 3rd metatarsals. The left foot arrow shows a calcaneus fracture.
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Appendix J. Exemplar Images of One Killed in Action Individual
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Figure J1. Killed in Action (KIA) individual with sample CT slices from coronal view of Head
and Face, Neck, Torso, Upper Extremity, Lumbar Spine, and Pelvis body regions. The injury
descriptions below may not contain all of the numerous injuries.

A: Head and Face region showing bilateral, comminuted frontal skull bone fractures, bilateral
orbit fractures (superior aspect), and pneumocephalus. B: Head and neck section showing right
parietal vs. temporal fractures of the skull, and a left mastoid process fracture at the skull base.
C: Torso region showing vertebral body fractures at TS and T6. D: Upper Extremity region
showing a right scapula fracture. E: Lumbar Spine region showing an L1 burst fracture and
sacrum fracture. F: Pelvis region showing a comminuted sacral fracture, a fracture of the right
pelvic involving a comminuted iliac crest fracture, a displaced acetabulum fracture, and an
ischial tuberosity fracture.
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Figure J2. Killed in Action (KIA) individual (same as individual in Figure J1) with sample CT
slices from coronal view of Thigh, Lower Leg, and Foot and Ankle body regions. The injury
descriptions below may not contain all of the numerous injuries.

G: Thigh region showing a pelvic fracture as described in image F, and extensive soft tissue
injury to the right leg. H: Lower Leg region showing a mid-shaft fracture to the right tibia that is
comminuted and widely displaced. The right distal tibia is severely comminuted. I: Foot and
Ankle region showing a close up of the severely comminuted right distal tibia and a calcaneus
fracture.
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