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Abstract The treatment of war wounds is an ancient art,
constantly refined to reflect improvements in weapons
technology, transportation, antiseptic practices, and surgical
techniques. Throughout most of the history of warfare, more
soldiers died from disease than combat wounds, and mis-
conceptions regarding the best timing and mode of treatment
for injuries often resulted in more harm than good. Since the
19th century, mortality from war wounds steadily decreased
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as surgeons on all sides of conflicts developed systems for
rapidly moving the wounded from the battlefield to frontline
hospitals where surgical care is delivered. We review the
most important trends in US and Western military trauma
management over two centuries, including the shift from
primary to delayed closure in wound management, refine-
ment of amputation techniques, advances in evacuation
philosophy and technology, the development of antiseptic
practices, and the use of antibiotics. We also discuss how the
lessons of history are reflected in contemporary US practices
in Iraq and Afghanistan.

Introduction

The need for surgical care of survivors of accidents or
animal attacks is part of the story of civilization, as is the
story of medical care of those wounded in that other
peculiarly human endeavor, warfare [41]. During the past
250 years, and particularly during the 20th century,
developments in military trauma care for musculoskeletal
injuries have greatly influenced civilian emergency medi-
cine. The history of military trauma care must be
understood in terms of the wounding power of weapons
causing the injury and how the surgeon understood the
healing process. Improvements in weapons technology
forced surgeons to rethink their interventions in their effort
to tip the odds of survival in favor of their patient.

Our purpose is to review the evolution of military
trauma care during the past two and a half centuries in
major conflicts in the West. The major areas of emphasis
are medical evacuation and organization; wounds and
wound management; surgical technique and technology,
with a particular focus on amputation; infection and anti-
biotics; and blood transfusion.
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Medical Evacuation and Organization

Perhaps the most basic problem facing physicians during
wartime historically has been whether (and how) to trans-
port the wounded to care or transport the caregivers to the
wounded. A secondary problem historically has been how
best to organize the delivery of care as modern nations
began to dispatch vast armies and navies to fight across
vast distances.

For example, Pikoulis et al. [110] reviewed the wounds
depicted in The Iliad and determined the arrow wounds
such as the one suffered by Menelaus carried a mortality
rate of 42%, slingshot wounds 67%, spear wounds 80%,
and sword wounds 100%. These high mortality rates sug-
gest surgeons were unable to get to wounded soldiers
during the melee, treating only the higher class or those
who survived after the battle had concluded. These Greek
surgeons, whether they realized it or not, faced the same
issues as all future practitioners engaged in wound care:
wound management, The Golden Hour (the principle that a
victim’s chances of survival are greatest if he receives
resuscitation within the first hour after a severe injury), and
infection control.

During the American Revolution (1775-1783), the
Continental Congress authorized one surgeon to serve in
each regiment. Few of the regimental surgeons, mostly
trained through the apprenticeship system as there were
only two medical schools in the United States (King’s
College [now Columbia University] in New York, NY, and
the University of Pennsylvania in Philadelphia, PA), had
any experience treating trauma. The organization was
minimal, and regimental surgeons tended to work for their
unit instead of seeing themselves as part of the Hospital
Department, which was rendered ineffective by bureau-
cratic infighting [116].

The outstanding military surgeon of the Napoleonic
Wars (1792-1815), Baron Dominique-Jean Larrey (1766—
1842), generally is regarded as the originator of modern
military trauma care and what would become known as
triage [131]. He placed surgical teams near the front lines
to shorten the time elapsed after injury and instituted spe-
cially designed horse-drawn “flying ambulances” in which
the wounded rode with an early version of emergency
medical technicians [67, 103]. Care was prioritized to
provide first for the most badly wounded, without regard to
the patient’s chances of survival or the need to restore less
gravely wounded soldiers to the front lines quickly [11].
After Larrey’s system was used during the Battle of Metz
(1793), he was ordered to organize medical care for the
entire French Army [131]. Rapid access to care and
immediate amputation reduced morbidity and mortality.

The Crimean War (1854-1855) underscored the
importance of methods used by Larrey decades earlier,

particularly the importance of organized evacuation and
surgical care close to the front line. The war revealed a
stark contrast between the battlefield care provided by the
French, with their expert organization and system of light
ambulances, and the poorly organized British Medical
Services. Outrage over the poor treatment offered to the
British wounded led the War Office to send a young nurse,
Florence Nightingale (1820-1910), and a staff of 38 vol-
unteers to the British barracks in Istanbul, Turkey, where
Nightingale’s first act was to thoroughly scrub the hospital,
provide clean bedding, improve ventilation and sewage
disposal, and reorganize everyday sanitary procedures. She
was an early theorist of sanitation and the design of hos-
pital buildings. Although her efforts created intense
resentment in the army bureaucracy, she was one of the
founders of the modern nursing profession [48]. She broke
the monopoly of health care as the sole providence of the
physician, which led to the development of the healthcare
team in modern medical practice.

Nikolai Pirogoff (1810-1881), who served in the
Imperial Russian Army, brought skilled nurses into mili-
tary hospitals and worked to modernize Russian medical
equipment [133]. He is the namesake for a conservative
technique of foot amputation [98].

At the onset of the American Civil War (1861-1865),
the US Army and Navy combined had about 100 physi-
cians, many with no experience with battlefield trauma
[87], almost 30 of whom resigned to join the Confederacy
[45]. The structure of the Medical Department was
decentralized with no clear chain of command and control
of supplies. The US Army Quartermaster’s Corps, whose
primary duties were supplying and provisioning troops,
were responsible for direct battlefield evacuation. The
Regimental Band served as litter bearers. The first Battle of
Manassas (July 21, 1861) was a rout for the federal forces
and the soldiers fled back to Washington. Ultimately, 2708
men were killed or wounded and the Medical Department
could not handle the load. Regimental surgeons, because
they worked for their unit only, were either swamped with
casualties or idle. Regimental band members and civilian
ambulance drivers hired by the quartermaster’s corps fled
from the battle. Most of the wounded had to walk the 27-
mile distance from the battlefield to Washington to reach
the hospitals in the rear. Those who could not walk
remained on the battlefield for several days until they were
picked up by ambulances, captured by Confederate forces,
or died [62].

The Union Army quickly reorganized its Medical
Department in 1862 after prodding by a Sanitary Com-
mission created by President Lincoln [124]. Jonathan
Letterman (1824-1872) (Fig. 1) reorganized the medical
care in the Army of the Potomac. Wounded soldiers were
removed from the battlefield by litter bearer, the
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Fig. 1 Jonathan Letterman, seated at
left with members of the medical staff
of the Army of the Potomac, organized
an efficient medical corps after the
disasters of the initial battles of
the American Civil War. (Courtesy
of the National Library of Medicine,
Washington, DC.)

predecessor to the medic or corpsman. Regimental Sur-
geons were responsible for dressing wounds and patients
were evacuated in ambulances driven by Medical Corps
noncommissioned officers to a division level field hospital
for surgical treatment. By the end of the war, the Medical
Department expanded this system by creating a national
network of hospital trains, hospital ships, and general
hospitals that could treat the patient near his hometown if
he so desired [62]. The main advance in American medi-
cine during the Civil War was the creation of an effective
military medical corps with medical evacuation, hospitals,
and surgical specialists. Health care was beginning to
become a system. Still missing was a formalized approach
to care that recognized the severity of injuries. The poet
Walt Whitman, who worked at several Union hospitals in
Washington, DC, noted, “The men, whatever their condi-
tion, lie there, and patiently wait until their turn comes to
be taken up” [144]. Whitman’s poem “The Wound Dres-
ser” (1865) poignantly illustrates the state of care at the
time (Appendix 1).

Johann Friedrich August von Esmarch (1823-1908)
served as a young surgeon in German campaigns against
Denmark in 1848 and 1864 and was appointed surgeon
general during the war against France in 1870. His con-
tributions to military medicine were comprehensive, from
initial management of wounds, to surgical techniques, to
the organizational structure of patient management. In the
late 19th century, von Esmarch continued the development
of organized trauma care pioneered by Larrey, who as early
as 1812 had introduced clear rules for sorting patients: the
dangerously wounded would receive first attention,
regardless of rank; those with less acute injuries would be
treated second. Historically, priority of care for the
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wounded may have depended on the rank of the injured
soldier, an individual surgeon’s best guess, the order of
arrival, or happenstance. von Esmarch emphasized priori-
tizing patients by severity of injury but did so to make the
most effective use of medical resources, not necessarily to
treat the most badly injured first [42]. The familiar concept
of triage (from the French “trier”, to sort) would be given
its name by French physicians in World War I [77], but
institution of a rationalized approach to prioritizing care
was a decades-long development, from Larrey to von
Esmarch to the massive armies of World War 1.

The then-unprecedented mass casualties in World War I
(1914-1919), with horrific wounds from machine guns and
shell fragments, and the effects of poison gas, created
terrific strains on British and French medical units. The
advent of motorized transport helped make possible the
establishment of British Casualty Clearing Stations (CCS)
approximately 6 to 9 miles behind the front lines. These
were advanced surgical units, staffed by surgeons, anes-
thetists, and nurses—the closest women had gotten to the
front lines in a modern conflict [41]. The stations were
designed to admit between 150 and 400 wounded at a time,
but they often were overwhelmed with 1000 or more
patients. Increasingly, instead of the most badly injured
patients being given priority in triage, the time required to
provide such treatment compelled British surgeons to pri-
oritize in favor of patients with critical but less complicated
wounds [77]. A British manual listed the goals of triage as
first conservation of manpower and secondly the interests
of the wounded [146].

As US Surgeon General during most of World War II
(1939-1945), Norman Kirk (1888-1960) (Fig. 2) oversaw
a medical organization more vast than any of his
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Fig. 2 Norman T. Kirk, the first orthopaedic surgeon to be named US
Surgeon General, was responsible for numerous improvements in
military trauma care, including guidelines for amputation and an
enhanced system of stateside rehabilitation. (Courtesy of the National
Library of Medicine, Washington, DC.)

predecessors: 535,000 medics, 57,000 nurses, 47,000
physicians, and 2000 veterinarians. Nearly 700 overseas
hospitals were responsible for initial care of the wounded.
Stateside, 78 military hospitals cared for nearly 600,000
patients during the war [101]. The chain of care began with
combat medics, two of which generally were assigned to
each company. They provided initial care and determined
whether a wound required evacuation of the patient to a
battalion aid station. If additional treatment were required,
the patient was evacuated to a divisional clearing station,
where the first formal triage of patients occurred and which
also served as small surgical hospitals for urgent cases [28].
Definitive care took place at one of the overseas hospitals
or a military hospital stateside, in the “Zone of the
Interior.”

The US Army Medical Department was in the process of
reorganizing based on experiences of World War II when
the Korean War (1950-1953) began. New Mobile Army
Surgical Hospital (MASH) units were developed rapidly
under the leadership of the pioneering surgeon Michael
DeBakey (1908-1999) to provide resuscitative surgical
care within 10 miles of the front lines (Fig. 3). Helicopter

ambulance companies supported the MASH, allowing
treatment of patients within 3 to 12 hours of wounding
[73]. Mortality from all wounds decreased to a low of 2.4%
[39], with mortality from abdominal wounds decreasing to
8.8% [116].

Improvements in medical evacuation technology and
organization, particularly the use of helicopters, again
played a major role for US forces in Vietnam (1962-1974).
Medics splinted and bandaged the wounded patient, fre-
quently radioing the hospital and warning of his arrival and
diagnosis. Helicopter evacuation minimized the use of
morphine, eliminating an additional complication. The
hospital mortality rate was slightly higher than in Korea,
2.6%, but that increase is probably misleading, as more
rapid transport delivered wounded soldiers who would
have been listed as killed in action in Korea [99]. Mortality
from abdominal wounds declined to 4.5% [58]. Most sol-
diers wounded in Vietnam were delivered from the
battlefield to fixed hospitals with the capacity to provide
definitive treatment, eliminating the need for multiple
transfers and levels of care (Fig. 4). Patients not expected
to return to full duty within 30 days or less were evacuated
to hospitals in Japan and the United States [60].

The nature of combat and improvements in evacuation
during the Korean and Vietnam conflicts thus allowed for
development of fixed hospitals. Although MASH units
continued to provide care, the hospitals grew from 60 beds
at the beginning of the Korean War to 200-bed fixed hos-
pitals with metal buildings and concrete floors as the
fighting settled into trench warfare by 1952. By 1990, the
weight of all of the equipment for a MASH unit was more
than 200,000 pounds, meaning the hospital was mobile in
name only. Unlike previous wars, armies of the Persian
Gulf War (1990-1991) moved rapidly, and even though
several MASH units were staged in trucks, hospitals were
unable to keep up with the rapidly advancing front.
Although there were few casualties, it was painfully
obvious MASH units were too cumbersome to effectively
support armored units as they raced into Kuwait and
southern Iraq. A new organizational structure was needed
[100]. A 20-person Forward Surgical Team (FST) was
created to provide resuscitative surgery close to the front
lines. The role of the fixed-base hospital was taken by a
Combat Support Hospital (CSH), a modular unit capable of
supporting between 44 and 248 beds. The reorganization
was completed in 2003 when the 212th MASH becoming
the 212th CSH while in Iraq [100].

Trauma care for US soldiers in Iraq and Afghanistan
currently is provided through five levels of care: Level I,
front line first aid; Level II, FST; Level III, CSH, which is
similar to civilian trauma centers; Level IV, surgical hos-
pitals outside the combat zone, such as Landstuhl Regional
Medical Center, Germany; and Level V, major US military
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Fig. 3A-B (A) The 8208th Mobile
Army Surgical Hospital was one of
the MASH units created to provide care
within a few miles of the front line
during the Korean War. (Courtesy of
Otis Historical Archives, National
Museum of Health and Medicine,
Armed Forces Institute of Pathology,
Washington, DC.) (B) Mortality from
all wounds decreased in Korea owing to
more rapid transport via helicopter to
operating rooms such as the one staffed
by physicians at the 8055th MASH.
(Courtesy of Otis Historical Archives,
National Museum of Health and Med-
icine, Armed Forces Institute of
Pathology, Washington, DC.)

hospitals, such as Walter Reed Army Medical Center in
Washington, DC; The National Naval Medical Center in
Bethesda, MD; San Diego Naval Medical Center in San
Diego, CA; and Brooke Army Medical Center in San
Antonio, TX (Table 1) [6]. At the front line, each squad has
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a combat lifesaver trained in resuscitation, and each soldier
is equipped with a tourniquet. If surgical resuscitation is
required, the patient is immediately moved to a higher level
of care (Fig. 5A). Level III army hospitals are large (248
beds), with surgical specialists, laboratories, radiology, and



Volume 467, Number 8, August 2009

Treatment of War Wounds 2173

Fig. 4 Casualties arrive at the Naval Support Activity Station
Hospital in Da Nang, Vietnam, in 1968. The wounded were
transferred from the helicopters to the triage area on canvas-covered
stretchers. These were set on sawhorses, where they became
examination tables and sometimes operating tables. (From Kelly PJ.
Vietnam, 1968-69: a place and year like no other. Neurosurgery.
2003;52:927-943. Reproduced with permission of Wolters Kluwer
Health.)

Table 1. Levels of care for US wounded in Irag/Afghanistan

Level of care  Description

1 Battalion Aid Station (unit level, combat medic,
immediate first aid and transport)

11 Forward Surgical Team, limited emergency surgery
capabilities

1 Army Combat Support Hospital (theater hospital

with intensive care)

v Landstuhl Regional Medical Center, Germany
(multidisciplinary surgical trauma management
for catastrophic injury)

v Major stateside trauma centers with teaching
and research: Brooke Army Medical Center,
Walter Reed Army Medical Center,
National Naval Medical Center,
San Diego Naval Medical Center

(Modified and reprinted with permission from Nesson SC, Lounsbury,
DE, Hetz SP. War Surgery in Afghanistan and Iraq: A Series of
Cases, 2003-2007. Washington, DC: Office of the Surgeon General;
2008.)

blood banks. Definitive surgical treatment can be provided
first at a Level IV hospital but may be provided at Level V,
where limb salvage and reconstructive surgery are per-
formed. All amputees begin rehabilitation at a Level V
hospital; burn patients are sent exclusively to Brooke Army
Medical Center. The military C-17 transports that have
become known as the flying ICUs are capable of bringing
the wounded to the United States in as little as 3 days
of their wounding, although the actual number of days
varies according to the individual patient’s requirements
(Fig. 5B) [63].

Wounds and Wound Management

Perhaps the earliest literary account of wound management
comes from Homer’s epic poem The Iliad (circa 700 BCE),
based on events of the Trojan War half a millennium ear-
lier [70]. Combat during this period was chaotic, as
opposing formations merged into hand-to-hand combat
with edged weapons resulting in heavy casualties. The
accounts depict surgeons as skilled and professional phy-
sicians who expertly treated wartime trauma. In the fourth
book of The Iliad, surgeon Makaon treated King Menelaus
of Sparta, who had sustained an arrow wound to the
abdomen, by extracting the arrow, sucking blood out of the
wound to remove poison [76], and applying a salve [70]. In
the eleventh book, Achilles’ friend Patroclus extracted an
arrow from King Eurypylus of Thessaly, when he “cut out
with a knife the bitter, sharp arrow from his thigh, and
washed the black blood from it with warm water” [70],
which may have been the first record of débridement and
soft tissue management (Appendix 2).

One of the longest-enduring rules of wound care, one
that would have implications for centuries, came from the
works of Hippocrates (460-477 BCE), whose extensive
writings included such innovations as chest tubes for
drainage, external fixation, and traction to restore proper
alignment of fractured bones and important observations
about head trauma. Hippocrates believed wounds should be
kept dry, only irrigating with clean water or wine, and
suppuration in the wound was a part of the healing process
as it expelled spoiled blood [116]. This belief in “laudable
pus” persisted from at least ancient Greece for more than a
millennium. Galen (130-200 CE), author of hundreds of
works describing surgical techniques such as trepanning of
the skull and treatment of penetrating abdominal wounds,
was probably the first to use the Latin term “pus bonum et
laudabile” after observing that suppurating wounds were
often the first to heal [41]. Although succeeding genera-
tions of surgeons who studied wound care had no reason to
question the concept of laudable pus, there were a few
dissidents, such as the Dominican friar Theodoric (1205—
1296), who asserted, “It is not necessary that pus be
formed in wounds” [113]. By the mid-19th century, the
formation of pus was considered an inevitable consequence
of surgery, but not part of the healing process. Surgery that
healed without pus was described as “healing by first
intention,” and surgeons distinguished between creamy
white or yellow laudable pus with the bloody, watery, foul-
smelling malignant pus that indicated pyemia often fol-
lowed by death [15].

Because the physician held higher status than the sur-
geon during the Middle Ages, few treatises on surgery or
wound care were published. One notable exception was
Guy De Chauliac (1298-1368), who proposed five
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Fig. SA-B (A) US Army soldiers transport a trauma victim to a US
Army medical helicopter in Tarmiyah, Iraq, September 30, 2007. (US
Navy photograph by Mass Communication Specialist 2nd Class
Summer M. Anderson. Courtesy of the US Department of Defense,

principles for treating wounds: removal of foreign bodies,
rejoining of severed tissues, maintenance of tissue conti-
nuity, preservation of organ substance, and prevention of
complications. De Chauliac described a weighted system
for continuous traction to reduce femoral fractures. He also
was an early advocate of topical anesthesia [79] and de-
scribed techniques for hernia, cataract, and amputation
[41].

The development of firearms made cautery a universally
accepted treatment for gunshot wounds throughout the 16th
century. Gunshot wounds resulted in gross tissue destruc-
tion that was an excellent medium for infection. However,
because surgeons of the era had no knowledge of bacteria,
they concluded infection was the result of poisonous gun-
powder, and sought to destroy the poison by pouring
boiling oil into the wound [116]. The precise origin of this
practice is uncertain, but it was widely popularized through
medical texts written by an Italian surgeon, Giovanni da
Vigo (1460-1525) [41]. During the siege of Turin in 1536,
Ambroise Paré (1510-1590), a surgeon with the French
Army, ran out of boiling oil and substituted a salve of egg
yolk, oil of rose, and turpentine, which, to his astonish-
ment, reduced inflammation and enhanced patient comfort,
at least compared with “seething o0il” [7]. He concluded
conventional wisdom was incorrect and published his
observations in his Treatise on Gunshot Wounds in 1545.

During the American Revolutionary War, surgeons from
the British and American sides emphasized conservative
care. John Hunter (1728-1793), surgeon general of the
British army, directed physicians to resist aggressive
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Washington, DC.) (B) More seriously wounded patients are loaded
onto a C-17 “flying ICU” in March 2007 for transport out of Iraq to
Level IV facilities. (Photograph by Tech Sgt Mike R. Smith. Courtesy
of the National Guard Bureau, Arlington, VA.)

débridement in smaller wounds. Wine was applied topi-
cally to minor burns, and hog lard to full-thickness burns
[96]. John Jones (1729-1791), a veteran of the French and
Indian Wars (1754-1763) and Professor of Surgery in
King’s College, New York, advised surgeons to delay
primary wound closure and apply:

... nothing but dry, soft lint to recent wounds; which
is generally the best application through the whole
course of the cure. At first it restrain the hemorrhage
with less injury than any styptic medicines; and
afterwards, by absorbing the matter, which is at first
thin and acrimonious, it becomes, in effect, the best
digestive. During incarnation (granulation) it is the
softest medicine than can be applied between the
roller and tender granulations; and at the same time
an easy compress on the sprouting fungus. For these
reasons I shall not recommend to you any ointments
for recent wounds, unless some mild, soft one, to arm
a pledget of tow, to cover the lint. ... Incised wounds
are to be brought together with sticking plaster and
bandages. The use of a suture is unnecessary in lon-
gitudinal wounds. Transverse wounds require the
suture. The interrupted suture is used and the needle
dipped in oil. A plaster is applied over the sutures,
which may usually be removed in two or three days
[40].

Bullets were removed only if within easy reach of the
surgeon. If a wound had to be closed, a piece of onion was
placed in the cavity before closure, and the wound
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reopened in 1 to 2 days. As in the past, Colonial physicians
saw the development of pus a few days after injury as a
sign of proper wound digestion [96].

By the time of the Crimean War, wound management
had changed little in a conflict that saw the first use of the
Minié¢ ball in combat. These bullets traveled at a higher
velocity and struck the body with greater force, shattering
bone into small fragments and causing extensive soft tissue
damage. The resulting compound fractures, as noted by Dr.
George Macleod (1828-1892), a staff surgeon at a general
hospital in Sebastopol, the Ukraine, forced British surgeons
to learn hard lessons:

Of all the severe injuries recorded in battle, none are
of more frequent occurrence or of more serious
consequence than compound fractures. ... In the
Crimea, these injuries were peculiarly embarrassing
and extraordinarily fatal. ... It can hardly be doubted
that the great striving after conservatism, which
influenced all the surgeons of our army, was one main
cause of that mortality which attended these injuries
[90].

Hemorrhage was classified as primary, occurring within
24 hours of wounding; intermediate, occurring between the
first and tenth days; and secondary, occurring after the
tenth day. Macleod [90] believed a patient was vulnerable
to hemorrhage until the wound had fully closed but was
unlikely to have problems 24 days after wounding.

The devastating trauma caused by the Minié ball was
seen on a much larger scale during the US Civil War.
Fatality rates were high for penetrating gunshot wounds to
the abdomen (87%) and chest (62%) [12]. Early in the war,
cautery and tourniquets were the primary approach to
controlling hemorrhage, but as physicians grew more
experienced, ligature became the primary means for
hemostasis. Primary hemorrhage became rarer, but inter-
mediate hemorrhage, after 3 or 4 days, was more frequent
and carried a mortality rate of 62% [13].

Although von Esmarch is rightly remembered for his
improvements in organization and evacuation, his most
famous innovation was the triangular Esmarch bandage
(“Dreieckstiick” or “triangular piece”), a piece of cotton
twice as long at the base as along the sides, which can be
folded in numerous ways to act as a dressing or sling [42].
von Esmarch also urged the use of ice packs to reduce
inflammation in wounds, leading colleagues to give him the
nickname “Fritz the Ice Pack™ [42].

The Spanish-American War (1898) was notable for the
introduction of smaller-caliber, high-velocity, metal-jack-
eted bullets, which were first used in the Battle of Santiago,
Cuba, on July 1, 1898. The metal-jacket bullet was con-
ceived as a more humane form of ammunition that would
produce cleaner wounds and less deformation [S1]. This

was not the case, as a higher-velocity missile turned out to
produce greater cavitation and extensive soft tissue damage
beyond the path of the bullet [147].

The British orthopaedic surgeon, Robert Jones (1857—
1933), applied lessons from his medical family and his
civilian work to great effect during World War 1. Jones’
uncle, Hugh Owen Thomas (1834-1891), first described
the use of braces and splints in fracture management in his
1875 book Diseases of the Hip, Knee and Ankle Joints [55].
Robert Jones began practicing medicine in 1878 and a
decade later became surgeon for the massive, 7-year
Manchester Ship Canal Project, which involved 20,000
workers and provided numerous opportunities to practice
new techniques in fracture care. By the time World War 1
began, Jones had narrowed his practice from general sur-
gery to orthopaedics and became director general for
orthopaedics for the British military. At this point, the
death rate from battlefield fractures of the femur was
approximately 80%. In response, Jones reintroduced his
uncle’s splint to immobilize the leg immediately on the
battlefield. Medics and stretcher bearers were blindfolded
during training sessions so that they would be ready to
apply the splint in total darkness. By 1915, better imme-
diate management of femur fractures had reduced the
mortality rate to approximately 20% [55].

In 1945, the Office of the Surgeon General summarized
the general approach to wound care during the Second
World War:

As the initial wound operation is by definition a
limited procedure, nearly every case requires further
treatment. Soft part wounds, purposely left unsutured
at the initial operation, are closed by suture, usually at
the time of the first dressing on or after the fourth
day. Fractures are accurately reduced and immobi-
lized until bony union takes place. Designed to
prevent or cut short wound infection either before it is
established or at the time of its inception, this phase
in the surgical care of the wounded is concerned with
shortening the period of wound-healing and seeks as
its objectives the early restoration of function and the
return of a soldier to duty with a minimum number of
days lost [102].

The major change in the evaluation of wounds during
World War Il involved the timing of closure. In World War
I, surgeons learned the value of delayed primary closure in
aiding recovery and fighting infection. Cultures would be
the main determinant of whether a wound was ready for
closure. However, physicians found judging the clinical
appearance of the wound—whether tissues looked healthy,
with absence of drainage, foreign material, and edema—
led to better results. Edward D. Churchill (1895-1972), a
US surgeon in the Mediterranean and North African
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theaters, reported in 1944 that 25,000 soft tissue wounds
from battle in North Italy had been closed based solely on
appearance, with only a 5% failure rate [28]. Cleveland and
Grove [32], in a series of 2293 closures over compound
fractures in patients evacuated to Britain, found 93% of
wounds healed successfully when judged in this fashion
instead of relying solely on cultures.

In Korea, combat medics worked effectively to resus-
citate wounded before they were transported by helicopter
and truck. Pressure dressings were applied as a first resort
to control bleeding; guidelines stated tourniquets should be
used only if pressure dressings were not sufficient. Frac-
tures were splinted and wounded extremities immobilized.
The medic may have begun antibiotic therapy if the
casualty could not be transported for 4 to 5 hours. Blood
was transfused before evacuation [128]. Extremity wounds
were débrided and left open and fixed with Kiintscher wires
and plaster [5].

During the Vietnam War, semiautomatic rifles with
high-velocity rounds caused considerable soft tissue dam-
age, complicating wound Patients  frequently
sustained multiple wounds from bursts of automatic fire or
booby traps. Surgeons could receive patients as early as 1
to 2 hours after wounding [60, 96], although in reality
conditions during combat often delayed evacuation and
resulted in an arrival time of 4 to 6 hours after wounding.
On arrival, the patient was infused with Ringer’s lactate
and antibiotics. The wound was débrided and lavaged and
packed open with occlusive dressings. Patients with frac-
tures and vascular injuries typically were treated by
vascular and orthopaedic specialists. Fractures were treated
by reduction and initial traction or casting depending on the
severity of the wounds. Secondary closure of the wound
usually could be accomplished in 7 days. Wounds with
massive soft tissue damage were covered with occlusive
dressings or a mesh graft. Innovations included increas-
ingly sophisticated vascular repair and treatment of
hypovolemic shock [115].

The nature of wounds sustained by service members in
Iraq and Afghanistan has been transformed by suicide
bombers, and Improvised Explosive Devices (IEDs) have
contributed to limb amputations as a result of massive
tissue damage from explosives. In Iraq and Afghanistan,
resuscitation begins on the battlefield (Level 1) and con-
tinues during transport. Tourniquets and advanced
hemostatic dressings, such as HemCon®™ (HemCon Medi-
cal Technologies, Inc, Portland, OR) and QuikClotTM (Z-
Medica, Newington, CT), also are used in the field.
Depending on battle conditions, the wounded may reach a
Level IT or Level III facility in 30 to 90 minutes [126]. Care
at Level 1II facilities is limited to damage control, such as
the placement of vascular shunts and stabilization, whereas
Level III facilities can provide definitive repair of arterial

care.
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and venous injuries using autologous vein, with a goal of
definite repair of vascular injury before evacuation from
Iraq [119]. Once at the Level IV or V facilities, wounds are
evaluated and definitive fixation of injuries occurs. When
limbs can be saved, internal and external fixation methods
are incorporated. Fracture patterns and the extent of the
soft tissue injuries dictate fixation type. External fixation is
used when an extended amount of time is needed for
repeated débridement. A combination of internal and
external fixators is used with injuries to upper extremities.
Tibia fractures frequently require external fixation, whereas
femur fractures generally are treated with intramedullary
rods. In the case of lower extremity periarticular fractures,
a combination of internal and external fixation often is
useful. Free flaps and rotational flaps are used to provide
soft tissue coverage, along with the relatively new inno-
vation of secondary-intention wound granulation through
vacuum-assisted closure dressings and hemostatic ban-
dages [3].

Surgical Techniques and Technology

Amputation has been performed since ancient times, as
observed by Peruvian votive figures and Egyptian mum-
mies. Hippocrates advocated amputation of gangrenous
limbs, although he advised removing them through, not
above, the gangrenous area [84]. The Roman Celsus (circa
3-64 CE) later observed the border between healthy and
sick tissue was the proper demarcation line [84]. Before the
invention of gunpowder in the 14th century, wounds were
caused by cutting, stabbing, and blunt force, and the
injured often lived without major surgical intervention. As
musculoskeletal injuries from shot and cannon grew more
complex, surgeons gained greater experience with the art of
amputation.

As noted above, the French surgeon Paré found
“seething oil” need not be used in cauterizing wounds.
More important was his observation that bleeding after
amputation could be stopped by ligating blood vessels
instead of applying red-hot irons. He developed a proce-
dure for tying off veins and arteries that made thigh
amputations possible. He published his technique in 1564,
imploring surgeons to abandon entirely “the old and cruel
way of healing” with cautery [7]. Using Paré’s methods,
limb amputation remained the most common treatment for
extremity wounds, as it transformed a complex wound into
a simple wound with a better chance of recovery.
Throughout his long career, Paré served in at least 17
military campaigns and was personal surgeon to four kings
of France. During the Battle of Metz, the besieged French
soldiers allegedly exclaimed, “We shall not die even
though we are wounded. Paré is with us” [53]. His
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conservative methods revolutionized care and likely spared
thousands from suffering [73].

The normal practice through the 16th and 17th centuries
was the single circular cut. Through the 18th century, the
treatment of wounds had advanced little since Paré, until
two innovations by Jean Petit (1674—1750). Petit intro-
duced the two-stage circular cut, in which the skin was
transected distal to the planned level of amputation and
pulled up. The muscles and bone then were cut at the same
level proximally. This technique was adopted and refined
by English, Austrian, and Prussian surgeons [92, 125].
Petit’s second contribution was the modified tourniquet,
with a screw to adjust tension, making bleeding during an
amputation manageable (Fig. 6) [60]. During the late 17th
century, English and German surgeons also began to
experiment with soft tissue flaps to cover the bone, a
technique used routinely by England’s Robert Liston
(1794-1847) by 1837 [91].

One of the ongoing controversies regarding amputation
throughout history was timing the procedure. Britain’s
John Hunter, in line with his conservative approach,
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Fig. 6 Jean Petit’s screw tourniquet offered a more practical means
to control bleeding during amputation. This engraving from 1718
shows a leg with the tourniquet attached and vignettes of the
tourniquet apparatus. (Courtesy of the National Library of Medicine,
Washington, DC.)

advised against amputation on 18th century battlefields,
believing more time was needed for inflammation (what we
now know as septic contamination) to ease before surgery
[67]. In contrast, France’s Larrey urged immediate inter-
vention. He ordered primary amputation within 24 hours
for all ballistic wounds with injuries to major vessels,
major damage to soft tissue, and comminuted bones. He
also performed complete débridement to provide the best
possible stump and advised leaving the stump end open,
covered only with a light bandage [84]. Although largely
known for his organizational skills, Larrey was one of the
most accomplished surgeons of his time and certainly must
have been among the fastest, as he is credited with per-
forming 200 amputations in a 24-hour period during the
Battle of Borodino (1812) [61]. He also performed the first
successful disarticulation of the hip [84].

The Crimean War was the first major conflict in which
chloroform was widely used as an anesthetic [33].
Although ether had been used on a limited scale by the US
Army in the Mexican-American War [1, 72] (1846-1848)
and by the Imperial Russian Army during a pacification
campaign in the Caucasus region [95], the inherent flam-
mability made its utility questionable in a battlefield
hospital. News of anesthesia’s successful application in
battlefield surgery profoundly influenced its increasing
acceptance in civilian settings [95]. An additional innova-
tion was the use of plaster of Paris as a support for broken
bones [140].

During the US Civil War, amputation was the most
common surgical procedure for the 60,266 Union patients
who sustained gunshot fractures [123]. Mortality for
amputation of the lower limbs overall was 33%, and above
the knee it increased to 54% [123]. Although surgeons of
the era were aware of flap techniques and some Union
surgeons used them [84], circular amputations were pre-
ferred for better control of hemorrhage [56] and were
performed at the level of injury to preserve length. At the
beginning of the war, Samuel Gross (1805-1884), Profes-
sor of Surgery at Jefferson Medical College, noted
amputation was more likely to be successful if performed
as soon after injury as possible, at least 12 to 24 hours after
injury [104]. Wartime experience proved this observation
as the fatality rate of patients with 16,238 amputations of
upper and lower extremities by primary amputation (within
48 hours of wounding) was 23.9% compared with a 34.8%
mortality rate among patients with 5501 intermediate
amputations (between 2 days to a month) and 28.8% for
patients with secondary amputations (after a month) [104].
He cautioned against procrastination, urging surgeons to
decide on the course of treatment using the best informa-
tion available [104]. Before the war, few American
surgeons would have attempted to operate on major blood
vessels, but by the war’s end, thousands of physicians were
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experienced in tying an artery [124]. Surgeons made early
attempts at open reductions or excisions, albeit with a 27%
fatality rate, despite the fact that the majority of cases were
performed on upper extremities. Sixty-six complex hip
disarticulations were performed, with an 88% mortality
rate for primary amputations, 100% for intermediate
amputations, and 55.5% for secondary amputations (Fig. 7)
[104]. Anesthesia was used extensively. Surgeons used
chloroform in approximately 75% of cases in which
anesthesia was used; ether or a mixture of ether and
chloroform was used in other cases.

Military surgeons were quick to adopt the use of
radiographs after Wilhelm Conrad Roentgen’s (1845-
1923) discovery of xrays in 1895 [81]. Only 5 months later,
Italian physicians in Naples used radiographs to locate
bullets in soldiers wounded during their country’s invasion
of Abyssinia (modern Ethiopia) [30]. During the Greco-
Turkish War of 1897 (also known as the Thirty Days’
War), German (on the Ottoman side) and British (on the
Greek side) physicians used the new technology [30]. Less

Fig. 7A-B (A) A drawing depicts a successful secondary amputation
at the right hip in a Union soldier, circa 1864. (Courtesy of Otis
Historical Archives, National Museum of Health and Medicine.
Armed Forces Institute of Pathology, Washington, DC.) (B) Another
drawing shows hospital gangrene of an arm stump. The private, who
was wounded by a Minié ball, was imprisoned in Richmond, VA, on
July 4, 1863. (Courtesy of Otis Historical Archives, National Museum
of Health and Medicine, Armed Forces Institute of Pathology,
Washington, DC.)
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than 3 years later, during the Spanish-American War, the
US Army placed xray machines onboard three hospital
ships in the theater of operations [10]. Surgeons no longer
were compelled to locate bullets by probing, improving
antiseptic practice, and radiographs revealed the nature of
fractures in detail previously unimaginable [43]. Despite
the radiograph’s revolutionary role, and its rapid incorpo-
ration into US military medicine during the war, the
teaching and practice of radiology among military physi-
cians languished until 1917, when the leadership of the
American Roentgen Ray Society successfully petitioned
the War Department to create 10 centers for physician and
technician training [30].

As Paul Dougherty noted, the American Expeditionary
Force’s relatively late involvement in World War I led to
reliance on the experience of the British and French phy-
sicians on the Allied side [37]. During the war, a Belgian
surgeon, Antoine Depage (1862-1925), realized the current
approach of minimal wound exploration and primary clo-
sure was insufficient. He believed dead tissue led to
infection and must be removed, and infection decreased if
the wound were left open to air for a time. Antiseptics were
an essential part of wound care but could not replace
thorough débridement and removal of foreign material
[66]. After poor results from primary closure early in the
conflict, Allied surgeons began using the open circular
technique with better results and flaps constructed to ease
closure. Most frequently, wounds were left open for 24 to
48 hours and then closed if bacterial counts were low and
the wound’s appearance indicated it was not infected. If
higher bacteria counts were detected, the wound was re-
opened and irrigated with Dakin’s solution (see below).
Delayed closure also allowed surgeons to experiment with
other surgical techniques, such as leaving bone fragments
in place in patients with compound long-bone fractures. A
half century of improved surgical and antiseptic techniques
meant, from the time of the Civil War to World War I, the
rate of major amputations as a percent of all battle injuries
had decreased from 12% to just 1.7% [114]. Postoperative
care also was improved, as seven amputee centers were
established across the country to provide specialized sur-
gery, therapy, and prosthetics [37].

US entry into the conflict required the mobilization of
thousands of surgeons who had limited experience with
wartime amputation. A review of amputations of casualties
at Pearl Harbor showed infections from early primary
closure of the stump, open amputations performed at a
higher level than necessary, and failure to provide skin
traction [109]. In 1943, Kirk, a veteran of World War I and
expert on amputations, became the first orthopaedic sur-
geon to serve as surgeon general. Kirk’s published
recommendations before his appointment were essentially
the same as Army guidelines, emphasizing the open
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circular technique, where skin and soft tissues are left
slightly longer than the bone, and double ligation of blood
vessels and delayed plastic closure [85]. Amputation was to
be performed at the lowest level of viable soft tissue to
preserve length for further revision surgery. If the patient
was not to be moved, flaps could be constructed to allow
for closure later. Skin traction was required after surgery
through evacuation. There were some variations from
theater to theater with time regarding whether sulfa powder
would be applied to wounds, and the practice was aban-
doned by D-Day (see below) [37]. US military guidelines
changed as circumstances warranted. For example, before
the invasion at Normandy in June 1944, surgeons destined
for the European theater were instructed they would be
allowed to use either the open circular method or the true
guillotine (in which fat, muscle, and bone were divided at
the same level). Just a month after the landing, based on
real-time experiences, only the former technique was rec-
ommended. Likewise, earlier in the war, Vaseline gauze
was used to dress the wound; by 1944, fine-mesh gauze
was mandated to allow for better drainage [37]. As during
World War I, the Army and Navy established specialized
centers in the United States to provide for amputee’s
postmilitary rehabilitation (The centers have continued
through today in the Armed Forces Amputee Patient Care
Program, with facilities in Washington, DC; San Antonio,
TX; and San Diego, CA.) [114].

Fracture care also evolved during World War II. Early
methods of external fixation, using pins and plaster rather
than the complex devices seen today [4], had become more
widespread in civilian settings in the 1930s and initially
were used by the US Army and Navy overseas. However,
many military physicians were still inexperienced in the
management of fractures by external fixation, and of the 25
patients treated with external fixation in the Mediterranean
theater, four had infections develop, and a fifth experienced
“bowing and slough at the pin site” [38]. Discouraged by
early results, the US Army under Kirk’s leadership did not
use external fixation for most of the war, even as Navy
physicians reported good results [129]. Through the con-
flicts in Vietnam and Korea, the US Army prohibited the
use of external fixation, even in the treatment of massive
soft tissue wounds. Instead, from the end of World War 11
until the early 1970s, functional casting was the official
technique for managing long-bone fractures [127]. The US
Army’s objections to external fixation meant that a gen-
eration of orthopaedic surgeons had no opportunity to learn
the practice in wartime. A 1950 survey by the American
Academy of Orthopaedic Surgeons showed that only 28%
of respondents believed external fixation had a role in
fracture management [130].

A major innovation in the treatment of fractures came
from a German surgeon, Gerhard Kiintscher (1900-1972),

who in the late 1930s developed the practice of intramed-
ullary nailing for long-bone fractures. The onset of war in
1939 prevented the dissemination of Kiintscher’s tech-
niques to Western Europe or the United States, but
American surgeons became aware of his work from cap-
tured Allied airmen treated by intramedullary nailing
during captivity. The procedure was controversial among
US surgeons and was not used until the Korean War [39].
Brav and Jeffress [16] reported good results from intra-
medullary nailing on eight patients with femoral fractures
from gunshot wounds but recommended it be reserved for
patients who did not respond to traditional traction and
suspension. Intramedullary nailing gained gradual (some-
times grudging) acceptance in civilian practice through the
1960s and 1970s [26], and in the 1990s was the subject of
renewed interest with improvements in implants and
technique [142].

One of the most notable contributions of Surgeon Gen-
eral Kirk’s leadership was the recruitment of his long-time
colleague, A. Sterling Bunnell, MD (1882-1957) (Fig. 8),
to create the US Army Hand Centers in late 1944. While
touring stateside hospitals, Kirk had become alarmed by the

Fig. 8 Sterling Bunnell, MD, had completed the first edition of
Surgery of the Hand [20] when called on by Surgeon General Kirk to
create US Army Hand Centers in 1944. His work, particularly in
training dozens of protégés, laid the foundation for the subspecialty of
hand surgery. (Courtesy of Sterling Bunnell Memorial Library, Health
Sciences Library, California Pacific Medical Center, San Francisco,
CA)
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lack of efforts to salvage crippled hands. Posttrauma care of
hand wounds was provided routinely by various specialists:
orthopaedists, plastic surgeons, and neurosurgeons. Bun-
nell, who had just finished the first edition of his huge work,
Surgery of the Hand [20], seized the opportunity to create
the specialty of hand surgery [25]. At the 10 hand centers he
directed, young physicians, many of them just out of sur-
gical training, developed most of the techniques still used
today: tendon transfer, nerve repair, skin grafts, arthrodesis,
and osteotomy [18, 21, 25]. One of those physicians, Paul
Brown, pioneered the use of Kirschner wires to provide
fixation for closed and open complex hand injuries; his
techniques are still used today [19].

Vascular surgery, an experimental procedure during
World War II, became routine in Korea as Edward J.
Jahnke (born 1923) trained surgeons to use the procedure,
reducing the amputation rate attributable to vascular injury
from 49.6% during World War II to 20.5% during the
Korean War [139].

As the care of the wounded became routine, surgeons
began to devote their attention to cases that would have
resulted in certain death in previous wars. A Renal Insuf-
ficiency Center, complete with a Kolff-Brigham Artificial
Kidney, treated 51 patients at the 11th Evacuation Hospital
in Korea [73]. Improved resuscitation and transport meant
0.5% of patients suffering from shock who would have
died lived long enough to suffer acute renal failure because
of fluid volume overload and/or myocardial potassium
intoxication [87]. The mortality rate among these patients
was reportedly as high as 90% [135]. When dialysis was
introduced in 1951, the mortality rate later decreased to
53% [27]. Studies between the Korean and Vietnam
conflicts showing the importance of fluid balance during
shock informed changes in practice that led to a reduced
incidence of renal failure (0.17%) in Vietnam casualties
[23, 35]. Generally, dialysis was effective for patients
with major musculoskeletal injuries who otherwise were
healthy; acute renal failure occurred mostly in patients who
had multiple complications after wounding [143].

In both World Wars and Korea, artillery was the dead-
liest threat to soldiers. In Vietnam, because the enemy had
relatively little heavy weaponry, most injuries were caused
by machine gun fire, mines, and booby traps. As a conse-
quence, the rate of major amputations as a percentage of all
battle injuries actually increased to 3.4% from 1.4% in
Korea and 1.2% in World War I [114]. Blast injuries, often
from beneath the injured soldier, caused deep penetration
of foreign material into the thigh and often hips and knees.
After battlefield evacuation, usually by helicopter, sur-
geons evaluated the wound, and the decision to amputate
was made by an orthopaedic specialist. The open-flap
amputation was the preferred procedure, with delayed
closure, although the circular method also was allowed.
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Amputation was performed at the most distal point, with all
nonviable tissue débrided [8]. Although experience from
previous wars and official recommendations called for
continuous skin traction, a 1970 study of 300 amputees
indicated only 44% had been treated with some form of
skin traction [145]. Pins and plaster were applied before
evacuation to a stateside hospital.

Colonel Norman Rich (born 1934), chief of surgery in a
MASH unit in Vietnam’s central highlands, pioneered
venous repair for military trauma, increasing the chance of
saving badly wounded legs [121, 122]. On his return to the
United States, he established the Vietnam Vascular Reg-
istry, which has records from more than 7500 cases and
still is used today [117, 147].

In today’s military, enhanced body armor and modern
resuscitation have increased survival rates for patients with
blast wounds that previously would have been fatal. This
positive development poses a challenge for surgeons
treating the wounded from Afghanistan and Iraq, particu-
larly in the realm of limb salvage. Owens et al. [107]
studied 1281 wounded from 2001 to 2005. The soldiers
sustained 3575 extremity combat wounds, with 53%
penetrating soft tissue wounds and 26% (915) fractures.
Open fractures comprised 82%, or 758, and were evenly
distributed between the lower and upper extremities.
Three-quarters of the injuries were caused by explosive
devices [107].

The care of patients who have sustained IED wounds is
complex; trauma, burns, blood loss, devitalized tissue, and
embedded fragments of the explosive along with rocks,
dirt, glass, and debris can be present. Damage control
resuscitation performed by military surgeons recognizes a
successful outcome depends on more than merely treating
the wound. Blood chemistry needs to be stabilized, hypo-
thermia must be prevented, and systolic blood pressure
maintained at 90 mm/Hg, in addition to controlling
bleeding, removing foreign bodies, débridement, and
fracture fixation [100].

Current guidelines no longer call for circular amputation
but (as in the past) emphasize the need to preserve maxi-
mum length for later preservation. The patient undergoes
thorough surgical débridement within 2 hours of injury and
redébridement every 48 to 72 hours through evacuation. No
viable tissues are removed, and the level of soft tissue
injury (not the fracture) determines the amputation level.
Wounds are left open through transport; no skin traction is
used because of the relatively short evacuation time,
although negative pressure dressings have been used at
sites along evacuation routes to the continental United
States [64]. Once stateside, the patient is evaluated, and
débridement is continued until the wound is ready for
delayed closure. A now greatly expanded rehabilitation
program, with the aid of prosthetic devices using digital
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technology, assists amputees in their return to civilian life
or, in at least 30 cases so far, to active duty [47, 64].

Blood Transfusion

The Austrian Karl Landsteiner (1868—1943) and coworkers
described blood types A, B, and O in 1901, and the AB
blood group in 1902 [149]. Subsequent blood typing
greatly reduced the potential complications of blood
transfusion. Expanded transfusion offered the promise of
preventing many fatalities of war caused by or complicated
by blood loss. It also posed medical and logistic challenges
to military caregivers.

The British Army began routine use of blood transfusion
for treatment of combat casualties. In 1916, surgeons per-
formed direct transfusions on patients whose conditions
were considered desperate. Of the 19 casualties it was tried
on, 15 died. Despite the inauspicious start, surgeons with
the British Second Army routinely performed direct
transfusions on patients using a syringe cannula technique.
In November 1917, American surgeon Captain Oswald
Robertson (1886—1966) concluded it would be better to
stockpile blood before the arrival of casualties. He col-
lected 500 mL of blood from each donor and stored it in an
icebox to be administered to a patient 10 to 14 days later.
Blood could be stored and transported to be administered at
casualty clearing stations close to the front, creating the
first blood bank [82].

Despite the lessons of World War I, many surgeons still
believed shock was caused by inadequate arterial pressure
rather than inadequate capillary perfusion. Although the
British had entered the war with large quantities of blood
and plasma and Charles Drew (1904—-1950) of the Ameri-
can Red Cross had developed an international blood
collection and distribution system for the Blood for Britain
campaign of 1940 [50], the US Army had no blood banks,
and when blood was given, it was only in small amounts
(100-150 mL) [59]. After heavy losses in North Africa,
military surgeons recommended a blood bank be instituted.
However, the Surgeon General’s office balked, citing
logistic concerns and stating plasma was adequate [59].
Under the leadership of US Surgeon General Kirk, an
organized system to provide whole blood transfusions
instead was developed by army field hospitals in 1943 and
1944. By the second half of 1944, with huge numbers of
soldiers in the field across Europe and in the Pacific, army
policy finally changed to provide air shipments of whole
blood from the United States. By March 1945, the army
was shipping 2000 units a day (Figs. 9, 10) [68]. The
system was implemented rapidly, was highly efficient, and
doubtless saved thousands of lives but was completely
dismantled by the onset of the Korean War.

Fig. 9 In a hastily constructed tent on Okinawa, US 10th Army
medics complete a cast on a soldier wounded by shell fragments.
Assistants, meanwhile, administer blood plasma. This photograph was
taken on April 9, 1945. (Courtesy of Otis Historical Archives,
National Museum of Health and Medicine, Armed Forces Institute of
Pathology, Washington, DC.)

|

Fig. 10 Blood plasma is given to the wounded at a medical station
near the front line somewhere in the South Pacific during World War
II. (Courtesy of Otis Historical Archives, National Museum of Health
and Medicine, Armed Forces Institute of Pathology, Washington,
DC.)

At the outbreak of fighting in Korea, with the US mil-
itary in rapid retreat, collections stateside were shipped to
the 406th General Medical Laboratory in Tokyo. Type O
was greatly preferred to eliminate the need for cross-
matching, specialized technicians, and larger stocks.
According to the Armed Services Blood Program (ASBP)
records, only four major hemolytic reactions resulting in
acute renal failure were reported of approximately 50,000
transfusions in 1952. All four were attributable to locally

@ Springer



2182  Manring et al.

Clinical Orthopaedics and Related Research

acquired blood. The most lasting legacy of the Korean War
regarding blood transfusion may be the introduction of
plastic bags rather than glass bottles, better enabling
preparation of components and, by eliminating breakage,
ensuring more units reached troops. The Military Blood
Program (today’s ASBP) was established in 1953 [2].

US military blood programs reflected the experience in
Korea during the early years of engagement in Vietnam.
Approximately every 10 days, units of Type O blood were
shipped from Japan [83]. As the American military com-
mitment grew by April 1965, the Army established a
central blood bank in Saigon, with four subdepots across
the country, and greatly broadened the collection of blood
to reduce shortages. Every unit used to support the war was
donated voluntarily by military personnel, dependents of
military personnel, and civilians working on military
bases—approximately 1.5 million donors and 1.8 million
units of blood. For the first time, forward medical units
received all four types of blood. The ASBP coordinated
collection stateside, and blood was processed at McGuire
Air Force Base in New Jersey before shipping to Vietnam.
Blood also was collected from volunteers representing all
services in Okinawa, Japan, and Korea and distributed by
the 406th Mobile Medical Laboratory in Saigon [14].

After Vietnam, the US military maintained its capacity
to collect, package, and transport blood. Improvements in
anticoagulants and technology to freeze blood greatly
enhanced its efforts. During the 1991 Gulf War, the ASPB
shipped more than 100,000 units to troops in theater and
currently operates 21 donor centers and 81 transfusion
centers in the United States, Europe, and Asia [2].

Infection and Antibiotics

In the 18th century, infection control was not considered an
issue, because physicians assumed disease was caused by
an imbalance of humors rather than microbes. However,
surgeon Charles Gillman, after accidentally spilling rum on
the badly infected hand of a soldier wounded in the Battle
of Harlem (1776), noted the infection resolved rapidly, an
observation consistent with Hippocrates’ recommendation
to use wine to irrigate a wound [116]. Yet, the practice was
never adopted by the Continental surgeons.

Gunshot wounds continued to be treated as inherently
infected by gunpowder until Hunter published his Treatise
on Blood, Inflammation, and Gunshot Wounds [75] in
1794. He argued a bullet wound should be treated like any
other wound [54], although he cautioned against wound
exploration, débridement, and splinting. Physicians
throughout the late 18th and early 19th centuries continued
to experiment with various compounds to prevent the
spread of infection in patients with compound fractures,
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including wood tar, chlorine, tincture of benzoin, silver
nitrate, and various alcohol solutions [116].

The Civil War famously showed the value of sanitary
practices, or the consequences of their absence. Contrary to
popular belief, surgeons usually washed, but did not dis-
infect, their hands and surgical instruments. The surgeon
typically operated bare-handed, wearing his regular uni-
form or civilian garb protected by a butcher’s apron.
Surgery generally was performed outdoors to take advan-
tage of sunlight. The aseptic environment of 21st century
hospitals was not even a concept during the Civil War [15].
Suppuration still was regarded as a sign of proper healing
rather than a risk for pyemia [12, 13]. Even so, death was
more likely to come from a camp-acquired disease than
from a battlefield wound. Of the generally accepted number
of approximately 620,000 deaths among Union and Con-
federate forces, about two thirds resulted from disease,
most prominently dysentery and typhoid [104].

The most feared wound infections were erysipelas,
presumably attributable to Streptococcus pyogenes, and
hospital gangrene. Physicians did not agree on the cause or
treatment for erysipelas, which carried a mortality rate of
8%. The battle against hospital gangrene and its 60%
mortality rate [96], however, produced one of the rare
antiinfection victories of the war. In 1863, the Union
medical officer Middleton Goldsmith (1818-1887), sta-
tioned in Louisville, KY, reported the results of a treatment
protocol that called for débridement of all necrotic tissue
and application of a mixture of bromine, bromide of
potassium, and water applied to dressings. Of his 308
patients treated in this fashion, only eight (2.6%) died [49].
Bromine was used widely thereafter to treat gas gangrene,
although surgeons were never sure if it was effective [104,
116]. Carbolic acid and sodium hypochlorite also were
used to treat established gangrene, but not as prophylaxis
[96].

The Spanish-American War was the first major Ameri-
can military encounter since the introduction of Lister’s
antiseptic technique (1867) and the acceptance of the germ
theory of disease, as observed by Robert Koch (1843-
1910) in 1882. Mortality rates decreased with the use of
antiseptic dressings in the field and antiseptic/aseptic sur-
gical techniques in hospitals, although sterile technique had
not developed to the point that gloves and masks were used
[34, 36]. Surgeons began to associate wound shock with
sepsis and administered a saline solution subcutaneously or
rectally to hydrate their patients [59]. These innovations
almost halved the mortality rates (compared with the Civil
War) to 7.4% of the 1320 patients treated for gunshot
wounds, with only 29 cases treated by amputation [22].

Trench warfare during the First World War had several
consequences. Soldiers were entrenched in farm fields
fertilized with manure, which was rich with anaerobic
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organisms to infect wounds. Static warfare allowed for
fixed lines of communication, which with motorized
ambulances reduced evacuation time [47]. Machine guns
and high-explosive shells caused massive wounds and
extensive soft tissue damage. The practice of débridement
and delayed primary closure was adopted by US surgeons
during the war and all but eliminated the need for ampu-
tation as a prophylaxis against infection. It also allowed
surgeons to experiment with other surgical techniques,
such as leaving bone fragments in place in patients with
compound long-bone fractures [31].

In December 1915, French surgeon Alexis Carrel
(1873-1944) and English chemist Henry Dakin (1880-
1952) perfected a technique of irrigating wounds with
antiseptic Dakin’s solution (diluted sodium hypochlorite
and boric acid) administered through perforated rubber
tubing (Figs. 11, 12). Only after the wound had been dis-
infected thoroughly was closure attempted. Carrel and
Dehelly described the successful treatment of various
wounds—fresh, phlegmonous, gangrenous, and suppura-
ting—all of which were disinfected and closed within
20 days [24]. Alexander Fleming (1881-1955) noted an
initial benefit to the use of topical solutions, such as car-
bolic acid, perchloride/biniodide of mercury, boric acid,
and hydrogen peroxide, but concluded antiseptics had a
longer-term negative effect on healing and advised the
surgeon to rely “on his skill alone” [44]. Although Dakin’s
solution fell into disfavor after the war, some contemporary
surgeons have called for a reevaluation of its potential
usefulness [93].

Fleming also contributed an early description of the
bacteriology of combat wounds. He noted the initial
watery, odiferous, red-brown drainage and the presence of

Fig. 11 A tube is inserted in the leg of an American soldier wounded
in World War I, providing irrigation of the knee with Dakin’s
solution. (Courtesy of Otis Historical Archives, National Museum of
Health and Medicine, Armed Forces Institute of Pathology, Wash-
ington, DC.)

anaerobes and streptococci. A week later, in a second
phase, the drainage was less bloody and foul-smelling,
growing in purulence. Approximately 3 weeks after
wounding, in the third phase, streptococci and staphylo-
cocci proliferated, as indicated by blood cultures [43].

The equine tetanus antitoxin had been discovered in
1890 and was first distributed on a large scale by British
physicians during late 1914. Cases of tetanus decreased
from nine per 1000 wounded in September 1914 to 1.4 per
1000 wounded by December 1914 [46]. By the end of
World War II, the toxin and its administration were
improved to a point that of more than 2.7 million hospital
admissions for patients with wounds, only a dozen cases of
tetanus were reported [88].

Dissatisfaction with the cumbersome Carrel-Dakin
treatment led to its abandonment. During the Spanish Civil
War, Josep Trueta (1897-1977) used a closed plaster
method to treat 1073 patients with open fractures, with
only six deaths and four subsequent amputations. The
wounded area was cleaned thoroughly and débrided. The
open wound was wrapped in gauze; the fracture was
reduced and then immobilized with plaster [137, 138].
More than 20,000 patients were treated with this method
during the war [10].

In a previous review of military medicine, RM Hard-
away, who treated many of the wounded after Pearl
Harbor, met with a team sent by the Army Surgeon General
after the attack:

They were amazed at the uniformly well-healed
wounds and asked how we treated them. We
explained that we did a careful débridement, irrigated
the wounds, sprinkled in a little sulfa power (which
we had in salt shakers); left the wounds open and

Fig. 12 A US soldier receives treatment in June 1919 via an
irrigation tube for Dakin’s solution. (Courtesy of Otis Historical
Archives, National Museum of Health and Medicine, Armed Forces
Institute of Pathology, Washington, DC.)
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performed a delayed primary closure after three days.
The immediate reaction was “that sulfanilamide
powder is wonderful,” missing the point that the
débridement and delayed primary closure were the
main reason for the clean, uninfected, healed wounds
[58].

The Surgeon General recommended sulfa powder be
included in all first-aid packets, but instead of being
sprinkled, it often was dumped in a lump and thus was
ineffective, particularly in wounds that had not been
cleaned properly and débrided [58]. By 1944, sulfa powder
no longer was issued to soldiers or medics.

Fleming discovered penicillin in 1928, but it was not
until 1939 that an Oxford pathologist, Howard Florey
(1898-1968), and his team showed its usefulness in vivo.
Penicillin was not used successfully for treatment of a
patient until March 1942 [17]. In November 1942, it was
first administered to US troops wounded during an assault
in Oran, Africa [96]. By then, with British manufacturing
dedicated to the production of munitions, development of
penicillin for mass production was focused in Peoria, IL,
by the US Department of Agriculture, and then later with
the US pharmaceutical giants Merck, Squibb, Pfizer, and
Abbott. British and American production grew from 21
billion units in 1943 to 6.8 trillion units in 1945 [17]. The
first large-scale military use was during the D-Day invasion
of Normandy in June 1944. Although penicillin proved
effective against Clostridium bacteria, which are respon-
sible for tetanus and gas gangrene, it was considered a
safeguard against infection while the surgeons débrided
damaged soft tissue. Surgeons usually performed the sec-
ondary closure of the wound within 7 days after
débridement [57].

In the Korean War, penicillin, usually in combination
with streptomycin, remained the most common antibacte-
rial agent used by US military caregivers. The decrease in
time from wounding to surgical care thanks to rapid
evacuation and MASH units was linked to an impressive
reduction in the occurrence of gas gangrene; one study of
4900 wounds revealed a 0.08 incidence of gas gangrene
and no mortality attributable to it [74]. Antibiotics were
commonly used prophylactically, but at a risk that only
became evident in retrospect, as increasingly resistant
bacteria were reported from infected war wounds 3 to
5 days after injury [86, 141]. Physicians made a greater
effort to identify bacteria and evaluate outcomes of anti-
biotic strategies. Studies of US wounded showed
inadequate débridement to have been the most common
cause of infection and prophylactic use of antibiotics was
linked to the development of drug-resistant bacteria [141].
A 1951-1952 evaluation of neurosurgical patients in the
Tokyo Army Hospital revealed, of 58 isolates from
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infected wounds, 48 were resistant to penicillin, 49 were
resistant to streptomycin, and seven were multidrug resis-
tant [141].

Wound infection data from Vietnam may be misleading.
Hardaway, in his classic study of 17,726 patients from
1966 to 1967, found a postoperative infection rate of 3.9%;
however, as he noted, the study only included patients
managed in Vietnam and not patients whose infections
developed or became apparent later after evacuation [60].
The punji stick, a piece of sharpened bamboo placed in the
ground, created lower extremity wounds with a 10%
infection rate, but few fatalities. Seventy percent of the
wounded received antibiotics, usually penicillin and
streptomycin, and usually intravenously. Eighty percent of
wounds underwent débridement. Again, physicians
increasingly found patterns of antibiotic resistance. The
1972 study of Tong [136] of 30 Marines injured in combat
tracked bacterial flora in wound cultures at injury, after
3 days, and after 5 days, with blood cultures obtained
every 8 hours. A mix of gram-positive and gram-negative
bacteria most often were found initially, but the pathogens
found in Day 5 cultures were mostly gram-negative, most
predominantly Pseudomonas aeruginosa. All bacteria from
blood cultures were resistant to penicillin and streptomycin
[136]. The 1968 study of Kovaric et al. [86] of 112 cultures
identified resistant strains of Enterobacter aerogenes,
Staphylococcus aureus, Pseudomonas aeruginosa, and
Escherichia coli.

During the US engagement in Vietnam, military physi-
cians pioneered the use of pulsatile lavage to reduce
bacterial and other contamination and to remove necrotic
tissue from crush wounds [80]. Oral surgeons were first to
use a modified Teledyne WaterPik™ (Teledyne Technolo-
gies, Inc, West Los Angeles, CA) to decontaminate facial
wounds; orthopaedic surgeons then adapted the instrument
and technique to irrigate and débride extremity wounds
[52]. Also during the war, a considerable amount of
research focused on topical antiseptics for treatment
of open wounds and burns. In 1962, a combination of
Sulfamylon‘:':‘> (mafenide acetate; UDL Laboratories, Inc,
Rockford, IL) and penicillin was used in an animal study to
treat massive wounds infected with Clostridium perfrin-
gens [94]. The acidosis associated with absorption of the
drug led to its later emergence as an ointment (Silvadene®;
silver sulfadiazine; Aventis Pharmaceuticals Inc,
Bridgewater, NJ), a useful antibacterial agent for burn
wound treatment. However, topical antibiotics remain
controversial and have yet to become a standard of care in
military or civilian medicine. Murray et al. [96] reported
only approximately 2% of the wounded in Vietnam were
treated with topic antibiotics.

In Iraq and Afghanistan, broad-spectrum antibiotics
generally are not administered during early treatment.
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Antibiotic therapy is directed by cultures taken on admis-
sion to US military hospitals. In addition to methicillin-
resistant Staphylococcus aureus, other resistant strains of
pathogens have been found in US war wounds [97, 148].
One survey of infections from Combat Support Hospitals in
Iraq during 2003 to 2004 showed bacteria most commonly
isolated from clinical infections in US troops were coag-
ulase-negative staphylococci, accounting for 34% of
isolates, Staphylococcus aureus (26%), and streptococcal
species (11%). The 732 cultures obtained from the
predominantly Iraqi population included mostly gram-
negative bacteria, Klebsiella pneumoniae (13%), Acineto-
bacter calcoaceticus-baumannii complex (11%), and
Pseudomonas aeruginosa (10%). Gram-negative and
gram-positive bacteria were resistant to a broad array of
antimicrobial agents [148].

Discussion

It is reasonable in many ways to view the history of
military trauma care as a story of constant progress over
the long term. Mortality from all wounds decreased dra-
matically across the 20th century, from 8.5% among US
troops in World War I [36], to 3.3% in World War 1I
[118], to 2.4% in Korea [120], and leveling at 2.6% in
Vietnam [58]. Improvements in surgical management
stopped the scourge of Clostridium-associated gas gan-
grene, which had a 5% incidence and 28% mortality
among US troops in World War I but had fundamentally
disappeared by the Korean War [65]. Likewise, the
mortality of patients with abdominal wounds declined
from 21% in World War II to 12% in Korea and 4.5% in
Vietnam [60]. Although the historical trend is reasonably
clear, mortality rates can be deceiving, depending, for
example, on how those wounded who quickly returned to
action were accounted for statistically and aspects that
cannot be quantified easily and that have nothing to do
with medical advances. Holcomb et al. [69] calculated the
death rate from wounds among US troops in Iraq and
Afghanistan as 4.8%, an increase from World War II,
Korea, and Vietnam. However, the percentage of those
killed in action in Iraq and Afghanistan has actually been
lower, 13.8% compared with 20% in Vietnam and World
War II [69]. This is likely the result of numerous factors,
including improved body armor, tactics, the very nature of
the mission undertaken by troops, improved front line
medical attention, and prompt evacuation. The speed of
evacuation increased dramatically from the horse carts
of the 19th century and even the motorized transport of
World War I; in World War II, the average time from
injury to hospitalization was 12 to 15 hours, but by
Vietnam it generally was less than 2 hours. As noted,

wounded troops in Iraq and Afghanistan can be trans-
ported to a combat support hospital in 30 to 90 minutes.

Still, the path toward today’s standard of care was not
smooth. Misconceptions regarding wound healing persisted
in military and civilian medicine until the age of Lister and
Pasteur, and the failure to understand wound shock and
substitute unsubstantiated theories in place of knowledge
resulted in higher mortality rates in both world wars. Worse
yet, the lessons regarding shock and delayed primary clo-
sure, learned at great human expense in World War I, had
to be relearned by Americans in World War II. Also, for
most of the history of warfare, at least until World War II,
disease usually killed at a higher ratio than battle wounds:
nearly 8:1 in the Napoleonic Wars, 4:1 in the Crimean War,
2:1 in the Civil War, 7:1 in the Spanish-American War, and
4:1 in World War I [29, 132]. In World War II, the ratio
decreased to 0.1:1; in Korea and Vietnam, to 0.2:1; and in
the 1992 Gulf War, to 0.1:1 [132].

The lessons of the history of military emergency med-
icine are on display in the current operations in Iraq and
Afghanistan. The military has a strategy for care, from the
training received by an individual soldier, to his squadron’s
medic, to the provision of a forward medical corps, to
immediate transport for emergency surgery, to eventual
transport for definitive care and recovery. It is undoubtedly
the best-trained, best-equipped, and fastest system of mil-
itary trauma care in history. However, today’s caregivers in
the US Army, Navy, Air Force, and Marines also face
challenges peculiar to their time and place.

Of crucial importance is the problem of wound infection.
As survivorship has increased, even among patients with
devastating extremity wounds that would have been fatal in
the past, multidrug-resistant pathogens are complicating
recovery [78]. A major concern is that past ill-advised use
of broad-spectrum antibiotics for empirical treatment of
combat wounds is resulting in selection of more resistant
pathogens. Additional study in military and civilian settings
is needed to refine protocols for antibiotic prophylaxis on
the battlefield. Another ongoing challenge is the need to
deal with injuries from high-velocity weapons and IEDs,
which result in complex, deep wounds, burns, and blunt
trauma and represent more than % of all wounds, according
to the Joint Theatre Trauma Registry [108].

Research continues on numerous fronts in this area,
much of it under the sponsorship of the federal Orthopaedic
Trauma Research Program (OTRP), which has awarded
approximately $14 million in funding during its first
2 years [112]. Projects currently funded by the OTRP
include studies of prevention and treatment of heterotopic
ossification; rabbit and rat models of osteomyelitis to
evaluate infected extremity wounds; novel therapies for A
baumannii; cellular therapy for rapid bone formation; and
strategies for treating bone defects involving mesenchymal
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stem cells, antibiotic-impregnated bone cement, and con-
trolled delivery of growth factors [105, 106].

Most recently, a team of military and civilian physicians
completed a comprehensive review of data and developed
published evidence-based guidelines for prevention of
infection after combat-related injuries [71]. These include
collection and proper use of cultures, administration of
antibiotics within 3 hours of injury, a goal of initial eval-
uation by a surgeon within 6 hours of injury, use of
cefazolin in most cases of extremity injury, use of low-
pressure lavage, termination of perioperative antibiotics
within 24 to 72 hours after surgery, and guidelines for
external and internal fixation. Other priorities for research
include the optimal timing for débridement and stabiliza-
tion, complications that may arise from lengthy air
transport, such as hypoxia and anatomic trapped gas that
expands at higher altitudes [9, 134], management of seg-
mental bone defects, and multidisciplinary guidelines for
treatment of amputees [111].

The experiences of war-time trauma caregivers have had
an undeniable impact on civilian practices, with lessons
learned in evacuation, wound management, emergency
surgery, infection control, and blood banking. Just the same,
the capability of combat medical care has always reflected
the technology of its time as, for example, wounded were
transported by horse-drawn carriages, then trucks, trains,
ships, planes, and helicopters. Although war-time physicians
experimented with techniques and protocols that eventually
contributed greatly to civilian practice, in today’s environ-
ment of vast federal funding for health research, programs
such as the OTRP bring civilian and military physicians
together to seek solutions. Throughout modern warfare,
medical care has been reorganized to fit the exigencies of the
time and the needs of the wounded. Although the tools and
skills available today are more advanced than those pos-
sessed by Larrey, Letterman, von Esmarch, and their
contemporaries, the mission remains the same.
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Appendix 1

The Wound-Dresser
By Walt Whitman (1819-1892)
From Drum-Taps (1865)

1

An old man bending I come among new faces,
Years looking backward resuming in answer to children,
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Come tell us old man, as from young men and
maidens that love me,

(Arous’d and angry, I’d thought to beat the alarum,
and urge relentless war,

But soon my fingers fail’d me, my face droop’d and I
resign’d myself,

To sit by the wounded and soothe them, or silently
watch the dead;)

Years hence of these scenes, of these furious pas-
sions, these chances,

Of unsurpass’d heroes, (was one side so brave? the
other was equally brave;)

Now be witness again, paint the mightiest armies of
earth,

Of those armies so rapid so wondrous what saw you
to tell us?

What stays with you latest and deepest? of curious
panics,

Of hard-fought engagements or sieges tremendous
what deepest remains?

2

O maidens and young men I love and that love me,
What you ask of my days those the strangest and
sudden your talking recalls,

Soldier alert I arrive after a long march cover’d with
sweat and dust,

In the nick of time I come, plunge in the fight, loudly
shout in the

rush of successful charge,

Enter the captur’d works—yet lo, like a swift-running
river they fade,

Pass and are gone they fade—I dwell not on soldiers’
perils or

soldiers’ joys,

(Both I remember well-many the hardships, few the
joys, yet I was content.)

But in silence, in dreams’ projections,

While the world of gain and appearance and mirth
goes on,

So soon what is over forgotten, and waves wash the
imprints off the sand,

With hinged knees returning I enter the doors, (while
for you up there,

Whoever you are, follow without noise and be of
strong heart.)

Bearing the bandages, water and sponge,

Straight and swift to my wounded I go,

Where they lie on the ground after the battle brought
in,

Where their priceless blood reddens the grass the
ground,
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Or to the rows of the hospital tent, or under the roof’d
hospital,

To the long rows of cots up and down each side I
return,

To each and all one after another I draw near, not one
do I miss,

An attendant follows holding a tray, he carries a
refuse pail,

Soon to be fill’d with clotted rags and blood, emptied,
and fill’d again.

I onward go, I stop,

With hinged knees and steady hand to dress wounds,
I am firm with each, the pangs are sharp yet
unavoidable,

One turns to me his appealing eyes—poor boy! I never
knew you,

Yet I think I could not refuse this moment to die for
you, if that

would save you.

3

On, on I go, (open doors of time! open hospital
doors!)

The crush’d head I dress, (poor crazed hand tear not
the bandage away,)

The neck of the cavalry-man with the bullet through
and through examine,

Hard the breathing rattles, quite glazed already the
eye, yet life

struggles hard,

(Come sweet death! be persuaded O beautiful death!
In mercy come quickly.)

From the stump of the arm, the amputated hand,

I undo the clotted lint, remove the slough, wash off
the matter and blood,

Back on his pillow the soldier bends with curv’d neck
and side falling head,

His eyes are closed, his face is pale, he dares not look
on the

bloody stump,

And has not yet look’d on it.

I dress a wound in the side, deep, deep,

But a day or two more, for see the frame all wasted
and sinking,

And the yellow-blue countenance see.

I dress the perforated shoulder, the foot with the
bullet-wound,

Cleanse the one with a gnawing and putrid gangrene,
so sickening,

so offensive,

While the attendant stands behind aside me holding
the tray and pail.

I am faithful, I do not give out,

The fractur’d thigh, the knee, the wound in the
abdomen,

These and more I dress with impassive hand, (yet
deep in my breast

a fire, a burning flame.)

4

Thus in silence in dreams’ projections,

Returning, resuming, I thread my way through the
hospitals,

The hurt and wounded I pacify with soothing hand,
I sit by the restless all the dark night, some are so
young,

Some suffer so much, I recall the experience sweet
and sad,

(Many a soldier’s loving arms about this neck have
cross’d and rested,

Many a soldier’s kiss dwells on these bearded lips.)

Appendix 2
Wound management in Homer’s Iliad
From the translation by Samuel Butler, 1898

Wounded Eurypylus made answer, “Noble Patroclus, there
is no hope left for the Achaeans but they will perish at their
ships. All they that were princes among us are lying struck
down and wounded at the hands of the Trojans, who are
waxing stronger and stronger. But save me and take me to
your ship; cut out the arrow from my thigh; wash the black
blood from off it with warm water, and lay upon it those
gracious herbs which, so they say, have been shown you by
Achilles, who was himself shown them by Chiron, most
righteous of all the centaurs. For of the physicians Po-
dalirius and Machaon, I hear that the one is lying wounded
in his tent and is himself in need of healing, while the other
is fighting the Trojans upon the plain.”

“Hero Eurypylus,” replied the brave son of Menoetius,
“how may these things be? What can [ do? [ am on my way
to bear a message to noble Achilles from Nestor of Gerene,
bulwark of the Achaeans, but even so I will not be
unmindful your distress.”

With this he clasped him round the middle and led him
into the tent, and a servant, when he saw him, spread
bullock-skins on the ground for him to lie on. He laid him
at full length and cut out the sharp arrow from his thigh; he
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washed the black blood from the wound with warm water;
he then crushed a bitter herb, rubbing it between his hands,
and spread it upon the wound; this was a virtuous herb
which killed all pain; so the wound presently dried and the
blood left off flowing.
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