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Morbidity and mortality
in Northern Ireland, 229
and organ-system injuries. 224-226
from terrorist bombings, 222—226
statistics, 223
Mortars, 3 1-33
MRI. See Magnetic resonance imager (MRI)
M16 assault rifle
and bullet kinetic energy, 95
and rifling, 117
and wounding potential, 95
M16A2 bounding mine, 46
MANAT tank
and casualty evaluations. 229
MTF. See Medical Treatment Facility (MTF)
M21 antitank mines, 47
Multiple blast, 297
Multiple-Launch Rocket System (MLRS), 35
Munition, 2
Mustard gas, 372
Mutilating blast injury, 242
Muzzle, 13
range, 88
velocity, 88
Myocardial infarction, 311
and air embolism, 312

Napalm, 48,370
Narcotics

and hypercarbia, 308
Nasogastric decompression, 319
Natural period (resonating frequency), 235
Necrotizing fasciitis, 210

See also Anaerobic infections: Gas gangrene
Nelson-Lazarus DPL technique, 320
Neosporin, 186, 191
Nerve damage

and wound ballistics, 154—155
Neurological complications of electrical injury, 373
Nitrates, 316
Nitrogen mustards. 372
Nosocomial contamination, 178
Nuclear blast waves, 249

Ogive, of bullet, 108-110
Open comminuted fractures of the extremities, 92
and closed-plaster technique, 92
steps of, 92—-93
mortality rates, 56
and need for wound closure, 93
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and treatment in World War I, 92
Orbit. See Eye and orbit
Orbital blowout, 289
Organ-system injuries

and mortality from blast, 224—226
Orthopedic injuries

combined with thermal trauma, 369
Ossicular chain

and pathology of primary blast injury, 291-292
Ossicular damage, 327, 328, 330
Otalgia, 326, 327
Overtriage, 224. 298
Oxygen adequacy

and air embolism, 312

animal research, 308

and chest-tube care, 304

and evacuation risk, 304

restoration of, 305-308

See also Mechanical ventilation

Paint-brush ecchymoses, 289
Pancreas
and pathology of primary blast injury, 289
85,338
Pathogens, 181
Pathology of primary blast injury, 272-292
See also Management of primary blast injury; Primary
blast injury: Physics and mechanisms
Pathophysiology of bums, 340-347
assessing extent ot thermal bums, 340-342
bum depth, 342
physiological response, 342—-347
circulatory system, 344-346
endocrine system, 347
gut motility, 347
immune response, 347
pulmonary function, 347
renal function, 346-347
thermoregulation, 347
PBI. See¢ Primary blast injury (PBI)
Penetrating wounds
appearance, in Civil War, 87
categorics of closure, 92
debridement for, 86
as dynamic entity, 86-87, 93, 97
management of.
with antibiotics, 93-95
history, 84-95
natural history of, research, 101
surgical treatment of, 91-93
See also Management of ballistic wounds of soft tissue;
and Wound ballistics: Physics and biophysics
Penetration of projectile, 119
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Penicillin, 93
as adjunct to surgery, 94.95
and bacterial contamination, 188
introduction of, 94
and gas gangrene, 94, 101, 192-193
and infection, 191
to prevent infection, 95
in Vietnam, 95
in Yom Kippur War, 95
See also Antibiotics
Pentacthyltrinitiide (PETN), 245
Perforation, of gastrointestinal tract, 289
Peritoneal irritation, 319
Permanent cavity, 100,130, 136-179, 140
See also Cavitation
Permanent wound tract. 76. 120
Phenyldichloroarsine, 372
Phosphorus-containing munitions, 49-50
See also White phosphorus
Physical examination. See Management of primary blast injury
Physics and biophysics. See Primary blast injury: Physics and
mechanisms; and Wound ballistics: Physics and biophysics
Pistol, 10-12
Pneumomediastinum, 300,301, 304, 311!
Pneumonia
after thermal injury, 367
Pneumoperitoneum. 305
Pneumothorax
and air embolism, 312
definition, 300
and evacuation, 304
mechanism, 300
and roentgenogram, 305
signs and symptoms, 300, 304
treatment, 311
triage. 301
Pollock, George, 339
Polybactrin, 186, 191
Pool, Lieutenant Colonel Eugene H. (World War 1), 204
treatise on soft-tissue wound management, 205—209
Pop-up mine, 46
Positive duration, 242
Positive phase impulse, 247
Pusilive-pressure ventilatory support, 225, 311
in air embolism, 314
See also Mechanical ventilation; Oxygen adequacy
Precursor shock wave, 249
Pressure waveform, 245
Pressure-time history, 242
Primary blast injury (PBT), 40, 222, 242,296—297
animal research, 297
inside armored vehicles, 229-230
inside body armor, 230
and concussion grenades, 40



and fatigue factor, 297
military
American data. 227
foreign data, 227-229
and organ-system injury, 229
statistics. 226
in terrorist bombings, 226
severity of, in enclosed space. 226
and underwater detonation, 297
See also Management of primary blast injury; Pathology
of primary blast injury; Primary blast injury: Physics and
mechanisms
Primary blast injury: Physics and mechanisms. 242-268
blast and blast waves, 242-244G
blast wave, 244-245
conventional explosivcs, 245-246
nuclear blast waves. 249
physical characteristics of wave propagation.
243-244
pressure waveform, 245
scaling laws. 246-24/
blast measurements and effects, 249
blast-pressure measurement, 249
complex blast waves, 253
structural blast loading and wave reflection,
249-25|
primary blast injury to the lung. 260-268
modern view on mechanisms, 262-263
organ distortion and tissue stress,
262
rapid response to blast loading. 262
tissue stress and injury, 262—263
new models of lung injury. 263-268
blast to parenchymal distortion, 263—
266
parenchymal distortion to tissue
stress. 266
tissue stress to injury, 266—268
tolerance to air blast, 253-258
effects of body positioning, 253,255
effects of rcpeatcd cxposurc, 255-258
underwater blast. 258-260
Primary closure, 92
arid adequate excision, 92
criteria for success, 92
See also Delayed primary closure
Primary explasives, 745
Primary wound excision
by the British. 93
and dynamic nature of wound, 93
Projectile-target interaction, 100
energy transfer in, 120-130
physical aspects of, 100
See also Cavitation; Wound ballistics: Physics and bio-

Index

physics
Projectiles

definition. 108

deformanon of, A&

Friederich's conclusions about, 97-98

migrating. 213

research, 96

retained, 213-215

and 101

size of, 93

velocity of. 85,95

as wound determinant, 85

See also Management of ballistic wounds of soft tissue;

and Wound ballistics: Physics and biophysics
Pulmonary contusion?300

and air embolism. 312

resolution, 300

symptoms, 300

treatment. 31 |

See also Respiratory system
Pulmonary edema

among casualtics with primary blast injury, 303

and pathology of primary blast injury. 279-280
Pulmonary function

and response to bum injury, 347
Pulmonary laceration

treatment. 311
Pulmonary PBI

and mortality from blast. 226

See also Primary blast injury (PBI); Respiratory system
Pulse oximetry. 305

Quasi-static uverpressuies, 146

Random-fragmentation munitions, 19
Rebound tenderness. 318,319
Recoilless gun, 2
Reduced-power loading. 96
Reflected pressure, 249
Reflected region. 249-250
Regular reflection, 250
Relative Incapacitation Index (R1l), 76—77
ammunition field testing. 77
assessment of, 77
See also Temporary cavitation
Renal function
and response to bum injury, 346
Respiratory failure
and mortality from blast. 226, 301
Respiratory system
and management of primary blast injury, 299, 300-311
animal research, 300
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definitive physical examination, 304-305
diagnostic screening procedures, 305
evacuation, 304
initial physical examination and triage, 301-
303
initiation of life support, 303—304
stabilization and life support, 305-31 1
treatment, 311
and pathology of primary blast injury, 272-283
See also Lungs: Upper airways
Resuscitation
after electrical injury, 373
Retroperitoneal hemorrhage
and primary blast injury, 289
Return spring, 13-14
Reyher, Carl, 89-90
Rib markings, 275
Rich, Norman, 101
Rifle grenades, 40
Rifling, 12, 117
RIl. See Relative Incapacitation Index (RII)
Ring hemorrhages, 278
Rocket-propelled grenade (RPG), 68
See also Shaped-charge warhead
Rockets, 35-37
Rossle, Robert, 234
Round, 3
RPG. See Rocket-propelled grenade (RPG)
RPG6, 229
Rule of Nines, 340
Rupture modulus, 130
Rusca, Franchino, 233

Sabot, 27
Sagger, 229
Scaled distance, 246
Scaling effect, 135
Scaling laws, 246—247
Second-degree bum, 342
Schardin, Hubert, 234-235
Second echelon of care
for ballistic wounds of soft tissue, 195
for casualties with primary blast injury, 299-300
definitive physical examination, 299
diagnostic screening, 299-300
stabilization and life support, 299
treatment, 300
Secondary blast injury, 222, 242, 272,296
fragmentation, 227
Secondary closure of soft-tissue wounds, 92, 93
Secondary explosives, 245
Secondary intent. See Healing by secondary intent
Secondary missiles, 23-27
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Sectional density of projectile, 111
Seizure
and air embolism, 312
Self-loading weapon, 13
Semiautomatic weapon, 13
Sepsis, 167
after bum injury, 367
increased likelihood of, in war wounds, 101
invasive, and temporal relationship with wound con-
tamination, 97-98
Srr alse Infection; Management of ballistic wounds of
soft tissue; Management of burn injury; Wound con-
tamination
Shape
of fragment, and resulting incapacitation, 74-75
of projectile, 108-110
cross-sectional area,
ogive, 108-110
sectional density, 111
Shaped-charge warheads, 27, 66, 68, 229
See also Rocket-propelled grenade (RPG)
Shear waves, 130
Shell, 15
improved-fragmentation, and lethality, 70
random-fragmentation, and lethality, 70
Shock, 318
Shock wave, 242
Shot, 84
Shrapnel, 16
Shunting, and lung hemorrhage, 308
Silvadene, 357,367
Silver nitrate, 357
Single-shot rifle, 7
Skeletal muscle damage
and resistance to infection, 173, 177
Skin grafts, 364-366
advances in, 339
Skull injury
explosive wounds, 98
and mortality from blast, 226
and wound ballistics, 144—146
Slugs, 22
Small arms 4-14
blow-back operation, 14
developmental trends, 14-15
firing sequence of, 13
gas operation, 14
historical development of, 6-12
mechanisms and operations of, 12-14
parts of, 12-13
recoil operation, 13-14
Small-arms ammunition, 4-6
design and construction of, 6
measurement of, 4
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military objectives of, 5-6
tactical conditions, 5—6
velocity of. 4
Soft-tissue wounds
and research of, 99-100
and cavitation, 96
infection rates, 95
in Vietnam War, 95
in Yom Kippur War, 95
management of, 93-95
mortality rates, 94
and sepsis prevention, 94
and treatment results, 94-95
See also Management of ballistic wounds of soft tissue;
Penetrating Wounds; Wound ballistics: Physics and
biophysics
Spall, 27
Spallation, 234
Specific mortality, 224
Spitzer bullets. 90
wounding effects, 90-91
Spleen
and pathology of primary blast injury, 289
Stability, of projectile, 114—1 18,126-129
center ot pressure (CP), 114
fin stabilization. 118
gyroscopic stabilization, 114
internal and external ballistic factors, 117
precession and yaw, |14-117
rifling, 117
stability equation. 117
tumbling, 114
Stabilization. See Management of primary blast injury; Wound
ballistics: Physics and biophysics
State of a gas, 242
Static (side-on) pressure, 249
Stopping power, 73.76
See also Relative Incapacitation Index (RII)
Streptococcal myositis, 182,21 1-212
See also Anaerobic infections; Gas gangrene
Strew points, 262
Stripped-epithelium lesions, 280-282
Subcaliber. 27
Subcutaneous emphysema. 300, 301, 311
Submachine gun, 9
Sulfamylon, 186,191, 338,357.367
Sulfonamides. See Antibiotics, sulfonamides
Suppuration
of penetrating wounds, 84,85
and sulfonamides, 93, 94
Surgical treatment
for ballistic wounds of soft tissue, 204-209
and combat conditions, 93
epluchage, 9l
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in gastrointestinal blast injury, 324
ot penetrating wounds, Y 1-93
for soft-tissue wounds, 94-95,183-1 89
in World War 11, 93
Seealso Debridement; Management of ballistic wounds
of soft tissue; Management of burn injury
Suture, primary and secondary techniques, 209
Suture material. 174
Systemic antibiotics, 19019 |

Tachycardia, 30l
Tachypnea, 301.304
Target media
as experimental variable in wound ballistics, 96
TBSAB (total body surface area burned), 342
Temporary cavitation. 76,100, 130-131
and aspiration of foreign material, 10L
contemporary research, 101
See also Cavitation: Relative Incapacitation Index (RII):
Wound ballistics: Physics and biophysics
Temporary cavity, 77
and projectile velocity, 101
determinants of cavity dimensions, 135
energetics of, 131
size and energy transfer, 100
See also Wound ballistics: Physics and biophysics
Temporary threshold shift (TTS), 325,326
Tenesmus, 319
Tensile strength, 262
Tension. 262
Tension pneumothorax
definition, 300
risk of. with mechanical ventilation, 311
and triage, 30 |
and tube thoracostomy, 303,304,305
Tension wave, 258
Terrorist bombings, 222-226
and explosive location, 224
morbidity and mortality, 222—-226
and primary blast injury, 226
Tertiary blast injury, 222,242,272 ,296
Testicles
and pathology of primary blast injury, 289
Tetanus
in casualties' soft-tissue ballistic wounds. 212
See also Anaerobic infections: Gas gangrene
Tetracycline
in Vietnam, 95
Thermal effects, 16
See also Bum care history: Management of burn injury:
Pathophysiology of bums
Thermal injury. See Bum care history; Bum injury; Management
of burn injury; Pathophysiology of burns
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Thermorcgulation
and response to bum injury, 347
Third-degree hum, 342
Third echelon of care
for ballistic wounds of soft tissue. 195
for casualties with primary blast injury, 300
Thoracic injury
from blast effects. 223
and mortality. 225
Threshold overpressure, 255
Tidal volume. 308
Tinnitus, 326, 327
Tolerance to air blast, 253-258
Topical antimicrobials, 191,193, 369
Torque. 114
Total pressure, 249
Totaler Wundexzision, 98
TOWI, 229
Tracer round, 5
Trajectory
of fragment, and effect, 74-75
of projectile, 108
Traumatic lung cysts. 300
Treatment. See Management of ballistic wounds of soft tissuc;
Management of hum injury; Management of primary blast injury
Trendelenhurg position
contraindicated. with air embolism, 312
Triage. See Management of primary blast injury: Overtriage;
Undertriage
Trigger, 13
Triple point, 250-251
Troop health
and treatment results, 95
Jose, 92,93, 177
Truncal injuries
and mortality from blast, 224
TTS. See Temporary threshold shift (TTS)
Tunica albuginea
and pathology of primary blast injury, 289
Twist, 117
Tympanic-membrane rupture, 325, 326
definitive physical examination, 327
diagnostic screening procedures, 329
evacuation needs, 326-327
initial physical examination and triage, 326327
in Northern Ireland. 229
from primary blast injury, 226,272, 290-291
treatment, 329-330
See also Auditory system; Hearing loss

Ultimate strength, 263
Underhill, Frank, 338

Undertriage, 298
impact on mass casualties, 224
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Undcrwatcr blast, 242, 258 260
and gastrointestinal casualties, 318, 319-320
research, 234-236
resulting injury. 231-232
Upper airways
compromise of, and triage, 301
and pathology of primary blast injury, 282-283
See also Lungs; Respiratory system
Urinary bladder
and pathology of primary blast injury. 289

Vacuum bombs, 37
Vaporific effect, 30, 229
Velocity
of fragment, and resulting incapacitation, 74-75
Velocity of projectile. 4-5. 111, 129-130
as experimental variable, 96
and kinetic energy, 95
and wound severity. 95-100
Ventilation. See Mechanical ventilation
Vertigo, 326, 327
Vesicants. 372-373
arscnicnl vesicants, 372—373
mustard gas, 372
nitrogen mustards, 372
See also Chemical warfare
Vestibular dysfunction, 326
Viscoelastic thorax model, 261
Volume bombs. 37
Volume replacement, 303-304
in air embolism. 312
animal research, 303
in hyporension, 318,319
in shock, 318
See also Fluid resuscitation
Von Clausewitz, Karl. 2. 54

Warhead, 15
Wave propagation, 243
Wave speed. 243
Wavefomi. See Pressure waveform; Primary blast injury: Physics
and mechanisms
WDMET. See Wound Data and Munitions Effectiveness Team
(WDMET)
Weapon noise, 242
Weapons development

and wound severity, 95

See also Weapons of conventional land warfare
Weapons effectiveness, 53-80

distributed by weapon or projectile

in Bougainville Campaign (1944), 58-60
196Y-



present), 67
invasion (1944),
60-61
at German-Russian front (194141), 58
in Israeli casualties in Israeli-Lebanon War
(1982), 67-68
in U.S. casualties in Korean War (1950-1953),
62-64
in U.S. casualties in Vietnam (1965-1970),
64-67
in U.S. casualties in World War I1, 61-62
and echelons of mcdical care. 71-72
of foreign weapons, 78-80
medical for, 71-72
See also Casualty generation: Incapacitation; Injury se-
verity; Lethality
Weapons of conventional land warfare, 2—50
small-arms characteristics. 4-15
ammunition. 46
developmental trends, 14-15
historical development, 612
mechanisms and operations, 12-14
explosive munitions, 1547
antimatéricl munitions with antipersonnel ef-
fects, 27-31
antipersonnel exploding munitions, 16-27
ordnance using explosive munitions. 3147
flame and incendiary munitions, 48-50
flame munitions, 4849
incendiary weapons. 49
phosphorus-containing munitions. 49-50
See also White phosphorus
Weapons technology
and casually generation, 70
White phosphorus. 49-50,340,370
Wilson, Louis, 99
Woodruff. Charles, 96, 9%, 100, 144
Wound
definition, 54
Wound Ballistics, 95. 98. 131
Wound ballistics
and cavitation, 96
data collection, 95
definition, 108
and gelatin tissue simulant. 97
history. 85-87, 87-95
pioneers of, 85-87
Desault, Pierre Joseph, 86
Hunter, John, 85-86, 87
Larrey, Dominic Jean, 8687
85
research, 96-102
in China, 102
See also Penetrating injuries: Wound ballistics: Physics
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and biophysics; Management ot ballistic wounds of soft
tissue

Wound ballistics: Physics and biophysics. 108—159

energy trnnsfcr in projectile-target intcrnction in tissuc,
120-130
and projectile characteristics. 123-130
deformation. 126
fragmentation, 126
shape at impact, 123-126
stability, 126—129
velocity. 129-130
total energy transfer, 120-123
nonuniform energy transfer, 120-
122
wound profile, 122-123
mechanisms of energy transfer in tissue, 130—136
cutting, 130
heating, 130, 136
pressure transients around temporary cavity,
135
stress waves, 135-136
stretch and shear, 130-135
determinants of cavity dimensions,
135
energetics of cavity formation, 131
gross characteristics, 131135
temporary cavitation, |30-131
organ-specific wounds, 144-155
abdomen, 149-152

brain, 144-146
chest, 146-149
heart, 149

lungs, 146-149
extremities, 152-153
blood vessels, 154

bone, 152-154
nerves. 154-155
skull. 144-146

permanent cavity, 136139, 140
projectile characteristics, 108—118
coefficient of drag, 113-114
drag, 112-113
kinetic energy. 111-112
mass, 108
shape, 108-111
stability, 114-118
velocity, 111
projectile penetration, 119
soft-tissue ballistic wounds, 139-142
pathomorphology, 140
permanent cavity, 140
zones of extravasation and concussion, 141—
142
tissue damage, by debrided muscle, 142
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Wound closurc

theoretical basis for, between wars. 93

Wound contamination

anacrobic infections, 181-183, 210-212
bacteriology. 178-188
and environmental factors, 91, 95
in soft tissue
mechanics, 167
type and magnitude, 167-170
temporal relationship between, and invasive sepsis. 97—
98
See also Infection; Management of ballistic wounds of
soft tissue; Sepsis

Wound Data and Munitions Effectiveness Team (WDMET), Y5,
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and abdominal injury, 150-152
and Computer Man, 75—-76

and lethality, 6467

and migrating projectile, 213
and napalm casualties, 48

and primary blast injury, 22/
and pulmonary injury, 149
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Wound severity
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